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Welcome to ICHMET 2016

Dear Participants to the 18th International Conference on Heavy Metals
in the Environment

A long time ago, in 1975, the International Conference on Heavy 
Metals in the Environment was the first major conference on the then 
fully emerging topic of trace elements in the environment. Related 
research has largely expanded and broadened in the meantime. Today,
there are many conferences related to trace elements and trace metals
in the environment, most of which are targeted to specific elements or 
to specific aspects.

Still, the maintained interest for the two-yearly editions over the last 
decades indicates that a broader conference on the topic of heavy 
metals in the environment remains relevant after more than 40 years. 
It allows researchers in trace element research to meet and explore 
across different disciplines. As such, unlike more specific events, this 
conference is more likely to inspire new and different perspectives on 
the science and to initiate unexpected collaborations.

We are happy to host you at Ghent University for this 18th edition. A 
major Flemish University with a strong international ranking, the 
campuses of Ghent University are scattered throughout the splendid 
little city of Ghent. The medieval towers witness that Ghent was a true 
world power in the 15th century. Many visitors will be pleasantly 
surprised by this hidden secret of Europe that maintained a historic 
backdrop seamlessly blended into modern life and a vibrant culture.

I welcome you very much in the City of Ghent and at Ghent University. 
I wish you a fruitful conference and a great memorable stay.

Prof. Dr. ir. Filip M. G. Tack

Chair of the 18th International Conference on Heavy Metals in the 
Environment
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IMPACT ON THE ENVIRONMENT FROM STEEL BRIDGE PAINT 
DETERIORATION USING LEAD ISOTOPIC TRACING, PAINT 
COMPOSIITONS AND SOIL DECONSTRUCTION  
Brian Gulson, M. Chiaradia, J. J. Davis, G. O’Connor 

Macquarie University, Department of Environmental Science, Sydney, Australia 
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Abstract  

Using a combination of high precision Pb isotopic tracing, detailed paint examination, including with 
scanning electron microscopy, and soil deconstruction we have compared paint on a steel bridge and bulk 
soil and lead-rich particles separated from soil from the Story Bridge, Brisbane, Australia. The majority of 
Pb found in the paint derives from Australian sources but some also has a probable US origin. The isotopic 
data for the bulk soils and selected particles lie on a mixing line with end members the geologically ancient 
Broken Hill Pb and possible European Pb which is suggested to be derived from earlier Pb paint and 
industrial activities. Data for gasoline-derived particulates lie on this array and probably contribute to soil 
Pb. Although paint from the bridge can be a source of Pb in the soils, isotopic tracing, paint morphology 
and mineralogical identification indicate that other sources, including from paint, gasoline and industrial 
activities, are contributing factors to the Pb burden. Even though physical characteristics and elemental 
composition are the same in some particles, the isotopic signatures demonstrate that the sources are different. 

Introduction  

Deterioration and repair of lead (Pb) paint on steel structures can result in contamination of the ambient 
environment but other sources of Pb such as from past use of leaded paint and gasoline and industrial 
activities can also contribute to the contamination. Various industrial activities at Kangaroo Point under the 
Story Bridge which could have utilised metals (Pb, Zn, Cu, Sn, Sb, As and Hg) include tanning, foundries, 
agriculture, shipyards, and engineering works. In addition to these industrial sources, Pb in soil could also 
be derived from paint from the Story Bridge and older residences, especially those built before 1970 when 
Pb paint was used extensively, and gasoline. Hence, there is potential for a very complex picture for Pb 
apportionment in the soils and the rationale for the detailed examination of the soils.  

Methods 

High precision Pb isotopic tracing (TIMS), detailed paint examination, including with scanning electron 
microscopy (SEM), and soil deconstruction for selection of Pb-rich particles. 

Results 

Microscopy & SEM characterised up to 6 different paint layers in the bridge of varying elemental 
composition The lower or inner Pb-rich orange or red layers are the oldest paint (red Pb) and with upper 
"younger" chromium-rich (zinc chromate) layers. The majority of Pb found in the paint derives from 
geologically ancient Australian sources (e.g., Broken Hill mines) with 206Pb/204Pb isotopic values of 16.0 
but in some layers the paint has a probable US origin (MVT Array, Figure 1).  

Soil Pb values were up to 1200 mg/kg below the Pb painted bridge. Lead-rich particles in soils are 
dominantly orange/red (PbO, PbBaPbCaSiAlO) and white/cream (PbSiAlO). The isotopic data for the bulk 
soils and selected Pb-rich particles lie on a mixing line with end members the Broken Hill Pb and possible 
European Pb which is suggested to be derived from earlier Pb paint and industrial activities (Aussie Array, 
Figure 1). Data for gasoline-derived particulates lie on this array and probably contribute to soil Pb.  
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Figure 1. Isotope ratio plot illustrating differences in Pb isotopic composition for compounds from the Story Bridge 
and soils from Kangaroo Point, Brisbane, Queensland, Australia.  

Conclusions 

High precision Pb isotopic tracing, elemental and color characterisation of paint materials and microscopic 
examination are powerful tools in evaluating sources of Pb in soils which, when used separately, such as 
just measuring Pb isotopes, may not provide accurate answers. Our study has shown that in spite of the 
similarity in isotopic composition of paint flakes separated from soils and bridge paint, features such as 
differences in color and elemental composition indicate that bridge paint is unlikely to be the source of the 
Pb in some soils but is from old Pb paint and/or other industrial activities. Furthermore, even though physical 
characteristics and elemental composition are the same in some particles such as white/cream flakes, the 
isotopic signatures demonstrate that the sources are different. Although the majority of Pb found in the paint 
and soils derives from Australian sources, some also has a probable US origin. 
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Introduction  

A considerable literature confirms the importance of road-deposited sediment (RDS) adsorbed pollutants in 
contribution to the pollution load of stormwater runoff (Zhang et al. 2015). The potential risk of RDS 
adsorbed heavy metals, with respect to the mobility and eco-toxicological significance, is determined by 
their solid-liquid partitioning rather than the total mass of metals per unit mass of dry solid. The release of 
metal cations to the liquid phase and thereafter the susceptibility for transport processes, depends on their 
solution speciation and their affinity for binding the reactive surfaces in the RDS and solution matrixes 
(Zhang et al. 2016). In addition, during a rainfall event or some other cases, the sewer sediment adsorbed 
heavy metals could be also released and eventually pose a potential risk to receiving waters. 

Additionally, surfactants also known as surface active agents are important incorporative organic 
compounds in various detergents, which are released in high quantities from households and industries into 
sewer systems, and are thus a major wastewater constituent. More recently, it has been shown that 
surfactants can be used to enhance metals removal via surfactant-associated complexation and ionic 
exchange in the research matrix of soil sciences. However, comparably less or no studies were conducted 
on the function of surfactants on the metal leaching from RDS and sewer sediment. Therefore, to better 
understand the potential risk of RDS and sewer sediment adsorbed metals on stormwater quality, the 
influences of rainwater and different surfactants on the desorption dynamic of heavy metals from RDS and 
sewer sediment were investigated.  

Materials and Methods 

Study area and sample collection 

The sampling campaign was performed in January 2016. The RDS samples were collected from three 
asphalt traffic roads (Nossener Bruecke, Löbtauer Bruecke and Emrich-Ambros-Ufer Streets, average daily 
traffic up to 43300 cars, heavy vehicular traffic up to 5%) in the city centre of Dresden (51°02′55″ N, 
13°44′29″ E), located in the state of Saxony, Germany. The sampling sites were selected due to the elevated 
RDS adsorbed pollutants levels according to the previous study (Zhang et al. 2015). Furthermore, in order 
to find the most reprehensive samples, the homogeneous samples were collected by a municipal street 
sweeping vehicle cleaning. Sewer sediment was collected from the sewage system in the city centre of 
Dresden. Bulk RDS and sewer sediment samples were further fractionated into sub-samples and dry-sieved 
using stainless-steel sieves (Retsch GmbH, Germany). The fractionated samples were labelled, sealed and 
refrigerated at 4 °C in preparation for analysis. 

Rainwater and surfactant solutions 

To avoid external factors interfering with the desorption process, synthetic rainwater solutions with initial 
pH of 4.8 ± 0.02 and 5.2 ± 0.02 were prepared. The rainwater formula was adapted from Zhang et al. (2016). 
An anionic surfactant of sodium dodecyl sulfonate (SDS), with the formula CH3(CH2)11OSO3Na, and a 
nonionic surfactant of Hexaethylene glycol monododecyl ether (HGME), with the formula C24H50O7, were 
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selected. SDS and HGME solutions in five concentrations for each were prepared, namely, 10 mg∙L-1, 26 
mg∙L-1, a critical micelle concentration (CMC, 8.08 mM ± 1.2 nM; 2350.3 mg∙L-1 of SDS, and 0.064 mM; 
33 mg∙L-1 of HGME), 1.2∙CMC, and 1.5∙CMC. CMC is defined as the concentration above which any added 
surfactant molecules appear with high probability as micellar aggregates. In other words, at concentrations 
higher that the CMC, a further increase in metals desorption concentration should not be expected. 

Rainwater as well as surfactant solutions were mixed with the sediments in a solid liquid ratio of 20 g∙L-1 
and stirred with a horizontal universal shaker (SM 30- B) at 60 oscillations/min for 16 h. The collected 
solutions were filtered through a 0.45 µm cellulose nitrate membrane filter. Cu and Zn dissolved in the 
filtrates were determined following the German Norm DIN 38406-7 (E7) and DIN 38406-8 (E8) by an 
atomic absorption spectrophotometer (Varian, SpectrAA 220 Fast Sequential AAS-220 Z). 

Results and discussion 

Taking the influence of SDS for example as shown in Figure 1, SDS concentrations of 10 mg∙L-1 (0.03 mM) 
and 26 mg∙L-1 (0.09 mM), reflecting low and high concentrations in the sewage system only slightly 
increased the releasing of Cu and Zn in comparison to the rainwater solution. However, at a CMC 
concentration, the removal rates were considerably increased. Furthermore, the highest leaching effects 
were monitored for the sewer sediment.  

Figure 1. Desorption dynamics of Cu and Zn in SDS solutions 

Conclusion 

This study showcases the effects of rainwater and surfactants on the desorption dynamics of heavy metals 
from road-deposited sediment (RDS) and sewer sediment. Results show sediments in a smaller size fraction 
intents to release more Cu and Zn contents than a larger size fraction. Increasing surfactant concentrations 
posed no apparently threat for Cu and Zn mobilization within the sewage system. However, increasing 
surfactants concentration enhance the leaching of Cu and Zn from RDS.  
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Introduction: Urbanization has been one of crucial anthropogenic activities that drive 

global changes (UNFAPA, 2007). Spatial patterns of metal distribution along urban-rural 

or multi-city gradients indicate that the urbanization process directly lead to metal enrichment 

and contamination in the environments. However, it has not yet looked at homogenization 

dynamics of an urban-rural gradient pattern over time with urbanization process in an area. 

Findings from this study might be of significance for urban environment management 

by identifying metal emission origins and strategizing energy structure and policy. 

Methods: This study monitored anthropogenic metals (Cr, Cu, Pb, and Zn) in surface 

sediments from channels of a newly-opened national wetland park to elucidate the 

urbanization-driven dissolution of urban-rural gradient pattern between 2008 and 2011. 

Sixty-eight surface sediment samples were taken from these channels in July of both 2008 

and 2011. Pseudo-total contents (thereafter shorten as total content) of Cr, Cu, Pb, and Zn in 

surface sediments were measured using an ICP-MS (7500 CX, Agilent, USA) after an acid 

(concentrated HNO3–HClO4) digestion (Li et al. 2011). Stable lead isotope ratios in the 

surface sediments were measured exactly following the procedure of Li et al. (2011) using the 

NIST 981 (Common Pb Isotope) as the standard reference material. The HQ of metal 

contamination was calculated according to Piva et al.(2011). 

Results: Both spatial and temporal patterns of metal loadings in surface sediments were 

found in the Xixi National Wetland Park, China by the comparisons among channels (adjacent 

to urbanized and urbanizing zones, and inner channels with/out touring) and between two 

investigations in 2008 and 2011. Anthropogenic metals, Cu, Pb, and Zn, showed remarkable 

urbanization effects in content, excess percentage on both China and USA sediment quality 
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guidelines, and specific hazard quotient. In 2008, the Xixi National Wetland Park opened to 

public when the urbanization-driven spatial distribution pattern was evident for metal 

loadings in surface sediments. With the development in the surrounding area of the park in 

2011, however, surface sediments in the inner channels, including the inner touring channels, 

loaded more metals (Cu, Pb and Zn) via air depositions, urban runoffs, and channel water 

exchange and diffusion, which faded out the spatial distribution pattern driven by 

urbanization. The lead stable isotope ratio analysis identified anthropogenic Pb origins from 

vehicular exhausts, cements, and coal flying ashes, which elevated metal contents in the inner 

channels via atmospheric deposition. Specific hazard quotients of the metal contamination in 

surface sediment were also assessed and enhanced over time in the study wetland park.  

Figure 1. Images of the Xixi Wetland Park and surrounding areas in 2008 and 2011. In the 

urbanizing zone, new residential communities were evident in 2011 where was rural in 2008. 

Conclusion: In short, a spatial distribution pattern of total metal contents along the gradient 

of urbanization influence, evident in 2008, was homogenized in 2011 with the area 

development. Meanwhile, origins of the anthropogenic metals were identified from vehicular 

exhausts, cements, and coal flying ashes by the lead stable isotope ratio analysis. On the other 

hand, Cr decreased its content in surface sediments over the period. These findings suggest 

that emissions from traffic, construction, and energy generation contribute metal loadings in 

the urbanizing environment. 
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Introduction 

The aerial parts of the plants are capable of capturing the airborne dust (Ram et al., 2014). The airborne 
dusts are often contaminated with traffic related heavy metals such as Cr, Cd, Cu, Zn and Pb (Sutherland et 
al., 2012). The dust particles contaminated with heavy metals frequently find their path into leaf tissues 
through stomata (Uzu et al., 2010). In the present study, an attempt was made to check the accumulation of 
traffic related heavy metals such as Cu and Zn in the roadside plant. 

Methods 

The study was conducted at different sites with heavy traffic load in and around Kolkata, India. Leaves of 
roadside trees were collected from a height of 10 ft above the ground. The dusts from the surfaces of the 
leaves, dired leaf tissues were analysed for heavy metal content using Energy Dispersive X-Ray 
Fluorescence (EDXRF) and Proton Induced X-ray Emission (PIXE) Spectrometry techniques.  The 
morphological features like surface structure, trichomes, stomata and dust particles on leaf surfaces were 
analysed under Scanning Electron Microscope (SEM). 

Results 

The range of Cu and Zn were observed to be in the range of 8-26 ppm and 12-49 ppm respectively. Scanning 
electron microscopy showed the deposition of re-suspended dust particles inside the stomatal openings and 
suggests the uptake of heavy metal contaminated particle through stomata.  

Figure 1. Scanning electron micrograph of lower surface of Polyalthia longifolia leaf, arrows showing 
dust particulates in and around stomatal opening 
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Conclusion 

The results showed high levels of Cu and Zn and indicated a possible metal sequestration in the plants. 
There is still need of further study to confirm the pathway of heavy metals into the plants through leaves. 
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Introduction  
Soil, air and water quality in urban environments are becoming a major concern as pollution rates 

have been increasing since the industrial revolution. The European Environmental Agency considers that 
about 250 000 sites needs remediation with around 100 000 ha contaminated by persistent metal(loid)s (M). 
The actual worldwide economic crisis pushed many citizen to pursue a will of self-growing food (Galt et 
al., 2014). But, the central question of food quality in terms of M amounts in vegetables. As sustainable 
gardening practices, gardeners can currently use biofertilizers (bacteria a/o symbiotic fungi) and organic 
matter amendments to increase plant yield (Kangwankraiphaisan et al., 2013). Organic matter (OM) addition 
and arbuscular mycorrhizal fungi (AMF) are however known to participate in M geochemical cycles through 
increased bonding to soil particles but also increased solubilization depending not only on soil 
physicochemical properties but also on plant and microorganism species (Foucault et al., 2013; Jarrah 2014). 
Vegetables such as lettuce (Lactuca sativa L.) and leek (Allium porrum L.) are widely cultivated in urban 
gardens; but as leafy vegetables, they present a great contamination potential. Cadmium (Cd) and lead (Pb) 
are common pollutant within urban areas and some data already exist concerning their relationship with 
AMF and OM (Jarrah et al., 2014) but knowledge are still scattered. Antimony (Sb) is an emerging anthropic 
contaminant (Krachler et al., 2005) and barely nothing is known about the role of AMF on its 
phytoaccumulation (Pierart et al., 2015). Hence, our research project, which is part of a national program 
for urban gardens (JASSUR), focused on contaminated soils coming from gardens which M content was 
either due to anthropogenic activities or to the weathering of the mother rock. We studied the role AMF 
symbiosis and OM addition (lombricompost) on the transfer of Cd, Pb and Sb from soil to lettuce and leek 
depending of the contamination origin. Finally, human health risk was estimated through M human gastric 
bioaccessibility (Xiong et al., 2016). 

Methods 
A greenhouse pot experiment has been set up as follow: plants were subject to geogenic (NTE) and 

anthropogenic (BZC) M sources at similar Pb concentration (~450ppm) but different Sb and Cd 
concentrations (~3 vs 15ppm_Sb and 2 vs 0,5ppm_Cd). For each soil, a crop rotation was carried out as 
described in Figure 1. Organic leek was used to multiply the natural AMF inoculum from contaminated 
soils: Leeks were grown under the same greenhouse conditions in pots filled with a mix of NTE, BZC and 
sterilized oildri (1:1:6/v:v:v). Spore extraction was performed to prepare a spore suspension (280sp/ml) used 
for bioaugmentation. After each harvest, plants and soils were analyzed to compare M accumulation in 
edible parts (phytoaccumulation). The human bioaccessible fractions for the various plant samples were 
measured using the adapted Unified Barge Method (UBM, Denys et al., 2012). In the following study, 
bioaccessibility refers specifically to human bioaccessibility. 

Results 
1. Depending on soil characteristics, plant Pb and Cd accumulation varied:
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Focusing on soil residual contamination after the two cultivations, a difference of phytoextraction is 
observed for Pb and Cd (all modalities gathered). On BZC soil, leek represents about ¾ of soil Pb and Cd 
loss, while in NTE soil, it only represents 1/3 of Pb loss ( and ~50% of Cd loss). In the case of Sb, the soil 
type does not seem to affect its transfer to plant: in both cases, leek participated in ~75% of Sb soil loss. 

2. Influence of AMF bioaugmentation and OM addition:
Lettuce: On NTE soil, bioaugmentation lead to a decrease of total Pb and bioaccessible Sb in roots, similar 
results were obtained on BZC soil. However, for Cd, bioaccessibility on root increased in that case. 
Leek: Bioaccessible Sb in root is increased by bioaugmentation on geogenic soil; OM addition decreased 
Pb phytoavailable fraction (which could eventually be uptaken by plant); but it increased Sb. 

Conclusion 
In the case of Cd, Pb or Sb contamination, the use of OM and biofertilizers such as AMF in our conditions led to 
complex effects, probably due to thin interactions and multiple effects between ecotoxicology, plant metabolism, soil 
properties and element competition. For now, a combined effect of AMF and OM seems to decrease Pb and Sb in leek 
leaves on BZC soil. However, results are showing good tendencies on NTE soil. Thus, further investigation is needed 
to enhance hazard recommendations for gardeners.  

Figure 1. Experimental protocol. BZC/NTE: soil type. M: Metal(loid)s 
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Introduction: The Chinese capital, Beijing, experiences serious airborne pollution and the most important 
sources are vehicular emissions and coal burning for energy production (Gunawardena, Egodawatta, Ayoko, 
& Goonetilleke, 2013; Pan & Wang, 2015). In urban regions, atmospheric wet depositions (rainfall) and dry 
depositions are the major pathways for removing the pollutants from the atmosphere to the urban surface 
(Pan & Wang, 2015) and in consequence the urban stormwater becomes polluted. Urban stormwater is a 
major non-point source of pollution comprising significant levels of heavy metals and organic contaminants. 
This study aimed to investigate the level of heavy metals in site-specific urban runoff and their partitioning 
between solution and particulate phases in Beijing runoff.  
Methods: Samples were collected from a moderate traffic road (MTR), residential road (RR), tar paper 
coated roof (TarRf), concrete roof (CtRf) and residential roof (RRf) of the area around the Chinese Academy 
of Sciences at the Olympic Science Park in the Chaoyang district, Beijing. A total of 15 rain events were 
collected during March to November in 2015. Samples were separated as dissolved and particulate metals 
by following the methods of APHA (1992). pH, electrical conductivity (EC) and total suspended solids 
(TSS) were measured by standard methods. Samples were analyzed for heavy metal by ICP-MS. IBM SPSS 
statistics 23 software was used for data treatment.  
Results: Eighteen metals were analyzed and among them 7 (Cu, Sb, Pb, Zn, Al, Fe and Mn) with the highest 
concentration levels were selected in this study. The variations of particulate and dissolved concentrations 
of metals in different urban locations are presented in Figure 1 (Cu, Sb and Pb) and in Table 1 (Zn, Mn, Al 
and Fe).  

The results revealed that most of the metals are predominantly particulate bound. Though, the Beijing
municipality has been washing the MTR 4-6 times daily, the concentrations of metals are comparatively 
higher than for other surfaces including RR. Higher amount of median dissolved  Pb (15-20 times), median 
total Cu (5-6 times), median dissolved Mn (5-6) times are found in MTR and RR than other study (Huber, 
Welker, & Helmreich, 2016) and 5-6 times higher dissolved Fe, 2 times dissolved Pb and 3 times dissolved 
Mn are found in roof surfaces than a study in Bejing (Li, Shen, Tian, Liu, & Qiu, 2012). The total and the 
dissolved concentrations of Sb is found to be 15-20 times and 5–10 times higher, respectively, than in other 

Figure 1: Concentration of particulate and dissolved fractions of Cu, Sb and Pb in different urban locations in Beijing, 
China (Minimum, first quartile, median, 3rd quartile and outlier of data set in a box-plot is presented in green rectangle)

Abstract Book of the 18th International Conference on Heavy Metals in the Environment, 12 to 15 September 2016, Ghent, Belgium 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

– 13 –



18th International Conference on Heavy Metals in the Environment

- 12 - 

studies (Huber et al., 2016). Among the samples from roof surfaces, cemented roof contain higher amount 
of particulate Sb (172 µg/l) than other roof samples. A possible reason is that the cemented roof is situated 
nearby MTR (traffic road) and height of the roof is also lower than other roofs.  
Table 1 Median concentrations (dissolved and particulate) of metals in different urban locations  

Zn (µg/l) Mn (µg/l) Al (µg/l) Fe (µg/l) 
Sites D_ P_ N D_ P_ N D_ P_ N D_ P_ N 
MTR  55.5 300 40 62.8 132 40 116 3010 40 140 4221 40 
RR 43.7 292 36 94.8 134 36 90.0 4780 36 1277 5847 36 

CtRf  296 36.9 7 100 8.19 7 524 903 7 382 296 7 
TarRf 405 231 15 94.4 39.7 15 361 1649 15 284 1941 15 
RRf 13.6 103 7 9.65 69.7 7 32.2 1782 7 20 3028 7 

D_ dissolved; P_ particulate; N-number of samples 

Median dissolved and particulate concentrations of Cu, Sb, Pb, Zn, Mn, Fe and Al are found in the samples 
from most of the sites and they are higher than in other studies (Huber et al., 2016). Persons correlation 
analysis  reveals significant correlations (p < 0.01 level) with correlation coefficients in the range 0.68-0.96. 
Al highly correlates with Fe. Mn correlates with Fe, Al, Zn, Cu, Ni and Pb. Pb correlates with Zn, Cu and 
Ni. The regression coefficient for Fe and Al is 0.93 and for Mn and Pb is 0.78. 

Conclusion: Elevated particulate and dissolved concentrations of heavy metals are found in this study 
compared to other studies. Samples from urban road surfaces contain higher amount of heavy metals than 
roof surfaces. Fe and Al, Mn and Pb, Mn and Ni and Mn and Zn showed significant correlations between 
each other.   
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Introduction  

Among a large number of pollutants of modern multifunctional cities particularly hazardous is Pb because 
this element is widely spread, can migrate and accumulate in the environment (Steinnes, 2013), is largely 
used by a man (Lopez et al., 2015), and poses a threat to the health of humans emphasizing children 
(De Vries, 2007). 

The research goal was to reveal peculiarities of Pb distribution throughout Yerevan and to implement 
human health risk assessment based on generalized outcomes of geochemical soil and dust surveys. 

Methods 

The contents of lead in the territory of Yerevan were investigated in the framework of geochemical soil, 
snow and leaf dust surveys implemented during 2011-2012. In soils Pb content was determined by X-ray 
fluorescence spectrometry, while Pb in snow and leaf dust: by atomic absorption spectrometry. Field and 
analytical works were implemented by SOP’s in compliance with ISO, US EPA and national standards 
and guidelines. 

To provide geochemical assessment of Pb in soils and dust the Pollution index (PI) was calculated and 
mapped implementing ArcGIS software. Children and adults health risk associated with Pb was calculated 
in accordance with a risk assessment model developed by US EPA (EPA, 1989; 2002). Dust calculations 
were done taking into consideration three major pathways of penetration into a human organism, for soils 
only ingestion pathway was considered (RAIS, 2014).  

Results 

Lead was found in soils and dust throughout the Yerevan, although the main source of lead - ethylated 
gasoline was forbidden in Armenia since 2001. PI values (Tab. 1) of Pb in urban soils ranges from 0.5 to 
1150.9 with the mean of 22.9. PI values in snow and leaf ranges from 2.4 to 182.6 with the mean of 20.0 
and from 2.5 to 22.6 with the mean of 6.7, respectively. Mean PI of Pb in snow is 8.5 times higher than in 
leaf. The latter could be a consequence of frequent temperature inversions and disturbance of active 
mixing of air masses throughout Yerevan. 

In all 3 medium mean values of PI belongs to the high level of contamination (PI>3, Sun et al., 2010). In 
addition, high level of contamination (PI>3) was determined in 95.6% (n=1296) of soil samples, 95.8% 
(n=23) of snow and 88% (n=22) of leaf samples. 

According to the results of multipurpose geochemical survey of soils, Pb was 1st in the geochemical series 
created by mean values of PI: Pb(22.9)>Hg(6.8)-Zn(3.3)-Cu(2.6)-Ni,V(2)-Cr(1.7)-Mo(1.5)-As,Ba(1.1). Concerning the 
snow it was in 4th place: Mo(657.6)-Cd(28.4)-Ag(27.8)-Pb(20.0)-Hg(17.0)-Cu(9.7)-Zn(3.6)-Ni(1.2), in leaf - 7th place: 
Mo(579.8)–Cd(155.9)>Hg(33.5)–Ag(26.8)–As(22.8)>Cu(7.4)–Pb(6.7)–Co(4.0)–Zn(3.6) (in brackets is given the mean 
values of PI). The share of Pb in mean intensity of poly-element pollution of soils exceeds 55%, whereas 
the analogous index for dust is significantly lower: 3% - for snow and 1% for leaf. 
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Parameter Soil 
Dust 

Soil (PI) 
Dust (PI) 

snow leaf snow leaf 
N sample 1356 25 23 25 1356 25 23 25 
Minimum 2.5 21.1 11.3 12.1 0.5 4.4 2.4 2.5 
Maximum 5524.4 125.9 876.5 108.5 1150.9 26.2 182.6 22.6 
Mean 109.9 68.5 96.2 32.4 22.9 14.3 20.0 6.7 
SD 231 33.1 177.0 20.7 48.1 6.9 36.9 4.3 

To compere Pb contents in all investigated medium, soil samples (n=25) which were spatially allocated with 
snow and leaf sampling sites were selected and observed separately (Tab. 1). In this case mean value of PI 
in urban soil was 14.3 (high contamination). The comparison results showed that mean contents of Pb 
decrease in the following range: snow dust - urban soil - leaf dust.  

Health risk assessment demonstrated no health risk associated with Pb in snow and leaf dust, while in soils 
non-carcinogenic health risk to children was determine throughout Yerevan, and to adults - only in 4 sites. 

Conclusion 

Complex geochemical surveys of the territory of Yerevan were indicated that lead is priority contaminant 
of soils, snow and leaf dust almost in all city area. Pb mean contents PI values belongs to the high level of 
contamination in all mediums investigated but the non-carcinogenic risk associated with Pb contents was 
determined only in soils. 
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Introduction 

In recent years, numerous studies in relation with ambient air manganese exposure health effects, mainly 

associated with neurotoxic disorders, have been developed, not only focused on occupational, but also in 

non-occupational exposure (Roels et al., 2012). Despite there is still no agreement about the effects of 

non-occupational manganese exposure and there is not a specific European regulation that establishes 

limit values for manganese in air, institutions such as the World Health Organization (WHO) has proposed 

an annual average guideline value of 150 ng/m3.  

Manganese is a transition metal, which can occur in various oxidation states (primarily Mn+2, Mn+3, 

Mn+4). Despite more efforts should be done in establishing its bioaccesibility and toxicity mechanisms, it 

is generally agreed that it is strongly linked to particle size and morphology, chemical composition and 

oxidation state. In this respect, the use of scanning electron microscopy-energy dispersive X ray (SEM-

EDX) and X ray diffraction (XRD) can be valuable tools, leading to an improvement in the assessment of 

manganese potential hazardous effects in both environment and human health. Since only a few studies 

deal with manganese-bearing particles emitted from ferroalloy plants (Marris et al., 2013), the present 

study aims to deepen the understanding of the physico-chemical characteristics of particulate matter and 

atmospheric deposition in the nearby of a manganese alloy plant located in an industrial-urban area. 

Methods 

Sampling locations. Two sampling points were chosen in the proximity of a ferroalloy plant, which 

specializes in silicomanganese and ferromanganese alloy production, located in Cantabria (northern 

Spain), in a industrial-urban area where previous studies have shown high concentrations of manganese in 

ambient air (Moreno et al., 2011). 
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Sample collection. Aerosol samples have been collected by means of low and high volume samplers (2.3 

m3/h and 30 m3/h respectively) onto quartz fiber, cellulose and polycarbonate filters. The most suitable 

sampling time and substrate were chosen for each technique. Atmospheric deposition samples have been 

collected monthly based on EN 15841:2009 and then filtered onto nitrocellulose filters.  

Analysis. The Mn level in the studied samples was determined by ICP-MS after a microwave-assisted acid 

digestion.  The size, morphology and chemical composition of the individual particles present in each 

matrix were studied by SEM-EDX. XRD was used to determine the composition of the major 

crystallographic phases.  

Results 

The Mn levels in the studied samples ranged from 22 to 1279 ng/m3 in PM10 and from 2000 to 4000 

g/m2day in bulk deposition. Different particle groups were identified by SEM-EDX in bulk deposition 

samples, most of them containing Mn. The three most abundant groups were: (i) 13 to 28% of particles 

containing mainly Si, Ca, Mn, Al and Mg and attributed to vitrified silico-manganese slag; (ii) 12 to 27% 

of particles with Mn, Fe and Si as main elements corresponding to Mn alloys products; (iii) 11 to 18% of 

particles composed of Mn, Si, Fe, Al and Ca attributed to manganese ore. These groups were found in 

lower amount in PM samples where spherical particles were significantly evidenced and ascribed to 

condensates from the Mn alloy smelting process. Since silico-manganese slags are mainly vitreous, few 

manganese species associated to these slags were identified in deposition samples by XRD: e.g. alabandite 

(MnS). Rhodochrosite (MnCO3) was also identified in deposition and PM samples; it is assumed that this 

phase is present in fugitive emissions from Mn ore piles. Hausmannite (Mn3O4), manganosite (MnO) and 

bixbyite (Fe,Mn)2O3 were also identified in deposition samples, probably from emissions originated at the 

Mn ore storage and the ferroalloys milling process. 

Conclusion 

Manganese-bearing particles are mostly present in PM and bulk deposition samples collected in an urban 

area in the vicinity of a manganese alloy plant, most of them consisting of silico-manganese slags, Mn 

alloys and Mn ores together with spherical particles coming from condensation processes at the smelter. 
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Introduction  

Hydraulic fracturing process is a common method for extracting oil and natural gas from underground shale 
formations by injecting large volume of high-pressurized fracturing fluid. High-salinity fracturing flowback 
water (FBW) and wastewater (WW) containing hazardous heavy metals could raise serious environmental 
pollution. Nanoscale zero-valent iron (nZVI) has been used as to treat metal-contaminated groundwater for 
years, and its application for fracturing is worth investigation. In this study, nZVI and Ca-alginate entrapped 
nZVI were used for Zn(II), Cu(II), Cr(VI), As(V) sequestration from synthetic fracturing FBW and WW. 
The objectives were to (i) unravel the effect of ionic strength in fracturing FBW and WW on nZVI 
performance for metal sequestration, (ii) compare the performance of bare nZVI and Ca-alginate entrapped 
nZVI, (iii) investigate iron dissolution from nZVI for determining feasibility of in-situ application.   

Methods 

NANOFER STAR (Nanoiron, Czech Republic) dry nZVI powder was used, with 50μm average size, 20-25 
m2 g-1 specific surface area and 65-80% ZVI content. Chemical composition of synthetic fracturing FBW, 
WW and target metal concentrations were chosen based on literature review (Hayes, 2010; Abualfaraj et 
al., 2014; Shih et al., 2015). Method for entrapping bare nZVI with Ca-alginate was adopted from literature 
(Bezbaruah et al., 2009). Batch experiments were carried out in 50ml centrifuge tubes by end-over-end 
shaking (30 rpm) at room temperature. Cu (116 mg L-1) or Zn (247 mg L-1) was reacted with 2 g L-1 nZVI 
in DIW and FBW. Cr (2200 μg L-1) or As (1100 μg L-1) was reacted with 1 g L-1 nZVI in DIW and WW. 
Metal concentrations (Zn, Cu, Cr, As, Fe) were tested after different reaction time (5-480 min) using Vapor 
Generation Accessory (Agilent VGA77)-Atomic Absorption Spectrometry (AAS).   

Results and Discussion  

Pseudo-second-order kinetics was used to describe metal sequestration by nZVI in fracturing (Table 1). It 
has been demonstrated that increasing ionic strength from 0 M (DIW) to 4.10 M (Day 90 FBW) promoted 
Cu removal (DIW: 14.7 g kg-1, Day 90 FBW: 53.2 g kg-1) but inhibited Zn removal (DIW: 80.0 g kg-1, Day 
90 FBW: 54.6 g kg-1). The Cr removal (DIW: 1.33 g kg-1, P90 WW: 1.01 g kg-1) and As removal (DIW: 
0.864 g kg-1, P90 WW: 0.851 g kg-1) was nearly unaffected with increasing ionic strength from 0 M (DIW) 
to 3.81 M (P90 WW).  

The Ca-alginate entrapped nZVI achieved higher removal for Zn (Day 90 FBW: 66.2 g kg-1) and Cr (P90 
WW: 1.21 g kg-1), while Cu removal (Day 90 FBW: 12.8 g kg-1) was lower compared to that of bare nZVI. 
The removal of As by entrapped nZVI (P90 WW: 0.850 g kg-1) was similar, but with higher rate coefficient 
(bare nZVI: 2.52×10-2 min-1, entrapped nZVI: 3.09×10-2 min-1). Increasing ionic strength also induced higher 
Fe dissolution (Table 1), which could be mitigated by Ca-alginate entrapment.   
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Table 1. Pseudo-second-order kinetics parameters and Fe dissolution for metal sequestration by nZVI in fracturing. 

Metal 
nZVI 

Type 
Solution 

Ionic Strength 

(M) 

qe2  

(g kg-1) 

k2qe2  

(min-1) 
R2 

Fe Dissolution 

(%) 

Cu 
Bare 

DIW 0 14.7 1.66×10-1 0.9996 0.73±0.11 

Day 1 FBW 0.35 19.2 1.02×10-1 0.9997 1.36±0.01 

Day 14 FBW 2.49 21.0 6.30×10-2 0.998 4.44±0.05 

Day 90 FBW 4.10 53.2 1.15×10-2 0.99 9.43±0.40 

Entrapped Day 90 FBW 4.10 12.8 1.89×10-2 0.98 6.93±0.50 

Zn 
Bare 

DIW 0 80.0 1.83×10-2 0.991 0.77±0.16 

Day 1 FBW 0.35 68.0 4.91×10-2 0.999 1.73±0.03 

Day 14 FBW 2.49 64.1 3.65×10-2 0.993 4.15±0.42 

Day 90 FBW 4.10 54.6 5.00×10-2 0.9994 4.87±0.32 

Entrapped Day 90 FBW 4.10 66.2 4.37×10-2 0.9998 3.20±0.38 

Cr 
Bare 

DIW 0 1.33 5.78×10-2 0.9992 0.72±0.03 

P10 WW 0.35 1.44 8.61×10-2 0.9994 1.29±0.26 

P50 WW 1.55 1.48 6.85×10-2 0.9996 6.79±0.46 

P90 WW 3.81 1.01 5.85×10-2 0.9997 13.0±1.0 

Entrapped P90 WW 3.81 1.21 3.82×10-2 0.9996 7.25±0.73 

As 
Bare 

DIW 0 0.864 5.46×10-2 0.990 0.37±0.07 

P10 WW 0.35 0.782 2.06×10-2 0.993 2.04±0.18 

P50 WW 1.55 0.814 1.96×10-2 0.984 5.09±0.57 

P90 WW 3.81 0.851 2.52×10-2 0.994 9.40±0.63 

Entrapped P90 WW 3.81 0.850 3.09×10-2 0.997 6.26±0.75 

The main mechanism for Cu removal by nZVI in high-salinity fracturing FBW could be (co)-precipitation 
with Fe and adsorption onto Fe-oxides. While Fe dissolution was elevated with increasing ionic strength, 
only Cu removal was promoted. Since entrapment could protect nZVI against high electronic compression, 
less Fe dissolution was found and thus Cu removal was inhibited to some extent. The removal of As & Cr 
was less susceptible for ionic strength variations, suggesting the possible formation of stable inner-sphere 
complex with nZVI. In contrast, Zn removal was decreased with higher ionic strength, which was in 
accordance with weakly bound outer-sphere complex being suppressed by increasing ionic strength. 
Entrapment made nZVI more suspended with larger active sites for adsorption, so As, Cr, Zn removal were 
promoted in P90 WW and Day 90 FBW.  
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Conclusions 

Effect of increasing ionic strength showed different trend in Cu(II) (promoted), Zn(II) (inhibited) and 
As(V)/Cr(VI) (less susceptible) removal by nZVI in fracturing FBW and WW. Fe dissolution increased with 
increasing ionic strength. Primary removal mechanism was proposed in each metal including inner-sphere 
complex in As(V) and Cr(VI), outer-sphere complex in Zn(II) and co-precipitation in Cu(II). Ca-alginate 
nZVI had better performance than bare nZVI for improved metal removal (except Cu) and less Fe 
dissolution.  
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Introduction  

Xikuangshan mine (Hunan, China) is the world's largest antimony mine. The mine tailings occupy about 16 
km2 and are a source of soil and water pollution by As, Cd, Cr, Hg, Pb, Ni, Sb, and Se (Liu et al., 2010). 
The remediation of tailings area and the purification of mine waste-water require special technologies, as a 
rule rather expensive. To develop low-cost technologies is critically important for both environment safety 
and economics of mine. One of the ways to reduce remediation cost is based on using local inexpensive 
materials.  

During last decade, numerous researches have demonstrated potential of such Si-rich substances as zeolites, 
diatomites, and industrial slags or fly ash to be used for resolving different ecological problems (Beh et al., 
2012; Lin et al., 2012). The theoretical investigation has shown that soluble Si forms, monomers and 
polymers of silicic acid, can precipitate heavy metals from solution and reinforce the plant resistance against 
different types of contaminants (Biel et al. 2008; Vaculik et al. 2009). Zeolite and Si-rich by-products (slag 
and fly ash) also have an ability to adsorb and fix heavy metals and metalloids (Feng et al., 2004; Imad et 
al., 2006). Several mechanisms of detoxification of pollutants by Si-rich materials with high solubility can 
be distinguished.  

The main aim of this study was to investigate the possibility to reduce the mobility and toxicity of mine 
wastes (waste-water and tailings) using local Si-rich industrial by-products (slag and fly ash) and their 
activated forms. 

Methods 

Waste-water and tailings were sampled from a slope of the mine area (South Mine) near Lengshuijiang city 
(Hunan, China). Original and treated local Si-rich by-products were used in the investigations: iron slag 
from metallurgical enterprise and fly ash from power station. These by-products were treated by colloidal 
Si and used in column, incubation, and greenhouse tests. In the column test, Si-rich materials were used as 
a filter for waste water purification. Percolated solutions were collected and analyzed for As, Cd, Hg, Pb, 
and Se. In the incubation test, tailings and Si-rich materials after mixing in proportion of 10:1 were incubated 
under moisture level 20-25% and temperature +24oC during 2 weeks. After that, the samples were extracted 
with 0.1 n HCl and 2n HNO3 and extracts were analyzed for mobile and potentially mobile As, Cd, Hg, Pb, 
and Se. The greenhouse test was conducted in a climatic chamber at 30oC and day/night regime 12/12 hours. 
Rice (Oryza Sativa L.) was grown in plastic pots filled with 200 g of pure quartz sand. Mine site material 
was added at the rate 20 g pot-1. The Si-rich substances were added at the rate 5 g pot-1. After a 3-week 
growing period, rice was harvested and the biomass was recorded. The total contents of As, Cd, Hg, Pb, and 
Se were determined in the roots and leaves or rice. As, Cd, Hg, Pb and Se were tested by ICP-OES Perkin 
Elmer Optima 5300 DV. 

Results 

The obtained results have shown that slag and fly ash untreated and treated can be used as a filter for 
purification of mine waste-water (Table1). 
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Table 1. The content of As, Cd, Hg, Pb, and Se in percolated solutions in column test without and with application 
of Si-rich substances, ppm. 

Material As Cd Hg Pb Se 

Mine tailings (MT) 15.2-15.6 0.33-0.37 0.23-0.27 2.2-2.6 26.2-26.6 

MT + Slag 9.2-9.5 0.22-0.25 0.14-0.15 1.4-1.5 12.4-12.7 

MT + Fly ash 12.2-12.4 0.24-0.28 0.12-0.13 1.9-2.0 10.4-10.6 

MT + treated Slag 6.0-6.2 0.05-0.06 0.08-0.09 0.4-0.5 4.3-4.5 

MT + treated Fly 
ash 

7.1-7.4 0.06-0.08 0.05-0.06 0.5-0.6 3.2-3.5 

The incubation and greenhouse experiments have demonstrated that local Si-rich industrial wastes (slag and 
fly ash untreated and treated) provided a reduction in mobile and potentially mobile forms of As, Cd, Hg, 
Pb, and Se in mine tailings, thus reducing the risk of chemical pollution from the antimony mine. The 
mobility and toxicity of tested heavy metals and metalloids was reduced more than 10 times.  The pollutant 
contents in the leaves and roots of rice were decreased as well. The pollutant reductions in the leaves were 
more significant than in the roots. The treated slag and fly ash had more significant reducing effect on the 
pollutant mobility and plant uptake than untreated ones. 

Conclusions 

The obtained results evidence that Si-rich industrial by-products (slag and fly ash) can be used for 
remediation of the Xikuangshan mine tailings and for purification of waste-water. The efficiency of 
remediation can be increased as a result of the treatment of Si-rich materials by colloidal Si. 
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Introduction 

The contamination of coastal waters by trace metals is an important worldwide concern. Although 

metals are natural part of the environment, their release to coastal waters may significantly affect the 

productivity and diversity of lagoon ecosystems. This is particularly true in New Caledonia, where 

soils are highly enriched in nickel and subjected to intense mining extraction and strong erosion due to 

tropical rainfall. In this context, a novel use of the calcareous deposit formed under the cathodic 

protection of a metallic structure is proposed to trap metallic contaminants in seawater. The goal of the 

study is to attempt to trap nickel inside the deposit present under their ionic form in seawater.  

Methods 

The calcareous deposit is formed by imposing a small cathodic current density to force reduction of 

dissolved oxygen and water at a commercial galvanised steel working electrode. Whatever the current 

density is, the working electrode’s potential reaches potential in the water reduction range giving rise 

to H2(g) bubbling. This reaction induces pH increase at the interface and thus calcium and magnesium 

precipitation. A voluminous deposit grows then with polarization time. 

Electrodepositions are performed in artificial seawater containing different amounts of NiCl2 (710-6 ; 

310-4 and 310-3 mol/L) (Figure 1). 2L of electrolyte, i.e a large volume, is used in order to avoid the 

electrolyte impoverishment during the deposit formation.  

The calcareous deposit is analysed by scanning electron microscopy (SEM), µ-Raman spectroscopy 

(surface and cross section) and by X-Ray diffraction. Ni content in the deposit was also analysed after 

dissolution in HCl 37% and quantification by ICP-OES. 
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1 cm 

Results 

DRX analyses reveals that the deposit is a mixture of aragonite CaCO3(s) and brucite Mg(OH)2(s). Ni is 

trapped in this deposit mainly as -Ni(OH)2. Ni is competing with Mg for hydroxide formation. µ-

Raman spectroscopy and SEM results demonstrate that the surface of the deposit consists of a pure 

CaCO3 (aragonite) layer, indicating that Ni is internalized in the deposit.  

Ni content seems to increase with the initial concentration of NiCl2 in the electrolyte since the higher 

the NiCl2 concentration in the electrolyte, the greener the deposit (Figure 1). 14 to 26% in weight of Ni 

initially present in the electrolyte is trapped in the deposit after seven days of polarization.  

Figure 1. Optical microscopy pictures of the working electrode after 7 days of polarization with different [NiCl2] 

content in the artificial sea water 

Conclusion 

Ni dissolved in seawater can be trapped in a calcareous deposit formed under cathodic polarization of 

a commercial galvanised steel working electrode. Current densities needed are very low and a very 

large electrode like wire grid can be used. This electrochemical method is thus a promising and cheap 

clean-up device for remediation of contaminated seawater.  

This work is a part of the project “EcoCorail” funded by the French Research National Agency 

(ANR). 

1 cm 

0,5 cm 
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Introduction 

Mercury (Hg) is a highly toxic contaminant from mining and industrial operations, and is subject to complex 
biogeochemical cycling once released into the environment. Hg contaminated soil remediation has proven 
expensive and or technically challenging. Microbial tolerance of Hg is well understood but not well explored 
as a viable solution to soils contamination. One bacterial strategy mediated by the mer operon involves 
uptake of Hg2+ ions followed by intracellular enzymatic reduction by mercuric reductase to neutral Hg0, 
whereupon it volatilises and passively diffuses from the cell and out of soil. Augmenting soils with 
beneficial bacteria is a well understood in situ bioremediation concept but delivery of microbial loads 
heterogeneous and remote sites proves technically challenging. This research utilised a biopolymer to 
immobilise Hg volatilising bacteria to a bulk natural substrate which was stored, transported internationally, 
and applied to Hg contaminated soils. The resultant Hg soil-atmospheric flux was monitored, as was ongoing 
shelf viability and functionality of immobilised cells. Results indicate this method has great potential in 
providing a storable, readily transportable and inexpensive product that could be applied to in situ 
bioremediation.     

Methods 

Live Psuedomonas veronii cells grown to stationary phase were immobilised in a xanthan gum based 
biopolymer via encapsulation and subsequent mechanical coating on sterilised natural Australian zeolite 
granules (2-4 mm, clinoptilolite with trace modernite), as previously described (Johnson et al., 2001). The 
granules were dried and stored at room temperature for ten weeks. Viability was monitored by weekly CFU 
enumeration. One batch was transported from Australia to the United States of America where it was applied 
in a ratio of 1:1 v/v to soil heavily contaminated with Hg from a heap leaching operation. The control was 
contaminated soil inoculated with sterile zeolite. Hg flux was measured by atomic absorption using a Tekran 
2573A Hg Analyser (0.1 ng m-3 detection limit) in conjunction with a Tekran Automated Dual Sampling 
Unit (TADS) linked to cylindrical dynamic flux chambers (TADS) using PFA Teflon tubing, as previously 
described (Eckley et al., 2010). 

Results 

The cells retained both viability and Hg volatilisation functionality. Maximum flux rates exceeded 3µg Hg 
m2 h-1 from soils containing 8 mg kg-1 Hg treated with the zeolite granules containing immobilised cells 
(Figure 1). This flux rate was ~3 orders of magnitude above background levels. Speciation data revealed a 
concomitant drop in gaseous oxidised mercury (GOM) flux. Cells displayed good storage capacity under 
ambient room conditions (~1.0 x 10-8 CFU mL-1 starting concentration, rapidly stabilising at ~1.0 x 10-6 
CFU mL-1).  
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Figure 1. GEM emissions after application of immobilised P.veronii encapsulated in biopolymer bound to zeolite at 
time zero  + 29 hrs. Background emissions were positive flux of about 2 ng m2 h-1. The application of immobilised 
cells increased flux rate by ~3 orders of magnitude to beyond 3000 ng m2 h-1 initially.  

Conclusion 

This is the first research the authors are aware of that uses immobilised cell technology for Hg volatilisation 
for bioremediation. The greatly increased rate of Hg emissions indicates treatment with Hg volatilising 
organisms offers great potential for liberation, extraction and capture of emitted gaseous elemental mercury 
(GEM), which can then be stored or recycled appropriately as metallic Hg. The immobilising excipients 
used in this research offer potential to overcome many logistical issues with delivery of suitable microbial 
loads to locations of mercury contamination, and represents a facile and inexpensive method of augmenting 
sites with microbial consortia for bioremediation.   
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Introduction : Rapid and unplanned industrial development alongside urbanization has lead to serious 
environmental degradation due to the accumulation of trace metal in the coastal – estuarine habitats. 
Estuarine sediments are the repository of trace metals generated from different sources like 
agricultural/surface run-off, industrial effluent and atmospheric deposition (Pan et al., 2014). 
Accumulation of trace metals in sediments depends upon several factors like Fe and/or Mn oxy-
hydroxides, organic content, grain size, redox potential (Banerjee et al., 2012). Gradual 
accumulation of trace metals in the estuarine habitats as a result of anthropogenic interference poses 
a threat for estuarine habitats (Lichtfouse et al., 2005). This study represents the degree of trace metal 
contamination by using sediment quality indices and their related ecological risks in the sediments of six 
locations of Hooghly-Matla estuarine system namely Kumirmari (S1 & S2), Samshernagar (S3), Petuaghat 
(S4), Tapoban (S5) and Chemaguri (S6).  
Methods : The trace metal and particle size analysis was carried out using Atomic Absorption 
Spectrophotometer and Particle Size Analyzer respectively.  
Results : Texture analysis reveals the deposition of sediment fractions in the following order: silt (56.7 - 
65.7)%> clay (18.8 - 26.3)%> sand (10.7 - 24.5)% in Hooghly estuary and silt (66.9 - 68.1)%> clay (29.7 - 
31.4)%> sand (1.7 - 2.2)% in Matla estuarine system ; which may occur due to the high energy 
hydrodynamic conditions. It was found that the element such as Cu, Zn, Co, Cr and Fe shows a wide range 
of variation in their distribution. The results obtained for different trace metals in the sediments ranges 
between Cu (150.1 - 195.1)  mg/kg, Fe (1.84 - 2.06) %, Zn (36.4 - 153.4)  mg/kg, Co (60.7 - 95.7)  mg/kg 
and Cr (97.1 - 166.7) mg/kg in Hooghly estuary and  Cu (79.0 - 128.7) mg/Kg, Fe (1.70 - 1.79)%, Zn (138.6 
- 171.4) mg/kg, Co (89.5 -148.6) mg/kg and Cr (20.2 - 52.4) mg/kg in matla estuarine system respectively. 
This variation in trace metal accumulation is may be due to different types of source of rock and different 
type and magnitude of industrial effluent and domestic sewage.  Different sediment quality indices such as 
Enrichment Factor (EF), Geo-accumulation index (Igeo), Pollution Load Index (PLI) were used to assess the 
sediment contamination. The EF values of trace elements varies between Cu (13.2 - 17.3), Zn (1.1 - 4.7), 
Co (7.4 - 12.3), Cr ( 2.5 - 4.3) and Cu (7.6 - 11.7), Zn (4.4 - 5.8), Co (12.0 - 21.0), Cr (0.56 - 1.4 (Figure 1a) 
whereas Igeo values ranges between Cu (2.0 - 2.38), Zn (-1.55 - 0.53), Co (1.25 - 1.91), Cr ( -0.39 - 0.39) and 
Cu ( 1.08 - 1.78), Zn (0.38 -  0.69), Co (1.81 - 2.54) in Hooghly and Matla estuary (Figure 1b) respectively. 
The PLI value varied between 1.55 – 2.21 and 1.43 – 1.70 and overall trend follows the following order S3 
<S1 <S2 and S4<S6<S5 in Hooghly and Matla estuarine region (Figure 2) respectively. The ecological risk 
of trace metals (Cu, Zn and Cr) were assessed using effect range-low (ERL)/ effect range median (ERM) 
values and threshold effect level (TEL)/ probable effect level (PEL) values. It was observed that the mean 
values of Cu is between ERL – ERM and >PEL (except S3) in all the locations whereas mean value of Zn 
is between ERL – ERM (S1, S3 and S5), < ERL (S2, S4 and S6), between TEL – PEL (S1, S2, S3 and S5) 
and <TEL (S4 andS6). The mean value of Cr is <ERL (S1, S2 and S3), between ERL – ERM (S4, S5 and 
S6), <PEL (S1 and S3), between TEL – PEL (S2, S4 and S6) and >PEL (S5).  
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Conclusion : The work has potentially assessed the status of trace element accumulation in the 
reclaimed area of Indian Sundarban and mangrove ecosystems of Hooghly Estuary. The study has 
also focused on the need for proper management of coastal ecosystem by implementation of 
stringent pollution control measures along with regular monitoring program. Domestic sewage, 
industrial effluents, surface and agricultural run-off are all potential sources of trace element 
contamination, although more detailed study is required to identify other possible sources of 
contaminations. 
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Figure 2 : Pollution Load Index 

1a 1b 

Figure 1 : Sediment Quality Indices; 1a) Enrichment Factor 1b) Geo Accumulation Index 
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Introduction 
Metals present in sediments have a significant impact on the health of aquatic ecosystems. Since the 
environmental behavior of metals in sediments depends heavily on their chemical forms and affects their 
toxicity for organisms, concentration measurement of metals cannot solely provide sufficient information 
in terms of their mobility, bioavailability and potential risks to marine ecosystems. This calls for chemical 
partitioning studies to reach the source and type of transplants. Among different parts of geochemical 
sediments, labile fractions are the result of metals entrance due to human activities on aquatic environments 
and the residual fraction as a result of their natural existence in the Earth’s crust. Studies show that metals 
usually have the highest bioavailability in the exchangeable fraction and the lowest in the residual part 
(Shirneshan et al., 2013; Gu et al., 2014). 
Methods 
In this study, a minimum of three samples of surface sediments were taken from five parts of the surface 
layer (0-3 cm) of the wetland using Van vine grab.  For the preparation, at first the samples were converted 
into power through grinding by the dry stone in the freeze-drier. The preparation of samples for their 
concentration determination was as follows: 1gr of each dried sample by a mixture of nitric acid 
perchloridric acid in a ratio of 4:1 digested on the Heating block (140 degrees) for three hours.In order to 
determine the source of metals in sediments, sequential extraction method, which is one of the simulation 
methods of releasing metals in natural environments, was used to predict the possibility of the impact of 
metals on living organisms in aquatic ecosystems. To analyze the concentrations of Cu, Zn, Pb and Cd in 
geochemical sections of the sediments, the modified method (SET), was implemented (Yap et al., 2002): 

 The exchangeable form: sample with 50ml 1MAmmonium Acetate and pH 7on the shaker for three hours
 The form bound to oxides and hydroxides of iron and manganese: The remaining material from the previous

step is acidized with Hydroxylammonium chloride placed on the shaker for three hours
 The form bound to organic matter: The remaining material from the previous step is oxidized with

Hydrogen Peroxide in a water bath at 90-95 °C; after cooling down, it is placed on the shaker with
Ammonium Acetate

 The residual form: The remaining material from the third step is first placed on the digestive device with a
mixture of nitric acid and perchloridric acid in a ratio of 4: at 140 degrees for three hours
At the end of each step the concentration of the metals in the sample sediments were determined using the
Atomic Absorption Spectrometry (AAS) and the results were shown in microgram per gram of dry matter.
Results
In order to evaluate the effectiveness of the sequential extraction method, using the comparison of the total
of four sections of separated metals with the total concentrations of metals were examined. Recovery range
was between 97-103%, indicating the reliability of the test method used. The mean percentages of
concentration share of metals in different geochemical parts of the sediments are as follows:
Exchangeable fraction: Pb (0.02) <Zn (1.35%) < Cu (1.42%) <Cd (2.70%)
Bound to Fe/Mn oxides: Pb (0.01%) <Cu (0.17) <Zn(5.36%) <Cd (9.46%)
Bounded to Organic Matter: Cu (12.26%) <Zn (12.50%) <Cd (46.62%) <Pb (94.28%)
Residual: Pb (5.69%) <Cd (41.22%) < Zn (80.79%) <Cu (86.15%)
According to the results of the current study, Cd has the highest share of extractable section of acid than
other metals, which indicates its higher potential environmental hazards in comparison to the other metals
under study and is consistent with the results of Sakan et al (2013). Due to their large areas, iron and
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manganese oxides have high adsorption and have been known as effective phosphating cleaners with a 
regulatory impact and may provide a sink for heavy metals. The sustainable phases of metals have very low 
toxicity to organisms in aquatic environments; since the metals in this fraction have been bounded in a 
crystalline matrix, they are not expected to release into the environment under normal conditions. Cu and 
Zn have mainly made connections with the residual sections. Significant amounts of Pb in sediments have 
been bounded to organic matter which in spite of low mobility may become mobile through oxidation of 
organic matter in prolonged periods of drought or microbiological activities. Organic matter in the sediments 
probably plays a key role in the control of Pb speciation in sediments under oxide conditions the labile 
fractions suggest the following descending trend for the metals under study, which agrees with the results 
of Davutluoglu et al (2011). The percentage of concentrations in labile fractions: Cu (14%)<Zn (20%) <Cd 
(59%) <Pb (95%). Based on the results obtained from the source determination of the metals under study, 
Cu and Zn have significantly higher natural sources than anthropogenic ones, whereas Pb has a significantly 
higher anthropogenic source. Regarding Cd, except for stations 2 and 3, the rest had higher anthropogenic 
sources compared to natural ones and had a higher percentage of anthropogenic than natural source in 
general.According to the results of the individual contamination factors (ICF), Cu and Pb had the highest 
amount in the second station, Zn in the fourth one and Cd in the fifth. Rare metals tend to accumulate in 
sediments from any source and in hot spot near the entrance and then disperse regionally in lower 
concentrations. Therefore, the results of global contamination factors (GCF) showed that sediments of the 
second and fourth stations had the highest amounts of contamination respectively, which is justifiable due 
to the commute of entertainment boats in these two areas as well as wastewater entrance observed in these 
two stations. Chemical forms of metals, especially in the exchangeable section, affect their toxicity on the 
living organisms of aquatic systems. In total, metals existing in the first section have weak bounded and 
therefore cause greater risk. RAC amounts of metals in sediments of Anzali wetland and results of Yuan et 
al. (2014) are as the following decreasing trend: The mean concentration of metals in the exchangeable 
fraction: Cd > Cu > Zn >Pb. The mean concentration of metals in the exchangeable fraction: Cd >Pb> Zn 
> Cu (Yuan et al., 2014). According to the classification of Risk Assessment Code Cu, Zn and Cd are 
considered low risk (1-10%) and Pb is evaluated without risk (<1%). 
Conclusion 
Although the highest concentration percent of metals in the labile fractions belongs to Pb, this metal mainly 
exists in the form bound to organic matter. Hence, compared to other man-made fractions  Pb is of more 
stability in the environment; This is while Cd shows the highest concentration percent in the exchangeable 
form and therefore in terms of environmental studies, it can be said that compared to Pb, Cd has a higher 
risk of transferring the contaminants from the sediments into the food chain which accords with the results 
obtained from the Risk Assessment Code. It seems, the related rules allow the minimum concentration of 
Pb in sediments to be more than Cd. Self purifications is among the factors reducing the concentration of 
heavy metals in natural ecosystems, especially in wetlands, and acts as a sediment trap to protect absorption 
and prevent the contamination of the Caspian Sea. However, the intensity of human and industrial activities 
in the catchment pond of the wetland  together with the urban and rural areas surrounded by large agricultural 
landscape, lead to an increase in the concentrations of heavy metals in this natural ecosystem. Accordingly, 
to determine the state of the environment and carry out the possible measures for the sustainability of these 
environments the potential for the sustainability of the situation, environmental monitoring and developing 
the necessary strategies required to reduce local pollution seems necessary. 
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Introduction 

The Golden Horn Estuary exposed many pollutants due to domestic and industrial waste dischargers 

and also atmospheric deposition. Besides, it is located in the centre of Istanbul metropolitan and there 

are also two freshwater inputs into the Golden Horn through Alibeyköy and Kağıthane creeks at the 

western end, opposite the Bosphorus strait. Considering all these characteristics of this aquatic 

environment, it is important to investigate the levels of the metals (Ag, Al, As, Cd, Cu, Co, Cr, Fe, K, 

Mg, Mn, Mo, Na, Ni, Pb, Sn, Tl, V and Zn) using samples of surface and trapped sediment since 

sediment is the main accumulation matrix of marine environment. Therefore, the present study 

contributes a comprehensive data set to the literature regarding the concentrations of metals in the 

Golden Horn. 

Methods 

Surface sediment samples were collected seasonally from 14 locations in the Golden Horn Estuary 

from February 2013 to January 2014 (Figure 1). Also two sediment traps were established to see 

current levels of metal contamination during 18 months (June 2013-December 2014). All samples 

were dried at -50 °C to constant weight in a freeze dryer and homogenized. The samples were digested 

using a microwave digestion system (MILESTONE). From each sample, 0.25 g of sediment was put 

into a Teflon vessel, to which was added 4 ml of concentrated (37%) HF and 6 ml of concentrated 

(65%) HNO3. All samples were measured using ICP-MS. 

Results 

In the present study, element concentrations were found to decrease in order as Al-Fe > K > Mn > Zn 

– Pb > Cr > V-Cu  > Ni > Co >  Sb > Cd > Ag  in surface sediment samples. Enrichment factor (EF)

was calculated to see contribution of contamination by artificial activities. It was observed that 

enrichment factors of Ni, Cu, Cr, Zn and As are higher than 1 whereas enrichment factors of Cd ve Pb 

are lower than 1. Besides it was seen that metal concentrations in trapped sediment are generally 

slightly lower than the concentrations in the surface sediment. 
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Figure 1. Study area and sampling locations 

Conclusion  

In the present study, it was seen that the concentrations of the elements are comparable with the levels 

of the similar studies in the literature (Kut et al., 2000; Balkıs et al., 2007; Kılıç and Belivermiş 2013). 

Investigating metal concentrations in trapped sediment were indicated that there is a relationship 

among the concentrations of biogenic elements (Cd, Ni and Zn), and also other relationship was 

observed among the concentrations of lithogenic elements (Al, As, Co, Pb and V). The low metal 

concentrations in sediments of the inner part are mostly related that which have been removed from 

the inner part of the estuary during the rehabilitation period by Istanbul Municipality (Coleman et al., 

2009). Also relatively low metal concentrations were in outer part of estuary which is probably due to 

higher circulation and current rate of water. 
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Introduction  

In 2014 the authors introduced a microprofiling and micro sampling system (missy) to study pore water 
concentration of different analytes at the sediment water interface (SWI, (Fabricius et al. 2014)). It enables 
a direct, automate and low invasive sampling of small water volumes (<500 µL) at a spatial high 
resolution of a few millimeters. By different sample preparation procedures followed by inductively 
plasma-mass spectrometry (ICP-MS) analyses, it is possible to address not only the total content of 
metal(loid)s, but also their fractionation or speciation related analyte distributions in sediment depth 
profiles (~ -1 above SWI to 2 cm below SWI) in parallel to different sediment parameters (O2, redox and 
pH). In 2015 the system was up-scaled to a mesoprofiling and sampling system (messy) to address deeper 
sediment layers (~ -6 to 16 cm) with a lower resolution of 1 cm, bigger filtration cut-offs and up to 15 ml 
per sample. In two recent studies an anaerobic sediment was sampled and incubated in the laboratory for 
more than three month, focusing on the impact of mechanical disturbance and acidification (caused by 
pyrite weathering) on the metal and metalloid (metal(loid)) release. The presentation will deliver an 
overview on the two studies including the content < 0.45 µm of Ag, As, Cd, Co, Cu, Fe, Mn, Mo, Sb, U, 
V and Zn, information on the colloidal distribution (16 µm – 0.45 µm) as well as the As(III/V) and 
Sb(III/V) speciation, in connection to the pH, O2 and redox conditions. 

Methods 

Mechanical disturbance and aeration of anaerobic sediments is an issue in river and lake management 
practice. The profiling method and basic experimental setup used to study the impact of mechanical 
disturbance and acidification on the metal(loid) release is detailed in Fabricius et al., 2014. 

Figure 1. 180° bird eye view on the recent messy setup with: 1. Two incubated sediments (one aerated, one not), 2. 
profiling motors (Unisense, Denmark), 3. a glove box each with the pump and the fraction collector and 4. the 
evaluation units. 

The sample probe of the messy setup is made of a glass suction cup as a tip (ecoTech, Germany – cut-off 
10 – 16 µm), instead of a PES hollow fiber used in the missy setup. This modified suction cup is slowly 
moved across sediment water interface (22 cm in 6.5 days) and connected via tubing with a peristaltic 
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pump (Flow ~ 35 µl/min) and a fraction collector, both Lambda Instrument, Czech Republic and both 
placed in a glove box containing an inert Ar-atmosphere. Figure 1 gives an overview on the recent setup. 

The sediment was sampled at an abandoned channel at the river Lahn, Germany. The former mill channel 
receives fresh water only at high-water events (1-2 times per year) and is strongly impacted by foliage 
input. The undecomposed foliage layer was removed and the subjacent sediment was sampled (40 – 100 
cm depth), brought to the lab and sieved < 5 mm. After homogenizing, the sediment was incubated in 
polyethylene tanks and let at rest for 2 month. The study was divided into two experiments: In a 
preliminary experiment conducted to secure and validate the methodological approach and speciation 
analyses the sediment was disturbed and spiked with Sb2O3 powder (Sigma Aldrich). In the second 
experiment two sediment incubations were run in parallel (figure 1). After the initial resting time and 
reference profiling, both were mechanically disturbed at the same time, whereas in one experiment from 
that on air was introduce into the overlaying water (1 l/min) and the other was not further manipulated. 
This enables to investigate in a direct comparison the acidification impacted release. The O2 concentration, 
the redox potential and the pH value were measured with different electrodes and loggers made by 
Unisense, Denmark or Mansfeld redox-electrodes connected to a data logger made by ecoTech, Germany. 
The metal(loid)s content was analyzed by ICP-MS (Agilent 7700 and 8800). As and Sb (III/V) speciation 
was done by coupling an Agilent 1260 HPLC to the Agilent 7700. Therefore, the sample preservation and 
analyzes were performed comparable to Daus & Wennrich, 2014. All samples taken via the probe tip (< 
16 µm) were filtered in the glove with cellulose acetate syringe filters (Sartorius, Germany) < 0.45 µm. 

Results 

As examples, in Figure 2 the heat plots of As and Ag concentration determined in the <0.45µm fraction of 
the preliminary experiment are presented. Arsenic is stronger impacted by the physical disturbance and the 
connected redox changes, whereas silver is an example for pH impacted metals. 

Figure 2. On the left As and on the right Ag concentration: On day 0 the sediment was mechanically disturbed 
(intensive suspension) and on days -1, 1, 5, 10, 15, 20, 57, 65, 77 and 141 profiles were taken. The pH in the 
overlaying water decreased from 7.2 on day -1 to 3.5 on day 141. The depth 0 cm indicates the sediment boundary. 
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Introduction  

Bioturbation/bioirrigation can remobilize previously buried heavy metals in the sediments. The 
remobilization of buried thallium (Tl), copper (Cu), zinc (Zn), and lead (Pb) from three different sediment 
depth layers (1.0-2.0 cm, 4.0-5.0 cm, 8.0-9.0 cm) was studied in a laboratory experiment with two 
organisms, the Tubificid and Loach. Results showed that, the highest remobilization of heavy metals 
occurred from the most shallow layers (1.0-2.0 cm > 4.0-5.0 cm > 8.0-9.0 cm). As concentrations of the 
heavy metals detected by the diffusive gradients in the thin films technique (DGT) in the sediment pore 
water, the bioturbation/bioirrigation redistributed the heavy metals along the depths, especially in the 
presence of Loach, which may be for the Loach’s buried behavior providing greater channel for the 
circulation of heavy metals in the pore water. Remobilization of heavy metals had no significantly difference 
with bioturbation/bioirrigation by the two organisms in the overlying water except for the Tl and Cu, which 
were significantly higher in the presence of Loach than in Tubificid treatments and both lower than controls 
(without bioturbation/bioirrigation) in the treatments from the 1.0-2.0 cm. The bioaccumulation of the heavy 
metals in the Tubificid is much more than that in the Loach, with the highest bioaccumulation appeared in 
the buried layer 1.0-2.0 cm, because it lived in the surface sediments. 
Methods 

The glass containers were distributed in room temperature for a 24 h period of stabilization before 
introducing the organisms. A total of 39 aquaria were randomly assigned to one of three different treatments: 
without organism, n=15; with Tubificid, n=12; with Loach, n=12. In each treatment, there included 4 parallel 
units with contaminated sediment buried depths were 1.0-2.0 cm, 4.0-5.0 cm, and 8.0-9.0 cm separately. 
The total sediment depth was 12 cm. After the 24 h stabilization equilibrium period, 7.5×105 Tubificid per 
square meter, 9.4×104 Chironomid larvae per square meter, 1.5×102 Loach per square meter was introduced 
into each glass container. The system with no organism added was used as a bioturbation/bioirrigation 
experiment blank. Four replicates were done for each condition. At the beginning of the exposure time, 
followed the DGT established procedures to sampling the heavy metals in the pore water in the control units. 
The overlying water was sampled at days 1, 3, 5, and 7 after the addition of animals. At the end of exposure 
time, One unit in each treatment was followed the DGT established procedures. Tl, Cu, Pb, and Zn were 
determined by inductively coupled plasma mass spectrometry (ICP-MS) (7500a, Agilent Technologies Co. 
Ltd., America).  
Results  

The highest remobilization of heavy metals occurred from the most shallow layers (1.0-2.0 cm > 4.0-5.0 cm 
> 8.0-9.0 cm). In the sediment pore water, the bioturbation/bioirrigation redistributed the heavy metals along 
the depths, especially in the presence of Loach, which may be for the Loach’s buried behavior providing 
greater channel for the circulation of heavy metals in the pore water. Remobilization of heavy metals had 
no significantly difference with bioturbation/bioirrigation by the two organisms in the overlying water 
except for the Tl and Cu, which were significantly higher in the presence of Loach than in Tubificid 
treatments and both lower than controls (without bioturbation/bioirrigation) in the treatments from the 1.0-
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2.0 cm. The bioaccumulation of the heavy metals in the Tubificid is much more than that in the Loach, with 
the highest bioaccumulation appeared in the buried layer 1.0-2.0 cm, because it lived in the surface 
sediments. 
Conclusion 

In the sediment pore water, the bioturbation/bioirrigation redistributed the heavy metals along the depths, 
especially in the presence of Loach. The highest remobilization of heavy metals occurred from the most 
shallow layers (1.0-2.0 cm > 4.0-5.0 cm > 8.0-9.0 cm). 
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Introduction  

Exposure risk associated with soils contaminated with As is assessed by human health risk assessment 
(HHRA).  Often the most important pathway for As in soil (i.e., the risk driver), associated with human 
exposure is soil ingestion.  The use of total soil As in HHRA overestimates human exposure because soil 
properties sequesters As.  A more accurate and site-specific HHRA accounts for bioavailability of soil As. 
Extensive research efforts have been directed toward development and application of in vitro 
gastrointestinal methods to predict relative bioavailable As (RBA As) across four continents.  Several 
studies have reported in vitro-in vivo correlation (IVIVC) between IVBA As and RBA As measured from 
juvenile swine dosing bioassays.  RBA As vs. IVBA As regression equations are used to predict RBA 
from IVBA. These methods are gaining regulatory acceptance for HHRA on contaminated sites.   
However, the ability of bioaccessibility methods to predict RBA As for contaminated sites and sources 
outside those used in developing the IVIVC regression equation is unknown.   The objective of the current 
study is to evaluate the ability of several international bioaccessibility methods to predict RBA As for 12 
contaminated sites.  The use of these methods to provide site characterization data for HHRA and aid in 
risk management decisions will be presented.  

Methods 

Soils were collected from 12 contaminated sites (i.e., locations).  Bioaccessible As (IVBA As) was 
determined by several in vitro gastro(intestinal) methods including the SBRC (Juhasz et al., 2009), 
RBALP (Drexler and Brattin, 2007; Brattin et al., 2013), USEPA Method 9200 (Diamond et al., 2016), 
OSU IVG (Basta et al., 2007), and Modified OSU IVG (Whitacre et al., 2016).  Relative bioavailable 
(RBA) As was determined from dosing trials using juvenile swine.  Regression equations from published 
IVIVC were used to predict RBA As from in vitro arsenic bioaccessibility.    

Results 

Comparison of RBA As predicted from published IVIVC with actual juvenile swine RBA As are 
summarized in Table 1.   The predicted RBA As followed the trend MOSU IVG ≥ OSU IVG > RBALP, 
SBRC, USEPA 9200.  The most accurate predicted RBA fall within the 90% RBA As confidence interval 
(C.I.).   However, conservative values that exceed the 90% C.I. are desirable because they are protective 
from a regulatory perspective.  Several in vitro methods meet the criteria where predicted RBA As ≥ 
measured RBA As can be used for site specific HHRA.  Site specific factors that affect the agreement 
between predicted and measured values for all 12 experimental sites will be presented.  
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Predicted Mean RBA As (%) from IVBA Measured RBA As (%)
Site SBRCa RBALPb USEPA 

9200c
OSU IVGd MOSU 

IVGe
Mean 90% C.I.f 

1 9.89 24.8 4.0 19.1 21.0 14 13-15
2 2.9 20.5 3.9 12.9 22.8 15.3 11.7-18.8
3 7.5 7.5 7.7 20.9 13.5 9.0 6-13
4 28.5 36.5 24.4 28.9 35.7 26.0 24-28
5 14.0 27.4 12.8 29.9 37.0 41.0 38-44

aSBRC, RBA As = 0.992 IVBA + 1.66, r2 = 0.75 (Juhasz et al., 2009) 
bRBALP, RBA As = 0.62 IVBA + 19.7, r2 = 0.72 (Brattin et al., 2013) 
cUSEPA 9200, RBA As = 0.79 IVBA + 3.0, r2 = 0.72 (Diamond et al., 2016) 
dOSU IVG, RBA As = 0.883 IVBA + 9.6, r2 = 0.74 (combined data Basta et al., 2001, Basta et al., 2007) 
eMOSU IVG, RBA = 0.79*IVBA + 4.85, r2 = 0.92 (Whitacre et al. 2016) 
fCI = confidence interval 

Conclusions 

Many of the IVBA methods underpredicted RBA As.  The MOSU IVG method was consistently close to 
the RBA As values for the sites studied.   However, previous research studies have shown good agreement 
between predicted and measured RBA As for non MOSU IVG methods.  Other site data is needed to 
improved confidence of the non-MOSU IVG methods prior to application.  The additional site data (i.e., 
arsenic speciation) is needed to allow proper selection of methods by risk assessors to accurately predict 
RBA As and human exposure and gain acceptance by the regulatory community.  
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Table 1.  Comparison of measured and predicted RBA As for select contaminated sites. Bolded values are 
within or greater than the measured RBA As. 
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Introduction  

Zinc, like other substances, is being monitored and risk assessed by EU member states as a ‘specific 
pollutant’ under the EU ‘Water Framework Directive’ (WFD). Under the WFD, ‘Good’ chemical status is 
defined in terms of compliance with the Environmental Quality Standard (EQS), i.e.10.9 µg/L for zinc.   

It is important to note that this EQS is a bioavailability derived value and it reflects conditions of 
maximised bioavailability of zinc in the water. It is therefore, protective of the most sensitive surface 
waters in the EU. It is important to note that metals like zinc interact with various constituents of water, 
and water chemistry will define the bioavailable (free ion) zinc.  

Biotic Ligand Models (BLMs) have been developed to calculate the bioavailable metal concentration. By 
inputting the concentration of zinc from a given water sample (expressed as ‘dissolved zinc’) into a BLM, 
along with environmental parameters, these models are able to calculate the bioavailable fraction of zinc. 
This bioavailable zinc concentration can then be compared to the EU reference EQS to determine if the 
sample achieves ‘Good’ chemical status. In cases where the reference EQS is exceeded, the application of 
a subsequent bioavailability correction is implicit, i.e. if no such correction can be done, the EQS does not 
apply. 

The primary environmental parameters needed to determine zinc bioavailability in freshwaters are pH, 
calcium and dissolved organic carbon (DOC) concentrations. The ideal situation for checking compliance 
of measured zinc concentrations with the EQS is to use matched data, i.e. the measurement of the zinc 
concentration and all parameters from the same sampling location at the same time. However, the main 
parameters driving bioavailability, DOC, is not widely measured, unlike pH and calcium. The question is 
therefore, what data can be used if matched data are not available or are inaccessible?  

To overcome the lack of matched data and fill in data gaps, we propose to select relevant bioavailability 
parameters from publicly available, good quality datasets, and use them for checking compliance at the 
country, or even the regional level.  

Methods 

Two publicly available datasets have been used to derive relevant bioavailability parameters for zinc in 
freshwaters: The WISE (Water Information System for Europe) dataset; and the FOREGS (FORum of 
European Geological Surveys) dataset. By comparing statistical values (e.g. 50P) from both datasets, and 
considering specific information from FOREGS maps (Figure 1), relevant values were selected for 
missing bioavailability parameters. Zinc bioavailability was then calculated with selected parameters fed 
into the Biomet© BLM calculation tool. In doing this, EQS compliance can be determined.  

Usually, the most common missing parameter is DOC. Therefore, the assessment of bioavailability 
parameters was started with DOC, and data for pH and Ca were matched accordingly for the whole 
country; we propose that, if necessary, to take this a step further and use the FOREGS DOC map to 
regionalise areas of DOC within a country.  
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Figure 1. Map showing the variation of Dissolved Organic Carbon (DOC) concentrations across Europe. 

Results 

When bioavailability data are missing from a country dataset, it is still possible to perform a compliance 
assessment by using median values (50P) for each parameter. The ‘bioavailability correction factor’ 
(BIOF) can then be calculated and applied to the zinc monitoring data, as presented in Table 1.  

Table 1. Selected bioavailability parameters (most conservative median values from FOREGS or WISE) and 
corresponding bioavailability correction factor (BIOF) for zinc (calculated with Biomet version 3.03). 

Country pH Ca (mg/l) DOC (mg/l) BIOF 
CZ 7.8 29 3.7 0.43 
SK 8.0 51 4.4 0.32 
HU 8.0 98 3.4 0.37 

Further refinements can be made by adopting the FOREGS regional approach for obtaining missing 
bioavailability parameters. Rather than just applying a single median value throughout, if regional values 
are used, our results showed that there are actually fewer exceedances, or fewer ‘false-positives’. 
Examples of this regional approach and the effects on EQS compliance checking will be presented. 

Conclusions 

These approaches will enable member states to more accurately assess whether they are in compliance 
with ‘Good’ chemical status for zinc under the WFD.  

References 

http://weppi.gtk.fi/publ/foregsatlas/ 

Abstract Book of the 18th International Conference on Heavy Metals in the Environment, 12 to 15 September 2016, Ghent, Belgium 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

– 50 –



18th International Conference on Heavy Metals in the Environment

- 43 - 

THE LINK BETWEEN SOIL GEOCHEMISTRY IN SOUTH WEST 
ENGLAND AND HUMAN EXPOSURE TO SOIL LEAD 
Joanna Wragg, M. Cave, E. Hamilton, C. Kirkwood. T.R.L. Lister 

British Geological Survey, Keyworth, Nottingham NG12 5GG, UK 

jwrag@bgs.ac.uk 

Keywords: Soil; Lead; Bioaccessibility 

Introduction 

The geological diversity and mineral deposits of south-west England have been exploited since the Bronze 
Age resulting in soil contamination from potentially harmful elements such as Pb. The area attracts over 
500,000 visitors a year, providing an exposure mechanism to bring humans into contact with the natural 
environment and associated soil contaminants. Humans, particularly children as the most vulnerable in 
society, are exposed to soil PHE by oral, inhalation and dermal pathways.  Ingestion is the primary exposure 
route with an estimated ingested mass of 100 mg per day.  A cumulative toxicant, there is no safe level of 
exposure to Pb, which is distributed throughout the body affecting multiple body systems and considered to 
be a priority contaminant under UK contaminated land guidance.  Determination of the amount of soluble 
harmful elements in the gut (bioaccessible) after ingestion is carried out using in vitro methods simulating 
the gastro-intestinal tract (Oomen et al., 2002).  Understanding hazards posed by human interaction plays a 
significant part in the assessment of risk and risk mitigation enabling the development of fit for purpose 
land contamination and planning strategies.  

Methods 

The British Geological Survey (BGS) have recently completed a systematic geochemical soil survey of 
south-west England (http://www.bgs.ac.uk/gbase/gBaseSW.html), as part of a wider programme of work to 
map the geochemical baseline of the UK (www.bgs.ac.uk/gbase).  For the south-west region, in the order of 
1150 shallow (5-20 cm) soils were collected and analysed for 50 elements by X-Ray Fluorescence 
Spectrometry (XRFS).  Fifty samples were chosen for bioaccessibility analysis using a cluster analysis 
approach followed by UBM extraction (Wragg et al., 2011).  A Self Modelling Mixture Resolution (SMMR) 
approach (Cave et al., 2013) was used to determine the host soil components of bioaccessible Pb. 

Results 

Figure 1a shows that the mean total Pb concentration was 64 mg kg-1 (20-247 mg kg-1), spanning what is 
considered to be the ‘normal’ concentration for the area (Ander et al., 2013).  Mean bioaccessible Pb was 
22 mg kg-1 (6-154 mg kg-1), indicating that 34% (17-95%) was mobile in the gut and available for uptake 
(Figure 1b). The SMMR approach indicated that the available Pb was associated with multiple 
geochemically distinct components of natural and anthropogenic origin, reflected in large range of Pb 
bioaccessibility across the south-west of England.  

Conclusion 

Lead in the test soils is bioaccessible/soluble and therefore available for uptake into the human body: 
potentially harmful to human health.  The SMMR approach identified the geochemical hosts of 
bioaccessible Pb putting the human availability in context within the wider geochemical character of the 
area.  This information can support decision making in risk management e.g. for assigning the most 
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appropriate land use and setting remediation goals for the re-purposing/ development of naturally and 
anthropogenically contaminated land. 

Figure 1. 1a: Interpolated map of soil total Pb concentrations; 1b: Interpolated map of soil 
bioaccessible Pb concentrations 

References 

Ander, E.L.; Johnson, C.C.; Cave, M.R.; Palumbo-Roe, B.; Nathanail,C.P.; Lark, R.M. “Methodology for the 
determination of normal background concentrations of contaminants in English soil,” Sci Tot Environ., 454-455, 604–
618. 

Cave, M.R.; Wragg, J.; Denys, S.; Jondreville, C.; Feidt, C. (2011). Oral Bioavailability. In Dealing with Contaminated 
Sites: From Theory towards Practical Application; Swartjes, F., Ed.; Springer: London, UK. 

Cave, M.R.; Wragg, J.; Harrison, H. (2013). Measurement Modelling and Mapping of Arsenic Bioaccessibility in 
Northampton, UK. J.Environ. Sci. Health Pt.A., 49 (6)  

Denys, S.; Caboche, J.; Tack, K.; Rychen, G.; Wragg, J.; Cave, M. R.; Jondreville, C.; Feidt, C. (2012) In vivo 
Validation of the Unified BARGE Method to assess the Bioaccessibility of Arsenic Antimony, Cadmium and Lead in 
soils.  Environ Sci Technol., 46 (11), 6252-6260. 

Oomen, A G.; Hack, A.; Minekus.; M, Zeijdner, E.; Cornelis, C.; Schoeters, G.; Verstraete, W.; Van de Wiele, T.; 
Wragg, J.; Rompelberg, C J M.; Sips, A.; Van Wijnen, J H.  2002.  Comparison of five in vitro digestion models to 
study the bioaccessibility of soil contaminants. Environmental Science & Technology, 36, 3326-3334.   

Wragg, J,; Cave, M.; Basta, N.; Brandon, E.; Casteel, S.; Denys, S.; Gron, C.; Oomen, A..; Reimer, K.; Tack, K.; Van 
de Wiele, T. (2011). An inter-laboratory trial of the unified BARGE bioaccessibility method for arsenic, cadmium and 
lead in soil. SciTotEnviron., 409, 4016–4030. 

Abstract Book of the 18th International Conference on Heavy Metals in the Environment, 12 to 15 September 2016, Ghent, Belgium 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

– 52 –



18th International Conference on Heavy Metals in the Environment

- 45 - 

ARSENIC, LEAD, AND CADMIUM BIOAVAILABILITY IN 
CONTAMINATED SOILS: COMPARISON OF IN VIVO ANIMAL 
MODELS AND PREDICTION USING IN VITRO BIOACCESSIBILITY 
ASSAYS 

Lena Q. Ma1,2, HB Li1, J Li1, SW Li1, AL Juhasz3 

1Nanjing University, School of the Environment, Nanjing, China; 2University of Florida, Soil and 
Water Science Department, Gainesville, United States; 3University of South Australia, Future 
Industries Institute, Mawson Lakes, Australia 
lqma@ufl.edu 

Keywords: relative bioavailability; bioaccessibility; heavy metal; contaminated soils; correlation 

Introduction  

When evaluating arsenic (As), lead (Pb), and cadmium (Cd) exposure via incidental soil ingestion, daily 
intake is greatly influenced by their bioavailability (i.e., the proportion of metals that are absorbed into the 
systemic circulation). Different animal models (i.e., swine and mouse) have been used to estimate their 
relative bioavailability (RBA; relative to the adsorption of soluble references) (Bradham et al., 2011; 
Smith et al., 2011) based on different dosing approaches and biomarkers. These include a single gavaged-
dose of soil to fasted animals with area under the blood As concentration time curve (AUC) versus steady-
state urinary excretion (SSUE) or accumulation in the liver, kidneys, or femur following multiple doses 
via diet. However, there is a lack of comparison among different in vivo assays, which come with 
uncertainty when assessing the risks of heavy metals with soil ingestion.  

Although desired, cost and ethical considerations have limited the use of in vivo animal assays. Therefore, 
in vitro assays have been developed to determine the amount of metal extracted from soil matrix in 
simulated human gastric and intestinal fluid, i.e., bioaccessibility. Common in vitro assays include the 
SBRC, IVG, DIN, PBET, and UBM (Juhasz et al., 2009). However, to determine if these assays provide 
good prediction of RBA of heavy metals in contaminated soils, it is important to establish good in vivo-in 
vitro correlations. So far, this has been achieved in mining/smelting contaminated soils. However, to 
ensure their robustness, in vitro assays needed to be further correlated with RBA data using additional 
soils. In addition, limited research was performed on urban soils, which may be more relevant for metal 
exposure as children’s contact with them is more often.  

The objectives of this study were to compare RBA of heavy metals in contaminated soils determined 
using different animal models (i.e., mouse vs swine), different feeding schemes (i.e., single gavaged dose 
vs multiple diet doses), and different biomarkers (blood, urine, liver, and kidney) to determine how these 
parameters impact RBA determination of heavy metals in soils. In addition, based on recommended in 
vivo mouse assay, which is easy to handle with low cost, the RBA predictive ability of common in vitro 
assays for both contaminated soils and urban soils from China was assessed.  

Methods 

In this study, As-RBA in 12 As-contaminated soils from Australia with known As-RBA via swine blood 
AUC model was measured by mouse blood AUC, SSUE, and liver and kidney analyses. In addition, 12 
As-, Pb-, or Cd-contaminated soils from China were measured for RBA and bioaccessibility of As, Pb or 
Cd using mouse steady state liver, kidney, and femur analyses and 4 in vitro assays (e.g., SBRC, IVG, 
DIN, and PBET). Furthermore, 38 urban soils from parks in 27 provincial cities of China were measured 
for Pb-RBA and bioaccessibility using the mouse steady state kidney assay and the SBRC assay.  
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Results 

For the 12 As-contaminated soils from Australia, compared to swine blood AUC assay (7.0−81%), though 
well correlated (R2 = 0.83), the mouse blood AUC assay yielded lower As-RBA values (2.8−61%). 
Similarly, strong correlations of As-RBA were observed between mouse blood AUC and mouse SSUE 
(R2 = 0.86) and between urine, liver, and kidney (R2 = 0.75−0.89), suggesting As-RBA was congruent 
among different animals and biomarkers. Similarly, strong linear correlations of Pb-RBA (R2 = 0.74−0.89) 
were observed in the mouse model between different biomarkers (liver, kidney, and femur). For Cd-
contaminated soils, there was strong linear correlation between mouse liver and kidney (R2 = 0.81).  

Based on contaminated soils from China, the gastric phase (GP) of UBM and SBRC assay was best 
correlated with Pb-RBA among different in vitro assays, while IVG-GP and PBET-GP showed strongest 
correlation with As-RBA and Cd-RBA. For urban park soils, strong correlation was observed between Pb-
RBA and the SBRC assay.  Therefore, proper in vitro assays to predict metal bioavailability in 
contaminated soils are metal- and soil-dependent.  

Conclusion 

Different animals and biomarkers had little impact on the outcome of in vivo assays. In vitro assays have 
potential to predict RBA of heavy metals in contaminated soils and urban soils. 
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Introduction  

Ingestion of contaminated soil often is the “risk – driver” for arsenic (As) and other trace element 
contaminated soils and the key exposure pathway in human and ecological risk assessment.  The trace 
element interactions with the soil and sediment and general soil properties impact chemistry, solubility, 
and bioavailability. Often the calculated risk for a site can be reduced when the bioavailability of As in the 
soil is included in site specific risk calculation.  Relative bioavailability (RBA) can be determined for 
specific sites using in vivo bioassays that mimic human gastrointestinal physiology (i.e., juvenile swine or 
adult mouse), however these methods are very expensive, time consuming, and include large numbers of 
animals. Scientists have developed in vitro bioaccessibility methods (IVBA) to predict RBA in an effort to 
replace in vivo bioassays.  The ability of an in vitro method to predict RBA is determined from an in vitro-
in vivo correlation (IVIVC).  Several IVBA methods with validated IVIVC are gaining regulatory 
acceptance in the international community.  The objective of this study was to determine the predictive 
capability of five international in vitro bioaccessibility methods for 27 As contaminated soils with a range 
of soil properties, contamination sources, and solid phase As speciation.  

Methods 

The ability of five international published in vitro methods to predict animal RBA As was determined. 
The in vitro methods included; the Solubility Bioaccessibility Research consortium assay (SBRC), the 
Unified Barge Method (UBM), the Physiologically Based Extraction Test (PBET), the OSU In Vitro 
Gastrointestinal Method (OSU), and a slightly modified OSU method (MOSU). RBA was determined 
using both the juvenile swine and adult mouse models. Twenty two of the 27 soils were dosed to swine, 19 
of the 27 soils were dosed to mice and 14 of the 27 soils were dosed to both animals. IVBA As vs RBA 
As was fitted using linear regression and evaluated for goodness of fit, slope, y-intercept, prediction error, 
and compared against proposed acceptance criteria. Soil properties relevant to As solubility and 
bioaccessibility were determined; including total As, reactive Fe and Al, pH, organic carbon content, and 
clay content. Solid phase speciation of As and Fe was determined using X-Ray Absorption Spectroscopy 
(XAS) and linear combination fitting (LCF). In addition Mӧssbauer spectroscopy was used to confirm Fe 
XAS speciation.  

Results 

The arsenic concentrations within the soils ranged from 162 mg/kg to 12,500 mg/kg with an average of 
2210 mg/kg. Twenty two different As mineral phases were identified by LCF analyses, the most dominant 
phases were As (V) absorbed to soil minerals such as ferrihydrite and goethite. Twenty five different Fe 
species were identified via LCF analyses. Similarly to As analyses Fe analyses identified soil minerals 
such as ferrihydrite and amorphous Fe oxides as the dominant Fe species within the study soils. Arsenic 
bioavailability determined using the adult mouse model ranged from 6 to 80% with average of 35%. RBA 
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determined using the juvenile swine model ranged from 4 to 60% with a mean of 32% Due to differences 
between the animal physiology IVIVCs were made using RBAs from each animal separately.   

Arsenic bioaccessibility was determined using five different international in vitro methods and ranged 
from <1 to >90%. A variety of linear regression methods have been used throughout literature to produce 
IVIVCs. Some of the methods are basic (simple linear regression) others are statistically complex and 
require specialty software. These advanced methods do not produce IVIVCs that are drastically different 
than those created using basic techniques such as simple linear regression and in turn simple linear 
regression was chosen for this study. Summary statistics for gastric phase IVIVCs for the adult mouse and 
juvenile swine model are shown below in Table 1 and 2 respectively. Wragg et al. (2011) suggested 
criteria for assessing the ability of an in vitro bioaccessibility method to predict relative bioavailability 
including a slope near unity (0.8 – 1.2) and that IVIVCs are strongly correlated (r2 > 0.6). All of the 
methods used in this study met the criteria for correlation suggested by Wragg et al. however, most of the 
methods have an r2> 0.7. Not all of the methods meet the slope criteria suggested by Wragg et al, the 
methods that most resemble human physiology are better at predicting RBA. In addition the methods 
worked for all soil types and contamination sources except for two. These two soils contained very high 
amounts of absorbed As(III) and amorphous Al oxides.  

Table 1. Mouse RBA vs Gastric IVBA IVIVC Statistics 

Method SBRC PBET UBM OSU MOSU 

Slope 0.74 0.74 0.81 0.85 0.72 

Y-Intercept 13.6 14.2 8.70 10.9 -2.48 

r2 0.82 0.82 0.84 0.89 0.73 

Table 2. Swine RBA vs Gastric IVBA IVIVC Statistics 

Method SBRC PBET UBM OSU MOSU 

Slope 0.71 0.80 0.88 1.09 0.64 

Y-Intercept 18.3 17.5 14.3 12.6 5.17 

r2 0.60 0.63 0.67 0.73 0.65 

Conclusion 

In vitro bioaccessibility methods have the ability to accurately predict in vivo relative bioavailability. The 
methods that most resemble human physiology are better predictors for RBA. However, all RBA values 
are not equal for more conservative estimates it maybe be better to use IVIVCs generated using juvenile 
swine models because swine physiology most resembles humans. Results from this study will help support 
the adoption of methods to measure bioaccessible As that predict bioavailable As for many different soil 
and As source types. These methods also have the potential to be used for ecological risk assessments and 
to access the success of soil remediation techniques, ultimately helping to close contaminated areas and 
allow for the future use of degraded lands.  
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Introduction  

Exposure risk associated with soils contaminated with arsenic (As) is assessed by human health risk 
assessment (HHRA).  A critical component of HHRA is exposure assessment by various exposure 
pathways.  In soils, often the most important pathway for As, the risk driver, associated with human 
exposure is incidental soil ingestion.  A more accurate and site-specific HHRA accounts for bioavailability 
of As in a soil matrix as part of the exposure assessment. The most commonly used animal model for 
determining bioavailable As is the juvenile swine model.  In order to overcome some of the difficulties 
and expenses associated with animal dosing trials used to assess bioavailability of contaminants in soil, 
extensive research efforts have been directed toward development of in vitro gastrointestinal methods, that 
simulate the gastrointestinal environment, to predict bioavailable As.  While there are multiple efforts to 
advance in vitro methodology, few in vitro conditions are commonly employed in the United States;  a 0.4 
M glycine buffered gastric solution at pH 1.5 (SBRC) and an unbuffered gastric solution at pH 1.8 
followed by an unbuffered intestinal solution at pH 6.5 (OSU).  However, it is not known how well these 
methods will predict RBA in soils contaminated with As from sources outside those used in developing 
the regression equation.  Therefore, external measures to support the selection and use of the appropriate 
in vitro method are needed.   

Methods 

In vitro bioaccessible (IVBA) As was determined by the SBRC and OSU methods for Empire Mine, a 
former gold mining site in California.  Arsenic RBA was determined using the juvenile swine model. Soils 
were fractionated into five fractions: (F1) non-specifically sorbed; (F2) specifically sorbed; (F3) 
amorphous and poorly-crystalline oxides of Fe and Al; (F4) well-crystallized oxides of Fe and Al and (F5) 
residual As.  As speciation was determined by X-Ray Absorption Spectroscopy (XAS) and grouped into 
phases; (P1) Ca and calcium-iron arsenates, (P2) sulfates, (P3) As sorbed to Al oxides, (P4) As sorbed to 
Fe oxides, (P5) Fe arsenates, and (P6) sulfides.  Bioaccessible As fractions and phases were compared to 
bioavailable As fractions and phases.  These comparisons were linked to RBA prediction error using 
established regression equations for each method.   

Results 

A summary of total, bioaccessible, and bioavailable As from the soils collected from Empire Mine are 
presented in Table 1.   
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Table 1.  Summary statistics for total As, in vitro bioaccessible As determined by SBRC, and OSU 
methods, as well as swine RBA for Empire Mine soils. 

Soil 
Total As SBRC OSU GE OSU IE RBA 
mg/kg As (%) 

min 203 0.361 1.51 1.27 4.00 
mean 4,006 3.67 4.00 4.36 15.9 
max 12,095 14.4 9.27 10.7 23.7 

Both the SBRC and OSU-IVG extracted approximately F1-F2 As fractions determined by SEP.  However, 
RBA As fractions included not F1-F2 only but also approximately 1/3 (m=0.364) of F1-F3 (Figure 1A).  
Similarly RBA As includes a larger portion of P1-P4 As than IVBA (Figure 1B).  The considerably 
greater slope of RBA vs. P1-P4 indicates that RBA As is greater than IVBA As because As contained in 
the P4 phase (arsenic sorbed to ferrihydrite and/or goethite) is more bioavailable than what is solubilized 
in vitro.  When IVBA us used in developed regression equations, the SBRC method consistently under-
predicts RBA for Empire Mine.  However, while the OSU method extracted similar As fractions and 
phases as the SBRC method, the predictions range from under to over.  This is due to a y-intercept >10 in 
the regression equations for OSU GE and OSU IE.  
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Figure 1. Comparison of bioavailable and bioaccessible As fractions (A) and phases (B). 

Conclusion 

Using predictive equations developed from datasets from other studies demonstrated that prediction 
results vary drastically depending on the study soils used to develop the IVIVC.  The SBRC method 
drastically under-predicts RBA for all but one Empire Mine soil.  In vitro methods that meet IVIVC have 
a y-intercept that does not deviate significantly from zero are highly desirable (Juhasz et al.,2014).  The 
probability that an in vitro result to under-predict RBA using a regression equation with a small y-
intercept may be indicated by SEP and speciation.  If the IVBA As is ≤ F1-2, there is a higher likelihood 
that the predicted RBA will be lower than the actual RBA than if IVBA is > F1-F2.        
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Introduction  

Contaminated water and food are the main sources of oral exposure to arsenic (As). Assessing the risks from 
oral As exposure involves an evaluation of its oral bioavailability (fraction of As that reaches the systemic 
circulation), yet human in vivo bioavailability data are scarce. Bioaccessibility (the fraction of As released 
from its matrix during digestion) and intestinal transport (the fraction of bioaccessible arsenic crossing 
epithelial membrane) are therefore often used as conservative estimators of oral bioavailability. Several in 
vitro models are available to measure both determinants, yet the contribution of colonic digestion – 
including microbial metabolism – to either bioaccessibility or intestinal transport has rarely been 
investigated. Here, we propose a combination of dynamic gut model with models of intestinal epithelial 
barrier function to predict oral bioavailability and evaluate the gut microbiome’s contribution to the different 
parameters.  

Methods 
Several food matrices from the Belgian consumer market were subjected to in vitro gastrointestinal digestion 
in the simulator of the human intestinal microbial ecosystem (SHIME) and in the Caco-2/HT29-MTX of 
the intestinal epithelium. Total As quantification and As speciation was conducted with ICP-OES and 
HPLC-ICP-MS, respectively (Alava, Tack, Laing, & Wiele, 2012). 
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Results 

Compared to stomach and colon, the small intestine digestion resulted in the highest bioaccessibility 
percentages for most food matrices (67-113%). Yet, because of microbial fermentation of dietary fiber, As 
bioaccessibility was the highest upon colonic digestion of brown rice samples and Hizikia fusiformis (107-
167% of increase compared to small intestine bioaccessibility). Chemical reduction of pentavalent to 
trivalent As-species occurred upon stomach, small intestine and colon digestion. However, colon digestion 
also displayed an active metabolism of As by gut microbiota resulting in several speciation changes. 
Compared to aqueous standards, the modulation of As bioacessibility and As speciation upon digestion was 
also impacting intestinal transport as measured by Caco-2/HT29-MTX monolayers. Intestinal absorption of 
As from colonic digests of brown rice was reduced (5-23%) compared to iAs transport. These data 
demonstrate that As bioaccessibility and intestinal transport are highly influenced by the dietary matrix and 
further interactions with gastrointestinal secretions or gut microbiota.  

Figure 2. Schematic representation of different stages in exposure and risk assessment to arsenic by oral route.  

Conclusion 

The combination of in vitro digestion models, including microbial metabolism, with models of the gut 
epithelium can offer a more accurate prediction of As bioavailability and assessment of risk. The health 
consequences of As interaction with gut microbiota and the possibilities to modulate As bioavailability 
through gut microbiome shifts or dietary intervention strategies need further research.   
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Introduction  
Complementary medicines include herbal medicines, vitamin and dietary health supplements, Ayurvedic, 
Chinese and Homoeopathic medicines (WHO 2005). Although the intent of using complementary medicines 
is to gain health benefits, there is limited evidence on the efficacy of many of these products and the 
associated contaminant risk. These contaminants include pesticide residues and heavy metal(loid)s (Harvey 
et al. 2008). The term ‘heavy metal(loid)’ includes elements (both metals and metalloids) with an atomic 
density greater than 6 g cm-3 (with the exception of arsenic (As), boron (B) and selenium (Se)) (Adriano, 
2001). This group includes both biologically essential (e.g., cobalt (Co), copper (Cu), chromium (Cr), 
manganese (Mn), Se and zinc (Zn)) and non-essential (e.g., As, cadmium (Cd), lead (Pb) and mercury (Hg)) 
elements (Denholm 2011). 

Three main pathways have been proposed to account for heavy metal(loid) contamination in complementary 
medicines; contamination during cultivation of plants used for complementary medicines, accidental cross-
contamination occurring during processing, and the introduction of heavy metal(loid)s as a therapeutic 
ingredient. Most countries regulate the distribution and use of complementary medicines. For example, in 
Australia, while import restrictions provide some degree of commercial regulation, currently individuals are 
free to import moderate quantities of unlicensed medications produced overseas, without assessment of risk 
or evidence regarding heavy metal(loid) contamination. This situation allows the continued possibility that 
people may develop heavy metal(loid) toxicity from the intake of imported complementary medicines. 
There has been limited work on the speciation and bioavailability of heavy metal(loid)s especially Pb in 
both locally available and imported complementary medicines.. 

Methods 
Lead is one of the most common heavy metal(loid)s added as a therapeutic ingredient in some 
complementary medicines for the treatment of diabetes, spleen enlargement, diarrhea and various skin 
diseases.  The objectives of this study were to: (i) measure total content of various heavy metal(loid)s in 
selected complementary medicines; (ii) examine speciation and bioavailability of Pb in these 
complementary medicines; and (iii) quantify the daily intake of Pb. Six herbal and six Ayurvedic medicines 
were analysed for: (i) total Pb content; (ii) speciation of Pb using sequential fractionation and extended x-
ray absorption fine structure (EXAFS) techniques; and (iii) bioavailability of Pb using a physiologically-
based in vitro extraction test (PBET) (Sanderson et al. 2012). The daily intake of Pb through the uptake of 
these medicines was compared with the safety guidelines for Pb.  

Results 
The results indicated that generally Ayurvedic medicines contained higher levels of heavy metal(loid)s than 
herbal medicines with the amount of Pb much higher than the other metal(loid)s. Sequential fractionation 
indicated that while organic-bound Pb species dominated the herbal medicines, inorganic-bound Pb species 
dominated the Ayurvedic medicines. EXAFS data indicated the presence of various Pb species in Ayurvedic 
medicines. This implies that Pb is derived from plant uptake and inorganic mineral input in herbal and 
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Ayurvedic medicines, respectively. Bioavailability of Pb was higher in Ayurvedic than herbal medicines, 
indicating that Pb added as a mineral therapeutic input are more bioavailable than that derived from plant 
uptake. There was a positive relationship between soluble Pb fraction and bioavailability indicating that 
solubility is an important factor controlling bioavailability. The daily intake values for Pb as estimated by 
total and bioavailable Pb contents are likely to exceed the safe threshold level in certain Ayurvedic 
medicines.  

Conclusion 
This research demonstrated that some of the medicines tested had bioavailable levels of Pb that would likely 
lead to metal toxicity as a result from regular intake, which requires further investigation. The bioavailability 
of Pb in these medicines correlated well to the soluble fraction of the respective metal(loid)s and thus soluble 
fractions could be used in the future to predict bioavailability. 
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Introduction  

Metals often occur as mixtures at metal contaminated sites.  One can estimate the risk from metal mixtures 
by combining fixed-ratio dosing regimes and concentration and/or response addition toxicity models.  A 
fixed-ratio dosing regime holds the relative concentrations of metals in a mixture constant and assesses how 
toxicity and bioavailability changes as total metal content increases. 

Soil is typically dosed by applying aqueous metal salts and then leaching to control for salinity.  The dose 
response function is then built upon the measured metal concentration in the soil after leaching.  After dosing 
a soil with 2 ratios of 5 metals, we found that metals were leached at different rates over the dose range, 
invalidating the fixed ray approach.  Over 60% of spiked metal salt was lost from the soil during the leaching 
process.  Other effects, such as loss of fine particles, made our soil properties appear quite different form 
their original state. 

As part of a large multi-institutional project designed to provide risk assessment guidance for metal impacted 
smelter sites, we developed two alternative methods for adding metal mixtures to soils: applying acid-
pretreated commercially available oxides directly on to the soil, and using synthetic minerals created to 
emulate smelter emissions.  The synthetic minerals are made by dissolving the desired ratio of nitrate salts, 
adding ferric nitrate in a 2:1 ratio, precipitation, and annealing to remove nitrates. We evaluated the three 
soil spiking methods on 4 soils by assessing metal speciation, bioavailability and toxicity to mites, 
enchytraeids, collembolan, and soil functions across these 4 different soils.  We then compared these 
artificially created mixtures to those found at contaminated sites. 

Results 

The ratio rays used are shown in Table 1 and the ratio of metals found in the annealed metal is shown in 
Table 2.  The synthetic minerals were surprisingly close to their intended ratios. 

Mixture Lead (mg/kg) 
/ Ratio % 

Copper 
(mg/kg) / Ratio 
% 

Nickel (mg/kg) / 
Ratio % 

Zinc (mg/kg) 
/ Ratio % 

Cobalt (mg/kg) 
/ Ratio % 

CSQG 536 / 17% 483 / 15% 345 / 11% 1532 / 48% 306 / 10% 

Flin Flon 202 / 7% 619 / 20% 9 / 0% 2223 / 73% 9 / 0% 

Sudbury 2314 / 56% 161 / 4% 297 / 7% 1196 / 29% 153 / 4% 

Port 
Colborne 56 / 3% 381 / 18% 1513 / 71% 163 / 8% 28 / 1% 

 Peat 612 / 19% 662 / 21% 396 / 12% 1199 / 37% 354 / 11% 

Table 1: Concentration of metals in each fixed-ratio ray used in the experiment.
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 Table 2: Metal ratios found in annealed material. 

Mixture Lead (%) Copper (%) Nickel (%) Zinc (%) Cobalt (%) 

CSQG 18% 16% 11% 45% 10% 

Flin Flon 6% 23% 0% 71% 0% 

Sudbury 62% 3% 7% 23% 4% 

Port 
Colborne 2% 15% 74% 7% 2% 

Peat 16% 24% 13% 38% 10% 

Figure 1 shows the variation in ratio-ray composition for two different dose methods and soils.  The 
CSQG ray is the ratio of the Canadian Soil Quality Guidelines for Pb, Cu, Ni, Zn and Co.  Soil Elora is at 
pH 6.7, 21% organic carbon, and 20% clay content, and soil 3.22 is at a pH of 3.4, 3% OC, and 45% clay. 

Figure 1: Difference in metal recovery due to soil type, leaching, and dose method. 

Figure 2 depicts how Enchytraeus crypticus reproduction and survival varies in the Elora soil dosed at 4 
Toxic Units (TU) as 5 different ratio rays.  Here, 1 TU is defined as the EC50 for F. candida.  While soil 
concentrations were similar, those dosed with nitrate salts were much more toxic than oxide dosed soil.   

Figure 2. Reproduction and survival of E. crypticus exposed to soil spiked with different ratio rays. 
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Conclusion 

We were more successful in creating a fixed-ratio dosing regime using metal oxides than aqueous salts.  
The synthetic minerals are still being evaluated and seem promising.  Toxicity was lower in the metal 
oxides than the metal salts, and the toxicity is expected to be even lower in the synthetic minerals.  The 
final goal is to compare the speciation and bioavailability of these metals in the soil when spiked with 
these different approaches to actual soil from contaminated sites.   The results from this work will 
determine the dosing method used to estimate the risk of metal mixtures at Canadian metal impacted sites. 
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Introduction  

Soils play an important role in metal transfer in a river basin as they behave as sources and sink for 
pollutants. Different processes occur in soils that influence the pollutant adsorption, retention, accumulation, 
dissipation and transfer to rivers. Soil contamination depends on the anthropogenic drivers, which are 
mainly associated to human activities (agriculture, industrialization, river basin network activities and 
others) as well as the natural drivers (erosion, geochemical background,…). Most of the available databases 
on soil monitoring and the literature focused on a limited set of well documented metals (Cd, Cr, Cu, Hg, 
Ni, Pb and Zn) because of their legacy characteristics (e.g., Charlesworth et al., 2011). Besides, there are 
very scarce data on the occurrence in urban soils of Sb, considered as an emerging metal (e.g., Krachler et 
al. 2005) and Ag, with both emerging and legacy characteristics. Furthermore, the contamination status of 
these soils is of great interest for the implementation of new urban policies (“greening the city”). The Seine 
River basin presents a mixture of agricultural, industrial and urban activities that are typical of the developed 
European countries. The first purpose of this study was to document concentration in soils for a large range 
of elements. Hence, the content for 23 metals, metalloids and major elements was monitored in the soils of 
the Parisian conurbation, from rural to densely urbanized sites. Furthermore, the soil parameters, including 
particulate organic carbon (POC) that may affect the contaminant sequestration in soil were investigated. 
The last objectives of this paper were to assess the soil contamination (urban vs. rural soils) to eventually 
identify specific markers of urban land-use. 

Methods 

Rural (n=12) and densely urbanized (n=20) soils were collected in the Seine River basin, covering an area 
of about 12,000 km2 including Paris Megacity. They were sampled in 2009-2010, using an auger to collect 
the first 10-cm layer. Freeze-dried samples were stored in the dark. POC was analyzed after mineralization 
(HCl 3%) using an elemental analyzer (Shimadzu TOC-Vws). Most of the elements were analyzed by 
inductively coupled plasma mass spectrometry (ICP-MS XII+ ThermoElectron). Total mercury (Hg) was 
analyzed using an automatic mercury analyzer (AMA 254 from Courtage Analyses). 

Results 

On the whole, metal contents in Parisian soils were in the middle or in the upper part of ranges reported in 
the literature. As an example, the Pb content (21-118 mg/kg.dw, d10-d90) were in accordance with values 
reported by Marcheselli et al. (2010) but lower than those quoted by Rasmussen et al. (2001). Relatively 
increased contents were equally found for Cu (12-45 mg/kg.dw, d10-d90), Cd (0.2-0.6 mg/kg.dw), Mn (277-
592 mg/kg.dw) and Ni (11-28 mg/kg.dw). Hg instead, was characterized by relatively lower levels in the 
Parisian soils (0.05-0.51 mg/kg.dw) than in other European conurbations (Rodrigues et al. 2006). The 
measured Sb contents in the urban soils (0.5-4.6 mg/kg.dw) were notably higher than the scares published 
values for urban soils (Rasmussen et al. 2001; Atapour, 2015). The measured Ag contents (0.09-0.58 
mg/kg.dw) are similar or lower than the contents measured in urban soils worldwide (Atapour, 2015; Norra 
et al., 2006) and significantly higher than the global and local geochemical background (0.05 mg/kg)  
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Figure 1. Left-hand panel: principal component analysis of the elements and particulate organic carbon (due to their 
high Hg or Pb contents, samples #U107 and #U109 were excluded from statistical analyses). Right-hand panel: ratios 
of urban to rural mean contents by tested elements (filled bars = pollutant ratios > 1.5).  

When comparing urban to rural soils, higher Cu, Zn and Hg contents were observed in urban soils (Figure 
1, right). Trends also appeared for Sr and Sb but they are not statistically significant (Man-Whitney test, 
α=0.05). It thus seems feasible to regroup several metallic pollutants which are symptomatic of different 
land-uses and/or pollution types. Further research is therefore needed in order to examine in details the 
biogeochemical factors that control the fate of these elements once released into the environment. This 
would allow to reformulated and refine the indicators for emerging pollutants. It would ultimately help to 
predict the pollution of soil from local land-use and to propose adapted solution for urban land-use 
management. 

Conclusions 

Overall, our results highlighted the importance anthropogenic of sources for Ag, Cd, Cu, Hg, Pb, Sb and Zn 
to the Parisian soils. Cu, Hg and Zn are significant markers of (not mining, not smelting) anthropogenic 
activity. 
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Introduction 

High altitude soils are often shallow and thus fragile to erosional processes. Mountainous areas therefore 

sensitive to environmental changes (Whitehead et al. 2009), both humanly induced (e.g. agriculture, mining, 

clear cutting) as well as to impact of long-term climate change and rapid environmental changes (e.g. 

flooding). Further to this, peatlands, a reoccurring feature in mountainous environments, acts as reservoirs 

of organic matter. Due to peats ability to retain trace metals and radionuclides these natural environments 

can be considered as a pollutant “sponge” which have accumulated contaminants since the beginning of the 

metallurgy (Bindler, 2006) and have acted as natural filters for toxic elements (e.g. As, Hg, Pb) since the 

last deglaciation (Gonzalez et al., 2006). 

Although we largely associate impacts from mining on the surrounding environment with the industrial era, 

pollution from mining activities in pre-industrial times, when there were few if any environmental controls, 

could be substantial (Bindler et al. 2012). Due to their geological features mountain environments have been 

exploited since the beginning of metallurgy and the French Pyrenees is no exception. Our previous results 

on trace metal concentrations in the Central Pyrenees, where extensive mining (Ag, Fe) occurred from the 

Antiquity to the 19th century, indicates that ≥600 tons of anthropogenic lead is stored in peat and organic 

soils. Similar conclusions can be drawn for other metals (Zn, Bi). The fate of these legacy pollutants (e.g. 

Hg and Pb), in respect to a changing climate, is currently unknown. Once released from surrounding organic 

soils the catchment can be highly enriched in the bioavailable fraction of these metals thereby causing a 

bioaccumulation of e.g. MeHg in river biota. In combination with predicted rise in global atmospheric 

mercury deposition, legacy Hg and Pb from old mines may pose a severe threat to the biota in these already 

sensitive high altitude areas.  

By linking data from soil – peat – water – sediment – biota, and the transfer between these continuums, we 

aim to answer the following question; Can the release and relocation of legacy Pb and Hg be successfully 

traced and can an effect on the biota, exemplified here by brown trout (Salmo trutta), already be seen? 
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Methods 

Our study include three lakes (Fig 1), all located in the Bassiès valley, French Pyrenees. We apply a holistic 

approach by studying not only the link between atmosphere – soil – peat – water – sediment, but also various 

aspect of the biotic food chain; biofilm, invertebrates, common minnow (Phoxinus phoxinus) and brow trout 

(Salmo trutta). By combining all of these continuums, we aim to infer the potential risk legacy Hg and Pb 

may pose on the river biota (i.e. fish) and the surrounding environment at large. To do so we combine 

traditional geochemical analysis (DMA, HR-ICP-MS) with stable isotopes (Pb and Hg, δ13C & δ15N) and 

analysis of radiocarbon and radionuclides (210Pb, 137Cs and 241Am) in order to investigate the origin of these 

elements. We also perform micronucleus analysis of the fish blood to test if any toxicological effects can 

already be seen.  

Figure 1. The valley of Bassiès, French Pyrenees, showing the location of each of our study sites three study sites; 

Etang Pla du Fond, Etang Mort and Etang Legunabens. 

Results and Conclusions 

Our preliminary results show that levels of tot-Hg in brown trout caught at our study sites surpasses literature 

values by 5 times or more and that differences in tot-Hg concentrations varies not only within the food 

chain, but also between lakes. Further to this, the MIF and MDF Hg-isotope signatures shows clear 

relationship with the size of the fish and also with δ15N. High levels of both Pb and Hg can be found in 

surrounding soils, yet for Pb this is not reflected in our fish samples. However, ecotoxicological proxies, 

i.e. micronucleus in blood, indicates that toxicological effects can be seen in the biota, but the potential link 

to legacy pollutants remains to be established. 

References 
Bindler, R., 2006. Mired in the past - looking to the future: Geochemistry of peat and the analysis of past environmental 

changes. Global and Planetary Change 53, 209-221 
Bindler, R., Yu, R.L., Hansson, S., Classen, N., Karlsson, J., 2012. Mining, Metallurgy and the Historical Origin of 

Mercury Pollution in Lakes and Watercourses in Central Sweden. ES&T 46, 7984-7991. 
Gonzalez, Z.I., Krachler, M., Cheburkin, A.K., Shotyk, W., 2006. Spatial distribution of natural enrichments of arsenic, 

selenium, and uranium in a minerotrophic peatland, Gola di Lago, Canton Ticino, Switzerland. ES&T 40, 6568-
6574. 

Whitehead, P.G., Wilby, R.L., Battarbee, R.W., Kernan, M., Wade, A.J., 2009. A review of the potential impacts of 
climate change on surface water quality. Hydrological Sciences Journal-Journal Des Sciences Hydrologiques 54, 
101-123.  

Abstract Book of the 18th International Conference on Heavy Metals in the Environment, 12 to 15 September 2016, Ghent, Belgium 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

– 72 –



18th International Conference on Heavy Metals in the Environment

- 61 - 

SOIL CADMIUM UPTAKE BY COCOA IN HONDURAS 
Anja Gramlicha, Susan Tandya, C. Gauggelb, M. Lópezb, D. Perlab, V. Gonzalezb, R. Schulina 

aETH Zurich, Institute of Terrestrial Ecosystems, Zurich, Switzerland 
bFundación Hondureña de Investigación Agrícola (FHIA), La Lima, Honduras 
anja.gramlich@usys.ethz.ch 
Keywords: Cadmium; Theobroma cacao L.; Plant Availability; Diffusive Gradients in Thin Films (DGT) 

Introduction  

Cadmium (Cd) is a trace metal without essential biological functions, and it is toxic to plants, animals and 
humans already at low concentrations. It occurs naturally in soils, but inputs from anthropogenic sources 
have significantly increased Cd contents in many soils worldwide. Cd uptake by cocoa (Theobroma cacao 
L.) has recently attracted attention, as the European Union (EU) is going to establish values for maximum 
Cd concentrations in cocoa products, which would be exceeded with the Cd concentrations currently found 
in some cocoa bean provenances from Latin America. While regional variation in cocoa bean Cd 
concentrations has been attributed to different soil parent materials, also other soil factors or management 
factors such as Cd inputs with fertilizers may play a role for Cd uptake by cocoa (Zarcinas et al., 2004). In 
order to identify the sources of Cd in cocoa and the factors governing its uptake, we carried out a survey of 
Cd concentrations in cocoa leaves, pod husks and beans and their relationship to a variety of soil and site 
factors on 55 cocoa farms in northern and eastern Honduras. 

Methods 

The farms were selected to represent a wide range of site conditions. On each farm, leaves, pod husks and 
beans of two randomly chosen trees were sampled. Composite topsoil samples were taken at a distance of 
70 cm around each trunk. In addition to Cd, we also measured the iron (Fe) and zinc (Zn) contents of the 
dried plant samples. Total soil Cd was analysed using aqua-regia and bioavailable Cd by ammonium-
acetate-EDTA extraction and the Diffusive-Gradients-in-Thin-Films (DGT) method. The influence of soil 
and other site factors on soil and plant Cd was assessed using robust multivariate regression analysis. 

Results 

In contrast to a recent survey in Ecuador, in which beans showed higher Cd concentrations than leaves 
(Chavez et al., 2015), we found with 2.6±0.4 mg kg-1 on average much more Cd in the cocoa leaves than in 
pod husks and beans. Still, the bean Cd concentrations averaged 1.1±0.2 mg kg-1 in our study, thus exceeding 
the limit value proposed by the EU for cocoa powder nearly by a factor of two. The Cd concentrations of 
leaves, pod husks and beans were highly correlated with R2 values of 0.75 (beans/pod husks) and 0.49 
(beans/leaves). Bean Cd concentrations showed large differences between regions and geological soil 
substrates. Particularly high bean Cd concentrations were found on alluvial soils (Figure 1a). 

Figure 1. Bean Cd concentrations (a) and DGT-available soil Cd (b) vs. geological substrate. Error bars 
represent standard errors of the means. Different letters indicate significant differences with p < 0.05. 
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Table 1. Best-fit weighted least square multiple linear regression models (forward/backward variable selection), 
optimizing the AIC (Akaike Information Criterion) with 104 observations. The full model included the variables 
«DGT-available Cd», «geological unit», «aqua-regia extractable Cd», «soil clay content», «soil organic matter 
content», «soil pH», «DTPA-extractable Fe» and «DTPA-extractable Zn». 

Model (predicted ~ explanatory variables) Adjusted R2 

(1.1) Bean Cd ~ DGT-available Cd 
(1.2) Bean Cd ~ aqua-regia extractable Cd + DTPA-extractable Fe + geological unit 

0.53 
0.59 

Among all analysed factors, DGT-available soil Cd was by far the best predictor for bean Cd (Figure 1, 
Table 1.1). If DGT was not considered, bean Cd was best predicted by aqua-regia extractable soil Cd, 
DTPA-extractable Fe and geological substrate (Table 1.2). The DTPA-Fe effect may include the effect of 
soil pH, as the two variables were strongly correlated. We found no influence of direct fertilizer inputs. 

Conclusions 

DGT-available soil Cd was the best predictor of Cd uptake by cocoa beans, pod husks and leaves. It 
explained in particular a large part of the influence of the geological substrate, notably the high uptake on 
alluvial soils. No pH effect was found, probably due to masking by correlation of soil pH with DTPA-
extractable Fe. 
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Introduction  

There is a special interest in understanding the processes which control the mobility, transformation and 
toxicity of cadmium (Cd) at the soil–plant interface. The mobility of Cd in soil ultimately depends on its 
chemical speciation, which is mainly a function of soil pH and the presence of organic and inorganic ligands 
in the soil solution (McLaughlin et al., 1997; Smolders et al., 1998). Soil organic matter (SOM) plays a two-
sided role in metal mobility in soil: (i) particulate SOM retains metals through the formation of metal-SOM 
complexes, decreasing thus their mobility in soil (Matijevic et al., 2014), and (ii) dissolved organic matter 
(DOM) may increase the metal mobility due to formation of metal-DOM complexes (Kirchmann and 
Eriksson, 2011). Similarly, increased soil salinity may affect the mobility of Cd in the soil by the formation 
CdCln

2-n complexes. Formation of such complexes reduces the activity of free Cd2+ in soil solution, 
considered to be the most available Cd species to soil biota, but at the same time they are more loosely 
bound to soil particles and therefore may result in metal mobilization in soil. Because the mobility of Cd in 
soil is a main factor controlling its bioavailability, the present study is focused on the effects of soil Cd 
contamination, increased SOM and raised soil (NaCl) salinity on Cd mobility in soil. 

Methods 

A greenhouse pot experiment was carried out. Pots were containing (i) alluvial soil and (ii) the same soil 
with added peat (4:1, v/v) to increase SOM content. Two SOM levels, unmodified (SOM0) and increased 
(SOM1), were investigated. The soil (SOM0 and SOM1) was spiked with Cd at two levels: 5 mg kg–1 (Cd5) 
and 10 mg kg–1 (Cd10); with the control soil (Cd0 – without added Cd) also used in the experiment. NaCl 
salinity was applied to pots: NaCl0 – control (without added NaCl), NaCl50 (control + 50 mM NaCl) and 
NaCl100 (control + 100 mM NaCl). Split–split–plot experimental design with three blocks was used. Five 
weeks after salinity treatment started, soil samples were taken, air–dried, passed through a 0.5 mm mesh 
and digested in aqua regia. Element concentrations in soil digests were determined by ICP – OES and AAS. 
Calcium chloride extraction (Houba et al., 1999) was used for the estimation of the Cd availability in soil. 
Distribution (%) of different Cd species in soil solution was estimated by Visual MINTEQ version 3.0 
chemical equilibrium software (NICA–Donnan model) (Kinniburgh et al., 1996). Data processing was done 
using the Statistical Analysis Software (MIXED procedure). 

Results 

Increase of SOM resulted in statistically significant increase of total soil Cd concentration, implying that 
the mobility of Cd was reduced by the SOM addition. Complexation of Cd with DOC in the soil solution 
lowered the percentage of free Cd2+ in soil solution. Increased soil salinity had a significant effect on soil 
total Cd concentration, but without a consistent trend in regard to salinity treatments. Also, salinity affected 
CaCl2 extractable Cd concentrations, with the highest concentration recorded in control soil, and without 
difference between the salinity treatments. Furthermore, data confirm that increased (NaCl) soil salinity 
affects the Cd speciation in soil solution by promoting the formation of CdCln

2-n complexes, with the CdCl+ 
as the dominant species. We explain the results by the possibility that, at studied NaCl levels, CdCl+ operated 
just as a carrier of Cd between different fractions in soil. Presumably, it could have caused an initial increase 
of Cd mobility in soil, but resulted only in transfer between solid phases and not in increased availability. 
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Conclusion 

This study has confirmed that Cd is highly mobile between different soil fractions and Cd speciation in the 
soil solution was greatly affected by all investigated trial factors: soil Cd contamination enhanced the 
proportion of the free Cd2+ ion, raised SOM induced complexation of Cd with DOC, and increased soil 
salinity promoted the formation of CdCln

2-n complexes in soil solution, all of which consequently modified 
the mobility of Cd in soil. However, results are also indicating that, if a soil adsorption capacity for Cd has 
not been exceeded, increased Cd mobility in soil does not always result in its increased availability, but only 
in transfer between soil solid phases. 
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Introduction  

Despite the fact that Ba is the 14th most abundant element on Earth, and concentrations in soil are often 
elevated, relatively few studies deal with the occurrence of Ba in soil. Information on how changing 
environmental conditions, assessed by laboratory or field investigations, can potentially affect Ba mobility 
is only scarcely available. Nevertheless, the increased use of barite, for example as a weighting agent for 
drilling mud in the oil and gas sector, attracted the attention to this element in recent years.  Other 
applications of Ba are its use in superconductors and contrasting agents. In British Columbia, matrix 
numerical soil standards for Ba were supplemented with an extraction method for the determination of 
soluble barium (Alberta Environment, 2009). Leaching tests and extractions that have been developed to 
evaluate heavy metal mobility in soils, ask for a careful interpretation when Ba is considered, and are 
probably not always suited for Ba because of unintended side effects such as precipitation reactions. In the 
present study, the release of Ba from soil samples characterized by a varying clay and organic matter 
content and a wide range of total Ba concentrations, was investigated using commonly applied single and 
sequential extractions, pHstat leaching tests and column tests. Additionally, certified reference materials 
were analyzed, in order to provide data for Ba, which are not yet available at the moment.  

Methods 

Thirteen surface soil samples, taken from different soil types (fluvisols, spolic regosols and histosols) 
located in the proximity of rivers, were sampled in Flanders (Belgium). Samples were analyzed for their 
total content of major and trace elements (ICP-MS analysis after sample destruction with concentrated HF, 
HCl and HNO3), organic carbon content, grain size distribution and cation exchange capacity (CEC). 
pHstat leaching tests (at pH 2, 4, 6, 7, 8 and 10) and geochemical modelling. (Visual MINTEQ) were 
performed on all the samples as described in Cappuyns et al. (2014). During the pHstat leaching test, the 
kinetics of element release was also monitored during 96 h. A column leaching test (NEN7343) was 
performed on 4 samples, collecting the leachate at liquid/solid (L/S) ratios from 0.1 to 10 L/kg. The 
influence of  higher S/L ratios was investigated with a serial batch test in which the soil material was 
successively extracted five times with water at a L/S ratio of 20, resulting in L/S ratios from 20 to 100 
L/kg. Single extractions with CH3COOH (0.43 mol/L) and NH4-EDTA (0.05 mol/L) and the BCR 
sequential extraction were performed according to standardized methods (Rauret et al., 1999; Cappuyns, 
2012). Two reference materials (BCR-701 and CRM483) were also analyzed. 

Results and discussion 

Total Ba concentrations in the samples were in the range 179-709 mg/kg (dry matter), pH was around 
neutral (6.3-7.9), organic carbon content was in the range 2.7-10.4 % and CEC was between 19 and 36 
cmol/kg. The BCR sequential extraction was performed on 2 reference materials (Table 1) and on 8 
samples with different contents of Fe(hydr)oxides, clay and organic carbon. For the reference materials, 
the residual fraction (‘Step 4’) was not determined, since the certification reports do not provide these 
results for other elements neither. In the more clay-rich samples, Ba was mostly found in the residual 
fraction, whereas in the samples rich in Fe(hydr)oxides, the ‘reducible fraction’ (extracted with 
NH2OH.HCl 0.5 M, pH=1.5 (‘Step 2’)) accounted for more than 50% of the total Ba content. 
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Table 1. Amount of Ba (in mg/kg) extracted from two certified reference materials (CRM 483 and BCR 701) in the 
first 3 steps of the BCR sequential extraction procedure. Average ± standard deviation of 4 replicates.  

Step 1 Step 2 Step 3 

CH3COOH 0.11 mol/L NH2OH.HCl 0.5 mol/L H2O2 8.8 mol/L 

CRM 483 8,1 ± 0,16 300 ± 5,0 48 ± 0,86 

BCR 701 17,9 ± 0,13 97 ± 1,4 13 ± 0,17 

The amount of Ba extracted with CH3COOH 0.43 mol/L (L/S = 10 L/kg) was slightly higher than the 
amount of Ba released in the first step of the BCR sequential extraction procedure (CH3COOH 0.11 
mol/L, L/S = 40 L/kg). NH4-EDTA showed a low capacity to extract Ba, as on average less than 3 % of 
the total Ba content could be extracted with NH4-EDTA. In the column and serial batch leaching test, the 
pH of the leachate was around neutral, and the cumulative release of Ba was less than 1 mg/kg, even in the 
sample with the highest total Ba content (S2) (Figure 1a). Barium was most significantly released at acid pH 
values (Figure 1b). At pH 2 and 4, (Figure 1c) Ba leaching is characterized by a maximum after resp. 3 and 
12h, after which concentrations decrease exponentially, most likely due to the precipitation of Ba. 

Figure 1. (a) Cumulative release of Ba as a function of L/S ratio from sample S1 during the column test (L/S= 0.1-
10) and the serial batch test (L/S = 20-100 L/kg); (b) Release of Ba from samples S2 and S3 as a function of pH after
96 h of pHstat leaching (c); Release of Ba as a function of time during pHstat leaching (sample S1, 389 mg/kg Ba) 

Conclusion 

Despite relatively high total concentrations in soil, Ba showed a low mobility in the alluvial soils 
investigated in the present study, indicating that only a very small proportion of Ba is readily available for 
uptake by plants or for leaching. Acidification of the soils (below pH 4) can cause a substantial release of 
Ba. The investigation of leaching of Ba as a function of time, and geochemical modelling showed that, 
during leaching tests, unintended side-effects, such as precipitation of BaSO4 can influence the results. 
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Introduction  

Hexavalent chromium (Cr(VI)), a well-known toxic element, is an anion species and thus its availability to 
plants increases with soil pH, meaning that if an acidic Cr(VI)-contaminated soil is limed, toxicity may be 
induced. Cr(VI) toxicity may be mitigated with: (a) Stabilization (e.g., by adding to soil a high-CEC sorptive 
material, such as zeolite), and (b) reduction to inert Cr(III) (e.g, by adding to soil organic matter). The aim 
of this work was (a) to evaluate Cr(VI) availability to oregano (Origanum vulgare L.) in acidic and limed 
soil and (b) to study the effect of added zeolite and organic matter in Cr(VI) dynamics in soil and plant. We 
chose oregano, because it is a known species with tolerance in harsh environmental conditions (e.g., relative 
lack of water and nutrients), and thus we suspected that it would exhibit tolerance to Cr(VI). 

Methods 

In an acidic soil (pH 4.6) we established 8 treatments: C: control (unamended soil), T-25: 25 mg Cr(VI) kg-

1, T-50: 50 mg Cr(VI) kg-1, P: 1% peat + 50 mg Cr(VI) kg-1, L: 0.5% lime + 50 mg Cr(VI) kg-1, Z: 0.5% 
zeolite + 50 mg Cr(VI) kg-1, T-75: 75 mg Cr(VI) kg-1, and T-100: 100 mg Cr(VI) kg-1. Oregano seeds were 
sawn in 1-L pots (8 treatments x 10 replicates=80 pots), and plants were harvested c. 50 days after sawing 
due to toxicity-caused reduction in plant vigor. In soil and plant (aerial parts and roots) we measured Cr(VI) 
and Cr(III). We also measured plant growth properties (dry weight of leaves—green and desiccated, and 
roots). One-way ANOVA was conducted with the Statgraphics 2.1 package.  

Results 

Figure 1. Cr(VI) and Cr(III) in soil. 

Cr(VI) in soil increased considerably at L, even higher than at T-100 (Fig. 1). This occurred due to liming, 
which caused an increase in soil pH (data now shown), which in turn increased Cr(VI) solubility (Banks et 
al., 2005). Cr(III) in our study appears only due to Cr(VI) reduction (Villacis-Garcia et al., 2015), since we 
added no Cr(III). We found that at L Cr(III) levels were the highest and there was an increasing trend as 
Cr(VI) addition increased, but Cr(III) was significantly different from the control only at T-100. 
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Figure 2. Cr(VI) and Cr(III) in the aerial parts of oregano. 

Added Cr(VI), as expected, increased plant Cr(VI) (Wang et al., 2012); the increase was significant up to 
T-75, but no further increase at T-100 was observed (Fig. 2). Similarly to soil, Cr(III) in plant increased 
with added Cr(VI), confirming the fact that it originated from the transformation of Cr(VI), which was then 
absorbed by plants. This is only confirmed by the fact that Cr(III) at C were zero. 

Figure 3. Leaf (green and desiccated) and root dry weight. 

Green leaf weight (Fig. 3) had a decreasing trend with increased added Cr(VI), while desiccated leaves (but 
still remaining attached to plant shoots) increased with Cr(VI) due to the induced toxicity (Gill et al. 2015). 
However, it is noteworthy that leaf weight at P was the highest, even significantly higher than the control. 
Similarly in root weight, although there was a decreasing trend with added Cr(VI), at P root had the same 
weight as in unamended control. This shows that probably organometallic complexes formed due to the 
added peat-borne organic matter immobilized Cr(VI) in the rootzone, causing thus the significant Cr(VI) 
decrease in plant (even to the levels of the control, Fig. 2). Also added organic matter increased plant vigor, 
and thus reduced Cr(VI) toxicity symptoms. 

Conclusion 

Added Cr(VI) increased the levels of Cr(VI) and Cr(III) in soils and plants, especially in the lime-amended 
treatment. However, oregano grown in the peat-added soil had significantly less toxic effects, due to the 
protective role of added organic matter. 
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Introduction  

The fate of Chromate in the environment is always highly concerned because of its low adsorption 
behavior and high toxicity to organisms. Previous studies showed that Cr(VI) in soils tend to be retained by 
minerals with high point of zero charges (PZC), such as goethite, ferrihydrite and aluminum oxides, while 
will be reduced and detoxified to Cr(III) by soil organic matters (SOM) or other inorganic reductants. 
Prediction the partition of Cr(VI) in soil solid/water phase will assist to better describe its mobility in the 
upper soil and the vadose zone. The purpose of this study was to develop a mechanistic based multi-surface 
model to predict the Cr(VI) partition in soils. The adsorption of Cr(VI) onto soil minerals was predicted via 
consideration of various reactive surfaces (including goethite, HFO and gibbsite) and competitive ions (such 
as phosphate). Each of them was described by a surface complexation model. 12 soils with various 
properties from China were used to screen out the best model.  

Methods 

12 soils were sampled from the middle to southern area of China and SOM were gently removed by 
NaClO3(Kaiser and Guggenberger, 2003) to eliminate its reduction effect to Cr(VI). The soil types are 
mainly ferrosols and Alfisol with a relatively wide range of iron oxide content. The adsorption of Cr(VI) 
onto the soil minerals was investigated using batch experiments with a function of pH and Cr(VI) loading 
concentrations. The total amounts of iron and alumina oxides were estimated by the dithionite method(DCB-
Fe, DCB-Al) and the amounts of amorphous iron (oxy)hydroxides were estimated by oxalate extraction 
(Ox-Fe). The effective PO4

3- in soils was extracted by NaHCO3 for 15 days at 25°C. 

Three reactive surfaces in soils were considered to bind Cr(VI) in this study: crystalline iron 
hydroxides, crystalline alumina hydroxides, and amorphous iron oxides which were represented by goethite, 
gibbsite and HFO, respectively. The adsorption of Cr(VI) onto goethite was described by a charge 
distribution multi-site surface complexation model (CD-MUSIC) with model parameters showed in Table 
1(Xie et al., 2015); while Cr(VI) adsorption onto HFO and gibbsite were modeled using the two-site Diffuse 
Double Layer model from Dzombak and Morel(1990) and Karamalidis and Dzombak(2010) respectively 
and model parameters were used without adjustment. Various modeling scenarios were considered to predict 
Cr (VI) partition in soils, e.g. including various reactive surfaces, with or without considering the 
competitive effect of PO4

3-, different way to determine the effective surface areas for goethite in soils. 

Table 1. The CD-MUSIC model parameters of Cr(VI) adsorption onto geothite surfaces 

Surface reaction ∆z0 ∆z1 ∆z2 log K 

Adsorption reaction 
2≡FeOH-1/2 + 3H+ + CrO4

2- = ≡Fe2O2CrOOH + H2O 1 0 0 26.10 
≡FeOH-1/2 + H+ + CrO4

2- = ≡FeOCrO3
-3/2 + H2O 0.54 -1.54 0 11.65 

Abstract Book of the 18th International Conference on Heavy Metals in the Environment, 12 to 15 September 2016, Ghent, Belgium 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

– 81 –



18th International Conference on Heavy Metals in the Environment

- 70 - 

Results 

The adsorption of Cr(VI) onto soils shows a positive relationship with soil iron oxide content and a 
negative relationship with pH. Modeling the Cr(VI) adsorption on soil minerals with only considering the 
DCB-Fe as goethite with default parameters can overall well predict the data (R2 = 0.825), suggesting that 
crystalline iron oxides are the primary adsorption surfaces for Cr(VI). After consideration the P competition, 
the prediction increases to R2 =0.841 and most significant improvement was observed in soils with lower 
Fe/P ratio. The effective surface areas of goethites in soils are critical parameters for the modeling. Although 
a default value 63.5m2/g from Xie et al’s (2015) study gave relatively good prediction (R2 = 0.825),  but 
underestimation of Cr(VI) adsorption at acidic condition for soils with high iron contents was observed, 
suggesting that the goethites in ferrisol had higher active surface areas for Cr(VI) adsorption. Using the 
surface areas derived from maximum adsorption capacity of each soil, the model estimation was improved 
to R2 = 0.876 without considering P and R2 = 0.911 with considering P. While including HFO in the models 
leaded to significant overestimation of Cr(VI) adsorption for all soil samples, indicating that the model 
parameters of HFO might overestimate the HFO contribution. Because the DCB-Al contents in the soils 
were relatively low, their contribution to Cr(VI) retention is neglectable. 

Conclusion 

Partition of chromate in soil minerals/water phases can be successfully predicted by a CD-MUSIC 
model for goethite with default parameters suggested by Xie et al. (2015). Including the competition effect 
of PO4

3- and more careful consideration of goethite effective surface areas will improve the prediction.  
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Introduction  

In developing countries, waste water is often used for the irrigation of non-contaminated arable 
land. Since this wastewater contains a considerable amount of toxic heavy metals (HMs), this can negatively 
affect soil and groundwater quality (Wuana and Okieimen, 2011). The properties and amounts of soil 
constituents, such as clay minerals and oxides, determine the potential toxicity and mobility of HMs in the 
soil environment where these constituents often act as a filter for the contaminated water. The presence of 
dissolved organic matter (DOM) either in wastewater (concurrent with toxic HMs) or in the soil itself from 
manure can also significantly influence the mobility of HMs. Furthermore, the timing when HMs and DOM 
react with each other and the soil influences the mobility of HMs (Refaey et al., 2014). 

Methods 

To clarify such interactions, in the present study continuous flow column experiments were 
conducted using well characterized soil samples from Limburg, The Netherlands. The samples were 
amended with three different minerals: goethite, birnessite and smectite, and subjected to three different 
HM solution (Cu, Zn and Ni) flow scenarios: A) containing no DOM; B) sequential addition of first DOM 
and then HMs; C) concurrent addition of HMs and DOM. The modified dose-response model was used to 
fit the resulting breakthrough curves. 

Results 

In the absence of DOM (scenario A), Cu had a higher retention for soil-birnessite followed by soil-
goethite. In contrast, Zn and Ni exhibited higher retention for soil-goethite followed by soil-birnessite. Prior 
addition of DOM (scenario B), resulted in a moderate enhancement in adsorption capacity (q0) of Cu (8-
25%), except for soil-goethite which exhibited a 10% reduction compared to the control (soil without 
mineral amendment) due to the blocking of binding sites. Meanwhile, both Zn and Ni exhibited a large 
reduction in their q0 for all tested soils (1-36%) compared to the control experiment, confirming the 
preferential binding of Zn and Ni by the mineral phases. Concurrent addition of DOM and HMs in soil 
columns (scenario C) on the other hand gave rise to a large enhancement in q0 for all tested metals compared 
to the control experiment, varying in the range of 141-299% for Cu, 29-102% for Zn and 32-144% for Ni. 
The Cu q0 was approximately 1.5, 2 and 3 times greater than that of Zn and Ni in scenarios A, B and C 
respectively. 
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Conclusion 

The current study indicates that not only the presence of DOM, but also the timing of its addition 
(sequentially or concurrently with HMs) plays a crucial role in determining HM adsorption on clay minerals. 
Such kinetic effects until now have been hardly taken into account, but are of great significance; for instance 
in agricultural soils such as in Egypt that may be exposed to HM polluted irrigation water as well as DOM-
rich manure.  
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Introduction  

The dust deposited on the street is a multi-component material composed of mineral constituents, natural 
biogenic materials and anthropogenic inorganic/organic matters. In paved road urban environments 
sources of road dust are to a large extent wear products from tires, brakes and the road surface. In sub-
arctic regions of the world the use of sanding for traction control contributes to the amount of road dust 
(Kupiainen, 2007). The composition of urban road dust is an indicator for environmental pollution. For 
this reason, many studies have been carried out to determine heavy metals contents in road dust using 
different sampling procedures. The usual method for dust collection is a clean shovel and a small brush. 
Alternatively, vacuum cleaners are used. The contamination level of heavy metals in road dust is 
dependent upon the traffic volume, vehicle speeds and the surrounding environment. The highest 
concentrations of heavy metals are found in samples from highways while in downtown areas the 
concentrations are considerably lower (Duong and Lee, 2011). Heavy metal concentration data measured 
in several studies were summarized by Faiz et al. (2009). The various heavy metals originate from 
different sources. The major sources of Cu were determined to be brake abrasion, while the concentration 
of Zn was influenced by tire wear. (Duong and Lee, 2011). In several studies (Pagotto et al. 2001; Zhu et 
al. 2009; Fujiwara et al. 2011; Abdel-Latif and Saleh, 2012) the collected road dust was separated into 
various size fractions by sieving. These studies showed that the chemical composition of road dust varies 
with the grain size. However, separation by dry sieving is typically limited to a cut size of approximately 
30-100 µm. The size dependence of the heavy metal concentrations is quite important because road dust 
can become re-suspended by passing vehicle induced turbulence and shear stress of the tires or wind 
(Nicholson and Branson, 1990). This re-suspension is strongly influenced by the size of the particles. 
Exposure to the inhalable size fractions of dust (PM2.5 and PM10) is associated with increased risk to 
human health and respiratory illnesses. Therefore, the size dependence of the heavy metal concentrations 
in road dust is of special interest for the finest fractions which cannot be separated by sieving. In this 
paper the first results of a study are presented, where the distribution of heavy metals in the smallest size 
fractions of road dust is investigated. For the separation of road dust air classification was applied.  

Methods 

The study is performed in Wels, a mid-size town in Austria with approximately 60,000 inhabitants. The 
road dust samples were collected at the unloading area of the road sweeping vehicles. Before unloading, 
the vehicle was in operation for approximately four hours cleaning main roads as well as side roads. The 
speed of the vehicle when cleaning is 5 km/h. Thus, the unloaded dust was collected from roughly 20 km 
of road.  Twenty samples of the material unloaded were each taken with a shovel at various points of the 
heap. In total 10 kg of material was collected. The material was dried at 105°C for twenty-four hours. In a 
first stage the dry material was sieved with a 2 mm sieve and in a second stage with a 200 µm sieve. The 
passage from the second sieving was air classified into six size fractions. Because of erosion of Cr and Ni 
in the classifier these heavy metals cannot be investigated (Lanzerstorfer, 2015). The particle size 
distribution of these fractions was measured using a Sympatec HELOS/RODOS laser diffraction 
instrument with dry sample dispersion. For the heavy metals analysis the dust samples were dissolved by 
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aqua regia digestion. The concentrations were measured by inductively-coupled plasma optical emission 
spectroscopy (Horiba Jobin Yvon Ultima 2). 

Results  

The size distributions of the particle classes produced by air classification are shown on the left in Figure 
1. Particle class 1 corresponds approximately to PM2.5 and the sum of particle classes 1 and 2 would
correspond to PM10. The mass fractions of particle classes 1 to 6 in the road dust < 200 were µm 3.5%, 
10.7%, 13.7%, 13.9%, 19.8% and 38.4%. On the right in Figure 1 the concentrations of some heavy 
metals in the various size fractions are shown. The concentrations are increased in the finer particle 
classes. In comparison to the total dust < 200 µm the concentrations of Zn, Pb and Cu in the finest particle 
class (corresponding to PM2.5) are increased by a factor of 6.3, 6.0 and 4.0, respectively. The 
concentration of Sr was nearly constant in all particle classes. 

Figure 1. Particle size distribution (left side) and heavy metal content (right side) of the various particle classes 

Conclusion 

First results of the study showed substantially higher concentrations of Zn, Pb and Cu in the finest fraction 
of the road dust compared to the concentration in the dust < 200 µm. Further measurements are planned to 
investigate the enrichment of heavy metals in the finest fractions of road dust in detail. 
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Introduction  

Geochemistry of contaminants in urban atmosphere, dust, soil, water and vegetation need a greater 

understanding. Urban soils are submitted to intense anthropic activities related to civil construction, 

industrial activities and vehicular traffic that are responsible for their degradation and chemical 

contamination. The metropolitan region of São Paulo, is the fourth world's largest city with an 

agglomeration of 21 million inhabitants in an area of 8051 km2 of which 18,7% are in the municipality of 

São Paulo. The greater part (66%) of the municipality of São Paulo area is urban area and accounts with a 

population of 11 million of inhabitants and a fleet of 4.4 million of vehicles (cars accounting for 73% of the 

fleet). Since the occurrence and distribution of metals in Brazilian tropical urban soils and street dust is little 

known, the aim of this study is to discuss the concentration values, distribution and sources of trace metals 

in street dust and adjacent topsoils in a site (The University Campus) of the São Paulo city.  

Methods 

The sampling site is located in the western region of the São Paulo city, a green-park (7.4 km2) surrounded 

by important avenues with intense vehicle traffic and inside a commercial and residential area of the city 

surrounded by some industrial or manufacturing activities. Sampling was performed during the dry winter 

season from 2012 to 2014 and 25 topsoils samples were collected until 10 cm depth. Street dust samples 

(n=11) were collected using a commercial clean vacuum, brush and plastic pan, in one square meter area 

that included gutter area and part of asphaltic pavement of the road. Topsoil and street dust samples were 

air-dried at room temperature and passed through a 2mm mesh nylon sieve to remove stones, grass, leaves 

or any other greater materials (cigarette butt, plastic, etc.). All samples were homogenized and quartered. 

Samples were submitted to particle size analyses and X-Ray Diffraction analyses, and trace metals (As, Ba, 

Cd, Co, Cr, Cu, Mo, Ni, Pb, Sb, V, Zn, Pt, Pd) composition of bulk and fine fractions was quantified by 

ICP-MS for after acid digestion (aqua regia). A statistical treatment of data has also been performed. 

Results  

The average clay and sand content of topsoils samples was 22.1±6.18%, and 51.1 ±9.55%, respectively. 

Primary minerals (quartz, feldspar, mica) are dominant with gibbsite and kaolinite as secondary minerals. 

Concentrations of metals are generally lower than the reference value established by CETESB (São Paulo 
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State Environmental Agency) except for Cd (0.59±0.6 mg.kg-1), Ni (11.2±15.3 mg.kg-1), Pb (40.8±14.1 

mg.kg-1), Cr (42.2±23.8 mg.kg-1) and Zn (95.6±50.8 mg.kg-1). The order of heavy metal contents measured 

in topsoils was: Zn>V>Ba>Cr>Pb>Cu>Ni>As>Co>Mo>Cd>Sb. Average heavy metal contents also 

showed a great variation between sampling point but considering the concentration variation between 

sampling sites most of the concentration values did not exceed the quality reference values, except for As, 

Cd, Pb, Zn, and Cr, and Co, Cd, Ni and Sb only for some sampling points. In street dust bulk samples, the 

sand fraction was predominant (>50%) and primary minerals such as quartz and feldspar were also dominant 

with iron oxides and clay minerals as secondary minerals. Zn showed the highest average concentration 

(230±153 mg.kg-1 and 540 ±218 mg.kg-1 in bulk and fine fraction, respectively) and then 

Cu>Ba>Pb>Cr>V>Ni>Co>Mo>As>Cd. Considering soil and street dust ratios, Sb, Pd, Cu, Pt, Mo, Zn, Ba, 

Ni and Cd were enriched (from 12.2 for Sb to 1.3 for Cd) in street dusts. Some trace metals may be associated 

with tire wears (Al, Si, Ca, Zn) and brake abrasion dusts (Fe, Cu, Sb, Ti, Ba, Cr, Ni), street painting (Cr, 

Pb), surface automotive catalysts deterioration for Pt and Pd (Camatini et al., 2001; Adachi e Tainosho, 

2004; Thorpe e Harrison, 2008; McKenzie et al., 2009; Bucko et al., 2010; Gunawarda et al., 2012; Morcelli 

et al., 2005). 

Conclusion 

Considering the results obtained in this study, there is a clear contribution of vehicular sources and transfer 

of trace metals between topsoils and street dust, that may also affect transfers of trace metals to atmosphere 

and hydrosphere. Further studies are needed and in order to better understand this complex urban 

environment, studies have to be extended to other areas of the São Paulo city and heavy metal isotopes 

might be used.  
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Introduction 

Surface microlayer is a thin layer occurs at the interface between the hydrosphere and atmosphere 
(Norkrans, 1980). Surface microlayer (SML) of water is a unique chemical, physical and biological 
environment different from the subsurface water (SUB) (Maki, 1993; Hillbricht-Ilkowska & Kostrzewska-
Szlakowska, 2004). This ecotone is the habitat of living neustonic organisms (Mudryk et al., 2003). This 
ecotone is an area of exchange of matter and energy between the atmosphere and the hydrosphere. Surface 
microlayer of water has the ability to accumulate high contents of heavy metals in much higher 
concentrations than observed in the subsurface water (Trojanowski & Antonowicz, 2011; Antonowicz et 
al., 2015). This feature due to the physical forces, such as: surface tension, adhesion, cohesion, vortex moves 
and the Langmuir circulations and also affected by the chemical composition of the water and its biological 
properties (Norkrans, 1980; Maki & Hermansson, 1994; Antonowicz et al., 2015). The research of thallium 
are important to understand its occurrence. This element is toxic to aquatic organisms (van Loon and Duffy, 
2008). Thallium is used in the production of electronic compounds, optical lenses, imitation jewelry, artist 
paints and low temperature thermometers (La Dou, 1997).  

Methods 

The object of the study was four ponds localized in Słupsk, North Poland (approx. 20 km from coastal of 
Baltic Sea). Ponds are located in the plane of the north-south: Pond 1 (located on the most northern, it is 
away from the main areas of urban infrastructure, near railway tracks north), Pond 2 (near Kaszubska St.), 
Pond 3 (near Nad Śluzami St.), Pond 4 (near Arciszewskiego St.). Samples were collected for one year 
(from October 2007 to September 2008). Samples of the surface microlayer (SML) (thickness 242 μm ± 40) 
were collected with a Garrett net (Garrett, 1965), while samples of the subsurface layer (SUB) were taken 
at the depth of about 10-15 cm. The concentrations of thallium was measured by Perkin Elmer Elan DRC-
e mass spectrometer (based on a calculation 205Tl). Then these results were compared with the reference 
standard samples (produced by Perkin Elmer Co.) by the instrument controlled by the ELAN Perkin Elmer 
SCIEX Instrument Control software. In order to compare the investigated layers, i.e. surface microlayer and 
subsurface water, we applied average enrichment factors (EF= CSML/CSUB, where CSML and CSUB are 
concentrations of thallium (Estep et al., 1985). 

Results 

Table 1 shows the enrichment factor for thallium. The ability to enrich surface microlayer of water was in 
the range from 2.0 to 3.8. Ponds 2, 3, 4 located near urban infrastructure showed an enrichment factor in the 
range of 2.4 to 3.8. The lowest enrichment factor was indicated in suburban Pond 1 (EF = 2.0). Concentration 
of thallium in subsurface water of studied ponds was low and according to van Loon & Duffy (2008) it 
indicates that they are uncontaminated area. 
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Table 1. The enrichment factors of thallium in surface microlayer of water in studied ponds (mean, minimum and 
maximum). 

Pond 1 Pond 2 Pond 3 Pond 4

EFmean 2.0 2.4 2.5 3.8

EFmin – EFmax 0.9 – 4.4 1.0 – 4.3 0.8 – 6.8 1.0 – 11.0

Conclusion 

The study shows that thallium accumulates in SML in higher quantities than in the SUB. It can be assumed 
that higher enrichment factors were observed in the ponds 2, 3 and 4 located in close proximity to urban 
infrastructure are caused by urban pollution. Perhaps the impact on the accumulation of a deposition from 
the atmosphere. The highest enrichment factor was observed in the Pond 4 located in the southern part of 
the Słupsk City and often winds blow here from the north to the south. In the Pond 4 we have also seen the 
greatest dynamics of EF in the studied period.  
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Introduction  

The purpose of this research is to extend the current knowledge on transformation of traffic-related pollution 

bounded in solid samples in roads environments. There is still a number of uncertainties relating to the 

emission rates, physical properties, chemical characteristics of particles derived from road vehicles. Road 

dust is composed of elements of both geological and anthropogenic origin. Detailed morphology and 

chemical composition of road sediment based on mineralogical and geochemical studies is necessary to 

evaluate their harmfulness. Road-specific metals are key tracers of non‐exhaust emissions (such as brake, 

clutch and tire wear). Information on the total concentration of metals in road dust is not sufficient to assess 

their potential bioavailability and mobility. Fractionation and sequential extraction procedures are widely 

used to determine various forms of metals and to indicate its environmental impact, however very limited 

studies are found regarding metal speciation in road dust. 

Methods 

In order to assess and recognize road-specific pollution sites near roads characterized by a very high traffic 

and congestions in Cracow and Warsaw as well as in Wroclaw and Opole were selected as research points. 

In each of the eight research areas, samples of road deposited sediment, roadside topsoil, pavement dust as 

well as mixed sludge and sediment from gullies were collected during summer and autumn sampling 

campaigns. Brake lining and road dust samples were sieved into six size-fractions (<20, 20–63, 63–200, 

200–1000, 1000-2000, and >2000 µm). Metals were extracted from solid samples by microwave oven 

digestion (EPA 3050B method). Next, concentration of metals were determined in samples with the use of 

ICP-MS, ICP-EOS and AAS. Analysis of heavy metals’ binding forms (fractionation) was conducted. These 

tests included road dust bulk samples and were made based on VI steps extraction according to Calmano 

(1989). Chemical composition analysis of brake dust was performed with the use of ICP-MS as well as 

XRF. Furthermore, SEM-EDS research was focused on identifying four main components: binders, fibres, 

fillers and friction modifiers.  
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Phase analysis (XRD) showed that the most dominant mineral in road deposited sediment, pavement dust 

and sludge from gullies is quartz, while concomitant minerals are potassium feldspars (microcline), 

plagioclases (albite) and calcite. The analysis has shown a significant part of amorphous phase, especially 

in samples of sludge from gullies. Relatively sizeable amount of amorphous phase may suggest its 

anthropogenic origin: partially eroded minerals, clay minerals (unidentifiable regarding to detection limits), 

amorphous silicates and organic matter as well as traffic generated particles (break dust and tyre dust). 

Granulometric  analysis  of  brake  dust  has  shown  that  particles <20μm from brake linings should be 

considered as an indicator of heavy metal pollution. Results revealed that road dust and sludge from gullies  

are especially contaminated with Zn, Cr, Cu, Pb, Fe, Ba and Ti. These metals are key tracers of non‐

exhaust brake wear emissions and their high concentrations confirm that brake wear highly contributes to 

road dust contamination. The finest fraction (<20 

µm) was heavily contaminated with all of the investigated  metals  when  compared  with  the  remaining  

fractions.  Attention should be also drawn to the fact that significant sources of metals in the finest 

fractions of road dust could be of geogenic origin. The studies of metal forms in road dust (fine fraction) 

revealed that Zn is significantly mobile (at exchangeable position and bounded to carbonates). Copper in 

more than 60% is bound with organic matter and sulfides - comparable amounts with those from the 

motorway and urban area, whereas Fe in 80-90% in the residue in both cases.  Chromium, generally is 

tightly bound in the residue and about 30% is bound with organic matter and 

sulphides.Results obtained from SEM-EDS analysis performed on road dust, with the exception of the 

particles of geogenic origin, have confirmed the presence of brake-lining components as well as other 

anthropogenical particles such as e.g. fly ashes.   

Conclusion 

The concentrations of the majority of these elements were significantly elevated when compared with the 

concentrations found in road dust sampled from relatively traffic‐unpolluted areas. Bearing in mind the fact 

that a large amount of Zn is in ion exchange positions and with carbonates, it constitutes a potential and 

important source of water and soil contamination. Contamination with Zn can be attributed to the wear and 

tear of tires because ZnO and ZnS are added to activate vulcanization in the tire tread. No significant 

differences were found in metal binding fractions in the road dust collected on the urban road and from the 

motorway.  
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Introduction  

The main goals of the presented study were to investigate ambient concentrations of particle bound mercury 
(PBM) and to assess the Hg content in the finest PM particles in southern Poland, a region of high particulate 
matter (PM) emissions. Atmospheric mercury and carbon have a common origin (combustion and thermal 
processing of fuels and minerals), therefore their contents in PM are supposed to be in some relation. In 
southern Poland, where PM comes mainly from coal combustion, this relation has been supposed to be 
especially distinct. In this study, an attempt is presented at showing that the way Hg and C co-occur in 
several PM size fractions can support reasoning on the origin of PBM.  

Methods and sampling sites 

The measurements were conducted in Zabrze (180,000 inhabitants), one of the 14 cities making together 
the 2 million Upper Silesian Agglomeration (Poland); the area is one of the European air pollution hot-spots. 
Zabrze has very poorly developed central heat distribution system, most detached houses being individually 
heated by coal combustion. There are two cokeries and several coal fired heat and power plants within the 
city and in its close vicinity. PM was sampled at two sites situated within the city: one in the center, close 
to the big crossroads, and the second in the residential area, beyond the road traffic effects. PM samples 
were collected in 3-day exposure periods from April to October of 2013.  
PM was sampled with 2 identical 13-stage Dekati impactors (DLPI, Dekati Ltd.). The masses of the PM 
samples were determined gravimetrically; a MYA 5.3Y.F (Radwag) micro balance was used. Hg content of 
PM was determined by applying cold-vapor atomic absorption spectrometry to thermally decomposed PM 
samples; an MA-2 analyzer (Nippon Instr. Co) was used. Organic and elemental carbon contents of PM 
were determined with the use of a Dual-Optical Carbonaceous Analyzer (Sunset Lab. Inc.) according to the 
EUSAAR-2 protocol. Both methods are described in Rogula-Kozłowska, 2014, and Pyta and Rogula-
Kozłowska, 2016.  

Results 

Table 1. Mean concentrations of PM0.1, PM1, PM2.5, PM10, and total PM (TSP) (µg m-3) and PM-bound mercury 
(PBM, pg m-3), organic carbon (OC, µg m-3) and elemental carbon (EC, µg m-3) at two sites in Zabrze. 

PM 

fraction 

Zabrze – city center  Zabrze ‐ residential area 

PM  PBM  OC  EC  PM  PBM  OC  EC 

PM0.1 1.3 4.4 0.47 0.16 0.8 3.7 0.32 0.04
PM1 23.5 37.2 12.92 0.99 17.1 31.9 8.79 0.56
PM2.5 30.7 50.6 18.24 1.37 20.9 42.5 11.53 0.81
PM10 38.2 64.6 20.93 2.08 23.6 53.9 12.66 1.07
TSP 39.5 68.5 21.49 2.25 23.8 55.5 12.76 1.09
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Table 2. Mean concentrations of 13 PM size fractions (µg m-3) and PM-bound mercury (PBM, pg m-3), organic 
carbon (OC, µg m-3) and elemental carbon (EC, µg m-3) at two sites in Zabrze. 

PM 

fraction 

Zabrze – city center  Zabrze ‐ residential area 

PM  PBM  OC  EC  PM  PBM  OC  EC 

PM0.03-0.06 0.3 2.9 0.17 0.04 0.2 2.4 0.13 0.01
PM0.06-0.108 1.0 1.5 0.30 0.12 0.6 1.3 0.20 0.03
PM0.108-0.17 1.4 3.0 0.54 0.18 0.8 2.0 0.38 0.04
PM0.17-0.26 2.1 3.8 0.92 0.19 2.0 3.0 0.81 0.05
PM0.26-0.4 3.3 4.5 1.35 0.16 3.1 4.7 1.60 0.09
PM0.4-0.65 7.7 10.2 4.40 0.15 5.5 9.6 2.76 0.20
PM0.65-1 7.7 11.4 5.24 0.15 5.0 8.9 2.91 0.16
PM1-1.6 4.7 8.9 3.99 0.19 2.5 6.6 1.92 0.14
PM1.6-2.5 2.6 4.5 1.34 0.19 1.3 3.9 0.83 0.11
PM2.5-4.4 4.3 6.1 1.29 0.28 1.7 5.3 0.59 0.14
PM4.4-6.8 2.1 4.3 0.80 0.24 0.7 2.5 0.35 0.09
PM6.8-10 1.0 3.6 0.59 0.19 0.3 3.6 0.18 0.04
PM10-100 1.3 3.9 0.56 0.17 0.2 1.6 0.11 0.01

Figure 1. Mass size distribution of PM-bound mercury (PBM, pg m-3), organic carbon (OC, µg m-3) and elemental 
carbon (EC, µg m-3) at two sites in Zabrze. 

Conclusion 

The experiment showed that almost entire PBM was inhalable: 97% of the its mass was in PM10 at both sites (Table 
1). Nearly 83% of PBM was respirable, i.e. was in PM2.5, 66% was in PM1, and 6% in PM0.1. The mass size 
distributions of PBM at both sites were bimodal, like those of PM (Fig. 1). Both density functions have a maximum 
(mode) in the interval 0.65–0.1 µm of the diameters (Dp) of the primary accumulation particles from combustion 
processes. The second mode they have in 2.5-4.4 µm (coarse particles).  
At the residential site, the distribution of PBM corresponds very well with the distributions of PM-bound OC and 
EC – PM comes from coal combustion. At the city center, near the crossroads, there was no such agreement (Fig. 
1), the PBM mass size distribution having two modes, as at the residential site, and the EC one having three modes, 
the mode in 0.17–0.26 µm attributable to “fresh” soot from car exhaust. The behavior and correlation of PBM and 
PM-bound C at the residential site are proper to PM coming from coal combustion. Instead, the EC distribution at 
the crossroads is visibly distorted by road traffic while the PBM one is not.  
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Introduction  

Mercury is a trace component of ambient particulate matter (PM), carbon is a PM macro-component. However, their 
common origin (combustion of fuels, thermal processing of minerals and materials containing Hg and C) suggests 
that they should occur in PM in some association. In Poland, where PM comes mainly from hard and brown coal 
combustion (Rogula-Kozłowska et al., 2014), this association was supposed to be especially unequivocal.  
In the paper, we substantiate the anticipated ties between the occurrences of PM-bound carbon (organic OC, and 
elemental EC) and both PM1- and PM2.5-bound mercury (particle-bound mercury, PBM) by applying statistical 
analysis to four long series of 24 h ambient concentrations of these substances measured at Godów, Złoty Potok, 
Zabrze, and Warsaw (Poland). 

Methods 

Three PM sampling sites, Godów, Złoty Potok, and Zabrze, were located in Silesia Province, a region of great impact 
of the industrial and municipal emissions on the PM (Rogula-Kozłowska et al., 2014). The fourth sampling site was 
located in Ursynów, a district of Warsaw, and was affected mainly by traffic emissions and air pollutants transported 
with air masses from southern Poland (Majewski and Rogula-Kozłowska, 2015). Godów and Złoty Potok are villages 
with relatively weak air pollution; Zabrze and Warsaw are strongly polluted big cities.  
The measurements were carried out from January to December 2013 in Złoty Potok and Godów in parallel, and in 
June-August 2014 and January-March 2015 in Zabrze and Warsaw also in parallel. A high volume sampler was used 
in Godów (PM2.5), and low volume samplers were used in Złoty Potok (PM2.5), Zabrze (PM1), and Warsaw (PM1). 
The Hg content of PM was determined by applying cold-vapor atomic absorption spectrometry (CVAAS) to thermally 
decomposed PM samples; an MA-2 analyzer (Nippon Instr. Co, Tokyo, Japan) was used (Pyta and Rogula-
Kozłowska, 2016). The OC and EC contents of PM were determined with the use of a Dual-Optical Carbonaceous 
Analyzer (Sunset Lab. Inc.) using the EUSAAR-2 protocol.  

Results 

The essential differences in the PM-bound mercury and carbon behaviors between the four sites were in the ambient 
concentrations (Table 1). This differentiation is due to the difference in the structure of the air pollutants emissions 
and in the impacts of variations in the sizes of these emissions on the concentrations of PBM, OC, and EC among the 
sites. However, at all sites, the ambient concentrations of PBM, OC and EC were much higher in the heating than in 
the non-heating periods. It is an effect of the intensification of the activity of secondary enrichment processes in the 
circumstances of intensified combustion of fuels and low air temperature, both favorable to condensation and sorption 
of mercury vapor and carbon compounds to fine PM particles (Rogula-Kozłowska et al., 2014). The scatterplots of 
the 24 h ambient concentrations of OC and EC against those of PBM (Fig. 1) suggested that the correlations between 
concentrations PBM and EC and OC exist. The values of the Spearman rank correlation coefficient (ρs) were high 
and positive, indicating the existence of strong correlations between the concentrations of PBM and OC and EC at all 
four sites. The lowest ρs were obtained for the concentrations of PBM and OC in the non-heating periods (Godów 
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ρs<0.7, Złoty Potok ρs<0.5, Zabrze and Warsaw ρs<0.4). At all sites, the strongest correlations were those of the 
concentrations of PBM with the concentrations of EC, both in the whole measuring periods and in the heating periods 
(Godów ρs<0.9, Złoty Potok and Zabrze ρs<0.8, Warsaw ρs<0.7).  

Table 1. Ambient concentrations of PBM (pgm-3), EC and OC (µgm-3) in Godów, Złoty Potok, Zabrze, and Warsaw. 

Season Parameter Godów (PM2.5) Złoty Potok (PM2.5) Zabrze (PM1) Warsaw (PM1)

o
n
‐h
e
at
in
g*
 

PBM  OC  EC  PBM  OC  EC  PBM  OC  EC  PBM  OC  EC 

Mean 
46.4 7.7 1.5 40.0 4.9 0.9 17.3  3.3  1.0  5.0  3.1 0.9 

St.dev. 
37.7 6.8 1.3 21.7 1.8 0.4 8.7 1.0  0.4 2.0  1.2 0.3 

No. 
178 183 182 158 160 159 60  60  60  60  60  60 

e
at
in
g*
* 

Mean 
160.6 26.6 3.2 81.0 11.1 2.0 69.6  17  3.4  18.2  6.6  1.4 

St.dev. 
100.9 20.7 2.4 51.7 6.6 1.1 47.8  13.6  2.1  11.0 3.7 0.6 

No. 
161 164 164 173 179 179 60  60  60  60  60  60 

* January‐March and October‐December in Godów and Złoty Potok; January‐March in Zabrze and Warsaw

** April‐September in Godów and Złoty Potok; June‐August in Zabrze and Warsaw 

Figure 1. Linear correlation between the concentrations of OC, EC and PBM 

Conclusion 

The weak correlation between the concentrations of PM-bound OC and PBM in the non-heating periods in all the 
sites may be attributed to the coal combustion losing its importance as a PM source. The phenomenon could be most 
clearly seen in Złoty Potok, the site beyond any direct effect of any great permanent source releasing carbon and 
mercury to the air. However, there still exist quite strong relationships between PBM and the ambient concentrations 
of PM-bound EC and OC in Złoty Potok as well as in the rest of the sites. It may suggest that PM-bound (both PM1- 
and PM2.5-bound) carbon and mercury can be related to each other even within areas under relatively weak and indirect 
effect of coal combustion. 
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Introduction  

Dust (particulate matter, PM) in the atmosphere has been found to be a crucial environmental and health 

problem in urban areas (Furusjö et al., 2007). Due to anthropogenic processes like traffic, industry, 

agriculture and the generation of heat and power, people are exposed to increased amounts of PM containing 

numerous heavy metals (Fang et al., 2005; Guéguen et al., 2012; Johansson et al., 2009). Since fine particles 

can enter the lungs, respiratory and cardiovascular diseases, cancer and premature mortality are associated 

with the long-term exposition to PM (Zhu et al., 2015). Besides, dust also affects both the atmosphere 

(influencing cloud physics and the radiative balance) and natural ecosystems (e. g. by dry deposition on 

leaves) (Enamorado-Báez et al., 2015; Ragosta et al., 2008).  

Although the contents of some heavy metals have been determined in dust from several cities, to our 

knowledge there exist relatively few publications that deal with the identification and quantification of 

different sources (Hieu et al., 2010; Ragosta et al., 2008). Besides, there are only few studies that include 

lanthanoid elements and their (normalized) patterns, that are different for natural and anthropogenic sources 

(Kulkarni et al., 2006; Moreno et al., 2008). Therefore, the aim of this study is to determine the content of 

numerous heavy metals (including lanthanoid elements) in dust samples from eastern Germany and to 

quantify the different sources. This includes the differentiation between anthropogenic sources and natural 

ones like the erosion of soil, pollen or Saharan dust. Since PM from every source has a specific metal 

composition, multivariate statistical tools like correlation analysis or factor analysis can be used for the 

identification and quantification (Furusjö et al., 2007; Hieu et al., 2010).     

Methods 

Air filters from several public buildings and spiderwebs from handrails of bridges have been collected in 

the city of Jena (Germany). After separating them from coarse objects (e. g. insects, hair) and drying them 

the samples have been digested using either aqua regia or HNO3/H2O2. Contents of heavy metals were 

determined using ICP-OES and ICP-MS. For the evaluation, both basic and multivariate statistical methods 

were applied, using the heavy metal contents in local loess samples as geogenic background values. 
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A method was developed to determine the content of heavy metals in different dust samples and the 

comparable contents in loess samples. With this, it could be shown that the patterns of lanthanoid elements 

(normalized to Post-Archean Australian Shale) are different for urban dust and local loess samples, the latter 

of which can be seen as dust from natural sources. This shows that there is an anthropogenic influence on 

the urban atmosphere, changing both the natural composition and the amount of dust. Also for other heavy 

metals an increased content in PM samples could be determined that is due to diverse sources (e. g. traffic), 

emitting heavy metals in different mixtures. Statistical methods could be used to show the correlation 

between certain of these elements. 

Conclusion 

Urban dust is a composition of PM from different natural and anthropogenic sources. In a both practical and 

statistical approach, the contents of numerous heavy metals in PM samples can be used to show differences 

between urban and natural dust on the one hand and commonalities and differences between different 

sources on the other hand.  
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Introduction  

The industrial development in the South Ural, Russia, has caused a tremendous damage to the environment. 

A large contaminated area has been formed around the copper smelter in Karabash (Chelyabinsk region). 

Emissions of sulphur dioxide, Pb, Zn, Cd, Cu, and other chalcophylic elements as finely dispersed aerosols 

result in the precipitation of "acid rains” (pH 3.5-4.0) characterized by anomalously high concentrations of 

metals in dissolved and solid phase forms. It is well known that the impact of metal/metalloid ions on the 

environment cannot be evaluated by measuring the total concentration of individual trace elements (ТЕ), 

because mobility, bioaccessibility and toxicity of anthropogenic elements strongly depend on their chemical 

forms and type of binding. Studies on the properties and chemical composition of atmospherically deposited 

dust in the area of Karabash copper smelter is of great importance for risk assessment related to the migration 

of toxic elements and their inclusion in the biogeochemical cycle. 

Materials and methods/ Atmospheric dust was sampled from the windowsills of the recessed balconies at 

the second floor of the building located at about 2.5 km from the copper. The samples were collected from 

two sides of the building. The east side faces the copper smelter, whereas the west side looks toward the 

street. The weight of “east" and “west” samples collected from nearly same surfaces (about 50 cm2) is 1.0 

and 2.5 g, correspondingly. The elemental analysis of dust samples was performed by ICP-MS after acid 

digestion.  

Results/ Our dust samples differ significantly from the road dust. The samples under study are integrated 

samples of dust deposited during several months. The concentrations of Cu, Pb, As, Cd, Zn, Hg and some 

other elements are higher in the “east” dust from the side of copper smelter. Moreover, the concentrations 

in both samples are dramatically elevated not only local background for soils of this area, but the maximum 

concentrations in soils of Karabash. The dramatically elevated concentrations of arsenic (up to 4.2 g/kg) 

and sulphur (up to 15.5 g/kg). These results confirm that the studied dust samples mainly consist of 

atmospheric solid-phase deposits from the copper smelter emissions.  

For the “west” dust up to 1.5, 4.1, 1.9, 11.1, and 46.1% of Pb, As, Cu, Zn, and S, correspondingly, can be 

easily mobilized by water. Necessary take into consideration the high total concentrations of these elements 
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in the samples. Such dust is also very dangerous for human health since it may penetrate into lungs during 

respiration. 

It is known that particles smaller than 1 µm are the most dangerous to health because of high mobility and 

penetration. The main difficulty lies in separating nano- and submicron particles from dust. The 

fractionation of dust samples was performed on a planetary centrifuge with a vertical one-layer coiled 

column drum. Three different fractions were separated from initial dust samples. According to the data of 

static light scattering, these fractions contain particles <0.2, 0.2-2, >2 μm, respectively. This, size 

distributions was confirmed by scanning electron microscopy. The separated fractions were filtered, dried, 

weighted, digested, and analyzed by ICP-MS and ICP-AES. 

ICP-MS analysis of fractions showed a different distribution of elements. Contents of rock-forming 

elements (Al, Ca, Mg and Fe) increases with the size of the particles, their contents into fractions 1 (>2 μm) 

in average 2-5 times higher than in the faction 3 (<200 nm). Technogenic elements from smelter emissions 

also basically collected in the most rough fraction. Despite the large surface area of nanoparticles and, 

consequently, their higher sorption capacity, the content of these elements proved to be the lowest. In our 

case, the content of such elements as S, Cu, Zn, Pb, 

Cd, As increases with the size of the particles. This 

can be seen particularly well for sulphur and 

copper. The difference in the concentrations of Zn, 

Pb, As, Cr, Ni expressed significantly weaker, and 

to Cd is virtually non-existent. It is interesting, that 

concentration of technogenic elements (except Cu) 

in two fine fractions change slightly. 

On the other hand, results of EDS microanalysis showed that a considerable part of dust microparticles are 

S, As, Cu, and Zn compounds, probably sulfides. These microparticles are of direct anthropogenic origin, 

emitted from copper smelter stack. Taking into account EDS data, higher concentrations of S, As, Cu, and 

Zn in rough fractions are quite logical. 
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Introduction  

Among the challenges associated with increased urban food production are health risks from food 
contamination, due to the higher pollution loads in urban areas, compared to rural sites. Therefore, the risks 
posed by industrial or traffic pollution of locally grown food, was defined as one of five high-priority issues 
of urban agriculture requiring further investigation (Mok et al., 2014). The impact of air pollution on urban 
horticulture is the subject of this study. More particular, this study focusses on the atmospheric deposition 
of trace metals on leaf vegetables cultivated in the city of Ghent, Belgium. Ghent is a particularly interesting 
study site as it actively promotes urban agriculture.  

Plants accumulate heavy metals by absorption from contaminated soils and through deposition on parts 
exposed to polluted air. Accumulation of trace metals in vegetation grown near roads has been shown to be 
significantly higher than those grown in rural areas due to traffic-related contaminants in the air (Antisari et 
al., 2015; Bell, 2011; Hough et al., 2004; Saumel et al., 2012). Studies of vegetables demonstrated, that the 
uptake and accumulation of trace metals differed among crop type, species, and among plant parts 
(Alexander et al., 2006; Finster et al., 2004; Saumel et al., 2012). Studies on vegetables and fruit trees in 
urban areas revealed significant differences in trace metal concentrations depending on local traffic, crop 
species, planting style and parameters related to barriers between sampling site and neighboring roads 
(Antisari et al., 2015; Saumel et al., 2012; von Hoffen & Saumel, 2014). This study aims to supplement this 
scarce research on the impact of urban air pollution on urban horticulture. 

Methods 

Samples from leaf vegetables were collected from different sites, including allotment gardens, in Ghent. For 
comparison, a rural site, located farther from city traffic and industrial pollution, was included in this study. 
Trace metal contents on these leaf vegetables were analyzed by ICP-MS (inductively coupled plasma mass 
spectrometry). In addition, precipitation on each sampling site was collected by NILU-type bulk collectors 
and similarly analyzed for trace metals. On one sampling site different parameters which might influence 
trace metal content in leaf vegetables were analyzed in detail. These parameters are distance of planting site 
to the nearest road (4m, 8m and 12m distance between planting site and road) and barriers between planting 
site and nearest road (no barrier, barrier height 1m and barrier height 1m80). ANOVA (Tukey test p<0.05) 
test was performed on each parameter separately. 
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Overall, the range of trace metal content in leaf vegetables analyzed in the present study was similar to 
concentrations reported in previous studies (Antisari et al., 2015; Saumel et al., 2012) and always below 
limits expressed by European Union Regulation. Preliminary results show that there is a high correlation 
between trace metal content in the atmospheric deposition and trace metal content in leaf vegetables, 
indicating that the origin of these elements are related to road traffic. Moreover, a significant higher Pb, Cu 
and Fe concentration was found on spinach collected from Ghent, compared to spinach collected from a 
rural site. The distance of planting site to the nearest road significantly affected the accumulation of Pb, Cu, 
Mo and Fe on spinach. Concentrations of those elements on spinach increased with decreasing distance 
between planting site and the nearest road. Preliminary results did not show a significant effect of barriers 
between planting site and the nearest road on accumulation of trace metals on leaf vegetables.  

Conclusion 

Preliminary results demonstrate the risks posed by traffic pollution on urban horticulture, but further 
research is necessary. The overall goal of this study is to complete and refine existing guidelines for urban 
gardening to exclude potential health risks from food contamination. Accordingly, this information can help 
city governments and civil society in the professionalization and sustainable development of urban 
agriculture.   
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Introduction 
Polymer inclusion membranes (PIMs) are chemically functionalized membranes that are commonly 
composed of an extractant (carrier), a base polymer (usually cellulose triacetate (CTA) or polyvinylchloride 
(PVC)), and a plasticizer. PIMs usually appear as flexible, thin and stable films that are simple and cheap 
to prepare. Moreover, they possess good mechanical properties (e.g. strength and flexibility) and are also 
versatile considering the diversity of target compounds that they can extract (Almeida et al. 2012). It is 
important to point out that the carrier has the central role in the PIM extraction process. It reactively 
complexes with the compound of interest, acting as the phase-transfer agent and thus extracting the 
compound from the aqueous phase into the membrane phase by forming a hydrophobic ion-pair or a 
complex. PIMs are interesting for metal extraction from aqueous media since this technology combines the 
extraction and stripping processes into a single unit operation.  Several extractants and  ionic liquids  
extractants/carriers have been used in the recovery of Cd(II) from acidic solutions such as 
tetraalkylphosphonium ionic liquid: tetradecyl)phosphonium bis(2,4,4-trimethylpentyl) phosphinate) 
(Cyphos 104) (Pospiech, 2015a)  and  trihexyl(tetradecyl)phosphonium chloride (Cyphos 101)] (Pospiech, 
2015b).  
In this study, we present the development of a PIM based on the IL trihexyl(tetradecyl)phosphonium 
chloride (THTDPCl) for the extraction and removal of Cd ions. Several parameters affecting the PIM have 
been investigated as well as the effect of feed and stripping phase composition. 

Methods 
All solutions were prepared using analytical reagent grade chemical and ultrapure water. The extractant 
THTDPCl, the polymer CTA, and the plasticizers were purchased from Aldrich. PIMs were prepared 
dissolving 0.2 g CTA in 20 mL chloroform and after 5h agitation the corresponding amount of THTDPCl 
and plasticizer were added. After 1 h agitation the solution was poured in a petri-dish and was let to 
evaporate. 
The metal ion concentrations were determined in the aqueous phase (after dilution in pure water)  by ICP-
AES (Varian Liberty RL spectrophotometer). 

Results 
From previous results in solvent extraction studies it was found that THTDPCl quantitatively extracted Cd 
from NaCl solutions. For that, the feed phase was fixed as 10 ppm Cd in 2M NaCl. We investigated the 
effect the plasticizer in PIM using as stripping phase ultra-pure water (Pont et al. 2008). Results are 
presented in fig. 1. When no plasticizer was added (left) Cd was extracted in PIM but not transported. 
However, the addition of 20% 2-Nitrophenyl octyl ether (NPOE) allowed the quantitatively transport of 
metal (right). 
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Moreover other plasticizers were investigated and the transport of Cd after 24 h followed this trend: DBS 
(84%) > NPOE (82%) > FPOE (73%). 

0 180 360 540 720 900 1080 1260 1440 16200

1

2

3

4

5

6

7

8

9

10

 Feed
 stripping

[C
d]

  m
g
.L

-1
 

Time (min)

0 360 720 1080 14400

2

4

6

8

10

[C
d

2
+
]  

m
g

.L
-1

Time(min)

  Feed
  Stripping

Figure 1. Cd transient concentration curves. PIM: 70% CTA+30% THTDPCl (left); PIM: 50% CTA+30% 
THTDPCl+20%NPOE.  Feed phase: 10 ppm Cd in 2 M NaCl. Stripping phase: ultra-pure water. 

Conclusion 

A PIM containing the extractant trihexyl(tetradecyl)phosphonium chloride, the plasticizer NPOE and CTA 
as polymer, has shown its efficiency to quantitatively remove Cd from a chloride solution.  
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Introduction  

Contamination of soils and waters by metals and metalloids is an important environmental problem due to 

their toxicity, mobility and non-degradability in ecosystems. In contrast to standard remediation methods, 

chemical stabilization using solid materials enables an effective, safe and low-cost removal of these 

hazardous elements (Komárek et al., 2013). Layered double hydroxides (LDH) show high removal 

effectivity for various metals and metalloids (Goh et al., 2008; Liang et al., 2013). The main aim of the 

study is to combine adsorption modelling with the analysis of the solid phase in order to investigate the 

adsorption mechanism of As, Pb and Zn by Mg-Fe LDH.  

Methods 

The Mg-Fe LDH was successfully prepared using the co-precipitation method described in Seida et al. 

(2001). Subsequently, kinetic adsorption experiments, equilibrium adsorption experiments, including the 

construction of adsorption edges, were performed. The experiments were carried out in individual batches 

at a controlled pH value and NaNO3 was used as the background electrolyte (0.001 – 0.1 M). The 

solid/liquid ratio in all experiments was 1 g/L and equilibrium was reached after 120 min. Analyses of the 

solid phase were performed using various methods including XRD, SEM/EDX, FTIR-ATR and XPS. 

Results 

Adsorption kinetics data were successfully described by the pseudo-second kinetic order model. The 

adsorption efficiency of As, Pb and Zn in the kinetic experiment was 99%, 98% and 77%, respectively. 

All measured isotherms exhibited a concave shape and Langmuir, Freundlich and their combination (Sips) 

were chosen as appropriate models (Foo, Hameed, 2010). Adsorption isotherms fitted by the Langmuir, 

Freundlich and Sips model are given in Figure 1. Based on the results, Freundlich and Sips models show 

better fits than Langmuir model. On the other hand, the adsorbed amount of As and Zn predicted by the 

Sips model (3.22 and 3.51 mmol/g) is overestimated according to experimental values (1.75 and 1.19 

mmol/g). 
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Figure 1. Adsorption isotherms fitted by Langmuir, Freundlich and Sips model (A) and adsorption edges in 0.01 M 

NaNO3 (B) of As, Pb and Zn on Mg-Fe LDH. 

The adsorption edges (Figure 1) showed characteristic shapes, i.e., increasing As sorption at lower pH 

values and decreasing for Zn and Pb. The samples chosen for the analysis of the solid phase showed 

relatively high sorption capacities (2.13 mmol/g for As, 1.65 mmol/g for Pb and 1.44 mmol/g for Zn) 

comparable to other LDHs (Goh et al., 2008; Liang et al., 2013) thus a demonstrable effect of the 

adsorption process was expected. The XPS analysis confirmed adsorption of As, Pb and Zn on the surface 

of Mg-Fe LDH. Moreover, the influence of isomorphic substitution (Zn), ion exchange (As) and 

precipitation (Pb) was determined by XRD.     

Conclusion 

The study evaluated the removal efficiency of As, Pb and Zn from aqueous solution by Mg-Fe LDH. 

Based on our results, Mg-Fe LDH shows a promising adsorption capacity for all of these elements and the 

best fit was obtained using Freundlich and Sips model. Besides, the basic adsorption mechanism including 

adsorption, isomorphic substitution, ion exchange and/or precipitation was described. Future studies will 

be focused on further analyses of the solid phase (HR-TEM and/or EXAFS) and on the investigation of 

the SCM model in order to obtain a comprehensive description of the adsorption mechanisms.  
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Introduction

Within the gold beneficiation, we have to neutralize the cyanide to get the gold, producing with it sludge 

with high pollutants such as cyanide (CN), arsenic (As), cadmium (Cd), lead (Pb), etc, which are deposited 

to abiotic medium without management and proper treatment, generating noxious effects in the environment 

(Yupari, 2001). Using washing as a sludge treatment, it could reduce the concentration of this substances; 

commonly is used HCl and other acid for mobilization of metals and H2O2 for degradation of cyanide. The 

objetive of this research was evaluate a treatment to the sludge of neutralization generated in the process of 

gold benefit in a mine in north of Colombia. 

Methodology 

Previously the following parameters were evaluated: organic matter, pH, concentrations of total cyanide (SM 

4500-CN), heavy metals (EPA 3051B) and bioavalability (Tessier 1979) of the metals more concentrates. 

Initial treatment was performed to metals and then the cyanide present in the sludge. Two consecutive washes 

were implemented , the first with HCl at concentrations of 1, 3 and 6M, HCN vapors were collected in 0.5M 

NaOH solution; and second with H2O2 grams relationships to add related on the grams of residual CN- present 

in the sludge after washing with acid (1ml H2O2 / 10 ml H2O2), to degrade the remaining cyanide in the simple 

after treatment with acid. these washes were made to 1, 2 and 3 hours each one. Also on final of each washing 

it was washed twice with water. 

Results 

Sludge characterization: The percent of organic matter was low with a value of 1.35%, pH less than 7 

considerate slightly acid, which could favor the leaching of metals. A high concentration of total cyanide was 

obtained with a value of 20433mg/kg and 0.128mg/kg of free cyanide. The meals analyzed more concentrates 

were 55.25mg/kg of Hg, 462.35mg/kg As, 20415.05mg/kg Pb, 75.90mg/kg Cd, 11024.3mg/kg Zn and 

131513.92mg/kg Fe; the high concentrations are related to the mineralogical composition of the ore  (quartz 

(SiO2), biotite K(Mg, Fe)3AlSi3O10(OH)2, Galena (PbS) and pyrite (FeS2)) (Barrientos 2011). 

Washing sludge: In Figure 1 we note the removal percents of heavy metals obtained in the three hour for 

the three acid concentrations and the two H2O2 relationships, showing a trend of increased removal at 3h, 
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this was verified by analysis of variance and Tukey (p<0.05), except for Cd, Hg and Zn in the wash with 

H2O2 where the best results are shown at 2h. 

Fig 1. Variation of metal removal at different concentrations of HCl and H2O2 in different times and 
evaluated (A, B, C, D, E) and as a function of HCl concentration (F). 

In addition the best metals removal and cyanide were obtained with HCl 6M at the first washing, except As, 

this had a better removal with HCl 3M, this is due to the presence of S2-, that leads to formation of precipitate 

As2S3; the trend for all, is to increase their mobility as that the HCl concentration is increased, this is due to 

the processes of desorption and dissolution of metals increases with decreasing pH (Xu et al., 2014). In the 

washing with H2O2, the first relation had the highest removal of cyanide, as well as removal of Pb and Fe 

compared to all metals. Also, bioavailability of these metals before and after washing is low, where over 90% 

of their concentrations are found in the residual phase. 

Conclusion: In this study was obtained high removals of Hg, Pb, Zn and cyanide with the use of HCl 

6M as first wash and applying 1 ml of H2O2 as second wash, both with three hours. However, for metals such 

as Cd, Fe and As, also it reached considerable removals 22.6%, 51% and 22% respectively. Significantly, 

90% of the bioavailability of metals studied are associated with the residual phase, after washing applied are 

not bioavailable to the disposal in the medium. 
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Introduction  

 In order to remove radionuclides from nuclear waste waters, the approach using Zeolite, RO membrane, 
specific resin, and ferric hexacyanoferrate are currently employed in industrial application. These standard 
practice materials requires high cost and maintenance. From the point of cost performance and stability, 
layered double hydroxides (LDH) could be one of suitable and promising materials for waste storage. The 
chemical formula of LDH is given as [(M1

II
1- 2

III
x(OH)2 ](An−)x/n•mH2O, where M1

II is a divalent cation, 
M2

III is a trivalent cation, An− represents an interlayer anion with valence n, x corresponds to [M2
III]/[M1

II] 
+ [M2

III] (0.25 < x < 0.33) (Brindley and Kikkawa,1980; Miyata, 1983). Since positively charged metal 
layer of [(M1

II
1- 2

III
x(OH)2 ] allows the interlayer incorporates anions in the structure, LDH has been widely 

investigated as sorbents for harmful anionic species [Goh et al., 2008]. On the other hand, there have been 
few studies that tried to examine the LDH efficiency as a sorbent for removal cations. Lazadiris study 
(2003) showed that LDH can be a promising material for removal of Ni, Pb, and Cd. In this study, less 
crystallized Mg-Al LDH produced by freeze drying method was used as a sorbent to immobilize Co2+ and 
Sr2+ from aqueous system. We report the characteristic property of the material and the efficacy for 
immobilization of Co2+ and Sr2+. 

Methods 

 Mg-Al LDH was synthesized LDH with Mg/Al molar ratio of three was synthesized according to a 
previously reported co-precipitation method [Arco et al., 2003] using MgCl2·6H2O and AlCl3·9H2O. The 
obtained precipitates were filtrated and freeze dried by lyophilizer. The powdered sample was 
characterized by X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FTIR), Raman 
spectroscopy, and electron microscopy (SEM and TEM). LDH was tested for their ability to immobilize 
Co2+ and Sr2+ from aqueous solutions. The sorption experiments were conducted by single batch test 
(Co2+/Sr2+) and binary batch test (Co2+ and Sr2+). Moreover, the sorption capacities of LDHs prepared by 
freeze drying method and conventional drying method were compared.  

Results 

 XRD patterns matched well with that of magnesium aluminum hydroxide (JCPDS database; pattern 
number 00-046-0905), confirming that the LDHs were hydrotalcite-like compounds. LDH prepared by 
freeze drying method t exhibited smaller (nanosized) crystallites, had a lower degree of crystallinity than 
those of dried at 100°C. Figure 1 show the changes in Co2+ and Sr2+ during the single batch sorption 
(initial [Co2+] =1.78 mM, initial [Sr2+]=1.18 mM).  Immobilized amount of Co2+ and Sr2+ on LDH in 
Figure 1 was 3.56 mmol/g for Co2+ and 1.89 mmol/g for Sr2+, respectively. Released Mg2+ appears to be 
the cause of ion-exchange with Co2+/Sr2+. Immobilization of Co2+ was more favorable than Sr2+ in single 
and binary sorption tests. XRD patters for the solid residues after immobilization of Co2+/Sr2+ showed 
LDH structure was maintained. 
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 Until now, however, immobilization ability of LDH for cation species has not been investigated well. Our 
study shows that the potential for remediation of metal waste from aqueous solution. In particular, 
immobilization of Co2+ was more favorable than immobilization of Sr2+.  

Figure 1. Immobilization of Co2+ and Sr2+ on less crystallized Mg-Al LDH as a functional of constant time in single 
batch tests. 
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Introduction 

Quantification of redox sensitive metals such as Cr(VI) in soils at contaminated sites is necessary for 

preventing and handling additional pollution (Dhal et al., 2013; Hsu et al., 2015). This study investigates 

the mechanisms of Cr(VI) adsorption on mixtures of natural and synthetic soil minerals using quantitative 

thermodynamically based mechanistic surface complexation models (SCMs). The main aim is to test a 

diffuse layer model (DLM) and a triple layer model (TLM) in order to develop a suitable model, which 

could be able to capture the process of Cr(VI) adsorption in natural heterogenic systems like soils. The 

component additivity (CA) approach is used when applying SCMs to describe the process of Cr(VI) 

adsorption in multi-component mixtures of selected soil minerals. CA approach was already applied to 

predict the metal adsorption in multi-component systems (Alessi and Fein, 2010). The SCMs could represent 

useful tool for investigating of soil mineral mixtures responsible for Cr(VI) retention in soils, and improving 

the handling and remediation processes. 

Methods 

The adsorption edge experiments were conducted for individual soil minerals as well as for their mixtures 

under atmospheric conditions at different solution pH (3–10), solid-solution ratio (2-20 g/L), total Cr(VI) 

concentrations (10-4, 10-5, and 10-6 M) and ionic strengths (using 0.001, 0.01, and 0.1 M KNO3 as the 

background electrolyte). Suspensions consisting of different ratios of soil minerals were prepared in order 

to generate the multi-component systems according to the mineralogical composition of real contaminated 

soils. The adsorption edge data were used to calibrate the two-pK DLM and TLM. Titration data were used 

to optimize values of adjustable model parameters, using the programs ProtoFit and FITEQL 4.0 (Herbelin 

and Westall, 1999; Turner and Fein, 2006). The Cr(VI) surface complexation constants for individual 

minerals were determined in FITEQL 4.0 and they were included into the thermodynamic database program 

Visual MINTEQ in order to obtain a final DLM or TLM for Cr(VI) adsorption. A component additivity 

approach was tested for modeling the Cr(VI) adsorption on multi-component soil mineral mixtures using 

Visual MINTEQ. The goodness of fit of each calculated edge to experimental data was assessed using the 

WSOS/DF ratio produced by the software. 
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Results 

Cr(VI) was adsorbed insignificantly on pure quartz. Thus, the presence of quartz as one of the most common 

soil mineral phase, has a little effect on Cr(VI) adsorption on mixtures of soil minerals. On the other hand, 

results from mixtures containing different percentages of various soil minerals show a preferential effect of 

Fe (oxy)hydroxides on Cr(VI) adsorption. For instance, the single DLM provides more reasonable 

prediction for Cr(VI) adsorption onto mixture of ferrihydrite and kaolinite in comparison with only kaolinite 

surface, capturing the formation of single monodentate inner-sphere complexes (Figure 1). 

Figure 1. Adsorption of Cr(VI) onto ferrihydrite-kaolinite mixture (Fe (oxy)hydroxid:clay mineral ratio = 1:3.3) at 
10-4 M (A), 10-5 M (B) and 10-6 M (C) Cr(VI) and with 0.1 M (black), 0.01 M (grey) and 0.001 M (blue) KNO3. Symbols 
represent experimental data; DLM edges are represented by solid lines. 

The presence of other mono- and bi-dentate complexes of chromate and dichromate as well as presence of 

outer-sphere complexes, which are not captured by DLM, would explain the model underestimation at pH<4 

at 10-4 M Cr(VI) and pH>7 at all Cr(VI) concentrations. Dissolution of solid phases needs to be also 

considered for better SCMs fits. 

Conclusion 

The results are of general importance for further investigation of redox sensitive metal adsorption in natural 

soil systems. In addition, the role of humic acids is crucial in evaluation of adsorption processes in natural 

soils, which are strongly affected by interaction between organic substances and inorganic soil components. 
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INTRODUCTION 

The human gut harbors diverse microbes that play a significant role in the well-being of their host and create 
a pathway for interaction with environmental contaminants.  The human body carries about 100 trillion 
microorganisms in its intestines, a number ten times greater than the total number of human cells in the body 
(Guarner and Malagelada 2003). It is increasingly being recognised that individual variations in the gut 
microbiome can influence host health and this may be implicated in disease etiology, and drug metabolism, 
toxicity, and efficacy and interaction with environmental contaminants. Environmental contaminants 
including heavy metals have been shown to impact the functional and genomic diversity of microbiomes 
(Kostic et al., 2013). However, the molecular basis of microbe–host and contaminant-microbe interactions, 
the functional distribution and diversity, and the roles of individual bacterial species are not well known. In 
this paper we present an overview of human gut microbiota, their role in defining human health and potential 
impact of contaminants on gut microflora. 

ROLE OF GUT MICROBIOTA IN HUMAN HEALTH 

The gut microbiota play a critical role in maintaining normal physiology and energy production. Other 
functions gut microbiota at least in part influence include, metabolism, immune system training, vitamin 
production, body temperature regulation, and tissue growth. Gut microbes can also significantly affect 
human behaviour and health status by exerting control over the development and function of our 
physiological systems (e.g., immune, gastrointestinal and neurological) (Berk et al. 2013). Interruption of 
this microbial system or ‘dysbiosis’ is thought to result in several disease states including inflammatory 
bowel disease, colon cancer, irritable bowel syndrome, gastric ulcers, liver disease, obesity and metabolic 
syndromes. Hence, there is a need for overall balance in the composition of the gut microbial community. 
The presence or absence of key gut microbe species will not only elicit specific metabolic responses but 
also play an important role in ensuring homeostasis of the entire gut (Sekirov et al., 2010).  

GUT MICROBIOTA - ENVIRONMENTAL CONTAMINANTS INTERACTIONS 
The gut microbes not only can be affected by environmental contaminants but they themselves can alter the 
speciation and bioavailability of these contaminants. This creates somewhat of a two way interaction 
between microbiome and contaminants. Gut microbes or microbial diversity and function being impacted 
by contaminants and the contaminants being transformed or impacted by gut microbes. These interactions 
can have a variety of consequences for the host and the contaminant.  
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Gut Microbes can affect the way toxic compounds react with the human host. For example, Van de Wiele 
et al. (2010) have shown that the bioavailability of arsenic ingested through arsenic contaminated rice from 
China is likely to be altered as it moves through the digestive system. The ability of the human microbiome 
to methylate and demethylate arsenic is important due to the implications for the toxicity profile for arsenic 
and the chronic health outcomes related to arsenic exposure.  

New evidence is showing that the ability of the human microbiome to methylate inorganic mercury and 
demethylate methylmercury is challenging our current thinking about the exposure assessments for mercury 
(Laird et al. 2013). Historically regulations have focused mainly on human exposure to methylmercury, but 
since our microbes may help to expose us to inorganic mercury which has a toxicity higher than 
methylmercury, this now has implications surrounding the current regulations. 

In this paper we present an overview of human gut microbiota, their role in defining human health and 
potential impact of heavy metals on gut microbiota. 

CONCLUSION 

This overview highlights our understanding of the complex interaction between gut microbes and 
environmental contaminants. Heavy metals can affect the diversity and functions of the gut microbiome and 
gut microbes in turn could transform heavy metals species that reach our gastro intestinal tract.  
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Introduction  

Soil Pb and As are the primary human health risk drivers at many DoD, DOE, and USEPA sites.  We 
conducted a multidisciplinary study to determine fundamental  understanding of the relationship between 
Pb or As species in soil and their bioavailability to humans.  The specific objective of the study were (1) to 
extend As in vitro bioaccessibility (IVBA) methods to predict relative bioavailable (RBA As) As for use 
in human health risk assessment (HHRA) and (2) to evaluate the permanence of in situ remediation of Pb 
contaminated soils using phosphate soil amendment.    

Methods 

The technical approach of the project consists of two components: Objective 1 focused on IVBA 
methods to predict RBA As (Figure 1) and objective 2 focused on evaluation of the permanence of in situ 
remediation of Pb contaminated soils (Figure 2).    

Figure 1.  Technical approach of the project for objective 1 
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Figure 2.  Technical approach of the project for objective 2 

Twenty-seven As containing soils from a wide variety of As sources were selected for objective 1. A 
comprehensive evaluation of 5 international published IVBA methods to predict animal RBA As was 
determined.  The IVBA methods included; the Solubility Bioaccessibility Research consortium assay 
(SBRC), the Unified Barge Method (UBM), the Physiologically Based Extraction Test (PBET), the OSU 
In Vitro Gastrointestinal Method (OSU), and the California Bioavailability method (CAB).  RBA As was 
determined using both the juvenile swine and adult mouse models.  In vitro in vivo correlation was 
performed by linear regression of IVBA As vs. RBA As was fitted using linear regression for each 
method. Solid phase speciation of As was determined using X-Ray Absorption Spectroscopy (XAS).   
Contaminated Pb soils from two locations that were remediated by phosphate-containing soil amendment 
addition were used in Objective 2.  The temporal effect of key biological (e.g., organic acid excreting 
fungi) and chemical processes (e.g., soil pH) on the long-term permanence of Pb and its bioavailability to 
humans was evaluated.  The effect of chemical and biological processes on sequestered Pb in 
remediated soil was assessed using XAS, leachability testing including USEPA Method 1312 
SPLP, IVBA Pb methods, and animal dosing to determine RBA Pb. 

Results 
Arsenic bioaccessibility was determined using five different international in vitro methods and ranged 
from <1 to >90%.  All of the IVBA methods met the criteria for IVIVC and linear regression could be 
used to predict RBA As of the study soils.  In situ P-containing soil amendments resulted in a significant 
(P<0.01) reductions in Pb mobility (i.e. SPLP Pb), IVBA Pb, and RBA  Pb for soils from both study sites. 
Speciation with XAS shows the reduction was due to formation of Pb pyromorphite.  Incubation of Pb 
remediated soil with organic acid excreting fungus had no effect on Pb mobility, IVBA Pb,  RBA Pb, or 
Pb speciation by XAS.  In general, Pb solubility increased when soil pH was < 4.   For both study sites, 
the effect of P treatment is apparent at low pH.  A sharp increase in soluble Pb occurred at pH < 4 for the 
control soils and pH < 3 for the P-treated soil.  The P-treatment extended the insolubility and stability of 
sequestered Pb from pH 4 to pH 3.  

Conclusions 

In vitro bioaccessibility methods have the ability to accurately predict in vivo RBA As.  The methods that 
most resemble human physiology are better predictors for RBA.  Phosphorus treatment of Pb 
contaminated soil resulted in a stable reduction in soluble Pb and Pb human bioavailability over a long 
period of time (>10 y).  Fungal treatments did not affect sequestered Pb stability, bioavailability or 
speciation.   
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Introduction  

Arsenic (As) is a metalloid element, often found in soils and wastes around mines and industrial sites treating 

As-bare minerals. The assessment of the bioavailability of As in these soils is crucial in order to protect 

human and ecosystems health. Earthworms are often used to assess the bioavailability of As in soils 

(Langdon et al., 2003). In this work, Eisenia andrei was exposed to As-polluted soils from two sites in Italy 

(Valle Anzasca and Scarlino). Different X-ray based techniques and bioassays were used to evaluate the 

concentration, speciation and distribution of the As both in soils and earthworms.  

Methods 

Three soil samples per polluted site were collected, sieved (2 mm) and air dried. The mineralogical 

characterization of the soils was carried out by XRPD (Miniflex II, Rigaku). The total As was estimated on 

site via portable XRF (Niton XL3t GOLDD+, Thermo Scientific), while sequential extractions (Wenzel et 

al., 2001) coupled with TXRF (S2 PICOFOX, Bruker) were used to study the As availability. Soil elemental 

maps were acquired using μXRF (M4 TORNADO, Bruker) in order to evaluate the As distribution and its 

correlations with other elements. Earthworms were exposed to each contaminated soil and controls. Their 

mortality was assessed after 14 days of exposure (acute toxicity). Oxidative stress was estimated by 

measuring  H2O2, malondialdehyde, catalase, phenoloxidase and glutathione S-transferase activities. Other 

biomarkers such as metallothioneins and genotoxic damage using the comet assay were measured. The 

effect of As on the reproduction (chronic toxicity), was assessed after 28 days of exposure. Earthworm thin 

sections were analyzed via μXRF in order to localize As accumulation. Since detoxification mechanisms 

seem to act mainly inside the coelom (e.g. for Cd, Panzarino et al., 2016), coelomic fluids were extruded 

from worms and analysed via TXRF to quantify the As concentration. 

Results 

No As-bearing mineral was detected by XRD in all the six soils. Sequential extraction results (Table 1) 

showed that As is in mainly associated with amorphous Fe-(hydr)oxides in Valle Anzasca soils; in Scarlino 

soils As is mainly associated with well-crystallized Fe-(hydr)oxides, except in S1 where the total As 
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concentration is low (41 mg/kg). This is confirmed by μXRF maps which show an overlapping between Fe 

and As, probably precipitates, around quartz or feldspar grains. Biological tests on earthworms didn’t show 

any acute toxic effect. However, reproduction tests evidenced cronic toxicity directly related with the 

increase of As concentration in soil. An oxidative stress was also recorded in all the earthworms exposed to 

contaminated soils. Metallothioneins content and genotoxic damage using the comet assay did not show any 

toxic effect. Elemental maps acquired on earthworm sections with μXRF showed that As is found solely in 

the coelomic cavity, together with S. In addition, the concentration of As in extruded coelomic fluids 

increased with the amount of arsenic in soils, although the type of association between As and Fe-

(hydr)oxides seems to be crucial.  

Table 1.  Relative percentage (%) of As in each extraction step and total As concentration estimated with XRF. 

Extraction step S1 S2 S3 V1 V2 V3

1. Non-specifically sorbed 0 0 1 2 1 0

2. Specifically sorbed 15 4 12 11 25 12

3. Amorphous Fe-(h)ox 46 3 41 50 67 85

4. Well-cryst. Fe-(h)ox 0 90 42 28 2 1

5. Residue 38 3 4 9 6 1

Total As (mg/kg) 41 224 736 134 3174 9135

Conclusions 

Results on the bioavailability of As in two industrial soils are presented. Arsenic is compartmentalized 

mainly in the coelomic cavity of earthworms and its concentration increases with the amount of As in soils. 

The As associated with amorphous Fe-(hydr)oxides seems to influence its concentration in the coelom, 

appearing therefore more bioavailable. However, biological tests suggest that, after a short exposure period, 

As does not exert an acute toxicity on earthworms but rather affects their reproduction capacity and induce 

an oxidative stress. 
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Introduction  

Geochemical speciation, interaction between different solutes, and interaction with the solid surfaces are 
critical processes determining the fate and transport of heavy metals and radionuclides in the vadose zone. 
Approaches based on linear or nonlinear equilibrium sorption neglect many of these aspects. On the other 
hand, so-called reactive transport models coupling flow, transport and geochemical processes in a single 
numerical tool allow for simulating a multicomponent system involving multiple interacting components 
which may result in an enhanced understanding of the possible critical processes (Steefel et al., 2015). 
This is demonstrated with a hypothetical example based on a simplified numerical model of leaching in 
simplified uranium mill tailing pile. The main objective is to evaluate the effect of the conceptual model 
of sorption on pH buffering in the soil and both will also influence the retention of U.  

Methods 

The example was inspired by a problem reported by Yeh and Tripathi (1991). We model the release and 
transport of U and acidified water from a U mill tailing pile towards a river in a 2D flow and transport 
domain (Figure 1).  

Figure 1. Simulation domain with mill tailing indicated in red. Schematic boundary conditions are also indicated. 

The problem consists of eight components: Total H, Total O, Ca, C, uranium, sulfate, phosphate, and Fe. 
Sorption of U is described with a multi-site cation exchange model which also buffers the acid pH due to 
proton exchange – a variant with a low and with a high exchange capacity are simulated. In addition, the 
low exchange capacity model is combined with a specific U-sorption model described with a non-
electrostatic surface complexation model.  

The three models are implemented in the two-dimensional version of the HPx model (Šimůnek et al., 
2006; Jacques et al., 2008).  HPx couples the flow and transport model HYDRUS1/2D with the 
geochemical solver PHREECQ resulting in a versatile tool to tackle a large variety of problems related to 
the fate of heavy metals in soil systems. 
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Results 

Figure 2 shows that a high exchange capacity buffers the pH more significantly. On the other hand, the 
specific sorption model retains U more than the other two models. However, a large difference between 
case 1 and case 2 is that U is more sorbed in the mill area, but once U is in the soil system it moves faster 
(not shown in Figure 2 – this is revealed by time series at specific points). U sorption increase in the pH 
range 2-5, but decrease again  at pH > 5 due to U aqueous complexation (especially C-complexes).  

Figure 2. pH (left) and U distribution after 1000 d for the 3 cases. 

In case 2, the similar pH in and near the mill tailing results in a higher sorption in case 2 (larger exchange 
capacity). However, further from the mill tailings, the higher buffer capacity results in higher pH values in 
case 2. Although a higher exchange capacity was assumed in case 2, the sorption is lower than in case 1 in 
this zone. 

Conclusion 

Interaction between pH dependency of aqueous speciation (e.g. U-C), conceptual sorption model, pH and 
buffering capacity results in a complex U transport process. It was illustrated that reactive transport codes 
could help to understand unintuitive behavior as e.g. a similar U pattern in cases with a low and high 
exchange capacity. 
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Introduction  

Ingestion of contaminated soil often is the “risk – driver” for arsenic (As) and other trace element 
contaminated soils and the key exposure pathway in human and ecological risk assessment.  The trace 
element interactions with the soil and sediment and general soil properties impact chemistry, solubility, 
and bioavailability. Often the calculated risk for a site can be reduced when the bioavailability of As in the 
soil is included in site specific risk calculation.  Relative bioavailability (RBA) can be determined for 
specific sites using in vivo bioassays that mimic human gastrointestinal physiology. The juvenile swine 
model is viewed as the “gold standard” and has been used for years. Research has shown that swine have a 
similar gastrointestinal physiology to humans and is the reason for their preference over other animals.  
More recently an adult mouse model was developed as a lower cost alternative to the swine model. 
However, limited research has been done to determine if the two bioassays are equivalent to one another. 
The objective of this study was to determine if RBA determined using the adult mouse model is equivalent 
to the juvenile swine model for 14 As contaminated soils with a range of soil properties, contamination 
sources, and solid phase As speciation.  

Methods 

RBA for the 14 As contaminated soils was determined using both the juvenile swine and adult mouse 
models. As contaminated soils were fed to juvenile swine in a semi fasted state. After dosing urine from 
each individual was collected and analyzed for excreted arsenic. Following analysis a urinary excretion 
factor (UEF) was determined by plotting the mass of As excreted by mass of As consumed. RBA was 
calculated using the UEF from the test material divided by the UEF from a sodium arsenate reference 
material. 90% confidence intervals were calculated using Fieller’s Theorem (Brattin & Casteel, 2013). 
RBA determined using the adult mouse model involves using groups of mice to determine RBA. As 
contaminated soil is mixed with the mouse feed and 4 animals within a cage are allowed to consume soil 
and food ab labium. Urine is collected and analyzed for As concentration and a UEF is calculated by 
dividing the mass of As in the urine by the mass of As consumed. RBA was determined by using a ratio of 
the UEF for the test material and the UEF for a sodium arsenate reference. 90% confidence intervals for 
each test material were also calculated using Fieller’s Theorem (Bradham et al., 2011). Evaluation of the 
two bioassays was done using linear regression and confidence interval comparison. Soil properties 
relevant to As solubility and bioavailability were determined; including total As, reactive Fe and Al, pH, 
organic carbon content, and clay content.  
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Results 

The arsenic concentrations within the soils ranged from 162 mg/kg to 3,910 mg/kg with an average of 863 
mg/kg. Arsenic bioavailability determined using the adult mouse model ranged from 6.4 to 46% with 
average of 26%. RBA determined using the juvenile swine model ranged from 12 to 60% with a mean of 
37%. The median RBA values were 30% for the mouse model and 40% for the swine model. These results 
show that on average the juvenile swine model reports RBAs that are higher than the adult mouse model. 
Correlation coefficients for RBA vs total As concentration (mg/kg) for 14 soils are -0.399 and -0.480 for 
the adult mouse model and juvenile swine models respectively. Correlation coefficients do not suggest 
that there is a meaningful correlation between total As concentration and RBA As. The juvenile swine 
RBA tends to be more variable than RBAs determined using the adult mouse bioassay (Figure 1). The 
90% confidence intervals for RBA As only overlap for 5 of the 14 soils and the confidence intervals for 
the juvenile swine RBAs are sider than those determined using the adult mouse bioassay.  

RBA Varability for Soils Dosed to Swine and Mice
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Figure 1. Comparison of 90% confidence intervals for 14 soils determined using both the adult mouse and 
juvenile swine bioassays.  

Conclusion  

The soils evaluated in the study using the adult mouse model and juvenile swine model have 
produced a wide range in RBA values showing how physical and chemical properties of each soil impact 
RBA As not just the total concentration. The adult mouse bioassay has low variability compared to the 
juvenile swine model and is more reproducible. However, because little overlap of the 90% confidence 
intervals between the two methods occurs RBA values generated using each method are not equivalent.  
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Introduction 

The primary risk pathway of concern for Arsenic (As) contaminated soils is incidental soil ingestion.  

Taking into account the bioavailability of As in soil can have a drastic influence on human health risk 

assessments.  However, the most important bioavailability adjustments are made in soils with moderate 

(<1,500 mg/kg) total As.  When limited to a moderate total As concentration, two commonly used 

gastrointestinal in vitro methods; the OSU-IVG (Basta et al. 2007) and SBRC (Juhasz et al. 2007) under 

predict bioavailable As in gold mine tailings from California.  The aim of the current study is to accurately 

measure and predict bioavailable As in moderately contaminated soils.   

Methods 

Twenty-two soils with <1,500 mg/kg total As were provided from two studies: Department of Defense’s 

Strategic Environmental Research and Development Program (SERDP) (project ER-1742) and California 

Department of Toxic Substances Control (DTSC) Training Research and Technical Assistance Grant. 

Relative bioavailable (RBA) As was calculated using the UEF from the test material divided by the UEF 

from a sodium arsenate reference material. 90% confidence intervals were calculated using Fieller’s 

Theorem (Brattin & Casteel, 2013).  Gastrointestinal in vitro methods were conducted according to Basta 

et al. (2007), SBRC method of Juhasz et al. (2007), and the California Bioaccessibility method (CAB) 

developed under the DTSC Training Research and Technical Assistance Grant 

Results 

The in vitro As extracted in the OSU-IVG and SBRC methods was significantly less than the As extracted 

in the CAB method and RBA As, especially in soils for gold mining sites in California.  A summary of the 

resulting in Vitro –In Vivo Correlation (IVIVC) for SERDP and DTSC Study Soils is presented in Table 

1.   

Table 1.  In Vitro –In Vivo Correlation (IVIVC) for SERDP and DTSC Study Soils with moderate 

(<1,500 mg/kg) total As content 

Method slope intercept r2 

CAB GE  0.79  4.9 0.92 

OSU-IVG GE 0.96 12.5 0.55 

OSU-IVG IE 0.52 21.3 0.17 

EPA 9200 1.7 8.8 0.42 
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Conclusion 

The results of the IVIVC demonstrate that only the CAB method is highly predictive of RBA As in 

these study soils containing <1,500 mg/kg total As.  In addition, this regression equation includes soils 

with widely varying As sources, indicating that the modified OSU-IVG may be applicable to both 

goldmining and non-goldmining sites. 
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Introduction  

The solid-liquid distribution coefficient (Kd) of pollutants (e.g., heavy metals; radionuclides) in soils is a 
parameter frequently used in risk assessment to estimate pollutant retention in soils. However, the 
quantification of the Kd is extremely affected by the methodology used for its determination and the 
properties of soils, which in turn affect pollutant speciation. This leads to large variability in the reported 
Kd values for a target pollutant that hampers to suggest a single best estimate Kd value. An approach to better 
describe and decrease Kd variability and to suggest representative Kd best estimates is to group data on the 
basis of the properties related to methodological and soil factors.  

Cumulative Distribution Functions (CDFs) permit to continuously describe the Kd values of a given 
pollutant over a set of soils. It a preferable option to represent a Kd population that to use simple Kd 
descriptors, such as minimum, maximum and mean values. CDFs not only give information on the most 
probable Kd value, corresponding to the 50th percentile, but also account for all the range of potential values, 
with an indication of their probability of occurrence. Besides, confidence intervals of Kd values can also be 
established by calculating the corresponding percentile ranges (e.g., the 90% confidence interval 
corresponds to the 5th - 95th ranges).  

Regarding radionuclides (RNs) with a high environmental relevance as pollutants, such as uranium (U), the 
proposal of reliable Kd values with a statistical description of its variability is still an unresolved issue. 
Whereas soil factors affecting Kd(U) have been already partially tested to decrease Kd(U) variability 
(Vandenhove et al. 2009), the effect of the methodology in terms of sorption dynamics (elapsed time since 
contamination) on Kd(U), the potential use of analogue geological matrices to fill gaps in soil datasets and 
a full statistical description of Kd(U) variability with CDFs have not yet been examined. 

Methods 

Soil Kd(U) data coming from field and laboratory experiments were compiled, along with the soil properties 
and the methodology followed to obtain the Kd(U) values. Kd(U) data from other geological materials, such 
as subsoil, gyttja and till samples, were also considered but treated separately to decide whether could be 
included within the soil dataset. Kd(U) dataset was formed by 197 entries for soils, and 86 for other 
geological matrices. 

The Kd(U) values were grouped according to various criteria: 1) methodology in terms of sorption dynamics 
(short-term and long-term incorporated radionuclides); 2) organic matter (OM) content and texture (organic 
(> 20% OM) and mineral soils, these latter being also classified based on sand and clay percentages (sand, 
loam and clay soils)); 3) pH as a factor governing U speciation and sorption in soils (pH < 5; 5 ≤ pH < 7; 
and pH ≥ 7). Data groups were fitted to a probability function (tested as lognormal for all cases), CDFs were 
constructed, and geometric mean (GM) along with 5th and 95th percentiles were derived to propose best 
estimates and related data variability, respectively. 
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The overall Kd(U) for soils was around 310 L kg-1, with a variability of near 5 orders of magnitude. Whereas 
a statistically significant but minor effect of the sorption dynamics was observed (long-term GM was only 
two-fold higher than short-term GM), the Kd(U) CDFs for organic soils substantially differed from that of 
the mineral soils (Figure 1a),with a GM for organic soils around one order of magnitude higher. On the 
other hand, no statistical differences among mineral soil textural subgroups were observed. These findings 
confirmed the relevant role of the organic matter, which increases uranium sorption in soils, whereas the 
effect of soil texture on U sorption can be considered as negligible. 
When grouping data by pH, the three populations created on the basis of the U speciation were significantly 
different (Figure 1b). An increase in Kd(U) was observed when increasing soil pH, reaching maximum 
values within the 5-7 pH range, in agreement with the competition of the uranyl cation with protonated sites 
at low pH values. At higher pH, Kd(U) decreased due to the formation of weakly sorbing uranyl carbonate 
complexes (Payne et al., 2011). The simultaneous use of the two criteria (pH and OM) led to the creation of 
5 groups with CDFs that did not generally overlap (Figure 1c). The derived GMs followed the main trends 
observed when applying solely the OM and the pH criteria and the related 5th-95th percentile ranges 
generally comprised Kd(U) values varying only one to two orders of magnitude. 

Figure 1. Kd(U) CDFs created according to different grouping criteria: (a) OM, (b) pH and (c) pH+OM. 

Finally, some geological materials, such as subsoils or tills, had Kd(U) GM similar to that of soils, and they 
could be incorporated into the soil dataset, if required for soil groups with less data.  

Conclusion 

Whereas sorption dynamics had a minor effect on Kd(U), OM content and pH were confirmed to be key 
properties to group Kd(U) data. When grouping soils based on pH and OM criteria, Kd(U) best estimates 
were derived with a much lower associated variability and, thus, more reliable and useful for radioecological 
assessments. The present study provides end-users with Kd(U) CDFs for different soil types, allowing them 
to properly foresee the interaction of U in a given soil by selecting the CDF of the soil group that better 
fulfills the target scenario in terms of pH and/or OM soil properties. 
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Introduction - HPx 

Soils are a common receptor of heavy metals, often acting as a pool due to strong adsorbing properties of 
many compounds. Recent developments in reactive transport codes hold promising prospects for the 
modelling the fate of heavy metals in the subsurface. In this abstract, we present the simulator HPx, which 
couples the HYDRUS codes with PHREEQC. HPx is specialized in variably-saturated soil systems and 
explicitly accounts for atmospheric boundary conditions and root water uptake. It combines most of the 
advanced features of the two individual codes (Šimůnek et al., 2006; Jacques et al., 2008). As a case 
study, we present a numerical model simulating mercury (Hg) fate in soils after a hypothetical 
anthropogenic contamination.  

Case Study Mercury Fate - Methods 

Figure 1 (a) shows the conceptual model developed for the fate and transport of  Hg contamination from 
anthropogenic origin (Leterme et al., 2014). Flow (Richards equation, root water uptake) and transport 
(advection-dispersion in the aqueous phase, diffusion in gaseous phase) processes are defined for a 
uniform porous medium.  

Figure 1. (a) Conceptual model of Hg speciation and reactions in the solid, aqueous and gas phases. Initial Hg 
release can be in the form of NAPL, solid or aqueous phase (source Leterme et al., 2014); (b) test case geometry for 
the simulation of Hg fate and transport in contaminated soil systems. P is the precipitation throughfall and ETa the 
actual evapotranspiration (50-year time series from northern Belgium). Source: Leterme and Jacques, 2015. 

Aqueous complexation reactions between inorganic and organic primary species are calculated using a 
thermodynamic approach (mass action laws). We use a version of the Thermoddem database (Blanc et al. 
2012) updated for inorganic mercury species combined with surface complexation  based on Skyllberg 
(2012). Complexation of Hg2+ with dissolved organic matter (DOM) is represented by complexation with 

(a) (b) 
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four reactants symbolizing humic and fulvic acids and thiols. An approach based on multiple proton/ion 
exchangers is used to describe the interactions between Hg and immobile SOM considering the same four 
types of reactive surface sites are considered. The reduction of Hg2+ to Hg0 is described by a first-order 
kinetic reaction. DOM sorption to mineral surfaces is modelled using a Langmuir isotherm. The test case 
geometry is presented in Figure 1 (b). Initial contamination in the top 10 cm is assumed to be cinnabar 
(HgS), released to the soil system by a DOM-dependent rate equation (see details in Leterme et al., 2014). 

Case Study Mercury Fate - Results 

Figure 2 shows (a) the depth distribution of HgS and Hg sorbed to SOM over time, and (b) Hg2+ leaching 
at the bottom of the 1-m soil profile. In this example, Hg leaching starts only after ~32 years due to the 
strong sorbing behaviour of Hg. A detailed sensitivity analysis of the model is provided in Leterme and 
Jacques (2015). 

Figure 2. (a) Depth distribution of cinnabar (HgS; red lines) and Hg sorbed to SOM (blue lines) at t=0, 5, 10, 25 and 
50 years and (b) Hg2+ leaching flux vs time (starting at 30 years for clarity); with cinnabar as initial contamination. 

Conclusion 

Hg geochemistry is relatively complex and includes various speciation reactions and kinetic processes. 
Therefore, the test case presented here supports the versatility of HPx for modelling the fate of other 
heavy metals in soils. Potential applications include for example the protection of ecosystems, the 
reconstruction of historical contamination events or the evaluation of remediation strategies. 
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Introduction 

Spiders constitute an important link in food chains. As predators they play an important role in the 
regulation of insect populations. They belong to the group of heavy metal macroconcentrators. Metals in 
spiders are deposed mainly in the midgut gland cells, in opisthosoma (Wilczek and Babczyńska, 2000; 
Wilczek et al., 2008). The contents of metals in the body of actively hunting spiders reflect environmental 
pollution level better than the concentration measured in web-building spiders. This feature is connected 
with the characteristics of their victims and direct contact with the ground surface. Spiders belonging to 
Lycosidae family, due to their high hunting activity, may be used as bioindicators of environmental pollution 
with heavy metals (Wilczek and Migula, 1996; Jung and Lee, 2012). The aim of this study was to check 
whether, and to how extent, an additional cadmium and copper supplementation of the insect prey of the 
spider Xerolycosa nemoralis changes the contents of the metals in the spider body in relation to 
developmental stage, sex and pollution level of the study sites. 

Methods 

In the study, adult and juvenile X. nemoralis (Westering, 1861) (Lycosidae) specimens were used. This 
species represents epigeic fauna. It is abundant in forest and meadow ecosystems. It do not build webs, but 
hunts actively. It hunts for small insects of thin chitin layer, such as aphids, collembolans, flies or other 
spiders (Nentwig, 1987). Spiders were collected from two variously polluted areas in Southern Poland: 
postindustrial waste heap in Wełnowiec – the district of Katowice. (50°17’ N, 19°00’E) and Pilica (50°28' 
N, 19°39' E), a reference site. Juveniles were caught in April, adult – in May. Collected individuals were 
kept in the laboratory for 21 days (RH: 60±10%: L14/D10; temp: L25/D15) and fed ad libitum with 
Drosophila melanogaster reared in the medium containing 0,25 mM CdCl2 or 0,23 mM CuSO4.Control 
group was fed with uncontaminated flies. Egg cocoons were collected directly in the field. To determine the 
concentration of Cd and Cu using a Solaar Unicam 939 atomic absorption spectrophotometer in a PU-93 
090X graphite furnace. The results were analyzed using STATISTICA® v. 12.1 software, Tukey’s test, 
ANOVA, p < 0.05.  

Results 

Table 1. Bioaccumulation factor, BAF for Cd and Cu in spiders X. nemoralis fed with fruit flies reared on the media 
containing Cd and Cu, respectively. 

Stadium/sex BAFCd Pilica BAFCd Wełnowiec BAFCu Pilica BAFCu Wełnowiec 

juveniles 0,83 1,17 0,84 1,13 

males 1,11 1,21 1,50 2,17 

females 0,78 1,34 1,87 1,75 
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Irrespectively of the site, BAF for both metals in juveniles was lower than 1. In case of males, both Cd and 
Cu accumulation was higher than in females.  

Table 2. Concentration Cd and Cu [µg·g-1 dry weight] (mean ± SD) in embryos and cocoons spiders X. nemoralis 
catch in: Pilica and Wełnowiec; control group. a, b different letters indicate statistically significant differences between 
sites (ANOVA, Tukey’s test, p<0.05) 

Sites Structure Cd [µg·g-1 dry weight] Cu [µg·g-1 dry weight] 

Pilica 
embryos 0,634±0,37a 12,283±4,10a 

cocoons 0,982±0,42a 20,807±7,84a 

Wełnowiec 
embryos 0,055 ±0,013b 48,318±12,69b 

cocoons 0,155±0,082b 125,571±25,1b 

Irrespectively of the site, the concentration of the metals was higher in cocoons than in the embryos. Cd 
concentration in the cocoons from the reference site was 6 times higher than in the cocoons of the females 
from the metal polluted site. In the embryos, the lowest Cd concentration was found in individuals from 
Wełnowiec. They had 12 times lower Cd concentration than the embryos from Pilica. In case of Cu, the 
metal concentration in the cocoons from Wełnowiec was 6 times higher than in the cocoons from Pilica. In 
the embryos from the polluted site, Cu concentration was 4 times higher than in the embryos from Pilica.  

Conclusion 

The higher BAF for Cu in all studied groups indicates that this metal is better assimilated than Cd. Cocoons 
can be an efficient barrier for the metals. It is possible that pre-exposure of spiders to metal pollution may 
enhance lower accumulation of the xenobiotics entering the organism with food.  
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Introduction  

Selenium often occurs in association with sulfide minerals by replacement with sulfur, and its toxicity is 
known as being associated with a number of specific diseases such as nail abnormalities and changes in 
peripheral nerves. Selenite (SeO3

2–) and selenite (SeO4
2–)are much more mobile and toxic in ecosystems. 

Furthermore, the high mobility of radionuclide 79Se in aqueous environments can pose the terrible threat 
because most minerals' surfaces are negatively charged in earth crust and it has a long half life time around 
2.95×105 years.  

Ettringite, which is one of calcium aluminum hydroxysulfates with several crystal water molecules, often 
occurs in some alkaline environments like cements. It has a general composition of A6B2(C)3(OH)12·26H2O, 
where A is Ca2+, Sr2+, Cd2+, Co2+; B is Cr3+, Al3+, Fe3+, Mn4+, Si4+; and C is some anions such as SO4

2– and 
SeO4

2–(Gougar et al., 1996). The unit cell of the crystal consists of columns of {Ca6[Al(OH)6]2･24H2O]}6+ 
with the inter-column spaces occupied by 3 moles of divalent anions (C) and 2 moles of H2O, which hold 
columns together through electrostatic force. It has been proved by the bond valence theory that AsO4

3–is 
complexed with some functional groups on the surface of columns in ettringite (Myneni et al., 1998). Thus, 
there are two possibilities in incorporations of oxoanions in ettringite, which are the substitution of 
intercolumn oxoanions or the coordination of oxoanions with functional group on ettringite.  This should 
affect to the chemical stability of anionic species, which are sometimes pollutants in ettringite. 

It is not yet clear whether SeO4
2– is sorbed through inner-sphere complexation or outer-sphere complexation 

in ettringite. In other word, the bonding Ca(Al)-O-Se-O3 should be created through covalent bond while the 
bonding H·····O-Se-O3 should be formed in the later through electrostatic force.  In the present work, 
ettringite containing different concentrations of selenate was characterized by Fourier Transform infrared 
spectroscopy (FTIR) and bond valence theory to figure out the sorption mechanism of selenate in ettringite. 

Methods 

Ettringite was synthesized with the stoichiometric amounts of Ca(OH)2 and Al2(SO4)3 with different 
concentrations of Na2SeO4 (0.5–20mM) in ultrapure water. All solutions were prepared by deionized water 
and reagent-grade chemicals. The mixture were covered with parafilm to avoid getting CO2 and stirred using 
a magnetic stirrer at room temperature for 120 min. Then the pH of supernatant was recorded and suspension 
was filtered by membrane filter for determination of remaining Ca, Al, Se and S concentrations using 
inductively coupled plasma optical emission spectrometry(ICP-OES).The precipitates were examined by 
using scanning electron microscope (SEM), X-ray diffraction (XRD), and FTIR. Bond valence 
theory(Brown et al.,1985)was also applied to calculate the coordination numbers of O atoms in SeO4

2–

assurface functional groups of ettringite. 
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Changes of water chemistry during immobilization of SeO4
2– in ettringite were monitored until the 

equilibrium by determination using ICP-OES. Based on the results of XRD for the solid residues, there is 
no other phases than ettringite with increase in SeO4

2–concentrations. Moreover, SEM image has shown 
needle-like crystals, which are characteristic to ettringite. These results suggest that immobilized SeO4

2- 
were completely substituted into inter column spaces in ettringite structure. Furthermore, as shown XRD 
results, with increasing the amount of immobilized SeO4

2-in ettringite, the cell parameters a a nd c a lso 
increased.  
In ettringite, there are several types of –OH groups including ≡Ca-OH2, ≡Al-OH and ≡Ca2-OH, which 
produce board FTIR peaks to assign to the stretching vibration mode of O-H around 3200 to 3560 cm-1. 
Incorporation of SeO4

2-into the columns of ettringite perturbed the –OH stretching vibration. With 
increasing the amount of immobilized SeO4

2-in ettringite, the intensities of–OH stretching peaks decreased 
in the range of 3250 to 3400 cm-1which is assigned to the –OH stretching vibration of ≡Ca-OH2.This 
indicates that SeO4

2-interacted with H2O which is coordinated to Ca. Based on the structure of ettringite, 
≡Ca-OH2, ≡Al-OH and ≡Ca2-OH sites are arranged in the column surfaces, where≡Ca-OH2 is the most 
dominant sites. According to the bond valence theory, Se-O has1.62 valence units (v.u.) and O-H does about 
0.78 v.u. Ligand exchange to such as ≡Ca-OH-SeO3 does not happen, because Se-O-H bond has been already 
saturated (Brown et al.,1985). Similar characteristic of AsO4

3- has been also demonstrated (Myneni et al., 
1998). In ettringite,SeO4

2-can be only interacted with these function groups through the formation of inner-
sphere complexes of ≡Ca-O-SeO3. It is supposed that the significant change in–OH vibrations may result 
from the SeO4

2- sorption in ettringite and the formation of inner-sphere complexes. 

Conclusions 

The ettringite shows promising application in immobilization of large concentrations of SeO4
2– in aqueous 

environments. In the present work, the mechanism of SeO4
2– by co-precipitation with ettringite was 

discussed. According to the FTIR spectra, the peak intensity in –OH stretching mode vibration significantly 
decreased with increasing the amount of immobilized SeO4

2– in ettringite. Furthermore, based on the XRD 
patterns, sorption of SeO4

2– increased the cell parameters a and c of ettringite. EXAFS and TG-DTA analysis 
would exemplify this assumption. 
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Introduction  

Strawberry is one of the most cultivated crops in irrigated horticulture where hydro/land resources during 

last decades are becoming limiting factors of production due to excessive salinization and/or contamination 

(by metals/nutrients/persistent organics). Salinity induces different physiological disorders in crops known 

as salt stress, whereas consummation of crops cultivated on metal contaminated land resources represents 

one of the most dominant transmission routs of many potentially toxic metals in the human food chain 

(Ondrasek and Rengel, 2012 and references therein). Also, an interaction of salinity (salt stress) and metal 

(Cd) contamination might further compromise nutritional status and crop yield (e.g. Ondrasek, 2013 and 

references therein) as was examined in this study.  

Methods 

A greenhouse pot trail was carried out to investigate the response of strawberry (Fragaria ananassa Duch., 

cv Elsanta) exposed to increasing NaCl salinity and Cd contamination in the rhizosphere. The effect of a 

factorial combination of four NaCl (0-60 mM) and three Cd application rates (0.3-10 mg kg-1) on mineral 

accumulation and distribution in plant as well as vegetative parameters was assessed. 

Results 

After 68 days of growth, NaCl salt stress decreased total fresh fruit yield (up to 60%), total number of fruits 

(up to 45%), fruit size, number of runners (up to 90%) and the length of the longest runner (1.3-2.6 times), 

and was accompanied by accelerated leaf senescence and plant mortality (at >40 mM NaCl) (Fig. 1). NaCl 

application increased uptake and accumulation of Na, Cl, Cd, Zn and Cu (in leaves and fruits) but decreased 

these parameters for K (in leaves and fruits) and Ca and Mg (in leaves) (Table 1). The soil contamination 

by Cd progressively increased Cd and decreased Cu and Zn concentration in analyzed tissues, whereas Cd 

contamination had no effect on most other measured parameters (Table 1).  
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Table 1. Mineral composition in strawberry tissues   

Tissue Treatment 
Cl Na Ca Mg Cd Zn Cu 

g kg-1 mg kg-1 

Leaves 

NaCl0 3.0a 0.12a 13.6a 4.4a 0.70a 30.4a 4.20a 
NaCl20 23.2b 2.4b 12.8a 4.3a 1.02b 31.8a 4.60a 
NaCl40 30.4c 4.7c 11.8b 4.2a 1.04b 36.1b 9.18b 
NaCl60 39.3d 10.2d 11.7b 3.1b 1.05b 43.8c 13.70c
Cd0 23.1a 5.0a 13.8a 4.4a 0.2a 37.4a 10.3a 
Cd5 22.7a 4.5a 11.5b 3.9b 1.2b 31.0b 8.70b 
Cd10 22.0a 4.5a 12.1b 3.9b 1.7c 30.7b 4.70c 
NaClxCd n.s. n.s. n.s. n.s. * n.s. n.s 

Fruits 

NaCl0 3.3a 0.2a 1.5a 1.3a 0.59a 16.4a 3.13a 
NaCl20 7.8b 2.0b 1.7a 1.4a 0.92b 20.9b 3.53a 
NaCl40 12.1c 3.0b 1.7a 1.4a 0.95b 22.3b 4.10b 
NaCl60 21.2d 7.0c 1.9a 1.5a 1.32c 26.6c 5.93c 
Cd0 12.5a 3.3a 2.0a 1.5a 0.17a 23.8a 4.53a 
Cd5 11.5a 2.8a 1.7a 1.4a 1.00b 20.5b 3.92b 
Cd10 12.0a 3.1a 1.7a 1.4a 1.67c 20.4b 4.05b 
NaClxCd n.s. n.s. n.s. n.s. * n.s. n.s. 

Means with the same letter in the columns are not significantly different, P≤0.05; *significant interaction of 
applied NaCl and Cd treatments, P≥0.05  

Figure 1.  Strawberry plants 68 days after commencement of NaCl treatment (0-60 mM) 

Conclusion 

The results confirmed that strawberry is one of the most salt-sensitive horticultural species whose vegetative 

growth and mineral composition can be severely compromised even under moderate rhizosphere salinity 

(20 mM NaCl). Cd contamination significantly enhanced its accumulation and reduced Cu/Zn concentration 

in leaves/fruits, indicating strawberry as crop with relatively high potential to take up and transport Cd from 

roots to leaves/fruits, and/or to translocate Cd via phloem from leaves to fruits. 
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Introduction 

Antimony is a trace metalloid that attracts increasing attention in the world literature (Clemente 2013; 

Filella et al. 2009). It is considered potentially toxic, however the understanding of its toxicity and 

environmental behaviour is limited. Antimony is often believed to behave similarly to arsenic. It usually 

occurs in the environment in association with arsenic or with metallic elements. The cases of high Sb 

concentrations in soils are known from the areas of contemporary or past antimony ore mining and the 

areas of arsenic mining and processing (Filella et al. 2009; Clemente 2013). Elevated concentrations of Sb 

were recorded also in soils contaminated by mining and metallurgy of other metals, in particular zinc, lead 

and copper. Literature reported the presence of high antimony concentrations in soils in the military and 

sport shooting ranges (Sanderson et al. 2014). The knowledge on occurrence of antimony in Polish soils is 

very poor. Its enrichment may be expected from the sites of former Sb mining in several sites of 

Sudetenland, as well as in the areas of the former arsenic ore mining, such as Złoty Stok, extremely 

polluted with arsenic (Karczewska et al. 2009; 2013). Further, the soils in the vicinities of copper smelters 

Legnica and Głogów, highly contaminated by smelter emissions, may very likely contain elevated levels 

of Sb. Soil enrichment may also be expected in military and sport shooting ranges. 

The main objective of this study was to determine total concentrations of Sb, and additionally of  As, in 

soils in the areas of their likely occurrence in the environment, as well as to examine their solubility as 

related to the source of enrichment and soil properties. 

Methods 

Soil samples were collected from over 150 sites in Lower Silesia, with particular focus on the specific 

areas listed above, where enhanced concentrations of Sb may be expected. Soils were divided into the 

groups according to possible source of Sb enrichment. Total concentrations of Sb and As were determined 

after soil digestion with aqua regia. Soil solutions were acquired from soils incubated at constant moisture 

for various time (2, 10, 30, and 60 days), and the concentrations and speciation fo Sb and As in soil 

solutions were determined. The experiment in currently being continued. 

Results 

Most of soils examined contained very high concentrations of Sb and As (Table 1). Particularly high 

concentrations of Sb in soils, up to 437 mg/kg were found, as expected, in the vicinities of small historical 

Sb mines in the Suteden. Soils of former As mining areas, were highly enriched in As, as reported 

previously (Karczewska et al. 2007; 2013). Most of those soils contained considerable concentrations of 

Sb, up to 57.4 mg/kg.  The amounts of Sb in most of the shooting range soils were also relatively high, 

particularly in top soil layers. The concentrations of Sb and As in soils depended both on their origin and 
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on soil properties, mainly pH and organic matter content. The solubility of Sb in the shooting range soils 

was much higher than that in geochemically enriched soil samples. The highest concentration of Sb in soil 

solution was 341 μg/L. The amounts of Sb released into solution in a short time of incubation were in 

shooting range soils assessed as 0.03-0.44% of total soil Sb. The concentrations of Sb and As in soil 

solutions acquired at 80% of water holding capacity did not tend to change significantly during prolonged 

soil incubation. Very high, up to 12.9 mg/L,  were the concentrations of As in pore water of mine soils in 

the historically contaminated sites. 

Table 1. The ranges of As and Sb concentrations in soils and in soil solutions acquired after  2- and 10-day 

incubation of moisture soils. 

Groups of sites N Total concentrations in soils, mg/kg Concentrations in soil solutions*, μg/L 
Sb As Sb As 

Historical Sb mines 
– soils and spoils

28 35.1-437 29-2880 34.0-243 1.12-158 

As mining sites 42 0.04-57.4 320-45100 3.8-42.7 56-12900 
Other historical 
mines 

26 0.05-122 67-143 0.48-102 0.18-3.08 

Shooting ranges 27 <0.01-89.6 2.23-9.2 44.1-341 1.15-18.4 
Other sites 35 <0.51 0.30-100 Not determined Not determined 

* The data on Sb and As concentrations soil solutions refer to those samples that contained >3.0 mg/kg Sb.

Conclusion 

As expected, enhanced concentrations of Sb occur in soils affected by historical ore mining and 

processing, in particular those where Sb and As were mined. Solubility of both elements in soils is 

relatively low if considering their shares released from solid phase into soil solutions. Despite this, their 

concentrations in pore water should raise concern as they may affect soil biota and other organisms. Sb 

solubility in shooting range soils is particularly high compared to mine soils. 

Research should be continued to identify the factors that may accelerate the release of As and Sb from 

contaminated soils into soil solutions.  

This research was supported by financial means granted by the National Science Centre of Poland; 

Project No. 2014/13/B/ST10/02978. 
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Introduction: In snow-covered regions, the terrestrial dynamics of chemicals from atmospheric 

deposition is largely influenced by snowfall and subsequent snowmelt that leads to strong pulses of 

chemical inputs in streams during the onset of melt (Williams and Melack, 1991). The snowmelt pulses of 

trace metals, potentially harmful elements to the ecosystems, can account for 70-80% of the total annual 

trace metal loads (Johannessen and Henriksen, 1978). Vegetation influences both snowfall interception 

and dynamic of trace metal deposition through metal recycling, particularly for Co, Cd, Pb, and Zn 

(Heinrichs and Meyer, 1980). Vegetation can act as either a source (by throughfall) or a sink (leaf 

interception) for trace metal, altering deposition pattern between under canopies and in open areas 

(Gandois et al., 2010, 2014). The objective of this study was to characterize the dynamics of various 

metals with different environmental behaviors (e.g., Al, As, Cd, Mn, Pb, V, and Zn) in the atmosphere–

snow–snowmelt continuum during an entire winter season and assess the differences in cycling between 

canopy and canopy-free locations. 

Methods: The study area was located in the Sagehen Creek basin in the Sierra Nevada (California, USA) 

at 2,000 m ASL. We collected wet deposition, snowpack, and snowmelt samples at adjacent duplicate 

sites throughout the snow season, two sites were located directly under Pinus contorta canopy, while two 

sites were located in an adjacent open meadow. We used four heated precipitation samplers (MDN 00-125 

and TM 00-127, N-CON Systems Company, Inc., Crawford, GA, USA) that were placed at the four 

locations and served to collect precipitation during major snowfall events. Snowpack samples were 

collected each month at 10 cm depth increments through the snow profile using an acid-cleaned stainless 

steel cutter (RIP 1 cutter 1000 cc) and stored in Nasco Whirl-Pak® plastic bags. We developed novel 

snowmelt lysimeters made of 1 m2 Teflon sheets connected to collector tubes and vacuum bottles, and 

allowed for collection of meltwater below the snowpack prior to soil infiltration. We further collected 

creek water on a monthly basis, before and after the snowmelt, using acid-cleaned glass bottles. All the 

collected samples were conducted in duplicates, and solutions were filtered (45 µm) and acidified (0.2% 

HNO3) in the lab and analyzed by ICP-MS (Agilent 7700X, Agilent Technologies, Santa Clara, CA, USA) 

for trace metal concentrations. 
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Results: The volume of precipitation collected under canopy was on average 20% lower than those 

collected in open area, reflecting a strong effect of canopies on observed precipitation volumes. Snow 

depth between canopies and open locations showed much larger differences, with a peak snowpack depth 

of 90 cm in the meadows versus 30 cm under canopies. This resulted in a decrease of snow water 

equivalent (SWE; the amount of water stored in snowpack) under canopies by an average decrease of 

more than 70%. Using the novel lysimeter device, we were able to collect snowmelt water from the end of 

January to the end of season, showing that snowpack water can be collected below the snowpack using 

trace metal procedures. Snowmelt volumes collected were highly variable between open areas and under 

canopies, probably due to microclimate and topographic conditions. Trace metal analysis are currently in 

progress to assess correlations of trace metal concentrations with snowmelt volumes, SWE, and snowfall 

volumes. This will allow us to estimate a wintertime balance of inputs and losses of trace metals in Sierra 

Nevada mountain snowpack, which are a major factor of the annual hydrologic cycle in these systems. 

Conclusion: Our initial results in assessing canopy influence on snowfall, snowpack, and snowmelt 

dynamics and associated trace metal cycles showed large differences in terms of volume of precipitation 

and snowpack accumulation between canopies and adjacent open meadows. Novel trace metal grade 

snowpack lysimeters proved instrumental for the collection of snowmelt water for trace metal 

characterization under snowpack prior to infiltration into soils. The resulting trace metal budgets and 

dynamics at these locations are currently under development and will allow a comprehensive view of 

snow-related trace metal inputs, storage, and melt losses at this mountain location. 
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Introduction  

Surface sediments are often recognized for their complexity due to numerous biogeochemical reactions. 
Early diagenetic transformations are directly or indirectly linked to the degradation of sedimentary organic 
matter by bacteria. This mineralization occurs through various metabolic processes, where the organic 
material serves as reducing agent (electron donor). This oxidative process requires transfer of electrons 
involving oxidants (electron acceptors): O2, NO3

-, Mn(III, IV) and Fe(III) (hydr)-oxides, and finally SO4
2- 

(fermentation processes are not considered in this study). Redox transformations of these major species 
associated to other bacterial processes (i.e., methylation) are capable to deeply modify the speciation and 
the fate of arsenic within the first cm of the sedimentary column, as well as its potential toxicity for aquatic 
organisms. 

Methods 

In order to better understand the parameters affecting the speciation and behavior of arsenic in surface 
sediments, four sampling campaigns were done in 2014 along the Marque river (Northern France) and the 
sediments cores were treated as follows: (i) on site core cutting under nitrogen atmosphere; (ii) 
centrifugation of the slices and filtration under nitrogen for pore water analyses; and (iii) sediment particles 
freezing under nitrogen. Several key parameters are presented as a function of depth: redox potential, pH, 
arsenic speciation (by HPIC-ICP-MS), Fe(II), Mn(II), S(-II)) in sediment pore waters, and Fe, Mn, S and 
As distribution in the solid phase. 

Results 

The results underline that only inorganic forms of arsenic [As(III), As(V), and thio-arsenical species] are 
detected in pore waters. Overall, As(III) is the dominant species, with As-S associations at the bottom of 
the cores. No direct interaction between arsenic, iron and manganese cycle has been observed in the pore 
waters, and the behavior of As should be rather linked to the cycle of sulfur. In the solid phase, As is mainly 
present in exchangeable fraction. Low associations have been observed between the reactive phases (e.g. 
calcite, (hydr)-oxides, FeS) and the residual fractions (clays, pyritic compounds and organic matter). 

Conclusion 

Seasonal changes of As speciation in the dissolved phase depends mainly of S(-II) production by sulfate-
reducing bacteria, which makes the amount of dissolved S(-II) an important parameter to follow through 
time since the As reduction increases its mobility and toxicity.
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Introduction 

Former metallurgical activities in the Artois-Picardie River Basin (Northern France) caused an important 
trace metal enrichment of rivers sediments. Some watercourses, such as the Deûle River at the ex 
Metaleurop location, still present high levels of Cd, Pb and Zn in the sediments. Furthermore, the important 
fluvial traffic that occurs on navigated rivers calls into question the impact of sediment resuspensions on 
water quality and biota. 

Methods 

To determine the impacts of sediments resuspensions, 3 rivers (Deûle, Sensée and Scarpe Rivers) were 
selected according to their level of sediment contamination and to the boat traffic. Sediment cores were 
sampled on each river, in May 2011 and in April 2012. Trace metal concentrations were determined in 
sediments, as well as in the porewaters and in surface waters. Acid volatile sulfides (AVS) were also 
assessed to calculate Toxicity Index (TI) (USEPA, 2004). Caged gammarids originated from a controlled 
population (Irstea Laboratory, Lyon, France) were deployed on each river during 2 weeks in May and 
October 2011 and in April 2012. Metal bioaccumulation were determined on caged gammarids for the 3 
campaigns. Additionnally, in April 2012, a comparison with an other gammarid population, sampled in 
Northern France (Rhônelle River), was carried out to compare biological responses. 

Results 
The boat traffic was investigated at locks: the 2 navigated rivers, the Deûle and the Sensée Rivers, 
presented the same traffic conditions, with a mean of 30 boats per day in 2011-2012 (Prygiel et al, 2015). 
High levels of trace metals were measured in the sediments of the Deûle and the Scarpe rivers, especially 
for Cd, Pb and Zn (37 and 72 mg kg-1

 for Cd; 1500 and 400 mg kg-1 for Pb; 2900 and 2200 mg kg-1 for Zn, 
for the Deûle and the Scarpe Rivers respectively). By contrast, the Sensée sediments were poorly 
contaminated (Prygiel et al, 2015). The TI calculated from the AVS concentrations always exhibited 
values below 1, thus allowing to conclude that the risk of trace metal remobilization in the water column 
was low whatever the studied river. Despite the high concentrations differences in the sediments, 
dissolved metals levels in the water column were in the same order of magnitude and relatively low for the 
3 channels compared to the sediments 
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levels. Mean values (2011-2012) were compared to the Equivalent Quality Standards (EQS) of the Water 
Framework Directive: Cd and Pb concentrations contributed to downgrade the Deûle and Scarpe Rivers; 
Zn and Cu concentrations both downgraded the 3 rivers (Prygiel et al, 2015). 

Concerning gammarids exposure (Prygiel et al, in preparation), survival rates were satisfying for the 3 
monitoring campaigns (> 80 %) excepted in the Scarpe River in May 2011, where all the gammarids died 
after 3-days exposure, probably due to low oxygen concentrations. Trace metals concentrations were 
measured in the organisms: Co, Cr, Cu and Zn never exceeded the contamination thresholds defined in 
Besse et al (2013). Cd was poorly bioaccumulated in 2011, whereas high bioaccumulation levels were 
measured in the Deûle and in the Scarpe rivers in 2012. Pb was systematically highly accumulated in the 
gammarids exposed in the 3 rivers, both in 2011 and 2012. The high hardness of water (> 200 mg L-1) 
probably contributed to reduce the availability of trace metals, especially for Cd that was responsible of 
water down-graduation. These results confirm that trace metals are efficiently trapped with sediments 
particles, and that regular resuspensions by boating do not significantly enrich the water column in trace 
metals. Otherwise, the responses obtained from the 2 gammarids populations were similar for all studied 
markers and proved that the “gammarid tool” is reliable to an application in the framework of water survey. 

Conclusion 

This study did not permit to observe any toxic effect of navigation resuspensions on caged gammarids. The 
biological responses were more influenced by seasonal effect than by boating activities. It also demonstrated 
the difficulties to assess the metal bioavailability, dependent on several parameters such as water hardness, 
organic matter complexing capacity... and suggested that the exceeding of EQS do not always induce a 
water toxic effect. Finally, the caged gammarids were proved to be an interesting tool to complete the 
chemical status of water systems. 
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Introduction 

Concentration of metals in soil and river sediment are correlated with their mobility and availability.  Human 

activities affect chemical and physical soil properties what can lead to the change of concentration of trace 

elements in soils and sediments (Kebata-Pendias and Mukherjee, 2007). The trace elements from 

anthropogenic sources exist mainly on the surfaces of soils. However, factors such as content of organic 

matter and fain grains, concentration of SiO2 or other soil parameters can cause an outflow of metals from 

soils to the rivers sediments (Pempkowiak, 1997). 

Methods 

Soil and sediments samples were collected  in August 2016. The samples were collected from five rivers 

which are Gizdepka, Płutnica, Reda, Zagórska Struga and Vistula. These rivers were characterized by 

different types of catchment. The soil samples were taken from surface layer (0-20cm) and sediment was 

collected from the river bottom. The samples had been homogenized and freeze dried before analyzing. The 

concentration of Fe, Mn, Cr, Cu, Zn and Zr was determined XRF method in the laboratory of the Institute 

of Oceanology of The Polish Academy of Sciences.  

Results 

The most received concentration of metals were characteristics for unpolluted area. However, some part of 

them were typical for agricultural soils. The river sediments were characterized by lower concentration of 

almost every analyzed  metal compared to surface soil. Zr was characterized by the widest range of 

concentration in both soil and sediment samples. Considerable variability was observed for concentration 

of Zn in soil (fig.1a). The most similar concentration in all of stations was detected for Cu. The highest 

difference between metal concentration in soil and sediment was in relation to Zr (71%) (fig. 1a,b). 
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Figure 1. Statistical characteristics of concentration of Cr, Cu, Zn, Zr [mg/kg] (a) and Fe, Mn [g/kg] (b) in soils 
and river sediments of Gizdepka, Płutnica, Reda, Zagórska Struga and Vistula 

Conclusion 

Difference between concentration of metals in soils and sediment can depend on different factors such as 

content of organic matter and fain grains, type of catchment or additional anthropogenic sources. Taking 

into account analyzed stations, higher concentration of total Cr, Cu, Zn and Zr was detected in the sediments 

at the source of rivers. Nonetheless, concentration of Zn and Cu normalized to fine grain content showed 

increased concentration of these metals in all stations localized at mouth of rivers. It can be related to the 

enrichment of fain grain in Zn and Cu. The extreme concentration of Cr, Cu, Zn and Zr was detected in 

Zagórska Struga stations. However, the highest concentration of Mn i Fe was found in Płutnica stations. 

The concentration of total Me and Fe in sediments at the mouth of all rivers that can be connected with 

enrichment of organic matter in these metals. It was particularly noticeable at the  mouth of the Płutnica 

station, where content of organic matter was about 70%. Concentration of Zn was typical for agricultural 

soil. It can be caused by using pesticides and fertilizers with Zn to the production. Due to high directly 

correlation Cu and Zn to the LOI decrease of concentration of these metals can be connected with the decay 

of organic matter. Variability in the concentrations of metals in the soil and sediment at the same station can 

be caused by content of SiO2 as well. The wide range of concentration of Zr and Zn can be caused by factors 

like content of fine grains (Kebata-Pendias and Mukherjee, 2007). Taking into account only sediment of 

stations localized in mouth of rivers, Płutnica and Reda can contribute to increase of concentration of Fe 

and Mn  in the southern Baltic. Moreover, Gizdepka can lead to the increase of concentration of other 

analyzed metals. 
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Introduction  

Piraquê-Açú and Piraquê-Mirim Estuarine System (PAPMES) and adjacent continental shelf are influenced 
by land-use of this region (Costa et al., 2016). Industrialization, urbanization, petroleum exploration, 
charcoal production and silviculture of eucalyptus are examples of anthropogenic activities that promotes a 
pressure on the environment. It is expected to find great concentrations of trace metals and semimetal nearby 
these activities. In addition, due to high carbonate content of the sediments in this region, the studied 
elements could be enriched compared to other coastal environments. 

Methods 

Surficial sediments were collected in 43 stations covering the PAPMES and adjacent continental shelf. 
Organic matter percentage, calcium carbonate and trace metals were analyzed in all samples by combustion, 
HCl digestion and HNO3 microwave digestion according EPA 3051A followed by ICP-MS analysis, 
respectively. 

Results 

Organic matter and calcium carbonate content in all samples ranged from 0.98 to 27.62 % and from 0.55 to 
48.34 %, respectively. Relatively high values of these parameters were found in the continental shelf mainly 
because the presence of marine bioclastic grains associated with calcareous algae (Dias, 2000). Major and 
trace elements showed a concentration order as follows in all stations: 
Fe>Al>Mg>Sr>Mn>V>As>Cr>Zn>Ba>Pb>Ni>Cu. 

PAPMES showed a greater concentration of Al, Cr, Fe, Ba and Pb when compared to continental shelf. This 
showed greater levels of Mg, V, Mn, Ni, Cu, As and Sr.  As was the only element that showed sediments 
quality values above those estipulate by NOAA (National Oceanic and Atmospheric Administration) and 
Brazilian National Environment Counsel (CONAMA) as possibly harmful to biota. This high As values are 
possibly associated to calcareous algae detritus which could co-precipitate with Ca and Mg carbonates on 
the structure formation of this algae (Mirlean et al., 2001). 
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Table 1. Range (minimum and maximum) and mean values for major and trace elements in PAPMES and 
continental shelf adjacent. 

Element Piraquê‐Açú River Piraquê‐Mirim Continental
Mg  Range 0.20 – 7.40 1.2 – 4.3 1.60 – 13.80

Mean  4.20  3.2 6.60 
Al  Range  2.40 – 23.30 4.5 – 7.3 1.10 – 26.20 

Mean  12.00 6.2 10.60 
V  Range  5.52 – 47.45 12.40 – 20.25 23.71 – 133.45 

Mean  26.23 16.33 70.40 
Cr  Range  3.00 – 159.02 7.89 – 14.38 6.66 – 66.05 

Mean  80.77 11.17 32.16 
Mn  Range  17.23 – 638.17 17.25 – 170.94 160.89 – 

Mean  333.69 113.68 586.94 
Fe  Range  5.5 – 82.6 6.00 – 18.60 9.70 – 56.50 

Mean  31.9  14.30 30.60 
Ni  Range  0.09 – 8.73 0.32 – 1.67 0.63 – 14.52 

Mean  3.81  0.94 7.46 
Cu  Range  0.51 – 10.00 0.51 – 0.86 0.51 – 35.22 

Mean  3.42  0.63 5.28 
Zn  Range  3.27 – 33.28 3.97 – 8.07 2.87 – 75.54 

Mean  15.3  5.86 25.06 
As  Range  0.23 – 13.77 2.70 – 18.88 5.28 – 185.91 

Mean  6.87  13.34 58.12 
Sr  Range  1.31 – 669.54 12.17 – 349.75 36.59 – 4100.42 

Mean  209.39 126.58 706.30 
Ba  Range  3.36 – 49,90 0.62 – 16.40 1.84‐83.84 

Mean  21.76 6.62 19.15 
Pb  Range  0.10 – 28.69 0.21 – 2.94 2.77 – 19.39 

Mean  14.51 1.36 9.95 
‐ Al, Fe and Mg concentrations are expressed in mg/g. 
‐ As, Ba, Cr, Cu, Mn, Ni, Pb, Sr, V, Zn concentrations are expressed in µg/g. 

Conclusion 

The concentrations of the elements are not influenced by anthropogenic activities (e.g. Industrialization, 
urbanization, petroleum exploration, charcoal production and silviculture of eucalyptus). Arsenic was the 
only element that showed a concentration higher than that estipulate by NOAA and CONAMA but those 
values possibly have natural occurrence associated with calcareous algae detritus. 
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Introduction 

Espírito Santo Basin is comprehended between Vitória-Trindade seamounts and Abrolhos bank, southeast, 

Brazil, and it is morphologic characterized by shortage of submerse channels that contributes the transport 

of terrigenous material from continental shelf to deeper basin areas. Transport of terrigenous material to 

oceanic basin is mainly from atmospheric and continental (rivers) input. These ways can carrier not only 

natural but anthropogenic elements, such heavy metal, which depending of the amount could cause severe 

damages on the biota and environment. Residual (total) and bioavailable fractions of metals (Al, Fe, Ba, 

B, Cu, Cr, Pb, Cd, Zn, Ni, V,  Mn, Mg and Hg) and metalloid (As) in surface sediments of Espírito Santo 

Basin (continental shelf and slope), Brazil, were geochemical evaluated regarding their distribution, origin 

and associated processes. Results indicate those elements associated with terrigenous deposits in both 

continental shelf and slope with possible influence of Doce river as major source.    

Methods 

Surficial sediments were collected in 70 stations (7 transects x 10 points) covering the continental shelf 

and slope. Major and trace elements were analyzed in all samples by partial (bioavailable) and total 

(residual) extractions, using HNO3 and 9:4 HNO3: HF, respectively. The extractions were conducted by 

microwave digestion according EPA 3051A (partial) and EPA 3052 (total) followed by ICP-MS analysis.  

Results 

Concentrations of all samples are present in Table 1. Mg and Fe values showed variation between the 

seasons, being Fe higher at summer possibly associated with higher continental discharge at this rainy 

season. Magnesium is natural concentrated in the sediments of Espírito Santo basin because a bioclastic 

carbonate rich characteristic of the sediment. Cr, V, Fe, Ba, Ni, Cu and Al are strong associated with a 

terrigenous input, whereas elements as Mg, As, Cd and Sr are directly influenced by biogenic carbonate 

deposits. 

Metals and metalloid concentrations showed an evidently difference between continental shelf and slope. 

Both residual and bioavailable fraction of Al, V, Cr, Mn, Fe, Ni, Cu, Zn, As, Ba e Pb presented a high 

variation between 400m and 1300m depth, indicating a transitional region of deposition of these elements. 

Hg showed an association with fine particles which is related with colloidal fraction aluminum oxides and 

hydroxides, being atmospheric deposition an important source. 
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Table 1. Minimum, maximum and mean values for major and trace elements in total and partial extractions in 

Espírito Santo basin at summer and winter season. 

Elements 
Espírito Santo Basin 

(summer) 

Espírito Santo Basin 

(winter) 

Extraction 

Partial Total Partial Total 

B 
Min. - Max 6,59 - 65,24 - 1,94 - 36,43 - 

Mean 36,15 - 15,70 - 

Mg 
Min. - Max 1,86 - 23,71 2,47 - 25,2 0,89 - 22,10 0,90 - 22,46 

Mean 8,09 9,37 6,57 7,95 

Al 
Min. - Max 1,41 - 29,22 2,17 - 38,02 1,16 - 20,07 1,90 - 78,97 

Mean 10,55 15,85 8,61 14,85 

Mn 
Min. - Max 31,75 - 1288,82 35,65 - 1766,57 21,14 - 1062,59 14,24 - 3502,73 

Mean 422,69 499,93 219,60 436,76 

Fe 
Min. - Max 2,09 - 58,02 2,68 - 61,83 1,20 - 26,22 1,95 - 70,22 

Mean 20,69 23,10 9,50 13,52 

Sr 
Min. - Max 0,15 - 5,94 0,18 - 6,93 0,07 - 3,31 0,13 - 4,47 

Mean 1,84 2,12 1,05 1,27 

V 
Min. - Max 2,54 - 104,82 3,52 - 108,99 0,97 - 43,28 2,07 - 100,54 

Mean 42,78 48,67 19,29 42,91 

Cr 
Min. - Max 6,22 - 84,53 8,80 - 103,83 1,95 - 33,48 7,25 - 89,52 

Mean 32,33 39,31 13,58 28,92 

Ni 
Min. - Max 2,22 - 29,93 4,27 - 91,12 0,62 - 11,63 2,80 - 38,43 

Mean 15,86 21,97 7,07 17,13 

Cu 
Min. - Max 0,24 - 27,83 0,16 - 39,13 0,29 - 9,30 0,70 - 29,76 

Mean 10,60 15,62 4,73 14,59 

Zn 
Min. - Max 3,64 - 28,98 4,77 - 92,18 0,07 - 23,76 3,17 - 90,29 

Mean 14,75 33,42 10,69 44,75 

As 
Min. - Max 5,00 - 31,04 37,20 - 87,09 3,86 - 30,52 22,25 - 104,39 

Mean 13,11 54,17 11,81 52,35 

Cd 
Min. - Max 0,02 - 0,11 0,02 - 0,74 0,02 - 0,19 0,02 - 0,77 

Mean 0,06 0,28 0,08 0,19 

Ba 
Min. - Max 3,78 - 172,12 10,85 - 315,17 1,68 - 149,66 4,51 - 210,00 

Mean 47,39 77,83 45,69 82,63 

Pb 
Min. - Max 0,82 - 20,92 1,12 - 37,98 0,64 - 16,36 0,75 - 29,60 

Mean 8,86 15,44 7,15 10,92 

Hg 
Min. - Max - 1,66 – 62,41 - <1,00 – 62,41 

Mean - 13,40 - 15,60 

Conclusion 

Sr, Mg, Ca and As presented an association with bioclastic carbonate sediments and some metals (Cr, V, 

Fe, Ba, Ni, Cu and Al) showed strong association with terrigenous input. Among the study elements, both 

residual and bioavailable fractions of Al, V, Cr, Mn, Fe, Ni, Cu, Zn, As, Ba e Pb showed a transitional 

deposit region between 400m and 1300m. There is the occurrence of two distinct geochemical provinces, 

directly influenced by the variation in carbonate content and hence the concentration of biogenic elements 

associated with these deposits. This separation occurs between the samples from the southern and northern 

part of the Continental Shelf, which have, respectively, higher and lower content of carbonates, Sr and 

Mg. For most of the elements isobaths 400m, 1000m and 1300m are those with this variation in the 

concentration in relation to other depths.  
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Introduction 

For almost one century an important steel plant was active in the industrial area facing on the coastal 
marine area of the Bagnoli Gulf (Naples, Italy). An extensive environmental characterization was carried 
out and the results showed a contamination mainly due to Polycyclic Aromatic Hydrocarbons (PAHs) and 
metals, such as Pb, Zn, Cd, Cu and Hg, closely correlated to the steel activity, up to 2 meters in depth, 
only close to the piers of the plant (Fig. 1). Aim of this work is to investigate the temporal changes of 
heavy metal contamination in the marine coastal area, through the study of sediment cores, taking into 
account the reference condition recovered in the uncontaminated levels. 

Methods 

Three sediment cores (BA39, BA78, BA95) were collected by means of vibrocorer in March 2005 in the 
marine area facing the industrial plant of Bagnoli, in the Bay of Nisida at south and in the northern area, 
not influenced by industrial activity, respectively. The total sediment recovery was of 494 cm, 416 cm, 
and 370 cm, respectively. Each core was subsampled using 2 cm thick levels for a total of 142 levels. 
Sediment samples were used for grain size (Romano et al., 2004) and chemical analyses. Metals and trace 
elements (Al, As, Be, Cd, Co, Fe, Mn, Ni, Pb, Sn, V, and Zn) were analyzed according to EPA 3052, 
using an AAS and ICP-AES; for Hg analysis a Direct Mercury Analyzer (DMA-80, FKV) instrument was 
used, according to EPA 7473. The results were analyzed by statistical approach. 

Figure 1. Study area and sampling stations. 

Results 

The analytical results showed a prevalence of sandy sediments in all the cores, with an increase of pelitic 
fraction in the bottom, superficial and middle core levels in BA95, BA39 and BA78 respectively. In the 
cores BA39 and BA78, the chemical results highlight higher values of several elements, like as Cd, Cu, 

Nisida Bay 

Industrial 
plant 
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Hg, Ni, Pb and Zn, in the upper 60 cm of the cores. Instead, the core BA95, located in the northern sector 
of the study area, shows lower values of the analyzed parameters. 

The Principal Component Analysis (PCA) demonstrated that all metals and trace elements, except Al, are 
correlated among themselves and associated to the upper levels (0-59 cm) of core BA39 (Fig. 2). 

Figure 2. PCA on analytical data. PC1 and PC2 account for 62%, and 10% of variance, respectively. 

The Enrichment Factor (EF) of metals and trace elements was determined according to Tanner et al. 
(2000) while mean crustal concentrations were considered as background values (Turekian and Wedepohl, 
1961). Considerable EFs were determined, mainly in core BA39, for Hg, Zn, Pb and Cd. The significant 

enrichments started at -59 cm for all of them, but with the highest values at 
different depths: Hg has the highest value at -39 cm, Cd at -17 cm, Pb at -11 
cm and Zn at -9 cm. Above this level a general decrease of EFs is observed, 
although they are still high in the top level. 

Conclusion 

The statistical correlation of metals and trace elements, together with the 
concurrent event of metal enrichment, suggest a common origin. The 
earliest enrichment may be attributed to the start of the industrial activities 
in the early 20th century, while the general decrease is related to the closing 
of steel plant. The high metal enrichment which characterizes the most 
superficial level of sediments indicates that at, the moment of sampling, the 
industrial area still contributed to the contamination of the marine coastal 
area. 

Figure 3. Core BA39: plot of Enrichment Factor along core depth. 
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Introduction  

In 1950 Harald Sioli published a historical work about the different types of water in the Amazon region classifying 

them as: white water rivers (muddy), black water rivers and clear water rivers (Sioli, 1985). Sediments play an 

important role in the characterization of impacts on water sources and are considered the main metal species sinks 

and reservoirs in aquatic environments (Mozeto et al. 2007). Mercury is a toxic metal known and its toxicity is 

potentiated with organification process. Therefore, considering the importance of sediments and organic matter as 

the main sinks and metal species reservoirs in aquatic environments, it is environmentally relevant investigate the 

total mercury distribution in the organic matter extracted from sediments collected in watersheds with different types 

of water in the Amazon basin.  

Methods 

The samples were taken in the flood season hydrological and drought in 2013 and 2014, the respective 

springs according to Table 1. 

Table 1. Wellsprings collected Amazonian waters classes, periods of sampling in 2013-2014 and UTM coordinates. 

Wellspring  Water Class  Sampling  Sampling  Coordinats
X Y 

Madeira river White water April October 266960 8937744 
Negro River  Black water  December June 9870128 554531 
Tocantins  Clear water  November July 8509334 804497 

The collected samples were made using timely sediment collector (dredger Eckman), allowing the 

collection of more reactive layer of sediment in the areas of backwater. After collection, the samples were 

packed in PET bags, kept refrigerated at about 5 ° C to the preparation and laboratory analysis. After 

homogeneinização wet the PET own bags and drying at room temperature, granulometrically were 

fractionated in 10 fractions using sieves of 2 mm and 63 pm. Humic substances (HS) were extracted from 

the size fractions according to the procedure recommended by the International Humic Substances 

Society-IHSS. The total organic carbon in humic fractions determinations were made according to the 

methodology described by Silva (2014). The total mercury concentration was determined by the technique 

of mercury vapor generation cold coupled with atomic absorption spectroscopy (CVAAS) - EPA 1631, 

adapted. 
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Statistical analysis indicated no significant difference between the periods of flood and drought. The results for these 

periods are below the reference values reported in the literature (Mozeto et al. 2007). As for total organic carbon 

(TOC) determined in sediment samples could be established the following descending order of the springs with 

different water classes: Negro river>Madeira river>>Tocantins river. According to the TOC levels determined in 

humic fractions, it was possible to establish the following decreasing orders in the fountains: Madeira river: 1.4 > 1.0 

> 2.0 mm > 180 > 500 > 355 ≈ 250 > 125 > 63 pm > fraction < 63μm; Negro river: fraction less than 63μm > 125 > 

63 ≈ ≈ 180μm 1.4mm > 2.0mm ≈ 355 ≈ 500 > 250 uM > 1.0mm; Tocantins river: 1.0 mm > 180 ≈ 125 > 250 > 63 

μm > 1.4mm ≈ 500 > 355μm > 2.0mm > fraction <63μm. As for total mercury concentration (Figure 1) could be 

established the following descending order of the springs with different water classes: Negro river>Madeira River≈ 

Tocantins river. In fractions, the highest total mercury concentrations were determined in those with higher COT. 

According to Oliveira et al. (2011), this can be explained due to complexation with the metal species humic 

substances. 

Figure 1. Total mercury concentrations determined in the organic matter extracted from bottom sediment samples 
collected in the Madeira river, Negro river and Tocantins river. 

Conclusion 

Sediment collected in spring of black waters (Negro river) have higher concentrations of total organic 

carbon that the white water (Madeira river) and clear (Tocantins river). Consequently, higher 

concentrations of total mercury. The highest total mercury concentrations in the extracted organic matter 

of sediments were determined in the smaller size fractions for the black water fountain. On the other hand, 

in white water sources and clear water were characterized greater total mercury concentrations in the 

larger particle size fractions. 
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Introduction

During the 19th and 20th centuries the main sources of metals in aquatic environments were 

anthropogenic inputs, especially in urban catchments, mainly from industrial or urban effluents. 

Additionally, it has been reported that most of the metals in aquatic systems are associated with the 

particulate phase, which acts as a vector and reservoir of contaminants (Owens and Xu, 2011). Suspended 

particulate matter found in rivers may have a natural origin (geological weathering) or anthropogenic origin. 

Moreover, although sediment-associated metals accumulate in the river during periods of low discharge, 

they are resuspended and transported downstream during flood events, especially during higher-magnitude 

floods, where the risk of metal mobilization increases. 

In this context, this work aims to: i) determine the sites with the highest potential of risk from sediment-

associated metals and identify their source of contamination; ii) assess the impact of natural or 

anthropogenic disturbances such as the occurrence of a high-intensity flood and construction of a high-speed 

rail on source variability and change in metal composition in river-bottom sediments. 

Materials and methods

Nine surface bottom sediment (SBS) samples were collected from the main river bank and from 

tributaries, during the sampling campaigns of October 2011 and October 2012. SBS were collected using a 

plastic spoon and sealed in clean polyethylene bags. 

In the laboratory, SBS were air-dried and ground with a pestle and mortar for homogenization. Pseudo-

total metal content was measured in three replicates of the fine fraction (<63 m) at each sampling point. 

A sequential extraction method (BCR 701) was performed in three replicates of sediments. This extraction 

was divided into four operationally defined fractions: F1 (soluble species, carbonates and exchangeable 

metals); F2 (Fe/Mn oxi-hydroxides); F3 (organic matter and sulphides); and F4 (residual fraction). Finally, 

the metals under consideration (Fe, Mn, Cu, Cr, Ni, Pb and Zn) in the extracts and pseudo-total digestion 

were determined by ICP-OES. Total sulphur, nitrogen and carbon were also measured. 
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Untreated industrial effluents (about 6,773 m3 y−1) contribute significantly to the pseudo-total metal 

content, the organic matter load (16,035 kg O2 y-1) and the suspended sediment load (19,017 kg y-1) in rivers. 

This fact is reflected in those streams which still receive or have received untreated or partially treated 

wastewater effluents for a long time, which explains their higher organic matter, nitrogen and sulphur 

concentrations in fine sediments. Organic-rich material also determines the metal distribution in fine 

sediments. Therefore, a substantial amount of Cu, Cr and Pb was bound to the oxidisable fraction (F3), which 

means that these metals are favoured to form complexes with humic substances when there is an important 

organic input. 

Apart from that, uncontrolled industrial inputs could be partially responsible of the higher metal 

concentrations in the fine sediments and of the Zn, Mn and Ni distribution in the exchangeable/carbonates 

and reducible fractions (F1,2), which might be susceptible to remobilization if the physicochemical 

conditions of the river change and, consequently, they could be more available to aquatic biota. 

Determination of the global contamination factor (GCF, Naji et al., 2010) in fine sediments has made it 

possible to identify the extremely high potential risk for the aquatic environment due to metal pollution in 

those sites strongly affected by anthropogenic inputs, Zn being the most potentially toxic element for 

organisms in the Deba River catchment, followed by Cu and Cr.  

The recent construction of the Albertia rail tunnel has provided direct evidence of the presence of these 

sulphated facies in the southwest of this catchment where large quantities of sediments were extracted and 

deposited around the tunnel. As a consequence of CaSO4 accumulation in river sediments, where anoxia 

conditions were detected, the precipitation of Fe-, Zn-, Ni- and Cu-sulphides were favoured (F3).  

It can be concluded that intense rainfalls play two different roles. On the one hand, they drag and deposit 

sediments from soils to the river channel, particularly when runoff is important and, on the other hand, 

rainfalls generate flood events which result in a decrease in metal concentrations in channel bottom 

sediments, as observed in the 2012 campaign in some sampling sites. 

Conclusions

This study gives a better insight into the influence of anthropogenic factors (infrastructure construction 

and industrial and wastewater inputs) and hydrological factors (high-magnitude flood events) on metal and 

organic contamination and on the source variability of sediments taken from the Deba River urban 

catchment. 
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Introduction  

The increasing worldwide contamination of freshwater systems with heavy metals, due to anthropogenic 
activities, is one of the key environmental problems facing humanity. Thallium (Tl) is a typical toxic metal, 
which has a toxicity to mammals comparable to Hg, Pb, and Cd. Considering its high toxicity, Tl is listed 
as one of the metal pollutants of priority by many countries, such as US, Germany, Canada, and China (Xiao 
et al., 2012). As a rare element, it usually dispersed in the natural environment with very low content. The 
average abundance of Tl in the continental crust is 0.49 mg kg−1 (Peter and Viraraghavan, 2005). However, 
it may be concentrated in some particular sulfide minerals and silicates, owing to its dual elemental 
properties of chalcophile and lithophile (Karbowska et al., 2014). Therefore, as a minor constituent of 
numerous metal sulfide minerals, mining and smelting of such minerals and industrial activities likewise 
have emitted large quantities of Tl into the environment.  

Specifically the North River Basin of South China, well-known by nonferrous metal productions, bears 
abundant resources of sulfide minerals enriched in Tl, with content by several dozens of milligram per 
kilogram. With unplanned and unscientific exploitation of such resources for decades, a great environmental 
risk arising from Tl pollution has been formed. Knowledge of Tl pollution and its environmental behavior 
is prerequisite for proper environmental regulation and treatment. However, Tl pollution has been ignored 
for long due to its absence under supervision by government’s environmental protection bureau. Fluvial 
sediments, as a carrier of contaminants, have been used as valuable geochemical records for studying the 
sources, history and changes of trace metal pollution. 

In this contribution, we report a first systematic measurement of Tl and some other relevant heavy metal 
contents in a representative fluvial sediment profile from the North River in the vicinity of various mining, 
smelting and related factories. The aims are to quantify the level of Tl recorded in the vertical profile, to 
enhance the understanding of Tl transport behaviors, and to assess Tl pollution history in this area. 

Methods 

In December, 2014, a fluvial sediment core with a length of 117 cm was collected at intervals of 3-cm 
distances from the North River, near the convergence of effluents discharged from various industrial 
activities, such as Pb-Zn smelting and mining. The core was cut into sub-samples of 3-cm length in the field, 
and packed in plastic bags immediately to avoid oxidation. Sub-samples were then dried at room 
temperature and sieved prior to further analysis. For total digestion, the samples were digested on hot-plate 
by HNO3 and HF mixtures. Contents of Tl, Cr, Ni, Cu, Zn, Cd, and Pb were determined by means of 
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Inductively Coupled Plasma Mass Spectrometry (ICP-MS) (Elan 6100 DRCII, PerkinElmer, USA). The 
geochemical fractions of heavy metals (Tl, Cr, Ni, Cu, Zn, Cd, and Pb) in samples from selected depths of 
the sediment core were obtained by using an IRMM (Institute for Reference Materials and Measurement, 
Europe) sequential extraction procedure combined with ICP-MS. 

Results 

As compared with the reference soil from the South China, all these metals are generally enriched in the 
sediments, and the average contents of Cu, Zn, Cd, and Pb even by a factor of about 10 to 600. Obvious 
fluctuations of Tl and other analyzed heavy metals occurred along the sediment profile, with neither an 
increasing nor a decreasing trend. But several sharp peaks can be observed in some parts of the core. Metals 
like Cr, Ni, Cu and Zn follow similar variations with Tl along the depth profile. For example, obviously 
higher levels of Tl, Cr, Ni, Cu and Zn can be found rather in the topmost layers. A significant positive 
correlation is observed between Tl, Ni, Cd, Zn and Cu. 

The geochemical fractions of Tl, Cr, Ni, Cu, Zn, Cd, and Pb were analyzed in selected sediments to study 
their transfer along the profile. The results showed that Tl was mostly resided in the residual fraction, with 
the percentage ranging from 46.4 % to 76.6 %, with a mean value of 65.2 %. Lower proportions of Tl were 
found in the reducible and oxidizable fractions, with the lowest present in the weak-acid-exchangeable 
fraction. The relatively high associations of Tl in the residual fraction could be ascribed for easy substitution 
of Tl over K in the silicate lattice of the sediments. Variations of Tl in the reducible percentage may indicate 
that Fe-Mn (hydr)oxides play a significant role in Tl transfer across the depth profile.  In addition, the 
average enrichment factors (EFs) categorized the sediment by a very high enrichment of Cd (Level IV), a 
significant enrichment of Zn, Cu and Pb (Level III), a moderate enrichment of Tl (Level II) and a deficiency 
to minimal enrichment of Cr and Ni (Level I). 

Conclusion 

The knowledge of Tl in the fluvial sediment profile of the watershed nearby the industrial mining and 
smelting site is essential for unveiling the pollution history, predicting element migration and developing 
emission control and remediation strategies. Significantly positive relationship between Tl and Cu, Cd and 
Zn indicated that they may share common pollution sources. Overall medium enrichment of Tl and 
extremely high enrichment of Cd were found in all the sediments across the depth profile. About 20% to 
50% of Tl present in the mobile fractions may be released under alterations of environmental conditions.  
All these results may suggest that the river has been polluted by Tl for a long-term. The highly toxic metal 
Tl may have potentials to pose a great threat to the local ecosystem. It is high time to take effective measures 
for the remediation of the pollution. 
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Introduction 

Over centuries mercury has been used by humans in various production processes, as well as in many 

devices. Following deadly mercury poisonings, its use began to be limited in the second half of the twentieth 

century, and as a consequence its emission into the natural environment was reduced. Nevertheless, such 

prolonged use of mercury has resulted in the presence of this element in landfills, close to factories that used 

Hg in the past, as well as in soil or in marine sediments. With erosion or leaching through rain, the metal 

can be introduced into rivers and the sea. Also, from marine sediments mercury can become remobilized 

into near-bottom water or benthic organisms. As a result, mercury is included in the trophic chain 

(Bełdowska, 2015) and, at present, the main route of Hg introduction into the human organism is via the 

consumption of fish and seafood.  

Methods 

The studies were conducted in the Gulf of Gdańsk region, including the Puck Bay. Once a month in the 

period between December 2011 and May 2013, macrophyobenthos and zoobenthos were collected. 

Analyses of total mercury concentrations were performed using the atomic absorption spectrometry method 

(AAS) on an AMA 254 mercury analyzer.  

Results 

Nowadays, when anthropogenic Hg emission is being actively limited, an important role is beginning to be 

played by the remobilization of this metal from sediments where it had been deposited for decades. The lack 

of icing on the Puck Bay on the one hand allows for unrestricted growth of phyto- and zoobenthos, and on 

the other, extends the period within a year in which mercury undergoes secondary reintroduction into the 

marine trophic chain. Taking into account the mean yearly concentration of the studied metal in the benthos 

biomass of the Puck Bay coastal zone, it was estimated that in a year without an ice layer the mean annual 

Hg concentrations in phytobenthos biomass and in zoobenthos biomass are respectively 30% and 25% 

higher than the values estimated for a year with an ice layer persisting for 90 days, which was a usual 
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occurrence in the period between 1946 and 1991 (Bełdowska et al., 2016a). In this way climate changes 

contribute to the purification of water and sediment of toxic substances, but at the same time help to transfer 

mercury, which is relatively inaccessible biologically when accumulated in sediments, to higher trophic 

levels. Under the influence of anomalous meteorological-hydrological phenomena, mercury deposited on 

land over decades also becomes remobilized and transported into the marine environment. This process is 

all the more unfavorable as a relatively large load of toxic mercury can penetrate into the coastal zone of 

the sea, which is potentially harmful for organisms developing in this area. A flood in the Vistula River 

drainage basin that was the most severe in 160 years occurred in 2010 and increased the annual mercury 

load transported into the Gulf of Gdansk five-fold in comparison with previous years (Saniewska et al., 

2014). Elevated Hg in surface sediments of the Gdansk basin persisted for nearly two years following the 

flood. An increase in Hg was observed not only in the sediments of the coastal zone but also in deposition 

areas located at a distance from the coast (Saniewska et al., 2014). Elevated concentrations were also found 

in mussels and fish caught one year after the flood. At present, apart from a rise in the intensity of rains, 

more frequent and stronger storms are also observed (HELCOM, 2013). These contribute to the elution of 

the shore, particularly along the southern part of the Baltic coast, an example of which is the crumbling cliff 

at Gdynia Orłowo (Gulf of Gdansk). The mercury concentration assayed in the freshly uncovered sediment 

of the cliff was more than twenty times higher than the Hg concentration in the sediments of the coastal 

zone of the Gulf of Gdansk.  

Conclusion 

Climate changes occurring in the Southern Baltic region contribute to the remobilization of mercury 

deposited for decades, both from marine sediments and from land. Lack of icing on the gulf extends the 

period during which mercury is released from sediments and absorbed by benthic organisms. Extreme 

phenomena such as floods or strong storm winds, occurring more and more frequently, also contribute to 

the reintroduction of mercury from land into the sea. As a consequence, despite the introduced restrictions 

concerning the release of Hg into the environment, its concentration does not decrease proportionately. 
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Introduction 

Metals from the Tafna river sediment have been investigated from upstream to downstream in two 

contrasted hydrological conditions. The enrichment factor indicated a medium to moderate contamination, 

except in the upstream part of the basin in relation with local anthropic sources. Indeed, this contamination 

appeared to be strong usptream particularly for Pb, Cd and As in stations from the medium river course. 

Point sources were detected for Pb, and for others it highlighted that the dam is a metal time bomb since it 

accumulates/releases the contaminants downstream after storm event periods, as illustrated by the higher 

concentration in sediments during high water flows. A PCA evidenced the strong link of naturally derived 

elements (Co, Ni, Cr, Cu) to Al-oxides or clays, whereas the more anthropogenic derived elements were 

linked to Fe and Mn oxides (As and Zn), to COP (Pb), and to Phosphorus (Cd).   

Methods 

The Tafna basin (NW of Algeria, 7245 Km² of which 

27% belongs to Morocco in the upper part) is drained 

by the Tafna river and its 2 main tributaries, the Isser 

river being the major in the dowstream part (Fig. 1). 

Hydrological regime is Mediterranean alternating 

heavy storm events and severe droughts. Calcareous 

soils dominate while salt soils are encountered in the 

downstream part (Khaldi, 2005). Some forests, 

sparse vegetation and pasture are mainly in the upper 

basin, while irrigated crops occupy the rest. Several 

anthropic activities may impact the water quality 

along the river: four main industrial sites and the 

presence of 5 main dams (Fig.1) ensuring water 

supplies along the river course.  

These dams are sparsely empty during high water 

periods, leading to the discharge dowstream of 

accumulated sediment. 

Fig. 1. Map of the Tafna river basin

Bottom sediments from 10 stations (Fig. 1) have been sampled during a low water period and a high water 

period, after a major flood event (June and October 2014, respectively). T1 and Mg are located upstream 

next industrial sites, S2 after a garbage dump; M2 et T5 control the inputs of Boughrara dam (the most 

important one and known to exhibit water contamination, Taleb, 2004) and T6 the dam output; T7 is 

downstream a large cultivation area, I5 is the outlet of the downstream tributary and T8 is the Tafna outlet 

station. Sediment samples were dried then sieved using a nylon sieve, and then crushed in an agate mortar 

prior to the mineralization procedure, performed at the EcoLab cleanroom on the <63µm fraction using a 

mixture of HF/HNO3/H2O2. Major and trace elements were analyzed using an ICP-OES and ICPMS at the 
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EcoLab/OMP, Toulouse. The metal concentration recovery from the standard SUD-1 was 85% to 110%. 

The contamination level was evaluated by the enrichment factor (EF) calculated using Al and UCC as a 

normalizing element and reference material, respectively. Finally, a PCA was performed using a log-

transform concentration ratio. 

Results 

The metal concentrations in the sediments are moderate if compared to other similar conditions in Europe 

(Mediterranean basin, or draining carbonates, Ferrand, 2012; N’Guessan et al, 2009), except in the upper 

part of the basin (T5, T1) or in the middle part (T6, T7).  

Fig. 2. Metal enrichment in sediments Fig. 3. Metal concentrations: after storm event, HW; 

low water (LW); upstream (US); downstream (DS). 

Yet, as confirmed by EF (Fig. 2), contamination depends on the element: it is severe for Pb (upstream), Cd, 

As and Zn (in the middle part), whereas other metals are not (EF#2), or only moderately enriched. Except 

As (and to a less extent Zn), no enrichment is detected in sediment from the two tributaries. Upstream Pb 

enrichment is significantly reduced after the dam (T5) following the dilution effect of M2 input. On the 

opposite, As, Cd and Zn enrichment has strongly increased possibly as a result of a secondary source after 

storm event remobilization of particles resuspension from the dam (i.e. Coynel et al., 2007). The 

concentration increase during high water flows is a general pattern (Fig. 3) for all the stations, except in the 

upper stations (T1, T5) for Pb. These sites are highly contaminated by local influence of the last main 

gasoline stations on a road before the desert. Here, storm events dilute Pb in the sediments and contribute 

to transfer downstream this element which is mainly associated to particles. 

The PCA (Fig.4) highlights a set of moderately anthropogenic 

influenced metals (Ni, Co, Cu, Cr) linked to Al-oxides and/or clay 

minerals, while As and Zn are associated to Mn and Fe oxides, Cd to 

phosphorus (indicating a potential fertilizer source to be confirmed, 

T6 and T7 sites), and Pb to COP (assuming a strong control of organic 

matter). In the Tafna outlet (T8), contamination in sediment remains 

low due to Isser dilution and/or has been washed to the Mediterranean 

Sea by successive storm events (Martinez-Santos et al., 2015).  

Conclusion 

The Tafna river sediments exhibit low to high metal contamination 

levels depending on the stations and the metals. Various sources and 

control parameters were identified. Hydrological events and dams 

have a strong impact on the contamination transfer downstream.  
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Introduction  

Dam reservoirs sediments are generally resuspended during operations required for safety and maintenance, 

when the water level is rapidly lowered by opening discharge equipment. There is a risk for the environment 

when these sediments are polluted by metals, because of the remobilization of particles and of the possible 

increase of dissolved metal concentrations, more bioavailable for biota. Indeed, sediment resuspension leads 

to a sharp change of chemical conditions surrounding solid particles promoting the release in the dissolved 

phase of adsorbed or co-precipitated metals (Caille et al., 2003; Vink, 2009; Kalnejais et al., 2010; Superville 

et al., 2014). Laboratory resuspension experiment is a good method to understand and predict such 

evolution. We carried out such experiments on sediments from a reservoir contaminated by As, Cd, Pb and 

Zn, all issued from old mine tailings.   

Methods 

Aliquots of the sediment (slightly anoxic) were added in a 3L reactor filled with the filtrated reservoir water. 

Three experiments were conducted with dry masses equivalent to suspended solid concentrations ranging 

between the regulation values and the highest values observed during dam management operations (around 

3, 5 and 9 g/L). The reactor was aerated and stirred for 120h, and 30ml of water were regularly collected for 

the analyses of trace metals and major ions concentrations, measured by ICP-MS and capillary 

electrophoresis. pH, Eh, dissolved O2 and temperature were continuously monitored within the reactor. The 

sediment was characterized for major mineralogical components, particle size, total organic carbon content 

and total metal content. A sequential extraction scheme adapted from BCR and Tessier procedures 

(Quevauviller, 2007; Tessier et al., 1979) was also conducted to assess the metal fractionation in sediment.  

Results and discussion 

Trends in dissolved concentrations were very similar for the three experiments, whatever the mass of 

sediment used in the reactor (fig.1). The small differences observed are probably related to the grain-size 

variations found in the aliquots.  
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These trends reflect the release and removal kinetic processes between solid and dissolved phases. Ca, Mg 

and HCO3
- increased up to the end of the experiments, in agreement with the undersaturated index calculated 

from PHREEQC for calcite and dolomite (major phases observed with XRD analyses). As and Al also 

increased continuously, attesting of another dissolution process. Fe, Mn, Pb and Co increased rapidly at the 

beginning of the experiments, then started to decrease after few minutes up to 5 hours. This must be 

associated to precipitation (and adsorption) of Fe/Mn-oxides or hydroxides. Cu, Zn and V exhibited a 

different trend with a very fast decrease within the first few minutes, then more or less stable values. The 

major risk of contamination should thus be associated to As, the more mobile element during the 

resuspension. Results of sequential extractions are still being analysed to better interpret the precipitation-

dissolution trend of the solid phases.  

Figure 1. Evolution of metals concentrations in dissolved phase (mmol/L) during the experiments of sediment 
resuspension (h, log scale); t0-points are concentrations in water prior to the addition of sediment. The curves 
correspond to the various mass of dry sediment used. 
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Introduction: Mangroves are the estuarine salt tolerant plants having wide range of applications in folk 

medicine due to their anthelmintic, antimicrobial, anti-inflammatory and other therapeutic properties. Trace 

elements and metals in mangrove habitats are highly significant mainly because of their toxicity, persistent 

nature, bioaccumulation capacity and potential ecotoxicological risk which may arise due to anthropogenic 

interference (Liu et al. 2009). The bioaccumulated trace elements along with bioactive metabolites are 

characteristics of the plants having several pharmacological attributes (Xie et al. 2004). Considering the 

importance of trace metals, the present study was aimed to determine the metal bioaccumulation and 

sediment quality of a mangrove dominated habitat of Indian Sundarban (in terms of bioconcentration 

factors, element enrichment, contamination, geo-accumulation and potential ecological risk), and their 

relation with antimicrobial property of  ten mangrove plants of this region. The study of bioaccumulation 

of elements in various parts of mangrove and their consequent biotic response can also provide an insight 

to the plant-sediment interactions (Chaudhuri et al. 2014). 

Methods: The elemental distribution of mangrove leaves, their subsequent fractions and habitat sediments 

were analyzed using Energy dispersive X-ray fluorescence spectroscopy. The antimicrobial activity of the 

solvent fractions (hexane, ethyl acetate, acetone, methanol) of mangrove leaves were assessed against six 

different microorganisms (Escherichia coli, Agrobacterium tumefaciens, Streptococcus mutans, 

Staphylococcus aureus, Tricophyton rubrum, Aspergillus flavus) and correlated with the plant metal 

concentration and bioaccumulation.  

Results: The highest antimicrobial activity was found using ethyl acetate and acetone fractions of Avicennia 

alba against Staphylococcus aureus (11.9 mm and 15.6 mm zone of inhibition respectively). Biological 

Concentration Factors (BCF) for different elements (0.002-1.442) indicates gradual metal bioaccumulation 

in leaf tissues. Analysis of variance (one-way ANOVA) results confirm the wide variation in elemental 

concentrations in mangroves, even in case of the leaves collected from the same site. Various sediment 

quality indices suggest the surface sediments are moderately contaminated and suffering from progressive 

deterioration. Cu, Cr, Zn, Mn and Ni showed higher Enrichment Factors (0.658-1.469), Contamination 
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Factors (1.02-2.7) and Geo-accumulation Index (0.043-0.846) values. The Potential Ecological Risk Index 

(PERI) values based on Cu, Cr, Pb and Zn was found within ‘low ecological risk’ category (20.04-24.01) 

where Cr and Ni are of more concern in terms of Effect Range Low (ERL) and Probable Effect Level (PEL) 

in the Sundarban mangroves (Figure 1). Strong correlation of Zn with Fe and K was established, suggesting 

their similar transportation and accumulation process in both sediment and plant system. The plant–sediment 

elemental correlation is highly non-linear suggesting role of some physiological and edaphic factors in the 

accumulation process. Pearson’s correlation analysis depicts both positive and negative correlations 

between the antimicrobial activities and metal concentration of mangroves. Mn showed a range of 

significant correlation with almost all the fractions whereas Cu had correlation with ethyl acetate, acetone 

and methanol fractions. Zn and Fe expressed correlation with hexane fractions only. The BCF of Mn and 

Cu mostly show correlation with the antimicrobial activities of acetone and methanol fractions of mangroves 

whereas Fe and Zn exhibits correlation with the hexane and ethyl acetate fractions. The entire study can be 

summed up in the three dimensional relationship where Mn, Fe, Cu and Zn concentrations of Acanthus 

ilicifolius and Avicennia alba leaves and surface sediments found to have the strongest association (p<0.05) 

with their antimicrobial activity as also suggested in correlation and cluster analysis studies (Figure 2). 

Figures 

 
 
 
 

Figure 1: Plant and sediment indices: (a): Bio-
concentration factors of the elements in mangrove leaves, 

(b): Geo-accumulation Index, (c): Enrichment Factor, 
(d): Pollution load index, (e): Contamination factor, (f): 
Potential risk of individual metal & Potential Ecological 

Risk Index in habitat sediments. 

Figure 2: 3D representation of metals in sediment 
and plant along with their antimicrobial activity 

A:  A. marina, B: A. alba, C: A. officinalis, D: S. apetela, E: S. 
caseolaris, F:  E. agallocha, G: A. corniculatum, H: A. ilicifolius, 

 I: C. decandra, J: N. fruticans 
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Conclusion 

This study has potentially assessed the influence of sediment quality and metal bioaccumulation on the 

bioactivity of mangrove leaves of Indian Sundarban. The various indices (EF, Igeo, Cf, PLI) indicate the 

surface sediment quality to be moderately contaminated and suffering from progressive deterioration of 

estuarine quality. The study area which is a part of Indian Sundarban is currently facing anthropogenic 

interference in form of tourism, domestic sewage, vehicular emission etc. Change in the sediment quality 

can certainly influence and affect the metal concentration of the surrounding biotic community by 

bioaccumulation and biomagnifications. Positive role of metals found with respect to antimicrobial activity 

of mangroves where the strongest association found in case of Acanthus ilicifolius and Avicennia alba with 

trace metals. 

References 
Liu, Y.; Tam,  N.F.Y.; Yang, J.X.; Pi, N.; Wong, M.H.; Ye, Z.H. (2009). Mixed heavy metals tolerance and radial 
oxygen loss in mangrove seedlings. Mar Pollut Bull., 58, 1843–1849. 
Xie, J.T.; Mehendale, S.R.; Wang, A. (2004). American ginseng leaf: Ginsenoside analysis and hypoglycemic activity. 
Pharmacol Res., 49(2),113–117. 
Chaudhuri, P.; Nath, B.; Birch, G. (2014). Accumulation of trace metals in grey mangrove avicennia marina fine 
nutritive roots: The role of rhizosphere processes. Mar Pollut Bull., 79 (1-2), 284-92. 

Abstract Book of the 18th International Conference on Heavy Metals in the Environment, 12 to 15 September 2016, Ghent, Belgium 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

– 175 –





MONDAY 12th SEPTEMBER

Poster Presentations

S11 - Bioremediation of Metal
Contamination





18th International Conference on Heavy Metals in the Environment

- 163 - 

ENVIRONMENTAL METABARCODING REVEALS CONTRASTING 
MICROBIAL COMMUNITIES AT TWO POPLAR 
PHYTOMANAGEMENT SITES 

Michel Chalota , J Foulona, C Zappelinia, A Duranda, B Valota, D Blaudezb, 

a Université de Bourgogne Franche-Comté, Laboratoire Chrono-Environnement, Montbéliard, 

France 
b Laboratoire Interdisciplinaire des Environnements Continentaux, UMR 7360 CNRS-Université 

de Lorraine, Faculté des Sciences et Technologies, Vandoeuvre-les-Nancy, France 

michel.chalot@univ-fcomte.fr 

Keywords: Bacterial 16S; Fungal ITS; Illumina MiSeq sequencing; Phytomanagement; Poplar clones 

Introduction 

Little is known about the entirety of the microbial communities that are associated with tree roots in derelict 

soils. As a first step towards tree-based phytoremediation that is assisted by symbiotic fungi, we have 

adopted a metabarcoding approach that employs the high-throughput Illumina MiSeq platform to investigate 

whether the soil structure and composition and the contaminant levels have the largest effects on the 

diversity of bacterial and fungal phyla. To investigate potential variance caused by the site's history, we 

compare two contrasting contaminated areas in France. We hypothesized that the implementation of poplars 

would significantly and differentially shape the fungal and bacterial communities. 

Methods 

Sampling procedure and soil physico-chemical properties 

After litter removal, the roots were collected from the upper 20 cm layer of soil from under the tree canopies. 

For each poplar clone, five individual trees were randomly sampled, and for each individual tree, 3 pseudo-

replicates were sampled and mixed to obtain root and soil composites. Within the planted or unplanted 

control plots, five bulk soil samples were collected directly below the root system of the poplars (planted) 

or natural vegetation (unplanted) from the top 20 cm of soil. 

Molecular methods 

The total DNA was extracted from soil with a PowerSoil® DNA Isolation Kit. Equimolar DNA pools were 

created and adjusted to 10 ng/µl. The sequencing of the V3-V5 domains of 16S rRNA genes and the fungal 

ITS2 was performed with an Illumina MiSeq platform (Microsynth AG, Switzerland) using adequat PCR 

amplifications. Reads were assigned to each sample according to a unique barcode, and contigs were then 
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assigned using the Mothur pipeline. Taxonomic assignments were performed using a Bayesian approach in 

the Greengene database  for bacteria and the UNITE database for fungi as described in Zappelini et al 

(2015). 

Results 

A soil analysis revealed that the two soils displayed contrasting physico-chemical characteristics. Diversity 

indices and β-diversity measures illustrated that the root microbial communities were well separated from 

the soil microbial communities at Leforest (L) and Pierrelaye (P) experimental sites. A detailed study of the 

fungal composition showed that Ascomycota dominated the overall fungal communities on poplar soil, the 

root samples at Pierrelaye, and the unplanted soil at the experimental sites. Conversely, Basidiomycota 

accounted for a much higher percentage of the fungal community in poplar root samples from the Pierrelaye 

site. The occurrence and dominance of the ectomycorrhizal community at Leforest but not at Pierrelaye is 

the major feature of our data set.  

Figure 1. Relative proportions of fungal sequences assigned to major functional groups. The abundances of the 
various OTU groups from soil and root samples that were collected under Populus cv Skado or from the unplanted 

soil at the Leforest (L) and Pierrelaye (P) experimental sites were set to 100%, and the OTUs were classified as 
ectomycorrhizal (ECM), arbuscular mycorrhizal (AM), endophytic, saprotrophic or biotrophic 

Conclusion 

Overall, ectomycorrhizal root symbionts appeared to be highly constrained by soil characteristics at the 
phytomanagement sites 
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Introduction  

Rhizosphere influences the dynamics of nutrients and contaminants through increased microbial activity, 

release of root exudates, and alteration of pH (Hinsinger et al., 2009). Chromate [Cr(VI)] and 

trichloroethylene (TCE) occur together in many contaminated sites (Lo et al., 2005). The bioavailability 

and ecotoxicity of Cr(VI) and TCE can be mitigated by enhancing their reduction reactions (Bolan et al., 

2013a; Lo et al., 2005). The objective of this study was to evaluate the rhizosphere-induced reduction (i.e., 

rhizoreduction) and redistribution of Cr(VI) and TCE in Australian native vegetation in relation to their 

bioavailability.  

Methods 

The reduction of Cr(VI) and microbial activity by basal respiration were examined using rhizosphere and 

bulk soil samples from a number of Australian native vegetation (Acacia pubescens, Eucalyptus 

camaldulensis, Enchylaena tomentosa, Templetonia retusa, Dichantheum sericeum, and Austrodanthonia 

richardsonii). Naturally Cr(VI) contaminated and TCE spiked soils were used to examine the effect of D. 

sericeum on the redistribution and bioavailability of these contaminants following the modified plant 

growth experiment of Stanford and Dement (1957) . 

Results and Discussion 

The rhizosphere soil contained higher levels of microbial activity, dissolved organic carbon (DOC), and 

organic acid content than the non-rhizosphere soil (Table 1). The batch experiment indicated that the 

rhizosphere soil caused up to 5.1 fold increases in the reduction rate of Cr(VI) (Table 1). There was a 

significant relationship between rhizosphere-induced increases in microbial activity and Cr(VI) reduction, 

indicating the role of increased microbial activity in rhizosphere soil on Cr(VI) reduction. In the plant 

growth experiment, D. sericeum decreased the concentrations of Cr(VI) and TCE in soil (Table 2). The 

decrease in Cr(VI) concentration was attributed mainly to the reduction of Cr(VI) to Cr(III) , thereby 

reducing its bioavailability and mobility (Bolan et al., 2013b). The decrease in TCE concentrations may be 
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attributed to a number of processes including plant uptake, volatilization, and reduction (Graber et al., 

2007). Reduction of TCE to ethylene has been shown to reduce its ecotoxicity. 

Table 1. Chemical and biological properties of rhizosphere and non-rhizosphere soils, and rhizosphere effect of Cr 
reduction 

Plant  species Rhizosphere/non-
rhizosphere 

DOC 
(mg/kg) 

Basal 
respiration 
(mg CO2/kg) 

Organic acid 
(mmol/kg)* 

Rhizosphere 
effect of Cr 
reduction** 

Acacia pubescens Rhizosphere 2280 78.5 79.3 2.45 
Non-rhizosphere 674 22.2 15.3

Eucalyptus 
camaldulensis 

Rhizosphere 1154 39.2 45.1 2.56 
Non-rhizosphere 587 23.7 9.24

Enchylaena 
tomentosa 

Rhizosphere 1212 44.3 34.5 3.89 
Non-rhizosphere 347 18.7 7.12

Templetonia retusa Rhizosphere 1624 78.5 65.4 3.80 
Non-rhizosphere 456 23.3 3.45

Dichantheum 
sericeum 

Rhizosphere 1897 95.3 54.1 5.07 
Non-rhizosphere 345 25.2 3.45

Austrodanthonia 
richardsonii 

Rhizosphere 1434 36.5 31.3 2.66 
Non-rhizosphere 768 24.3 6.45

*mainly acetic and lactic acids in the non-rhizosphere soils; a range of acids including citric, malic, oxalic, malonic,
fumaric, pyruvic, and trans-aconitic in the rhizosphere soil 

**Rhizosphere effect = Ratio of rate of Cr reduction between rhizosphere and non-rhizosphere soils 

Table 2. Cr(VI) and TCE distribution in soil in plant growth experiment 

Contaminants* Soil concentration (mg/kg)
With plants Without plants

Cr(VI) 43.7±7.25 124±18.2
TCE 37.5±19.2 89.3±36.7

*Original soil concentration (mg/kg): Cr(VI) = 257; TCE = 100

Conclusion 

Depending on the nature of contaminants present in soil, the rhizosphere-induced reduction by plant 

species such as D. sericeum has implications to both their bioavailability to higher plants and 

microorganisms, and remediation of contaminated soils. Further research is required to examine the plant-

induced decrease in TCE concentration in rhizosphere soil. 
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Introduction  

Metal accumulation limits in plants can be pushed by exogenous stimulation, e.g. with the use of chelators 

or microorganisms; hence the name of the process: assisted phytoextraction. Supplementation with chelators 

increases metal mobility in soil, whereas  inoculation with  microorganisms enhances uptake e.g. if the 

strains secrete substances that favor metal mobilization (Vamerali et al., 2010). Using assisted 

phytoextraction it should be possible to remove metals from soil using plants with higher biomass 

production lacking trait of high metal accumulation (Bhargava et al., 2012). Our study was performed to 

assess the combined influence of co-planting, supplementation with chelators and microbial inoculation in 

assisted phytoextraction. 

Methods 

Metal accumulating Indian mustard Brassica juncea was grown in greenhouse in pots filled with Zn, Pb, 

Cd contaminated soil collected from Piekary Śląskie (Poland), as a monoculture (Bj) or with accompanying 

plant species: alfalfa Medicago sativa (Bj+Ms) or maize Zea mays (Bj+Zm). One week before the harvest 

plants were treated with nitrilotriacetic acid (NTA), rhamnolipids (AGAE Technologies) or microbial 

consortium (EmFarma Plus™, SCD Probiotics Polska: Bifidobacterium bifidum,  B. longum, B. animalis, 

Lactobacillus plantarum,  L. acidophilus,  L. caseito,  L. delbrueckii,  L. fermentum,  Lactococcus lactis, 

Bacillus subtilis, Saccharomyces cerevisiae, Streptococcus salivarius ssp. thermophilus, 

Rhodopseudomonas palustris, Rhodobacter sphaeroides). A part of the plants treated with chelators was 

additionally supplemented 3 days before the harvest with microbial consortium. Material was harvested and 

assessed, among others, in terms of plant survival (plant count from consecutive series of cultures), plant 

biomass (fresh and dry weight), root and shoot length; chlorophyll a and b content, reactive oxygen species 

Abstract Book of the 18th International Conference on Heavy Metals in the Environment, 12 to 15 September 2016, Ghent, Belgium 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

– 183 –



18th International Conference on Heavy Metals in the Environment

- 168 - 

generation, activity of antioxidative enzymes (spectrophotometrically); and metal accumulation in 

aboveground tissues (with inductively coupled plasma mass spectrometry, ICP-MS). 

Results 

Companion planting, 

chelators and microbial 

consortium had different 

effects depending on plant 

species. Here we present 

(Table 1) results for 

changes in 

bioconcentration factor. 

Table 1. Calculated BCF of 
four metals in plant species 
treated with different variants: K – control, E – microbial inoculation, R – rhamnolipids, N – NTA, R+E – rhamnolipids 
and microbial inoculation, N+E – NTA and microbial inoculation. BCF (bioconcentration factor) was calculated as a 
ratio of metal content in the aboveground plant organs to metal content in soil. Description: Bj – B. juncea, Ms – 
M.sativa, Zm – Z. mays, Bj+Ms – co-planting of Indian mustard and alfalfa, Bj+Zm – co-planting of Indian mustard 
and maize. 

Highest increase in BCFs was observed in a co-planting culture of Indian mustard and maize. However, in 

this culture we observed high oxidative stress and decrease in Indian mustard biomass production. Even 

though BCFs for metals in Bj+Ms culture were often decreased, the metal yield from both plants was 

increased due to higher dry biomass production. 

Conclusion 

Co-planting may alter metal accumulation as a plant response to exogenous stimulation with NTA, 

rhamnolipids or microbial inoculation. Effect of exogenous supplementation is species specific. 

This research was partially supported by the National Science Center in Poland, project number 

2013/11/N/Nz9/00070. 
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Introduction 

Physical symptoms of rangeland degradation including vegetation and soil quality loss and contamination 

is accelerating due to overgrazing, mining and land use changes (Hai et al., 2007). Phytoremediation is an 

economic and non-destructive method to rehabilitate contaminated soils (Blaylock et al., 1997). 

Phytoremediation costs in terrestrial lands are quite low and could be offset by the co-benefits. Numerous 

plant species have been suggested for soil remediation in natural ecosystems such as rangelands. However, 

one main challenge of phytoremediation is the plant of choice for any particular reclamation project. 

Chrysopogon zizanioides, commonly known as vetiver grass, is tolerate to wide range of soil and climate 

conditions and successfully used for soil reclamation around the world (Trung, 2000a; Trung, 2008). 

Furthermore, vetiver grass could provide valuable health and economic benefits to the society. Therefore, 

this plan species could be considered as a good choice for pb-contaminated soil in rangeland ecosystems. 

The current study aimed to evaluate the potential of Chrysopogon zizanioides grass for phytoremediation of 

pb mine soils in rangeland ecosystems. 

Methods 

Soil samples were collected from a contaminated semi-steppe rangeland ecosystem in Lashkardar, Malayer 

(initial Pb concentration of 600 mg kg-1) in spring 2014. Then, a greenhouse experiment was set up with 

soil Pb treatment in 4 different levels (0, 300, 600, 1600 mg kg-1) with 4 replication for a 120-days period. 

At the end of the experiment, soil and plant samples were collected for further analysis of Pb concentration 

of soil and plant shoot and root. SAS statistical software (V.9.1) were used for statistical analysis.  

Results 

While soil pb treatments including (0, 300, 600, 1600 mg kg-1) did not show any significant effect on pb 

concentration at control, 300, and 600 mg kg-1 pb treatments, 1600 mg kg-1 treatment significantly increased 

soil pb concentration. Also, pb concentration of plant root and shoot were significantly responded to the 

treatments (p ≤ 0.05), particularly at 1600 mg kg-1 treatment (Table 1) with the maximum concentration of  

242.9 and 242.02  mg kg-1 in plant shoot and, respectively. Furthermore, correlation analysis showed a 

significant strong correlation between pb concentration of plant shoot and root with r = 0.77 and p = 0.0005. 
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In addition, it should be mentioned that no necrosis symptoms were observed under all treatments during 

the experiment.  

Table 1. The Summary of ANOVA Analysis and Duncan Multi-comparison Test Results 

Variables P > f Control 300 treatment 600 treatment 1600 treatment 

Soil pb 
Concentration 

0.0022 8.62± 4.09 b 27.21± 29.51 b 29.55± 16.46 b 89.40± 32.50 a 

Root pb 
Concentration 

<0.0001 -6.95± 4.93 c 20.86± 3.77 c 73.08± 27.31 b 242.02± 37.56 
a 

Shoot pb 
concentration 

0.0009 -12.66± 4.91 b 11.48± 12.11 b 39.37± 17.69 b 242.94± 
139.44a 

Conclusion 

In overall, vetiver grass was able to absorb soil pb and tolerate to pb concentration of about 1600 

mg kg-1 with no necrosis symptoms. Therefore, this plant species could be suggested for soil 

remediation from pb mine rangeland in Lashkardar, Malayer.  
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Introduction  

Phytoremediation is defined as the use of plants to contain, inactivate or remove pollutants from the 
environment. Phytoextraction aims to use pollutant-accumulating plants to effectively remove metals from 
the soil (Salt et al., 1998). In this process, plants concentrate part of the metals in harvestable parts, allowing 
effective removal of contaminants from the situ. Despite of the benefits, such as cost-effectiveness, carbon 
sequestration, soil quality improvement and biomass production, the practical implementation of this 
environmental friendly solution has been constrained by the long period necessary for remediate the area up 
to acceptable levels in comparison with conventional civil-engineering clean-up technologies (Thewys et 
al., 2010). Additionally, the resulting biomass, which often contains higher content of pollutants, can be 
considered as hazardous material. Hence, the use of biomass from phytoremediation sites for energy 
purposes, as a renewable energy source, could be alternative since management of pollutants is taken in 
consideration. Anaerobic digestion (AD), applied in this study, is a bio-chemical conversion process where 
biomass is converted by bacteria into methane in absence of oxygen, being the end products: biogas and 
digestate. Biogas can be used directly or upgraded to higher quality (by the removal of CO2). It can be used 
for electricity, heating and as transport fuel (Mckendry, 2002). After fermentation, digestate can be 
transported back to field and be used as a substitute for mineral fertilizers. However, in case of biomass 
from heavy metal polluted sites, often such alternative is prohibitive due high metal content. During the AD 
process it is observed a reduction of the organic content, but not a reduction in metals. According to Kool 
et al. (2005), very small amount of metals can evaporate when bounded to other matter. As result, most of 
the metal removed remains. The concentration of metals in the digestate will consequently depend on the 
dry matter of feedstock, efficiency of AD and, ultimately, will determinate the possible use of the digestate. 
Therefore, additional experimentation and validations are required before the use of such kind of digestate 
for agriculture, industrial or any domestic use. In this context, the present study aims to present a reasonable 
alternative for the digestate based in the investigation of the trajectory of metal pollutant from remediated 
site.  

Methods 

The substrate used was the hybrid Miscanthus x Giganteus, planted at the city of Bytom, region of Silesia, 
Poland. The site is a polluted arable land with heavy metal concentrations (Cd, Pb and Zn) exceeding the 
permissible levels by 5 times (Table 1). The anaerobic digestion consisted of three repetitions of each 
treatment: miscanthus, silage (miscanthus) and control (inoculum from biogas plant), under thermophilic 
(55°C) and mesophilic conditions (35°C), totalizing 18 bioreactors. After fermentation, the residual 
digestate in each bioreactor was further processed by separation into a liquid fraction and a solid sludge 
fraction. Both were subsequently dried and mineralized using Microwave digestion system, Magnum 2 
(Ertec). Their metal content was determinated by atomic spectroscopy ICP-MS Agilent 7900. 
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Table 1. Heavy metal content before fermentation. 

Values represent mean of three replicates samples in (mg/kg DM); LOQ - below limit of quantification.  

It was observed very little mobility of the metals Pb, Cd and Zn from the biomass into the liquid. Once 
inside of plant cell, the excess of Zn, Cd and Pb can bind with N, S and O from enzymes and as well low 
molecular weight (LMW), such as LW acids. These Metal-LMW-ligand complexes can be transported into 
the vacuole, where they accumulate and react producing high molecular weight (HMW) – metal complexes. 
This process could be part of a detoxification strategy of plant (Clemens 2001; Cobbett and Goldsbrough 
2002). Apparently this mechanism can explain the little dissolution of metals in the liquid phase even after 
long period of AD process (aprox. 30 days HRT). Consequently, the liquid phase of treatments did not 
present higher concentration of metals in comparison with the control. 

Figure 1. Content of heavy metals by fraction in comparison to control in (mg/kg DM) 

Conclusion 

The liquid fraction from digestate could be recycled back to biogas plant for feedstock dilution. The solid 
residue could be first dried using the heat from the CHP engine, and then could be thermally treated by 
pyrolysis or gasification with energy recovery and ashes containing heavy metals stored.  
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Pb  Cd  Zn 

Total soil content   621.087  23.473  2359.370 
Bioavailable  LOQ  0.580  23.001 
Miscanthus   59.53 1.62 166.18 

Miscanthus (silage)  46.93 1.43 111.01 

Results 
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Introduction  

A lot of heavy metals are sent to the environment as a result of activities associated with mining in Colombia 

and this has contaminated water resources with the presence of mercury (Hg) in bodies of water near the 

mining districts of the country (Cordy et al., 2011), arsenic (As) in irrigation districts of important regions 

with agricultural potential (Alonso et al., 2014), lead (Pb) and cadmium (Cd) in sediments from the 

Magdalena River, which is one of the source of water and food more important in Colombia with 

approximately 75 percent of the population concentrated on the sub-basin (Tejeda-Benitez et al., 2016). In 

order to reduce the levels of metals in the water column, different types and configurations of constructed 

wetlands have been evaluated, and adsorption, absorption, precipitation and deposition have been accepted 

as the removal mechanisms for these contaminants. In this study, the accumulation of Hg, As and Pb in 

plant species Cyperus alternifolius, Typha latifolia and Juncus effusus was used to determine their ability to 

phytoextraction in constructed wetlands systems. 

Methods 

Constructed wetland system with horizontal subsurface flow consisted of rectangular fiberglass containers 

with dimensions 0.80 x 0.40 x 0.80 meters (length x width x height), filled with gravel (porosity = 0.4225, 

D60 = 10 mm, D10 = 7.5 mm) to a height of 0.40 m. The mode of operation in batch with hydraulic residence 

time of 10 days, keeping the level of the water column 5 cm below the gravel. Constructed wetlands were 

planted with C. alternifolius, T. latifolia and J. effusus, in a greenhouse located at the University of Cordoba, 

Colombia (8 ° 47 '32.0 "N, 75 ° 51' 41.9" W). 

River water doped at a concentration of 500 µg L-1 of Hg, 500 µg L-1 of Pb and 100 µg L-1 of As was used 

to supply the systems. Two prunings were made during the assay in which all plant material to 10 cm of 

gravel surface was cut. Water samples to the inlet and outlet of wetlands were evaluated every 10 days, 

while the accumulation of metals on the support material was determined by monthly intervals, and the 

accumulation in plant tissue was evaluated every two months coinciding with time when prunings were 

performed. 
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Quantification of Hg in the gravel and the plant material was performed by thermal decomposition with a 

direct mercury analyzer (DMA-80), while the water was performed by cold vapor atomic absorption. 

Measurements of Pb and As were performed by graphite furnace and hydride generation atomic absorption, 

respectively. 

Results 

In figure 1, accumulation of Hg, Pb and As in plant tissue (a) and substrate (b) after two pruning is observed. 

Low levels of As accumulated in the pruned tissue (less than 50 µg) were found, accumulations of Hg were 

moderate (less than 200 µg), and Pb levels were higher in all species evaluated (over 400 µg). The 

accumulation of Hg, Pb and As in the gravel is shown as the concentration (µg Kg-1) of these in figure 2b, 

with significant differences (p <0.05) between pruning and plant species. Masses removed from the water 

column was higher than 99% for Pb and Hg, with all plants, however, removals of As were significantly 

lower (p <0.05), especially in systems planted with J. effusus 

Figure 1. (a) Absorption Hg, Pb and As in the tissue after two pruning activities, (b) concentrations 

Conclusion 

The use of macrophytes in order to remove Hg, As and Pb of contaminated water, can mean an accumulation 

of metal on plant tissue. In this study, the evaluation of three species planted in constructed wetlands showed 

a low accumulation in plant tissue, (As <Hg <Pb), in contrast, an increase in the concentration of the 

substrate for each metal was observed, which promoted the significant decrease of these in the water column. 
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Introduction 

Industrial and urban activities impact our environment, especially in terms of soil pollution. During the last 

two decades, gentle soil remediation techniques have emerged using various plant species and the 

combination of microbial biotechnologies. Several phytotechnologies can be applied to produce useable 

biomass, alleviate pollutant linkages and restore services of polluted soils: (1) phytostabilisation, which uses 

perennials able to sorb and immobilize trace elements (TE) in excess in the root zone, avoiding their transfer 

toward groundwater and aerial parts while preventing their bioaccumulation in the food chain as well as 

dispersion by natural agents (2) phytoextraction, based on root-to-shoot transfer and storage of TE in 

harvestable plant parts. The PHYTOCHEM project aims at promoting chemically-based valorisation 

processes of the plant biomasses collected from polluted sites managed by eco-innovative 

phytotechnologies. 

Methods 

Implementing new field trials and plant monitoring  

Two TE-contaminated sites (site 1 : Leforest, North of France, an agricultural soil contaminated by Cd, Pb 

and Zn from a Zn/Pb smelter; and site 2 : Thann, North-East of France, tailings pond from a TiO2 extractive 

industry, with high Fe- and Mn-enriched gypsum red) were selected for planting large panels of woody 

species, i.e. 16 species at site 1 and 18 species at site 2. Leaf and twig samples of all plant species were 
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collected in october 2015 after two growing seasons and analysed for their ionome (i.e. TE and major 

macronutrients), following a protocol described by (Migeon et al 2009), using ICP-AES (Inductively 

Coupled Plasma-Atomic Emission Spectroscopy). 

Valorizing plant biomasses through sustainable chemically-based processes 

In one option, the harvested biomass was treated through a prehydrolysis step to convert the 

phytoremediation-borne phytomass into valuable starting materials for biorefineries and the production of 

biofuel and biomaterials. In another option, the phytomass of metal-accumulator plant species was used for 

ecocatalysis. 

Results 

As a first step towards the development of chemically-based valorisation processes of plant biomasses 

collected from polluted sites, we have successfully implemented 16 and 18 woody species at two 

phytomanagement sites in 2014 (Figure 1). Based on ICP-AES analysis, TE concentrations in aboveground 

tissues highly varied, illustrating the metal tolerance processes developed by plants, either by exclusion or 

accumulation. We further applied chemical processes to contaminated biomasses. For instance, optimization 

of an organosolv pre-treatment 

allowed for removing ca. 50% of Fe 

and Mn from contaminated 

biomasses, while Ecocatalysis was 

also successfully applied to i.e. Zn 

hyperaccumulating species 

(Arabidopsis halleri L.) through 

innovative domino reactions. 

Figure 1. Photograph of the experimental site 2 (October 2015) showing the successful implementation of woody 
crops (left) and details of a Salix species (right) 

Conclusion 

Chemical valorization processes based on ecocatalysis concept were successfully applied to 

phytoremediation-borne biomasses. The PHYTOCHEM project will lead to the marketing of a truly eco-

innovating production chain that could meet the needs of an emerging, high-prospect market within the 

bio-economy. 
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Introduction 

Tailings dumps require mercury stabilization to prevent air pollution by evaporated mercury, which can be 
achieved through plant covers. Plants are considered a net sink for atmospheric Hg via incorporation into 
leaf tissues (Stamenkovic and Gustin 2009). However, most studies related to Hg uptake by plants have 
considered plants exposed to only atmospheric Hg, whereas in the case of tailings dumps, plants are 
potentially exposed to both soil and atmospheric Hg. The goal of this work is to evaluate the relative 
contributions of root and atmospheric pathways by growing poplar (Populus trichocarpa X Populus 
maximowiczii) cuttings on either control or polluted substrates and under either natural or controlled 
exposure conditions.  

Methods 

Field experiment: Poplar cuttings were grown on 4 L pots for various lengths of time, i.e., 66 days at the 
atmospheric polluted site and 142 days at the atmospheric control site. Pots were left for a longer period at 
the control site to reach detectable levels of Hg in the leaves. A leaf age of one day was defined when a leaf 
has a foliar index equal to three (corresponding to expanded leaf), as defined by Larson and Isebrands 
(1971).  

Growth chamber experiments: Poplar cuttings were grown for 45 days in control substrates, as detailed 
above except that 9 g of osmocote fertilizer (N/P/K 11/11/18, osmocote exact, Heerlen, Netherlands) was 
added to each pot at the beginning of the experiment. The second experiment began immediately after, 
which consisted of growing poplar Skado cuttings for 46 days in either control or polluted substrates, as 
described above. Polluted and control pots were mixed in the growth chamber. 

Hg analysis in biomass : Freeze-dried leaves were analysed after milling using an advanced mercury 
analyser (AMA 254). 

Results 

We showed that foliar Hg concentrations significantly increased with age, reaching 120 ng g-1 dry mass 
when poplars were exposed to Hg-contaminated substrate under natural exposure. Remarkably, we did not 
observe significantly different Hg concentrations in poplar leaves grown on either the control or polluted 
substrates when cultivated together in growth chambers with a significant accumulation of 2.3 ng g-1 dry 
mass day-1 for each substrate type (Fig.1). Our set of data prompted us to conclude that Hg entry into poplar 
leaves is exclusively through an atmospheric pathway. Our results are discussed in line with existing 
literature. 
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Figure 1: Line regression for foliar Hg accumulation in leaves of poplar exposed to Hg. In the first experiment, Poplar 
cv Skado cuttings were planted in 3-L pots containing control substrate and grown for 45 days (, [Hg] = 0.0005 Leaf 
age + 0.0046, dotted blue line, total of 35 samples). In the second experiment, poplar cuttings were planted in either 
the control substrate (, [Hg] = 0.0023 Leaf age + 0.0114, dotted red line, total of 20 samples) or polluted substrate 
(, [Hg] = 0.0023 Leaf age + 0.0099, full red line, total of 16 samples) and left to grow for 46 days. Polluted and 
control pots were mixed in the same growth chamber. 

Conclusion 

Our data suggest that poplar leaves may be a pertinent indicator of Hg contamination in the atmosphere for 
any Hg content in soil. 
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Introduction: Assisted phytoremediation could be an alternative to conventional technologies for   polluted 

soil remediation. It can ameliorate soil properties, preventing dispersion of pollutants by water or wind 

erosion and reducing PTMs mobility in environment (Adamo et al., 2014; Fiorentino et al., 2013). This 

work reports the results of a phytoremediation experiment aimed to assess Arundo donax (AD) adaptability 

to industrial soils polluted by Pb and Zn. Humic acids (H) were tested as improvers of plant performance 

and soil fertility. 

Methods: A 2-year lysimeter (0.8 m3) experiment was carried out on polluted soil (S) and soil-washing 

sludge (F) from the industrial site of Bagnoli-Coroglio (Naples, Italy), growing A. donax in open field 

conditions. Metal contents of S vs F were 159 or 286 mg Pb kg-1 and 333 or 1069 mg Zn kg-1, respectively. 

Humic acids (H) were added to each substrate (0.5 g kg-1) obtaining 4 treatments (FH, FNoH, SH and SNoH) 

arranged in a completely randomized design with 3 replicates. A not polluted agricultural soil, was used as 

control. Substrate samples were collected at the end of each growth season (bulk and rhizo-soil) to assess 

the abundance of nifH and amoA bacterial genes (qPCR) as well as the organic carbon content (OC).  Shoots 

were harvested at the end of each growth cycle and rhizomes were collected at the end of the 2nd cycle. Plant 

tissues were analysed for N (flash combustion), Pb and Zn (acid digestion and ICP-AES) content. All data 

were subjected to ANOVA analysis. 

Results: On polluted substrates, shoot weight was lower than on control (Fig 1a) with H significantly 

reducing this gap. Tough not different from control, rhizome biomass was lower in S than in F probably due 

to the lower fertility of F (higher Pb and Zn content; lower biological activity) stimulating the emergency 

storage (Mann et al., 2013). Nitrogen content of culms (Fig 1b) increased in the 2nd year on S, regardless of 

H application, while on F this was true only in presence of H. 

Rhizomes and then leaves were the main Zn sink, with values always higher than control and a preferential 

allocation in the belowground tissues at higher soil Zn content. Pb was mainly stored in rhizomes with 

values on F substrate higher than control, while Pb content in culms was not different from control. On the 

whole, Pb and Zn content in aboveground tissues were lower than legal (UNI EN 14961-2) thresholds for 

wood-chipped (10 mg kg-1 and 100 mg kg-1, for Pb and Zn, respectively). 
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In S, SOC content (Fig.1c) of the rhizo-soil was always higher than bulk-soil, pointing out a positive effect 

of root activity on soil OC due to root exudates and microbes turnover. A positive effect of plant treatment 

on soil microbiological activity was recorded on both substrates, with a significant increase of abundance 

of N fixers (nifH) and ammonia oxidizers (amoA) in the 2nd year (Tab.1). H positively affected microbial 

population only in F whose rhizo-soil values were higher than bulk-soil in the 2nd year, probably because 

enhanced root activity limited the negative effect of PTMs on microbial growth. 

Figure 1. a) Effect of humic acids fertilization on the total A. donax biomass as sum of leaf (white bars) and culms (black bars) in the 1st and 2nd 
growth cycle;  b) Effect of substrate x fertilization x year on N % content in culms; c) Effect of substrate x fertilization x bulk and rhizo-soil on soil 
organic carbon content in the 2nd year. Bars with different letters are significantly different (p<0.05). F: post washing sludge, S: soil, H: humic acids; 
NoH: no fertilization

Table 1. Effect of substrate x humic acids fertilization on quantification of functional genes involved in N cycling in 1st and 2nd growth cycle of 
A.donax: nifH (nitrogen fixation) and amoA (nitrification). Values with different letters are statistically significantly different (p<0.05). F: post 
washing sludge, S: soil, H: humic acids; NoH: no fertilization

Conclusion: A. donax is able to grow on industrial polluted soils with a slight reduction of biomass 

production (-20%)  allowing to plan a profitable way to use industrial polluted sites, since biomass quality 

(i.e. contaminant content) is suitable for different technologies for material and energy recovery. This crop 

can restore chemical and biological fertility of polluted and degraded sites improving N availability, soil C 

storage and biotic activity of rhizosphere due to the root-soil interaction. H fertilization enhances plant 

growth limiting crop stress due to high soil PTMs content and low biological fertility. 
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Introduction  

With the rapid development of economy, the demand of vanadium increases in the world and the 

development of vanadium ore mining is prospect (Chen D et al., 2009). However, vanadium ore mining 

causes various heavy metal pollution. The main pollutants are heavy metal ions (Cu, As, Cr6+, Cd, etc.), 

high vanadium and radioactive substances, etc (Zhou Z et al., 2010). Co-planting has been proved to be 

effective to enrich more spices of heavy metal and is a common agronomical practice in many countries 

(SIRSI, E, 2016). We hypothesized that the coexistence of four herbaceous plants (Artemisia selengensis 

turcz, Trifolium repens, Houttuynia cordata and Medicago sativa) could remediate contaminated soil 

effectively. They were mixed cropped in hydroponic culture system, aiming to investigate the effect of 

different mixed cropping proportion on removing V, Cd, Cr and Pb, the concentration of which was designed 

as 14.0, 0.8, 6.0 and 4.0 mg/L, respectively. According to the absolute accumulation in plants, the results 

showed that the highest content of heavy metals in plants was 17.82mg under the proportion 2:2:4:2. The 

enrichment ability of four plants was affected significantly by cropping proportion condition.  

Methods 

The experiment, conducted in modified Hoagland nutrient solution dissolving with NH4VO3, 

CdCl3·6H2O, KCr2O7 and Pb(NO3)2, was design with eight mixed cropping proportions (4:2:2:2, 2:4:2:2, 

2:2:4:2, 2:2:2:4, 1:2:3:4, 4:1:2:3, 3:4:1:2 and 2:3:4:1. The proportion is mass ratio of Artemisia selengensis 

turcz, Trifolium repens, Houttuynia cordata and Medicago sativa) and replicated four times. The total mass 

of all plants in each type of culture was 40g. Light-tight plastic containers were used in the experiment, 

containing 500mL heavy metal-enriched nutrient solution. The heavy metal-enriched nutrient solution was 

replaced every week and kept continuous aeration. After four weeks, plants were harvested and separated 

into roots and shoots. About 0.2 g of sub-samples was digested and determined using ICP-OES. The absolute 

accumulation and extraction of 8 cropping types was calculated. 

Results  

The result showed that in different cropping types the aboveground tissues and roots of four herbaceous 

plants made different contribution to the remove of Pb, Cd, Cr and V (Fig.1). The variation trend in Fig.1(
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Ⅰ)-(Ⅳ) is similar, indicating that the cropping proportion may have similar influence in the enrichment 

ability of Pb, Cd, Cr and V. The total accumulation of 8 cropping types were in the order of 2:2:4:2＞2:3:4:1

＞1:2:3:4＞2:4:2:2＞4:1:2:3＞2:2:2:4＞4:2:2:2＞3:4:1:2. The highest content of heavy metals in all plants 

was 17.82mg under 2:2:4:2. 

Figure.1 Absolute accumulation of Pb, Cd, Cr and V by aboveground tissues (a) and roots (b) of four plants under 
different cropping types. Error bars represent ± standard deviation. Values with different letter were significantly 
different according to the LSD test (p<0.05). 

Conclusion 

The experiments demonstrated that the absolute accumulation in aboveground tissues of four plants 

were basically in the order of Trifolium repens＞Artemisia selengensis turcz＞Houttuynia cordata＞

Medicago sativa and the accumulation and phytoextraction ability was significantly influenced by mixed 

cropping proportions with other herbaceous plants. The highest extraction was 5.484mg under 2:4:2:2. 

However, the highest accumulation was 17.82mg under 2:2:4:2 and most of heavy metals was preserved in 

roots. 
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Introduction  

The contamination with potential toxic elements (PTEs) is ubiquitous problem and persistent unlike 

other contaminants. The water shortage forced Egyptian farmers to use low quality water in irrigation reso

urces impregnated with a variety of contaminants such as potential toxic elements PTEs transferred into fo

od chain. Nowadays many techniques such as bioremediation involving phytoremediation of PTEs gained 

top priorities in many countries. The aim of this work is to evaluate the effects of different remediative am

endments used in enhancing phytoremediation technology applied in different soil ecosystems.  to minimiz

e hazards of pollutants in soil ecosystem.   

Methods 

Three different contaminated surface soil samples (0-30 cm) were collected; the 1st soil is clay loam from 

Abou Rawash-Konbera, Giza governorate S1, the 2nd is collected from Kafr El-Sheikh governorate (S2), 

and the 3rd is clay loam collected from El-Tina plain, Sinai governorate (S3). Zinc equivalent parameter in 

these soils ranged between 340 -630, mean while the critical value of this parameter should not exceed 250 

and the normal value should be less than 100 at least (Saber, et. al., 2012).  

Phytoremediation was conducted using canola (Brassica napus).  Before planting, soils were treated with 

Sulfur fortified with Thiobacillus thiooxidans (T1), Sulfur + probentonite (T2), Probentonite incorporated 

with PR and fortified with phosphate dissolving bacteria (PDB) (T3), Mixture of all materials (T4), beside  

Control uncultivated soil CU and control Cultivated CC. 

Results 

The kinetic study showed priority of using Modified Freundlich equation (MFE) equation to describe 

the kinetic data by having high coefficient of determination R2 and low standard error compared to other 

models used. Results indicated that Canola hyper accumulators significantly absorb different pollutants 

studied from different soil ecosystems compared to control uncultivated soils.  

Application of Sulfur fortified with Thiobacillus thiooxidans (T1), enhanced the uptake of PTEs by 

canola plant used represents in decreasing the rate of Cu release (for example) from 0.35 in CC to 0.31 
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mgkg-1min-1, meanwhile, S + Probentonite treatment (T2) decreased the uptake from contaminated soils by 

fixed different pollutants in complex compound with significant decrease compared to T1.   

Data also indicated that T4 was the best treatment in having low rate constant of pollutants release from 

contaminated soils.  

In our results we concluded that although Thiobacillus thiooxidans and PDB and enhanced the mode of 

action of elemental Sulfur and PR in both enhancing the uptake of pollutants by canola and fixation of 

pollutants in soil ecosystem, application of all treatments (T4) was the best in minimizing the concentration 

of PTEs in different soil ecosystems.    

Table (1) Rate constant a of  MFE equation, the best fitted model for different pollutants 

desorbed from contaminated soils after different treatments applied

Treatments 
S1 S2 S3 

Zn Cu Ni Zn Cu Ni Zn Cu Ni 

UC 0.31 0.47 0.33 0.23 0.18 0.2 0.28 0.29 0.21 

CC 0.27 0.35 0.25 0.21 0.16 0.19 0.26 0.27 0.2 

T1 0.26 0.31 0.22 0.2 0.15 0.16 0.24 0.21 0.15 

T2 0.24 0.28 0.2 0.19 0.13 0.15 0.23 0.22 0.16 

T3 0.22 0.23 0.18 0.18 0.11 0.13 0.22 0.2 0.12 

T4 0.19 0.21 0.14 0.17 0.1 0.12 0.21 0.19 0.11 

Figure 1 Zn equivalent in Kafr T-Shekh soil as affected by different remediation treatments applied 
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Introduction  

Sewage effluent had been extensively manipulated in farming in many sites in Egypt since several decades 

(Saber et al 2012). The rate at which Potential Toxic Elements (PTEs) are accumulated in the soil 

ecosystem depends on the physiochemical properties of the soil ecosystem and the relative efficiency of 

grown plants to uptake PTEs from the soil ecosystem. Contaminated crops by PTEs have been 

documented in many Egyptian soils irrigated by wastewater. Therefore, the Food and Agriculture 

Organization and other regulatory bodies of various countries have established the maximum permitted 

concentrations of heavy metals in foodstuffs or soils. This paper represents different remediative materials 

could be suitable to be applied under arid and semiarid conditions to minimize hazards of pollutants in soil 

ecosystem.   

Methods 

Field experiment was conducted in abo-Rawash, Giza governorate. Sewage soil characterized by Zn 

equivalent, the parameter of contamination 630, meanwhile it should not be exceed 250 (critical level) pH 

8.67, EC 0.2 dS m-1, 2.6% OM (organic matter), and the texture is sandy soil (typic psamments) were treated 

and planted with: - Biologically with Acidithiobacillus thiooxidans - Mycorrhizal (AM [arbuscular 

mycorrhiza]) Conidia; and Indian Mustard (Brassica juncea Czern.), Canola (Brassica Napus, L.), Solanum 

nigrum L. (black nightshade). Chemically, soil was treated with probentonite (modified clay mineral 

prepared in NRC). 

Kinetic study was performing on the data of PTEs desorption from both contaminated and remediated soil 

using both empirical and theoretical models to evaluate the success of remediation. 

Results 

Results indicated that all hyperaccumulators significantly absorb all pollutants from sewage soil ecosystem. 

The priority of these hyper plants in PTEs could be arranged as:  Black Nightshade > Mustard > Canola 

   Application of Acidithiobacillus and Mycorrhizal (AM), both enhanced the uptake of PTEs by different 

plants used, meanwhile, Probentonite and mixture treatments decreased the uptake from contaminated soils. 

The kinetic study showed priority of using Elovich equation to describe the kinetic data by having high 

coefficient of determination R2 and low standard error compared to other models used. The β constant which 
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is convenient to describe the rate of pollutants desorption from soil indicated that all treatments applied 

significantly decreased the constant compared to control. Although using of BNS as a hyper accumulator 

could be the best in having low quantity rate, the teamwork preferred to use Canola for its economic 

visibility. Although all treatments applied decreased ZN parameter in soil, application of mixture treatment 

or probentonite in soil were the best treatments to minimize ZE value to the save rate.         

Table (1) Rate constant β of  Elovich equation for different pollutants desorbed from contaminated soils 

after different hyperaccumulators plantation

Treatments 
Canola I. Mustard BNS 

Zn Cu Ni Zn Cu Ni Zn Cu Ni 

Control 56.2 11.48 4.26 66.9 4.62 5.3 49.8 8.98 2.56 

Probentonite 4.5 7.46 1.34 5.5 1.18 1.07 1.5 1.54 1.01 

Thiobasillus 36.0 5.65 2.81 38.7 1.38 2.46 24.1 0.88 1.97 

AM 39.4 6.94 1.67 42.5 3.42 2.22 9.92 2.56 1.41 

Mixture 13.7 1.2 0.72 25.6 1.21 1.71 16.7 0.98 0.51 

I. Mustard: Indian Mustard      BNS: Black night shade 

Figure (1) Zn equivalent in sewage soil as affected by different remediation treatments applied 
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Introduction 

Contaminated sediment site management requires lowering chemical risks to ecological receptors and 

human health via the removal, elimination, or reduction of contaminant release and uptake (USEPA, 

2005). Currently the most commonly used methods to remediate metal contaminated sediments are 

environmental dredging (85%), followed by monitored natural recovery (6%) and capping (6%). 

Combinations of technologies are often emphasized for the management of contaminated sediments. 

Logical progression should start with dredging of hot spots and source control. After source control, the 

most appropriate action is often monitored natural recovery (MNR).  If more than MNR is required, 

additional engineering such as active capping can be incrementally added (Figure 1 A). Future sustainable 

management of contaminated sediments should include a broader application of passive samplers to assess

the bioavailable pool of metals and new approaches to amended caps and in situ treatment. 

Sustainable Remediation of Contaminated Sediments

Consideration of the state-of-the-art suggests that there is a need for new remediation technologies or

modification of existing ones; e.g., capping technologies that can sequester sediment contaminants and

create a reliable, stable, and long-lasting cap in a range of aquatic environments. Also, the application of

in-situ remediation methods such as reactive amendment mats, mixing of amendments in the sediment,

and mixing or layering of amendments within sand caps should be emphasized when selecting remedial

technologies for contaminated sediments.  Further, more field evaluations of these in-situ methods are

needed. However, a challenge to all remedial approaches is the continued influx of contaminants from

uncontrolled sources following remediation. This can produce a polluted habitat zone that overlies the

remediated sediments, thereby negating the benefits accrued by the remedial action.  Ultimately, these re-

contaminated sediments may once again become a contaminant source. The severity of the problem posed

by the influx of contaminants on remediated sediments may be affected by the type of remediation that has

been undertaken.  Influxes of contaminants on sediments remediated by environmental  dredging or by

passive  capping  with  inert  materials  can  be  expected  to  degrade  the  remediated  sediments  at  a  rate

proportional  to  the  rate  of  contaminant  influx.   Remedial  effectiveness  will  be  largely negated when

sediments  become  re-contaminated  to  a  depth  that  encompasses  the  habitat  zone  for  most  benthic
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organisms.  In contrast,  the  environmental  impacts  of  contaminants  that  are  deposited over  sediments

remediated with chemically active sequestering agents may be reduced by these agents (Figure 1B).

A                                                                                   B

Figure 1. A - Remediation technologies for contaminated sediments (Bridges et al., 2012); MNR- monitored natural 
recovery (MRN), EMNR – enhanced MNR. B - Recontamination of remediated sediment; ZOI – zone of influence.

Management of Contaminated Sediments and Bioavailability

Bioavailability controls the transfer of metals from sediments to ecological receptors and humans.  It can 

rarely be predicted from total metal concentrations because it is affected by metal geochemistry in 

sediments as well as the biochemistry, physiology, and behavior of benthic organisms. There is no single 

approach for including bioavailability in risk assessments because of variability in site specific conditions 

and the difficulty of validating methods.  Successful evaluation of bioavailability will result from the 

selection of analytical methods that are suitable for the organisms and sediment environments under 

consideration. A weight-of-evidence approach can maximize the likelihood of incorporating 

bioavailability measurements into remedial decisions by helping to overcome skepticism by the regulatory

community and public.  Such an approach will incorporate multiple lines of evidence to address the 

technical uncertainty associated with individual methods.  

Conclusion

Although problems remain, contaminated sediment management is improving due to the control and 

elimination of contaminant sources, development of new remedial technologies, and selection of 

analytical methods to evaluate metal bioavailability. 
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Introduction  

Mercury (Hg) causes adverse health effects to wildlife and humans. Hg travels globally via the atmosphere 
in its gaseous form (Hg(0)), deposits to ecosystems as Hg(II), converts to methylmercury (MeHg), and 
bioaccumulates in aquatic systems (Selin, 2009). In order to reduce Hg effects, the pathway from emissions 
to impacts needs to be traced. Atmospheric modeling provides a first step by tracing the link from emissions 
to deposition onto environmental surfaces. Uncertainties in atmospheric Hg models arise from our 
incomplete understanding of atmospheric processes (e.g., oxidation pathways, deposition, and reemission). 
Atmospheric Hg reactivity is exacerbated in high latitudes (e.g., Schroeder et al., 1998) and there is still 
much to be learned from Polar Regions in terms of atmospheric processes.  

Methods 

This study provides a comprehensive synthesis of the atmospheric Hg monitoring data available in recent 
years (2011-2015) in Polar Regions. In addition, multi-model simulations are compared to observed 
mercury concentrations. From the comparison of model with data, we can identify whether processes that 
affect Hg oxidation and deposition are appropriately represented in the models. 

Results 

GEOS-Chem and GEM-MACH-Hg, both implementing processes related to Polar Regions, reproduce quite 
fairly the observed seasonal cycle of atmospheric Hg(0) at Arctic sites (Figure 1a). They are both able, to a 
certain extent, to reproduce the occurrence of springtime atmospheric Hg depletion events (AMDEs). 
AMDEs are observed throughout the Arctic as the result of an oxidation of Hg(0) by reactive bromine 
species and lead to the deposition of hundreds of tons of Hg each year (Steffen et al., 2008). However, 
models are unable to reproduce the observed seasonal cycle at Antarctic sites (Figure 1b). Recent studies 
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have highlighted new atmospheric processes in the Antarctic boundary layer both in winter and summer 
time (Angot, Dion, et al., 2016; Angot, Magand, et al., 2016; Nerentorp Mastromonaco et al., 2016) leading 
to the formation and subsequent deposition of reactive Hg. Simulated deposition of Hg in pristine Antarctic 
ecosystems is most likely biased low. 

Figure 1. Year 2013 averaged monthly Hg(0) concentrations (ng/m3) at all sites: observations (in black) and 
concentrations according to various global models (GLEMOS in green, GEOS-Chem in red, GEM-MACH-Hg in blue, 
and ECHMERIT in yellow). The grey shaded regions indicate a 10% uncertainty for observations. 

Conclusion 

Atmospheric processes recently revealed in Antarctica are yet unexplained and not reproduced by models. 
They likely involve new types of oxidants and heterogeneous reactions. The combined use of sensitivity 
tests/box modeling and observations is key and will lead to a better understanding of the involved physic-
chemical processes and to improved global transport and deposition models. 
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Introduction: Atmospheric mercury (Hg) can be transported over long distances to remote regions such 
as the Arctic where it can then deposit and cause detrimental effects to arctic wildlife and humans (AMAP 
2009). Little information is known about Hg storage and pools in arctic upland tundra ecosystems, a large 
receptor area for atmospheric deposition and a major source of Hg to the Arctic Ocean (Fisher et al., 
2012). This research aims to improve the understanding of terrestrial Hg cycling in the arctic tundra, a 
major biome that covers 4% of global land surface area (Bailey, 2014). We focus on determination of 
tundra vegetation and soil Hg concentrations and pools and their potential origin and fate using 
geochemical tracers. We further aim to characterize spatial variability in distribution patterns at different 
scales, both within local upland and wetland transects and regionally using large tundra transects. We 
further assess depth patterns of soil Hg, including concentrations in permafrost soil layers.  

Methods: The primary research site is at Toolik Field Station (68° 38' N) in northern Alaska, with 
additional samples collected along a 200 km transect from the station to the Arctic Ocean. Further sites are 
located in Denali National Park and Noatak National Preserve in central Alaska. Soil and vegetation 
samples collected in summer of 2014 and 2015 were analyzed for total Hg concentration, pH, soil texture, 
bulk density, soil moisture content, organic and total carbon, nitrogen, along with major and trace 
elements. Select samples were also age-dated using carbon-14 analysis and analyzed for organic methyl-
Hg. Hg pool sizes were estimated by scaling up Hg soil concentrations using soil bulk density 
measurements. Contributions of exogenic and lithogenic Hg were estimated using reference 
concentrations of conservative elements (Al, Ti, Zr) in bedrock as described in Guedron et al., (2006).  

Results: Results from Toolik station show total Hg concentrations in tundra vegetation averaging 112±15 
µg kg-1, 151±7 µg kg-1 in organic soils, and 98±6 µg kg-1 in mineral soils. At Denali National Park, 
concentrations averaged 40±0 µg kg-1 (vegetation), and 98±8 µg kg-1 (organic soils). Compared to Hg 
levels found at many temperate sites (e.g., Obrist et al., 2012), vegetation Hg levels were higher in arctic 
vegetation which is attributable to a high representation of lichen and mosses with higher Hg 
concentrations. Mineral soil Hg concentrations in the arctic tundra were 2-3 times higher than those at 
temperate sites. Vertical concentration patterns were relatively constant, in contrast to temperate sites 
showing strong declines with depth. These results indicate incorporation of atmospheric Hg deposition 
into deeper soil horizons. Permafrost soil Hg concentrations, on the other hand, were much lower (average 
40±0 ug kg-1). Mass calculations show that Hg mass in the upper 40 cm of the soil profile (200-500 g ha-1) 
was primarily stored in mineral soil layers (over 90%). Hg mass showed substantial spatial variability, 
particularly along an upland-wetland gradient where wetland Hg pools were much lower due to an 
absence of mineral soil layer in the top 40 cm. Methyl-Hg were low in soils (on average below 3% of total 
Hg) and below detection limit (0.1 ng g-1) in permafrost soils. 

Principle component analyses including major and trace elements showed that soil Hg was correlated to 
organic matter, although much weaker than in temperate sites. However, soil Hg was independent of 
geogenic soil elements indicating that soil Hg was not of lithogenic origin but from atmospheric sources. 
Carbon-14 dating showed over 7,000 years old organic carbon in mineral soils of the active layer. We 
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found that highest concentrations of soil Hg were observed in the oldest dated layers, suggesting that high 
concentrations were possibly caused by a long legacy of atmospheric deposition and retention in soils. 

Conclusion: Results of this study show substantial Hg levels in tundra plants and soils, exceeding levels 
often observed at temperate sites closer to pollution impacts, and providing further evidence of Hg 
influence in upland areas of remote ecosystems. Given the potential impact of global change on tundra 
soils, including thawing of permafrost and increased occurrence of wildfires, the terrestrial tundra Hg 
dynamics needs to be understood to constrain potential impacts of Hg runoff to the Arctic Ocean.  
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Introduction  

Mercury is ubiquitous in the environment and large-scale transport of this toxic element occurs via gas 
phase movement within the atmosphere (Driscoll et al., 2013). Our understanding of the fate and transport 
of atmospheric mercury in the Southern Hemisphere (SH) has been hampered by the limited temporal and 
spatial distribution of monitoring networks. The background gaseous elemental mercury (GEM) 
concentration in the SH, based on sparse data, is currently taken as 1.1 to 1.3 ng m-3, however a recent 
analysis of long-term measurements from four stations across the SH taken between 2007 and 2013 have 
shown GEM concentrations are lower and more spatially uniform than previously thought, lying between 
0.85 and 1.05 ng m-3 (Slemr et al., 2015). As part of an effort to understand the natural cycling of mercury, 
and achieve the monitoring goals of the recent Minamata Convention on Mercury, long-term atmospheric 
mercury monitoring programmes have been implemented on the Australian continent, with measurements 
currently being undertaken in temperate marine and tropical environments.  

Methods 

Long-term GEM monitoring has been taking place at the Cape Grim Baseline Atmospheric Pollution 
Station (CGBAPS) in Tasmania, Australia since September 2011. More recently, since June 2014, such a 
programme has been implemented at the Australian Tropical Atmospheric Research Station (ATARS), 
located on the Gunn Point peninsula in northern Australia. GEM is measured at these sites using Tekran 
2537 analysers that quantify gaseous mercury using gold pre-concentration and cold vapour atomic 
fluorescence spectroscopy. Both stations collect standard meteorological measurements (wind velocity, 
atmospheric pressure, precipitation), as well as radon-222 (radon), for wind sector and fetch analysis.  

Results 

Measurements across the period December 2014 – November 2015 show varying median background 
concentrations along a latitudinal gradient, ranging from 0.83 ng m-3 at CGBAPS to 0.94 ng m-3 at 
ATARS. These values are in line with findings from Slemr et al. (2015) that showed GEM concentrations 
in the SH to be around 30% lower than previously believed. The data also show some seasonal influence 
at both these sites, with lowest mean concentrations occurring in autumn (Table 1). The highest mean 
seasonal values at CGBAPS occurred during winter, whereas these were seen during spring at ATARS. 
This may be linked to frequent biomass burning that takes place during the dry winter and early spring 
months, before the onset of a monsoon season that runs from November until April. 

Table 1. Seasonal GEM concentrations (mean ± standard deviation) for the period December 2014 –November 2015 

Site Summer (DJF) 

ng m-3 

Autumn (MAM) 

ng m-3 

Winter (JJA) 

ng m-3 

Spring (SON) 

ng m-3 

CGBAPS 0.81 ± 0.07 0.71 ± 0.09 0.92 ± 0.10 0.88 ± 0.07 

ATARS 0.90 ± 0.11 0.85 ± 0.13 0.96 ± 0.09 1.00 ± 0.12 
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Variability in GEM concentrations was also larger at ATARS than at CGBAPS, as evidenced by larger 
standard deviations. This is likely due to greater fetch variability at ATARS that experiences regular sea- 
and land-breeze circulations, whilst CGBAPS is more heavily influenced by the large, homogeneous fetch 
of the Southern Ocean. Nocturnal depletion events are also often witnessed at ATARS, with GEM 
concentrations dropping overnight by up to 60% (Figure 1).  Preliminary results from radon analysis 
suggest these are linked to local dry deposition under stable nocturnal boundary layers. Drops in GEM 
concentration are also seen at CGBAPS (not shown), though these events are less frequent, less 
pronounced and likely due to transport of GEM-depleted air masses as suggested by back trajectory 
analysis. Back trajectory analysis at ATARS also suggests influences from the Northern Hemisphere as 
the inter-tropical convergence zone shifts southwards during the monsoon season. An example of this can 
be seen in Figure 1 when GEM concentrations spiked to 1.4 ng m-3 on the 25th February, possibly in 
relation to GEM emission from biomass burning on the Indonesian archipelago. 

Figure 1. Close up of four months’ data from ATARS, showing possible influence from Indonesian biomass burning 
(25th February), as well as nocturnal depletion events throughout late April and May. 

Conclusion 

In addition to supporting recently published results regarding the concentration of GEM in the Southern 
Hemisphere, the high temporal resolution of the current atmospheric mercury monitoring techniques 
enables fetch analysis techniques that can improve our understanding of the natural cycling of mercury in 
the environment. By investigating biomass burning events witnessed at both ATARS and CGBAPS we 
can work to constrain estimates of mercury release from fire across the Australian continent, currently 
taken to be between 21 and 63 Mg year-1 (Nelson et al., 2012). Additionally, the depletion events 
witnessed at both sites can provide insights into delivery of mercury to the environment from the 
atmosphere, an important consideration when assessing the impact of anthropogenic mercury pollution on 
human and ecosystem health. 
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Introduction  

During the 1970s it became evident that “acid rain” due to long-range transport of polluted air from other 
parts of Europe was a major problem to freshwater fish in Norway. Analyses of moss samples in Sweden 
(Rühling and Tyler, 1971) and precipitation samples in southernmost Norway (Hanssen et al., 1980).  
confirmed that substantial amounts of heavy metals are supplied along with the acidifying sulfur and 
nitrogen components. This paper describes briefly research carried out to study the extent of metal 
pollution and following the temporal trends over the last 40 years.  

Methods 

Air concentrations of 20 elements were determined at the Birkenes stations in southern Norway over two 
periods in 1978-79 and 1985-86 and the results combined with air trajectories (Amundsen et al., 1992). 
Precipitation was monitored at three sites in different regions over the entire 40-yerar period and 
occasionally at a greater number of sites. Moss bio-monitoring of metal deposition was carried out at 470 
sites all over the country every 5 years using the best available analytical techniques at any time 
(INAA/AAS 1977 -1985; ICPMS 1990 - 2015). Residual metal contamination was studied by 
corresponding sampling and analysis of natural surface soils according to a corresponding network. In the 
case of Pb stable isotope analysis was used to distinguish between contributions from air pollution and 
naturally occurring lead in the soils (Steinnes et al., 2005). Principal component factor analysis (Schaug et 
al., 1970) was used to separate contributions of metals from different source categories.  

Results 

Sector analysis of air concentration data showed that the main source areas pollution derived elements 
(e.g. V, Zn, As, Se, Cd, Sb, Pb) are to the southwest to southeast of Birkenes. Comparison of data from 
moss samples and precipitation at 12 different sites confirmed that concentrations in moss were generally 
proportional to atmospheric deposition at the same site (Berg and Steinnes, 1998). Atmospheric deposition 
of the above elements, as evident from repeated moss surveys, is generally about tenfold higher in the 
south than in areas farther north, but has decreased substantially over time (Steinnes et al., 2011), in the 
case of Pb to 5% of the 1977 level. The pollution-derived elements are also significantly enriched in the 
humic surface horizon of natural soils, most pronounced in the south of the country, as evident from 
repeated nationwide soil sampling campaigns (Steinnes et al., 1997; 2011). In the case of Pb the 
concentration in the surface soil horizon is tenfold higher in the south than in pristine areas in the north 
mainly because of differences in atmospheric deposition of Pb, as supported by stable Pb isotope analysis 
(Steinnes et al., 2005). Studies of peat cores from ombrotrophic bogs confirm the temporal and spatial 
trends evident from the other studies discussed. 

In the far north-east some areas are substantially contaminated with Cu and Ni by pollution from nearby 
Russian industries. This trans boundary transport reached a maximum around 2005 and has continued 
since at the same level. Around 20 000 km of Norwegian land is affected. 
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Conclusion 

With the exception of areas affected by smelters in Russia, the impact of long range atmospheric transport 
of metals from other countries has been substantially reduced over the last 30 years. Natural surface soils 
in the southern part of the country, however, remain to be considerably polluted from integrated 
deposition of metals (Pb, Zn, Cd, As, Sb, etc.) supplied mainly from trans boundary pollution and bound 
to humic substances. It has been claimed by some (Reimann et al., 2009) that the steep gradient evident in 
surface soil composition along a south-north gradient in southern Norway is due to natural conditions 
related to climate and vegetation. This view is not supported by results from a recent statistical study in 
Norway including the geographical distribution of ecological land classes (Nickel et al., 2014) where it is 
concluded that atmospheric transport is a main source of Pb and Cd accumulation in moss as well as in 
natural surface soil. 
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Introduction  

Measurements results of the elements, As, Cd, Co, Cr, Cu, Mn, Ni, Pb, V, Zn and anthropogenic sulphur in 
precipitation and in aerosols (PM10) have been evaluated for the period 1999 to 2015 at four Swedish 
measurement sites. In addition the corresponding measurement result was also evaluated from the Pallas 
Matorova site in Northern Finland during the period 2009 - 2014. A statistically significant decreasing trend 
regarding many of the metals is observed. 

Methods 

The measurement sites are shown in Figure 1 and Table 1. Heavy metals in precipitation were measured by 
bulk samplers at all sites. At the Swedish sites Vavihill, Råö, Aspvreten and Bredkälen monthly samples 
were collected with three bulk collectors in parallel which  

was separately analysed. At Visingsö and Pallas single bulk collectors 
were used. Heavy metals in the PM10 fraction were measured at all sites 
except at Visingsö. The content of heavy metals was determined with 
ICP-MS. The sampling, handling of samples and sampling equipment 
as well as analysis was performed according to the EMEP manual for 
sampling and chemical analysis 2001. The Mann Kendall method was 
used for trend analysis. 

Figure 1. Measurement sites 

Table 1. Measurements sites 
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Results  

Figure 2. Seven years (six years regarding Pallas) average heavy metal concentrations in precipitation. 

Average concentrations of heavy metals in precipitation are shown in Figure 2. Many of the elements show 
a south-north trend with the highest concentrations in the south. However, the elevated values at Visingsö 
and to some extent at Aspvreten contradict this trend. The likely reason is the occurrence of local sources 
in this part of Sweden. Likewise the Pallas site is affected by emissions of especially Cu, Ni and sulphur 
from industries on the Kola Peninsula (Boyd et al. 2009). A trend analysis gives significant statistical 
evidence for that the concentrations of As, Cd, Co, Cr, Cu, Ni, V and Zn have decreased at the most southern 
measurement sites, Vavihill and Råö, during the investigated period. The same is also true regarding Cd, Cr 
and V at the most northern sites, Bredkälen and Pallas. At Pallas Cu and Zn also showed a decreasing trend. 
No decreasing trend could be seen at Visingsö or Aspvreten. The present observations are also supported 
by the PM10 measurements. 

Conclusion 

The concentration of heavy metals in precipitation is normally low in Sweden and can to a great part be 
attributed to long range transport. The present investigation indicates that the emission of heavy metals in 
Europe decreased during the period 2009 – 2015. 
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Introduction  

Long-range atmospheric transport of heavy metals has increased the exposure to forest ecosystems but 
atmospheric deposition of heavy metals shows decreasing trends over the last decades. Metals in soil and 
stream water are to a large degree dependent on long-term and long-range atmospheric transport, and the 
main priority has been on mercury (Hg), lead (Pb) and cadmium (Cd) within the Convention on Long-
Range Transboundary Air Pollution (CLRTAP) (UNECE 2003). Evaluations of temporal trends of heavy 
metals have been included within the ICP IM to support the CLRTAP in subprogrammes for precipitation 
chemistry (PC), throughfall (TF), litterfall (LF), runoff water (RW) and soil chemistry (SC) (Lundin et al. 
2001). Catchment budgets show an ongoing accumulation of heavy metals and the release (RW) seldom 
exceeds input (PC + TF + LF) (Ukonmaanaho et al. 2001, Grigal 2002, Bringmark et al. 2013). In this 
study long term trends in heavy metal SC were evaluated across Swedish IM sites between 1994 and 
2011. 

Methods 

Data reported to the ICP IM Programme Centre at the Finnish Environment Institute (SYKE, Helsinki, 
Finland) were used for the evaluation of temporal trends. Within soil profiles were 6 samples from soil 
plots (50 * 50 m) at different depths (F+H horizons, 0 – 5 cm, and 5 – 20 cm) taken every 5 to 10 years. 
At Swedish ICP IM sites (Aneboda, Gårdsjön, Kindla and Gammtratten) soil samples have been collected 
with regular intervals over the last decades and for the sites metal concentrations at different soil horizons 
were tested for temporal trends in more detail.  

Results 

Within Swedish IM sites Pb and Cd concentrations in the forest floor (F+H-horizons) decreased but 
accumulated in deeper mineral soil layers (Fig. 1). Mercury concentrations in the forest floor on the other 
hand increased at all Swedish IM sites. 
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Figure 1. Soil metal concentrations at the four ICP IM sites in Sweden (Aneboda (solid line), Gammtratten (dotted 
line), Gårdsjön (dashed line), Kindla (dotdashed line)).   

Conclusion 

 As a response to changes atmospheric deposition did Pb and Cd concentrations decrease in the
forest floor at Swedish IM sites

 Both Cd and Pb have accumulated in deeper mineral soil layers between 1994 and 2011
 Despite reductions in Hg emissions  to the atmosphere and atmospheric deposition, Hg

concentrations in the forest floor increased at all Swedish IM sites
 Large exceedances were found in deposition compared to runoff for all metals indicating an

ongoing accumulation of heavy metals in the catchment despite the efforts to decrease
anthropogenic emissions to the atmosphere
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Introduction  

Since the development of highly precise multi-collectors inductively coupled plasma mass spectrometry 
(MC-ICPMS), signatures in Hg isotopes have been deployed for pollutant source apportionment in 
samples from various environmental compartments (i.e. Feng et al., 2010). Significant mass dependent 
fractionations (MDF) of Hg isotopes has been reported during methylation, de-methylation, abiotic 
photochemical reduction, abiotic chemical reduction, biotic reduction, and physical processes including 
evaporation, volatilization, absorption, leaching and diffusion. Interestingly, recent studies also 
demonstrated mass independent fractionation (MIF) for both odd (e.g. 199Hg and 201Hg) and even (e.g. 
200Hg, 204Hg) isotopes. Each fractionation process imparts a diagnostic pattern of isotopic variation, and 
consequently Hg isotope ratios provide key clues for understanding the possible sources and pathways on 
mercury transportation and transformation. Source attribution of atmospheric Hg is plausibly provided 
since the isotopic compositions of primary emission sources are significantly different from each other 
and from the background. In this paper, we collected airborne particulate matters (PM) at both urban and 
remote sites in China to investigate the sources of Hg of PM and the possible pathway of particulate 
bounded Hg formation in ambient air.  

Methods 

Fine airborne particulate matters (PM2.5) were collected weekly using quartz fibre filters at four remote 
sites in China, which were located at Mt. Waliguan (northwestern China), Mt. Ailao (southwestern China), 
Mt. Changbai (northeastern China) and Huaniao Island (East China Sea). For accurate Hg isotope 
measurement by MC-ICP-MS, the sensitivity of our instrument requires introduction of the analyte in 
excess of 1 ng ml-1 solution.  

The sampled quartz filters were processed using a double-stage tube furnace following novel methodology 
(Fu et al. 2014). Accordingly, two tube furnaces (Thermo Scientific) were placed in close proximity. A 
sample was induced in a small quartz tube (100 mm length, 19 mm inner diameter, 20 mm outer diameter) 
and heated from room temperature to 1000  within 4 hours in the first tube furnace. High purity oxygen 
was introduced as carrier gas promoting complete oxidation of organics in the sample and transfer of 
resulting Hg0 into the second tube furnace. A bubbler filled with 10 mL KMnO4 acid trapping solution 
(Zheng et al. 2007) was connected at the exit of the tube-furnace assembly to entirely oxidize and capture 
Hg from exhaust. Trapping solutions were subsequently diluted to 20 mL in order to control the acid 
concentration under 20% and kept in dark bottles prior to Hg concentration and isotope measurements. 
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Results 

The averaged mercury (Hg) concentrations in PM2.5 at the studied sites ranged from 18.9 to 46.1 
pg m-3, which are 2-5 times greater than that observed from the North America and Europe. We 
identified that long-range transport from industrial and urbanized areas in eastern, northern, 
southwestern, northwestern China played a primary role in distribution of Hg in PM2.5 in remote 
areas of China. Hg in PM2.5 overall displayed negative δ202Hg values ranging from -2.5‰ to -
0.30‰. The negative δ202Hg values were partly attributed to direct emission of PM2.5 from 
anthropogenic sources, as most previous studies suggested that PM2.5 Hg released from coal 
fired power plants were characterized by negative δ202Hg values. Also, Hg isotopes fractionation 
during atmospheric transformation including oxidation of Hg0 in the atmospheric followed by 
gas-particle partitioning could also induce negative shift in PM2.5 δ202Hg values. We also 
observed significant mass independent fractionation (MIF) in PM2.5 with ∆199Hg values ranging 
from -0.20‰ to 1.17‰. The PM2.5 ∆199Hg values were significantly anti-correlated with PM2.5 
Hg concentrations. As most of high PM2.5 Hg samples were directly related to anthropogenic Hg 
emission in mainland China, we suggest that PM2.5 released from anthropogenic sources of 
China were characterized by ∆199Hg values near zero. This conclusion is consistent with previous 
studies which showed that MIF signatures in world coal and during coal combustion were all 
close to zero. On the other hand, atmospheric processes including oxidation of Hg0 and photo 
reduction of PM2.5 Hg are thought to drive isotopic composition of PM2.5 Hg toward high 
positive ∆199Hg values. This may explain the high positive ∆199Hg values in low PM2.5 Hg 
samples. 

Conclusion 

We found that PBM Δ199Hg at remote areas are significantly different the urban sites, with positive Δ 
199Hg at remote sites and Δ 199Hg near zero at urban sites. We demonstrated that Hg isotope signatures can 
be used to trace the source of Hg in PM. We observed that atmospheric transformations of Hg species lead 
to the positive PBM Δ 199Hg. We also observed MIF of Hg200 also occurs in the marine boundary layers. 
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Introduction  

Industrial activities have a significant contribution to the global load of atmospheric particulate 
matter in Europe (1.3×106 t.yr-1 of PM2.5, accounting for 40% of the total PM10 emissions: Pulles et al., 
2007). Exposure to PM2.5 has progressively been recognized to have a strong impact on human health. 
Atmospheric particles measured in industrial areas are generally enriched in potentially toxic trace metals, 
which are considered to play a role in oxidative stress leading to chronic pulmonary disease and asthma. 
In this study, we apportion the main industrial sources contributing to the concentrations of metal-bearing 
fine particles in one of the most important coastal industrial area in Europe. 

Methods 

The sampling site taken place in the south border of the industrial area of Dunkirk, a French 
harbor along the southern bight of the North Sea. Atmospheric particulate matter was collected for three 
weeks by cascade impaction (particle size-classes ranging from 30 nm to 2.5 µm). Concentrations of 6 
major and 17 trace elements were analyzed by ICP-AES and ICP-MS, following the procedure detailed in 
Mbengue et al. (2014). To identify the different metal-bearing particle sources in PM2.5, Principal 
Component Analysis (PCA) and Multiple Linear Regression Analysis (MLRA) were performed. 

Results 

During the campaign, the mean PM2.5 mass concentration exceeded the European Union (EU) 1-
year average limit value (25 µg.m-3) in northeasterly (32.5 ± 11.9 µg.m-3) and northwesterly (28.2 ± 7.9 
µg.m-3) meteorological situations, i.e. when local winds blew predominantly from the metallurgy and oil 
refining sectors of the industrial area, respectively. Conversely, the concentrations were lower under urban 
influence (southwesterly winds). Except for Fe and Mn, mainly associated with supermicronic particles, 
elements with a main anthropogenic origin, i.e. industry or traffic (As, Cd, Co, Cr, Cu, K, Ni, Pb, Sb, V, 
and Zn) display more than 60% (and up to 85%) of their mass in the submicron and ultrafine (< 100 nm) 
fractions. 
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Figure 1: Metal-sources apportionment using the mean concentrations of the selected tracers in PM2.5 

Seven representative tracers for the source-types identified in the studied area have been proposed 
after a comparative analysis of the source profiles extracted by PCA: Mn for metallurgy, Ni for oil 
processing (refining, fuel-oil combustion), Pb for steelworks, As for coal combustion, Cu for road traffic, 
Al for resuspended dust and Na for sea sprays and aged sea salts. Based on the mean concentrations 
measured in PM2.5, a metal-sources apportionment was performed using the MRLA results. The obtained 
results (Figure 1) showed, without surprise, that metal working (Fe-Mn alloy refining, iron- and steel-
making) is the main source (> 40%) controlling metal concentrations in fine particles, followed by 
resuspended dust (24%). More surprisingly, the source called “sea salts” is also an important contributor 
(21%) to metal concentrations. This could be due to coalescence between hygroscopic fresh sea salts and 
local emissions, at the particle scale (Choël et al., 2006). 

Conclusion 

More than 50 000 inhabitants living in the Dunkirk southwest suburbs are exposed to industrial 
plumes, bearing fine and ultrafine metal-rich particles. It is therefore suggested that local air quality 
management plans address these observations, for example by mean of a special monitoring, dedicated to 
a specific survey of fine and ultrafine particulate matter in this multi-influenced urban zone. 
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Introduction 

Poland is one of the largest mercury emitters in Europe together with Germany and Italy (EMEP, 2016). 
This is the result of hard coal and lignite dependency of Polish energy sector. In 2013 even 84% of electricity 
was generated from solid fossil fuels (EC, 2015) however this share is reduced permanently. First complex 
inventory of Hg emission in Poland was prepared by Panasiuk et al. (2009; 2010). 

Methods 

Mercury emission to air from industrial processes and fuel combustion in residential sector for 2014 was 
based on KOBiZE (2016) data. Additional Hg emission to air was estimated by author for the use of 
mercury-containing products and dental practice. Use of batteries, light sources and other electrical and 
electronic equipment generate Hg emission to air. This emission in Poland was estimated for 2014 based on 
Hg consumption (Maxson, 2006) excluding measuring and control equipment (6.6 Mg Hg), model for 
distribution and emissions (Kindbom and Munthe, 2007) and Polish statistical data for municipal wastes. 
Due to GUS (2015) data 15.1% of collected municipal wastes was designated for incineration, mainly in 
cement plants. Due to GIOS (2015a) report 54.4% of light sources group including compact fluorescent 
lamps and 34.6% of remaining electrical and electronic equipment was selectively collected. For portable 
batteries this level was 33.1% (GIOS, 2015b). Additionally accumulation factors for lamps and electrical 
devices were corrected from 35% to 20%. Mercury emission from dental practice was based on the Polish 
Ministry of Health data on Hg consumption and pathways of dental mercury (Maxson, 2007; Panasiuk et 
al., 2009). Emission from bodies cremation was reported by EC (2012). Mercury discharges to water were 
based on E-PRTR (2015) database for 2013. Discharges to water and soil from dental amalgam in buried 
bodies were calculated on basis of burial data and 20% level of releases to ground waters.  

Results 

Poland officially reported to EMEP emission of 9.56 Mg to air in 2014, excluding waste treatment. It 
consists of 5.21 Mg from energy industry, 1.01 Mg from residential and commercial combustion plants and 
3.34 Mg from other industries (KOBiZE, 2016). Hg emission to air from the use of mercury-containing 
products (initial and later within 10 years) was estimated on level 0.82 Mg. In comparison to previous years 
it is increase associated with higher share of municipal waste incineration. Consecutive 3.94 Mg Hg 
contained in products is re-collected and stored safely. Waste stream of mercury-containing products passed 
to municipal landfills decreased to 1.44 Mg. Remaining 0.39 Mg is still accumulated in products in society. 
In dental practice incineration of 2.90 Mg Hg in infectious wastes causes emission 0.29 Mg and processes 
of bodies cremation causes emission of 0.06 Mg to air (Panasiuk and Glodek, 2012). Load of 4.90 Mg from 
dental practice is collected as hazardous wastes. For year 2014 total annual anthropogenic emission to air 
from industry, products and dental practice was 10.73 Mg Hg. 

Direct and indirect mercury discharges to water in Poland in 2013 (last available data) were 2.99 Mg with 
2.75 Mg from large and medium industrial facilities and 0.25 Mg from municipal waste water plants 
(Panasiuk, 2015). Municipal sewage sludge transferred to agriculture is source of emission 0.31 Mg to soil. 
Discharges to soil from dental amalgam in buried bodies were estimated on level 0.16 Mg.  
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Conclusion 

In sum mercury emission to air, water and soil in Poland in year 2014 was estimated on level 14.2 Mg 
annually. Significant load of 11.4 Mg in wastes of mercury-containing products and from dental practice is 
recycled or captured from incineration processes. 
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Introduction  

Owing to its reactivity and volatility, mercury (Hg) can be dispersed globally via the atmosphere or oceans, 
and contaminate remote, high-latitude environments and ecosystems (AMAP, 2011). Stable Hg isotope 
ratios measured in environmental media provide a new way to identify the emission source(s) and processes 
involved in Hg pollution (Blum et al., 2014). In this study, we used Hg isotope ratios in glacier cores from 
the Canadian Arctic to investigate past and recent source(s) and trends of atmospheric Hg deposition. 

Methods 

We used archived glacier firn (compacted snow) and ice cores recovered between 1994 and 2005 on four 
Canadian Arctic ice caps (latitudes 67.2 to 80.7 °N). The samples range in age from recent decades to >104 
years. We carefully removed the outer layers of cores, and determined total Hg concentrations ([THg]) by 
CV-AAS, and stable Hg isotope ratios ( 202Hg, 199Hg, 200Hg) by MC-ICP-MS in the melted samples.  

Results 

 The [THg] in High Arctic firn increased from close to or < 0.5 ng/L in pre-industrial time to ~0.8-1.2 ng/L 
in the past 200 years, implying a ~two-fold enhancement (or larger) during the modern industrial era. The 
mass-independent fractionation of Hg ( 199Hg) in most samples was close to 0 ‰ and much less than in 
snow impacted by atmospheric Hg depletion events (Sherman et al., 2012), which suggests these events 
contribute little Hg accumulation on Arctic glaciers. The range of Hg isotopic compositions ( 202Hg, 

199Hg) in firn and ice overlaps with that of several possible known sources, some natural (e.g., Arctic 
seawater) and some anthropogenic (e.g., coal burning) but it is presently impossible to unambiguously 
discriminate between these sources (or source-regions) using Hg isotopes alone. However, variations of 

202Hg recorded in High Arctic firn cores display a gradual positive shift of ~1 ‰ from the 19th to late 20th 
century (Fig. 1), which parallels the estimated trend in the 202Hg of industrial by-product THg emissions 
to the atmosphere over the same period (Sun et al., 2016). We hypothesize that the 202Hg of firn reflects 
the isotopic evolution of the atmospheric Hg pool in the High Arctic in response to growing anthropogenic 
emissions. If this is correct, it offers one of the most unequivocal lines of evidence obtained so far of the 
far-reaching impact of anthropogenic Hg emissions in the remote Arctic atmosphere. 
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Figure 1. Top: Measured 202Hg in firn cores from two Canadian High Arctic ice caps (red, blue; shading: ± 2 ) 
compared with modeled historical variations in the 202Hg of anthropogenic THg emitted to the atmosphere either as 
a by-product, or from all emission sources (after Sun et al., 2016; shading: 95 % C.L.). Bottom: Reconstructed changes 
in global Hg emissions to the atmosphere since 1800 from various sources, and simulated changes in the size of the 
atmospheric Hg reservoir based on these emissions (Streets et al., 2011; Amos et al., 2013; Horowitz et al., 2014). 
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Introduction  

Terrestrial forest has been regarded as a largely underestimated sink for atmospheric mercury (Hg) on 
global scale (Lindberg et al., 2007). Forest vegetation removes atmospheric Hg through uptake by 
stomata/cuticle in surface foliage, transport to forest floor through litterfall/throughfall, or storage in live 
biomass (e.g., stem), and sequestration in soil (Gustin et al., 2008). Hg deposition through litterfall has 
been considered the lower bound of Hg dry deposition to forest ecosystems (Risch et al., 2012). Studies on 
Hg deposition through litterfall at global forest sites suggested that such deposition is significantly greater 
than wet deposition, poses a significant impact on the size of Hg storage in forest soil (Zhou et al., 2013), 
and can be used for gauging Hg dry deposition flux obtained by modeling (e.g., CMAQ-Hg, GEOS-
Chem). However, few studies systematically evaluated the role of Hg deposition through litterfall in 
global biogeochemical cycling of Hg. In this study, the quantity and geospatial distribution of global Hg 
deposition through litterfall is assessed through statistical modeling using published datasets of litterfall 
biomass production, tree density and Hg concentration in litterfall. The statistical estimate in this work and 
global Hg modeling results are compared. The implications in terms of the role of Hg input through 
litterfall in Hg cycling are discussed. 

Methods 

Data from peer-reviewed literature published during 1995-2015 for 138 relatively remote/rural sites where 
atmospheric Hg concentrations were ≤ 5.0 ng m-3. A global database of litterfall biomass production 
(sites=575) is available on-line from Oak Ridge National Laboratory Distributed Active Archive Center 
(http://dx.doi.org/10.3334/ORNLDAAC/1244). Using these data, Monte Carlo simulation was applied to 
integrate the datasets of Hg concentration in litterfall and litterfall biomass to produce the probability 
distribution of Hg deposition through litterfall, which was then utilized to estimate the input of Hg to global 
forest ecosystems. 

Results 

Hg deposition flux through litterfall for different biomes as well as the contributions to Hg deposition 
through litterfall are shown in Figure 1. Existing data show that dry deposition of Hg (defined as the sum 
of Hg deposition through litterfall and Hg deposition difference caused by throughfall and rainfall) is the 
predominant pathway of Hg loading to forest floor, accounting for an average of 77% of total (dry+wet) 
deposition at 27 sites globally. Using the model results, the global annual Hg deposition through litterfall 
is estimated to be 1180±706 Mg yr-1. Estimate for Hg fixed by leaf biomass in this study is >2 times 
higher than the estimate by GEOS-Chem. Spatial distribution of Hg deposition through litterfall suggests 
that deposition flux decreases spatially from tropical to temperate/boreal regions. Approximately 70% of 
global Hg dry deposition occurred in tropical/subtropical regions. More measurement data in tropical and 
sybtropical regions will greatly improve the accuracy of the current estimate.  
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Figure 1: (1) Hg deposition flux through litterfall for different biomes. (2) Global Hg deposition 
budget through litterfall of different biomes. (3) Gridded Hg deposition through litterfall in mg/cell 

Conclusion 

Using a mass balance approach, the net Hg sink caused by global forest ecosystems is estimated to be 
1805 Mg yr-1, highlighting importance of forest ecosystem in global Hg cycling. 
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Introduction  

Surface water impairment due to metals has been identified as a human health and ecosystem concern 
(e.g., Cd, Cr, Cu, Pb, and Zn; USEPA, 2011). Two novel fractionation approaches were employed to 
better understand metals distributions.  Highway runoff was found to generally have the highest mass 
loads and greatest “dissolved” fraction.  Cu, Zn, Cr, Ni, and Pb were commonly associated with colloidal 
organic matter.  SEC-ICP-MS confirmed that Cu co-eluted with the organic matter (absorbance, λ = 254 
nm); Ni and Pb were found to co-elute with organic matter as well as be found in smaller size fractions, 
and Cd and Zn were generally associated with lower molecular weight entities than the organic matter. 

Methods 

Sample collection.  Eight collection events were conducted across four land uses: highway (H1, H2, H3), 
urban (U1), agricultural (A1, A2, and A3), and less impacted reference (N1; McKenzie and Young, 
2013a) 

Novel fractionation.  A portable flow-through centrifuge was generally used in the field to continuously 
separate solids; grab samples were syringe filtered in the field both before and after centrifugation. 
Ultrafiltration was completed in the lab. Sample concentration were determined with an ICP-MS and 
fractionated concentrations, based on size and inferred density, were calculated; mass loading, partitioning 
distribution coefficients, and enrichment factors were also calculated (McKenzie and Young, 2013a). 

SEC – ICP-MS. SEC with online ICP-MS was employed using Phenomenex s2000 column (300 x 4.6 
mm) with an isocratic method (4 mM NaH2PO4, 86.5 mM NH4NO3, ionic strength 0.1, pH 7, 0.8 
mL/min; method detailed in McKenzie and Young, 2013b). 

Results 

Highway and urban samples were generally found to be enriched in the metals of interest, suggesting that 
anthropogenic sources were present; Cd, Cu, and Zn were most enriched.  Highway and urban land uses 
also had the greatest mass loading (mg/km2); highway mass loadings were 10 to 500-fold greater than the 
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less impacted reference site, while urban loadings were often 
~10-fold higher than the reference.  The novel fractionation 
approach, exemplified in Figure 1, demonstrated that 
highway and urban samples contained the highest 
concentrations of dissolved metals (<10 kDa). Based on 
pseudo-partitioning distribution coefficient values, Cd and 
Pb were associated with large dense particles, and colloid 
organic matter sorbed Cu, Zn, Cr, Ni, and Pb. 

SEC – ICP-MS analysis revealed that metal molecular 
weight distributions varied by land use, however many 
patterns existed across all samples (Figure 2).  Many metals 
were partially or wholly associated with the organic matter 
peak suggesting that the metals were complexed by the 
organic matter; this was most prevalent for Cu, but also for 
Ni and Pb.  Mg presented a well-defined peak 
(~700 Da), particularly in agricultural samples; this 
is thought to be chlorophyll.  Mn, Ni, Pb, and to a 
lesser extend Zn, were found to present multiple 
peaks in most samples, suggesting that there were 
multiple complexing agents. Cd and Pb were also 
commonly observed ~100 Da apparent MW.    

Conclusion 

Fractionation is an important tool for understanding 
the fate and transport of contaminants.  In this 
work, two new approaches were employed to 
fractionate metal concentrations in stormwater 
samples from four land uses.  Highway and urban 
runoff likely pose the greatest concern as they 
contain the highest total and dissolved 
concentrations, which likely reflects anthropogenic 
sources.  
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Introduction  

Atmospheric pollution has been a worldwide challenge, especially in Europe where the Convention on 
Long Range Transboundary Atmospheric Pollution was agreed in November 1979. The International 
Cooperative Programme on Effects of Air Pollution on Natural Vegetation and Crops was created in 1987 
and includes a moss bio-monitoring of trace metals. This network made it possible to determine spatial 
and temporal trends in Europe (Harmens et al., 2010, 2015). But some variability remains in the results 
due to the sampling protocol features (eg. the moss species or the sampling period), which the former 
studies overlooked. This study aims to assess temporal trends in France after taking into account some co-
variables of the concentrations, for the trace metals (TM) Cd, Hg, Ni, and Pb, by use of mixed models. 

Methods 

Mosses were sampled in France during 4 surveys from 1996 to 2011, every 5 years, with the financial 
support of ADEME (French Agency for Environment and Energy Management). Five moss species were 
collected according to the IPC-Vegetation guidelines. Sampling sites were considered a repetition between 
surveys if they were within 500m of the sampling site of the former survey and under the same biotope, 
giving 280 repeated sites in our database. They are roughly homogeneously distributed over France, 
except the North and the French Brittany (NW). Samples were analyzed by IAAS, ICP-AES, ICP-MS in 
1996, 2001, 2006-2011, respectively. Non-conformed concentrations according to standard samples were 
corrected. Data for Hg were unavailable for the 1996 survey. Due to the structure of the data, ie the 
repetition of the sites over time, we had to analyze the effect of the time associated with other co-variables 
(moss species, sampling period, region in France among a regular 6-cell raster) with mixed modeling. The 
sampling period was computed as the day of years of each sample, categorized by quartiles of this 
distribution. As fixed effects we entered the time, the regions, the moss species, the sampling period, and 
the interaction between time and regions into the model. As random effects we had the site, and the 
interaction between time and moss species. The TM concentrations in mosses were log-normally 
distributed, so we opted for a generalized linear mixed model (GLMM) with a log distribution. We used 
the R software with the lme4 package (Bates, Maechler, Bolker, & Walker, 2014) and the glmer function. 

Results 

Significant temporal trends over France were found for Cd and Pb (Table 1), despite significant effects of 
the considered features of the protocol. Regional differences appeared for Pb, Ni, while it was less clear 
for Cd and Hg. Significant negative interactions between time and region were found for Hg and Ni in the 
ME region (Rhodanian valley impacted by heavy industries) and on the Northern part of France, 
respectively. Interestingly, Pb had a positive interaction time:region in the SE of France. The moss species 
was significant for Pb but this effect was less clear for the other TM. 
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Table 1. Coefficients of the GLMM for the TM Cd, Hg, Ni, and Pb. Significant values (5%) are in bold. 
Variable Cd Hg Ni Pb Variable Cd Hg Ni Pb 

Time -0.03 -0.02 0.01 -0.09 

Interaction 
time:region

NE:time -0.03 0 -0.02 -0.02 

Region (ref: 
NW) 

NE 0.52 -0.03 0.44 0.2 MW:time -0.03 -0.01 -0.03 -0.02 
MW 0.06 -0.04 0.06 -0.32 ME:time -0.03 -0.02 -0.04 0 

ME 0.36 0.26 0.66 -0.04 SW:time -0.03 -0.01 -0.01 0 

SW 0.09 -0.04 0.19 -0.29 SE:time -0.02 -0.01 -0.02 0.01 

SE 0.07 0.01 0.47 -0.16 Sampling 
period* 

(ref: SP1 ) 

SP2 -0.09 -0.1 -0.27 -0.32 

Moss species  
(ref: M1) 

M2 0.14 0.24 -0.29 -0.25 SP3 -0.37 -0.17 -0.32 -0.31 

M3 0.16 0.06 -0.39 -0.29 SP4 -0.58 -0.13 -0.35 -0.3 

M4 0.11 -0.07 -0.22 -0.3 * SP corresponds to the days of years of each sample, then
categorized according to the quartiles of the distribution. M5 0.01 0.13 -0.03 -0.33 

Conclusion 

Significant decreasing trends were established for Cd and Pb, while Hg and Ni had no significant trends. 
The moss species had a strong effect for Pb, and the sampling period for the 4 TM. Regional trends are 
suspected for Cd, Ni, and Pb. The effect of the features of the protocol is thus needed to be taken into 
account to assess robust temporal trends. 

References 

Bates, D., Maechler, M., Bolker, B., & Walker, S. (2014). “lme4: Linear mixed-effects models using Eigen and S4.” 
ArXiv e-print; submitted to _Journal of Statistical Software_. Retrieved from http://arxiv.org/abs/1406.5823 

Harmens, H., Norris, D. A., Sharps, K., Mills, G., Alber, R., Aleksiayenak, Y., … Zechmeister, H. G. (2015). Heavy 
metal and nitrogen concentrations in mosses are declining across Europe whilst some “hotspots” remain in 2010. 
Environmental Pollution, 200, 93–104. http://doi.org/10.1016/j.envpol.2015.01.036 

Harmens, H., Norris, D. A., Steinnes, E., Kubin, E., Piispanen, J., Alber, R., … Zechmeister, H. G. (2010). Mosses 
as biomonitors of atmospheric heavy metal deposition: Spatial patterns and temporal trends in Europe. 
Environmental Pollution, 158(10), 3144–3156. http://doi.org/10.1016/j.envpol.2010.06.039 

Abstract Book of the 18th International Conference on Heavy Metals in the Environment, 12 to 15 September 2016, Ghent, Belgium 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

– 236 –



18th International Conference on Heavy Metals in the Environment

- 214 - 

THE IMPACT OF MILITARY ACTIVITIES ON THE CONCENTRATION 
OF MERCURY IN MARINE SEDIMENTS AND SOILS OF MILITARY 
TRAINING GROUNDS  
Karolina Gębka1, Jacek Bełdowski2, Magdalena Bełdowska1 

1 The Institute of Oceanography, University of Gdansk, Gdynia, Poland, 
2  The Institute of Oceanology of The Polish Academy of Sciences, Sopot, Poland 
hyron@iopan.gda.pl 

Keywords: Mercury; dumped ammunition; sediments; soil 

Introduction  

Mercury as a metal situated on the top of the most dangerous global pollutants, still remains an important 
problem for the natural environment(Boening, 2000). The main sources of mercury in the Baltic Sea are 
overland runoff, remobilization from sediments, atmospheric deposition and inflow from the North 
Sea(Bełdowska et al., 2009). Despite many natural sources, Hg  is introduced to the environment by 
anthropogenic activity. The ammunition can be a new potential source of Hg in both terrestrial and marine 
environment because of mercury fulminate content in blasting caps, which were not removed from some 
of those ammunition. An increase of concentration of Hg in soil samples was a result of military activities 
as well. 

Methods 

Soil samples were collected from inactive military training grounds, shooting ranges and reference areas 
located 300m and 1000m away from such facilities. In total, 30 samples were collected in three soil 
horizons -5cm, 20cm and 30 cm. Sediment samples were collected from r/v “Oceania” in areas of 
munition dumpsites in the Baltic Sea, by means of ROV attached sampler and box corer. Samples were 
collected at ca. 0.5m and 100m from identified munitions. 

All samples were preserved at -12 °C until the time of chemical analysis. The samples had been 
homogenized and freeze dried before analyzing. The concentration of mercury was determined by AMA-
254. Recovery of the method amounted to 98%, whereas standard deviation was below 5%. The limit of 
quantification was 0,01 ng/g.  Additionally, a grain size analysis was performed by sieve analysis and  the 
content of organic matter was obtained by loss of ignition in 550 °C. 

Results 

A significant increase of concentration of Hg was detected in areas of Gdansk Deep, Gotland Basin and 
Bornholm Basin. The highest increase of mercury concentration in ammunition dumpsites was observed 
in western part of Gotland Basin as compared to the reference station (increase about 206%). This increase 
of concentration of mercury in marine dumpsites could be a result of content of organic matter or fine 
grain(Jędruch, Bełdowski, & Bełdowska, 2015). However, after taking into account these factors, increase 
of concentration of mercury still remains on high level in station with CWA. Differences in level of 
concentration of Hg in ammunition dumpsites were probably caused by degree of corrosion of weapons in 
question, and presence/absence of mercury fulminate primers. An increase of concentration of mercury 
was not detected in any station located in Vistula Mouth area. It was likely connected with the fact that 
dumped ammunition was not found in this area. CWA which were detected there could be a result of 
transporting these compounds by bottom trawling. Moreover, the important fact is that Vistula mouth is an 
area of transport but not accumulation of pollutants (Zajaczkowski, Darecki, & Szczucinski, 2010). 
Exemplum concentrations of mercury in CWA affected sediments and control sediments are presented in 
Figure 4 
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Figure 4  Statistical characteristics of mercury concentration [ng/g d.w.] in Gdansk Basin divided 

An increase of concentration of Hg in soil samples was a result of military activities as well. 
Significantly increased concentration of Hg in area of active gun range compared to the reference station 
was a result of using firearms there. Unclear downward trend of concentration of HgLOI could be a result 
of annual cleaning of the soil in area of shooting position. Despite the fact that military activities in Poland 
had finished several dozen years ago, higher concentration of Hg in area of inactive training grounds are 
still noticeable. Concentration of mercury in these zones of former gun ranges (Hel Peninsula area) was 
higher compared to the references stations 

Conclusion 

Both military training grounds and shooting ranges can clearly became a source of mercury to the 
environment due to reemission, in case of floods, or outgassing to the atmosphere. Sea dumped munitions 
can also be considered local mercury sources, as confirmed by elevated mercury concentrations there. In 
the Baltic Sea alone, more than 200 000 tons of various munitions were dumped, while global numbers are 
probably close to several million tonnes (1.6 M tonnes in German waters only) and vast military training 
grounds are located in many coastal areas. Therefore further studies are needed to assess the impact of 
military sources on mercury budget in the environment. 
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Metal(loid) Input and Dynamics in Soil 

Soil represents a major sink for heavy metal(loid)s released into the biosphere through both geogenic (i.e., 
weathering or pedogenic) and anthropogenic (i.e., human activities) processes. The dynamics of heavy 
metal(loid)s in soils depend not only on their physico-chemical interactions with soil constituents, but also 
on biological interactions largely associated with the microbial activities of soil-plant systems (Adriano, 
2001). Microorganisms control the transformation (microbial or bio-transformation) of metal(loid)s by 
various mechanisms that include oxidation, reduction, methylation, demethylation, complex formation, 
and biosorption (Alexander, 1999; Bolan et al., 2013a). This paper includes case studies covering the 
various processes involved in the biotransformation of heavy metal(loid)s in relation to bioavailability and 
remediation.   

Biotransformation in Relation to Bioavailability and Remediation  

Microbial transformation plays a key role in the behaviour and fate of toxic metal(loid)s, especially As, 
Cr, Hg, and Se in soils and sediments. Biotransformation processes can influence the solubility and 
subsequent mobility of these metal(loid)s in soils by altering their speciation and oxidation/reduction state 
(Gadd, 2010). These processes play a major role in controlling in the bioavailability, mobility, 
ecotoxicology, and environmental health of these metal(loid)s. For example, microbial 
reduction/methylation of metal(loid)s and its consequences to human health received attention primarily 
from a series of widespread poisoning incidents including (i) ‘Gasio-gas’ poisoning resulted from 
converting arsenic trioxide in wallpaper glue into volatile poisonous trimethyl arsine or ‘Gasio-gas’ 
(Adriano et al., 2004) and (ii) the more recent, As contamination of surface- and ground-waters, mediated 
through redox reactions of geogenic As (Mahimairaja et al., 2005). Microbial reduction and methylation 
reactions have also been identified as important mechanisms for detoxifying toxic elements (Zhang and 
Frakenberger, 2003). These processes are particularly important for elements like As, Hg, and Se that are 
able to form methyl or metal(loid)-hydride compounds. Thus, a greater understanding of 
biotransformation processes will help to monitor the fate of metal(loid)s, particularly through the food 
web, and will help to develop in situ bioremediation technologies that are environmentally compatible.  

A Case Study on Rhizoreduction of Chromate and Arsenate  

Rhizosphere influences the dynamics of nutrients and contaminants through increased microbial activity, 
release of root exudates, and alteration of pH. The aim of this study was to evaluate the rhizosphere-
induced reduction (i.e., rhizoreduction) and redistribution of arsenate [As(V)] and chromate [Cr(VI)] in 
Australian native vegetation in relation to their bioavailability (Bolan et al., 2013b). The reduction of 
As(V) and Cr(VI) was examined using rhizosphere soils from a number of Australian native vegetation 
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(Acacia pubescens, Eucalyptus camaldulensis, Enchylaena tomentosa, Templetonia retusa, Dichantheum 
sericeum, and Austrodanthonia richardsonii). Field contaminated As and Cr soils were used to examine 
the effect of D. sericeum on the redistribution and bioavailability of As and Cr. Rhizosphere soil contained 
higher levels of microbial activity, dissolved organic carbon, and organic acid content than the non-
rhizosphere soil. The rhizosphere soil caused up to 2.41 and 5.07 fold increases in the reduction rate of 
As(V) and Cr(VI), respectively. A significant relationship between rhizosphere-induced increases in 
microbial activity (Δ basal respiration) and As(V) and Cr(VI) reduction (Δ rate of reduction) indicated the 
role of increased microbial activity in rhizosphere soil on metal(loid) reduction. D. sericeum enhanced the 
reduction of metal(loid)s in the contaminated soils, thereby increasing the bioavailability of As but 
decreasing that of Cr. Depending on the nature of metal(loid)s present in soil, the rhizosphere-induced 
reduction has implications to both their bioavailability to higher plants and microorganisms, and 
remediation of contaminated soils. While rhizoreduction decreases Cr bioavailability it increases that of 
As. 
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Introduction 
Soil contamination by potentially toxic metals (PTMs) is a serious environmental concern. Many floodplain 
soils are highly contaminated with PTMs (e.g., Rinklebe and Shaheen, 2014). Thus, the development of 
suitable remediation approaches of metal contaminated soils should be a challenge for the near future. The 
in situ immobilization is considered as one of the most effective ways to remediate the PTMs contaminated 
soils (Shaheen and Rinklebe, 2015). The study objectives were i) to study the impact of the emerging 
amendments such as BI, CH, HA, and OC as well as some low cost alternative soil amendments (e.g., AC, 
BE, CBD, FA, LS, SBFL, and Z) on the (im)mobilization and on the geochemical fractions of Cd, Cu, Ni, 
Pb, and Zn, and ii) to assess the effectiveness of these amendments on the phytoavailability and the uptake 
of Cd, Cu, Ni, Pb, and Zn by rapeseed plants. The novelty of this study is that we examined some emerging 
amendments [i.e., nano-hydroxyapatite (HA), biochar (BI), chitosan (CH), and organo-clay (OC)] and a 
variety of low cost amendments and byproducts (i.e., activated carbon (AC), bentonite (BE), cement bypass 
kiln dust (CBD), fly ash (FA), lime stone (LS), sugar beet factory lime (SBFL), and zeolite (Z)) that were 
not tested as immobilizing agents for PTMs in a highly contaminated and weakly acidic floodplain soil.  
Materials and methods 
A greenhouse pot experiment was conducted using the contaminated floodplain soil. The studied soil was 
collected from the lower course of the Wupper River, near Leverkusen, about 20 km north of Cologne, 
Germany. The studied soil texture was dominated by silt (92%). The soil was weakly acidic (pH = 6.7), 
contained high organic carbon (7.05%). The studied soil has elevated concentrations (mg kg-1) of Cd (8.1), 
Cu (3041.0), Ni (80.0), Pb (412), and Zn (1324.0). In a portion of 3 kg of each air-dried sample we added 
30 g of each of the ten amendments (AC, BE, BI, CBD, CH, FA, LS, OC, SBFL, and Z) and 6 g of HA 
which were placed into 20-cm-diameter and 25-cm-height pots. The soil and each amendment was mixed 
thoroughly and placed in the pots. One week after the amendment applications, rapeseed (Barassica napus) 
was planted and harvested sixty five days after seeding. The aboveground biomass was removed from the 
pots, prepared, and dry-ashed in a muffle furnace at 450oC according to Jones et al., 1991. The geochemical 
fractions of Cd, Cu, Ni, Pb, and Zn were extracted using a sequential extraction technique based on the work 
of Tessier et al. (1979) and proposed by Shaheen et al. (2015). This method discriminates the metals into 
soluble + exchangeable (F1), sorbed and bound to carbonate (F2), occluded and bounded to Fe–Mn oxides 
(F3), and organically bound (F4). The Cd, Cu, Ni, Pb, and Zn concentrations in the digested soil samples 
and the concentrations of different metal fractions after extractions of the soil were measured by ICP-OES 
(Ultima 2, Horiba Jobin Yvon, Unterhaching, Germany). Statistical analyses were performed using the 
analysis of variance (ANOVA) and Duncan’s multiple range tests to compare the means of the treatments 
at a level of significance of p<0.05 using the SPSS 22 package. 
Results 
The amendments (except organo-clay) improved the plant growth and decreased soluble + exchangeable Cd 
(4-60%) compared to the control. Although the CBD, SBFL, and LS showed the highest decreasing rate of 
soluble + exchangeable Cd, they increased Cd in plants. The Z, B, AC, BI, and CH decreased Cd in plants 
(22-36%) (Table 1). 
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Table 1 Impact of soil amendments on the changes (%) of metal mobility (F1) and the plant tissues 
concentrations of metals in the treated soil compared to the control. 

Treatment Cd Cu Ni Pb Zn Cd Cu Ni Pb Zn 
soluble + exchangeable fraction (F1) Plant tissues concentrations 

AC 10.9 23.4 28.13 28.7 25.27 31.2 -142.2 5.37 70.1 -3.78 
BE 12.7 12.5 34.38 28.7 26.17 32.1 -199.6 39.40 58.7 9.24 
BI 10.9 7.3 25.00 12.0 16.76 22.9 -158.2 30.75 62.7 16.83 
CBD 58.2 11.8 75.00 86.7 72.69 -243.1 -150.7 65.97 78.1 40.41 
CH 3.6 8.5 12.50 8.3 12.59 26.6 -120.9 22.99 34.6 14.75 
FA 3.6 5.0 12.50 14.7 10.87 -47.7 -178.7 -59.70 66.1 -21.22 
HA 3.6 3.1 12.50 6.0 9.65 -41.3 -173.9 7.16 99.1 1.12 
LS 49.1 23.8 71.88 86.7 65.41 -18.3 -167.2 56.42 62.9 45.34 
OC -21.8 -9.8 -25.00 -8.3 -17.66 -329.4 3.4 -17.61 -13.8 -45.38 
SBFL 60.0 6.4 78.13 86.7 72.20 -1.8 -142.2 68.66 80.6 49.31
Z -5.5 -0.9 -3.13 -6.3 -0.57 35.8 -215.3 8.66 -0.9 -19.49 

Increasing/decreasing percentage = control-treatment/control*100; (-): increasing; (+): decreasing 
The amendments (except organo-clay and zeolite) decreased soluble + exchangeable Pb by 6-87% and 
decreased Pb in the plant by 35- 99% compared to the control. The SBFL, CBD, and LS showed the highest 
decreasing rate of soluble Pb. The HA showed the highest decreasing rate of Pb uptake which highlights the 
high potential of these amendments for Pb immobilization in the soil and reduce Pb accumulation by plants. 
Application changed distribution of Cu among geochemical fractions: alkaline materials lead to increased 
carbonate bounded fraction and the acid rhizosphere zone might cause release of this Cu. Thus, mobilization 
of Cu and uptake of Cu by rapeseed were increased compared to the control (except for organo-clay) under 
the prevailing conditions. This indicates that these amendments are able to increase phytoremediation 
efficiency of heavily Cu-contaminated soils. The SBFL, CBD, LS, BE, AC, and BI were most effective in 
decreasing the mobile Ni and Zn. The addition of SBFL, CBD, and LS leads to the highest decreasing rate 
of concentrations of Ni in plants (56 to 68%) and Zn (40 to 49 %). The results demonstrate the high potential 
of CBD, SBFL, LS, BE, AC, and BI for the immobilization of Ni and Zn in contaminated floodplain soils. 
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Introduction  

Wood which has been treated with weatherproof protectants, paints and preservatives can contain high 
amounts of heavy metal(loid)s and, once combusted, the resultant ash can be entrained with those 
meta(loid)s. One way to dispose of wood ash is by application to land, which has a number of benefits 
(liming effects, nutrient provision etc) and potential concerns associated (heavy metal(loid) leaching, 
toxicity etc). 
The following study examines the fate of the metal(loid)s Cr, Cu, As and Zn from wood ash generated from 
mixed source waste wood to determine, when added to soil, the effect on 1) bioavailability of the 
metal(loids) in soil, and 2) whether co-application with manure could mitigate phyto-toxicity.  

Methods 

Soil, ash and manure was obtained from an upland farm located in North-East Scotland (UK).  Soil had an 
organic carbon (OC) content of ~7% and nitrogen (N) contents of ~0.6% (data not shown). Manure was 
partially humified cattle excreta collected on the farm. Ash was sampled from a 75kw biomass boiler 
which provides heat for farm buildings, powered by farm-derived mixed waste wood. Total metal(loid) 
concentrations of ash, measured by aqua-regia digestion, were c. 10000 mg kg-1 As, Cr and Cu and c. 
5000 mg kg-1 Zn (data not shown).   

Various volumes of ash (0.1-3%) were mixed into soil with or without manure in replicated pots, where 
rye grass (Lolium perenne) seeds were then sown. Controls without manure or ash were included. A 
controlled moisture and temperature regime was implemented for 9 weeks whilst soil pore water was 
collected by rhizon samplers (Eijkelkamp Agrisearch equipment, Netherlands). 

After 9 weeks pore water samples were analysed for chemical parameters including metal(loid) 
concentrations by ICP-MS and a sub-sample subject to a genetically modified luminescent bacteria 
Escherichia coli HB101 pUCD607 for toxicity determination (following Tiensing et al. 2001). Ryegrass 
was harvested and dry mass was determined before samples were digested and analysed for metal(loids) 
by ICP-MS.  

Results 

Concentrations of As, Cu and Cr were elevated in pore water (up to ~100 fold) and ryegrass tissue (up to 
approx. ~10 fold) after ash applications compared to soils receiving no ash. Pore water concentrations of 
As and Cu significantly correlated with ryegrass uptake, indicating that these elements were the most 
bioavailable of those tested; Cr was predominantly influenced by manure and not ash addition whilst no 
treatments impacted on Zn. 
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None of the pore water collected from the soil with manure and the four concentrations of ash differed 
significantly from the soil and manure treatment in terms of percentage luminescence, however the pore 
water collected form the pots that contained soil and ash without manure had a significantly lower 
percentage luminescence compared to the pore water sampled from the soil and manure treatment (figure 
1). Thus pre-manuring soils effectively buffered some phyto-toxicity effects by regulating pH regardless of 
ash application volume (circumneutral). 
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Figure 1. Bacterial biosensor toxicity tests of pore water for the different treatments (+M = with manure; + A = with 
ash). Bar represent the average of the replicates and the bar is the s.e.m (n=5). Means that share the same letter are 
not significantly different. 

Conclusion 

There are potential environmental pollution issues associated with the application of metal(loid) 
contaminated wood ash to land related with leaching of contaminants out of soil and phyto-toxicity. The 
particular ash used in this study had high concentrations of As, Cu, Cr and Zn, so the immediate concern 
is that soil metal loadings will dramatically increase with high or repeat doses of ash application. Pre-
manuring soil before adding ash can buffer pH and reduce the solubility of metals in from the alkaline ash, 
minimizing potential toxicity effects.  
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Introduction  

Cadmium (Cd2+) is one of the most dangerous heavy metals that can accumulate in the cultivated plant 
tissues. One of the main sources of soil pollution by Cd is phosphorus fertilizer, where the Cd content may 
reach up to 300 ppm of Cd (Gupta et al., 2014). The accumulation of Cd by rice and other cultivated plants 
poses the risk for human health. Over the past few decades many authors reported that Si-rich substances 
can mitigate a negative influence of cadmium on growth of various plants (Dresler et al., 2015; Vaculik et 
al., 2015). The direct and indirect effects of Si-rich substances on Cd behavior in the plant were suggested. 
The indirect influence mostly relies on additional adsorption of mobile forms of Cd in the soil by applied 
Si-rich materials (Keller et al., 2005). The indirect mechanism can be explained by increasing the plant 
resistance against heavy metal toxicity as a result of Cd precipitation in the root apoplast and reduced 
translocation into leaves and grain (Shi et al., 2005). However, the mechanisms of the Si-based substance 
influence on Cd mobility in soil and accumulation by plants remain poorly investigated. The main aim of 
this study was to investigate the mechanism of reducing Cd adsorption by rice under improved plant Si nutrition. 

Methods 

Three types of commercial Si fertilizers were used in climatic chamber test and in field investigation with 
rice (Oryza Sativa L. vr. Japonica). There are (1) diatomaceous earth (DE) (Palkarra mine, North 
Queensland, Australia) with 48.3 ± 1.5 mg kg-1 of water-soluble Si and pH of 7.2, (2) silicon fertilizer (Si 
fertilizer) manufactured by the Elkem Materials (Norway) (Si fertilizer) with 91.4 ± 8 mg kg-1 of water-
soluble Si and pH of 7.9, and (3) calcium-silicate slag (Slag) - iron slag from the Valin metallurgical 
enterprise (Loudi, Hunan Province, China), with 4.6 ± 1.5 mg kg-1 of water-soluble Si, pH of 8.2, particle 
size 1-2 mm. All substances didn’t contain any pollutants and had 32.1, 8.2, and 19.3% of total Si, 
respectively. In the both experiments, the application rate of Si-rich materials was 500 kg ha-1 or 0.5 g kg-1 
of soil. The soil had the following characteristics: loam, pH=6.4, Corg=1.2%, CEC=4.5. The volume of pot 
was 1L. Cd was applied at the rates 0, 100 and 500 mg kg-1 as CdCl2. After application Cd and Si materials, 
10 seeds of rice were planted in each pot. All pots were irrigated daily by 50 mL of distilled water.  The air 
temperature in the climatic chamber was kept at 24 ± 2 oC during the day and 20 ± 2 oC during the night. 
The light period was 12 h; at intensity of 950 mmol photons m-2 s-1. The relative air humidity was 45 ± 5 % 
during the day and 70 ± 5 % during the night. One-month-old barley plants were harvested. The roots and 
above-ground parts were dried at 65oC and their biomass was weighted. Total Si and Cd were analyzed in 
the rice roots and shoots. The field test was conducted at the Beishan Agricultural Station located in the 
Hunan Province E -113o03’28.4”; W: 28o26’22.7”. The soil had pH=5.2, Corg=0.44%, CEC=10.8 cmol(+) 
kg-1, total Cd=1.03 mg kg-1. After harvesting, total Cd and Si were tested in the roots, stems, leaves of rice. 
The soil was analyzed for bioavailable Cd.  

Results 

The obtained results have shown that optimization of the plant Si nutrition changed the accumulation and 
translocation of Cd in rice (Table1). It is important that total Cd in the roots was increased more than that 
in the leaves. The addition of Si-rich materials significantly reduced the Cd transport from roots to leaves. 
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The correlation coefficients between total Si and Cd in leaves were r=-0.86 and r=-0.98, accordingly for 
lower and higher pollution levels. The correlation between water-extractable Si in the tested materials and total 
content of Cd in leaves was negative (r=-0.89 and r=-0.74, accordingly for lower and higher pollution levels). 

Table 1. The total content of Cd and Si in rice under different levels of pollution on dry weight. 

Material Si, % Cd, mg kg-1 

Level of 
pollutio
n 

O ppm Cd 

Roots/Leave
s 

100 ppm Cd 

Roots/Leave
s 

500 ppm Cd 

Roots/Leave
s 

O ppm Cd 

Roots/Leave
s 

100 ppm Cd 

Roots/Leave
s 

500 ppm Cd 

Roots/Leave
s 

Control 1.12/1.03 1.23/1.22 1.35/1.29 0.89/0.45 235.4/180.0 833.3/775.0 

DE 1.38/1.27 1.89/1.44 2.03/1.87 0.79/0.43 322.3/45.6 1032.3/89.4 

Si 
fertilizer 

1.45/1.39 2.11/1.87 2.25/2.03 0.86/0.40 376.3/19.4 1233.2/8.3 

Slag 1.25/1.11 1.35/1.33 1.44/1.43 0.76/0.42 310.2/125.8 1004.4/278.9 

The Si-rich materials significantly increased the rice yield and root and leaf biomasses (Table 2). The 
contents of bioavailable Cd in the Si-treated soils were reduced from 0.33±0.01 in control to 0.26±0.01, 
0.24±0.01, and 0.29±0.01 ppm of Cd, respectively for DE, Si fertilizer, and Slag. This parameter had a 
negative correlation with the content of water-extractable Si in the tested materials (r=-0.86). 

Table 2. Biomass of rice and Cd content as influenced by Si-rich materials in field test. 

Material Biomass, t/ha Cd, mg kg-1 

Level of 
pollution 

Roots Leaves Grain Roots Leaves Grain 

Control 0.77±0.03 1.09±0.10 4.79±0.21 1.36±0.07 0.73±0.05 0.20±0.01 

DE 1.14±0.04 1.45±0.09 6.87±0.25 1.89±0.11 0.60±0.05 0.16±0.01 

Si fertilizer 1.20±0.04 1.37±0.11 7.44±0.26 1.66±0.10 0.46±0.04 0.16±0.01 

Slag 0.96±0.05 1.23±0.11 5.83±0.16 1.23±0.09 0.45±0.04 0.17±0.02 

Conclusions 

The obtained data has shown that the application of Si-rich materials can reduce the soil content of 
bioavailable Cd. The content of water-soluble Si in the test materials was negatively correlated with the soil 
bioavailable Cd. The optimization of the Si plant nutrition resulted in reduced translocation of Cd into leaves 
and grain of rice.  
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Introduction  

Liming has been demonstrated to be effective in managing the bioavailability of potentially toxic heavy 
metals in acid soils. The geochemical changes brought about by the increasing pH are thought to be a key 
driver in achieving this (Kirkham, 2006). However, an undesirable side-effect of liming can be an 
associated reduction in the plant-available fraction of metals that are essential micronutrients (e.g. Fe, Mn 
and Zn). The extent to which plants can effect capture of these nutrients in different pH soils and 
associated mobilization/uptake of non-essential elements is not well understood. We undertook a dual 
approach to investigating the effects of liming on heavy metal bioavailability: (i) at a whole-plant scale 
and (ii) at the root-soil interface. 

Methods 

We amended two different well-characterized, acidic (pHH2O 5.45 and 6.5) and nutrient-rich horticultural 
soils with different amounts of lime (CaCO3, 0.31 - 10 wt%). The amended soils were then used in a 
greenhouse trial, where we grew replicate White Lupin (Lupinus albus L.) plants in the different 
treatments for six weeks. After the growth period, we harvested the plants and measured the shoot metal 
(Fe, Mn, Ni, Cu, Zn and Cd) concentrations. 

We used the results of the pot trial to select two treatments of one soil, along with the unamended soil, for 
use in a rhizobox experiment. We filled duplicate rhizoboxes (adapted from the original design by Wenzel 
et al. (2001)) with the three soils and grew White Lupin plants in a controlled environment until they 
developed cluster roots. The mobilization of heavy metals in the soil near key root structures was then 
determined using high resolution diffusive gradients in thin-films (HR-DGT) and laser ablation-ICP-MS 
(LA-ICP-MS)(Lehto et al., 2012; Williams et al., 2014). The results were then used to analyze differences 
between the mobilization of different metals in the soil near the roots. 

Results 

The increasing lime rates effected significant changes to the pH of the two soils. White Lupin uptake of all 
of the metals decreased by over 50% in both soils between the control and the highest rate of lime 
application, with Mn showing the greatest decrease; however, there were distinct differences in the 
metals’ responses to the lime application in the two soils. The HR-DGT measurements showed distinct 
hotspots of metal mobilization near the location of an observed cluster root in the control treatment 
(Figure 1). 

Conclusions  

The lime-induced increase in the pH of the two soils was strongly linked to the reduced bioavailability of 
the metals. Analysis of the relative mobilization rates of different metals at the root-soil interface suggests 
that there may be different mechanisms operating at the root scale that preferentially mobilize essential 
micronutrients, while rendering others passive. 

Abstract Book of the 18th International Conference on Heavy Metals in the Environment, 12 to 15 September 2016, Ghent, Belgium 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

– 249 –



18th International Conference on Heavy Metals in the Environment

- 225 - 

Figure 1. Visual image of a lupin root structure (A) and HR-DGT measured mobilization Fe (B) and Mn (C) in 
the surrounding soil. Relative Fe flux to the DGT is represented by M/IS data; Mn flux is shown as pg cm-2 s-1. 
Statistical analysis of the Fe data identified three clear hotspots of Fe mobilization: HS1, HS2 and HS3 
(Valentinuzzi et al., 2015). 
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Introduction  

In Victoria, Australia, the largest urban renewal project in Australian history is currently underway close to 
Melbourne’s CBD (Bolton et al., 2013). Named the Fishermans Bend Urban Renewal Area (FBURA), many 
individual sites have contaminated the underlying soils and groundwater as a result of poor waste 
management. The geology of the FBURA comprises a sequence of unconsolidated heterogeneous coastal 
sediments, overlain by a heavily contaminated fill layer of varying composition and thickness. Heavy metals 
are significant contaminants of concern at the FBURA, specifically, arsenic, cadmium, chromium, copper, 
lead, nickel and zinc. Lead concentrations are particularly elevated in the fill, with a maximum concentration 
of 12,340 mg/kg. The physical and chemical conditions that may influence metal transport within the 
sediments of the FBURA include the presence of clays and organic matter, areas of reducing conditions, 
and areas of low pH. Preliminary data suggests three primary processes of metal cycling are occurring: 
leaching of certain metals from the contaminated fill layer into the underlying sand aquifer, export via 
permeable zones in the sand aquifer, and re-adsorption of metals in deeper clay and silt layers.  

Methods 

A hand-held x-ray fluorescence (XRF) device was used during drilling and installation of 36 boreholes 
across the FBURA in order to measure heavy metal concentrations in the soils at approximately 20-50 cm 
depth intervals. Preparation of each soil sample included homogenisation followed by arrangement into 
thick blocks, laid on a flat, plastic surface. Each sample was measured in at least two different locations to 
assess and control for sample heterogeneity. In addition to the XRF, 15% of soil samples were submitted to 
an accredited laboratory for heavy metal analysis, in order to create correlation curves for each metal.  

Results 

Three major lithology types were encountered during drilling at the FBURA and are described in Table 2.  

Table 2. Description of the four major lithology types encountered at the FBURA and their approximate thicknesses. 

Lithology Description Approximate Depth   

Fill Clay, silt, sand and rubble with waste material (e.g. red brick fragments, 
plastic, metal, gasworks waste). Thickness of the fill layer is highly 
variable, but typically between 0.5 and 2.0 m. 

0 to 2 m 

Port 
Melbourne 
Sand (PMS) 

Aeolian beach deposits; stratified fine to medium sand, pale grey 
(occasionally brown), with shelly sand and minor silty or clayey sand. 
Minor gravel layers present. 

2 to > 5m 

Coode Island 
Silt (CIS) 

Soft dark grey-brown silty clay, clay, silt with fossils and plant material; 
occasional sand lenses, minor peat beds. Strong sulphurous odour.  

>5 m 

The XRF results indicate extremely variable heavy metal concentrations in the fill material, likely due to 
the heterogeneous nature of the fill itself. Metal concentrations were significantly lower in the PMS when 
compared with the overlying fill material and the underlying CIS. Metal concentrations were particularly 
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low in gravel layers. These results indicate that metals leached from the fill material into the PMS are flushed 
out of the groundwater system due to a lack of adsorption properties of the sands and gravels. In contrast to 
the PMS, metals which leach into, or exist naturally in, the CIS tend to remain in this lithology due to the 
clay’s adsorption properties. This has implications for the overall contribution of groundwater pollution to 
sensitive surface water discharge points, indicating that the PMS is potentially a preferential pathway for 
metal migration. Figure 1 shows examples of plots of lithology and metal distribution against depth for 
selected boreholes (GW28 and GW37). The pale brown, pale grey and dark grey colours refer to fill 
material, PMS and CIS, respectively. 

Figure 1. Plots of lithology and heavy metal distribution (Ni, Zn, Pb, Cr, As) against depth for GW28 and GW37. 

Conclusion 

Urban renewal projects, such as the FBURA in Victoria, Australia, are becoming increasingly common 
across the world as governments strive to provide affordable housing and access to essential services for 
their citizens. However, these areas are often contaminated, in particular with heavy metals. This research 
has identified elevated concentrations of heavy metals in the soils and groundwater at the FBURA and has 
undertaken an assessment of the importance of metal leaching from contaminated fill into groundwater. 
Other important processes for metal cycling appear to be the export of metals from the groundwater system 
via permeable zones in the sand aquifer, and re-adsorption of metals in deeper clay layers. Understanding 
the sources, transport mechanisms and geochemical controls on heavy metal migration and mobility in the 
environment is essential for protecting public health and the environment.  
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Introduction  

Chromium (Cr) pollution of soil is a serious environmental problem, especially in industrialized areas. Risks 
for human and environmental health are strictly connected to Cr oxidation state, which is usually trivalent 
or hexavalent in soil. While Cr(III) is stable, scarcely mobile and weakly toxic, Cr(VI) is highly soluble, 
mobile and carcinogenic. Among the different remediation strategies, stabilization/solidification (S/S) is 
used as rapid and cost-effective technique for heavy metal polluted soils. It consists of the addition of 
appropriate materials to the polluted soil, mostly under alkaline conditions, in order to chemically and/or 
physically transform the contaminant in a stable and less toxic form. Waste materials like coal fly ash or 
other cheap sources of Si and Al can be used to stabilize heavy metals in soil (Terzano et al., 2005).  

This study aims at evaluating a new S/S process for the reduction of Cr(VI) to Cr(III) in polluted soils and 
the incorporation of Cr(III) in newly formed minerals by using a reactive mixture of glass and aluminum 
(recovered from solid municipal wastes) and an alkaline hydrothermal treatment.  

Methods 

A sandy agricultural soil was spiked with 1500 mg kg-1 Cr(VI). After 3 months of soil aging, Cr(VI) 
concentration naturally decreased to 580 mg kg-1. An appropriate glass and aluminum mixture (MIX), 
prepared on the basis of outcomes reported in Terzano et al. (2015), was added as fine powder to the soil at 
ratios of 1/10 and 1/20 (w/w). Soil samples, including a sample without MIX, were added with KOH and 
deionized water (1:2 w/v) to reach a concentration of 5M KOH, and stored at 90°C in closed HDPE bottles. 
Soil aliquots were taken at different time intervals between 1 day and 3 months, and analyzed for Cr(VI) 
concentration (methods US EPA 3060A and 7196A) and Cr mobility (BCR sequential extractions). In order 
to study the mechanisms of Cr stabilization, soil samples were also examined for their structure (high 
resolution micro X-ray computed tomography - µCT), mineralogical composition (X-ray powder diffraction 
– XRPD; Rietveld analysis), and elemental distribution (micro X-ray fluorescence – µ-XRF).

Results 

Alkaline hydrothermal treatment halved Cr(VI) concentration in the control soil (without MIX) after 24h, 
and reduced it to 11 mg kg-1 (-98%) after 3 months. Concomitantly, Cr mobility decreased and, after 3 
months, 80% total Cr was scarcely available and/or bound to more recalcitrant soil fractions. When the 
hydrothermal treatment was applied to the soil added with MIX, Cr(VI) reduction occurred much faster and, 
after only 1 month, Cr(VI) concentration decreased to 11 mg kg-1 independently of the MIX/soil ratio used. 
Moreover, Cr mobility was considerably reduced after 7 days, when 90% Cr was almost unavailable. 

In most of the samples, XRPD analysis revealed the formation of a zeolite (edingtonite) and a strong 
decrease of quartz and illite. Micro-XRF analysis showed a strong modification of the soil structure during 
the hydrothermal treatment (Fig. 1), with a complete redistribution of Cr towards the formation of large 
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aggregates containing Cr along with Si, K, Al, Fe and Mn. Further microanalyses with electron microscopy 
and µCT are in course to elucidate the mechanism of Cr inclusion into these soil aggregates. 

Figure 1. Maps obtained from µ-XRF analysis showing the distribution of Cr and Si in the control soil before (a) and 
after 1 month (b) and 3 months (c) of alkaline hydrothermal treatment. 

Conclusion 

Alkaline hydrothermal treatment is very efficient for the reclamation of a Cr(VI)-polluted sandy soil. The 
soil addition with a mixture of recycled glass and aluminum accelerates this remediation process. X-ray 
microanalyses are extremely useful to study the mechanisms of Cr stabilization in soil. 
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Introduction  

Phytoextraction uses natural or induced capacity of plants to uptake metals in order to remove contamination 
from soil (Jadia and Fulekar, 2009). However, its efficiency is still not high enough and three main factors 
limiting phytoextraction rate (biomass production, metal accumulation in plant tissue and metal 
translocation to aboveground organs) need to be improved before it will be economically viable. Our study 
was performed to address these issues, by applying endophytic plant growth promoting rhizobacteria 
(PGPR) and companion planting in assisted phytoextraction. 

Methods 

Indian mustard Brassica juncea was grown in greenhouse in pots filled with Zn, Pb, Cd contaminated soil 
collected from Piekary Śląskie (Poland), as a monoculture or with accompanying plant species: alfalfa 
Medicago sativa or maize Zea mays. Half of the pots were inoculated with Burkholderia phytofirmans PsJNT 
(Sessitsch et al., 2005). After 5 weeks plant material was harvested and assessed i.e. in terms of plant 
survival, plant biomass, root and shoot length; chlorophyll a and b content, reactive oxygen species 
generation, activity of antioxidative enzymes (spectrophotometrically); and metal accumulation in 
aboveground tissues (with inductively coupled plasma mass spectrometry, ICP-MS). Total metal yield was 
calculated as the sum of metal yield (a product of number of harvested plants, average metal content in 
aboveground tissue and average dry biomass), of plants grown in each variant, e.g. in co-planting of Indian 
mustard and alfalfa total yield would be the sum of metal yield from B. juncea and from M. sativa [in mg]. 

Results 

Inoculation with PGPR and companion planting increased average plant dry biomass, plant survival and, in 
some cases, bioconcentration factor of B. juncea (McGrath and Zhao, 2003). Figure 1 shows the most 
efficient variants (either with or without PGPR inoculation) of each B. juncea culture (monoculture, co-
planting with maize or alfalfa), presented as % of control variant ‘Bj PGPR –‘ (B. juncea in monoculture 
without inoculation). 
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Inoculation with PGPR altered plant response to abiotic stress, as shown by reactive oxygen species 
generation and activity of enzymes. Even 
though co-planting decreased the area for 
growth available for metal accumulating 
B. juncea (in co-planting pots the amount of 
sown B. juncea seeds was two times lower) 
it increased phytoextraction rate. In the most 
efficient variant: co-planting of Indian 
mustard with alfalfa inoculated with PGPR, 
we achieved an increase in total metal yield: 
by 95% for Zn, 90% for Cd and approx. 
160% for Pb, compared to control plants of 
Indian mustard grown in monoculture.  

Figure 1. Star chart presenting five parameters: 
plant count; Zn, Pb and Cd content; and dry 
weight, of most efficient variants of B. juncea 
culture, as % of control variant. Description: Bj 
– B. juncea, Ms – M. sativa, Zm – Z. mays.
‘PGPR– ‘–  no inoculation, ‘PGPR+’ – 
inoculation. 

Conclusion 

Co-planting and inoculation with rhizobacteria increased efficiency of metal phytoextraction, by increasing 
the survival rate of plants grown on contaminated soil, increasing the yield of dry biomass and/or increasing 
the bioconcentration factor of Indian mustard. 

This research was partially supported by the National Science Center in Poland, project number 
2013/11/N/Nz9/00070. 
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Introduction  

Phytomanagement can be used to reduce the dispersion of trace elements (TE) in the environment. It 
provides ecosystem services and is economically attractive through the production of non edible biomass 
(Chalot et al., 2012). However, phytomanagement could face limitations in TE-contaminated sites, such as 
slow plant growth due to TE phytotoxicity (Mench et al., 2010). To overcome this problem, microorganisms 
can be used to favor both plant establishment and growth. Among these microorganisms, dark septate 
endophytes (DSE) are fungi that are abundant in TE-contaminated soils and are usually resistant to TE (Ban 
et al., 2012; Regvar et al., 2010). They may benefit their host plants by facilitating the uptake of nutrients 
and by limiting metal toxicity (Likar & Regvar, 2013; Newsham, 2011). These results prompted us to select 
DSE for future phytomanagement trials. For this purpose, DSE were isolated from roots of trees growing 
on TE-contaminated soils and we characterised their plant growth promotion (PGP) potential in vitro. 
Moreover, the PGP activity was tested with inoculated plants growing in TE-contaminated soils. 

Methods 

Several DSE strains were isolated from tree roots growing on different TE-contaminated sites. Metal 
tolerance of the strains was determined by analyzing fungal growth on different concentrations of Cd, Zn 
and As. The PGP potential was characterized through different axenic experiments. Based on these results, 
the selected DSE strains were inoculated to birch and poplar in TE-contaminated soils. Additionally, we 
evaluated the impact of a combination of endomycorrhizal fungi (AMF) and DSE on plant growth. Plant 
biomass, chlorophyll, nitrogen and metal contents were evaluated. Moreover, the root colonization by fungi 
was recorded using microscopic and molecular (qPCR) methods. Finally, soil microbial activity was 
analyzed by studying two enzymes activities. Here, the hydrolysis of the fluorescein diacetate (FDA), was 
used as a representative of the global microbial activity of soils and the activity of the alkaline phosphatase 
(AP) was used as a representative of the phosphorus cycle.  

Results 

Several fungal strains were isolated from roots of trees growing on TE-polluted sites. Based on morphology 
and taxonomy, eight strains were identified as DSE and belonged to the Helotiales. The DSE strains were 
highly resistant to Cd, Zn and As. Moreover, three of these strains were able to secrete auxin and volatile 
organic compounds. These first results prompted us to test the three best strains in TE-polluted conditions. 
The three strains increased biomass production of birch and poplar. A decrease of Cd content was also 
observed in shoots. Conversely, K and P contents were usually higher. 
When DSE were associated with AMF in the inoculum, both fungi could normally colonize plant roots. 
AMF increased plant biomass by 150 %. The hydrolysis of FDA was not modified by the fungal treatments. 
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Conversely, AMF promoted the AP activity, resulting in an increase of P mobility in soils and an increase 
of P transfer to shoots. 

Conclusion 

Based on these results, the DSE strains are beneficial for plant growth even under metal stress. Moreover, 
when simultaneously introduced, both DSE and AMF fungi do not negatively impact each other for root 
colonization. All these observations suggest that DSE and AMF are potential candidates for the 
phytomanagement assisted by microorganisms of TE-contaminated sites. 
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Introduction  

Potentially toxic trace elements (PTTE) such as As, Cu, Cr and Zn can be in excess in contaminated soils 

at wood preservation sites, especially when Cu-based salts, i.e. Cu sulphate and chromate copper arsenate 

(CCA) have been long term used as preservatives against insects and fungi which may result in soil 

phytotoxicity (Kumpiene et al., 2008). In comparison with conventional techniques, phytoremediation 

technologies are less invasive and low-cost and able to restore the physical and chemical properties of 

PTTE-contaminated soils and the cascade of biological processes and functions leading to remediated 

ecosystem (Mench et al., 2010). Among phytoremediation options, (1) phytostabilisation, singly and in 

combination with mineral and organic amendments (i.e. aided phytostabilisation) aims at decreasing both 

the labile PTTE pool and providing nutrient supply and (2) phytoextraction which uses tolerant plants and 

their associated microorganisms aims at extracting and translocating PTTE from the soil to the harvestable 

plant parts. Salicaceae, willows and poplars, have been shown to be efficient for phytostabilisation of 

PTTE (Vamerali et al., 2009): they have a high and rapid biomass production and PTTE confinement in 

their roots provides them a metal(loid)s tolerance. This study aimed at investigating the efficiency of both 

phytoremediation options (i) on the mobility and bioavailability of Cu in contaminated soils and (ii) the 

tolerance of Salix purpurea to Cu. 

Methods  

The wood preservation site is located in southwest France, in the Gironde county (44° 43’N; 0°30’W). 

This anthroposol is developed on an alluvial soil in terrace (Fluvisol). Copper is the main contaminant in 

topsoils, with total soil concentrations between 65 and 2600 mg kg-1, showing considerable spatial 

variation. The “aided phytostabilisation” serie consisted of a single incorporation of compost (5% w/w) or 

dolomitic limestone (0.2% w/w), or both mixed, or no amendment in the contaminated soil ([Cu]=674 mg 
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kg-1). The “phytoextraction” serie consisted of six amended soils followed by a crop rotation with tobacco 

and sunflower for 4 years and characterized by an increasing total soil Cu concentration, i.e. 163, 268, 

382, 518, 753 and 1170 mg kg-1 (Hattab-Hambli et al., 2016). Another soil, located on the same alluvial 

terrace at 2.3 km from the site was sampled and used as a control soil. For each treatment, potted soils in 

triplicates were vegetalised by one cutting of Salix purperea, and 3 other potted soils were left without 

vegetation for comparison. Soil pore water (SPW) was collected after 21, 37 and 57 days by using soil 

moisture samplers (Rhizon™). Electrical conductivity and pH were measured as well as major cations and 

anions together with total dissolved Cu concentrations. At the end of the growth period (57 days), all 

formed organs of Salix were collected (leaves, stems and roots) and dried to measure their dry weight and 

Cu concentrations were measured by ICP-AES in the different organs. Additionally a sequential extraction 

scheme for Cu was applied for the different soils. 

Results  

In the contaminated soil, Cu is mainly located in the oxidizable fraction, i.e. associated with Fe- and Mn-

(hydr)oxides, and to a lesser extent, to the fraction linked with organic matter (Le Forestier et al., 2016). 

In all cases, the pH increased by one unit in soil pore water, whereas the total dissolved Cu concentrations 

decreased over time. Salix biomass is similar in all soils and Cu concentrations varied between 750 à 1600 

g g-1 in roots, in comparison to 10-20 g g-1 in stems and leaves. In the phytoextraction serie, the 

increased total soil Cu concentrations are correlated with the increase of the total dissolved Cu 

concentrations, but similar Cu contents were trapped in the Salix roots. 

Conclusion 

Whatever the initial studied Cu soil concentration, the growth of Salix purpurea was possible. Copper was 

mainly accumulated into the root system of the tested willows avoiding the contamination of their aerial 

organs.  
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Introduction  

Mine tailings are considered one of the most relevant sources of contamination associated to mining 
activities as they contain large amounts of trace elements (TEs), usually in highly available chemical 
forms (Bes et al., 2014). Phytostabilisation has proven to be an efficient remediation option for these sites, 
but the selection of the adequate combination of amendments is a critical issue for its success. Any 
modification of tailings physico-chemical and biological properties caused by the addition of amendments 
will have an influence on TEs mobility and bioavailability and, therefore, on their potential dispersion and 
transfer to living organisms (Pardo et al., 2016). In this sense, the evaluation of the effects of the 
amendments on parameters related to both the mobility and availability of TEs, like their solubility, 
speciation or accumulation in the plants will help to optimize the remediation technique and minimize any 
potential undesired environmental impact. The aim of the present study was to assess the use of a red mud 
derivate and its combination with compost in the phytoremediation of a highly acidic TEs-contaminated 
mine tailing, and compare with the use of hydrated lime. With that aim, TE solubility and plant 
accumulation were studied and their chemical speciation in soil solution modelled.  

Methods 

A greenhouse experiment was carried out using tailings from a mine pond situated in an area known as 
“El Descargador”, within the mining district of La Unión-Cartagena (SE Spain),characterized by an 
extremely acidic pH (<3.3), high concentrations of TEs (≈1100; 4700-6900; 5000-20000 mg kg-1 of As, 
Pb and Zn, respectively), and elevated electrical conductivity (3-9 dS m-1). A commercial product derived 
from red mud (R, mainly composed of Fe and Al oxides and Ca and Mg minerals), its combination with a 
mature compost (R-CM) and hydrated lime (HL) were used as amendments. The treatments were applied 
in field plots of 0.25 m2, where a PVC cylinder of 20 cm of diameter and 7 cm height was inserted in the 
middle of each plot. After four months of field stabilization, the cylinders were extracted and transferred 
to a greenhouse, and seeds of Atriplex halimus and Zygophyllum fabago (halophyte species) were sown. 
After three months, physicochemical properties of soil and soil solution (extracted in situ), plant growth 
and shoot TEs accumulation were analysed. The speciation of TEs present in soil pore water and their 
saturation index (SI) were estimated using the software Visual MINTEQ 3.0. 

Results 

In untreated soils (CT), soluble and CaCl2-extractable concentrations of some TEs were very high 
(especially Al, Pb and Zn) and the dominant species were free ions and SO4

2-- complexes (>70% for all 
TEs, Figure 1). The application of the amendments increased soil pH (from 3.3 to 6.7-7), successfully 
reducing TEs solubility and extractability (>80-99%), but also changing the speciation of soluble Al, Cu, 
Pb and Zn and provoking the formation of hydroxides and/or organo-metallic forms (Figure 1). However, 
the treatments increased the concentrations of NaHCO3- extractable As, and the addition of R (with and 
without compost) enlarged soluble (pore water) Tl concentrations (from 0.9 to 4.8 mg l-1). 
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Figure 1. Distribution of the chemical species of Al, Cu, Pb and Zn present in pore water according to the model. 

A. halimus and Z. fabago were not able to grow in untreated soils, but all treatments made it possible, and 
the addition of compost improved their nutritional status (higher values of K and P). Plants presented 
similar levels of Al, As, Cd and Zn. However, the addition of R increased Pb accumulation in Z. fabago, 
and Mn and Tl in both species, especially Tl when it was combined with compost (possibly related to the 
increase of K availability due to their chemical similarity; Madejón et al., 2007).  

Conclusion 

The red mud derivate in combination with compost can be a good phytostabilisation strategy to remediate 
highly acidic TEs-contaminated mine tailings. However, the dose applied must be carefully studied in 
order to avoid any possible solubilization of As and Tl. 
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Introduction  

Urban soil contamination with trace metals (Pb, Cd, Cu, Zn,…) is a serious threat to the development of 
urban agriculture as crops grown in urban gardens are prone to accumulate trace metals up to toxic levels 
for human consumption (Finster, Gray, & Binns, 2004). Phytoextraction – a soil remediation technique 
based on the use of plants accumulating trace metals – is considered as a potentially cost-effective and 
environmentally-friendly alternative to conventional methods such as excavation (Cunningham & Ow, 
1996). One of the most promising candidates for phytoextraction is the Zn/Cd/Ni hyperaccumulating plant 
Noccaea caerulescens (McGrath et al., 2006). When considering the use of contaminated soils for crop 
cultivation, it is of high relevance to consider removing only the bioavailable metal pools a concept known 
as bioavailable contaminant stripping (Hamon & McLaughlin, 1999). Bio- or phytoavailability can be 
determined indirectly with the use of various chemical extractants or directly by measuring the uptake of 
reference plants (Meers et al., 2007). 

The main objective of this project is to test the suitability of phytoextraction for lowering trace metals 
phytoavailability for vegetable cropping. We first tested different cultural practices with two contrasted 
accessions of N. caerulescens to optimize Cd and Zn extractions. We then tested the trace metal 
accumulation in wild rocket growing on soils previously phytoremediated or not by N. caerulescens. 

Methods 

Field trials were conducted on two urban wastelands and one community garden in Brussels (Belgium). 
Various cultural practices (e.g. compost amendment, nitrogen fertilization, planting density) were tested on 
2 accessions of N. caerulescens (Wilwerwiltz and Ganges) to maximize biomass production and 
phytoextraction efficiency. Pot trials were conducted on 14 soils collected in Brussels to characterize the 
potential of phytoextraction of N. caerulescens and the phytoavailability of trace metals for Rucola selvatica 
(wild rocket). Different extractants (e.g. CaCl2, NH4NO3, NH4

+ acetate, EDTA) were used to characterize 
the metal contamination in the 14 soils and compare the different norms associated. Lastly, pot trials are 
currently conducted on phytoremediated soils in order to estimate the decrease of trace metal 
phytoavailability for R. selvatica, after one, two and three years of phytoextraction. 

Results 

Field trials showed that one crop of N. caerulescens can lower exchangeable concentrations at the soil 
surface (0 - 30 cm) by around 5-10 % for Cd and around 8-15 % for Zn (ac. EDTA based extraction). 
Wilwerwiltz accession appears to be more efficient for Zn phytoextraction and also more resistant to 
herbivory than Ganges accession which is generally used in phytoextraction trials. The test of cultural 
practices showed that nitrogen fertilizers addition enhances N. caerulescens biomass production (+ 30 %), 
while compost lowers the metal foliar accumulation due to immobilization (up to – 40 % [Cd]); nitrogen 
fertilized plants accumulate less metals in their shoots probably due to a dilution effect (– 32 % [Cd]; – 27 
% [Zn]). The comparison of two contrasted planting densities (50 vs 100 plants/m²) showed that the highest 
one yielded a larger biomass production, but a reduced individual biomass due to competition, suggesting 
that an intermediate density would be optimal. 
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Our study of trace metal phytoavailability showed first that legal thresholds based on different extractions 
do not yield similar pollution status of the 14 soils analyzed in this experiment. Secondly, regulatory 
thresholds used in Brussels - based on soil total concentrations - were not reliable to predict on which soil 
metal levels in R. selvatica would exceed the legal standards for Cd and Pb set by the EU commission. 

Conclusion 

Our experiments are one of the first field trials to specifically test if phytoextraction allows to lower trace 
metal accumulation in subsequent vegetable cropping in urban environments. They show promising results 
for lowering Cd and Zn bioavailable concentrations in urban soils. Phytoextraction could be a realistic 
technique to enable a safe implementation of urban agriculture on urban wastelands. 
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Introduction  

Remediation of contaminated soils has become a long-term challenge as it addresses both scientific and 

technical aspects, as well as social issues (Pandey et al., 2016). Whereas heavy metals contaminated soils 

are unsuitable for food production, energy crops can allow the commercial exploitation of these soils by 

establishing biofuel feedstock production systems. In addition, the cultivation of plants offers opportunities 

for site remediation (Werle et al., 2016). A four-year field experiment has been carried out at heavy metal 

contaminated sites located in Poland (arable land) and in Germany (postindustrial site). The Polish test site 

is located in the Upper Silesia Industrial Region, in the proximity of a closed-down large lead/zinc/cadmium 

works contributing significantly to the pollution of local soils. The German site is a former sewage sludge 

dewatering plant, located in the north of the city of Leipzig. In 1990 the operation of the dewatering plant 

was abandoned and about 800,000 tons of sewage sludge remained in several basins. Experiment involves 

testing of 4 plant species: miscanthus (Miscanthus x giganteus), virginia mallow (Sida hermaphrodita), 

cordgrass (Spartina pectinata), and switchgrass (Panicum virgatum) to find the optimum one with respect 

to both energy crop yield and phytoremediation capacity. Differences between test sites as well as plant 

metal uptake after the first year of the experiments are presented. 

Methods 

Experimental plots were established in the Spring 2014, for each of the species 16m2 plots with 49 plants 

were created. Before planting soil samples were taken to determine basic soil parameters, including total 

(aqua regia) and bioavailable (0.01 M CaCl2 extraction) lead, cadmium and zinc concentration. After the 

growing season plant material was sampled during autumn (October) and winter (March) to determine 

differences in heavy metal uptake for tested species at both experimental sites. Plant samples were dried, 

homogenized, digested and analyzed among other for heavy metal content. 

Results 

Lead and cadmium contamination level in soil from Polish test site ranged from 357.6 to 646.3 and 13.42 

to 26.41 mg kg-1 d.w. respectively, while for zinc the range was from 1273 to 2505 mg kg-1 d.w. Heavy 

metal concentration in soil exceed Polish limits for arable soil. The pH value was almost neutral, followed 

by moderate content of organic matter and low electric conductivity. The level of bioavailable forms of 
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cadmium and zinc was high (about 5% and 2.5% respectively). In case of German site, lead and cadmium 

level in soil ranged from 462.5 to 696.8 and 25.29 to 39.34 mg kg-1 d.w. respectively. In case of zinc, the 

range was from 2864 to 4488 mg/kg. The pH value was neutral, followed by high (33 %) level of organic 

matter and electric conductivity. The bioavailability of metals in soil was very low, mainly due to high level 

of organic matter (Pb below detection limit, Cd 0.25 mg kg-1 d.w. and Zn 16 mg kg-1 d.w.).  

Due to differences in metals bioavailability between the sites, caused mainly by level of organic matter in 

soil, varied plant metal uptake were observed (Table 1). 

Table 1. Differences in heavy metal uptake by energy crop between experimental sites and sampling time 

Plant species 
Sampling 

time 

Bytom Leipzig 

Pb Cd Zn Pb Cd Zn 

(mg kg-1 d.w.) 

M. x giganteus 
autumn 33.44±5.01 2.10±0.27 420±45 3.39±0.52 1.25±0.33 212±47 

winter 195.23±17.55 3.67±0.39 512±71 8.00±0.74 1.40±0.12 258±22 

S. hermaphrodita 
autumn 2.68±0.30 5.94±1.11 1577±15

9
3.79±0.49 1.58±0.33 116±9 

winter bdl 10.38±1.95 1667±29

3
2.63±0.29 0.95±0.20 91±14 

P. virgatum 
autumn 109.53±3.83 2.18±0.60 480±40 

lack of sample 
winter 487.40±70.07 4.45±0.67 544±63 

S. pectinata 
autumn 25.11±1.39 0.26±0.02 169±7 3.89±0.22 0.41±0.02 273±42 

winter 141.87±10.03 1.00±0.06 299±32 5.96±0.70 0.84±0.10 678±93 
n=5, ±SE, bdl – below detection limit, lack of sample – not sufficient plant growth 

Except lead uptake by S. hermaphrodita at Leipzig site, higher metal uptake was observed for plants species 

cultivated at Bytom test site. The highest lead concentration was observed for P. virgatum, while the highest 

cadmium and zinc concentration was found for S. hermaphrodita collected from Bytom site during winter 

sampling. Plant species grown at former sewage sludge deposit site were characterized by low metal 

concentration in the tissues. Heavy metal content in biomass collected during winter sampling was in most 

cases higher in comparison to autumn one. 

Conclusion 

Uptake of heavy metals by energy crop is determined by the metal bioavailability. Better remedial effect is 

reached during the winter sampling, which is moreover routine time for energy crop harvesting. The 

contaminated biomass might be the source of energy, but its processing should be carefully considered. 

Research financed by the PHYTO2ENERGY project – 7FP for Research, Technological Development and 

Demonstration of the European Union, under the Grant Agreement No. 610797. 
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Introduction 

Wastewater generated from diverse anthropogenic sources contains a cocktail of chemicals including trace 
metals like Cadmium. Bio-magnification of metals  in sewage-fed pond has been a global concern especially 
in developing countries. Cadmium as a toxic metal poses a threat to human health passing through food 
chain. In developing countries, conventional wastewater treatment plants are not considered as an viable 
option for treating sewage owing to its capital and energy-intensive nature. Waste stabilization ponds 
exemplify systems of low-cost, low-tech, and minimal energy demanding system and therefore, can be 
promoted as an appropriate ecologically-based solutions to wastewater problem. The objective of the study 
was to investigate sequestration of Cd in a series of waste stabilization pond ecosystems that would assist 
to design the sewage treatment ponds in metal removal more effectively. 

Materials and Methods 

The study was conducted in waste stabilization ponds integrated with fish culture system at Kalyani, West 
Bengal, India, comprising of eight ponds - two anaerobic, two facultative and four maturation ponds aligned 
along the sewage effluent gradient finally falling to an outside canal that run to the Gangas. Water, sludge, 
plankton, water hyacinth and fish tissue were prepared and Cd contents were measured by AAS (APHA, 
1995). The physicochemical analyses (Turbidity, Total Dissolved Solids,  Total Suspended Solids,  pH,  
Total alkalinity,  Dissolved Oxygen,  Orthophosphate, Chemical Oxygen Demand, of water was analyzed 
following standard methods (APHA, 1995).  Sedimentation rate, bioconcentration -, tissue concentration - 
and  bio-magnification factor in Tilapia fish were also determined. Finally the data were subjected to 
appropriate statistical analyses.  

Result 

Cadmium was found Both the abiotic and biotic ecosystem components (water, sludge, plankton, Eichhornia 
and fish) although of varied concentrations (1.0 – 8.0 ppb). It  implied that Cadmium mixed in  sewage 
entered into pond water and soil media and got transferred and partitioned to biota of different trophic tiers.  
Considerable amount (29% - 100%) of cadmium of sewage has been deposited into sludge, 13 – 30 % of 
which remained bound in sludge throughout year. Facultative pond served as the best reserve (7.2 ppb) 
followed by anaerobic pond (3.75 ppb). Following was the overall order of metal mobility: FP > AP > SP1 

> SP4. In anaerobic pond, metal partitioning was more in abiotic compartments than biotic ones in contrast 
to in other ponds. Biomagnification of Cadmium in the sewage fed pond ecosystem by 0.48 – 1.84 folds. In 
anaerobic pond, it was amplified only in Eichhornia by 0.52 times. Plankton community in facultative pond 
revealed the highest magnification (1.48 times) but stocking ponds showed the classical mode of bio-
magnification with tilapia having a biomagnification factor of 1.84. In facultative pond the bio-
concentration factor was highest in plankton (1.48) but stocking ponds fish exhibited 1.37-1.9.  

Cd became mobilized from abiotic environment of the sewage-fed pond ecosystem into its biotic 
components  along the food chain (Grey, 2002; Croteau et al., 2005). A great quantity of Cd was precipitated 
in sludge due to either adsorption of Cd+2 to the large organic molecule or formation of organometalic 
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compounds or both (Zhang et al., 2003; Igwe and Abia, 2006). Rate of biodynamics of Cd from water and 
sludge was caused of rapid absorption by phytoplankton and Eichhornia and high sludge consumption rate 
zooplankton and tilapia. Large planktonic population size coupled with macrophyte  mediated Cd uptake 
made FP most efficient in metal removal.  High concentration of Fe+2 accompanied with high sedimentation 
reduced the reclamation efficiency of Cd in AP.  

Conclusion  

Cd sequestration by different ecosystem components in different types of waste stabilization ponds offer a 
practicable and ecosystem based solution to Cadmium problem. The stocking ponds integrated with other 
treatment ponds became productive to convert waste nutrients into fish protein without toxic load of metal. 
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Introduction  

Bioremediation, as a non-conventional adsorption techniques, being in situ treatment, provides a safe and 
economic alternative to commonly used physicochemical strategies (Eccles,1995). The special surface 
properties of microorganisms enable them to adsorb different kinds of pollutants from solutions (Aksu, 
2001). Biological  elements such as algae can profoundly influence the distribution of trace metals in natural 
waters. Biosorption  algae was studied using Spirulina platensis (Nordst.) Geitl. on alginate gel. Their use 
as a bio-sorbent for cadmium is an effective, ecofriendly and economical alternative to existing treatments 
(Tangaromsuk, J., Pokethitiyook, P., Kruatrachue, M., & Upatham., 2002) .The central aim of this study is 
to enhance the utilization of  blue-green algae strains for cadmium removal at very low concentration (µg/L) 
in natural waters. Various kinetic and equilibrium aspects of cadmium (II) metal ions  biosorption were 
studied. The pseudo-first order and pseudo-second order kinetic models were used and the equilibrium 
results are given in terms of the units of adsorbed metal ion concentration.  

Methods 

  A blue-green algae Spirulina platensis (Nordst.) Geitl., collected in stationary phase, was used in 
our experiments. Algal cells was immobilized in a 4% w/v sodium alginate (AppliChem, PanReac), high 
viscosity by into solution (0,5 M CaCl2) with a peristaltic pump. Algae beads were suspended in a precisely 
volume of water solution from the basin of Scheld river (French side) preventive filtrated and sterilized 
(exposure to UV). The solution was stirred continuous at 150rpm to prevent aggregation of the algal biomass 
providing a 29,0±1,1°C temperature, continuous illumination of  144 W/m2,ambiental pH and natural water 
elemental concentrations. The range of concentrations of prepared cadmium (II) in experimental solutions 
of Nalgene Erlenmeyer flasks is between 25 , 50 and 75 μg/L. After a first 5 mL samples (at t=0 time) taken, 
a mix of the biosorbent immobilized algae and cadmium (II) ion previously prepared solutions is performed. 
At pre-determined time intervals (10 min, 20 min, 40min, , 1h, 1h30, 2h, 3h, 6h, 9h and 24h) the samples 
for the determination of residual metal ion concentration in solution were collected. For the durability 
economic reasons an seven adsorption-regeneration cycles experiments was subjected. 

Results 

The equilibrium uptake of cadmium (II) ion and adsorption yield (Ad%) for all cycles is shown in Table 1. 
The maximum adsorption yield was found to be 39.7 % for Spirulina platensis and 13.9 % for alginate of 
the initial cadmium ion concentration .For the alginate matrix, adsorption is limited by available sites; 
further increase in initial concentration (C0) does not show much effect on the adsorption yield .  

Abstract Book of the 18th International Conference on Heavy Metals in the Environment, 12 to 15 September 2016, Ghent, Belgium 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

– 271 –



18th International Conference on Heavy Metals in the Environment

- 245 - 

Table 1: Comparison of the equilibrium adsorbed quantities and adsorption yields for each species 
at different initial cadmium ion concentration 

Biosorbent  I Cycle II Cycle III Cycle IV Cycle VII Cycle 

Co       Ad(%) 
qe(mg/g) 

Ad(%) qe(mg/g) Ad(%) qe(mg/g) Ad(%) qe(mg/g) Ad(%)qe(mg/g) 

Spirulina  25     36,5  0,019 26,2  0,016     25,9     0,019 24,6      0,019  3,4     0,008 
platensis  50     29,2  0,015 22,6  0,012 23,3     0,013 23,1      0,013  11,5   0,008 

 75     30,1  0,046 22,6  0,049 19,8     0,049 39,7      0,049  11,5   0,030 
 25     7,0  0,005 9,9    0,007 13,9     0,010 11,2      0,010  4,4     0,001 

Alginat  50     9,9  0,007 8,2    0,006 11,2     0,007 12,6      0,007  6,1     0,005 
 75     12,0  0,022 7,8    0,028 11,9     0,031 12,9      0,031  6,1     0,016 

Regarding the influence of the initial concentration of cadmium ions, in the Fig. 1 we can observe 
that the equilibrium sorption capacity of the biomass increased with increasing of the initial cadmium ions 
concentration. An increase in the cadmium concentration from 25 µg/L up to 75 µg/L leads to proportional 
fractions of cadmium sorption capacity from 20 up to 70 µg for a dry gram equivalent of immobilized algae 
for all the cycles. 

Fig.1.  Evolution of equilibrium concentration of metal ions in the solution (Ceq) as function of  
initial concentration (C0) of metal ions, at a given process conditions, mg/L 

Conclusion 
Being natural, abundant, and cheap algae biomass such as Spirulina platensis (Nordst.) Geitl. can 

be utilized successfully in selective removal of toxic metal ions from metal contaminated or other kind of 
wastewaters. The results showed that immobilized cells could be repeatedly used in the sorption process up 
to five times. The rapid basification of algae-solution system enhances the cadmium uptake process. 
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Introduction 

An epidemiological study focusing on several endocrine disruptors was carried out within an adult general 

population living in Liege, one of the Belgian provinces. The aim was to assess the overall exposure of the 

population in the province of Liege to these environmental pollutants, but also to identify some potential 

sources of exposure or lifestyle which may influence the body burden of these chemicals. Here we present 

the levels of cadmium and total mercury in urine.  

Methods 

The population was recruited within the Province of Liege by the “Service Santé et Qualité de vie de la 

Province de Liège” from February to May 2015 and consisted of 127 women and 125 men aged from 18 

to 73 years old, homogenously distributed between urban and non-urban residence places. They were 

asked to provide urine and blood samples, and to answer to a small questionnaire about their home 

environment (including tobacco exposure), life style, diet habits, amalgam fillings, household income, etc. 

Total mercury in urine was determined using Flow Injection Mercury system (FIMS) while cadmium was 

analyzed by Graphite Furnace Atomic Absorption Spectroscopy (GFAAS). Limit of quantification was 

evaluated at 0.5 µg/l for both metals. The levels measured below the LOQ were replaced by half the LOQ 

value. Descriptive statistics and non-parametric tests were performed using R software (R Core Team). 

Results 

Results of urinary cadmium and mercury analyses are gathered in Table 1. For both metals, no significant 

difference was observed between women and men although cadmium has been demonstrated to be more 

efficiently absorbed in women resulting in higher urinary levels (Paschal et al., 2000). On the other hand, 

as expected, cadmium levels were higher in the urine of the participants older than 60 years, as well as in 

the smokers vs non-smokers and in the passively exposed non-smokers vs non passively exposed ones (p 

= 0.032), even if no correlation was highlighted between cadmium levels and the daily number of 

cigarettes smoked. Among the other lifestyle and food habit information collected besides the smoking 

status, only offal frequency consumption were positively correlated to cadmium with significantly higher 

levels when participant reported to eat offal more than once a month vs less than once a month or never. 

Focusing on total mercury in urine, although no linear correlation was observed between number of dental 

amalgams and mercury levels, people having at least one dental amalgam show significant higher levels 

than those without (p<0.0001). The levels of total mercury in urine were higher for participant eating sea 

fishes more than once a week compared to those reporting to never consume this kind of fish or less than 

once a month. These results were not expected since inorganic mercury used to be considered as the main 

mercury species excreted in urine (Berglund et al., 2005) while fishes are known to accumulate 

exclusively organic species. Nevertheless, the present results could be explained by the hypothesis of a 

demethylation of methylmercury within the body suggested by Sherman et al. (2013), or by a higher 
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proportion of organic mercury in urine than usual for regular fish consumer. Unfortunately no speciation 

was performed to elucidate this question.  

Table 1. Cadmium and mercury levels in the urine of the Belgian participants. 

Metals N (%) Min 
µg/l 

P25 
µg/l 

P50 
µg/l 

P75 
µg/l 

Max 
µg/l 

p value1 

Cadmium 

       All 252 (100) <LOQ <LOQ <LOQ 0.64 2.99 
  18 to 29y 46 (18.2) <LOQ <LOQ <LOQ 0.64 1.17 0.0025 

    30 to 39y 50 (19.8) <LOQ <LOQ <LOQ 0.25 1.11 
   40 to 49y 52 (20.6) <LOQ <LOQ <LOQ 0.64 1.61 

  50 to 59y 52 (20.6) <LOQ <LOQ <LOQ 0.63 2.23 
 >60y 52 (20.6) <LOQ <LOQ 0.55 0.87 2.99 
 Men 125 (49.6) <LOQ <LOQ <LOQ 0.65 2.99 0.11 

     Women 127 (50.4) <LOQ <LOQ <LOQ 0.59 1.75 
       Smokers 59 (23.4) <LOQ <LOQ 0.54 0.89 2.99 0.003 
       Non-smokers 193 (76.6) <LOQ <LOQ <LOQ 0.59 1.86 
Total mercury 

       All 252 (100) <LOQ <LOQ 0.81 1.64 17.30 
       18 to 29y 46 (18.2) <LOQ <LOQ 0.63 1.13 3.79 0.016 
       30 to 39y 50 (19.8) <LOQ <LOQ 0.73 1.18 4.82 
       40 to 49y 52 (20.6) <LOQ <LOQ 1.19 2.59 17.30 
       50 to 59y 52 (20.6) <LOQ <LOQ 1.10 2.02 15.70 
       >60y 52 (20.6) <LOQ <LOQ 0.79 1.43 3.49 
       Men 125 (49.6) <LOQ <LOQ 0.73 1.44 15.70 0.11 
       Women 127 (50.4) <LOQ <LOQ 0.86 1.85 17.30 
1 difference was considered as statistically significant for p values < 0.05. 

Finally, cadmium and mercury levels in the urine of our participants were compared to the German HBM 

values usually recognized as health-based exposure limit values (Schulz et al., 2011). If none of the 252 

participants showed cadmium or mercury levels above the HBM-II (4 and 25 µg/l respectively), the HBM-

I values for cadmium and mercury (1 and 7 µg/l) were exceeded for 26 and 2 volunteers respectively. 

Conclusion 

Cadmium and total mercury levels were determined in the urine of 252 participants living in the Province 

of Liege (Belgium) within the scope of an epidemiological study assessing the endocrine disruptor 

exposure in the general population. Although none of the 252 participants showed urinary cadmium or 

mercury levels for which an increased risk for adverse health effects is expected, some of them presented 

metal levels such that health effects cannot be excluded with sufficient certainty. The main determinants 

of urinary cadmium levels for this general population were the passive and active exposure to tobacco 

smoke and the consumption of offal, while having dental amalgams and consuming sea fishes increased 

the urinary mercury levels. 
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human mercury exposure biomarkers: A cross-sectional assessment. Environ. Health: Global Access Sci. 
Source, 4 (20), 1-11. 

Paschal, D.C.; Burt, V.; Caudill, S.P.; Gunter, E.W.; Pirkle, J.L.; Sampson, E.J.; et al. (2000). Exposure of the U.S. 
population aged 6 years and older to cadmium: 1988–1994. Arch. Environ. Contam. Toxicol., 38: 377-383. 

Schulz, C.; Wilhem, M.; Heudorf. U.; Kolossa-Gehring, M. (2011). Update of the reference and HBM values derived 
by the German Human Biomonitoring Commission. Int. J. Hyg. Environ. Health, 215, 26-35. 

Sherman, L.S.; Blum, J.D.; Franzblau, A.; Basu, N. (2013). New Insight into Biomarkers of Human Mercury 
Exposure Using Naturally Occurring Mercury Stable Isotopes. Environ. Sci. Technol., 47, 3403-3409. 

Abstract Book of the 18th International Conference on Heavy Metals in the Environment, 12 to 15 September 2016, Ghent, Belgium 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

– 276 –



18th International Conference on Heavy Metals in the Environment

- 248 - 

THE RELATIONSHIP BETWEEN URINARY METALS 
CONCENTRATIONS AND OXIDATIVE STRESS IN A COHORT OF 
SCHOOL AGE CHILDREN 
Andrea Hinwood1, J Boeyen1, D Blake1, P Franklin3, P Sly4, A Callan1,2 

1. Centre for Ecosystem Management, Edith Cowan University, Australia
2. School of Medical and Health Sciences, Edith Cowan University, Australia
3. Health Dept Western Australia, Australia
4. University of Queensland, Australia

a.hinwood@ecu.edu.au

Keywords: urinary metals; oxidative stress, children, environmental exposures 

Introduction  

Oxidative stress can be induced by metals via the generation of excessive reactive oxygen species (ROS) 
and has been implicated in adverse health outcomes (Sughis et al., 2012). Metals are released into the 
environment from many activities and specifically industry and traffic.  Children living in areas with 
sources of metals are at an increased risk of exposure to metals and hence the potential for the production 
of ROS.  The Kwinana region of Western Australia is an area noted for heavy and light industry, including 
freight traffic.  In 2009 a cross sectional study of children’s respiratory health was undertaken in school 
age children aged between 4 and 12 years of age in the Kwinana region to investigate the potential for 
industrial emissions to affect children’s respiratory health (TICHR et al., 2011).  Industrial areas are also 
known to emit metals which may result in exposure and adverse health effects (Markandya, & 
Wilkinson, 2007; Cara et al., 2007). These children provided spot urine samples which were analysed 
for metals concentrations and also for a marker of oxidative stress (8-hydroxy-2-deoxyguanosine (8-
OHdG)) to investigate any potential associations.  

Methods 

We measured 14 urinary metals (Al, Mn, Co, Ni, Cu, Zn, Ga, Sr Cd, U, As, Pb, Cr, Fe) using ICP-MS 
(Thermo Scientific, Bremmen Germany) in a group of 294 school children aged 4 to 12 years. We 
measured 8-hydroxy-2-deoxyguanosine (8-OHdG) in urine samples as a marker of oxidative stress using 
the new 8-OHgD Check ELISA (Japan Institute for the Control of Ageing, Shizouka, Japan). Urinary 
measures were adjusted for specific gravity which was analysed using a handheld refractometer (Atago 
Co, Ltd, Tokyo Japan). Urinary metals concentrations were adjusted for specific gravity using the study 
mean of 1.024gml-1. Descriptive analyses were undertaken using non parametric tests (SPSS version 23). 

Results 

Median urinary metals concentrations were generally low with some elevated concentrations observed 
(Table 1).  Median OHdG concentrations were 8.1 ng/ml. Significant Spearman rho correlations were 
observed between 8-OHdG and concentrations of the urinary metals Co (rs=.264), Cr (rs=.173), Pb 
(rs=.145), Cu (rs=.348), Zn (rs=.219) and Cd (rs=.153).  
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Table 1. Urinary metals and 8-hydroxy-2-deoxyguanosine concentrations. 

Observed Urinary Concentrations (µg/L)  
n=294 

Specific Gravity Adjusted 
Concentrations (µg/L) n=281 

Metal % <LOD Median Range Median Range 
Al 0 37.3 1.44 - 8740 38.7 1.51 – 9610 

Mn 5.1 0.25 <0.05 - 10.8 0.25 0.02 – 19.9 
Co 0 0.72 0.03 - 27.0 0.71 0.04 – 42.5 
Ni 0 5.88 0.19 - 119 6.21 0.21 – 105 
Cu 0 12.7 0.53 - 6290 13.3 0.61 – 5540 
Zn 0 387 6.81 - 1710 392 7.14 – 1640 
Ga 88.8 <0.02 <0.02 - 1.67 <0.02 <0.02 – 1.83 
Sr 0 3.16 3.16 - 530 129 3.31 – 466 
Cd 55.8 <0.05 <0.05 - 6.27 <0.05 <0.05 – 7.01 
U 81.0 <0.01 <0.01 - 0.41 <0.01 <0.01 – 0.08 
As 0 7.72 0.37 – 578 7.79 0.42-754 
Pb 0 0.81 0.005 – 6.13 0.93 0.005 – 13.6 
Cr 0 0.41 0.022 – 29.1 0.42 0.025 – 28.4 
Fe 0 12.73 0.05 – 420 14.4 0.05 – 369 

Discussion and Conclusion 

This study confirms the findings of others studies where urinary metals concentrations were correlated 
with 8-OHdG levels (Pizzino et al., 2014). It is interesting to note that both copper and zinc are essential 
metals and were also increased in the urine of children with increased 8-OHgD levels.  

An investigation into the sources and factors that affect metals exposure and oxidative stress in this group 
is in progress.   

References 

Cara, A., Buntinx, F., Akker, M., Dinana, G. & Manolovici, C. (2007). Industrial air pollution and children’s 
respiratory health: a natural experiment in Calarasi. European Journal of General Practice, 13(3), 135-143. 

Kajekar, R. (2007). Environmental factors and developmental outcomes in the lung. Pharmacology & Therapeutics, 
114(2), 129-145. 

Markandya, A. & Wilkinson, P. (2007). Electricity generation and health. Lancet, 370(9591), 979-990.  
Pizzinio, G., A, Bitto., M, Interdonato., F, Galfo., N, Irrera., A, Mecchio., G, Pallio., et al (2014). Oxidative stress 

and DNA repair and detoxification gene expression in adolecsents exposed to heavy metals living in the 
Milazzo-Valle del Mela area (Siciliy, Italy). Redox Biology. 2, 686-693. 

Sughis, T., T.S, Nawrot., V, Haufroid., B. Nemery. (2012). Adverse health effects of child labor: high exposure to 
chromium and oxidative DNA damage in children manufacturing surgical instruments. Environmental Health 
Perspectives. 120, 1469-1474 

Telethon Institute for Child Health Research; University of Western Australia and WHO Collaborating Centre for 
Research in Children's Environmental Health. (2011). Kwinana children's respiratory health study: report 
June 2011. Perth, Western Australia: Telethon Institute for Child Health Research.. 

Abstract Book of the 18th International Conference on Heavy Metals in the Environment, 12 to 15 September 2016, Ghent, Belgium 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

– 278 –



18th International Conference on Heavy Metals in the Environment

- 250 - 

TO WHAT EXTENT AGROCHEMICALS EXPOURE AFFECTS MALE 
GONADS? 
C. Parelho, F. Bernardo, R. Camarinho, Armindo Rodrigues & P. Garcia 

University of Azores, (CVARG) Department of Biology, Ponta Delgada, Portugal 
Armindo.s.rodrigues@uac.pt 

Keywords: trace metals; farming environments; testicular damage; integrated biomarker response; 
male fertility 

Introduction  

Agriculture practices are recognized sources of pollutants and, according to Horrigan et al. (2012), the most 
significant anthropogenic activities that greatly affect both environment and human health.  
Health effects of agrochemicals exposure on male reproduction are an issue of considerable concern in 
environmental, occupational and reproductive toxicology (Perry, 2008; Mehrpour et al., 2014), as the 
testicle is considered one of the most vulnerable organs to agrochemicals (Oliva et al., 2001). 
As in Portugal, and in many other countries around the world, agricultural activities are carried out by men, 
it is important to evaluate the effects of exposure to agrochemicals on male gonads. Thus, the main objective 
of this study was to clarify the link between different agricultural practices and male fertility. 

Methods 

The study was conducted in S. Miguel Island (Azores, Portugal), in farms located in the same geological 
complex, ensuring the same bedrock and pedological conditions. The selected study sites correspond to 
representative farms subjected to different agricultural practices (conventional and organic); a forest 
reserve of centennial Japanese cedar (Cryptomeria japonica), with no historical records or evidence 
of farming activity was also included as reference site. Twelve male adult (age estimated by dry crystalline 
lens mass) and sexually mature wild mice, Mus musculus, naturally occurring in these 3 sites, were used as 
bioindicators for observable effects of testicular damage on a set of histological and cellular parameters. 
Both testicles were processed for histology, and one set of slides was used for morphometric measurements 
and for the evaluation of the damage in the seminiferous tubules, and another set was prepared for TUNEL 
assay to assess the number of apoptotic cells. The liver from each specimen was processed for metal analysis 
by mass spectrometry with inductively coupled plasma. 

Results 

Results showed that mice living in farms where conventional agricultural practices are common have a 
tendency to bioaccumulate greater Pb hepatic loads, while mice exposed to organic agricultural practices 
tend to bioaccumulate greater Cd loads. Mice chronically exposed to conventional farming environments 
showed severe alterations in the seminiferous tubules: disorganization of the germinal epithelium, frequent 
detachment of spermatogonia from the basement membrane, macrovacuolization, reduction of spermatozoa, 
and a higher number of apoptotic DNA-fragmented cells mainly occurring in spermatogonia and 
spermatocytes.  

Conclusion 

The considered testicular damage biomarkers indicated the suppression of testicular function that ultimately 
may lead to male fertility impairment. These results also demonstrate that M. musculus is a suitable 
bioindicator for male fertility biomonitoring in farming environments, where collected information can be 
useful for a weight-of-evidence approach in risk assessment decisions. 
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Introduction  
Radon is a naturally occurring radioactive gas, that is continuously released from soil diffuse degassing in 
hydrothermal areas (Baxter et al. 1999; Viveiros et al., 2009; Silva et al., 2015). As a gas 222Rn is relatively 
harmless, but in contrast, radon decay emits radioactive particles that are deposited on the cells lining the 
airways, where they can damage DNA and potentially cause lung cancer (Sethi et al., 2012). The evidence 
available to date suggests that radon may be responsible for 3% to 15% of the lung cancer, making radon 
the second leading cause of lung cancer after tobacco smoke (Sethi et al., 2012), but the health risks of soil 
radon emissions in hydrothermal areas are yet poorly known. This cross sectional study was designed to 
evaluate the risk of DNA damage in the oral epithelial cells of individuals chronically exposed to indoor 
radon in a hydrothermal area located on the south flank of Furnas Volcano (Island of São Miguel, Azores, 
Portugal). The DNA damage in oral epithelial cells was measured by buccal micronucleus cytome assay 
(BMcyt) assay and by RAPD-PCR. The BMcyt assay is widely used to measure genetic damage, cell 
proliferation, cell differentiation and cell death in exfoliated buccal cells (Bolognesi et al. 2015). The 
random amplified polymorphic DNA (RAPD) analysis is a powerful PCR-based technique that involves the 
amplification of random segments of genomic DNA (De Wolf et al., 2004) and it has also been used as a 
biomarker for genotoxicity and carcinogenesis (Kumar & Gurusubramanian, 2011). 
Methods 
Oral epithelial cells were collected from 33 individuals (exposed group) inhabiting a hydrothermal area 
(Ribeira Quente village), and from 49 individuals (reference group) inhabiting a non-hydrothermal area 
(Ponta Delgada city). Information on life-style factors and an informed consent were obtained from each 
participant. For each individual, 1000 oral epithelial cells were analyzed for the frequency of micronucleated 
cells (MNC) and the frequency of cells with other nuclear anomalies (ONA: pyknosis, karyolysis and 
karyorrhexis) by using the micronucleus assay. DNA collected from exfoliated buccal cells was used for 
RAPD-PCR analysis. Indoor radon was assessed with Ramon 2.2 detectors. The relative risk of DNA 
damage was determined by Poisson regression model, adjusted for age, gender, smoking and drinking status. 
Results  
The frequency of MNC in the exposed group was significantly higher than in the reference group (3.1 ±0.2‰ 
vs. 1.9 ± 0.2‰, p<0.001), but for ONA no significant differences were observed (44.7 ±3.1‰ vs. 40.4 ± 
3.2‰, p=0.389). Indoor radon concentration correlated positively with the frequency of MNC (rs=0.325, 
p=0.003); the risk of having a high frequency of MNC was increased by 1.71 (95% CI, 1.2–2.4; p=0.003) 
in the exposed group, revealing that exposure to radon in the hydrothermal area is a risk factor of 
carcinogenesis. From the used three 10-mer primers, one displayed potential (F12) for detecting radon 
induced specific genomic alterations. 
Conclusion 
The buccal epithelial cells can be used as powerful endogenous matrix that reflects the effect of genotoxic 
and carcinogenic agents, and the BMcyt assay is an effective, fast, easy, and inexpensive biomarker when 
compared to RAPD-PCR. Results show a significant association between chronic exposure to indoor radon 
in hydrothermal areas and the occurrence of DNA damage in human oral epithelial cells. Since MNC in oral 
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epithelia are recognized as a predictive biomarker of cancer risk within a population of healthy subjects, the 
findings in this study evidence the carcinogenic potential of radon in hydrothermal areas. 
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Introduction  

Particulate matter (PM) has the potential to affect human and ecosystem health (IPCC, 2013). Finer fractions 
of PM can penetrate into lungs and are closely linked with toxic effects (Schlesinger et al., 2006). For 
inhalation pathway, particles generated from soil and soil-like materials can be suspended (e.g. via wind, 
human activities), contributing to PM and adding to the potential for human exposure (Wang et al., 2013; 
Zahran et al., 2013). Bioaccessibility may be defined as the availability of an element for absorption when 
dissolved in vitro in a body fluid e.g. gastrointestinal or lung fluids (Ellickson et al., 2001; Guney et al., 
2016). In vitro lung bioaccessibility tests are used to assess the bioavailability of metal compounds in 
artificial fluids while avoiding higher cost and ethical considerations associated to in vivo tests (e.g. Stopford 
et al., 2003). Two synthetic lung fluid solutions are commonly used: Gamble’s solution (GS) being 
representative of the extracellular environment of the deep lung (alveoli) with neutral pH, and artificial 
lysosomal fluid (ALF) corresponding to the intracellular environment of the macrophage with acidic pH 
(Zoitos et al., 1997). Lung bioaccessibility studies on PM from geological samples are limited (see the 
critical review of Guney et al., (2016)), and a few studies demonstrated a high potential for metals lung 
bioaccessibility in PM. The present study aims to (1) characterize contaminated soils (n=6) and mine tailings 
samples (n=3) for As, Cu, Fe, Mn, Ni, Pb, and Zn content; and, (2) to assess elemental lung bioaccessibility 
in PM by using GS and ALF.  

Methods 

Soils (samples S1-S6) and mine tailings (S7-S9) were repeatedly sieved to obtain PM20 (d<20 µm) by using 
a set of micromesh sieves of 75, 50, and 20 µm openings and a vibrational shaker (Retsch AS-200). Samples 
were then characterized for their metal content both as received and in <20 µm fraction via acid digestion. 
The in vitro tests were conducted on selected samples (n=7) by using GS and ALF (see Colombo et al. 
(2008) for chemical compositions) inside an incubator at 37 °C using an orbital shaker at 100 rpm. 
Solid:solution ratio was 1:100 and an initial test time of 2 h was followed by repeated sampling of extracts 
at 6 h, 1 d, 3 d, 1 w, and 2 w. The analyses for potentially toxic elements were performed via AAS (Perkin-
Elmer A200) and by ICP-OES (Varian Vista). For each contaminant, total and bioaccessible concentrations 
(mg.kg-1) as well as bioaccessible fractions (%) were determined. For QA/QC, procedure blanks were used, 
analyses were made in duplicate, a certified reference material was tested (BGS 102 for total and 
bioaccessible concentrations), and some bioaccessibility tests were conducted with spiked samples.  

Results 

Contamination in samples: Total concentrations of potentially toxic elements in soils and mine tailings were 
elevated in bulk samples, particularly for As (up to 2,040 mg.kg-1), Fe (up to 30.7%), Mn (up to 4,360 mg.kg-

1), and Zn (up to 4,060 mg.kg-1). Furthermore, total concentrations in PM20 were almost always higher than 
in the original samples (e.g. As up to 3,940 mg.kg-1, Fe up to 41.6%, Mn up to 5,210 mg.kg-1, and Zn up to 
3,230 mg.kg-1). Finally, contamination in mine tailings (S7-S9) were higher than in soil samples (S1-S6).  
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Comparison of tests with ALF and GS: For all elements and all samples, tests with ALF yielded higher 
bioaccessibility than the tests with GS. Moreover, bioaccessible concentrations in GS were below DLs for 
most elements (e.g. As, Cu, Fe, Ni, Pb, and Zn for S1; all seven elements for S7). The difference can be 
explained by the difference in chemical compositions of GS and ALF, with ALF having a pH of 4.5, which 
could favor metal solubilisation. For the determination of metal lung bioaccessibility, the use of ALF could 
be recommended over GS as it provides more conservative results. 

Lung bioaccessibility of metals: For the in vitro tests using ALF, metal cumulative bioaccessible 
concentrations and percentages were elevated in numerous samples, especially for As, Fe, Mn, Pb, and Zn: 
e.g. 1,730 mg.kg-1 after 2 weeks (43.9%) for As in PM20 for S8, 1.33×105 mg.kg-1 (44.1%) for Fe for S3, 
and 728 mg,kg-1 (80.8%) for Pb for S7. Elevated bioaccessible concentrations as well as percentages of As, 
Fe, Mn, Pb, and Zn indicates a high potential for solubilisation in the case of inhalation exposure to PM, 
following the phagocytosis of the particles. 

Bioaccessibility and test duration: The calculated solubilisation rates of elements were higher at 2 h, and 
then declined rapidly and continuously with time. Consequently, % bioaccessibility increased rapidly and 
tended to reach a plateau with time. For As, Mn, Pb, and Zn, high solubilisation rates rapidly dropped to 
around or below 1 mg.kg-1.h-1 after 6 h - 1 d. However, Fe was soluble at around 100 mg.kg-1.h-1 even after 
1 d, which could be explained by its very high total concentrations in samples. At this stage, it is not possible 
to recommend a fixed testing time as the exact behavior was highly element- and sample-specific. 

Conclusion 

PM from soil and mine tailings samples can be potentially dangerous following inhalation due to 
contamination by As, Cu, Fe, Mn, Ni, Pb, and Zn. The use of ALF in in vitro bioaccessibility tests could be 
recommended as tests conducted on PM20 using ALF indicated more conservative lung bioaccessibility 
values than the tests using Gamble’s solution. Elevated bioaccessible fractions (%) as well as concentrations 
(mg.kg-1) especially for As, Fe, Mn, Pb, and Zn after 2 w of testing of various samples indicate potential 
concerns in case of human exposure. Additional research is recommended (1) on the bioaccessibility of 
metals in additional various samples from geological samples as existing studies are limited, (2) on the 
standardization of in vitro lung bioaccessibility tests, and (3) on the characterization of human health risks 
for different scenarios of potential inhalation exposure.  
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Introduction  
Arsenic is a naturally occurring compound in the earth’s crust and it is highly toxic in its inorganic form. 
Exposure to elevated levels of inorganic arsenic (iAs) through contaminated drinking water is a major 
health threat worldwide. Levels higher than 10µg/L have been associated with carcinogenic effects on the 
liver, lung, bladder and skin. A prominent sign of arsenic toxicity are skin lesions (hyperkeratosis, 
melanosis, leukomelanosis, Bowen’s) which can be precursor to arsenic induced skin cancer (squamous 
cell carcinoma and basal cell carcinoma) as well as other arsenic related malignancies. Consumed iAs are 
methylated using S-Adenosyl Methionine (SAM) producing monomethylarsonic acid (MMA) and then 
dimethylarsinic acid (DMA). The reaction is catalyzed by methyltransferases, most notably, arsenite 
methyltransferase (AS3MT). In a previous large-scale genome-wide association study (GWAS) we 
identified genetic variants, rs11191527 and rs9527, in the AS3MT gene region, to play a key role in 
arsenic metabolism and arsenic induced skin lesions (Pierce et al., 2012). Chronic low levels of arsenic 
exposure can evoke an inflammatory response (Dutta et al., 2015). Here, we evaluate whether plasma 
levels of inflammatory cytokines are associated with skin lesion risk due to long term arsenic exposure. 
Methods  
We measured a panel of inflammatory cytokines (IL-1β, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-10, IL-
12p70, IL-13, INF-ϒ, GM-CSF and TNF-α) using a Luminex based multiplexed assay among 1596 
randomly selected individuals from our GWAS participants (Male= 790, Female= 806) drawn from two 
population studies in rural Bangladesh: Health Effects of Arsenic Longitudinal study (HEALS) and the 
Bangladesh Vitamin E Selenium Trial (BEST). All participants were exposed to arsenic. There were 996 
skin lesion cases and 600 controls. Genotype data were generated with Illumina Infinium HD SNP array. 
Using multivariate logistic regression analyses we evaluated the relationships among the inflammatory 
cytokines, AS3MT variants and skin lesions risk adjusting for age, gender, and BMI. 
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Results  
We observed that males are at higher risk of developing arsenic induced skin lesions than females (OR 
1.71, 95% CI 1.40- 2.10). However regardless of gender, individuals with skin lesions had significantly 
higher levels of all the thirteen inflammatory cytokines tested than the control group (see figure 1). Age 
also plays a role in skin lesion risk: those under the age of 35 and over the age of 51 were at significantly 
higher risk (OR 1.92 and 1.79 respectively). Those with variant allele A (GA and AA genotype) compared 
to wild type (GG) for the SNP rs9527 were genetically predisposed to a higher risk of arsenic induced skin 
lesions (OR 1.43, 95% CI 1.09-1.88). We calculated the median concentration for each cytokine from 
individuals without skin lesions and we split the population into 2 groups. We found that the individuals 
with above median cytokine levels (for any of the tested 13 inflammatory cytokines) were at significantly 
higher risk for skin lesions than those who had ≤median levels of corresponding cytokines (OR 1.37-3.79) 
independent of age, gender, BMI and rs9527 genotype. Males showed independent association with skin 
lesion when adjusted for any of the 13 cytokines and the SNP rs9527 also showed it for many of the 
cytokines (IL-1, IL-4, IL-5, Il-6, IL-7, IL-13 and TNF-α, OR 1.33-1.38) but not all. 

Figure 1. Comparison of mean inflammatory cytokine levels (log10 transformed) in male and female in both the control 
(Black bars) and skin lesion (shaded bars) groups.  
Conclusion  
Systemic Inflammatory response, male gender and having a variant allele in rs9527 are independently 
associated with pathogenesis of arsenic induced skin lesion in As-exposed individuals. These results could 
improve our understanding of the biological basis for development of arsenical skin lesions. 
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Introduction 

Tea is one of the most sought after non alcoholic beverages in the world containing a broad gamut 
of active constituents like polyphenols, caffeine, fluoride and many essential minerals. Since tea plants are 
grown in acidic soils, a number of heavy and trace metals (aluminium, arsenic, cadmium, chromium, copper, 
lead, manganese, nickel etc are available for uptake by the plant (Wrobel et al., 2000; Cao et al., 2010). 
Presence of these metals in different types of teas has been widely reported in literature including India 
(Karak, 2010). All these elements are associated with adverse health effects in humans, if consumed above 
the permissible limits. 

The tea plant is an aluminium (Al) accumulator. There is a growing concern about the harmful 
effects of Al and its association with various diseases in general and neurodegenerative diseases in particular 
( Jellinger  2013). A wide range of Al levels in tea has been reported from all over the world including India 
(Malik et al., 2008). In addition, use of Al cookware (Mohammad et al., 2012; Neelam et al, 2000) and high 
temperature (Karbouj, 2007) contribute to leaching of Al.  

In India there is a frequent practice of drinking tea from street vendors (Dhabbas), as it is cheap and 
easily available. The vessels used by the vendors are made of Al and are not washed in between. Tea which 
contains iron filings also, is brewed continuously in the same vessel throughout the day. In view of huge 
consumption of tea from vendors, the consumers may be exposed to high levels of Al.So the present pilot 
study was planned to estimate Al levels in tea sold by street vendors in Delhi, as it may comprise an 
important source of exposure.  

Methods 
A total of 50 milk tea samples (n=40, Control=10) were randomly collected from street vendors from 
different parts of Delhi and National Capital Region (NCR) for Al estimation. The samples (2.5ml) were 
collected in thoroughly washed glassware, and digested using  supra pure nitric acid (5ml) and hydrogen 
peroxide (1ml) in Microwave Digestion Unit ( Sineo Jupiter) using programme for beverages. The digested 
samples were then analyzed for Al levels using Inductively Coupled Plasma- Atomic Emission 
Spectrophotometer (ICP-AES. Jobin Horiba YVON JY2000 2). 
Results 

Al levels in tea samples were found in the range of 0.002- 0.230mg/ml.Considering a cup contains 
approximately 100ml tea, there could be an average consumption 0.2- 23mg of Al per cup. The Provisional 
Tolerable Weekly Intake (PTWI) for Al is 7mg/kg body weight (equivalent to 1mg/kg/day) as per Joint 
FAO/WHO Expert Committee on Food Additives (JECFA). For a human with an average body weight of 
60kg, the PTWI will be equivalent to 420mg. The daily consumption of tea from street vendors is at least 
2-3 cups per day. Thus the range of Al consumed weekly will be 4.2-483mg which definitely exceeds the 
recommended PTWI. 
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Conclusion 
The results of the pilot study indicate high levels of Al in tea obtained from street vendors. Although, 

Al is absorbed from 0.1 -0.3 % orally, but long term exposure could pose a health risk. Standard guidelines 
for Al levels in tea and public health warnings are required for consumer safety. 

References 
Cao, H.; Qiao, L.; Zhang, H.;Chen, J. (2010).Exposure And Risk Assessment For Aluminium And Heavy Metals In 

Puerh Tea. Sci. Total. Environ. 408, 2777-2784.  
Jellinger, K.A. (2013).The Relevance of Metals in the Pathophysiology of Neurodegeneration, Pathological 

Considerations. Int. Rev. Neurobiol., 110, 1-47.  
Karak,T.; Bhagat, R.M.(2010). Trace Elements in Tea Leaves, Made Tea and Tea Infusion: A Review.Food Res. Int., 

43, 2334-2252. 
Karbouj, R. (2007). Aluminium Leaching Using Chelating Agents as Compositions of Food. Food Chem Toxicol.  45, 

1688-1693.  
Malik, J.; Szakova, J.; Drabek, O.; Balik, J., Kokoska, L. (2008). Determination of Certain Micro and Macroelements 

in Plant Stimulants and their Infusions. Food Chem,111, 520−525. 
Mohammad,F.S. ; Al Zubaidy, E.A.H.; Yacoub, G.F.; Bassioni, G. (2012).Aluminum Corrosion in Vegetable 

Solutions- a Contribution to Dietary Intake. Int. J. Electrochem. Sci., 7, 363 – 375. 
Neelam; Bhamji, M.S.; Kaladhar,M. (2000).Risk Of Increased Aluminium Burden in the Indian Population: 

Contribution from Aluminium Cookware. Food Chem., 70, 57-61.  
Wróbel, K.; Wróbel, K.; Urbina, E.M. (2000). Determination of Total Aluminum, Chromium, Copper, Iron, 

Manganese,and Nickel and their Fractions Leached to the Infusions of Black Tea, Green Tea, Hibiscus sabdariffa, 
and Ilex paraguariensis (mate) by ETA-AAS. Biol. Trace. Elem. Res.,78, 271-280. 

Abstract Book of the 18th International Conference on Heavy Metals in the Environment, 12 to 15 September 2016, Ghent, Belgium 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

– 288 –



18th International Conference on Heavy Metals in the Environment

PREDICTING ARSENIC BIOAVAILABILITY IN CONTAMINATED 

SOILS BY USING IN VITRO GASTROINTESTINAL BIOACCESSIBILITY 

FOR SITE-SPECIFIC RISK ASSESSMENT 

N.T. Bastaa,  S. D. Whitacrea, Brooke Stevensa , R. Andersonb, P. Myersc and V.L. Hanleyc 

aThe Ohio State University, School of Environment and Natural Resources, Columbus, Ohio, USA
bUnited States Air Force Center for Engineering and the Environment, Lackland AFB, Texas, USA 
cDepartment of Toxic Substances Control, Cal EPA, Sacramento, CA, USA. 

basta.4@osu.edu 

Keywords: Arsenic, bioaccessibility, bioavailability, arsenic speciation, risk assessment 

Introduction 

Exposure risk associated with soils contaminated with As is assessed by human health risk assessment 

(HHRA).  Often the most important pathway for As in soil (i.e., the risk driver), associated with human 

exposure is soil ingestion.  The use of total soil As in HHRA overestimates human exposure because soil 

properties sequesters As.  A more accurate and site-specific HHRA accounts for bioavailability of soil As. 

Extensive research efforts have been directed toward development and application of in vitro 

gastrointestinal methods to predict relative bioavailable As (RBA As) across four continents.  Several 

studies have reported in vitro-in vivo correlation (IVIVC) between IVBA As and RBA As measured from 

juvenile swine dosing bioassays.  RBA As vs. IVBA As regression equations are used to predict RBA 

from IVBA. These methods are gaining regulatory acceptance for HHRA on contaminated sites.   

However, the ability of bioaccessibility methods to predict RBA As for contaminated sites and sources 

outside those used in developing the IVIVC regression equation is unknown.   The objective of the current 

study is to evaluate the ability of several international bioaccessibility methods to predict RBA As for 12 

contaminated sites.  The use of these methods to provide site characterization data for HHRA and aid in 

risk management decisions will be presented.  

Methods 

Soils were collected from 12 contaminated sites (i.e., locations).  Bioaccessible As (IVBA As) was 

determined by several in vitro gastro(intestinal) methods including the SBRC (Juhasz et al., 2009), 

RBALP (Drexler and Brattin, 2007; Brattin et al., 2013), USEPA Method 9200 (Diamond et al., 2016), 

OSU IVG (Basta et al., 2007), and Modified OSU IVG (Whitacre et al., 2016).  Relative bioavailable 

(RBA) As was determined from dosing trials using juvenile swine.  Regression equations from published 

IVIVC were used to predict RBA As from in vitro arsenic bioaccessibility.    

Results 

Comparison of RBA As predicted from published IVIVC with actual juvenile swine RBA As are 

summarized in Table 1.   The predicted RBA As followed the trend MOSU IVG ≥ OSU IVG > RBALP, 

SBRC, USEPA 9200.  The most accurate predicted RBA fall within the 90% RBA As confidence interval 

(C.I.).   However, conservative values that exceed the 90% C.I. are desirable because they are protective 

from a regulatory perspective.  Several in vitro methods meet the criteria where predicted RBA As ≥ 

measured RBA As can be used for site specific HHRA.  Site specific factors that affect the agreement 

between predicted and measured values for all 12 experimental sites will be presented.  
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Table 1.  Comparison of measured and predicted RBA As for select contaminated sites. Bolded values are 

within or greater than the measured RBA As. 

Predicted Mean RBA As (%) from IVBA Measured RBA As (%) 

Site SBRCa RBALPb USEPA 

9200c 

OSU IVGd MOSU 

IVGe 

Mean 90% C.I.f 

1 9.89 24.8 4.0 19.1 21.0 14 13-15 

2 2.9 20.5 3.9 12.9 22.8 15.3 11.7-18.8 

3 7.5 7.5 7.7 20.9 13.5 9.0 6-13 

4 28.5 36.5 24.4 28.9 35.7 26.0 24-28 

5 14.0 27.4 12.8 29.9 37.0 41.0 38-44 
aSBRC, RBA As = 0.992 IVBA + 1.66, r2 = 0.75 (Juhasz et al., 2009) 
bRBALP, RBA As = 0.62 IVBA + 19.7, r2 = 0.72 (Brattin et al., 2013) 
cUSEPA 9200, RBA As = 0.79 IVBA + 3.0, r2 = 0.72 (Diamond et al., 2016) 
dOSU IVG, RBA As = 0.883 IVBA + 9.6, r2 = 0.74 (combined data Basta et al., 2001, Basta et al., 2007) 
eMOSU IVG, RBA = 0.79*IVBA + 4.85, r2 = 0.92 (Whitacre et al. 2016) 
fCI = confidence interval 

Conclusions 

Many of the IVBA methods underpredicted RBA As.  The MOSU IVG method was consistently close to 

the RBA As values for the sites studied.   However, previous research studies have shown good agreement 

between predicted and measured RBA As for non MOSU IVG methods.  Other site data is needed to 

improved confidence of the non-MOSU IVG methods prior to application.  The additional site data (i.e., 

arsenic speciation) is needed to allow proper selection of methods by risk assessors to accurately predict 

RBA As and human exposure and gain acceptance by the regulatory community.  
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Introduction  

Under the Canadian Environmental Protection Act, 1999, Environment and Climate Change Canada and  
Health  Canada assess  and manage,  where  appropriate,  risks  of  chemical substances  to  the  
environment  and  to  human  health. The Chemicals Management Plan (CMP) is a Government of Canada 
initiative that addresses approximately 4300 substances identified as priorities for assessment. In the next 
phase of the CMP (2016-2020; Canada, 2016), about 1550 substances remain to be addressed, including 
approximately 380 inorganic substances. Early activities to address inorganic substances include 
identifying assessment data needs, developing tailored strategies and approaches, and early stages of 
assessment drafting. In particular, a relative risk approach is under development for identifying and 
classifying the potential ecological risks of inorganic substances as low, medium, and high potential for 
ecological concern. This approach considers both  modelled (i.e. predicted) environmental 
concentrations—based on the solubility of the substances, estimated concentrations in effluent, and 
environmental release estimates from industrial and commercial use and from consumer activities—and 
monitoring and surveillance data of Canadian surface water concentrations. Both measured and predicted 
environmental concentrations are compared with the best available predicted no-effect concentration 
obtained from existing Canadian and international guidelines to provide indicators of relative ecological 
risk. The approach will be presented as a tool to classify the relative risk of inorganic substances. 

Methods 

Predicted environmental concentrations were calculated using generic near-field aquatic release 
calculations. Substance function codes and North American Industry Classification System (NAICS) 
codes provided in a nation-wide industrial survey (EC, 2009; 2012) were studied to assign generic 
emission factors of 2%, 25%, or 100%, depending on the potential for aquatic releases. Other inputs 
include releases to water reported to the National Pollutant Release Inventory (NPRI, 1993-2016) and 
generic values for calculation of local aquatic exposure scenarios. Measured environmental concentrations 
were obtained from federal and provincial/territorial water quality monitoring databases. Relative risk 
indicators, as presented in Figure 1, were calculated as a metric of the ratio of exposure (modelled or 
measured) to effects. 

Figure 1: Methodology for establishing indicators  
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Results 

Relative ecological risk ratings (high, medium, and low) for individual and groups of inorganic substances 
were assigned in a weight of evidence approach that considered the analysis of both the modelled and the 
monitoring indicators. Table 1 shows the ranking metrics used for the modelling analysis. The metrics 
used for the monitoring data analysis involved considerations of scope of national coverage, frequency of 
indicators >1, and the magnitude of indicators >1. 

Table 1. Relative risk ranking for modelled indicator results 

Category Magnitude and frequency of the predicted no-effect concentration

High More than one indicator >10

Medium One indicator >10 or more than one indicator between 1 and 10 

Low Less than or equal to one indicator between 1 and 10

Conclusion 

The relative risk approach is an innovative and efficient method allowing the Government of Canada to 
focus its efforts on inorganic substances of highest concern. In addition, the approach will allow interested 
stakeholders and partners to provide further data to support the risk assessments. Risk classification could 
consider other factors such as coordination with on-going international activities and consideration of 
emerging science issues.  
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Introduction 

Children are the most vulnerable segment of the population to environmental contamination. Compared 
with adults, children have higher intake rates relative to their body weight, their organs and tissues are in an 
earlier stage of development and they show unhealthy behavioural habits, as they frequently put their hands 
and objects into their mouth (Charlesworth et al., 2011). Among the different exposure routes in urban 
environments, the ingestion pathway generally accounts for the highest proportion of the overall risk (De 
Miguel et al., 2007). Therefore, there is a credible need to estimate the level of exposure of children to 
pollutants in their diet. The objective of this study was to determine the heavy metal concentration in 
commercial infant food and the dietary habits of the infant population in order to conduct a simplified 
human-health risk assessment. 

Methods 

Two types of baby foodstuff from four different brands were selected to reproduce the recommended 
children’s daily dietary intake: food jars of five varieties (i.e. cereals, chicken, fish, fruit and vegetables) 
and infant formula. Semiliquid samples were lyophilized and milled, while powdered samples were dried, 
and moisture content was determined in both cases. A 2.5 g portion of each sample was digested with 30 
mL of a solution 3HNO3 (65%) : 1H2O2 (30%) using an open graphite block system (DigiPREP™) at 90 ºC 
for four hours (Saracoglu et al., 2007), subsequently filtered and the volume adjusted to 50 mL. Trace 
element concentrations (Cd, Co, Cr, Cu, Mn, Ni, Pb, Zn) were measured by graphite-furnace atomic 
absorption spectrophotometry. QA/QC procedure included blank reagents, triplicates, a multi-element 
standard solution and a certified standard reference rice material. The risk assessment involved three groups 
of receptors: children in age ranges 6-8, 9-11 and 12-23 months. 

Results 

Zinc was the most abundant element, with contents following the order: milk > meat > fish ~ vegetables > 
cereals > fruit. Among the different food categories, Cu and Pb concentrations were highest in powdered 
milk, only exceeded by fruit in the case of Pb. Mn was the second most common element, with similar 
quantities in all food classes, except for milk in which concentrations were much lower. Likewise, the 
distribution of Cd was homogeneous and was under the limit of detection for milk and some fruit samples. 
Lastly, Ni was found primarily in fish and vegetables. A pair difference test between the mean 
concentrations of the different brands showed no significant differences for Cu, Pb and Zn. In contrast, it 
was found there was an important variability for Cd and Cr for almost all brands. Results from the risk 
assessment showed, that for Pb, the only element with a reported slope factor, carcinogenic risk was within 
the tolerable range for human health (< 10-6). On the other hand, the Hazard Index exceeded 1 for children 
aged 6-8 months due to milk ingestion. Similarly, the aggregate systemic risk for each individual element 
indicated potential health effects for babies aged 6-8 and 9-11 months by Zn and for children from 12 to 23 
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months by Ni. The main contributors to the overall risk were Zn and Cd, among the elements analysed, and 
milk and meat for the different food types (Figure 1). 

Figure 1. Averaged contribution of each heavy metal and food category to the overall non-cancer risk (Ve = vegetable, 
Me = meat; Fi = fish, Fr = fruit, Ce = cereal, Mi = milk). 

Conclusion 

This study concluded that the intake of commercial infant food could implicate adverse health effects. 
However, the heavy metals bioaccessibility was not considered in the assessment, which would reduce the 
risk values estimated. 
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Introduction  

Heavy metal contamination is wide spread in urban areas, mining fields, and agricultural land. In China, it 
was estimated that 16.1% of the nation’s land has soil contamination issue, with 7.0% of the soil 
contaminated by cadmium, 4.8% of the soil contaminated by nickel, 2.7% of the soil contaminated by 
arsenic, 1.6% of the soil contaminated by mercury, 1.5% of the soil contaminated by lead, and 1.1% of the 
soil contaminated by chromium (MEP, 2014). The heavy metal contamination poses a serious risk to 
human health and ecological systems, as well as food security. In recent years, the Chinese government 
has started to take initiative to clean-up the soils contaminated by heavy metals. Some researchers 
estimated that hundreds of billions of dollars will be spent on such cleanup efforts. On the other hand, 
recent studies in the sustainable remediation field has found that remediation operations can result in 
secondary impact of their own (Hou & Al-Tabbaa, 2014; Lemming et al., 2010). It is increasingly 
recognized that sustainability should be an inherent part of remediation decision making. 

Traditionally risk assessment (RA) has been the basis of contaminated site management as well as 
determining soil remediation standards. In the ongoing green and sustainable remediation (GSR) 
movement, sustainability assessment (SA) has been used more often as a decision making support tool. 
The main purpose of a sustainability assessment is to gather information to allow decision makers (e.g. 
project managers, corporate directors, public policy makers) to manage complex systems with a holistic 
view, so that short-term and local considerations are balanced with long-term and regional/global 
considerations. Many different sustainability assessment methods have been used (Ness, Urbel-Piirsalu, 
Anderberg, & Olsson, 2007), among which life cycle assessment (LCA) has been the most popularly used 
method in the remediation field to account for life cycle impact of remediation activities. The present 
study intends to develop a new framework to combine RA with LCA-based SA methods, in order to 
derive more robust soil remediation standards.  

Methods 

Risk assessment estimates the probability that a person is exposed to contaminants and having health 
effects. According to the precautionary principle, conservative assumptions are often used to calculate the 
risk of an exposure scenario. Therefore, when risk assessment is used to conversely derive remediation 
standards, it often leads to a higher standard than what is necessary to protect an “average” person. This is 
justified especially given that those who live the closest to contaminated sites are often poor and less 
educated. However, risk assessment misses two key factors in a holistic decision making: 1) the number of 
people who are exposed to the contaminants; and 2) the detrimental effects, including both health effects 
and ecological effects, caused by upstream and downstream processes during remediation operations. To 
give an extreme example, a median sized lot may have a large quantity of soil with contaminant 
concentration slightly exceeding health risk-based standard. When health risk assessment is used as the 
sole decision making tool, it is natural to conclude that this bulk of soil needs to be treated. However, it is 
also known that only one or two employees will be working at this site after it is developed. Moreover, the 
remediation of the large quantity of soil requires the burning of many tons of fossil fuel in various 
machines and equipment, thus emitting a large quantity of air pollutants such as PM2.5 and SOx. These 
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PM2.5 and SOx contaminants can cause health effects to a large population. It is likely that the combined 
health risk posed by these secondary contaminants released in the upstream and downstream processes 
exceed the health risk posed by the primary contaminants at the contaminated site. However, risk 
assessment is not capable of evaluating this trade-off. In comparison, a LCA based study can more 
comprehensively evaluate the adverse effect associated with these secondary emissions. In this study, we 
use RA to assess the primary impact and use LCA to assess the secondary impact. Both the RA and the 
LCA are parameterized so that they are related to contaminant concentration and distribution at the 
contaminated site. The primary and secondary impacts are then compared based on the size of population 
that is potentially exposed to these contaminants. An “optimum” remedial standard is determined using a 
function that incorporate both RA and LCA results.  

Results 

The proposed framework can be effectively used to derive remedial standards that are more robust than 
those established solely based on risk assessment. It can also be used to compare different remedial 
options (e.g. soil washing vs. landfilling), and to identify environmental hot spots to improve the selected 
remedy. Some results are shown in Figure 1.  

Figure 1. Life cycle assessment results for soil washing and landfilling of heavy metal contaminated soils 

Conclusion 

In addressing heavy metal contamination in soil, it is important to consider both the primary impact 
associated with site contaminants and secondary impacts associated with remedial operation. The 
combination of RA and LCA can be effectively used to derive remedial standards that are protective of 
human health and the environment.  
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Introduction 

The groundwater of Bengal delta plain comprising of Bangladesh and West Bengal, India is well known to 

the scientific community for the elevated levels of arsenic (As) in groundwater (>10 µgL-1). However, 

groundwater in Bengal delta plain is a complex mixture of various dissolved metals of different 

concentrations, and as a result, there is unintentional co-exposure of several contaminants to individuals 

(Frisbie et al., 2002). Therefore, exposure from groundwater source is commonly in the form of multiple 

metals and considering the single-As exposure does not appropriately represent the health risk of a 

community. 

The primary aim of the present work was to monitor a suite of toxic metals in ground water and examine 

saliva as a representative biological matrix for assessing multiple metal exposures in a rural population of 

West Bengal, India.  

Methods 

Study area and sample collection 

The study areas, Debagram and Chhoto-Itna are neighboring villages which are located in the northern 

part of the Nadia district in West Bengal, India. Fifty groundwater samples from tubewells were collected 

randomly to have a wider coverage of the area. Fifty saliva samples were collected from the male 

residents of the area. For this study, male participants were only considered so as to minimize the gender 

differences. The details of the sample collection have been documented in our previous publication 

(Bhowmick et al., 2013).   

Sample analysis 

The cations and trace elements in water samples were analyzed using ICP-AES. As concentration in water 

samples was measured using hydride generation AAS. For saliva samples, appropriate amount of HNO3 

(2% v/v) and Bruker “Internal Standard” solution (1 µg L-1) was added to 1 mL of the saliva sample. The 

solution was finally diluted to 3 mL with Milli-Q water and was measured for trace elements using ICP-

MS in normal (Pb), helium (As, Cr, Mn, Ni, Zn) and hydrogen mode (Se).  
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Results  

Groundwater portability and health 

All the groundwater samples were analyzed for toxic elements (As, Mn, Cr, Mo, Ni, Pb, Ba, Zn, Se, U) 

and the results indicate that As concentrations in groundwater of our study area are of most important 

concern and exceeding much above the WHO drinking water guideline value (< 10 µg L-1) in all the wells. 

Similar to As, Mn concentrations were high in the groundwater, mostly in the shallow aquifers, where the 

aquifers are under reducing condition. Although the WHO health based guideline value for Mn is 

currently being discontinued from the former value of 400 µg L-1, recent studies are increasingly showing 

that the even low Mn concentration can cause neurological effects, where infants are more prone to such 

manifestation (Bouchard et al., 2011). The high concentration of Mn in groundwater of our study areas 

also advocates that the guideline should be re-introduced. Principal Component Analysis (PCA) was done 

to investigate the interaction among all the elements in saliva and the evaluation shows two distinct 

grouping: (i) As and Mn, and (ii) Se and Zn (Fig. 1). The clustering of As and Mn was in concordance 

with the inevitable high exposure from drinking water and locally irrigated foodstuff. Food is the main 

source of dietary Zn and Se supplement. Unfortunately, the drinking water, crops and ultimately diet in 

this part of the globe (West Bengal, India and Bangladesh) are deficit in Se and Zn. Thus the scarcity of 

Se and Zn exposure in the residents is presumably being reflected in the clustering of these elements.  

Figure 1. Principal component analyses of the salivary elements. 

Conclusion 

The present study that was carried out in one of the arsenic-affected areas of Nadia district, West Bengal, 

India addresses the issue of co-occurrence of other metals with arsenic. Our results implicate saliva as a 

biological fluid has the potential of reflecting the exposure of toxic metals and can potentially be used for 

biomonitoring purposes. Therefore, multi-metal exposure in drinking water is an important issue that 

needs serious attention in future. 
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Introduction 
Thanks to the constant process of travertine-building, the Krka River is a karst phenomenon which is 
proclaimed National Park in 1985. Its geographic position and the large number of different habitat types 
resulted in very rich and diverse flora and fauna, with many endemic, rare and threatened species. This puts 
the Krka River among the most valuable natural entities in both Croatia and Europe. The aim of the present 
study was to evaluate the anthropogenic influence on the Krka River in the watercourse near town of Knin, 
situated only 2 km upstream of the beginning of the Krka National Park. There are two potential point 
sources of contamination, industrial wastewater of the screw factory and untreated wastewater discharge. 
Contaminant exposure is evaluated in the water samples (total dissolved metal concentrations, physico-
chemical and microbiological parameters) and in the indicator organism, brown trout (Salmo trutta L.), as 
typical representative of the Krka River ichthyofauna. Biological responses were measured in fish liver and 
included concentrations of cytosolic metals and biomarkers (metallothionein (MT), malondyaldehide 
(MDA) and total cytosolic proteins). MT was chosen as biomarker of metal exposure, MDA of oxidative 
stress and total cytosolic proteins of general stress.  

Methods 
Sampling was performed in April 2015 at two locations in the Krka River, anthropogenically impacted near 
town of Knin and the reference site, Krka spring. Physico-chemical water parameters were measured by 
Standard Methods for the Examination of Water & Wastewater (2012), while microbiological analyses were 
performed using the Colilert® and the Quanti-Tray/2000 (IDEXX). Metal levels (24 micro- and 4 
macroelements) in water and liver cytosol of brown trout were measured by HR ICP-MS (Element 2, 
Thermo Finnigan). Biomarker analyses in liver of 12 trout specimens from each sampling locations were 
performed spectrophotometrically (Tecan Infinite M200) at 412 nm for MT by Ellman’s method, at 535 nm 
for MDA by Botsoglou’s method and at 750 nm for total cytosolic proteins by Lowry’s procedure. 

Results 
Physico-chemical water and microbiological parameters indicated Krka River water near Knin of poor 
quality (III-V class according to GRC, 2010). At the same location higher concentrations of total dissolved 
metals in water and cytosolic metals in trout liver were found for Al, As, Ba, Co, Cu, Fe, Li, Mn, Mo, Na, 
Ni, Sb, Se, Sr, Ti, U, V, Zn compared to the Krka spring. Levels of MDA and total cytosolic proteins were 
higher at anthropogenically impacted site, although not statistically significant (Fig. 1). MT levels were 
significantly higher at Krka spring (Fig. 1), probably following the pattern of cytosolic Cd, which is the 
main MT inducer. Increased Cd levels in hepatic cytosol of trout form the Krka spring might originate from 
dolomite rocks (Perica et al., 2007), which are enriched with Cd but additional detailed investigations of 
metal levels in soils and dietary metal exposure, in addition to water exposure is needed.  
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Figure 1. Concentration of biomarkers (MT, MDA, total cytosolic proteins) in trout liver from anthropogenically 
impacted (Knin) and reference location (Krka spring) 

Conclusion 
Chemical and microbiological water analyses, as well as increased cytosolic metal levels in fish liver pointed 
to disturbed ecological conditions in the Krka River near town of Knin. Observed anthropogenic impact 
was not reflected on the cellular level in fish liver (comparable MDA and total cytosolic proteins), except 
MT which followed increased cytosolic Cd in fish from Krka spring, probably from natural origin. 
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Introduction 

The growing concern about environmental and health safety has resulted in the EU passing a number of 

laws on the subject. The classification, packaging and labeling (CPL) regulation (EC, 2008) has made freely 

available information facilitating the identification of hazardous materials. Here we introduce two 

methodologies for ranking products and materials according to their safety based on the CPL regulation and 

the Seveso III directive (EU, 2012). 

Methods 

Hazard Traffic Lights (HTL) is a qualitative visual procedure to quickly identify the potential risks of a 

material based on hazard statements. Total Hazard Points (THP) is a quantitative method for weighting the 

different hazards related to a product. THP is based on the method developed for the German Environmental 

Agency (UBA; Stahl et al., 2016). This methodology uses the lower tiers (LT) quantified in the Seveso III 

directive to rank hazards, assigning one hazard per material. THP however, includes all materials and 

hazards. A full description of both HTL and THP can be found in (Rodriguez-Garcia et al., 2016). There we 

applied HTL and THP to nine different batteries described Stahl et al. (2016).  

Results 

An example of HTL can be seen in Table 1. There all hazards identified for Pb and Ti appear in a traffic 

light fashion, using red to indicate hazards with the word “Danger,” yellow for those with “Warning” and 

gray for those without a hazard word. As statements like “non-hazardous” are inconsistent with the CPL 

regulation, there is no green light, only blank—not reported—hazards. Several physical hazards can be 

associated with Ti, while Pb is mostly hazardous to human health. As a qualitative method, HTL is not ideal 

for ranking products and even the comparison between materials should be handled with care, preferably 

only with materials fulfilling a similar function. Still, Table 1 suggests Pb to be a more hazardous metal than 

Ti—e.g. it is a suspected carcinogenic and mutagenic, and a confirmed toxic to reproduction. 
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Table 1. Hazard traffic light (HTL) for Pb and Ti 

Pb Ti 

P
h

y
si

c
a
l 

h
a

za
r
d

 

Explosive 

Flammable 

Oxidizer 

Gases under pressure 

Self-reactive/organic peroxide 

Pyrophoric 

Self-heating 

Water reactant 

Corrosive to metals 

H
u

m
a

n
 h

e
a
lt

h
 h

a
za

r
d

 

Acute 

toxicity 

Oral 

Skin 

Respiratory 

Irritant 
Skin 

Eye 

Sensitization 

Germ cell mutagenicity 

Carcinogenity 

Reproductive toxicity 

Specific target organ 

toxicity 

single exposure 

repeated exposure 

Aspiration hazard 

E
. Hazardous to the aquatic 

environment 

Acute 

Chronic 

Danger  Warning  No hazard word 

Table 2. Total hazard points (THP) for Pb and Ti, as 

part of a 1 kWh battery and per kg. 

Pb Ti Pb Ti 

LT HP(g)/kWh HP(g)/kg 

P
h

y
su

ca
l 

h
az

. H228 50 107 20 

H250 50 107 20 

H251 10 533 100 

H260 100 53 10 

Subtotal 799 150 

H
u

m
an

 h
ea

lt
h

 h
az

ar
d
 

H301 50 525 20 

H315 50 107 20 

H319 50 107 20 

H332 100 262 10 

H335 100 53 10 

H341 10 2624 100 

H351 10 2624 100 

H360 5 5247 200 

H371 100 262 10 

H372 100 262 10 

Subtotal 11806 266 450 50 

E
n
v

. 
h

az
. H400 100 262 10 

H410 100 262 10 

H413 200 27 5 

Subtotal 525 27 20 5 

TOTAL 12330 1092 470 205 

When applied to products with different characteristics, THP has to be referred to a common metric. In the 

case of batteries, we used 1kWh of energy stored. Lead-acid are the most hazardous batteries evaluated. 

Lithium Titanium Oxide-Lithium Iron Phosphate (LTO-LFP) rank average, although they are the most 

hazardous of the four lithium-ion batteries assessed. (Rodriguez-Garcia et al., 2016) Pb and Ti respectively 

are responsible for most of their potential hazards. The THP of these two metals can be seen in Table 2, first 

for a 1 kWh battery, then for 1 kg. The latter suggest that Pb is more than twice as dangerous as Ti –470 vs. 

205 HP(g). However, because lead-acid batteries have less energy density than LTP-LFPs, Pb is far more 

hazardous than Ti when the amounts required to store 1kWh are taken into account—12333 vs. 1092 HP(g). 

Conclusion 

HTL and THP are two methods that allow a quick identification and quantification of potential hazards 

derived from materials. Our next step is to combine them with probabilistic indicators for Risk Assessment. 
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Introduction  

Inflows of metals in river basins due to urban development is a constant concern (Li et al, 2008) because 
of the importance of metals toxic impact on aquatic organisms due to their persistence, toxicity and 
bioaccumulative nature (Davutluoglu et al, 2011). Sediments act as vector and reservoir of anthropogenic 
pollutants that accumulate over time (Owens and Xu, 2011). However, they can become a source due to 
changes in environmental conditions (Violintzis et al., 2009). Natural and anthropogenic disturbances can 
lead these changes (Martinez-Santos et al., 2015).  

This study was conducted at the Deba River urban catchment (Basque Country, Northern Spain) and 
aims to: i) determine the metal contamination status of the Suspended Particulate Matter (SPM) along Deba 
River catchment and ii) assess the impact of anthropogenic disturbances such as wastewater treatment plant 
and non-depurated wastewaters on SPM-associated metal toxicity. 
Materials and methods 

Water samples were collected from 8 sampling points along the catchment during 9 sampling campaigns 
between January 2015 and January 2016.In the laboratory, samples were filtered through 0.45μm filters. 
The content of pseudo-total particulate metal (Fe, Mn, Zn, Ni, Cu, Cr and Pb) in the filter was measured by 
ICP-OES after microwave acid digestion. Geo-accumulation index (Igeo), and Pollution Load Index (PLI) 
were used to determine the polluted zones (Davutluoglu et al., 2011). The toxicity of SPM was 
approximately determined by PELQ (Violintzis et al., 2009), and Accumulation Factor (AF) was used to 
estimate the effect of different anthropogenic disturbances (Oke et al., 2013). 
Results and discussion 

Metal (Mn, Zn, Ni, Cr, Cu and Pb) contents in SPM show high variability between sample sites and 
sample campaigns, whereas Fe content remains more constant. Spearman’s correlation matrix shows strong 
positive correlation (r = 0.70 – 0.90) between Mn, Zn, Ni, Cu, Cr and Pb. The correlation is weaker (r = 
0.30 – 0.60) with Fe content. It could be due to two Fe sources: lithogenic and anthropogenic, whereas the 
other metals have mainly an anthropogenic source. The discharge and suspended solid concentration (SSC) 
show a significant negative correlation with the particulate metal content, which could be due to a dilution 
effect by metal-poor soil-born particles (Nicolau et al., 2012). Principal Component Analysis (PCA) 
distributes samples in two groups: i) samples with high SSC (20 – 400 mg·l-1) that were taken under high 
flow conditions (52 – 88 m3·s-1), and ii) samples with low SSC (1.5 – 12 m3·s-1) that were taken under low 
flow conditions (1.5 – 12 m3·s-1). 

Igeo indicates no pollution for Fe, Mn, Ni, Cr and Cu under high flow conditions. Pb pollution is minimal 
except at O1, where it is moderate, and Zn presents moderate to strongly contamination except upstream 
(M1 and E1) were is low. When the discharge decreases, Igeo values increase (iron maintains unpolluted or 
with minimal pollution). O1 presents the maximum Mn and Pb pollution degree (twice of the rest of 
sampling sites). The same occurs at E2 sites with Zn, Cu and Cr. PLI shows the same behaviour as Igeo in 
relation with flow condition and it increases from upstream (M1 and E1) to downstream. With low discharge 
conditions PLI is high (1.8 – 3.3) in all sampling points, and very high at O1 (4.0) and E2 (3.9), which 
suggest higher potential to cause secondary pollution.  
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Under high flow conditions the toxicity is medium-low (PELQ between 0.6 – 1.4), and it increases to 
high (2.4-3.1) at O1 and D4 and specially (8.0) at E2 with low discharge. All metals (except Fe) show an 
AF higher than 1 which increases from upstream to downstream. The AF between D1 and D2 is 1.6 
supposing a PELQ increase of a 16.5% which could be related with the wastewater treatment plant located 
between them. The Mn AF (1.7) between D2 and D3 could be due to batteries factory located upstream next 
to Oñati tributary. In Ego tributary PELQ increases a 365% from upstream to downstream, mainly 
associated with Zn (AF = 40.5) and to a lesser extent with Cu (AF = 5.7), Cr (AF = 2.9) and Ni (AF = 1.6). 
The increase of toxicity in the catchment from M1 to D4 is 200%, mainly due to Zn (AF = 7.0) probably 
from Ego tributary and to Mn (AF = 4.5) from Oñati tributary which reflect that those streams have received 
untreated wastewater effluents for a long time. 
Conclusions 

Metal content in SPM is strongly affected by discharge and SSC, so the hydrologic is a very important 
factor to be taken in mind in order to do a correct pollution evaluation. Metal pollution, and the associated 
risk, increases from upstream to downstream, mainly after untreated municipal and industrial wastewaters 
inputs. 
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Introduction 

Mercury is a toxic substance that poses a severe risk to human life and ecosystems. Because of its global 
nature, monitoring and reduction of mercury pollution has been a focus of several international 
conventions, such as the UN-ECE Convention on Long-Range Transport of Atmospheric Pollution 
(LRTAP), the UNEP global mercury partnership (UNEP, 2013a), and the Minamata Convention on 
mercury (UNEP, 2013b). 

In the environment, mercury is constantly exchanged between ocean, atmosphere, lithosphere, and 
biosphere. Therefore, in order to understand the global fate of mercury, it is important to take into account 
all environmental compartments. Here we aim to study the role of the ocean and the atmosphere-ocean 
interactions in the regional system of North and Baltic Sea using a coupled ocean-atmosphere modelling 
system. The mercury flux from the Baltic has been estimated in the past based on a limited amount of 
observations. We compare modeled air-sea fluxes and their spatial and temporal variability with 
observations and investigate the influence of the North and Baltic Sea on regional atmospheric mercury 
transport. 

Methods 

For this study we coupled the Eulerian regional atmospheric chemistry transport model (CTM) CMAQ  
(Byun & Schere, 2006). CMAQ is run on a 24x24 km² domain covering the whole North- and Baltic Sea 
region which is nested into a 72x72 km² domain covering the whole of Europe. We coupled the CMAQ 
model to the ocean coupled hydrodynamic biogeochemical model ECOSMO (Schrum et al., 2006; Daewel 
& Schrum, 2013). We expanded ECOMSO with a model for marine mercury cycling, resolving transport, 
sedimentation and resuspension, partitioning, and chemical speciation of mercury to determine the 
mercury flux between the two compartments in the North and Baltic Sea region (Bieser and Schrum, 
2016). The combined model system, further referred to as MECOSMO-CMAQ, was run on a 10x10 km² 
grid for 15 years (1993 to 2008) using a 15 year spin up time for the ocean model. Initial conditions for 
mercury concentrations in the ocean were interpolated from observations. 

To implement mercury chemistry in the ECOSMO framework we introduced the species elemental 
mercury, inorganic oxidized mercury, and methylated mercury into the model. While elemental mercury 
(Hg0) is always treated as dissolved in the aqueous phase, oxidized mercury HgII is either dissolved or 
associated to particles. Moreover, for particulate bound mercury we distinguish between three kinds of 
particles: phytoplankton, zooplankton, and inanimate particulate organic carbon. Concerning methylated 
mercury we distinguish dissolved mono-methylmercury, particulate bound mono-methylmercury and 
dissolved gaseous di-methylmercury. 
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Results and Discussion 

Only a small fraction of mercury in the ocean exists as elemental Hg0. In order to model the air-sea 
exchange of mercury the model needs to be capable to reproduce dissolved elemental mercury 
concentrations in the surface water. For the model evaluation we compared modelled surface Hg0 
concentrations to observations from six cruises in the Baltic Sea. This includes two cruises in July 1997 
and March 1998 (Wängberg et al., 2001) and four cruises in 2006 (Kuss and Schneider, 2007). For the 
evaluation we used daily model output for the nearest model grid cell. As depicted in figure 1, most model 
values are within a factor of 2 of the observations. The only exception beeing Hg0 peaks observed in the 

Bornholm and Gotland Sea during July 2006, which the model cannot reproduce. This could be due to 
increased biologicall induced reduction of Hg2+ in this region. Currently, we perform model sensitivity 
runs to futher investigate this interesting feature. 

Figure 1. Comparison of observed (Kuss and Schneider, 2007) and modelled Hg0 concentrations in the Baltic. 

The evaluation of modelled air-sea fluxes is difficult because there are no direct measurements available. 
Observation based fluxes are calculated based on measurements of DEM and TGM using different 
parametrizations the for wind speed dependent exchange velocity and Henry's Law constant. Kuss and 
Schneider (2007) estimated the annual mercury evasion from the central Baltic for 2006 to be in the range 
of 2700 kg/a – 5900 kg/a. For this region, which excludes the Gulfs of Bothnia, Finland, and Riga the 
model calculates a flux of 3600 kg/a for 2006. In order to calculate the net Hg budget we also take into 
account wet deposition of 3400 kg/a and the annual riverine Hg inflow of 1400 kg/a (HELCOM, 2011). 
This leads to an accumulation of Hg in the Baltic Sea in the range of 1200 kg/a. The modelled inter-annual 
variability of the net air-sea exchange is around 25%. However, for a reliable estimation of the Baltic Hg 
budget more  information on the riverine inflow (amount and temporal variability) is needed. 

Figure 2. Observed and modelled Hg0 concentrations (with and without ocean coupling) at the EMEP station Zingst. 

Finally, we investigated the feedback of the oceanic Hg evasion on the atmosphere. A comparison to data 
from 5 EMEP stations indicates that the air-sea flux influences GEM concentrations on a regional scale 
during spring, summer, and autumn. On seasonal average GEM concentrations were increased between 
1% (winter) and 5% (summer) in the Baltic Sea region through coupling to the ocean model. At coastal 
stations downwind of the Baltic Sea, the coupled ocean-atmosphere model was better at reproducing peak 
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Hg0 concentrations (Fig. 2).  Because around 50% of the mercury deposition over land is due to dry 
deposition of GEM, this will also influence the total mercury deposition over land. 
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Introduction 
The continuous accumulation of heavy metals in the aquatic environment is a serious threat to marine 
organisms. Next to other prominent examples, mercury (Hg) is one of the most toxic ones because of its 
persistence and consequent bioaccumulation potential (O’Shea, 1999). Due to many anthropogenic sources, 
the amount of Hg in the oceans has almost tripled compared to the preindustrial period (Lamborg et al., 
2014). Mercury enters the marine food web through its most toxic, organic form, methylmercury (MeHg), 
which has a high affinity for lipids and long half-life (Cardellicchio et al., 2002; UNEP, 2013). Hence, the 
bio-accumulation of Hg via food ingestion is the most important uptake route for marine animals and 
especially organisms at the top of the food chain, i.e. cetaceans, are particularly vulnerable (Bilandžić et al., 
2012). Cetaceans cope with Hg contamination with the help of the essential trace-element selenium (Se), 
which is able to inhibit the toxic effects of MeHg by binding it into insoluble compounds (HgSe; Ralston 
2008). It has been suggested that a ratio of Se to Hg above 1 is necessary to protect the organism against Hg 
toxicity (Ralston, 2008). Although there have been many studies on the Se:Hg relationship in different 
cetacean species, little is known about the global patterns of this relationship in cetaceans. Here, we 
examined the global patterns of Hg (and Se) accumulation in cetaceans and depicted how this group of 
organisms is coping with high levels of contamination. We included samples from different regions of the 
world, which provides us with a synoptic view on the health hazards caused by high Hg concentrations in 
the marine environment. 

Methods 
We obtained information on the Hg concentration found in liver tissue of 32 cetacean species. In total, we 
compiled 788 samples from individuals stranded in different regions across the global oceans. For a subset 
of the stranded individuals (i.e. 362 individuals belonging to 20 cetacean species), we also have information 
on Se concentrations in their liver tissue. We explored the patterns of Hg accumulation in stranded 
individuals against the suggested toxic threshold for cetaceans liver tissue (87 µg/g dry weight; Rawson et 
al. 1993). We divided sampling regions according to the 2013 global Hg assessment that published the 
global mercury inventory of 2005 as the level of elementary Hg in the air in different regions of the world 
(UNEP, 2013). Additionally, we used linear models to describe the relationship between Se and Hg and how 
this can differ from the predicted 1:1 theoretical relationship (Ralston, 2008). Samples are separated 
according to the different cetacean families and to the regions defined in the UNEP report (2013). 

Results 
Almost half of the Hg emissions in 2005 are produced by Japan and China (47.4 %; UNEP, 2013). Europe 
produced 10.6 % of the emissions, while Africa shows one of the lowest percentages of emission with 5 %. 
Mercury concentrations of stranded cetaceans present contrasting patterns and significant differences among 
regions. Cetaceans sampled in Antarctica, North and South America as well as South East Asia displayed 
the smallest Hg levels, while the highest concentrations were detected in animals sampled at the coast of 
Africa, North East Asia and Europe. Comparing concentrations (µg/g dry weight) of Se and Hg in 
individuals stranded at different coastlines in the world, revealed a sublinear relationship with a slope of 
0.73 (± 0.019). At overall low Hg values more individuals showed higher Se than Hg concentrations, which 
is observed by the regression line above the 1:1 ratio line. This trend is shifting at higher concentrations, i.e. 
above 7.94 µg/g dry weight of Hg, where the regression line changes from supralinear to sublinear values. 
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At the highest measured Hg values almost no individual has higher Se than Hg concentrations. Summarizing 
the relationship between Hg and Se concentrations according to the UNEP regions classification, Africa (i.e. 
Canary Islands) shows the only value above the 1:1 ratio line. Moreover, the highest investigated values for 
Hg compared to Se concentrations are found in the samples originating from: Europe, North East Asia (i.e. 
China and Japan) and North America. 
Conclusion 
Mercury concentrations in cetaceans are mainly influenced by the contamination of the habitat. Individuals 
sampled in the Mediterranean Sea, North Atlantic and North East Asia show the highest Hg concentrations 
due to natural sources and high anthropogenic input. Individuals sampled at the Canary Islands are the only 
ones with Se concentrations higher than corresponding Hg values, indicating an efficient protection against 
its toxicity. However, our comprehensive analysis showed that cetaceans in most of the sampling regions 
are under threat due to the high accumulation of Hg found in these stranded organisms. 
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Introduction  

Long water residence time in the  Baltic sea leads to retention of hazardous substances in the ecosystem and 
participation of those in biogeochemical processes affecting environmental quality even after the particular 
source removal (The BalticSTERN, 2013). Mercury (Hg) is a heavy metal, what is widely released  to the 
environment from natural and industrial sources (Nfon et al., 2009). Inorganic mercury  is transported via 
atmosphere and later deposed to aquatic ecosystems, where it is converted to highly toxic and bio-
accumulative organic methylmercury (MeHg) (Glasby et al., 2004). The organic Hg can be easily bio-
magnificated to higher trophic levels (fish and mammals) and even transferred to human via consumption 
of contaminated food sources (Nfon et al., 2009; Schmitt et al., 2011). Although about the significant Hg 
emissions was repeatedly reported by The Baltic Marine Environment Protection Comission (HELCOM, 
2007), specificity of the Baltic sea ecosystem calls for the additional research in the Hg bio-accumulation 
and bio-magnification patterns for every sub-region. Aim of the study was to (1) analyze concentrations of 
mercury in the muscle of five common fish species (cod, herring, perch, flounder and round goby) of the 
Gulf of Riga and the Baltic sea, and to (2) determine the concentration dependence on fish size, weight, age, 
species, content of lipids and sampling site.  

Methods 

The fish samples were collected from several background locations in the Gulf of Riga and the Baltic sea 
along the Latvian cost.  The Hg concentrations were measured by cold vapor technique according to US 
EPA method 245.6 using VARIAN SpectrAA- 880 atomic absorption spectrometer (CVAAS) equipped 
with VGA77.  Statistical analyses were performed using R software. Spearman's rank correlation coefficient  
(with significance level p<0.05) was used to measure correlations between Hg concentration and other 
measured variables. The numerical variables were log transformed to ensure normal distribution (Zuur et 
al., 2010).  

Results 

Fish species, size and age of individuals explained the major variation of Hg concentrations. Herring and 
perch species were split into gulf and sea sub-groups due to grouping in distribution of the obtained data 
and different Hg concentration correlation patterns with the measured variables. In contrast to other species, 
gulf herring had also very strong correlation of Hg levels with weight (r=0,84, p<0.05), although it was 
observed that gulf herring individuals with almost two times lower weight than sea herring had similar Hg 
concentration ranges. At the same time, gulf herring had lower lipid content than sea herring, but in case of 
perch the pattern was completely opposite. In addition sea perch had very strong Hg concentration 
correlation with age (r=0.97, p<0.05), while in the gulf the correlation was only r=0.61 with p<0.05. Among 
the sea sub-region species (excluding perch), the Hg concentration levels decreased as following: 
cod>flounder>herring>round goby. 
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Conclusion 

The results of the study indicated notable differences of Hg concentrations between different fish species 
and within specific specie, depending on the individual age and the sub-region. The Gulf of Riga has higher 
pollution levels, where the Daugava River is significant source of mercury. It was concluded that undesirable 
habitat conditions (for example, marine water for perch and fresh water for herring) have notable influence 
on lipid content, what could be a consequence of the lack of preferable food sources. In the case, weight and 
length variables could give additional explanation of Hg concentration variations.  It was also concluded 
that in general at higher trophic levels Hg concentration is higher, following the bio-magnification process, 
except the gulf perch, in which the Hg levels were significantly higher than in cod, what additionally 
supports the declaration of higher pollution levels in the gulf. 
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Introduction  

Formed primarily from biotic methylation of dissolved mercury (Hg) species (Benoit et al., 1999), the 
concentration of methylmercury (MeHg) in the environment is dependent on the balance between rates of 
methylation and demethylation. Lower %MeHg has been observed in freshwater environments with higher 
total Hg concentration compared to waters with lower total Hg concentration. It has been proposed that in 
highly contaminated environments mercury-resistance (mer) genes are expressed which regulate reductive 
demethylation and that at lower levels of Hg these genes cannot be expressed (Schaefer et al., 2004). This 
study compared %MeHg in freshwater sediment from two connected canals in Scotland, UK, with different 
levels of Hg contamination and explored the relationships between the Hg, MeHg, and organic matter (OM) 
content, and sediment pH. 

Methods 

MeHg was determined in fresh wet sediment from the Forth and Clyde (F&C) and the Union Canals using 
isotope dilution mass spectrometry (F&C Canal), 4% w/w HCl extraction (Bermejo-Barrera et al., 1999), 
derivitisation with sodium tetra-n-propylborate (De Smaele et al., 1998) and gas chromatography-
inductively coupled plasma mass spectrometry. Total Hg concentrations were determined on dried, 2 mm 
sieved samples using microwave-assisted acid digestion, cold vapour atomic absorption spectroscopy 
(Union Canal) and atomic fluorescence spectroscopy (F&C Canal). The OM content and pH were calculated 
using loss of ignition at 440  and as specified in European Standard TC WI: 2003 (EN, 2003 respectively.  

Results 

In the Union Canal, total Hg concentration ranged from 35.3 ± 7.3 to 1200 ± 180 mg/kg (n=3) and MeHg 
concentration ranged from 6.02 ± 2.0 to 18.6 ± 4.2 μg/kg, corresponding to 0.001-0.023% of the total Hg 
concentration. In the F&C Canal total Hg concentration ranged from 0.591 to 9.14 mg/kg and MeHg 
concentration ranged from 3.44 to 14.1 μg/kg, corresponding to 0.11-0.58% of the total Hg concentration. 
An inverse relationship was found between total Hg concentration and %MeHg in both canals (r2 = 0.601 
in the Union Canal and 0.595 in the F&C Canal). In the Union Canal, the OM content ranged from 5.10 ± 
2.0 to 13.9 ± 2.5% and a weak positive correlation was found between MeHg concentration and OM content 
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(r2 = 0.313). Sediment pH ranged from 5.71 to 6.94 with no observed correlation between pH and MeHg 
concentration, although a decrease in %MeHg was observed with decreasing pH (r2 = 0.778). 

Conclusion 

Total MeHg concentrations were similar in both canals. However, %MeHg was greater in the F&C Canal 
where the maximum total Hg concentration was two orders of magnitude less than the maximum 
concentration in the Union Canal, indicating that higher total Hg concentrations may enhance demethylation 
as indicated by the negative relationship between %MeHg and total Hg concentrations. Thus sediments with 
lower total Hg concentrations may in fact pose a higher risk for MeHg bioaccumulation compared to 
sediments with a higher level of Hg contamination. Lower %MeHg was also found in more acidic sediment 
possibly due to the partitioning of MeHg into the water column. The OM content did not appear to influence 
net methylation. 
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Introduction  

Mercury (Hg) is a ubiquitous and hazardous trace metal. In particular, methylmercury (MeHg) is a 
neurotoxin that bioaccumulates in organisms and biomagnifies along the food web causing severe diseases 
in wildlife and human health (Mason et al., 2012). Aquatic environments are at the base of the MeHg 
transfer chain since this compound is synthesized in sub-oxic sediments by anaerobic microorganisms, 
such as sulfate-reducing bacteria (SRB) (Shao et al., 2012) and iron-reducing bacteria (IRB) (Fleming et 
al., 2006) and can be released to the water column through biogeochemical processes occurring in both 
sediment and water, and physical or biological transport mechanisms. Hg-methylation has been recently 
observed to occur in the oxic layer of the marine water column (Sunderland et al., 2009) which could 
represent a significant source of Hg to the food chain (Eckley & Hintelmann, 2006). However, no study 
showed that MeHg can be formed in settling particles of oxic lake waters. In this work we present results 
on Total-Hg (THg) and MeHg concentrations, and Hg methylation rates in settling particles and sediments 
of the largest oxic fresh-water lake in Western Europe (Lake Geneva), and we show that sulfate-reduction 
was linked to Hg methylation processes. 

Methods 

Settling particles were collected using a sediment trap system (Bloesch, 1996) placed 5 m above the 
sediment (actual sampling depth: 132 m). Surface sediments underneath the traps were recovered using 
two Mortimer gravity corers attached together from which the first centimeter was subsampled. Settling 
particles and sediments were spiked with 199HgCl2 and 201MeHgCl at concentrations similar to 
environmental levels. To better understand the role of anaerobic sulfate-reduction on the Hg-methylation, 
samples were also amended with MoO4

2-, a specific inhibitor of the sulfate reducing metabolism (Fleming 
et al., 2006). Three control-replicate (no MoO4

2- addition) and three molybdate-replicate (with MoO4
2-) 

were incubated close to lake temperature (4°C) in the dark for 48h. The remaining sediment was used for 
further determination of potential Hg-methylation. Organic matter content was obtained by Rock-Eval 6 
following the method described by Espitalie et al., 1985. 

Results 

Incubation results showed Hg methylation rate constants (km) were about 10-fold higher in settling 
particles than in sediments, and they were also observed to increase during the summer period. In addition, 
the percentage of 199IHg methylated into  199MeHg showed values that ranged between 3.0 and 12.7 %, 
which were similar to the ambient %MeHg/THg ratio found in the traps collected during a period of two 
years without incubation (0.4 – 9.6%), supporting that incubation experiments were comparable to in situ 
conditions. Molybdate amendments reduced by 80% the Hg-methylation rates in sediments and between 
60% and 90% (km ~1.2 x 10-2 day-1) in settling particles, and a positive correlation between Hg 
methylation rates and sulfate consumption was observed. Furthermore, C/N ratio, Hydrogen and Oxygen 
Indexes (HI and OI) were used as proxies of OM sources and biological and diagenetic alteration to better 
understand the differences between km and %MeHg/THg in sediments and settling particles. C/N results 
showed that OM in surface sediments was fresher in settling particles than in surface sediments, and HI 
and OI data supported that OM in settling particles were less degraded and more algal-type than in 
sediments. 
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Conclusion 

Results suggest that methylation of Hg occurred in settling particles of Lake Geneva oxic water column. 
Indeed, higher Hg methylation rate constants compared to sediments were observed, likely due to the 
differences on the degradation state of the OM and anoxic microenvironments naturally created inside the 
settling aggregates. Thus, settling particles are a potentially important compartment for MeHg production 
in freshwater systems. 
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Introduction  

Monomethylmercury (MeHg) is the most toxic and bioaccumulated mercury species with deleterious effects 
on higher organisms (Allen et al., 2002).  Consumption of mercury contaminated food is recognised as the 
main entry of this contaminant in organisms and biomagnifications vector in food webs (Fitzgerald and 
Clarkson, 1991), but biotransformation processes of mercury by gut microbiota remains unclear 
(Pennacchioni et al., 1976; Rudd et al., 1980).  The recent discovery by Parks et al. (2013), of genes 
necessary to achieve mercury methylation (hgcA and hgcB), has opened new opportunities to answer this 
question.  To date, only one global survey of hgcA and hgcB metagenomic data has been performed and did 
not reveal the presence of these genes in gut microbiota of vertebrates (Podar et al., 2015).  In this study, 
we determined the 16S rRNA microbial diversity and the presence of hgcA gene and explored ex vivo 
mercury methylation capacity of gut microbiota samples isolated from the intestinal tract of fishes of two 
different trophic levels: the carnivorous perch (Perca fluvatilis) and the herbivorous roach (Rutilus rutilus). 

Methods 

Perches and roaches specimens were sampled in September 2015 in Cazaux-Sanguinet Lake which is an 
oligotrophic lake located on the Atlantic coast in south-west of France.  The intestinal content was 
immediately collected and processed under anoxic and dark conditions to assess ex vivo mercury 
methylation capacity by using 199Hg2+ and Me201Hg+ stable isotopic tracers (Rodriguez-Gonzalez et al., 
2013).  We evaluated the relative contribution of methanogenic and sulfate-reducing bacterial (SRB) 
populations to the mercury methylation activity by supplementing the intestinal content from roach 
specimens with either 2-bromoethane-sulfonic-acid or molybdate as specific inhibitors, respectively 
(Compeau and Bartha, 1985).  Inversely, we favoured the activity of sulfate-reducers, which are known 
strong mercury methylators in freshwater sediments (Gilmour et al., 1992) by the addition of sulfate and 
determined the impact on the mercury methylation activity.  Finally, we achieved the determination of the 
16S rRNAgene diversity and eventually the detection of mercury methylation gene (e.g., hgcA) by using 
primers developed elsewhere (Shaefer et al. 2014). 

Results 

In untreated intestinal samples of roach and perch, MeHg consisted in 17% and 77% of total natural 
endogenous mercury, respectively.  After four hours of incubation with isotopic tracers, methylation 
potential was higher in roaches than in perches intestinal samples (c.a., 0.34±0.07% and 0.17±0.02%, 
respectively).  As expected, the addition of specific metabolic inhibitors negatively impacted MeHg 
production (c.a., 0.01±0.03% with molybdate and 0.21±0.04% with 2-bromoethane-sulfonic-acid). 
Alternatively, sulfate addition significantly enhanced mercury methylation (0.82±0.02%) that suggests 
enhanced metabolic activity of mercury-methylating SRB population.  These data were used to estimate 
daily methylation potentials as presented in Table 1. The biological mercury methylation was confirmed by 
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the lack methylmercury production in autoclaved intestinal controls.  More importantly, the metabolic 
potential necessary for mercury methylation was confirmed by the detection of HgcA in intestinal samples 
from roaches and perches. 

Table 1. Inorganic mercury 199Hg2+methylation (M in % day-1) determined in ex vivo incubations of perches and 
roaches gut content under anoxic and dark conditions.  The relative contribution of sulfate-reducers and methanogens 
to Me199Hg+ formation was assessed by supplementing samples with sulfate to enhance SRB activity or with specific 
metabolic inhibitors (e.g., molybdate and 2-bromoethane-sulfonic-acid, respectively). 

Matrix 
Supplement 

Roaches gut microbiota 
(M % day-1) 

Perches gut microbiota 
(M % day-1) 

None 
2-bromoethane-sulfonic-acid 
Molybdate 
Sulfate 

2.04 ±0.42 
1.26 ±0.24 
0.06 ±0.18 
4.92 ±0.12 

1.02 ±0.12 
n.d. 
n.d. 
n.d. 

n.d. not done due to the very low quantity of sample available 

Conclusion 

The gut microbiota from roaches and perches of Cazaux-Sanguinet Lake, harbour hgcA gene and have the 
potential to transform inorganic mercury into MeHg.  However, its impact on the host organism should be 
limited due to (i) the low methylation potential and (ii) greater MeHg inputs from food intakes, especially 
for piscivorous fishes.  Nonetheless, MeHg freshly produced in vivo could have a greater mobility -from the 
intestine to the blood system of fishes ˗ than that of MeHg bio-accumulated in ingested plant and prey 
tissues.  Interestingly, net MeHg production was much higher in roach than in perch which was unexpected 
in regard to the lower endogeneous (natural) MeHg concentrations in roach gut.  These results suggest that 
roach intestinal microbium harbours mercury-methylating microorganisms that are either in greater density 
or have a better capacity to methylate mercury in comparison to that in perch, which ingested much of its 
mercury from preys under the form of MeHg. In the other hand, roach feed much on periphyton where lower 
percentage of endogenous MeHg (c.a., 1% of total mercury) was measured. Under specific conditions 
sulfate-reducing microorganisms that harbour mercury methylation genes may be more active and play a 
major role in the production of MeHg in the intestinal tract of roaches. 
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Introduction 

One major challenge in contemporary environmental science is to identify factors controlling the formation 
of methylmercury (MeHg). The methylation of inorganic-Hg to MeHg is biotically mediated1 in aquatic 
systems and occurs mainly in oxygen-deficient sediments or water columns2,3. Organic matter (OM) 
interacts very strongly with Hg, affecting its speciation, solubility, mobility, and toxicity in the aquatic 
environment. In aquatic ecosystems, OM is an extremely heterogeneous mixture derived from a 
combination of terrigenous and planktonic derived OM. Terrigenous OM, resistant to microbial degradation, 
might be an important vector for Hg and MeHg transport from catchment soils to surface waters4. In contrast, 
labile planktonic-derived OM fuels microbial growth and activity in both water columns and sediments. In 
this study we test whether planktonic derived OM compounds control Hg methylation rates in boreal lake 
sediments. 

Methods 

We collected sediments from 10 boreal lakes with different trophic states and loadings of terrigenous OM. 
Potential Hg methylation rate constants (km) were determined in surface sediments (0-1 and 1-2 cm) using 
enriched isotope tracers5. We concomitantly characterized the molecular composition of the sediment OM 
by a pyrolysis–gas chromatography/mass spectrometry (Py-GCMS) method6. We conducted additional 
laboratory incubation experiments to assess the relative importance of three OM sources, with differentiated 
molecular OM compositions, on the km of two lakes that presented low km. The substrates consisted in an 
algae, cyanobacteria and a humic soil extract. Briefly, the cyanobacteria Aphanizomenon flos-aquae PCC 
79057 and the algae Scenedesmus8 were grown in the laboratory. An organic peat soil typical for the 
discharge area of a boreal forest catchment in northern Sweden was used9.  

Results 

The highest km values were found in lakes dominated by planktonic derived OM (0.038–0.075 day-1, n=4). 
Lower values were observed in lake sediments enriched in terrigenous OM (0.0095–0.013, n=5) or in 
invertebrate chitin associated compounds (0.013, n=1). Bacterial production rate (BP, μg C L-1 d-1) in 
sediments dominated planktonic and chitin derived OM was significantly higher than in sediments 
characterized by terrigenous OM (p-value<0.001). We identified and quantified 110 organic compounds in 
all studied lakes. An orthogonal partial least square model (OPLS) built with both km and BP as Y variables 
showed that the abundance of planktonic-derived OM (chlorophyll, protein, and cell wall lipids) predicted 
the variability in both the km and BP. However, the second predictive component suggested that among the 
planktonic-derived compounds, Hg methylation rate constants would be higher in the presence of fresh 
chlorophyll compounds and cell wall lipids.  
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All substrates added to lake sediments boosted km although the net response differed between the two lakes, 
likely due to the differences on in habitant microbial communities. While we did not observed significant 
differences between the addition of the algae and the humic soil, we saw that in both lakes the presence of 
cyanobacteria led to an enhanced Hg methylation in lake sediments. Incubations experiments demonstrated 
that planktonic derived OM, concretely that derived from cyanobacteria, enhances km in lake sediments by 
enhancing the activity of the overall bacterial community. Bacterial community composition and Hg 
methylating bacteria (hgcA) composition varied among lakes independently of km.  

Conclusions 

A deep characterization of molecular OM composition is needed for understanding Hg methylation 
processes in aquatic systems. Besides cyanobacterial blooms produce a wide range of potent toxins, the 
results of this study show that they can also increase MeHg formation in aquatic systems, both with adverse 
health effects on humans.  
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Introduction  

Eutrophication in coastal areas and continental seas is expanding worldwide (Diaz and Rosenberg, 
2008) potentially altering mercury (Hg) dynamics. Eutrophication can change the net flux of divalent Hg 
(HgII) into the more toxic monomethylmercury (MeHg) and the MeHg biological uptake and 
magnification in the food web (Driscoll et al., 2012). While many studies have investigated the impact of 
eutrophication on isolated aspects of the Hg cycle its overall effect at the ecosystem level is unknown. We 
developed a biogeochemical model for speciated Hg cycling and phytoplankton uptake of MeHg. Here we 
use the model to quantify the total effect of eutrophication on MeHg levels in plankton in the Baltic Sea. 

Methods 

The Baltsem model is a coupled physical-biogeochemical model that simulates eutrophication in 
the Baltic Sea (Gustafsson et al., 2012; Savchuk et al., 2012). The model divides the Baltic Sea into 13 
interconnected sub-basins and simulates nutrient (Nitrogen, Phosphorus, Silica) and carbon cycling in the 
water column and sediment (Gustafsson et al., 2014). We add biogeochemical cycling of four Hg species 
(HgII, MeHg, gaseous elemental Hg (Hg0),  and gaseous dimethylmercury (Me2Hg)) and phytoplankton 
uptake of MeHg to the model. We run a baseline scenario for the Baltic Sea with nutrient loads kept at 
1920’s level and compare it to a scenario with 20th century (high) nutrient loads. Results from the 
comparison are from the years 2005-2014 (Soerensen et al., 2016). 

Results and conclusion 

Our model simulation suggests that eutrophication turns the Baltic Sea into a net sink for 
atmospheric Hg by increasing the water column scavenging of Hg. Overall eutrophication results in a 
decrease of the total Hg water reservoir of ~25% compared to the baseline scenario. We find that 
eutrophication stimulates water column methylation by increasing organic matter remineralization. This 
leads to an increase of the MeHg reservoir compared to an oligo/mesotrophic system (40% in a normoxic 
system (represented by the Bothnian Sea sub-basin) and >100% in a system with anoxic bottom water 
(represented by the Gotland Sea sub-basin)). While surface water MeHg concentrations also increase 
(Figure 1), the very high MeHg levels in anoxic bottom water in some basins does not significantly 
influence surface water concentrations as vertical exchange of MeHg is suppressed by the permanent 
halocline in the Baltic Sea. Eutrophication is believed to reduce plankton MeHg levels through growth 
dilution. Our model simulation indicates that while growth dilution occurs during peak biomass 
production events, it has a small overall impact on plankton MeHg at the ecosystem scale (<15% 
difference between baseline and high nutrient scenario). These and further results from the Baltsem model 
simulations will be discussed. 
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Figure 1. Predicted relative change in total mercury (Hg) and monomethylmercury (MeHg) concentrations in the 
surface waters of the Baltic Sea in September 2014 (Soerensen et al., 2016).  
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Introduction 

Methylmercury (MeHg) is a potent neurotoxin that is associated with many adverse health effects in 

people. Long-term dietary exposure to MeHg has been associated with neurocognitive delays in children 

including long-term IQ deficits, attention deficit disorder, and reductions in verbal function and memory. 

Chronic low levels of exposure are typically observed among frequent seafood consumers. Inorganic 

mercury is converted to MeHg by microbial reactions known to be sensitive to physical and chemical 

conditions such as temperature and the presence and composition of dissolved organic matter (DOM). 

MeHg entry into food-webs is known to be affected by phytoplankton abundance and community 

composition.  Experimental data also indicate uptake of MeHg into cells is affected by both temperature 

and DOM. 

Climate-driven changes are expected to significantly alter seawater temperature, phytoplankton 

concentrations and size distribution, and DOM composition. Higher temperatures and nutrient-rich 

freshwater inputs will result in higher primary production, which in turn shifts phytoplankton size 

distribution toward larger cells, and larger cells have lower MeHg concentrations. On the other hand, 

freshwater inputs can result in water column stratification; Schartup et al. (2015) showed that stratification 

can enhance MeHg production and uptake in coastal waters. The overall result of these conflicting effects 

on MeHg levels in commercially important fish species is unknown. 

Here we investigate the impacts of ecosystem changes on biota MeHg concentrations in the Gulf of Maine 

region by developing a generic model for MeHg bioaccumulation in marine food-webs. We parameterize 

the model to reflect the species and diet composition of the Gulf of Maine system, where MeHg data are 

available for model evaluation. We build on general knowledge of bioaccumulation in aquatic food-webs 

and quantitatively account for the impacts of shifts in environmental conditions. We apply the model to 

investigate the relative importance of changes in seawater temperature, water MeHg and DOM 

concentrations, and how trophic structure in the Gulf of Maine ecosystem have affected MeHg 

bioaccumulation. We use this analysis to gain insight into the potential effects of future changes on marine 

MeHg bioaccumulation and MeHg exposure through fish consumption. 

Methods 

We include three size classes of phytoplankton to account for size-dependent MeHg accumulation. We 

estimate the relative abundance of different phytoplankton size classes using the empirical relationships 

developed from Uitz et al. (2006) that describe the size distribution of plankton communities as a function 

of surface chlorophyll-a concentrations. MeHg concentrations in phytoplankton are modeled as a function 

of seawater MeHg and DOM. For all organisms other than phytoplankton, our model draws conceptually 

from several species-specific studies for MeHg bioaccumulation and general knowledge of organic 
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contaminants bioaccumulation in aquatic food-webs. Differential equations for each species that describe 

bioenergetics based MeHg uptake and elimination to compute weight-normalized concentrations are 

solved using Runge Kutta numerical integration. MeHg levels in each species are calculated from rates of 

dietary uptake, uptake from water/gill ventilation, elimination, and growth dilution. For all species, food 

consumption needed to meet energy requirements for growth and wet weights at any time, is calculated 

from standard bioenergetics, including terms for respiration, and combined excretion and egestion. We fit 

a bioenergetics model to respective age-dependent lengths and weights determined from von Bertalanffy 

(1938) growth functions  and use 

the associated energy 

requirements to determine food 

consumption.  

Results 

Our model successfully 

reproduces plankton and fish 

MeHg levels (Fig. 1 A and B) in 

the Gulf of Maine. We find that 

increases in parameters that 

affect uptake of MeHg by 

phytoplankton such as 

chlorophyll-a and DOM have an 

overall smaller impact than water 

MeHg concentrations (Fig. 1C). 

Higher trophic level fish MeHg 

levels are most sensitive to 

changes in water MeHg levels 

and temperature, and shifts in 

diet (Fig. 1D). 

Figure 1: A&B. Comparison of modeled and measured biota MeHg content versus mass of plankton cell or fish. C&D. Effect of 

temperature, chlorophyll a, diet, water MeHg and dissolved organic carbon (DOC) concentrations on plankton and Bluefin tuna 

MeHg content.   

Conclusion 

This work suggests that enhanced stratification and subsequent increase in water MeHg concentration 

could have a larger impact on fish MeHg levels than changes in phytoplankton size distribution. Shifts in 

fish diet due to over-fishing and/or prey availability can also significantly alter high-trophic-level fish 

MeHg content.  
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Introduction  

Metal oxide nanoparticles (ZnO, TiO2) are commonly used in personal-care formulations as protective 
agents against exposure to ultraviolet radiation. Although previous research has concluded that 
nanoparticles do not penetrate healthy skin, it remains contentious whether this conclusion holds under 
normal conditions of sunscreen use.  

Methods 

Humans (n=20) were exposed to sunscreens containing zinc oxide (ZnO) particles to determine if Zn from 
the particles was absorbed through skin over 5 consecutive days under outdoor conditions. Two 
sunscreens were tested—‘‘nano sunscreen’’ containing 19-nanometer (nm) nanoparticles and ‘‘bulk 
sunscreen’’containing > 100-nm particles. Venous blood and urine samples were collected 8 days before 
exposure, twice daily during the trial, and 6 days post-exposure. As the first application in nanotechnology 
studies, stable isotope tracing was used where the ZnO, enriched to > 99% with the stable isotope 68Zn, 
allowed dermally absorbed zinc to be distinguished from naturally occurring zinc. 

Results and Conclusions 

The overwhelming majority of applied 68Zn was not absorbed, although blood and urine samples 
from all subjects exhibited small increases in levels of tracer 68Zn. The amount of tracer detected 
in blood after the 5-day application period was ~1/1000th that of total Zn in the blood 
compartment. Tracer levels in blood continued to increase beyond the 5-day application phase in 
contrast to those in urine. Levels of 68Zn in blood and urine from females receiving the nano 
sunscreen appeared to be higher than males receiving the same treatment and higher than all 
subjects receiving the bulk sunscreen. It is not known whether 68Zn has been absorbed as ZnO 
particles or soluble Zn or both. 
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Figure 1. Changes in 68Zn/64Zn ratio for subjects (X axis) using sunscreen with bulk particles. 

Figure 2. Changes in 68Zn/64Zn ratio for subjects (X axis) using sunscreen with nanoparticles 

Reference Gulson, B., McCall, M., Korsch, M., Gomez, L.,  Casey, P., Oytam, Y., Taylor, A.,  McCulloch, M.,  
Trotter, J.,  Kinsley, L., Greenoak, G. (2010). Small amounts of zinc from zinc oxide particles in sunscreens applied 

outdoors are absorbed through human skin. Toxicol. Sci., 118, 140-149.   
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Introduction 

Recently, the synthesis and utilization of iron based nanomaterials with novel properties and functions 
have been widely studied, both for their nano size and for their magnetic characteristics (Komárek et al., 
2015). For that reason, the application of iron nanoparticles (NPs) is being rapidly extended and 
environmental engineering has used them for remediation purposes, especially for the removal of 
metal/metalloids from contaminated waters and soils, or their stabilization therein (Gómez-Pastora et al., 
2014; Martínez-Fernández et al., 2016b). However, their safety still represents an unknown barrier to their 
full application. Even when most of the available studies on phytotoxicity of iron NPs have focused 
mainly on their advantages, relatively few have examined the mechanisms of phytotoxicity, uptake, 
translocation, and bioaccumulation (Zhang et al., 2015). Considering the roots as the first organ which can 
suffer from NPs interference in the soil, there is a need to evaluate the impacts on plant physiology of NPs 
together with their potential ecotoxicity and interactions with the key processes in the rhizosphere 
(Elsaesser and Howard, 2012). The aim of this experiment was to study the effects of two iron 
nanomaterials (nZVI and nFe2O3) on the plant response of tomato, focusing on the root water conductivity 
and the effects derived directly from physical phytotoxicity. 

Methods 

To evaluate the root functionality of Solanum lycopersicum L. under nanoparticles exposure, a hydroponic 
experiment was conducted to obtain intact root systems, and then evaluate the consequences of the 
individual effects of the two selected NPs. It was performed in 5-l containers, with 4 plants in each, 
randomly distributed in a glasshouse (20-25°C, 13 h daylight/11 h darkness, PAR 225 μE m−2 s−1, 60-80% 
Hª).  The plants were growing 23 days in a modified nutrient solution (Martínez-Fernández et al., 2016a), 
until the root system had developed sufficiently to allow the determination of the root hydraulic 
conductivity (Lo). Then, five treatments were imposed: Control without NPs; 50 and 100 mg l-1 of nZVI or 
nFe2O3. After the 5 days of treatment with nZVI or nFe2O3, Lo was measured by pressurising the roots into 
a Scholander chamber (model 600; PMS instruments Co., Corvallis, OR, USA) (Martínez-Fernández et 
al., 2016a). Sap was collected every 60 seconds using a syringe, placed in Eppendorf tubes and weighed 
on a precision balance. Finally, the Lo (mg g-1 FW h-1 MPa-1) was calculated as the slope of the line 
relating mg of gathered sap per g of fresh root and per hour to the external pressure applied (from 0.1 to 
1.5 MPa). The plants (shoot and roots separately) were weighed just after harvesting (FW) and were dried 
to constant weight for the dry weight determination (DW). The Fe concentration was extracted from the 
plant material by acid digestion (HNO3/H2O2) at 210°C, and determined by inductively-coupled plasma-
optical emission spectrometry (ICP-OES) (Varian, VistaPro, Australia). The chlorophyll a (Chl a) and 
chlorophyll b (Chl b) contents were determined with the method of Lichtenthaler and Wellburn (1983). 

Results 

Table 1. Root hydraulic conductivity (Lo), Fe in the sap and shoot, and chlorophyll contents in FW of S. 
lycopersicum cultivated hydroponically, after 5 days of exposure to nZVI or nFe2O3. Mean values denoted by the 
same letter do not differ significantly according to Tukey’s test (p > 0.05); ns not significant. 
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Nanomaterial Treatment Lo Fe in the sap Fe in the Shoot Chl a Chl b 
(mg g-1 h-1 MPa-1) (mg l-1) (mg kg-1) (mg kg-1) 

nZVI Control 2131 0.502 0.6314 1542 a 487 a 
+50 mg l-1 2961 0.316 0.4941 922 b 289 ab 
+100 mg l-1 2316 0.419 0.4336 621 b 276 b 
ANOVA ns ns ns ** *

nFe2O3 Control 2087 a 0.469 0.4824 1458 a 460 
+50 mg l-1 1613 ab 0.451 0.5686 1116 ab 350 
+100 mg l-1 1266  b 0.395 0.4040 669 b 299 
ANOVA ** ns ns ** ns

The high reactive capacity of NPs could stimulate their adhesion to the epithelial root cell wall, and NPs 
particles appeared changing the color of the roots surfaces (gray for nZVI and red for nFe2O3), affecting 
their interactions with the external medium. Presumably, the accumulation of NPs in the epithelial cells of 
the root surface interfered with the water transport because of physical and chemical interactions, with the 
consequent Lo reduction. However, changes in FW or DW were not detected here (data not shown). The 
recorded effects of nano-oxides on plants indicate lack of uptake, insignificant translocation to the shoots 
(Martínez-Fernández et al., 2016 a, b). The impacts on the roots may have affected the uptake of elements 
such as Mg from the solution, a nutrient associated with the synthesis of chlorophyll. 

Conclusions 

Short-term treatments with nFe2O3 at concentrations of 100 mg l-1 had significant effects on the root water 
uptake of S. licopersicum plants, but no effects were detected for nZVI, which could be crucial during the 
maintenance of plant water relations during more privative water conditions. 
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Introduction  

In assessing the necessary input factors for an envisioned sustainable economy, a list of metals is considered 
essential. The so-called technology-critical elements (TCEs) consist of gallium, germanium, indium, 
tellurium, niobium, tantalum, tellurium and thallium, besides the Platinum Group Elements and rare-earth 
elements (Cobelo-García et al., 2015). Their use in technologic applications rapidly led to a dispersion in 
the aquatic and terrestrial environment. Elevated levels of Platinum Group Elements for example have been 
detected in urban areas all over Europe (Rauch et al., 2005). 

Concerns about the effects of TCE exposure on human are rising. The acute toxicity of Nb3+ and Tl3+ was 
shown earlier (Haley et al., 1962; Ralph and Twiss, 2002). While intrinsically less toxic, Ga3+ and In3+ are 
able to bind human serum transferrin and concentrate in tissues (Castronovo and Wagner, 1971). 
Information on the exposure is however incomplete to fully comprehend the associated risks (Fillela et al., 
2014). This study monitored, on the one hand, the dispersion of TCEs in the Scheldt estuary and near 
industrial sites in Flanders, and on the other hand determined the mobility and availability of the elements 
through leaching. 

Methods 

Water (n = 30) and sediment (n = 90) samples were collected along the Belgian part of the Scheldt estuary. 
In total, 10 locations between Kastel and Doel were considered and sampled in triplicate. The sediment 
samples were taken at the depth of 0-5 cm, 5-15 cm and 15-80 cm. 

In addition, soil samples (n = 30) in the vicinity of 2 industrial metal processing sites were taken, namely at 
Olen (51°10’ N, 4°52’ E) and Balen (51°11’ N, 5°13’ E). Prevalent wind directions were taken into account 
to monitor different locations and corresponding degrees of dispersion on that axis. To study the mobility 
of the selected elements, successive rhizon extracts were taken from each soil and sediment as well.  

Water samples were filtered through cellulose microfilters of 0.45 µm pore size. Soil and sediment samples 
were dried, grinded and sieved over 1 mm, before 0.5 g was weighted and digested with Aqua Regia upon 
heating. All solutions were consecutively analyzed for niobium, tantalum, indium and thallium 
concentrations by Inductively Coupled Plasma – Mass Spectrometry (ICP-MS). 

Results and Discussion 

The presence of niobium, tantalum, indium and thallium was demonstrated in the studied terrestrial 
environment (Table 1). The obtained values contribute to the mapping of technology-critical elements, since 
very little is known on reference concentrations in literature, especially for niobium and tantalum. We 
observed significant concentrations for niobium and tantalum in the soil and sediments of the Scheldt 
estuary. The low relative standard deviation of 4.7 % and 10.4 % for Nb over the different locations indicates 
a homogenous distribution in the top soil and sediments respectively. Indium, on the other hand, is marked 
by enrichments in the soil at locations near industrial sites, clearly indicating point sources. This 
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anthropologic proliferation of indium, mainly through atmospheric deposition, was demonstrated earlier by 
Tessier et al. (2014). The high soil concentrations of thallium, meanwhile, could imply a potential risk, 
given its extremely high toxicity. Rhizon extracts however revealed that the element is immobile and less 
than 0.1 % was leached after 3 days. 

Table 1. Presence of technology-critical elements niobium, tantalum, indium and thallium in the soil between 0 and 
5 cm, sediments, ground- and surface waters. Observations for the surface waters sampled in the Scheldt estuary 
were all below the limit of detection of the direct spectrometric method. 

Element 
concentrations 

Niobium Tantalum Indium Thallium 

Soil (µg kg-1) 245 ± 11  45 ± 25 69 ± 74 963 ± 32 

Sediment (µg kg-1) 569 ± 59 39 ± 10 38 ± 1 

0.05 – 0.22b 

0.06 – 0.73b 

28 ± 2 

0.69d 

0.58d 

506-770d 

Groundwater (µg L-

1) 
9.3c 

20.1b 

Surface water (µg 
L-1) 

< 0.4 

0.0004 – 0.0007a 

< 0.2 

0.0001a 

< 0.03 

0.0000 - 0.0004b 

< 0.88 

a Firdaus et al. (2008), b Tessier et al. (2014), c Chen (2006), d Liqin et al. (2012) 
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Introduction  

Coal and coal combustion by-products (CCBs) are being explored as potential resource to recover rare earth 
elements in the United States, due to their relatively abundant REE content, low-to-no-cost availability as 
waste products, and enrichment with critical REEs. However, there is limited information on the fate and 
transformations of REEs at different stages (e.g., raw coal, fly ash, bottom ash, coal rejects) of coal 
processing and combustion. This study investigated speciation and distribution of REEs in different CCBs 
using sequential extraction and synchrotron-based technologies. Our results will help to develop more 
effective extraction of REEs from CCBs. 

Methods 

Nineteen CCBs were collected from various power plants and coal mines from KY, OH, and PA, USA.  
These 19 samples include samples of different fly ash, bottom ash, coal reject, landfilled ash and clay roof 
rock materials. Selected samples were subjected to mineral phase analysis by XRD and 7-step sequential 
extraction described by Jegadeesan et al. (2008), in order to identify REE distribution in different solid 
fractions. All CCB samples together with Ce reference materials were further prepared into powder and 
polished thin-sections (30 µm thick) for synchrotron analysis at the Stanford Synchrotron Radiation 
Lightsource (SSRL). Bulk X-ray absorption spectroscopy (XAFS) was collected at the Ce LIII edge for the 
powdered CCBs. Ce was studied due to its different oxidation states (3+ and 4+) and as a proxy for other 
light REEs. Micro-X-ray fluorescence (µ-XRF) elemental maps with 50 µm and 2 µm beam size were used 
to identify regions of interest and Ce hotspots on thin section samples. Micro-X-ray absorption near edge 
structure (µ-XANES) was collected on identified Ce hotspots. Linear combination fitting (LCF) of the Ce 
LIII edge XANES spectra against Ce reference materials was used to characterize Ce speciation and the 
coordination environments in different samples or regions of interest on thin sections. 

Results 

Preliminary 7-step sequential extractions in 
three types of CCBs (A003 as bottom ash, 
K37 as coal reject, and RE443 as clay roof 
rock materials, see Figure 1) showed REEs 
were bonded to different phases. REEs were 
mostly extracted by the sulfide extraction 
step (REE extracted: 20% for A003, 38% for 
K37 and 52% for RE443). Other REE-
extractable phases include carbonates (up to 
1.8% in A003), amorphous Fe/Mn oxides (up 
to 5.3% for A003) and crystalline Fe oxides 
(up to 3.1% for RE443). Further sequential 
extractions are in progress on additional 
samples in order to better characterize REE 
associated phases in different types of CCBs.  

Figure 5. Extracted and non-extractable residuals of total REE+Y 
from 7-step sequential extraction (mg/kg) 
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Synchrotron-based bulk XAFS demonstrated that Ce-III was the dominant oxidation state for all samples, 
with some Ce-IV signatures present in 5% of the 19 samples studied to date.  Fractionation of cerium (Ce) 
speciation and oxidation states were observed in the studied bottom ash and fly ash samples, where µ-XRF 
and µ-XANES further resolved the presence of REE phosphates (Ce-III), oxides (Ce-IV) and sulfates (Ce-
III) in CCB samples (Lopano et al., 2015) (Figure 2).

Figure 2. Synchrotron µ-XANES spectra at Ce LIII edge for Ce hotspots (A003Bs3 and A003Bs2) in bottom ash 
sample A003 and for reference materials CeO2, Ce(SO4)2, CePO4, Ce2(SO4)3, and CeCl3 (Left panel); and synchrotron 
µ-XRF maps (Right panel) for light REEs, P and Ca distributions for 30 µm thick thin-section of bottom ash samples 
A003. Scale bar is 20 µm. The maps were collected at 7000eV, with 2 µm step size and 100msec dwell time. Red and 
yellow colors in maps indicate high intensity fluorescence signal and high elemental concentrations. From LCF, micro-
XANES in left panel for A003Bs2 (red dot) is consistent with CeO2 (in red), while micro-XANES for A003Bs3 (blue 
dot) is consistent with CePO4 (in blue).  

Conclusion 

Analysis of results from a 7-step sequential extraction protocol performed on a small subsample of CCBs 
to date revealed various REE-associated phases, including but not limited to: exchangeable clays, and 
different iron and sulfide phases. Additional characterization via synchrotron techniques on a larger subset 
of CCBs implies that cerium exists as sulfates, oxides and phosphates in various phases in CCB samples. 
These results, while still preliminary, may inform and potentially aid in the simplification of the processes 
for separation and extraction of REE from CCBs. 

References 

Jegadeesan, G., Al-Abed, S. R., & Pinto, P. (2008). Influence of trace metal distribution on its leachability from coal 
fly ash. Fuel, 87(10–11), 1887-1893. 

Lopano, C., Stuckman, M. Y., Thomas, C. L., Jain, J. C., & Granite, E. (2015). Geochemical characterization of rare 
earth elements in coal combustion byproducts utilizing synchrotron technology. Paper presented at the 
Geological Society of America annual meeting, Baltimore, Maryland.  

Abstract Book of the 18th International Conference on Heavy Metals in the Environment, 12 to 15 September 2016, Ghent, Belgium 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

– 336 –



18th International Conference on Heavy Metals in the Environment

- 303 - 

INTERACTIONS BETWEEN TERRESTRIAL PLANTS AND RARE 
EARTH OXIDE NANOPARTICLES 
Zhiyong Zhang, YH Ma, P Zhang, X He, YL Zhao 

CAS Key Laboratory for Biomedical Effects of Nanomaterials and Nanosafety, Institute of High 
Energy Physics, the Chinese Academy of Sciences, Beijing, China 

zhangzhy@ihep.ac.cn 

Keywords: Biotransformation; phytotoxicity; rare earth oxide nanoparticles 

Introduction  

Rare earth oxide (REO) NPs generally have magnetic, catalytic, and optic properties and have been widely 
used in paint coating, polishing powder, automobile exhaust catalysts, etc. REO NPs could be released into 
the environment from various application routes, but their effects on the ecosystem are still unknown 
(Gottschalk, et al., 2013). In this study, phytotoxicity of 3 REO NPs, nano-CeO2, nano-La2O3, and nano-
Yb2O3 on 7 terrestrial plant species (radish, rape, tomato, lettuce, wheat, cabbage, and cucumber) were 
investigated and the toxic mechanisms were explored. 

Methods 

Phytotoxicity of REO NPs on plants was assessed by means of seed germination and root elongation tests. 
Distribution and biotransformation of REO NPs in plant roots were investigated in situ by TEM, EDS, as 
well as synchrotron radiation based scanning transmission X-ray microscopy (STXM). 
Results  

A suspension of 2000 mg L-1 nano-CeO2 only had negative effect on the root elongation of lettuce. On the 
contrary, 2000 mg L-1 suspensions of nano-La2O3 and nano-Yb2O3 severely inhibited the root elongation of 
all the 7 species. Most of nano-La2O3 and Yb2O3 were transformed into REPO4 in plant roots. Phytotoxicity 
of trivalent NPs was probably attributed to the dissolution of NPs on the root surface induced by the organic 
acids excreted from root cells. Nano-CeO2 is generally recognized as stable in biological or environmental 
systems. We proved for the first time that nano-CeO2 NPs can be reduced to Ce(III) in hydroponic plants. 
The high sensitivity of Lactuca plants to the released Ce3+ ions caused the species-specific phytotoxicity of 
nano-CeO2 (Zhang, et al., 2015). 

Conclusion 

Biotransformation of REO NPs is pivotal for their ecotoxicology research. 
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Introduction  

Metal mining and smelting activities, and indiscriminate disposal of agricultural and industrial wastes 

have resulted in the contamination of soil and water resources with heavy metal contaminants (Raicevic et 

al., 2009; Sun et al., 2010). For example, shooting ranges and base-metal tailings are a major source of 

mixed-contamination (co-contamination) of heavy metals including cadmium (Cd), copper (Cu), lead 

(Pb), antimony (Sb), and zinc (Zn) (Lafond et al., 2013; Sanderson et al., 2012).  Phosphate (P) 

compounds are used to immobilize these metals, thereby reducing their bioavailability (Bolan et al., 2003; 

2014). However, only few studies have examined the relative value of soluble and insoluble P compounds 

in the immobilization of co-contaminants, which is critical in determining the overall effectiveness of in 

situ stabilization techniques in the sustainable remediation of mixed heavy metal contaminated soils. This 

study was conducted to examine the immobilization and subsequent mobility and bioavailability of Cd, 

Pb, and Zn in a contaminated soil from shooting range. This study also reports on the results of an 

extended long-term (3 years) stability of Cd, Zn, and Pb immobilization by both synthetic and natural P 

compounds 

Methods 

Soluble P fertilizer (diammonium phosphate; DAP) and reactive (Sechura; SPR) and unreactive 

(Christmas Island; CPR) phosphate rocks (PR) were tested for Cd, Pb, and Zn immobilization and their 

subsequent mobility and bioavailability in a contaminated soil from shooting range. Phosphate-induced 

immobilization of Cd, Pb, and Zn was calculated based on the reduction in ammonium nitrate (NH4NO3)-

extractable metal concentration. The mobility of Cd, Pb, and Zn as affected by P application was 
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examined using leaching experiments and the mobility was expressed as percentage of mass leached with 

respect to the total metal mass in soil. The bioavailability of Cd, Pb, and Zn was expressed as percentage 

of metal mass taken up by earthworms or plants with respect to the total mass in soil. Metal 

bioaccessibility was expressed as a percentage of metal mass extracted by simple bioavailability extraction 

test (SBET) with respect to the total mass in soil. 

Results 

The addition of P compounds resulted in the immobilization of Cd, Pb, and Zn by 1.56-76.2%, 3.21-

83.56%, and 2.31-74.6%, respectively, as measured by NH4NO3-extractable concentrations. The reactive 

SPR significantly reduced Cd, Pb, and Zn leaching while soluble DAP increased their concentrations in 

the leachate. The SPR reduced Cd, Pb, and Zn bioaccumulation in earthworms by 7.13-23.4% and 14.3-

54.6% compared to earthworms in the DAP and control treatment, respectively. Bioaccessible Cd, Pb, and 

Zn concentrations as measured by SBET showed higher long-term stability of P-immobilized Pb and Zn 

than Cd.  

Conclusion 

The differential effect of P-induced immobilization between P compounds and metals is attributed to the 

difference in the solubility of P compounds and the nature of metal phosphate compounds formed, 

respectively. Therefore, Pb and Zn immobilization by P compounds is an effective long-term remediation 

strategy for mixed heavy metal contaminated soils. 
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Introduction 

Abattoirs are posing enormous problems to the environment by discharging huge volume of wastewater 
with excessive nutrients (e.g. Phosphorus) and heavy metals. Abattoir wastewater contains blood, urine, 
other body fluids and animal faeces that contribute to contaminants including phosphorus (P). Metals 
including zinc (Zn) and copper (Cu) are used as minor feed supplements in cattle and swine production, in 
the form of zinc oxide and copper sulphate (Jacob et al., 2010). Abattoirs producing beef and pork use these 
salts extensively as an alternative to antibiotics as they can suppress gut pathogens. Rajasekaran and Santra 
(2015) claims that higher levels of Cu and Zn in the animal excretory wastes may pose serious threat to the 
soil microbial diversity and surrounding ecosystem. Hence, the wastewater possess beneficial soil 
components at undesirable quantities, which needs to be addressed. 

Stabilising the heavy metals in the wastewater irrigated soil is being used as an approach to reduce their 
solubility and bioavailability. Bolan and Duraisamy (2003) showed that phosphates along with organic 
amendments were effective in stabilising Pb, Cd, Zn, and Cu in contaminated soils and solid wastes, thereby 
reducing their phytoavailability and mobility in soils. Some solid wastes such as coal fly ash (CFA) and red 
mud (RM) have also shown to immobilise heavy metals in soil because of their ability to increase soil pH 
and induce co-precipitation of metals in the soil solution. While Cu can be retained in soil as carbonates and 
Fe and Al oxy-hydroxides, Zn can be immobilised by P amendments and clays (Kumpiene et al., 2008). 
Therefore, this research demonstrates the use of CFA and RM as soil amendments, which are rich in calcium 
carbonates and iron/aluminium oxides, respectively.  

Methods 

The soil for the study was collected from an abattoir effluent irrigated site at Primos Port Wakefield abattoir, 
Australia. The soil amendments used in the experiment were CFA (Port Augusta Power Stations, Australia) 
and RM (Rio Tinto alumina refinery, Gladstone, Australia). The surface characteristics and minerology of 
CFA and RM were studied using SEM-EDS and XRD, respectively. The influence of soil amendments and 
P in the wastewater irrigated soil on Cu and Zn stabilisation was studied using water extractability and 
leaching experiments in amendment incubated soil. The phytoavailability was assessed using the uptake of 
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Cu and Zn in Napier grass plants grown in abattoir wastewater irrigated soil. Rhizon samplers were used in 
the greenhouse plant growth experiment for porewater sampling. Soil and plant samples were digested using 
aqua regia (1:3, HNO3/HCl), and the concentration of Cu and Zn in the extract was determined using ICP-
OES.  

Results 

The SEM images of the incubated soil samples showed that the alkaline amendments improved the surface 
binding sites for P to bind with the cationic mineral components. The XRD graph for FA showed Ca-
containing minerals (ettringite, wollastonite and merwinite), which suggests that Ca can play an important 
role in P immobilisation. Among the amendments used, FA was most effective in reducing water soluble P 
in the incubated soils, which was also supported by the leaching experiment. However, in the plant growth 
experiment, both FA and RM showed an increase in Olsen P and plant biomass production. There was a 
decrease in soluble Cu (up to 71 %) and Zn (up to 65 %). Cao et al. (2009) used calcium oxide and observed 
up to 80 and 69 % reduction in water soluble Cu and Zn, respectively and attributed it to the sorption on 
calcite and phosphate minerals. However, in the plant study, P did not reduce the phytoavailability of Cu 
and Zn. The concentration of Cu and Zn in the porewater samples were higher than the incubated samples, 
indicating the influence of rhizosphere processes on their bioavailability. Seshadri et al. (2014) showed that 
oxalic acid exudation in the rhizosphere increased Olsen P. However, Cu and Zn uptake at the rates shown 
in this experiment did not pose threat to the biomass production of the plants. 

Conclusion 

This study showed that FA and RM can be effective amendments in retaining P components in soil and also 
increase the biomass yield of Napier grass. Among the amendments, FA showed the highest increase in 
Olsen P and reduction of water soluble Cu and Zn. The concentration of phytoavailable Cu and Zn in the 
rhizosphere soil was safe for the increased biomass production of Napier grass.  
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Introduction 

In many countries across the world, soil criteria of heavy metals used for farmland are estimated from 

the literature or “imported” from other countries without fully considering the influence of soil properties, 

and therefore could not completely ensure the production of crops that meet the food quality standard 

(Recatalá et al., 2010). There is an urgent need to revise and improve the current soil criteria. The 

generally preferred method to derive soil criteria is to use species sensitivity distribution (SSD) (Posthuma 

et al., 2002). A significant purpose of SSD modeling is to determine a concentration protective of most 

species in the ecosystem, usually the 95% protection level, known as the HC5. Currently, the SSD method 

is mainly used in the toxicity risk assessment and the development of ecological risk criteria for aquatic 

and terrestrial flora and fauna (Smolders et al., 2009; Gao et al., 2014). However, it is rarely applied in the 

derivation of soil criteria for heavy metals in view of food safety. 

Therefore, with a focus on widely consumed root vegetables, this study aims to derive soil criteria for 

Cd based on the food quality standard using SSD method, while taking into account the soil properties that 

would have the greatest influence on Cd phytoavailability. 

Methods 

A total of twenty-one soils covering a wide variation in soil properties were collected throughout 

China. Firstly, two typical soils, an acidic Ferrolsols (pH 4.84) and a neutral Cambosols (pH 6.93), were 

used to test the sensitivity variations of different cultivars for accumulating soil Cd. Three species of root 

vegetables, radish (Raphanus sativus L.), carrot (Daucus carota L.), and potato (Solanum tuberosum L.) 

were used in the experiment; four representative cultivars of each species were selected. Then, to 

minimize the effect of soil properties on the bioaccumulation data, the soil-plant transfer model was 

developed and used as the normalization relationship from carrot cultivar New Kuroda grown in the 

twenty-one soils. Uncontaminated soils were spiked with soluble Cd salt (3CdSO4·8H2O) to minimize the 

effect of varying sources of Cd on phytoavailability. Three  treatments were applied, including the control, 

low-Cd (0.3 mg kg-1 for soils pH < 7.5, and 0.6 mg kg-1 for soils pH > 7.5), and high-Cd (0.6 mg kg-1 for 
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soils pH < 7.5, and 1.2 mg kg-1 for soils pH > 7.5). After aging for three months, vegetable plants were 

cultured under regular farming management style. Three replicates were tested per treatment. 

Results  

The normalization relationship based on soil added Cd (excluding natural background Cd) was 

shown as log[BCFadd]=1.03−0.20pH−0.31log[OC] with R2=0.83. The model was subsequently used for 

normalizing all individual BCFadd values of the twelve cultivars cultivated in Ferrolsols and Cambosols to 

soil conditions with different combinations of soil pH (4.5-9.0) and OC (5-30 g kg-1).  

The critical soil concentration for each cultivar under different soil conditions after normalization 

was back calculated from the corresponding BCFadd value and the food quality standard of Cd (0.1 mg kg-1, 

fresh weight). Then the added hazardous concentrations (HC5add) were calculated from the Burr Type Ⅲ 

fitted SSD models. The calculation formula for HC5add was provided as the continuous criteria in Table 1. 

Meanwhile, scenario criteria could also be calculated for different representative soil scenarios (Table 1). 

The results suggested that the current soil criteria were only valid for soils with limited combinations of 

soil pH and OC content. 

Table 1. The derived soil criteria for Cd (mg kg-1) 

Approach Continuous criteria 
Scenario criteria a 

pH < 6.5 pH 6.5-7.5 pH > 7.5 
A B C A B C A B C 

Added Cd HC5add=10(0.20pH+0.31logOC–2.30) 0.13 0.16 0.18 0.25 0.31 0.35 0.32 0.39 0.44 
Total Cd with known Cb b HC5add+Cb Above+Cb 
Total Cd with default Cb HC5add+0.13 0.26 0.29 0.31 0.38 0.44 0.48 0.45 0.52 0.57 

Current criteria Not available 0.30 0.30 0.60 
a The rounded criteria at soil pH values of 5.5, 7.0 and 7.5 were used for scenarios of soil pH < 6.5, 6.5-7.5, and > 
7.5, respectively; A, B, and C were scenarios with soil OC = 10, 20, 30 g kg-1 respectively. 
b Cb is the background concentration of soil Cd, with a default value of 0.13 mg kg-1 (Xia, 1996). 

Conclusion 

This study adopted the SSD methodology to derive soil criteria for Cd in view of the food quality 

standard while taking into account the influences of soil properties. The approach proposed here is widely 

applicable to other crops as well as other heavy metals that have the potential to cause food safety issues. 
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Introduction  

Generally, most heavy metal(loid)s occur in low concentrations in soils but elements such as arsenic (As) 
and cadmium (Cd) are common in agricultural soils, where fertilisers and organic amendments are among 
the sources of these contaminants. Bioavailability of heavy metal(loid)s is an important characteristic for 
their transfer through various systems, affecting environmental and human health. With greater public 
awareness of the implication of contaminated soils on human and animal health and also their potential 
implication to national and international trade, there has been increasing interest to develop technologies 
towards the remediation of contaminated sites (Megharaj et al., 2011). Phytoremediation is a natural process 
which relies on soil higher plants to alter metal(loid) bioavailability and can be enhanced by addition of 
organic amendments to soils (Park et al., 2011). Remediation of metal(loid)s contaminated soils can be 
managed by manipulating the bioavailability of metal(loid)s (Bolan et al., 2014).  

In agriculture, inorganic and organic amendments, are frequently used to improve the soil properties. Many 
of them may modify significantly the mobility of metals (and also nutrients) in the soil environment. 
Recently, organic wastes is being used as materials for remediation of contaminated sites and animal 
manure, in particular poultry manure, is one of the major source of organic amendments (Burton et al., 
2003; Park et al., 2011). Thus, the soil amendments were tested for their capacity to improve the process of 
plant nutrition, and also to affect the fractionation of heavy metal(loid)s in contaminated soils and 
subsequently their availability to phytoextraction (Janoš et al., 2010).  

Bioavailability of heavy metal(loid)s is an important characteristic for better understanding of their transfer 
through various systems and the real risk for environmental and human health (Adamo and Zampela, 2008; 
Bolan et al., 2014). Hence, the aim of this work was to assess the influence of different amendments (both 
organic and inorganic) on As and Cd mobility in soils with different texture and their bioavailability in 
maize plant using plant growth study. 

Methods 

Two soils were used in this study and the soils were spiked with 200 mg/kg As and 20 mg/kg Cd and 
incubated for four weeks. The soils used for the study were clay loam (MGB) from Mount Gambier, 
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Australia and loamy sand (KPD) collected from Kapunda, Australia. The spiked soils were further incubated 
with organic and inorganic amendments such as poultry manure (PM), poultry manure biochar (PMBC) and 
coal fly-ash (CFA), for four weeks. The incubated samples were analysed for pH and bioavailability of As 
and Cd. Bioavailability was examined using 1M NH4NO3 extractable Cd and As, pore water concentrations 
of these two elements using rhizon-samplers, and phytoavailability using maize (Zea mays) as a test crop. 

Results 

The results showed that the bioavailability of Cd increased slightly in MGB for PM and CFA amendments. 
The highest Cd bioavailability in PM amended MGB soil compared to all other amendments can be 
attributed to the decrease of pH induced by PM addition. In KPD soil, Cd bioavailability decreased in all 
treatments significantly, respect to the control. In the case of As, an increase in bioavailability was observed 
after amendments addition for both soils, except for CFA amended KPD. The pore water results showed a 
decrease in Cd concentration for PMBC and CFA whereas an increase in PM amended soils. However, the 
pore water concentration of As significantly decreased in PM and CFA amended MGB soil and increased 
in PM amended KPD soil. After plant growth, the amounts of Cd and As extracted from both soils by 1M 
NH4NO3 followed the same behaviour in amended samples as observed before plants.  

Conclusion 

The addition of amendments effectively decreased the solubility of As and Cd in both the soils, thereby 
affecting the bioavailability of the heavy metals. The immobilization of As and Cd were pH dependent and 
hence CFA and PMBC were very effective compared to PM, which was low in pH. However, the 
bioavailability of As increased significantly on amendment addition compared slight increase in Cd. 
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Introduction  

Cd is a potentially toxic element present in the environment and when is taken up by plants it changes 
numerous physiological processes, decreasing the biomass production of plants (Benavides et al., 2005). 
Thus, it’s important to reduce the concentration of the heavy metal in the environment to avoid the decrease 
in food production and the contamination of organisms by Cd. In this context, phytoremediation is a 
promising alternative to meet this demand, since the technique is viable and inexpensive (Koptsik 2014). 
However, it’s necessary to identify the plants that have potential to accumulate heavy metals without 
substantially reduce on the biomass production (Rabêlo, 2014). 

It’s important to mention that damage caused by Cd is inevitable, but can be attenuated when there is 
adequate sulfur (S) supply (Capaldi et al., 2015). Sulfur participates in the synthesis of chlorophyll and is a 
component of metabolic compounds like amino acids (cysteine), antioxidants (reduced glutathione - GSH), 
phytochelatin (PCs) and metallothionein (MTs), which operate in Cd detoxification (Rabêlo, 2014; Capaldi 
et al., 2015). In this context, our objective with this study was to evaluate, through the tillering capacity and 
leaf production, if the S attenuates the damage caused by Cd and the Panicum maximum cv. Massai potential 
for phytoextraction of Cd when there is medium and high S supply. 

Methods 

The Massai grass was grown in a greenhouse, using pots with 2 L of nutrient solution. Combinations of 
three S rates (0.1, 1.9 and 3.7 mmol L-1) and three Cd rates (0.0, 0.1 and 0.5 mmol L-1) were tested in nutrient 
solution modified (Hoagland and Arnon, 1950). Seeds were putted to germinate in expanded vermiculite 
irrigated with deionized water in the first 14 days and in nutrient solution modified to achieve 0.1 mmol L-

1 S (diluted to 25% of ionic strength) in the 9 days following. After 23 days of growth, 5 seedlings were 
transplanted to the modified nutrient solutions to meet only S rates. Nineteen days after this stage was 
provided the nutrient solutions modified to meet S and Cd rates for a period of 7 days.  

Seven days after the Cd exposure, plants were harvested and the number of leaves and tillers recorded. The 
leaf appearance rate and tillering rate were obtained by dividing the number of leaves and tillers by the 
growth days of Massai grass, as reported by Rabêlo (2014). Leaves and tillers were collected, oven-dried at 
60 oC, for 72 hours, and weighted. Data were submitted to analysis of variance (F test) and comparison of 
means by Tukey test (p<0.05). 

Results 

The tillers dry mass production (TP), leaves number (LN), leaf appearance rate (LR) and leaves dry mass 
production (LP) of Massai grass grown without Cd were higher with S supply of 1.9 mmol L-1, while the 
tillers number (TN) and tillering rate (TR) have not changed significantly by S supply (Table 1). On the 
other hand, when Massai grass was exposed to Cd, the S supply did not changed significantly the TN, TR, 
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LN and LR, but changed the TP and LP of plants exposed to 0.5 mmol L-1 Cd. The TP and LP these plants 
grown with 1.9 mmol L-1 S was 108% and 167% higher compared to plants grown with higher S rate. When 
evaluated only Cd effect we noted that the TN, TR, TP, LN, LR and LP of plants exposed to 0.1 mmol L-1 
Cd decreased in 21, 20, 52, 30, 30 and 52% and these variables of the plants exposed to 0.5 mmol L-1 Cd 
decreased in 47, 48, 56, 63, 63 and 83% compared to plants grown without Cd, respectively.  

Table 1. Tillers number (TN), tillering rate (TR, tiller per day), tillers dry mass production (TP, g), leaves number 
(LN), leaf appearance rate (LR, leaves per day) and leaves dry mass production (LP, g) by one plant of Panicum 
maximum cv. Massai grown with combinations of Cd and S rates. 

Cd (mmol L-1) S (mmol L-1) TN TR TP LN LR LP 

0.0 
0.1 12.75±0.94ab* 0.23±0.02ab 1.02±0.07b 36.00±2.48bc 0.67±0.05bc 1.58±0.09b 
1.9 15.00±0.41a 0.28±0.01a 1.62±0.03a 54.25±0.62a 1.02±0.01a 2.53±0.08a 
3.7 13.00±0.41ab 0.24±0.01ab 0.98±0.07b 41.00±1.78b 0.77±0.03b 1.62±0.07b 

0.1 
0.1 11.00±0.41b 0.21±0.01b 0.76±0.03bc 28.00±0.71c 0.53±0.01cd 0.91±0.02c 
1.9 10.25±0.85bcd 0.19±0.02bcd 0.46±0.04cd 33.00±3.24bc 0.62±0.06bc 0.89±0.17c 
3.7 10.75±0.47bc 0.20±0.01bc 0.51±0.10cd 30.25±3.17c 0.57±0.06c 0.96±0.14c 

0.5 
0.1 7.75±0.62de 0.14±0.01de 0.50±0.02cd 16.00±0.00d 0.30±0.00e 0.31±0.01de
1.9 8.00±0.71cde 0.15±0.01cde 0.75±0.10bc 18.25±2.25d 0.35±0.04de 0.48±0.05d 
3.7 5.75±0.24e 0.10±0.00e 0.36±0.04d 14.00±1.08d 0.26±0.02e 0.18±0.03e 

LSD 0.05 2.88 0.05 0.29 9.65 0.18 0.42 
* Mean ± standard error (n = 4) followed by different letters in the column differ by Tukey test (p<0.05).

A large amount of Cd absorbed by the grasses was allocated in the basis of plant, more specifically in buds 
which originate new tillers (Fujimaki et al., 2010), decreasing the TN, TR and TP (Table 1). When the Cd 
is transported to leaves, the photosynthetic process is compromised due to chlorophyll degradation, changes 
in electron transport between photosystems I and II, and inactivation of enzymes involved in carbon fixation 
(Benavides et al., 2005), which results in lower LN, LR and LP. 

Conclusion 

The S supply (1.9 mmol L-1) attenuates the damage caused by Cd and the Massai grass shows potential for 
phytoextraction of environments contaminated with Cd. 
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Introduction  

Mining is one of the most important sources of heavy metal contamination to the environment (Ok et al., 
2011). Due to decreasing availability or demand, the abandoned mines have become a releasing source of 
heavy metals such as Cd, Pb, and Zn into nearby agricultural soils (Abd El-Azeem et al., 2013). Stabilization 
of metal(loid)s by addition of waste resources to the soil could be consider a potentially cost effective and 
reliable means of in situ remediation. Numerous amendments including liming and phosphate materials 
have been examined for reducing metal mobility and availability in the recent past years (Ahmad et al., 
2012; Cao et al., 2003; Moon et al., 2013). 

Liming materials which raise the soil pH have been commonly used to stabilize the heavy metals, such Pb 
and Zn. The aim of this study was to examine the effectiveness of reducing the leaching of heavy metals 
using calcined clam shell (CCS). 

Methods 

The contaminated soil was collected from a mine tailing located in Jecheon, Republic of Korea. The 
collected soil was air dried and passed through a #20 mesh (< 1 mm) to remove large particles and gravel. 
The soil taxonomy was sandy loam and the soil pH was 7.6. Based on Korean and other international 
standard, the soil was extremely contaminated by Cd (140 mg/kg), Pb (22,142 mg/kg) and Zn (51,675 
mg/kg). 

Waste clam shells were collected from a local market and were washed several times with hot water, then 
subsequently dried at 100 ºC for 72 h and ground to pass through 1-mm sieve. Portion of clam shell powders 
were calcined at 900 ºC for 4 h in a furnace. The prepared amendment was then mixed with 50 g of the air-
dried contaminated soil in a sealed plastic container at 0% (control), 5, 10 and 15% by weight. The soil was 
incubated for 7 days, after which the air-dried treated soil samples were subjected to Korean Standard 
Leaching Test (KSLT). 10 g of each soil sample was reacted with 50 mL of 0.1 N HCl by shaking at 100 
rpm for 1 h. The suspension was then analyzed for Cd, Pb and Zn concentration using ICP-OES (Perkin 
Elmer 5300 DV, USA). All batch experiments were performed triplicate, and an average values were 
reported.  

Results and Discussion   

It is well known that the soil pH is the main factor for soil chemical processes. It was noted that soil pH 
increased significantly from 7.6 in the control soil to 12.01, 12.16 and 12.25 in the treated soil with 5, 10 
and 15% CCS, respectively. The increase in soil pH caused by additive can be explained by the presence of 
CaO as it was the dominant compound (96%) in the CCS. The treatment results obtained based on KSLT 
are presented in Figure 1. Even though a high concentration of each metal in leachate was observed in the 
control soil, the treatment with CCS was very effective in reducing the Cd, Pb and Zn leachability. 
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Figure 1. Heavy metal leaching upon CCS treatment after 7 days of curing. 

The increased soil pH might be responsible for decreasing extractability of Cd as a result of its precipitation 
a carbonate or hydroxide. Additionally, the result of SEM-EDX indicated Pb associated with Al, Si and Ca 
in the soil amended with CCS (Figure 2), the formation of calcium-silicate-hydrate might be responsible for 
reducing Pb extractability. 

Figure 2. SEM-EDX analyses of the treated soil (15% CCS). 

Conclusion 

In this study, Cd, Pb and Zn contaminated soil was stabilized with CCS. The effectiveness of stabilization 
was evaluated by 0.1 N HCl extraction. The treatment results showed that each of metal leachability was 
significantly reduced (up to 97%) upon treatment. Overall, CCS proved in the immobilization of heavy 
metals in the contaminated soil, very likely due to its CaO content. 
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Introduction  

Olive oil production is one of the most relevant agroindustrial activities in the Mediterranean region and 

generates a huge amount of both solid and semi-solid wastes, the uncontrolled disposal of which might lead 

to serious environmental problems. Due to its organic matter and mineral nutrient content, the dry olive 

residue (DOR) can be used as organic fertilizer, but it can not be directly applied to soil because of its 

phytotoxic properties. The biological fungal transformation of DOR can effectively stabilize the organic 

matter content, enhance C/N ratio and substantially reduce the phenolic fraction content in the waste 

(Sampedro et al., 2009). In this study, the sorption ability of DOR for two risk elements (Pb, Cd) was 

assessed to estimate: i) the sorption potential of DOR to change the sorption characteristics of soil, and ii) 

the effect of the fungal transformation of DOR on the sorption effectivity of this material. 

Methods 

The DOR sample used in this experiment was supplied by olive oil manufacturer Sierra Sur S.A. (Granada, 

Spain). The DOR was sieved, autoclaved in three cycles and stored at 4 ºC before use. Its principal 

characteristics have previously been described by García-Sánchez et al. (2012). The DOR samples were 

transformed by four species of fungi for three weeks: Penicillium chrysogenum – labeled DORPC; 

Coriolopsis floccosa – labeled DORCF; Bjerkhandera adusta – labeled DORBA; and Chondrostereum 

purpureum – labeled DORCP. The soil used in this experiment was a sandy Fluvisol characterized by the 

low contents of risk elements (0.1 mg/kg of Cd, and 11.2 mg/kg of Pb). This soil had a cation exchange 

capacity (CEC) of 33.3 mmol/kg, pH 6.6 and a content of oxidized carbon (Cox) 3.36%. For the 

experiments, the DOR and DOR transformed by fungi samples were mixed with the soil in ratio 1:1. Batch 

sorption experiments were performed by equilibration of 0.5 g of the prepared mixture with 15 ml of metal 

solutions in 0.01 mol/l solution of NaNO3 at 150 rpm at room temperature for 24 h. The initial concentrations 

of Cd, and Pb were: 0.04, 0.1, 0.2, 0.4, 1, 2, 4, 6 and 8 mmol/l (individually). The suspensions were 

centrifuged for 10 min at 5400 rpm, and the supernatants were immediately measured. The concentrations 

of Cd, and Pb in the solutions were determined by ICP-OES. Freundlich and Langmuir isotherms were 

used for an assessment of the sorption capacity of the materials. 
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Results 

The parameters derived from the fitting of the sorption isotherms of elements with the Freundlich and 

Langmuir equations are summarized in Table 1. In all the cases, DOR application enhanced substantially 

the sorption characteristics compared to the soil. For Cd, the biological fungal transformation of DOR 

resulted in higher sorption ability compared to the non-transformed DOR. Higher pH level (5.0-5.7) of the 

transformed DOR than the non-transformed DOR (pH = 4.8) could play an important role in this context. 

The highest sorption capacity, as measured by the Smax value, was reported for non-transformed DOR and 

B. adusta (DORBA) transformed DOR in the case of Pb, and for C. purpureum (DORCP) and  C. floccosa 

(DORCF) transformed DORs in the case of Cd. 

Table 1. Parameters derived from the fitting of the sorption isotherms of elements with the Freundlich and 
Langmuir equations 

Freundlich Langmuir 
E KF N E KL Smax(mmol/kg) 

Lead
Soil 0.950 8.00 0.208 0.933 0.481 25.6 

Soi+DOR 0.970 75.6 0.555 0.997 0.687 136 
Soil+DORPC 0.949 61.1 0.410 0.994 1.966 115 
Soil+DORCF 0.903 45.4 0.359 0.961 2.975 79.2 
Soil+DORBA 0.929 66.9 0.438 0.984 1.631 132 
Soil+DORCP 0.836 63.1 0.333 0.965 3.132 106 

Cadmium 

Soil 0.912 12.4 0.272 0.991 7.42 16.2 
Soi+DOR 0.921 16.9 0.378 0.998 3.15 26.4 

Soil+DORPC 0.963 55.2 0.355 0.989 2.55 96.9 
Soil+DORCF 0.937 50.7 0.421 0.994 1.47 104 
Soil+DORBA 0.962 36.9 0.341 0.995 2.65 64.4 
Soil+DORCP 0.989 41.4 0.525 0.989 0.67 118 

Conclusion 

The biological fungal transformation of  DOR showed good potential for sorption of risk elements, 

especially Pb, and therefore could be considered as a potential material suitable for the immobilization and 

stabilization of this element in contaminated soil. However, the long-term stability and effectivity of DOR-

element bounds in the contaminated soil as well as the different response of the individual elements on the 

DOR application needs to be evaluated in the further research.  
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Introduction 

Soils affected by mining activities usually present high concentration of heavy metals and generally poor 

physico-chemical properties (Alvarenga et al. 2012). The recovery of these soils should thus focus on 

minimize metal leachability and bioavailability as well as restore soil functions (Vangronsveld et al. 1995). 

In this sense, the use of composted materials as amendments has shown to not only act on metal(oid) 

mobility, but also to improve soil health and promote plant growth (Pardo et al., 2014). Carbonaceous 

materials, such as activated carbon, have also shown to efficiently immobilize metals in soils and waters 

(Kobya et al. 2005; Beesley et al., 2011). Therefore, the combination of these materials could enhance their 

individual benefits to be used as a sole amendment for the remediation of contaminated soils. 

The aim of this work was to assess the effectivity of three activated carbons, alone or in combination with 

olive mill waste compost, to immobilize trace elements in a multi-contaminated soil. In order to evaluate 

their effects on soil toxicity, toxicological tests were also performed. 

Methods 

A microcosm experiment was carried out using an acidic soil from an ancient silver mine. This soil presents 

low content of organic matter and is highly contaminated with As, Cu, Cd, Pb and Zn.  

The soil was mixed in a dry soil weight basis with three different activated carbons (AC), alone or in 

combination with olive mill waste compost (OMWC), to result in the following treatments (x4):  AC1 1% 

(AC1); soil +AC1 1% + OMWC 2% (AC1+C); soil + AC2 1% (AC2); soil + AC2 1% + OMWC 2% 

(AC2+C); soil + AC3 1% (AC3); soil +AC3 1% + OMWC 2% (AC3+C). The unamended soil was included 

as a control (Control). Soils were incubated for 35 days in plastic containers at room temperature. At the 

end of the incubation period soil pore water was collected using a rhizon sampler. Concentration of dissolved 

organic matter (DOC), heavy metals and As in pore water was analyzed to evaluate differences in their 

solubility. In addition, responses of Lactuca sativa germination and luminescence inhibition of Vibrio 

fischeri were assessed for each treatment to evaluate potential toxicity risks. 
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Results 

In general, the combination of AC and compost efficiently reduced As and heavy metals mobility, as shown 

by their lower concentration in pore water with ACs+C treatments (Table 1). The co-application of these 

amendments also resulted in an increase of soil pH, which also represents a benefit in terms of soil toxicity. 

Germination of L. sativa was possible just when AC was applied together with compost, which also 

decreased toxicity towards V. fischeri (data not shown).  

Table 1. Soil pH and concentration (mg L-1) of trace elements in pore water of Experiment S1. Mean (n=4) ± SE. 
Different letters in each column indicate significant differences (P<0.05) among treatments. 

Treatment  pH  As  Cu  Cd  Pb  Zn 

Control 
2.63 ±0.01a 0.64 ± 0.01c 42.12 ± 1.50d 2.97 ± 0.08d 0.378 ± 0.010d 326 ± 13b 

AC1  2.67 ± 0.01ab 0.57 ± 0.02bc 25.40 ± 0.36c 2.69 ± 0.04c 0.273 ± 0.005c 305 ± 5b 

AC1+C  4.15 ± 0.02d 0.51 ± 0.04b 0.11 ± 0.01a 0.21 ± 0.01a 0.040 ± 0.001a 33 ± 4a 

AC2  2.68 ± 0.01b 0.57 ± 0.02bc 38.23 ± 1.31d 3.25 ± 0.04e 0.355 ± 0.009d 354 ± 18b 

AC2+C  4.10 ± 0.06d 0.52 ± 0.04bc 0.17 ± 0.05a 0.28 ± 0.06a 0.043 ± 0.003a 43 ± 6a 

AC3  3.03 ± 0.03c 0.36 ± 0.04a 17.72 ± 0.47b 2.02 ± 0.07b 0.213 ± 0.005b 279 ± 9b 

AC3+C  4.23 ± 0.06d 0.48 ± 0.02ab 0.09 ± 0.03a 0.18 ± 0.04a 0.040 ± 0.004a 24 ± 3a 

Conclusion 

Combining activated carbons and compost represents a suitable tool for the remediation of multi-

contaminated soils, as their co-application results in metal(oid)s immobilization besides reducing soil 

toxicity.  
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Introduction 

Willow growth is limited on strongly polluted soils because of toxicity of some contaminants 

(Vysloužilová et al., 2006; Jensen et al., 2009). Therefore, investigation of appropriate soil amendments 

that decrease toxic elements mobility and thus improve plant growth is necessary for these soil conditions. 

The aim of this study was to compare different soil amendments (quick lime, dolomite, rock phosphate, 

superphosphate, meat and bone meal) and choose the best measure for in-situ immobilization in highly 

multi-contaminated soil. 

Methods 

The efficiency of liming and phosphorus amendments on Cd, Pb, and Zn mobility, plant growth and toxic 

elements distribution between organs of Salix × smithianaWilld. was assessed in a 4-year pot experiment 

with weakly acidic soil extremely contaminated by toxic elements (54 mg Cd kg-1, 3305 mg Pb kg-1, 6172 

mg Zn kg-1). Application of soil amendments into soil was performed before planting of cuttings in the 

amounts per kg of a soil: 21.9 g lime (L), 68.1 g dolomite (D), 26.6 g rock phosphate (RP), 38.2 g 

superphosphate (S), and 107.1 g meat and bone meal (MBM). Doses were chosen so that the applied 

amount of Ca and P was the same with using different soil amendments (i.e. 15 g Ca kg-1 soil/ 3 g P kg-1 

soil). Each treatment (Tr) including control soil (C, without any amendments) was carried out in four 

replicates. The concentrations of toxic elements in biomass after digestion, as well in soil extracts were 

determined by ICP-OES. 

Results 

The CaCl2-extractable Cd and Zn concentrations were negatively correlated with soil pH (Cd r=–0.923, 

p˂0.01; Zn r=–0.936, p˂0.01) in most of treatments (except MBM treatment). Lime treatment confirmed 

the highest neutralization ability in soil after four growing seasons (Table 1). For traditional phosphorus 

amendments are important immobilization mechanism, i.e. precipitation with phosphates but it is not 

crucial for mobile Cd and Zn or for monitored Pb fractions. The quality of organic matter played probably 

key role in meat and bone meal treatment. Acid-extractable soil concentrations of toxic elements did not 

correlate with soil pH. 

Table 1.The effect of treatment on soil pHCaCl2, CaCl2-extractable (Ca, 0.01 mol l-1 CaCl2 solution – 1/10 w/v) and 

acid-extractable (AA, 0.11 mol l-1 CH3COOH solution – 1/20 w/v) concentrations of toxic elements (mg kg-1, 

mean±SE). 
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Tr pH Cd/Ca Pb/Ca Zn/Ca Cd/AA Pb/AA Zn/AA 
C 5.8d±0.03 3.2b±0.1 <0.2b 173b±8 19ab±1 30c±2 1991a±86 
L 7.7a±0.05 0.1d±0.01 <0.2b 4.2c±1.0 20ab±0.4 58b±1 1779a±96 
D 6.7b±0.01 1.4c±0.1 <0.2b 45c±4 21a±1 72a±4 2129a±78 
RP 6.6b±0.01 1.5c±0.04 <0.2b 50c±4 17bc±1 30c±2 2121a±95 
S 5.4e±0.1 2.6b±0.2 <0.2b 193b±21 16c±1 14d±1 2009a±109 
MBM 6.3c±0.1 12.4a±0.5 1.5a±0.2 754a±36 20ab±0.4 33c±3 2063a±21 

limit of detection (mg kg-1): Pb – 0.2 

The willow cuttings died during the first growing season in the meat and bone meal treatment (Table 2) as 

a result of high mobility of toxic elements. Soil amendments like lime, dolomite and rock phosphate 

tended to increase in organ biomass. The leaf and stump biomass was affected by soil pH (leaf: r=–0.711, 

p˂0.01; stump: r=–0.614, p˂0.01). The leaf biomass was negatively correlated also with Cd and Zn 

mobility (Cd/Ca r=–0.602, p˂0.01; Zn/Ca r=–0.477, p=0.034). 

Table 2.The effect of treatment on dry mass of organ biomass (g plant-1 DW; mean ± SE). 

Tr Fine roots Stumps Leaves 
C 3.2a±2.0 21ab±5 2.7b±1.3 
L 21a±15 46a±7 15a±1.5 
D 23.5a±3 23ab±10 8.7ab±3.7 
RP 29a±22 23ab±1 10ab±1 
S 2.8a±0.4 17b±3 4.4b±1.8 
MBM died died died 

The highest concentrations of toxic elements were recorded in fine roots (Table 3). The Cd and Zn 

concentrations increased in order stumps < leaves < fine roots and the Pb concentration increased in order 

leaves < stumps < fine roots. Only lime application tended to considerable decrease concentrations of 

toxic elements in plant organs. 

Table 3.The effect of treatment on total concentrations (mg kg-1, mean ± SE) of toxic elements in organ biomass. 

Tr Fine roots Stumps Leaves 
Cd Pb Zn Cd Pb Zn Cd Pb Zn 

C 119a±33 1065ab±63 5749a±455 20ab±1 16a±7 819a±68 50a±1 0.2a±0.03 3092ab±86 
L 56a±7 999b±270 2541b±156 13b±2 12a±8 402a±78 44a±4 0.3a±0.1 2782b±139 
D 100a±1 1420ab±56 4846a±98 25a±3 14a±5 651a±112 45a±6 0.2a±0.04 2440b±157 
RP 138a±27 2375a±448 5051a±562 21ab±1 12a±3 626a±64 51a±6 0.3a±0.1 2852b±199 
S 49a±2 392b±39 6250a±91 12b±2 4.5a±1.5 641a±197 42a±5 <0.4a 3784a±310 
MBM - - - - - - - - - 

Conclusion 

The S. × smithiana is considered as good accumulator for Cd, Pb and Zn in highly contaminated soils. 

Lime application was confirmed as the best measure for highly contaminated soils that restrict Cd and Zn 

mobility and improve plant growth. Dolomite and rock phosphate application was less suitable measure 

and meat and bone meal application was unsuitable for these soil conditions. 
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Introduction  

Remediation of metal(loids)-contaminated soils is usually based on the strategy of immobilization via 
neutralization of acidic pH, precipitation as insoluble compounds or increasing soil sorption capacity  by 
amendment with organic materials or clay minerals (Bolan et al. 2014). Organic waste materials, such as 
sewage sludge, and composts, should be considered for this purpose. However, some commercially 
available biosolids contain high amounts of dissolved organic carbon (DOC) that may cause adverse effects, 
i.e. increased solubility of metal(loids). This effect has already been reported and well recognized in the 
case of soils polluted with Pb and Cu, but is not well known in the case of As that, being a metalloid, 
occurring in soils in anionic forms, behaves differently from typical metals Kabata-Pendias 2010). The main 
aim of this study was to examine the changes in concentrations Cu nd As in soil solutions acquired from 
soils highly contaminated with these elements, treated with organic materials commonly used as 
amendments in soil remediation, with special focus on various kinds of sewage sludge. 

Methods 

Eight soils were examined in this study, of which four  - strongly contaminated with As (780-6540 mg/kg) 
were collected from the site historically polluted by arsenic processing (in Złoty Stok and in Radzimowice), 
and four – contaminated with Cu (470-1432 mg/kg) were sampled from the surroundings of operating 
copper smelters in Legnica and Glogów (Karczewska et al. 2013; Karczewska 1996). Soils were mixed with 
various organic amendments (50 g: 1 kg) -  three kinds of sewage sludge (SS-1, 2, 3), two kinds of composts 
produced of green wastes and municipal wastes (Co-1, 2), and for comparison – with manure (M), and two 
kinds of forest litter (FL) – acquired from beech and pine stands. The mixtures were incubated in the pots, 
and soil solutions were sampled with Macro Rhizon suction samplers after 1, 7, 30 and 60 days. 
Concentrations of Cu and As in soil solutions were measured. 

Results 

Most of organic materials used in the experiment caused increase in the solubility of both As and Cu in the 
soils. The strongest effects of their mobilization were observed in the treatment with alkaline , freshly limed 
sewage sludge (SS-2) (Fig. 1) that contained high contributions low molecular weight organic fractions 
(DOC). These effects depended also on soil properties, and were particularly well expressed in the case of 
soils with high pH.  Cu mobilization from alkaline soils after their amendment with SS-2 was explained by 
formation of highly soluble ammine-Cu complexes (Cuske et al., 2016) that caused a dramatic increase of 
Cu concentrations in soil solutions, up to 700 mg/L or higher. 

Quite different were the results concerning As. Stabile, mature and well humified compost or composted 
sewage sludge (SS-3) as applied to soils, caused As mobilization similar to that observed after soil 
amendment with immature compost or fresh sewage sludge (SS-1). Application of forest litter in each case 
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contributed as well to the release of certain amounts of As or Cu into soil solutions. Various mechanisms of 
mobilization were discussed in relation to the properties of soils and amendments.  

The strongest effects of Cu and As release into soil solution were observed within the first week of 
incubation, after which soil conditions tended to stabilize and the solubility of Cu and As decreased. 

Figure 1. The concentrations of As and Cu, as well as DOC, in soil solutions acquired from soils No 1 and 6 
amended with sewage sludge SS-1 and SS-3, and beech forest litter. 

Conclusions 

The use of organic waste materials, in particular limed sewage sludge for remediation of Cu and As polluted 
soils must be preceded by detailed studies focused on their possible release to solution.  Afforested soils 
contaminated with As or Cu should be monitored, as decomposition of forest litter may contribute to 
increased solubility of contaminants. Although these effects are temporary and decrease with time, they 
should not be neglected because of likely adverse impacts on soil biota. 
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Abstract: Fuyang River, located in Hebei Province, with a rapid economic development pace in recent 
years, is a typical watershed with water shortage and uneven water resource distribution in North China. It 
covers a total area of 22814 km2, and its full length measures 402 km. This river is characterized by 
sluggish flow throughout the year, and it often cuts off in some reaches. More than 19 million people 
reside in this area, and the cultivated area measures approximately 1666.7 thousand hectares. Economy is 
developing rapidly in this area, which boasts more than 90 tanneries, 43 steelmaking plants, 136  
electroplating enterprises, 94 thermal power enterprises, and 208 cement plants. These bases discharge 
urban, industrial, and agricultural wastes through 
numerous drainages. More than 500 million tons of 
waste water is drained into the Fuyang River annually, 
either as is or after slight treatment. Therefore, the 
Fuyang River basin is the most polluted one with high 
levels of chemical oxygen demand and ammonia 
nitrogen in the Hebei Province. As a result of rapid 
industrialization and economic development, heavy 
metals contaminate this area as well. To analyze the 
pollution characteristics and to assess the potential 
ecological risks associated with heavy metals in the 
Fuyang River, surface sediments were collected from 66 
sampling sites ( as show in above figure) elected 
according to their river structure, hydrological 
conditions and the distribution of drainage outlets of 
sewage along the river. The sediment samples were analyzed for concentrations of Cr, Ni, Cu, As, Cd, Pb, 
Zn, Hg, Co, Sn, Se, and Mn using inductively coupled plasma-mass spectrometry. Cr, Ni, Cu, As, Cd, Co, 
and Sn were accumulated in the river reaches of Xingtai City, as per the geoaccumulation index and 
Pearson’s correlation analyses. In particular, Cr accumulates strongly in Shaocunpai and in the upstream 
of the Fuyang River. In the midstream and downstream of the river, potential ecological risk is low, while 
Yongnian County reach exhibits very high ecological risk mainly caused by Cd and Hg. 
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Introduction  

In Nigeria, the quest for easy to prepare dishes or fast foods has created a progressive loss of important 
components of the national food culture (Nnorom et al., 2007). African’s richly enormous variety of spices 
and condiments are gradually being replaced by large number of bouillon cubes in the market (Smith, 1995). 
Bouillon cubes and food seasonings are taste enhancers and are added to foods to enhance the taste 
properties of food (Akpanyung, 2005; Umedum et al., 2013). The major active ingredients in bouillon cubes 
are salt (NaCl) and monosodium glutamate (MSG). Other raw materials used include soya beans, locust 
bean, onion, tomato; hydrogenate palm oil (HPO), caramel, hydrolyzed plant/ vegetable protein and natural 
spices (RMRDC, 2003). Knowledge of the concentrations of metals in foods are of significant interest 
because the metals are either essential or toxic to human health. This knowledge is vital in the calculation 
of dietary intake of essential minerals and for evaluation of human exposure to toxic elements. Since 
accumulation of heavy metals can have middle term and long term risks, strict periodic surveillance of these 
contaminants is advisable (Cabrera et al., 2005). This research investigated the concentrations of Mg, Cu, 
Zn, Pb, and Cd in some popular brands of bouillon cubes and food seasonings marketed in Aba, Abia State, 
Nigeria. 

Methods 

Twenty (20) samples of different brands of food seasonings and bouillon cubes were purchased from the 
open markets in Aba, Abia State and used in this study. The samples were digested using an acid mixture 
(in the ratio of 1:2:2 for Perchloric, Nitric and Sulphuric acids) and the concentrations of Mg, Cu, Zn, Pb, 
and Cd determined using Atomic Absorption Spectrometer. Adequate quality assurance procedures and 
precautions were carried out to guarantee the reliability of the results of the present study.  

Results 

The Cd concentration (mg/kg) varied from 0.10 - 1.07 for bouillon cubes, 0.20 - 1.56 for chicken seasoning, 
1.18 - 1.24 for beef seasoning, 0.75 - 1.14 for mixed spices, 0.48 - 0.68 for seafood seasoning and 0.62 - 
0.80 for table salt. For Cu: 1.37 - 2.07 for bouillon cubes, 0.99 - 1.66 for chicken seasoning, 1.98 - 2.07 for 
beef seasoning, 1.49 - 2.05 for mixed spices, 1.55 - 1.96 for sea food seasoning and 1.08 - 1.14 for table 
salt; Mg, 85.36 - 99.25 for bouillon cubes, 65.88 - 72.58 for chicken seasoning, 62.04 - 80.44 for beef 
seasoning, 59.88 - 66.40 for mixed spices, 49.78 - 65.74 for seafood seasoning, and 109 – 126 for table salt; 
and for Zn, from 3.89 - 4.69 for bouillon cubes, 2.98 - 3.62 for chicken seasoning, 8.60 - 9.55 for beef 
seasoning, 6.56 - 7.25 for mixed spices, 6.22 -8.14 for seafood seasoning and 1.23 - 1.40 for table salt. The 
Pb concentrations were generally low <0.002 mg/kg. 
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Table 1. Elemental contents of food seasonings and bouillon cubes. 

Sample groups  Metal concentration (mg/kg) 
 Cd   Cu                  Pb     Mg  Zn 

Bouillon cubes                 0.87±0.21*           1.66±0.24        <0.002        91.62±5.27      4.24±0.38 
 0.10-1.07**       1.37-2.01      85.36-99.25        3.89-4.69 
 0.85***   1.65       91.50    4.22    

Chicken seasoning           0.73±0.64            1.29±0.32        <0.002        68.43±2.97          3.29±0.29      
 0.20-1.56     0.99-1.66    65.88-72.58         2.98-3.62 
 0.52   1.26  68.38    3.28    

Beef seasoning   1.21±0.04   2.03±0.06   <0.002        71.24±13.01       9.08±0.67     
 1.18-1.24     1.98-2.07   62.04-80.44        8.60-9.55 
 1.21   2.03         70.64   9.06     

 Thyme       0.97   5.66                  <0.002        106.23                22.56 

  Mixed spices    0.93±0.16       1.77±0.25     <0.002        62.30±3.06   6.95±0.30   
  0.75-1.14         1.49-2.05     59.88-66.44        6.56-7.25    
  0.92    1.75      62.25      6.95 

   Sea food seasoning            0.58±0.14           1.76±0.29    <0.002        57.76±11.29       7.18±1.36   
   0.48-0.68      1.55-1.96           49.78-65.74         6.22-8.14   
   0.57   1.74     52.21       7.12    

  Table salt    0.71±0.12   1.11±0.04        <0.002        117±11.96         1.32±0.120 
  0.62-0.80       1.08-1.14                            109-125.7      1.23-1.40   
  0.70     1.11    117  1.31 

*Mean ± SD, **Range, ***Geometric mean

Conclusion 

The study revealed that the concentrations of Pb and Cd were generally low and within the acceptable 
range as specified for most food standards. The use of these product may not pose health risks except there 
is regular use of high doses of these products in food preparation. 
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Introduction  

Tobacco stands for any of various plants of the genus Nicotiana of the nightshade family (Solanaceae) as 
well as the leaves of several of these plants, which are processed for smoking, chewing or snuffing (Ali et 
al., 2006).  Nicotiana tabacum is the cultivar  most commonly used to make commercial tobacco products. 
Nicotine [3-(1-methyl-2-pyrrolidinyl)-pyridine, C10H14N2] is a highly toxic liquid alkaloid found naturally 
in several plant species, including N. tabacum, and is the key addictive component of tobacco products. To 
a small extent some heavy metals enter the body through food, drinking water and air absorption. Some of 
these metals are essential to human body, such as Cu and Zn. However, at higher concentrations, their 
presence can lead to poisoning. Heavy metals are dangerous because they tend to bioacummulate in the 
body cells. Tobacco products including snuff has been shown to contain some heavy metals and Interest in 
the trace metal concentrations of tobacco products have been on the increase (Dhaware et al. 2009; Pappas 
et al. (2008).The objective of this study is to determine the concentrations of Fe, Zn and Cu in tobacco 
leaves and locally processed snuff products marketed in Imo State, southeastern Nigeria. 

Methods 

Sample collection: Thirty samples of tobacco leaves and thirty locally processed snuff samples marketed in 
some regional markets in six Local Government Areas (LGAs) of Imo State, Southeastern Nigeria were 
used in this study. The tobacco leaves and snuff samples were purchased from local snuff sellers in different 
market locations in six LGAs in Imo State in July 2008.One foreign brand of processed snuff was also 
purchased and investigated. On purchase, the samples were adequately labeled and transported to the 
laboratory. 1.0g of the sample was placed in a porcelain crucible and dry-ashed in a muffle furnace at 550°C 
for about 8 hours, cooled in a desiccator and then wet digested. The wet digestion was performed by adding 
5ml of conc. HNO3 (69%, BDH Laboratory Supplies, Poole, England) to each sample and heating to near 
dryness on a heating mantle. Where necessary, additional acid was added, and heating continued until 
evolution of white fumes. The solution was allowed to cool, then filtered into a calibrated flask (10ml) and 
made up to volume with deionized water. Blanks were inserted at 10% insertion rate. The Fe, Zn, and Cu 
concentrations were determined using Buck 211 Atomic Absorption Spectrophotometer.  

Results 

The mean metal concentrations are 843 ± 46 mg kg-1 for Fe, 79 ± 4 mg kg-1 for Zn, and 22 ± 2 mg kg-1 for 
Cu in snuff samples and; 951 ± 78 mg kg-1 for Fe, 83 ± 2 mg kg-1 for Zn, and 24 ± 2 mg kg-1 for Cu in 
tobacco leaves. Comparably, higher metal concentrations were obtained in tobacco leaves than in the snuff 
products, and the metal concentrations varied according to the regional markets from where they were 
purchased. The results of this study indicate that snuff products could constitute trace metal exposure routes 
to users. In the production of nasal snuffs, tobaccos are blended and milled in a high speed mill to produce 
very fine powder. 
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The Fe concentration of the only foreign brand (FB) investigated (1,961 mg kg-1) was more than twice the 
mean Fe concentration of the locally processed snuff (843 mg kg-1; range, 678-919 mg kg-1). The Zn and 
Cu concentrations of the FB were comparable to the data obtained for the locally processed snuff products. 
The Zn concentration of the FB was however moderately lower (67 mg kg-1) than the mean value for the 
locally processed snuff product (79 mg kg-1; range, 67-84 mg kg-1) whereas the Cu concentration of the FB 
was slightly higher (25 mg kg-1 for FB and 22 mg kg-1 for local snuff products). Wider variations were 
obtained in the Fe concentrations of both the tobacco leaves and the finished snuff products as indicated by 
the very wide range and high standard deviation for Fe compared to the other metals. Further analysis shows 
that moderate variations exists in the contents of trace metals for both tobacco leaves and snuff samples 
according to the regional markets sampled.  

 The summary of metal concentrations in the tobacco leaves presented in Table 1, reflects that mean 
concentrations of trace metals contents of tobacco leaves and snuff products were arranged in the following 
decreasing order: Fe>>Zn>Cu. From toxicological and environmental point of view, the determination of 
toxic metals in consumer products such as snuff and the raw materials has promoted interest. This is because 
the use of these products may be a route for human exposure to potentially toxic metals. This study shows 
that the use of snuff marketed in Imo State, Nigeria could constitute a significant contributor of heavy metals 
intake in the consumers. 

Table 1.  Summary of trace metal content of tobacco leaves and snuff products (mg kg-1) 

             Tobacco leaves       Snuff 

Fe Zn Cu Fe Zn Cu 
Minimum value 834 79.2 20.5 678 66.5 16.3 

cc5 
Maximum value 1164 86.5 29.2 919 84.3 26.5 
Mean 951 82.7 24.3 843 78.5 21.6 
Standard deviation 77.7 1.61 2.15 46.1 3.79 2.07 
Geometric mean 946 82.6 24.1 840 78.3 21.4 
Median 961 82.6 24.4 843 79.0 21.5 
Standard error 14.2 0.29 0.39 8.40 0.69 0.38 

Conclusion 

This study shows that the use of snuff marketed in Imo State, Nigeria could constitute a significant 
contributor of heavy metals intake in the consumers. The present work has demonstrated the need of 
establishing a national regulatory framework for the levels of trace metals in these products. It is hoped that 
these results could serve as a guide in decision making and formulation of policies on the local 
production/preparation and consumption of snuff. 
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Introduction  

Dust is known as the main pollutant of  urban air. Also, dust is a carrier of toxic elements emphasizing 

heavy metals, which can produce a negative impact on humans.  

Snow has good sorption properties for accumulation of pollutants from atmosphere and hence acts as a 

natural filter for chemical elements and particles. Therefore snow cover can serve as a good alternative 

medium of airborne dust and metals investigation.  

Yerevan, to which this research is directed, is an industrial center with dense population and heavy traffic. 

The goal of this research was to evaluate snow dust heavy metals pollution levels and to assess associated 

health risks to different groups of population (children and adults). 

Methods 

Wholly 24 snow samples were collected from the entire are of the city of Yerevan in 2011. Total 

concentrations of Cd, Pb, Cr, Ni, Co, Zn, Cu, Ag, Hg and Mo were determined by AAnalyst 800 AAS PE, 

USA. Single heavy metal contamination was estimated by pollution index (PI) and geoaccumulation index 

(Igeo), while summary pollution level - by contamination index (Zc ) (Johnson et al. 2011). Non-

carcinogenic and carcinogenic risks assessment was done consistent with a health risk model developed 

by US Environmental Protection Agency (US EPA 1989) considering three main pathways of exposure. 

Results  

Ni, Co, Ag, Cr, Pb, Mo, Cd, Zn, Cu were detected in all samples. Mean contents of all studied elements 

except Co, Cr and As have PI greater than 1. According to the mean values of Igeo Co, Ni and Cr belongs 

to the unpolluted level, Zn - moderately polluted, Cu - moderately to strongly polluted,  Hg and Pb -

strongly polluted, Ag and Cd - strongly to extremely polluted, Mo - extremely polluted. 

Zc values ranges from 18 to 15368 averaging 760.3 (extremely hazardous level). Moreover, Zc of 21% of 

all samples exhibit very high, 17% - high, 12% - medium, 50% - low level of pollution (Fig. 1). Relatively 

large share in the Zc mainly belongs to Mo, Pb, Hg and Ag. 
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Figure 1. Contamination index (left) and Non Carcinogenic risk for child and adult (right)  

Multi-elemental HI value (Fig. 1) varies 0.07 to 18.04 for children and 0.01 to 1.99 for adults. Moreover, a 

probable heavy metal-induced non-carcinogenic risk in children and adults is posed by 2 and 1 dust 

samples, respectively. For children major risk is determined by Mo and Co. HI>1 was in 1 sample both for 

Mo and Co (17.22 and 3.78, respectively). For adults major risk is determined by Mo in 1 sample (HI = 

1.85). Carcinogenic risk from inhalation pathway was less than acceptable level of 10-6 for Cr, Ni, Co in 

all samples. In case of ingestion pathway low level (10-6 - 10-5) of carcinogenic risk from Cr was observed 

in 16 samples, while in 14 remained samples risk was at acceptable level. 

Conclusion 

The obtained results indicating that except Co, Cr and Ni for other studied elements significant values of 

PI and Igeo were detected. Although the territory of the city is characterized mainly by low levels of 

contamination, there exist areas with high and very high pollution levels. Relatively large share in the 

contamination index mainly belongs to Mo, Pb, Hg and Ag.    

Non-carcinogenic risk was observed for children (Mo and Co) and for adults (Mo). From all studied 

elements carcinogenic risk was determined only in case of Cr, particularly low level carcinogenic risk 

from ingestion pathway was observed in 16 samples.  
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Introduction  

The study herein described follows from a pilot survey encompassing concentration of potentially toxic 
elements (PTEs) in household dust samples and corresponding PTEs levels in toenails from residents of 
Estarreja, Portugal, which aimed at investigating exposure–biomarker relationships. The main goal of the 
present study is to assess the influence of the PTEs solid-phase fractionation on their bioaccessibility and 
its relevance to the exposure-biomarker association.  

Methods 

A total of 19 households and 27 individuals were recruited for the pilot study. All participants gave 
written, informed consent to the study. A composite indoor dust sample was collected in each home and 
the analysis of 55 chemical elements was carried out by Inductively Coupled Plasma - Mass Spectrometry 
(ICP-MS), as previously described in Reis et al., (2015). The bioaccessibility of the PTE was determined 
by subjecting a subset of indoor dust samples to the Unified BARGE Method (Wragg et al., 2011). The 
solid-phase fractionation of the PTEs was carried out by means of a non-selective sequential chemical 
extraction called CISED (Cave et al. 2004). Toenail clippings were provided by the study participants and 
a total of 36 chemical elements were analysed by ICP-MS, as previously described in Reis et al., (2015). 

Results 

Summary statistics for concentrations of Pb, Zn and Cr in house dust and toenails are presented in Table1. 
Whereas zinc (Zn) dust contents are elevated, and lead (Pb) and chromium (Cr) show levels of concern in 
toenail clippings of some residents, the three PTEs are further investigated. 

Table 1. Summary statistics for Pb, Zn and Cr concentrations in indoor dust samples (mg kg-1) and toenail clippings 
(µg kg-1). 

dust (n= 19) Toenails (n=27) 
Pb Zn Cr Pb Zn Cr 

Minimum 53 582 25 60 72 70 

Median 118 1110 72 190 116 420 
Mean ± Standard Deviation 174 ± 250 1349 ± 1020 71 ± 21 404 ± 632 120 ± 30 832 ± 1091 
Maximum 1180 5210 102 2770 191 5270 

Figure 1 displays distribution plots showing the amount of Pb, Zn and Cr (mg kg−1) associated with the 
identified soil components (residual soil-pore water, exchangeable, carbonates, Ca-dominated, Al-
dominated and oxides), which are those assumed to represent the most common indoor dust components 
in houses from Estarreja. 
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Figure 1. Distribution plots of showing the total amount of Pb, Zn and Cr (mg kg−1, x-axis) associated with each 
component extracted by CISED (y-axis) in selected dust samples. The arrow identifies increasing acid concentrations 
(DI water – Aqua Regia 5M). The error bars represent the upper and lower 95th percent confidence limits. 

Conclusion 

The different solid-phase fractionation of Pb, Zn and Cr in the indoor dust largely supports the estimates 
obtained for their bioaccessible fraction. It further allows discriminating geogenic from probable 
anthropogenic sources. However, exposure –biomarker relationships are difficult to assess as a variety of 
factors such as gender or water consumption hamper establishing direct relationships between PTEs levels 
in house dust and toenail clippings. Furthermore, potential confounding factors such as vitamin intake 
were not taken into account in the analysis carried out. The results will be comprehensively discussed in 
the conference. 
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Introduction  

Recently, there have been several nationwide episodes involving imported toys contaminated with toxic 

metals and environmental hormones. In addition, cadmium intoxication has occurred due to soil 

contamination with cadmium from abandoned metal mines. In order to investigate the distribution, extent 

and factors influencing the levels of toxic metals in the blood or urine of the Korean general population 

over twenty years of age, we studied the blood or urine concentrations of heavy metals in a representative 

sample of 5087 Koreans in 2008. 

Methods 

This survey was designed to monitor the biomarkers of major pollutants in Korea for the civilian, non-

institutionalized Korean population. In the KorSEP III conducted in 2008, the study population was 

composed of 5087 Korean adults from 193 areas in South Korea. The survey population included all non-

institutionalized civilian Korean individuals over twenty years of age. 

Multiple biological substrates were collected from each participant to determine the most suitable samples 

for an environmental health survey system. Information regarding exposure conditions of all subjects was 

collected by questionnaire-based interviews.  

Results 

The geometric means of the blood lead, mercury and manganese levels were 19.1, 3.23 and 10.8 _g/L, 

respectively. The geometric means of urinary arsenic and cadmium concentrations were 43.5 and 0.65 

_g/L, respectively. Blood mercury and urinary arsenic levels in the Korean general population were 

significantly higher than in European and American populations. The higher levels of blood mercury and 

urinary arsenic could be explained by the greater seafood consumption among the Korean population. This 
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biomonitoring study of blood or urine heavy metals in the Korean general population provides important 

reference data stratified by demographic and lifestyle factors that will be useful for the ongoing 

surveillance of environmental exposure of Koreans to toxic metals. 

Conclusion 

The results of this study can be used to provide information regarding blood and urine metal levels in 

Korean adults. This study also offers data that can help derive reference values for the population body 

burden in Korea and evaluate the contribution of different exposure sources. However, it should be noted 

that this study had some limitations. Specifically, we only measured total blood mercury without 

measuring methyl mercury, and urinary toxic arsenic (iAs and its metabolites) without arsenic speciation. 

Therefore, a future study should be conducted to analyze the organic and inorganic portions of total blood 

mercury and urinary arsenic to clarify the proportion of organic materials that are primarily derived from 

seafood. Future KorEHS should include not only the adult population, but also subjects younger than 18 

years who are eligible for health examination programs. Overall, analysis of the biomonitoring data 

from the Korean general population reported here have provided useful information regarding one Asian 

population for use in international comparisons in environmental health research and other 

related scientific areas.  
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Introduction  

According to the 2007 Korea National Environmental Health Survey (KNEHS), some areas in the 

Gyeongsang Provinces showed very high blood mercury levels in adults. (Kunwee- County 29.6 μg/L, 

Yeongcheon-city 26.7 μg/L). The purpose of this study was to determine mercury exposure levels in 

children in this areas and related factors with their mercury levels and health effect. Reference (Kim et al., 

2006; Al Attar, 2011). 

Methods 

Totally, 1,097 students from grades 3 to 6 at 19 elementary schools participated in this study, including 294 

students from 10 elementary schools in Kunwee County, 529 students from Yeongcheon City, 122 students 

from two elementary schools in Pohang City, North Gyeongsang Province, and 152 students from two 

elementary schools in Ulsan Metropolitan City, as identified by the KNEHS from June to September 2010.  

Biological samples from schoolchildren, including whole blood, urine and hair, were collected to measure 

total mercury were compared with health check-ups performed on the schoolchildren at the time of 

sampling. Total mercury concentrations in blood were measured using the Direct Mercury Analyzer 80 with 

the gold-amalgam collection method. Information about children was collected by questionnaire and a 

computerized neurobehavioral test, a balance test and a personality test, were applied. 

Results  

The mean mercury levels were 2.70 μg/L in 1,091 blood samples, 2.25 μg/g-creat. in 820 urine samples and 

1.03μg/g in 1,064 hair samples. Blood mercury levels in the schoolchildren was slightly higher than the 

result of 2.4 μg/L from a 2006 survey of elementary school children on exposure and health effects of 

mercury by the National Institute of Environmental Research. However, 0.3% and 4.5% of participants 

exceeded the reference level of blood mercury by CHBMII (15 μg/L) and the US EPA (5.8 μg/L), 

respectively. The reference level of urine by CHBMII (20 μg/L) was exceeded by 0.4% of participants. 

As factors, residence period in the study areas, residence type, father’s education level and income showed 
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significant associations with mercury level in the biological samples. The number of dental amalgam sides 

showed an association with urine mercury. Fish intake preference and fish intake frequency were important 

factors in mercury levels. In particular, intake of shark meat and recent intake of shark meat were associated 

with higher mercury levels. In this regard, participation in the performance of an ancestral rite showed a 

relation with higher mercury levels.  

As health effects, triglycerides showed a significant relation with mercury in blood, urine and hair. Total 

mercury concentrations were divided into two groups: upper and lower concentration groups based on the 

median value. In the computerized neurobehavioral test, the upper blood mercury group showed a greater 

reaction time for color-word vigilance (p<0.05). In the balance test, the intensity value of the tremor test 

showed high significant relations with mercury levels (p<0.01). 

In the personality test, self-consciousness, misdeeds and family relationships showed significant differences 

between the upper and lower urine mercury groups (p<0.01), and specific reactions, ego resilience and 

hyperactivity also showed some differences (p<0.1). 

Conclusion 

The intake of shark meat was very important factor to high mercury exposure level. It was recommended to 

monitor and manage students with high mercury exposures who exceeded CHBM II and EPA guidelines, 

and include blood mercury testing in the Children’s Health check up for this province. Some items in the 

neurobehavioral test, balance test and personality test showed significant relations with biological mercury 

levels. Therefore, monitoring and appropriate management of students showing high mercury levels are 

recommended in order to reduce their mercury exposure. 
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Introduction  

This study was conducted to evaluate the  effects of lead concentration in the blood on intelligence and 
personality in school children in Korea.  

Methods 

Study subjects and area: The study conducted in three areas, Daegu (urban & industrial area), Gampo 
(fishery area), and Unyang (agricultural area) in South Korea. One primary school was selected in the middle 
of each area. The study subjects were 302 school age children pertaining to 154 of 3rd-grade and 155 of 
6th-grade.  
Written questionnaire: The parents of the children were asked to fill in a written questionnaire on 
following variables: age, level of education, alcohol consumption, smoking habit, habitual physical activity, 
employment status and economic status. 
Lead assay: Venous blood was sampled using heparin containing vacuum tube for the analysis of lead. 
Blood lead (Pb-B) was measured by means of atomic absorption spectroscopy (AA-6800, Shimadzu) 
equipped with graphite furnace atomizer (GFA-EX7). Tube was used pyro-coated graphite tube. The lead 
concentration was determined by standard addition method. 
Intelligence and personality test : The test was divided into two subtests for Intelligence and personality. 
Intelligence test was assessed using KIT-P set (Korean Institute for Research in the Behavior Science, 
Intelligence Test, and Primary). Personality test was assessed using KPI-C (Korean Personality Inventory 
for Children) set can be estimate a mental state such as behavior, cognitive, and emotion etc. KPI-C consist 
of 255 questionnaires, parents answered ‘yes’ or ‘no’ in chart. The test was performed according to standard 
instructions and evaluated using age norms; for the group of 3rd-grade and for the group of 6th-grade. 

Results 

Geometric means of Pb-B for boys and girls were 2.79±1.58 μg/dL and 2.54±1.51 μg/dL, respectively. No 
children exceeded Pb-B of 10 μg/dL, which is the recommended level in children by CDC, U.S.A. When 
the subjects were classified by median into two groups, upper and lower Pb-B groups, the IQ of upper and 
lower groups were 106.4±13.7 and 110.0±14.9 respectively. IQ score of upper group was lowered about 4 
points than that of lower group. We founded that hyperactivity and autism score of Pb-B groups was higher 
than that of lower group. These results are coincident with the large-scale study results developed countries 
that chronic exposure to lead may reduce the intelligence of child. This study may provide the first 
suggestive evidence that Pb-B has an impact on childhood intelligence and personality in Korean children. 
It is necessary to consider the effects of other important factors, such as parental intelligence in the next 
study. 
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Table 1. Blood lead concentrations of subjects. 

Table 2. Comparison of cognitive ability and personality by blood lead level. 

Conclusion 

The main finding of our study was that cognitive and personality of children had an association with the 
level of blood lead concentration (classified by median into upper and lower Pb-B groups). Our study also 
compared the difference by areas. According to intelligence and personality test by area, the results 
showed similar score except for perception ability. We identified that hyperactivity score was higher than 
that of lower group and autism score was higher than lower group in high blood lead group. It suggests 
that high blood lead level can cause autisms. In conclusion, childhood exposure to lead can reduce 
intelligence and cognitive development and further study is recommended to consecutive concern and 
control to children’s lead exposure. 
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Introduction  

Because of the application of a large number of chemicals and the complex manufacturing process, 
the impact of petrochemical industry on environmental pollution and related health effects was concerned. 
Among these petrochemical-related air pollutants, the emissive heavy metal was one kind of important 
chemicals because of its toxicity in humans and persistency in environment. In central Taiwan, a 
petrochemical complex that includes oil refineries, naphtha cracking and coal-fired power plants was 
considered as a locally major emission source of metal pollutants. However, few studies investigated the 
effects of heavy metal pollutions on the inhabitants living in the vicinity of this kind of industrial area. 
Therefore, this study conducted a biological monitoring study to investigate the effect of heavy metal 
pollutants on inhabitants around this petrochemical complex. 

Methods 

Our study area included 10 townships with similar socioeconomic factors between 0 and 30 km from 
the No. 6 Naphtha Cracking Complex, located in Mailiao Township in Yunling County with an area of 
2,603 ha, the largest petrochemical complex in Taiwan, is the main source of industrial emissions of our 
study area. Taishi and Mailiao townships which were within 10 km radius of the complex were classified 
as high exposure (HE) area. Other 8 townships which were farther than 10 km radius of the complex were 
classified as low exposure (LE) area. Then, all study subjects were asked to participate in health 
examination, questionnaire survey, and serum sample collection to be recruited in this study. After 
excluding the subjects who did not live in these areas more than five years, this study totally recruited 200 
study subjects, including 100 from HE and 100 from LE. 

Six metals were detected in these serum samples, including V, Cr, Cu, As, Sr, and Tl. To analyze 
these six metals, the serum samples were first diluted by 10-fold with diluent containing 0.01 mol/L of 
ammonium hydroxide solution, 10 ml/L Triton X-100, and 0.0002 mol/L EDTA (Case et al., 2001). All 
diluted serum samples were filtered with a 0.45-μm filter and then analyzed by inductively coupled 
plasma mass spectrometry (ICP-MS) with an Agilent 7500c system (Agilent, Santa Clara, United States). 
To ensure the precision of the analysis, spikes were examined to make sure the measurement stability. 
Certified reference materials (CRM), were analyzed to assess accuracy. If the metal levels in certain blood 
samples were below the method detection limit (MDL), half of the MDL for the specific metal was 
allocated to these samples. 
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Results 

Table 2. Multiple regression models for predictors of serum metal levels (μg/L) of study subjects 
(N=200).* 

Meta
ls 
Variables 

V Cr Cu As Sr Tl 

β β β β β β
Group 0.073  0.304  0.118 ¥ 0.242 ¥ 0.119¥ 0.020 
Gender 0.009  -0.926 $ -0.128 ¥ -0.056 0.187$ 0.038 
Age (years) -0.001 0.008 0.001 0.011 $ -0.009$ -0.006¥ 
Education
  High school -0.061 0.633 0.034 0.159  -0.058 0.114  
  University -0.118 1.218 ¥ 0.009 0.304  -0.246$ 0.037 
Smoking 0.007  -0.400 -0.092  0.184 -0.114 -0.046  
Drinking -0.083 0.662 -0.017 0.116 -0.001 0.093  
Betel chewing 0.106  1.098 0.046  0.104 -0.084 0.342 
Tap water  0.009  -0.155  -0.057 0.008  -0.014 -0.054) 
Seafood 0.065  0.5000 0.027  0.288 0.163 0.116  
*Reference group: group-LE, gender-female, education-elementary school, smoking-no, drinking-no,
betel chewing-no, tap water-no, and seafood-no. ¥p-value<0.05；$p-value<0.01. 

Conclusion 

This biological monitoring study showed the potential effects of emitted metal pollutants from a 
petrochemical complex, including Cu, As, and Sr, on the residents nearby. 

References 

Table 1. Demographic characteristics between HE and LE groups. 

Groups 
Variables 

HE (N=100) LE (N=100) p-value* 

Age, mean ± SD 49.35 ± 22.91 49.15 ± 22.84 0.9497 

Gender, n (%) 

   Male 21(34.43) 21(29.17) 0.5155 

   Female 40(65.57) 51(70.83) 

Smoking, n (%) 

   No 95(95.00) 94(94.00) 0.7695 

 Yes 5(5.00) 6(6.00) 

Alcohol drinking, n (%) 

   No 90(90.00) 92(92.00) 0.6054 

   Yes 10(10.00) 8(8.00) 

Betel nut chewing, n (%) 

   No 96(96.00) 97(97.00) 1.0000 

 Yes 4(4.00) 3(3.00) 

*Comparison of continue variable by Student’s t-test; comparison of
discrete variables by Chi-square test with fisher's exact test.

Case CP, Ellis L, Turner JC, Fairman B, (2001). Development of a routine method for the determination of trace metals 
in whole blood by magnetic sector inductively coupled plasma mass spectrometry with particular relevance to patients 
with total hip and knee arthroplasty. Clin Chem., 47, 275–280. 
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Introduction  

The hyporheic zone, the interface of groundwater and surface water, is characterized by large gradients of 
nutrients and trace metal concentrations, and contrasting environmental conditions (Boulton et al., 1998). It 
plays very important role as a physical, chemical and biological filter capable of transforming pollutants 
(Bourg & Bertin 1993). Intensity of these transformations is influenced at a number of scales by water 
movement, permeability, substrate particle size, resident biota, and the physiochemical features of the 
overlying stream and adjacent aquifers (Ward 2016). The presented work couples water and sediment 
chemistry in the contaminated by metals Biała Przemsza River valley in southern Poland in order to reveal 
the role of the hyporheic zone in pollutants transfer.  

Methods 

Studies of water and sediment pollution were carried out on the floodplain in the middle reach of the Biała 
Przemsza River near Sławków town (Upper Silesia Upland, southern Poland). Five boreholes were drilled 
at points located in a cross-section perpendicular to the river channel. At each point one piezometer was 
installed and the sediment core collected. Groundwater samples from piezometers as well as river water 
samples were collected four times every two months. Values of pH and conductivity were established in 
situ. Concentrations of Cl-, NO3-, SO4

2-, PO4
3-, CO3

2- and Ca2+, Mg2+, Na+, K+ ions were determined using 
Ion Chromatography (DIONEX 1000). Content of metal ions (Zn, Cd, Pb, Cu, Fe and Mn) were measured 
using ICP-MS method. Sediment cores were divided into 10-30 cm long sections. Values of pH were 
measured on-site while other parameters were analyzed right after transport to the laboratory. The fine 
fraction samples (<0.063 mm) were digested wet in closed system in a mixture: 10 cm3 of 65% HNO3 and 
2 cm3 of 30% H2O2. The concentrations of heavy metals were determined using the F-AAS method. 

Results 

River waters, supplied with mine waters from the Zn-Pb mine, are characterized by rather neutral pH, the 

high conductance (860 μS/cm) and concentration of: SO4
2- (220–230 mg/L), Ca2+ (127–134 mg/L), Mg2+ 

(39–41 mg/L) and CO3
2- (273–295 mg/L). Conductance value is lower than 100 μS/cm for groundwater 

collected from the channel and decreases markedly away from the SIII core. Generally, the same distribution 
pattern is observed for most of ions. Only Ca2+, Mg2+ and CO3

2-with increase of their content from the 
channel appears the opposite distribution pattern. Also Cd and Zn concentrations are highest in the river 
water (0.277 µg/kg and 0.449 µg/kg respectively) and decreases rapidly with the distance from the channel 
but in the last position (SV) some increasing can be observed.  
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Sediments were generally weakly acidic to neutral (pH 5.7–7.1). They contained very low amounts of 
organic matter and carbonates (below 1%). Concentrations of mine-originated heavy metals varied within 
broad range: Cd (1.9–167.3 mg/kg) and Zn (4.7–36,990.8 mg/kg). Generally, their content are the highest 
in the top stratum and decreased progressively down the core and in the same time are the highest in cores 
drilled in the channel bottom and decreased away from the channel (Fig. 1). 

Figure 1. Distribution of zinc and cadmium concentrations in profiles in the studied cross-section. 

The similar content of chlorides in groundwater from SI-SIII points and in the river water can indicates the 
hyporheic flow. For all investigated parameters chemistry of groundwater in the point furthest from the 
channel (SV) represents values of contrasting with other points which can indicated water originating r from 
the valley slope. This high pollution of sediments reaches the depth of almost 3 m below the river bed and 
contrasts with the order of magnitude lower pollution of the floodplain. This situation can be related to 
infiltration of the river water into the river bed. 

Conclusion 

Losing of river waters through the river bed causes strong pollution of sediments with heavy metals under 
the channel over the depth of about 3 meters where high concentrations of metals are stated. These can 
indicated some role of the hyporheic zone in the metals transfer in the polluted rivers reaches. Furthermore 
groundwater is suggested to have the important role for river-to-floodplain contaminant transfer. High 
sediment and groundwater contamination of the levee zone can indicated the essential role of a riparian zone 
in entrapment of river-borne contaminants. 

Acknowledgement: The work was supported by National Science Centre project no. 2012/05/B/ST/10/00235 and by 
statutory research project no. 11.11.140.199 of the University of Science and Technology in Krakow. 
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Introduction 

The Republic of Moldova has a large spectrum of underground mineral waters (16 reservoirs). The deep 

aquifers with mineral waters of different ages are situated at 200 –1,000 m depth: Vendian crystalline 

basement rocks (V), Silurian crystalline limestone (S1), Cretaceous limestone (K), Baden-Sarmatian 

limestone and clay-sand deposits (N1b-s1), middle Sarmatian limestone and clay-sand deposits (N1s2). 

[1,3-5]. The hydro-geochemical features of the main aquifers and the possible sources of trace elements in 

groundwaters were discussed elsewhere [1-6]. Other aquifers showed no significant mineralization, i.e. 

upper Sarmatian-Meotian (N1s3-m), Pontian (N2p), and alluvial (A3) horizons. The principal aquifer for 

potable and balneological purposes is in the Baden-Sarmatian horizon. The mineralization of these 

groundwater systems is between 1 and 120 g L-1. The therapeutically mineral waters are found to S and 

NE of the country and contain relatively high contents of H2S (30-80 mg L-1), I- (1-60 mg L-1), Br- (20-250 

mg L-1), Li, Rn,, Sr and B. Thermal waters, situated in SW part of the country (Prut River Valley) have 

temperatures from 22 – 32 °C. The quality of groundwater is largely affected by the local geological 

features that are likely responsible of relatively high concentrations of F-, Sr and Se, whose contents vary 

between 0.2 to 18.0, 0.1 and 17.0 mg L-1 and 10 to 170 g L-1, respectively. Contents of NH4
+ are as high 

as 20 mg L-1 [3,5]. 

The aim of this study, carried out in the framework of a bilateral project between the Moldova Academy 

of Sciences (Institute of Geology and Seismology, IGS) and the Italian National Council of Research 

(Institute of Geosciences and Earth Resources, IGG), was that to determine the heavy metal and micro-

component concentrations from the Baden-Sarmatian aquifer and assess their source(s) by comparing our 

results with those of previous investigations.  

Methods 

Water sampling and trace element analysis were carried out according to the protocols used in the 

accredited ISO 17025 laboratories of the Institute of Chemistry (Academy of Science of Moldova) in 

cooperation with IGS and CNR-IGG. The main physico-chemical parameters and chemistry were also 

determined. Five pilot areas were studied (Fig. 1): Cahul, Hirjauca, Gotesti and Congaz are mineral water 

resorts whereas at Dubasari this aquifer is used for potable water supply. 
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Figure 1. Location of pilot areas. 

Results 

The depth and mineralization of the Baden-Sarmatian aquifer are, as follows: Cahul 430-530 m, 68.59 g L-

1, Gotesti 450-520 m, 5.76 g L-1, Congaz 450-520 m, 5.04 g L-1, Hirjauca 250 m, 1.47 g L-1, Dubasari 40-

150 m, 0.86 g L-1. The results are presented in Table 1. Pb, Cr, Mn, As, Se and Fe have low contents in the 

most of the studied sites with the exception of Dubasari where Fe and As are up to 2.8 mg L-1 and 13.8 g 

L-1, respectively. High values of Cd are found in the Cahul waters while Ni has high concentrations in the 

most mineralized waters and those of Dubasari. Li and Sr are slightly enriched at Congaz and Gotesti 

while F-, I- and Br- show high contents (up to 13.2, 23.7 and 140.5 mg L-1, respectively) in the most 

mineralized waters. 

Table 1. Trace element concentrations (in g L-1) in the Baden-Sarmatian aquifer (N1b-s1). 

Metal Pilot areas (mineralization, g L-1) 
Cahul (68.59) Gotesti (5.76) Congaz (5.04) Hirjauca (1.47) Dubasari (0.86) 

Cd, g L-1 <0.2–12.0/4.85* <0.2–0.5/0.4 <0.2 <0.2 <0.2 
Pb, g L-1 <1.0 <1.0 <1.0 <1.0 <1.0–14.3/3.4 
Cr, g L-1 <0.8–1.5/1.1 <0.8 <0.8–3.0/1.75 <0.8–1.25/1.15 <0.8–1.8/1.3 
Ni, g L-1 <1.0–26.2/1.1 <1.0 <1.0–20.0/10.75 <1.0–5.0/3.2 <1.0–43.0/7.0 
Mn, g L-1 23.4–224.1/123.7 10.0–40.0/28.3 30.0–130.0/70.0 <1.0–2.0/1.5 <1.0–48.0/17.0 
As, g L-1 <1.0 <1.0 <1.0,0 <1.0 <1.0–13.8/4.3 
Se, g L-1 <1.0 <1.0 <1.0,0 <1.0 <1.0–8.7/4.2 
Fe, mg L-1 <0.05 <0.05 <0.05 <0.05 <0.05–2.80/0.54 
Li, mg L-1 0.05 1.5–2.4/1.97 0.70–1.84/1.21 0.04 n.d.**
Sr, mg L-1 1.00 1.5–2.9/2.3 1.61–9.79/4.93 0.08 n.d.**
F, mg L-1 n.d.** 8.10–13.20/10.0 5.70–7.60/6.60 <6.20–7.50/7.00 0.14–2.77/0.85 
I, mg L-1 9.5–23.7/21.32 0.10–2.03/1.34 1.50–7.20/4.43 0.08 n.d.**
Br, mg L-1 25.86–140.5/115.2 2.26–4.00/3.29 3.50–19.4/11.48 0.13 n.d.**

*concentration range/average value; **n.d. not determined; singe values are with no interval and average value.

      Conclusion 

The mineralized waters from the Baden-Sarmatian aquifer have 

naturally occurring high contents of F-, I-, Br-, Sr, Li and Mn, 

while other heavy metals, with a few exceptions, are below the 

main admissible contents for potable waters. It is noteworthy to 

mention that samples from Dubasari, whose waters are 

intensively used for potable purposes is apparently contaminated 

by waters from shallower aquifers that are likely affected by 

anthropogenic sources. 
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Introduction  

Mercury is a ubiquitous element accumulative and potentially toxic behavior when ingested in high 

concentrations, may cause permanent damage or lead to death. Intake of fish constitutes the main route of 

environmental exposure of humans and other animals to mercury (Malm, 1998; Passos et al., 2003; Roulet 

et al., 1999). This study discusses the total mercury concentrations in muscle tissue tucunarés (Cichla sp.) 

sampled from some rivers and reservoirs brazilian hydroelectric power plant, considering the physical and 

chemical characteristics of each environment. 

Methods 

It been sampled tucunarés (n = 58), from Negro river, Purus river, Apuaú river and Solimões river in 

Amazonas State and also from reservoir of the Jirau Hydroelectric in Rôndonia State, Balbina 

Hydroelectric in Amazonas State, Tucuruí Hydroelectric in Pará State and Cana Brava Hydroelectric in 

Goiás State. Quantification direct of total mercury of muscle tissue (0.04 g) by atomic absorption 

spectrometry technique coupled to a cold mercury vapor generation system (CVAAS). 

Results  

The Figure 1 shows the distribution the mercury concentration considering the different sampling sites. The 

red line on the graph represents the maximum limit determined by Brazilian Legislation regarding mercury 

concentrations in predatory fish (1 mg kg-1). The distribution of concentrations mercury depends on 

sampling site, although very heterogeneous, it was possible to observe that lower concentrations in tucunarés 

(Cichla sp.) of artificial reservoirs. Among the reservoirs, Tucuruí Hydroelectric had the highest 

concentration mercury compared to reservoirs of Balbina and Cana Brava Hydroelectric. A possible 

influence to such large concentrations mercury in Tucuruí is due to gold mining and natural reserves of the 

element present in the geology of the region where the hydroelectric plant was installed. 

Whereas the physicochemical characteristics of each environment, the distribution of 

concentrations mercury on fish were highest on black water sampling site in this study. Some 

Amazonian rivers like the black and its left bank tributary of the Apuaú river, are rich in humic and fulvic 

acids that acidify and darken the water. Such conditions favor the methylation of mercury 
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and increasing the bioaccumulation of this element on aquatic organisms (Rocha et al., 2000). The 

white water sampling sites, as Madeira, Purus and Solimões rivers, which are born in pre-Andean and 

Andean region, have lower levels of organic matter, large concentration of inorganic particulate material, 

turbidity and conductivity high, pH near the neutral and relatively rich in calcium and bicarbonates 

(Queiroz et al., 2009). 

Figure 1 – The concentrations total mercury quantified in muscle tissue of tucunarés (Cichla sp.).  

Conclusion 

The concentrations mercury in the tissues of tucunarés (Cichla sp.), were similar to those documented in 

the literature in various parts of the world, especially in Brazil. The environments physicochemical 

characteristics influence the dynamics of accumulation mercury in aquatic organisms. 
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Introduction 

This study is a pioneering work focusing on estimates of heavy metals loads (Zn, Cu, Pb, Cr and Cd), emitted 

by different land uses, and regional geochemical baselines for metals in the sedimentary environment of the 

Salgado river basin, NE Brazil. Anthropogenic inputs of heavy metals to aquatic ecosystems are a worldwide 

environmental problem that has received increasing attention over the last few decades because of its 

adverse effects. These contaminants have a frequent and ubiquitous presence in several effluents from 

human industrial, urban and agricultural activities. The relative contribution of heavy metal inputs to 

watersheds can be estimated using empirical emission factor models (De Paula Filho, 2015a). Furthermore, 

several metal accumulation studies conducted in Brazil have sought to establish the geochemical basis for 

the assessment of natural and/or anthropogenic metal loads that may potentially reach the coastal 

environments in areas subject to urban and industrial pressures (Silva et al., 2016). Only few studies related 

to this theme have been conducted in specific impacted basins in the semiarid region of the Brazilian 

northeast (De Paula Filho et al., 2015b).  

Methods 

The Salgado River stretches over 308 km and its drainage area is 12,865 km2, with a total population is 

909.000 inhabitants. Its increasing urbanization has resulted in rising pollutant loads, leading to 

environmental consequences such as water and soil contamination and the consequent human exposure to 

such pollutants. These impacts and their effects may extend downstream of the basin, even reaching the 

Castanhão reservoir, the largest in Latin America. Its waters are intended primarily to supply the city of 

Fortaleza, the fifth largest in Brazil. The soil of the basin is made up of crystalline (85%) and sedimentary 

(15%) rocks. Emission factors of natural processes and anthropogenic activities were used to estimate metal 

loads (De Paula Filho et al., 2015a). Sampling of surface sediments was randomly done in 20 points 

distributed along the river in September 2015, during the local dry season. Metals were extracted according 

to USEPA method 3051a (USEPA, 2007). Concentrations of Zn, Cu, Pb, Cr, Cd, Mn and Fe were 

determined by Flame Atomic Absorption Spectrometry (Varian 50B) with a deuterium lamp background 

correction. The validation was performed by testing a standard material (NIST 1646a). 

Results 

The total loads of Zn, Cu, Pb, Cr and Cd from natural and anthropogenic sources to the Salgado River are 

shown in Table 1. Anthropogenic emissions of Zn, Cu and Cr outweigh natural sources by 73%, 65% and 

51% respectively, which is related to the presence of galvanic, jewelry and tannery industrial operations in 

the urbanized areas of the basin. The concentrations of metals in sediment varied between 36-187 mg Zn.kg-

1; 4-80 mg Cu.kg-1; 11-55 mg Pb.kg-1; 1.4-51 mg Cr.kg-1; 0.2-10 mg Cd.kg-1; 8-628 mg Mn.kg-1; 0.8-4.0 % 
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Fe. Heavy metals recovered for certified reference material were Cr (72%); Zn and Pb (82%); Cu (102%); 

Cd (110%). 

Table 1. Estimated emissions of Zn, Cu, Pb, Cr and Cd (t.year-1) to the basin of the Salgado River from natural and 

anthropogenic sources. 
Source Zna Cua Pba Cra Cda 

Soil Runoff  29.1 21.0 25.1 15.2 0.80 
Atmospheric inputs  4.2 1.3 3.0 0.4 0.77 
Domestic wastewater  5.8 3.4 1.5 0.1 0.19 

Livestock farming  78.9 9.9 0.6 8.2 0.05 

Agriculture  1.1 13.6 0.2 0.4 0.13 

Municipal solid waste 3.4 1.0 1.3 1.9 0.04 

Urban runoff  0.3 0.3 6.0 0.2 0.11 

Industrial solid waste 1.5 13.4 4.0 5.4 0.07 

Total (natural + anthropogenic) 124.3 63.9 41.7 31.8 2.18 
a. The methodology of emissions estimates is available in De Paula Filho et al. (2015a).

The Box–Whisker element concentration plots were used to evaluate the variation in the sediment samples 

(Figure 1). The determination of background values was made based on the upper quartile (75%) of the 

analytical results: 135 mg Zn.kg-1; 28 mg Cu.kg-1; 32 mg Pb.kg-1; 27 mg Cr.kg-1; 1.4 mg Cd.kg-1. 

Figure 1. Box–Whisker plots of Zn, Cu, Cr, Pb and Cd concentrations in surface sediments (<63μm). 

Conclusion 

The identification and prioritization of the main vectors, pressures and impacts is an important tool in the 

design of measures aimed at the monitoring and mitigation of impacts, while this work allows the inclusion 

of the Salgado River basin within the context of the other basins of the Brazilian East and Northeast coasts, 

where studies of this kind have already been conducted. The results of the tested metals were compared to 

the threshold levels recommended by the Brazilian environmental legislation, suggesting that most of the 

contamination levels show a low probability of adverse effects on the area´s aquatic biota. 

References 

De Paula Filho, F.J.; Marins, R.V.; Lacerda, L.D. (2015a). Natural and anthropogenic emissions of N and P to the 
Parnaíba River Delta in NE Brazil. Estuarine, Coastal and Shelf Science, 166, 34–44. 

De Paula Filho, F.J.; Marins, R.V.; Lacerda, L.D.; Aguiar, J.E.; Peres, T.F. (2015b). Background values for evaluation 
of heavy metal contamination in sediments in the Parnaíba River Delta estuary, NE/Brazil. Mar. Pollut. Bull. 91, 
2, 424–428 

Silva, Y.J.A.B.; Cantalice, J.R.B.; Singh, V.P.; Cruz, C.M.D.A; Silva Souza, W.L. (2016). Sediment transport under 
the presence and absence of emergent vegetation in a natural alluvial channel from Brazil. Int J Sediment Res, v. 
31, p. 393. 

United States Environmental Protection Agency – USEPA. (2007). Microwave assisted acid digestion of sediments 
sludge, soils, and oils. EPA SW 846 3051a. 30p. 

Abstract Book of the 18th International Conference on Heavy Metals in the Environment, 12 to 15 September 2016, Ghent, Belgium 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

– 390 –



18th International Conference on Heavy Metals in the Environment

- 356 - 

CONCENTRATIONS AND LOADS OF METALS (V, CR, MN, FE, CU, ZN, 
AS, RB, Y, ZR) FROM THE CLIFF EROSION TO THE GULF OF 
GDANSK 
Urszula Kwasigrocha, Magdalena Bełdowskaa, Agnieszka Jędrucha, Leszek Łęczyńskia, Marta 
Szubskab, Jacek Bełdowskib 

aUniversity of Gdansk, Institute of Oceanography, Gdynia, Poland 
bInstitute of Oceanology, Polish Academy of Sciences, Departament of Marine Chemistry and 
Biogeochemistry, Sopot, Poland 

hyron@iopan.gda.pl 

Keywords: metals; erosion; Gulf of Gdansk; Baltic Sea; loads 

Introduction  

Coastal erosion is one of the pathways through which different elements, including metals, can be introduced 

into the sea. It is particularly significant in the case of eroding coastlines such as polish Baltic Sea coastline 

which undergoes active erosion in more than a half of its length (Dubrawski and Kahlau 2006). Recent 

increase in the occurrence of extreme natural phenomena (for example more frequent storms) and rise of 

the sea level induced doubling of coastline retreat rate to 1 m a-1 in comparison to years 1960-1980 

(Dubrawski and Kahlau 2006). The aim of this study was to estimate mean year loads of particular metals 

to the Gulf of Gdansk from the erosion of Orlowo Cliff.  

Methods 

Samples of surface sediments (0-5 cm) were collected from 7 stations. Four were located in the area of 

Orlowo Cliff (Gdynia, Poland): colluvial material from the cliff (C), soli above the cliff (SC), beach sand 

(BS) and marine sediments from the coastal zone (1 m depth) (CS(1)). Next station was located 1 km away 

from the cliff and marine sediments were collected there (1 m depth) (CS(2)). There were also three offshore 

stations. Two in the marine accumulation zone (AZ): P110 (the center of the Gulf Of Gdansk) and GG 

(Gdansk Deep), and one in the mouth of Vistula River (VM) (second largest river discharging into the Baltic 

Sea). Land samples  were collected manually, marine samples – using van Veen grab sampler. Metal 

concentrations were analyzed using XRF spectrometer in cooperation with Institute of Oceanology of the 

Polish Academy of Sciences. 

Results 

Not in all analyzed samples every metal was above the limit of detection (LOD). In the case of As  and Y 

there were values <LOD – in sandy sediments with very low content of fine fraction (<1%). Maximum 

concentrations of V, Fe, Cu, Zm, As, Rb, Y and Zr  were found in accumulation zone marine sediments. Cr 

was highest in sediments from Vistula river mouth, and Mn in clay sediments of Orlowo Cliff.   
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Table 1. Median metal concentrations [mg kg-1] in surface sediments and soil in particulate stations. 

station V Cr Mn Fe Cu Zn As Rb Y Zr 
SC 18,5 57,3 135,8 7602,3 10,0 19,3 8,5 35,7 12,5 174,7 
C 38,0 59,7 402,2 23963,2 18,5 39,5 7,5 78,3 21,0 148,7 

BS 13,0 74,0 102,0 2872,7 8,7 10,3 <LOD 22,0 10,5 24,7 
CS (1) 13,4 87,5 112,7 3133,8 8,5 9,5 <LOD 25,5 9,0 36,3 
CS (2) 16,0 65,3 75,0 2630,0 8,3 12,0 <LOD 25,5 <LOD 21,3 

AZ 50,5 65,0 347,0 32777,7 41,0 180,7 14,3 107,0 22,7 188,7 
VM 12,0 97,9 116,5 7408,0 9,3 28,0 8,0 30,7 10,5 119,2 

Figure 1. Estimated loads of particular metals (tonnes per year) to the Gulf of Gdansk introduced by Orlowo Cliff 
(Fe is on the separate axis due to high values).  

Conclusion 

None of analyzed metals exceeded safe, background values typical for each kind of sediment (Kabata-

Pendias and Mukherjee 2006).  Apart from Cr, As and Zr all metals were very strongly correlated (>90%, 

p<0,05)  with fine sediment fraction (<0,063 mm) and content of organic matter both on land (C, SC, BS) 

and marine (CS(1)), CS(2), AZ, VM) stations. Dominant type of sediment in colluvial material of Orlowo 

Cliff (C) is boulder clay in which were observed higher metal concentrations than in soil above (SC), 

especially Fe and Mn. This cliff “print” was visible in coastal sediments (CS(1)) where values of those two 

metals were significantly higher than 1 km apart in the same type of sediments (CS(2)).  Highest metal 

concentrations in the accumulation zone (AZ) are associated with fine fraction and LOI values which highest 

from all the stations and are 29,8 % and 15,4 % respectively. Metal loads were calculated based on median 

concentration values and the load of sedimentary material which is introduced to the Gulf of Gdansk by 

Orlowo Cliff erosion (9 647 t) (Beldowska et.al. 2016). Fe load is the highest -231 t what equals 2,3 % of 

the whole introduced sedimentary material. Loads of other metals varied from 0,07 t (As) to 3,88 t (Mn).  
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Introduction  

Mercury (Hg) is one of the most dangerous global pollutants. It is a neurotoxin, which spreads rapidly in 

the environment, accumulates in organisms tissues and biomagnifies in the higher trophic levels, reaching 

concentrations many times greater than in the surrounding media (Förstner &Wittman, 1981). The important 

way that Hg may be included into the trophic chain is its absorption by benthic organisms constituting a 

significant food source. The aim of the study, conducted within the framework of a National Science Centre 

project (No. UMO 2011/01/B/ST10/07697), was to determine the spatial variability of Hg concentration in 

the macrozoobentos of the coastal zone of the Gulf of Gdańsk, taking into account the influence of Hg 

sources into the marine environment. 

Methods 

Studies were carried in the coastal zone of the Gulf of Gdańsk, at 2 stations: C1 (located near Osłonino, in 

bay with limited water exchange, influenced by surface runoff caused by rivers inflow and coastal abrasion) 

and C2 (located near Chałupy, in a distance from the mainland, influenced by open sea waters). 

Macrozoobentos samples were collected monthly form January 2012 to May 2013, at the depth ca. 1m. 

Methods of sample collection, storage and preparation, as well as the biological analysis and the 

determination of total mercury (HgTOT) have been described in earlier study by Bełdowska et al. (2016).  

Results  

The macrozoobenthos samples contained 20 species belonging to Bivalvia, Crustacea, Gastropoda, 

Polychaeta, Oligochaeta, Nemertea and Insecta larvae. The species composition and the number of 

identified species were varied stations in Osłonino and Chałupy. Only 9 species were common to both 

stations and did not constitute an accidental taxa. HgTOT concentrations in zoobenthos of the coastal zone of 

the Puck Bay ranged from 7 ng g-1 dw to 521 ng g-1 dw and differed significantly in individual taxa and 

trophic groups, as well as between the sampling stations (Fig. 1).  

Conclusion 

The diverse composition and structure of the zoobenthos at the sampling stations was associated with nature 

and configuration of the bottom character, and with the influence of local runoff (Kotwicki 1997).  
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Figure 1. HgTOT concentration in zoobenthos taxa in the coastal zone of the Puck Bay (stations C1 and C2) 

Land-based Hg sources contributed to greater inflow of suspended matter (SPM) to the coastal zone (station 

C1), which led to increases in the concentrations of Hg in organisms feed on large particles of suspension. 

SPM underwent sedimentation close to the source which influenced the increase of HgTOT concentration in 

sediments, benthic diatoms and phytobenthos, and consequently an increase in the Hg level in zoobenthos 

taxa that feed on them. In the case of the area subjected to the influence of the open sea (station C2), the 

main source of Hg was resuspended sedimentary material from deeper parts of the basin transported along 

with the sea currents. Hg-rich fine-grained sediments led to increase of HgTOT in zoobentos fed on smaller 

suspension particles, as well as in detritivores (Fig. 1). Furthermore, the Hg concentrations measured in the 

coastal zone of the Puck Bay, in case of most zoobenthos species, were similar in comparison to the deeper 

parts of the bottom near the study area (accumulation zones). This means that Hg sources described by the 

authors (even the local ones), play an important role in the Hg load into the marine coastal zone and its 

introduction into the trophic chain. 
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Introduction 

Enrichment of surface water by metals is a result of both natural processes and human activities. The 

anthropogenic impact on the environment has increased dramatically over the last century, which is 

associated with the ever-increasing volumes of extracted metals and their dispersal with atmospheric 

precipitation. Forms of finding metals in natural waters are important information about the level of 

toxicity of a natural object and are direct reflect of atmospheric deposition. 

The aim of research was to investigate the metals distribution by the forms in lakes of the Kola Peninsula 

in terms of different anthropogenic load. 

Methods 

We investigated more than 50 lakes at different distances from industrial plants (Fig. 1). 

Fig 1. Location of investigated lakes 

Water samples were collected in non-sorbing plastic bottles. In the field, the bottles were rinsed twice 

with lake water, then filled and placed in dark containers and kept at 4°C. The scheme of the sampling 

points, the principles of research and the methods of water sampling, as well as chemical analyses, are 

described by Moiseenko et. al. (2013).  The total content of elements and dissolved forms, suspension and 

complexes with organic ligands forms were determined in sample (ion exchange resins, ICP-MS). 

We use the following gradation of lakes: firstly, location lakes on the distance from the pollution source: 

1. lakes without the direct source of pollution; 2. lakes near the source of pollution; 3. lakes on excision

from the source of pollution. And we separate all chemical elements according their chemical properties: 

1. alkali, alkaline earth metals; 2. subgroup of chrome; 3. subgroup of lanthanides, actinides; 4. ions of

iron and aluminum; 5. subgroup of stanium 
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Some results. Lakes without direct source of pollution 

The results of the distribution of iron and aluminum (fig. 2) forms showed an increase in the degree of 

binding to organic materials in water under the pH below 6 and color than 100. This is, firstly reduction 

and hydrolysis processes and secondly, different ratios of concentrations of iron and aluminum in system. 

Fig. 2 The distribution of iron and aluminum by forms 

The data have allowed constructing the following series of activity of metal in complexation: pH< 6 

Fe>=Al>Y>Pb>Zn>Cu>Sc>Ni>Co>Cd and pH>6  Cu>Fe>Al>Sc>Co>Ni>Zn>Pb>Y>Cd 

Lakes with direct source of pollution 

Chromium ions are characterized by sufficient complexing capacity (pH>6.5) under high anthropogenic 

load due to an increase in their concentration as compared with lakes without direct sources. Manganese 

in such conditions has a high capacity to form suspensions. The complexation of heavy metals is 

modified as follows:  zinc is complexed by more than 50% (more than in lakes 1 type), copper actively 

forms complexes with organic matter due to a significant increase in their concentration. The affinity of 

these elements to an organic substance as follows: Fe>Al>Zn>Ni>Cu>Pb>La>Ce>Co 

Changing forms of finding metals with increasing distance from the source of pollution – Cu-Ni smelter 

(% of complex form) 

Significant reduction of complexing forms of nickel and copper, as well as their total contents are 

indicating a decrease in aerobic pollution on some distances of source of pollution. But, the lower nickel 

ability to form complexes with compared copper is a consequence of greater affinity of copper to organic 

ligands. The distribution of metal affinity for organic substances should be Fe>Al>Cu>Ni>Y. 

Conclusions 

1. In lakes without a direct source of pollution complex forms of the elements are determined primarily

by the content of organic matter. Suspended substances forms are determined geological characteristics of 

the territory. 

2. The increase in the content of elements in the lakes near the sources of pollution determines a material

balance impact on complexation with organic ligands: Al content greater in the lake near the source of 

pollution than the natural acidification lakes and the content of Cu and Ni complex forms are dominated 

in lakes near source of pollution.  

Research was done with funded by a grant of Russian President № МК-7485.2016.5 
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Introduction  

High rate of urbanization and industrialization of provincial cities and Ho Chi Minh City (HCMC), of which 
current population is more than 10 million, resulted in serious water issues of Saigon-Dongnai River SGDN 
River. Heavy metal contamination from urban areas and industrial zones were found in water and sediment 
in Saigon River (Anh et al., 2003; Trang, 2006). Clam is one of predominant commercial aqua-products 
exploited in Can Gio District, the coastal zone of HCMC, that belongs to Saigon river estuary area. In 
aquatic organisms such as mollusks, metal content in the tissue can be highly dependent on environmental 
conditions such as water, sediment, suspended particulate and on the physiological status of individuals 
(Wright et.al, 1985). Indeed, heavy metals could be absorbed to particulate matter and accumulated in 
bottom sediments (Kennish, 2001; Pan & Wang, 2012) and bivalves (Dan et al., 2014; Lias, T, & Nor Aliaa, 
2013). Thus, this study aimed to monitor some selected trace metals (Cu, Zn, Pb, Cr and Cd) in clam 
Meretrix Lyrata, suspended particulate matter (SPM), water and sediment at clam farms at Can Gio coastal 
area in HCMC, Vietnam. 

Methods 

Sediment, SPM, water and clam samples were collected in in both rainy and dry seasons (March, April, 
May, June, July and September 2015) at clam farms at Can Gio District. Water, sediment, suspended 
particulate samples and clams were sampled at clam farms in Tan Thanh beach, nearby Cua Tieu estuary, 
Tien River mouth which belongs to Mekong river Delta, as a comparative site. The sampling was performed 
at low tide when the sand beach exposed to the air. About 150 mL water samples were filtered on-site using 
0.45 µm Whatman® cellulose acetate filter to separate dissolved phase and SPM. About 200 gram of 
sediment, water, SPM and clam samples were stored in icebox during the transport from the sampling site 
to laboratory. Clams of 3-12 months age were directly collected at the beach by hand picking. White hard 
clams (Meretrix lyrata) were selected to study. The sediment, SPM and clam samples were dried at 60oC in 
oven about 5 to 6 hours and powdered until digestion procedure. In the laboratory, the clam tissues were 
cleansed to remove mud and debris and subsequently washed with double distilled water. Trace metals of 
filtered water, treated clam fleshes and sediment samples were analyzed according to EPA method 200.7 by 
using ICP-OES (with level of detection of ± 1- 5 µg/l) at the laboratory of HCMUT. Replicate analyses was 
conducted on 10% of the samples to evaluate precision of the analytical techniques.  

Results 
Trace metals in SPM and clam flesh at the clam farms in Can Gio beach were higher than those in Tan 
Thanh beach (Figure 1). Zn and Cd contents in the clams were higher than those of Median International 
Standards (MIS). Cu contents in clam fleshes at Can Gio were little bit over than that of the limits of USFW, 
whereas mean Pb contents of all samples were less. Cu and Pb concentrations increased for clams with 
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higher age. In comparison to aqua-food quality regulation of some countries, some clam samples at Can 
Thanh beach did not met the limit values in terms of Zn and Cd, whereas trace metals of all clam samples 
in Tan Thanh beach, near Tien River, did met.   

Figure 1. Concentration of trace metals in clam fleshes 
Conclusion 

This study results showed that heavy metals (Zn, Cu, Pb, Cd and Cr) with the high concentration in water, 
sediment, particulate and clams in the coastal area in HCMC. These concentrations were higher than that in 
Tien River belonging to Mekong River.  
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Introduction 

Zinc (Zn) is an essential element for life. Despite its importance, the trophodynamics in natural lake systems 

has been poorly studied, and is unknown in the Patagonian waterbodies. This element reaches the ecosystem 

from natural sources, such as volcanic eruptions, which are frequent in the study region, releasing Zn to the 

aquatic environment by ash leaching (Ruggieri et al., 2011). The Puyehue-Cordón Caulle volcanic complex 

erupted in 2011 affecting the Lake Nahuel Huapi area, especially the Rincón Branch, the nearest lake point 

to the volcano. This environment is characterized by a zooplanktonic community composed by copepods 

and cladocerans and their main predator, the forage small fish Galaxias maculatus (Milano et al, 2013; 

Arcagni et al, 2015). 

The aim of this study was to analyze the changes in Zn concentrations ([Zn]) in G. maculatus and its prey 

associated with the impact of the volcanic event. 

Methods 

Zooplankton > 200 µm were sampled from a boat by hauling the water column in two depths (90 to 45 m, 

and 45 m to the surface). G. maculatus adults were captured using baited traps and seine nets. [Zn] were 

determined by Instrumental Neutron Activation Analysis in lyophilized material (Ribeiro Guevara et al., 

2005). 

Results 

The zooplankton studied consists of adult cladocerans Bosmina longirostris (O. F. Müller, 1785), 

Ceriodaphnia dubia (Richard, 1894) and the copepod Boeckella gracilipes. In the samples collected 

immediately before the Puyehue-Cordón Caulle 2011 eruption, [Zn] ranged from 85 to 258 µg g-1, whereas 

after the event (Winter 2011) [Zn] were maximum (29-805 µg g-1), decreasing to 87-156 µg g-1 in 2012 and 

2014. G. maculatus [Zn] showed the same trend, increasing considerably after the eruption (285-593 µg g-

1) and returning to previous values one year later, (112-191 µg g-1), a condition that remained after 2 years

(116-198 µg g-1). 
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Figure 1. Seasonal variation of  Zn concentrations (g/g DW) in zooplankton above the thermocline 
(triangles up) and below the thermocline (triangles down), and small puyen (box plots), before and after 

the volcanic eruption. 

Conclusion 

Higher Zn concentrations observed in both trophic levels after the volcanic event, may be related to a higher 

input of Zn from the volcanic ashes. However, a year later the system recovered showing similar [Zn] levels 

than those recorded before the eruption. 
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Introduction 

Monomethylmercury (MeHg) is the most toxic and bioaccumulated mercury species with deleterious 

effects on higher organisms (Allen et al., 2002).  Consumption of mercury contaminated food is 

recognised as the main entry of this contaminant in organisms and biomagnifications vector in food 

webs (Fitzgerald and Clarkson, 1991), but biotransformation processes of mercury by gut microbiota 

remains unclear (Pennacchioni et al., 1976; Rudd et al., 1980).  The recent discovery by Parks et al. 

(2013), of genes necessary to achieve mercury methylation (hgcA and hgcB), has opened new 

opportunities to answer this question.  To date, only one global survey of hgcA and hgcB metagenomic 

data has been performed and did not reveal the presence of these genes in gut microbiota of vertebrates 

(Podar et al., 2015).  In this study, we determined the 16S rRNA microbial diversity and the presence 

of hgcA gene and explored ex vivo mercury methylation capacity of gut microbiota samples isolated 

from the intestinal tract of fishes of two different trophic levels: the carnivorous perch (Perca 

fluvatilis) and the herbivorous roach (Rutilus rutilus). 

Methods 

Perches and roaches specimens were sampled in September 2015 in Cazaux-Sanguinet Lake which is 

an oligotrophic lake located on the Atlantic coast in south-west of France.  The intestinal content was 

immediately collected and processed under anoxic and dark conditions to assess ex vivo mercury 

methylation capacity by using 199Hg2+ and Me201Hg+ stable isotopic tracers (Rodriguez-Gonzalez et al., 

2013).  We evaluated the relative contribution of methanogenic and sulfate-reducing bacterial (SRB) 

populations to the mercury methylation activity by supplementing the intestinal content from roach 

specimens with either 2-bromoethane-sulfonic-acid or molybdate as specific inhibitors, respectively 

(Compeau and Bartha, 1985).  Inversely, we favoured the activity of sulfate-reducers, which are 

known strong mercury methylators in freshwater sediments (Gilmour et al., 1992) by the addition of 

sulfate and determined the impact on the mercury methylation activity.  Finally, we achieved the 

determination of the 16S rRNAgene diversity and eventually the detection of mercury methylation 

gene (e.g., hgcA) by using primers developed elsewhere (Shaefer et al. 2014). 

Results 

In untreated intestinal samples of roach and perch, MeHg consisted in 17% and 77% of total natural 

endogenous mercury, respectively.  After four hours of incubation with isotopic tracers, methylation 

potential was higher in roaches than in perches intestinal samples (c.a., 0.34±0.07% and 0.17±0.02%, 

respectively).  As expected, the addition of specific metabolic inhibitors negatively impacted MeHg 

production (c.a., 0.01±0.03% with molybdate and 0.21±0.04% with 2-bromoethane-sulfonic-acid).  

Alternatively, sulfate addition significantly enhanced mercury methylation (0.82±0.02%) that suggests 

enhanced metabolic activity of mercury-methylating SRB population.  These data were used to 
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estimate daily methylation potentials as presented in Table 1. The biological mercury methylation was 

confirmed by the lack methylmercury production in autoclaved intestinal controls.  More importantly, 

the metabolic potential necessary for mercury methylation was confirmed by the detection of HgcA in 

intestinal samples from roaches and perches. 

Table 1. Inorganic mercury 199Hg2+methylation (M in % day-1) determined in ex vivo incubations of perches and 

roaches gut content under anoxic and dark conditions.  The relative contribution of sulfate-reducers and 

methanogens to Me199Hg+ formation was assessed by supplementing samples with sulfate to enhance SRB 

activity or with specific metabolic inhibitors (e.g., molybdate and 2-bromoethane-sulfonic-acid, respectively). 

Matrix 

Supplement 

Roaches gut microbiota 

(M % day-1) 

Perches gut microbiota 

(M % day-1) 

None 

2-bromoethane-sulfonic-acid 

Molybdate 

Sulfate 

2.04 ±0.42 

1.26 ±0.24 

0.06 ±0.18 

4.92 ±0.12 

1.02 ±0.12 

n.d. 

n.d. 

n.d. 

n.d. not done due to the very low quantity of sample available 

Conclusion 

The gut microbiota from roaches and perches of Cazaux-Sanguinet Lake, harbour hgcA gene and have 

the potential to transform inorganic mercury into MeHg.  However, its impact on the host organism 

should be limited due to (i) the low methylation potential and (ii) greater MeHg inputs from food 

intakes, especially for piscivorous fishes.  Nonetheless, MeHg freshly produced in vivo could have a 

greater mobility -from the intestine to the blood system of fishes ˗ than that of MeHg bio-accumulated 

in ingested plant and prey tissues.  Interestingly, net MeHg production was much higher in roach than 

in perch which was unexpected in regard to the lower endogeneous (natural) MeHg concentrations in 

roach gut.  These results suggest that roach intestinal microbium harbours mercury-methylating 

microorganisms that are either in greater density or have a better capacity to methylate mercury in 

comparison to that in perch, which ingested much of its mercury from preys under the form of MeHg. 

In the other hand, roach feed much on periphyton where lower percentage of endogenous MeHg (c.a., 

1% of total mercury) was measured. Under specific conditions sulfate-reducing microorganisms that 

harbour mercury methylation genes may be more active and play a major role in the production of 

MeHg in the intestinal tract of roaches. 
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Introduction 

Durum wheat (Triticum turgidum L. subsp. durum) is the fourth most important cereal crop in France. It 

can accumulate Cd in grain to levels exceeding international trade standards which are threatening for 

human health. Cd imported into developing grains may originate from either Cd directly taken up by roots 

or Cd indirectly remobilized from vegetative organs. Previous studies have shown that, with a maintained 

supply of Nitrogen (N) during the grain filling period, the remobilization of Cd from vegetative organs to 

grains is supposed quite limited (Harris & Taylor, 2013). In the field, however, the availability of N in soil 

is often low during grain filling. Under this condition, the remobilization of N takes place and accounts for 

most of the N present in the grain at maturity (Bahrani et al., 2013). Thus, there is a need to know whether 

the supply of N during grain filling has an impact on the Cd remobilization and the level of Cd in the grains. 

In the present study, we used the Cd isotopic tracing to answer this question and to determine the 

quantitative importance of the two origins of the grain Cd.  

Methods 

The French durum wheat cultivar Sculptur was used in this study. Fifteen plants were grown hydroponically 

and exposed to 100 nM Cd (p(Cd2+) = 10.78). Five plants were harvested at anthesis. The rest 10 plants 

were kept growing in the nutrient solution where the source of Cd was changed for a source enriched in the 

isotope 111Cd. We kept providing N for 5 of them, but cut the N supply for the other 5 plants. At maturity, 

they were all harvested. All the organs, which are roots, stems, leaves, spikelets+rachis (S+R) and mature 

grains, were oven-dried, milled, digested when necessary and analyzed for their total concentration in N 

and Cd. The Cd accumulated before or after anthesis was distinguished based on the isotopic ratio 
114Cd/111Cd which was assessed by HR-ICP-MS and quantified base on the theory and equation introduced 

by Rodríguez-Cea et al. (2006). The apparent flow of N was calculated based on the difference of N amount 

for each organ between anthesis and maturity. 

Results 

The concentration of Cd in mature durum wheat grains ranged from 1.02 to 1.57 μg g-1 DW, which were 5 

to 8 times higher than the threshold value (0.2 μg Cd g-1). When the supply of N was maintained after 

anthesis, the remobilization played an important role for both Cd and N. Indeed, on average 48% of the Cd 

and 57% of the N imported in developing grains were remobilized from vegetative organs. Stems were the 

main source for grain Cd whereas leaves were the main source for grain N. The Cd taken up post anthesis 

was not only allocated to the grain but to every aboveground organs. When the supply of N was cut at 

anthesis, no decrease in the concentration of Cd was observed in the grain. Moreover, no difference in the 
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origins of grain Cd was detected between the two N supplies. The proportion of grain Cd issued from 

remobilization was on average higher under the low N supply (58%) than that under the high N supply 

(52%) but the difference was not significant (P > 0.05). Surprisingly, the concentration of N in the grain 
was the same under both N supplies. The efficiency of N remobilization thus increased when we cut the 

supply of N but this did not enhance the efficiency of Cd remobilization. Furthermore, no decline in the 

post-anthesis uptake of Cd occurred when the N supply was cut. 

Figure 1. Cadmium contents in hydroponically grown durum wheat with sufficient N supply 

Conclusion 

By using the Cd isotopic tracing, we successfully separated the Cd remobilization from uptake and 

quantified them. Unlike other studies, our study showed that about half of the grain Cd originate from the 

Cd remobilization of pre-anthesis stores. The N remobilization was promoted by the low N supply after 

anthesis, but it has no impact on the Cd fluxes into developing grains.  
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Introduction 

Salt marshes are dynamic coastal regions of environmental and economic importance. The salt marshes of 

Platier d’Oye located in a heavily industrialized zone (including Calais and Dunkerque, northern France) 

are currently part of an ecological restoration project (by EDEN62) and belong to a national sanctuary 

created in 1987. Despite past and current activities related to industry, hunting and WW2 in and around 

the studied area, no data on metal contents are available for this zone. Therefore, the aim of the present 

study is to establish a first inventory of metal contents associated with physico-chemical parameters and 

isotopic Pb measurements in salt marsh sediments from the Platier d’Oye. 

Methods 

Unvegetated sediment cores of 15-25 cm length were collected from five sites inside the sanctuary in 

September 2014 for isotopic and metal analyses. Sediments were also characterized for organic matter 

content, grain size distribution and mineralogy. After concentrated acid digestion, total concentrations of 

Al, Cd, Cr, Cu, Fe, Mn, Ni, Pb, V and Zn were determined by ICP-AES. The extent of sediment 

contamination was determined using the enrichment factor (EF)1. In selected levels with different EF, the 

reactive fraction of lead was obtained using 1 M HCl leaching (Leventhal and Taylor, 1990) for isotopic 

composition determination by TIMS. 

Results 

Figure 1 reports the enrichment factors of 4 representative metals (Cr, Ni, Pb and Zn) in 5 sediment cores. 

For all stations, Ni shows either no or minor enrichment (the same tendency was obtained for Cd, Cu, Fe, 

Mn and V). In contrast, Pb enrichment is considered as moderately severe in one site and below 10 cm for 

another site. For Zn and Cr, enrichments are estimated as moderate in three and two sites, respectively.  

1 EF = (X/Al)sample/(X/Al)background where X/Al is the ratio of metal (X) to aluminium. The used background values 

were the average concentrations of upper crust reported by Taylor and McLennan (1995). 
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Figure 1. Enrichment factor (EF) values for Ni, Cr, Pb and Zn in five core samples from the Platier d’Oye. EF < 3 

indicates minor enrichment, EF = 3-5 moderate enrichment, EF = 5-10 moderately severe enrichment. 

207Pb/206Pb versus 208Pb/206Pb diagram (Fig. 2) 

presents data obtained on selected core levels. 

Whereas Pb samples with low EF have a more 

geogenic character, those with higher EF exhibit a 

more anthropogenic signature. This is confirmed 

by comparison with northern France intertidal 

sediments from the (1) “near-pristine” Authie bay 

and the (2) strongly contaminated Seine bay.  
Figure 2. Pb-Pb diagram for reactive Pb from the 

Platier d’Oye salt marsh sediments (red squares) with 

data from sediments of the Authie and Seine estuaries 

(Philippe et al., 2008). 

Conclusion 

The salt marshes of the Platier d’Oye present various contamination levels ranging from uncontaminated 

to moderately severe contaminated. These variations will be interpreted with respect to the involved 

metals, their sources and the physical-chemical parameters of the sediments. Special attention will also be 

paid to the history of this area and its environmental management. Considering the important role of 

halophytic plants on metal dynamics in salt marshes (Almeida et al., 2008), further investigations will be 

conducted on this zone to characterize metal mobilization processes under different vegetated covers. 
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Introduction  

The identification of urban pollutant sources is a major issue to restore estuarine and coastal water quality. 
Moreover, it is a useful tool to minimize future contamination as worldwide urban populations are projected 
to increase from ~3.1 to 6.7 billion in 2050, particularly in East Asian countries with high economic 
development. The Danshui River (L=159 km and S=2,726 km²) is the major system in North Taiwan. It is 
a quite undisturbed section upstream and it drains the Taipei-Keelung-Taoyuan Metropolitan area 
downstream with roughly 9.1 million inhabitants. This study aims at determining the distribution of trace 
metals (V, Cr, Co, Ni, Cu, Zn, As, Sr, Mo, Ag, Cd, Sn, Sb, Ba, Pb, Th, U and Hg) and REEs (La, Ce, Pr, 
Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu) within the Danshui system in order to i) identify geochemical 
anomalies using local geochemical background (LGB); ii) determine anthropogenic sources, and/or 
physicochemical processes (Figure 1.A). 

Methods 

A sampling campaign was performed in March 2015 in 16 strategic sites along the Danshui System and its 
major tributaries (Xindian, Dahan and Keelung) in order to determine the spatial distribution of trace metal 
and REE concentrations in water (i.e. unfiltered (UF), < 0.2 µm and < 0.02 µm fractions) and in river 
sediments. River sediments were treated with a tri-acid digestion with HNO3, HCl and HF. Trace metal and 
REE concentrations were determined by ICP-MS (Thermo SCIENTIFIC X-Series 2) with external 
calibration under standard conditions. The applied analytical methods were continuously quality checked 
by analysis of international certified reference materials. 

Results 

Enrichment factors (EF) were calculated using Th-normalized concentrations in river sediments compared 
with LGB values (determined at PRP station) (e.g. Cu, Figure 1.B). The sequence for mean EF values is: 
9.5 > Sn > Hg > Cu > Ag > Zn > Cd > As > Mo > Pb > Sb > Ni > Sr > V > Co > Cr > U > Ba ~1. High EF 
for Sn (EFmax=28), Cu (EFmax=9; Figure 1.B) and Ag (EFmax=7) in river sediments are concomitant with 
significant Gadolinium (Gd) anomalies in < 0.2µm waters (until 32 ng/l); both are observed in urban areas 
which are surrounded by several hospitals and industrial centers (Figure 1.A). Trace metal concentrations 
in water increase from upstream (mainly on < 0.2 µm or < 0.02 µm fractions) to downstream (mainly on 
unfiltered fractions) (Figure 1.C). However this increase is not only due to anthropogenic urban sources. 
The increase of unfiltered fractions in the Danshui system can be explained by sediment resuspension (tide 
effect). Different geochemical behaviors along the salinity gradient are reported such as conservative 
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behavior (e.g. Cd) and not conservative behavior (addition or subtraction). For example, Cu showed an 
addition in the dissolved phase at DS1 which could be related to organic matter degradation.  

Figure 1. A) Hydrogeochemical cycle of trace metals in the Danshui System. B) Enrichment factors for Cu in river 
sediment. C) Trace metal concentrations in water in dissolved (<0.02 and <0.2 µm) and unfiltered (UF) phases. 

Conclusion 

Our results suggest that anthropogenic urban activities may contribute to additional sources of both 
dissolved and particulate Ag, Sn, Cu and Gd in the Danshui System and these elements could be used as 
tracers of wastewater discharges. Despite of significant anomalies, the fluvial-estuarine Danshui System can 
be considered as less polluted than other urban systems. High mechanical erosion and unpolluted sediment 
supply entering in the estuary may diminish this impact during extreme rainy events (e.g. typhoons). 
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Introduction 

On ARZEW the region (Algeria) is one of the largest oil industrial zones in Africa The city of ARZEW is 

a recent town that lies within the Natural Gas Liquefaction fields. It is one of the intensely affected by soil 

pollution from industrial regions, particularly by hydrocarbons and heavy metals. Large-scale oil refinery, 

liquefaction natural gas and related industrial activities can release significant amounts of heavy metals. 

An increase in pollution by heavy metals in soils Arzew due to industrialization and intense urbanization 

has become a serious environmental problem. 

The aim of the thesis is to determine the concentration and spatial distribution of heavy metals in the 

surface soil of Arzew to identify their sources and assess their levels of contamination. 

Soil samples from 54 sampling sites in roadside in Arzew were collected and analyzed 

Methods 

The region of Arzew is one of the largest oilfield in Algeria wish is located at the West of Algeria on the 

plateau of El Mahgoune two kilometers from the city of Arzew and about 40 kilometers east from the city 

of Oran and at 400 km from Algiers the oil field of Arzew extends over a surface of 150 ha The ressources 

in gas and oil were exploited there for more than 50 years with The Arzew refinery processes 3.5 million 

tonnes per year of crude oil 

A total of 54 topsoil (0-20 cm) were collected from different main functional sections in four zones of 

Arzew including 25 were collected from roadside 14 from residential region 07 from agricultural area 08 

from industrial area.    

Abstract Book of the 18th International Conference on Heavy Metals in the Environment, 12 to 15 September 2016, Ghent, Belgium 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

– 411 –



18th International Conference on Heavy Metals in the Environment

‐ 378 - 

Sieving soil 0.2mm and mineralization of 50 samples in aqua regia (7ml hydrochloric acid and 3.5ml of 

nitric acid) 

Solution analysis by ICP spectrometry inductive coupling plasma atomic emission (ICP-AES) using a 

Jobin Yvon JY2000 Ultra Trace spectrometer according to DIN EN ISO 11885.  

The measurement parameters of ICP-AES are summarized below: 

- Power: 1000 pump speed: 20 ml / min, plasma gas flow rate: 12 L / min flow gas 

vector: 0.2 L / min, nebulizer flow rate: 0.83 L / min, nebulizer pressure: 3.1 bar 

Results: 

Table 1: Heavy metal concentration in urban soils in the Arzew City 

Métaux lourds Concentration mg/kg 

Min       Max    Moy 

As 

Co 

Cr 

Cu 

Ni 

Pb 

Zn 

0.48 

04.09 

16.63 

08.10 

09.83 

23.81 

41.10 

16.41 

14.84 

84.42 

67.13 

42.13 

149.58 

164.88 

09.25 

09 

47.85 

19.68 

23.20 

56.48 

74.01 

Conclusion 

A total of 54 soil samples collected at the roadside of the Arzew area were analyzed. Arzew contaminated soils with 

Pb due to the high traffic and As, Cr and Ni due to the immense industrialization in the region. 
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INTRODUCTION 

High-intensity rainfalls can generate runoff events that transport dissolved soil elements and sediment 

from agricultural watersheds to surface water. Anthropogenic activities can contribute greater amounts of 

elements to soils and natural waters. Losses of elements by runoff from agricultural land have received 

little attention from agronomists and soil scientists. The goal of this 2-year project was to study the effects 

of annual precipitation on the concentration of elements in surface runoff entering natural water systems in 

the Roca watershed, Nebraska which is located in the north central region of the US Great Plains. The 

specific objectives were to assess the effects of annual precipitation on: i) the dissolved and sediment-

associated forms of Al, Fe, Mn, Cu, and Zn in runoff water, and ii) the impact of element loading into Salt 

Creek. 

MATERIALS & METHODS 

During the period from March through November for both 2009 and 2010, 35 weekly stream water samples 

were collected from Salt Creek. The stream water samples were filtered and the solid particle samples were 

dried at 105ºC. The concentration of the reactive form of elements in the sediment sample was determined 

by the Mehlich3 extraction method (Mehlich, 1984). The total content of elements was determined 

according to the acids (HF + HNO3 + HCl) digestion method, as described in USDA-NRCS (2004). 

In the stream water filtrate (< 0.45 µm), the dissolved species of Al, Fe, Mn, Cu, and Zn were determined 

by the Inductively Coupled Plasma-Mass Spectrometry. The dissolved anions in filtrate were determined 

by the high-pressure ion chromatography.  

RESULTS 

The annual water flow into the Salt creek was 10.1 million m3 for the dry year and 46.1 million m3 for the 

wet year. For the dry 2009 year, the weekly sediment loading into Salt Creek ranged from 0.01 to 729 metric 

tons, with an annual average of 47.9 metric tons/week. The wet year values gave an annual loading of 8933 

metric tons which was more than five times the amount of sediment measured during the dry year. Dissolved 

and sediment-associated forms of the five elements were measured weekly (kg) in Salt Creek at the Roca 

monitoring station during the dry and wet years. In general, both dissolved and sediment-associated element 

forms were greater for the wet than the dry year. Also, most of elements were found in water during and 
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after storm events. Hubbard et al. (1982) reported that most of elements loss in runoff occurs from a few 

high-intensity rainstorms, and the concentrations of chemicals in runoff can be high during those events. 

The total bioactive element concentration in Salt Creek during the dry year was 424, 349, 387, 5.21, and 

26.8 µg/L, for Al, Fe, Mn, Cu, and Zn, respectively. The corresponding total bioactive element concentration 

for the wet year was 622, 479, 114, 3.68, and 19.8 µg/L, respectively. 

The bioactive  Cu and Zn concentrations found in Salt Creek for both the dry and wet years were lower 

than the value of Cu (15 µg/L) and Zn (64 µg/L) concentrations in natural surface waters of the USA 

(Manahan, 1991). The maximum permissible limit for Fe, Mn, Cu, and Zn in U.S. drinking water is 300, 

50, 1300, and 7,400 µg/L, respectively while no limit has been recommended for Al (USEPA, 2002). The 

bioactive element concentrations found in Salt Creek were much lower than the maximum permissible 

value for Cu and Zn in U.S. drinking water. However, it appears that both bioactive Fe and Mn 

concentrations in Salt Creek have exceeded the permissible limit for U.S. drinking water during the two 

years.  

CONCLUSION 

The concentration and species of dissolved Al, Cu, and Zn measured in the Salt Creek stream water are not 

expected to have any adverse effect on human and animal health. However, the relatively high concentration 

of Fe and Mn in stream water has exceeded the permissible limit for U.S. drinking water.  Further, the Al 

concentrations determined in water (424 to 622 µg/L) suggests that aquatic life in Salt Creek could be 

harmed from long term exposure. On the other hand, none of the other four elements investigated (Fe, Mn, 

Cu, and Zn) have exceeded the recommended USEPA criteria for surface freshwater. In general, both the 

amount of elements in dissolved form and those associated with suspended sediments in runoff were greater 

for the wet year than the dry year. We conclude that greater precipitation during the wet year increased the 

five metal element loadings into salt Creek and the negative impact of runoff from agricultural land on 

surface water quality.  
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Introduction  

Nowadays, foodborne diseases have a major impact on human health. Xenobiotics are a significant 

cause of foodborne illness, although effects are often difficult to link with a particular food or agricultural 

area. Contaminants in agricultural soil and plants usually include fertilizers and pesticides (WHO). One of 

the most important steps in preventing contamination of agricultural products is monitoring of major and 

trace element content, which present in excess could be toxic. Variations of the physico-chemical conditions 

of major and trace elements as well as soil can influence the release of these elements (Filgueiras et al., 

2002). Trace metals and other elements in soils and plants may affect human health through the inhalation 

of dust, ingestion of soil, dermal contact, or consuming products from agricultural field contaminated by 

trace element (Morel et al., 1997; Kabata - Pendias and Pendias, 2001). This experiment was performed to 

investigate bioavailability fractions from vineyard soil, and accumulation in different parts of grapevine 

(seed, skin, pulp and leaf). 

Methods 

The “Oplenac” Wine Route is well known region for vine growing, in the vicinity of “Topola” city, 

80 kilometers away from Belgrade, the capital of Serbia. The topsoil (0-30 cm), grape leaves and grapevine 

samples were collected from 26 sampling sites in the vineyard, during grapevine season of 2015. 

Bioavailable elements from the soil samples were extracted with four different single extraction procedures: 

0.11 mol L-1 CH3COOH during 16 h extraction, 0.01 mol L-1 CaCl2 during 3 h extraction, 1 mol L-1 NH4NO3 

during 2 h extraction and distilled water during 2 h (Quevauviller, 1998) and 16 h. Distilled water extraction 

of 16 h was tested as an alternative single extraction process for toxic elements from vineyard soils. Leaf 

and grape samples were digested in a microwave digester, with 1 mL of 30 % H2O2 and 7 mL of 65 % 

HNO3. Eight potentially toxic elements (Al, B, Cu, Fe, Mn, Ni, Sr and Zn) were determined using 

inductively coupled plasma optical emission spectrometry, ICP-OES.  

Results  

For all extractants the most significant correlations between concentrations of Fe and Al, were 

established. These two elements originate from soil clay minerals, i.e., Fe and Al oxides. The most significant 

correlations were determined between concentrations of Ni and Mn extracted with CaCl2 (R=0.965, p<0.01) 

Abstract Book of the 18th International Conference on Heavy Metals in the Environment, 12 to 15 September 2016, Ghent, Belgium 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

– 415 –



18th International Conference on Heavy Metals in the Environment

‐ 382 - 

and NH4NO3 (R=0.964, p<0.01). Significant correlation between concentration of Sr and Mn (R=0.896, 

p<0.01) were determined during extraction with CH3COOH. However, the most pairs of significant 

correlations between the pairs of elements, e.g., Zn-Mn (R=0.776, p<0.01) or Zn-Ni (R=0.0826, p<0.01) were 

investigated during extraction procedure with NH4NO3. This weak salt extracted many pairs of element, which 

could be connected with metal containing agro-chemicals used in a conventional vineyard treatment. 

Considering all positive correlations, significantly positive correlations could be pointed out between 

concentrations of Cu-Mn, Cu-Ni and Cu-Zn just in case of the soil extraction with distilled water during 16 

h. Thus, this single procedure could be a good alternative for investigation of Cu content in vineyard soils.

A unique extractant could not be best solution for determination of all bioavailable elements, and 

for determination of major and trace element transport in soil-plant. However, judging by correlation and 

PCA analysis, concentrations of Mn and Sr extracted from soil samples with CaCl2 and NH4NO3 showed 

significant correlation with the same element concentrations isolated from the grape leaves (MnCaCl2-Mnleaf: 

R=0.663, p<0.01; SrCaCl2-Srleaf: R=0.798, p<0.01; MnNH4NO3-Mnleaf: R=0.664, p<0.01; SrNH4NO3-Srleaf: 

R=0.642, p<0.01). Furthermore, concentration of Sr extracted from the soil with CaCl2, NH4NO3 and 

distilled water during 2 h were in correlation with concentration of Sr isolated from the grape skin (SrCaCl2-

Srskin: R=0.863, p<0.01; SrNH4NO3-Srskin: R=0.646, p<0.01; Sr2h H2O-Srskin: R=0.544, p<0.01). The highest 

significant correlation was determined between concentration of Sr extracted with CH3COOH and Sr 

isolated from the grape pulp (R=0.940, p<0.01), also CH3COOH extracted concentration of Zn which was 

in correlation with Zn isolated from the grape skin (R=0.528, p<0.01). On the other hand, concentrations of 

Cu, Fe and Sr isolated from the grape skin were in correlation with Cu, Fe and Sr isolated from the grape 

leaves. 

Conclusion 

It could be concluded that NH4NO3 extractant was shown ability to isolate a pairs of potentially 

toxic elements, which could originate from the fertilizers or pesticides used in agriculture production. 

Extraction with distilled water during 16 h could be investigated as an alternative procedure for extracting 

some potentially toxic elements from vineyard soils. There was not unique extractant which could be best 

solution for determination all bioavailable elements, and for determination of accumulation of major and 

trace elements. 
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Introduction  

Cadmium is one of the most toxic elements affected human and animals health. It is known that 

cadmium taken with food is absorbed between 5 and 12% depending on animal species. Comprehensive 

studies on heavy metals accumulation in soils, plants, organs and tissues of different animal species are 

conducted in Siberia [1]. It was found the increased accumulation of heavy metals in soils, plants and 

animals only in some Siberian regions [2]. To produce high-quality healthy food products it is necessary to 

provide the information about heavy metals pollution, in other words, to organize ecological monitoring of 

the different Siberian regions. 

Methods 

In our study we analyzed the cadmium content in 84 samples of soil and coarse fodder (cereal-

legume grass hay), tissues and organs of 30 Black and White (zone 1) as well as 30 Hereford bulls (zone 2) 

aged 18 months in two Novosibirsk regions. 360 samples of muscles, heart, liver, kidneys, spleen and lungs 

were taken from these breeds. The Cd contents in soils and fodders were determined by the method of 

atomic absorption spectrometry using a fiery (a mixture of acetylene-air) and electro-thermal variations 

using atomic absorption spectrometer AAnalyst400 from PerkinElmer. The Cd level in organs and tissues 

was determined by the method of atomic absorption spectrometry using Zhimadzu AA-7000 spectrometer 

(Japan).  

Results 

The Cd contents in the leached chernozemic soils of Novosibirsk region was significantly lower 

than the maximum allowable concentration (MAC). The Cd level in coarse fodder in the region was below 

MAC (0.3 ppm). The cadmium is accumulated mainly in the kidneys of Black, White and Hereford cattle 

within the following limits: 0.120 and 0.202 ppm. The Cd level in liver, muscle, spleen, lung and myocard 
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of Black and White cattle was determined to be between 0.0220-0.0025 ppm. Its level varied in the range 

0.048-0.007 ppm in animals of Hereford breed. 

Table 1. Cadmium content (ppm) in soils and coarse fodders of Novosibirsk region. 

Sample n Mean ± SD(Novosibirsk 
region) 

n Mean ± SD 

(Zone 1) 

n Mean ± SD 

(Zone 2) 
Soil 85 0.10±0.03 21 0.11 ± 0.03 64 0.10 ± 0.03
Coarse 84 0.20±0.07 21 0.18 ± 0.09 63 0.20 ± 0.06

Table 2. Cadmium content (ppm) in cattle organs and tissues. 

Black and White cattle Hereford cattle
Mean ± SD Range Mean ± SD Range 

Kidney 0.120±0.083 0.020±0.32 0,202±0,212 0.010±0.730 
Hepar 0.022±0.007 0.009±0.034 0,040±0,011 0.024±0.062 
Muscles 0.018±0.008 0.009±0.036 0,023±0,018 0.001±0.67 
Spleen 0.0056±0.0049 0.0008±0.0180 0,046±0,043 0.002±0.150 
Lung 0.0039±0.0013 0.0020±0.0068 0,048±0,044 0.004±0.160 
Myocard 0.0025±0.0002 0.0010±0.0051 0,007±0,004 0.0007±0.0150 

The average Cd level in different soils types in Novosibirsk and other Siberian regions was found to 

vary in the range of 0.1-0.4 ppm that was significantly below the MAC (from 0.5-2.0 ppm). In coarse fodder 

(hay grasses and legumes) from different parts of Siberia the Cd level was between 0.1-0.2 ppm in respect 

to MAC (0.3 ppm). Consequently our investigation provides evidence that the Cd contents are within normal 

values in Siberian soil and fodder. Our experiments reveal also that the most Cd accumulation was observed 

in kidneys of dairy and meat cattle breeds, and was below the MAC (0.3 ppm). The least amount of this 

element was observed in the myocard of the cattle breeds studied. It is important to emphasize that the 

element concentration was ten times lower than MAC. 

Conclusion 

We have succeeded in determining the Cd levels in soils, fodders, organs and tissues in the milk and 

meat cattle breeds. Our results highlight that the cadmium level in all type of samples was significantly 

below the MACs that makes sure production of healthy food for people in West Siberia. A significance of 

our results is that the element levels established in cattle organs and tissues update information on the 

ecological norms for Cd in the environment of Siberia. 

This study was supported by Russian Science Foundation grant No. 15-16-30003. 
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Introduction 

Emission sources of metals refer to what eventually ends up in collecting environmental compartments like water, 

soil and sediment. Contrary to the point emissions resulting from manufacturing and uses of a metal (e.g. 

galvanizers), diffuse emission sources consist of a wide variety of anthropogenic non-point sources like releases 

from products, unintended emissions (e.g. metals from energy production), transport, agriculture, etc. . Diffuse 

sources are together with the natural background responsible for the “regional background” concentration in the 

environment, a key parameter in chemicals management risk assessment. An in-depth inventory of diffuse sources 

by the metals sector at EU scale confirmed the relative importance of the anthropogenic fraction of the regional 

background. For some metals, this fraction can be as large as 80 % of the allowable exposure in water, soil or 

sediments, often dwarfing the local emissions of metal manufacturing and use. Understanding the origin and 

contribution of different emission sources to the regional background, is therefore a key factor in defining 

priorities for exposure reduction or risk management, where relevant.  

Methods 

Extensive point and diffuse sources datasets including product release estimates and releases from non-intended 

uses, as well as measured monitoring values in EU waters, soils and sediments for base metals were collected in 

the metals risk assessments part of the Existing Substances Regulation (ESR, EC No 793/93) and in the 

registration dossiers under the European REACH regulation (EC, 1907/2006). 

Natural background values for metals in aquatic systems were defined in the EU ESR Dossiers while a very 

comprehensive mapping of background values for more than 15 metals in soils was conducted by the 

Geochemical Mapping of Agricultural and Grazing land Soil (GEMAS) Project, which aimed at collecting high 

quality data on metals concentrations and parameters that determine the bioavailability. 

The partial contribution of the metals diffuse sources to the overall regional background is estimated by 

comparing the calculated diffuse sources with an estimate based on monitoring data minus the natural 

background. The respective contributions of the different types of diffuse sources to a given compartment (e.g. 

run off from corrosion, releases from tires, …) are then compared to each other to determine how large the 

various contributions are. An understanding of the driver behind an individual diffuse emission source (e.g. SO2- 

based run off, metal concentration and wearing/km driven) helps to understand the potential for risk management 

by further exposure reduction and consequently the prioritization for chemicals management. 
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Results 

An overview of the total combined regional emissions for 9 metals in the EU demonstrates the large differences 

between different metals and in general the large relative contributions caused by agriculture (e.g. Cu, Zn, Ni, Co 

and Cd), while also traffic releases can be extensive (e.g. Cu, Zn and V). 

Figure 1: Overview of the total regional emissions for the different metals (sources for Cu, Pb, Ni and Zn are restricted to the 

original EU 15 countries) 

Ni is a typical representative for metals with high relative releases from sources with no relationship to the 

manufacturing and use of the metal and its compounds. Indeed, 40% of the emissions originates from unintended 

impurities from organic and inorganic fertilisers for agricultural practices, while more than 35 % comes from 

unintended emissions from mainly energy sources. Product release contributions are relatively small and are part 

of the household (0.5%) and a small proportion of the waste management emissions (15%). Lead is almost the 

opposite and a quite unique case. While the emissions of manufacturing and use are small, the contribution from 

metal product use is very significant (almost 80%) and almost exclusively caused by hunting shot. 

Figure 2: detailed Relative contribution of different sources of Ni and Pb to the total emissions (%) 
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Aggregating all intentional and non-intentional releases by compartment for selected metals (see figure 3) 

demonstrates the large differences in contribution from unintended sources compared to product releases and 

provides a view on the relative differences by receiving environmental compartments. Air for example is for Cu 

impacted by the releases from traffic (break pads …) while for soil agriculture is dominant as an unintended source. 

Figure 3: relative contributions from intentional product releases versus unintentional sources 

Conclusion 

The sum of the industrial emissions for metals do rarely contribute significantly to the regional background, 

although it can be locally of high relevance and importance. Releases from unintended sources, usually as an 

impurity, are often critical contributors to the regional emissions. Impurities in organic and inorganic fertilizers 

are “leading” emission sources at EU scale in general and more specifically for Zn, Cu, and Ni. Lead is the only 

metal where the product release contribution is dominant in the regional emission balance. A proper 

understanding of these selective contributions to the regional background and the factors that influence them (e.g. 

corrosion, fertilizer application rates etc.) allows to determine best options for potential exposure and risk 

reduction.  Such a ‘diffuse sources’ analysis should be conducted per receiving environmental compartment, as 

the lead emission sources can be different. The poster will propose a framework for the assessment of metals 

diffuse sources in the context of chemicals risk management prioritization and present examples of metals that 

provide large and small contributions as a function of their use in products, unintended emissions, transport and 

others. 
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Introduction  

Since the early 60. of the 20th century in environmental biomonitoring plant organisms were used. 

Due to their prevalence, mosses become the most commonly used bioindicators. Their morphological and 

physiological properties as well as the ability of contaminants accumulation [Gerdol al. 2014] allowed the 

wide use of them to study the degree of environmental pollution with heavy metals and polycyclic aromatic 

hydrocarbons [Ciesielczuk et al. 2012]. At the same time increased attention is given to the use of 

radioisotopes in environmental monitoring. 

The aim of the study was to describe the relationships between the concentrations of selected gamma 

radioisotopes and heavy metals contained in epigeic mosses (Pleurozium schreberi), lichens (Hypogymnia 

physodes) and base soil. 

The study was performed within the framework of the project: Ecosystem stress from the combined 

effects of winter climate change and air pollution - how do the impacts differ between biomes? (WICLAP) 

Polish Norwegian Research Programme (NCRD) POL-NOR / 198571/83/2013. 

Methods 

The soil, moss and lichen samples were collected in forest sites in Karkonosze mountains area, 

which in the 70.  of the 20th century was under strong influence of emissions from power plants. After 

manual removal of impurities and drying in 323 K, the collected material was stored in closed polyethylene 

bags and containers. The 0.4 g of subsamples taken from homogenized material were mineralized in mixture 

of nitric acid and hydrogen dioxide (1:3) in microwave mineraliser Speedwave Four (Berghof, Germany). 

Concentrations of Mn, Ni, Cu, Zn, Cd and Pb were determined with FAAS method, using iCE 3000 (Thermo 

Electron Corporation, USA). The determinations of activity concentrations of gamma radioisotopes (among 

others:Cs-137, Pb-210, K-40, Pb-214, Bi-214) were carried out by means of a gamma-spectrometer with a 

germanium detector HPGe (Canberra) of high resolution. Geometry of samples  was Marinelli beaker, 450 
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cm3. Measuring process and analysis of spectra were computer controlled with use of the software 

GENIE 2000. 

Results  

The results obtained from Karkonosze region indicate that the activity concentrations of 

radioisotopes of potentially antropogenic origin was significantly higher in mosses than in soil on which 

they occur. At the same time cluster analysis in test samples shows that the content of radionuclides in 

mosses slightly depends of their re-deposition from surface soil layers (Fig. 1), thus emphasizing the role of 

selective accumulation and atmospheric precipitation of these contaminants. 

The contents of heavy metals in mosses and lichens samples were different, depending on sampling 

site and plant type. Analysis showed divergence between concentrations of heavy metals in samples from 

the same sampling site (Fig. 2) which indicates different mechanisms and ways of accumulation of heavy 

metals. 

While comparing the concentrations of radionuclides with concentrations of heavy metals no trends 

for clustering were observed. However, the introduction of the excessive lead term (Pbex) into the analysis 

showed high association with previously mentioned heavy metals in mosses. 

Conclusion 

The contents of heavy metals in samples of mosses and lichens were different depending on 

sampling site and plant type. The content of radionuclides in mosses slightly depends on their re-deposition 

from surface soil layers. The excessive lead concentration (Pbex) in mosses showed high association with 

heavy metals content in them.  
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Figure 1. Dendrogram showing a tendency to cluster in
which the coordinates of points are determined  by
concentrations of radioisotopes in the soil (O), and
mosses (M). 

Figure 2. Dendrogram showing a tendency to cluster in 
which the coordinates of points are determined by 
concentration of heavy metals in mosses (m), and 
lichens (l). 
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Introduction  

Reactive halogen species are key oxidants of gaseous Hg0 making up the bulk of atmospheric Hg and considered 

having an important influence on the atmospheric residence time and dispersion of this toxic element. Stable Hg 

isotope analysis is an emerging tool to investigate sources, transport and transformation of airborne Hg, however 

field sample data interpretation is hampered due to a lack of information on the isotopic fractionation involved in 

major atmospheric transformation pathways (Sonke, Heimbürger, & Dommergue, 2013). This study presents the 

first measurements of Hg stable isotope fractionation during gas-phase oxidation of Hg0 vapor by the halogen 

atoms X• (X = Cl, Br).   

Methods 

Photolysis experiments were performed in 160 L collapsible Teflon-film chambers including initial air 

mixtures of Hg0 vapor (3 to 12 ppbv) and halogen atom precursor (50 ppmv CCl3C(O)Cl and CHBr3, 

respectively) at atmospheric pressure (750±1 Torr) and room temperature (298±3 K). The average Cl and Br 

atom concentration ranges (0.3 – 1.5) × 108 and (0.4 – 2.3) × 1010 atoms cm-3 during the study. The rates of 

reaction between Hg0 and Cl• and between Hg0 and Br• of (1.8±0.5) × 10-11 and (1.6±0.8) × 10-12 cm3 molecule-1 s-

1, respectively, were determined by using a relative rate technique involving light hydrocarbons with known rate 

coefficients as references. The relative consumption of the reference compounds and Hg0 was measured using a 

gas chromatograph with flame ionization detection and a cold vapor atomic fluorescence spectrophotometric 

(CVAFS) detection, respectively. In a set of experiments with Cl and Br atoms without organic references, the 

degree of conversion Hg0 → HgX2 measured as  by CVAFS was systematically varied by the 

duration of photolysis time. After an experiment reached the stipulated fR, the reaction mixture was evacuated 

from the chamber into a wet chemical Hg speciation train consisting of a series of impingers to separately capture 
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the Hg reactant and product(s). All impinger solutions were analyzed for total Hg concentration using dual stage 

Au amalgamation and CVAFS detection and Hg isotopic ratios were determined by MC-ICP-MS. 

Results 

Significant mass-dependent fractionation (MDF), and mass-independent fractionation (MIF) of the odd 

isotopes (199Hg and 201Hg) were observed during Hg0 oxidation by both halogen atoms. Heavier isotopes are 

preferentially enriched in the remaining Hg0 during Cl• initiated oxidation, whereas they are enriched in the 

HgBr2 product during oxidation by Br•. The latter inverse kinetic isotope effect is plausibly linked to a pre-

equilibrium in the Hg + Br• system due to a slower oxidation of reaction intermediate ·HgX and a faster 

dissociation of ·HgX into reactants at room temperature. The measured fractionation factors for 202Hg/198Hg 

during Cl• and Br• initiated oxidation are = 0.99941 ± 0.00006 (2σ) and 1.00074 ± 0.00014 (2σ), 

respectively. The odd isotopes becoming increasingly enriched in the reactant Hg0 during the course of 

oxidation with nearly a three-fold higher magnitude of ∆199Hg produced in the Cl• initiated reaction (up to 

~1.2‰). An ∆199Hg/∆201Hg ratio of 1.61±0.30 (2σ) during oxidation of Hg0 by Br atoms suggests that Hg-

MIF is most plausibly introduced by the nuclear volume effect (NVE)(Wiederhold et al., 2010; Zheng & 

Hintelmann, 2010). In contrast, the Hg0 + Cl• reaction produced a ∆199Hg/∆201Hg-slope of 1.88±0.17 (2σ), 

which in addition to a high degree of odd-mass-number isotope MIF impels impact from mass-independent 

fractionation effects other than NVE. Interestingly, this reaction also exhibits significant MIF of 200Hg 

(∆200Hg, up to -0.17‰ in the reactant), which to our knowledge, is the first physico-chemical process up to 

now identified to trigger 200Hg anomalies that being frequently detected in atmospheric samples. 
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Introduction  

Intensive industrial activities, often lead to widespread contamination of the environment with metals and 

metal(oid)s. Deposition of metals is considered as a major environmental problem as metals are known to 

have a significant impact on ecosystems (Agnan et al., 2013). City of Ostrava is known for its long tradition 

in heavy industry, engineering and mining of black coal. There are several large industrial sources directly 

in the city or in the close vicinity. Using of stable Pb isotopes was proven valid as tool for tracing 

(“fingerprinting”) of environmental pollution. This method is based on comparison of Pb isotopic 

composition (e.g. 206Pb/207Pb) in environmental samples and in different Pb sources in the area. Each Pb 

source has its own specific isotopic composition, thus it is possible to distinguish individual sources of Pb 

in the environment (Komárek et al., 2008). 

Methods 

Samples of snow, lichen (Physcia tenella) and PM10 were gathered on 13 sampling points in city of Ostrava 

and its surroundings. Samples were totally mineralized. All Pb measurements (isotope composition 206Pb, 
207Pb, 208Pb and concentration analyses) presented here were determined using ICP-MS (iCAP-Q, Thermo 

Fisher Scientific, Germany). Correction for mass bias was performed using analyses of SRM 981 (Common 

lead NIST, USA) after every two samples.  
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Results  

Table 1. Pb isotopic composition in samples of lichen (Physcia tenella), snow and PM10 filters 

Sampling site  Snow  Lichen  PM10 winter  PM10 summer 
206Pb/207Pb  206Pb/207Pb  206Pb/207Pb  206Pb/207Pb 

1  1.176  1.171 1.166 1.175 
2  1.179  1.175  1.165  1.171 

3  1.173  1.178  1.165  1.166 

4  1.167  1.187  1.167  1.167 

5  1.197  1.172  1.167  1.166 

6  1.174  1.182  1.169  1.167 

7  1.232  1.185  1.188  1.166 

8  1.190  1.181  1.183  1.167 

9  1.214  1.184  1.179  1.166 

10  1.204  1.172  1.177  1.167 

11  1.189  1.173  1.171  1.166 

12  1.177  1.175  1.178  1.167 

13  1.165  1.168  1.166  1.166 

Conclusion 

Isotopic ratios of 206Pb/207Pb ranged from 1.165 to 1.232 in snow samples, from 1.168 to 1.187 in samples 

of lichen Physcia tennela, from 1.165 to 1.188 in PM10 filters sampled in winter and from 1.166 to 1.175 in 

filters from summer. Broad range of isotopic ratios in samples indicates combination of different pollution 

sources, the strongest among them are metallurgy industry, bituminous coal combustion and traffic. Snow 

samples were proven as the most relevant medium for tracing metal(oid)s and recent local contamination of 

atmosphere, respectively. Lichens can be successfully used as traces of long-term activity of local and 

remote sources of contamination. PM10 filters are not reliable tool for tracing of local sources of 

contamination, because they reflect sources related to actual wind direction. 
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Introduction 

In isotope studies, multi-collector inductively coupled plasma mass spectrometers (MC-ICP-MS) and 

thermal ionization mass spectrometers (TIMS) are generally preferred to quadrupole ICP-MS because 

of its inability to measures  all relevant isotopes simultaneously. Measured isotope intensities can be 

affected by variable interferences such as plasma flicker; this is especially important to the 

measurement of less abundant isotopes (Vanhaecke et al., 1997; Komárek et al., 2008). The other 

major drawback of Q-ICP-MS relates to differences in the efficiency of ion transfer through the 

instrument which causes mass discrimination effects; heavier isotopes are more efficiently transferred 

mainly due to their greater kinetic energy (Heumann et al, 1998). The objective of this study was to 

test approaches for improving Pb isotope measurement by Q-ICP-MS.   

Methods 

An optimized methodology for Pb isotope (204Pb, 206Pb, 207Pb and 208Pb) determination was developed 

using a Q-ICP-MS system (Model iCAPQ; Thermo Scientific, Bremen, Germany). Reference 

materials  e.g. NIST-981 were used to optimize the detector dead time correction factor (Df) and the 

dwell time.  Internal (thallium) and external (NIST-981) standards were used to determine a mass 

discrimination correction factor (Kf). An attempt was made to reduce the problem of counting 

statistics due to the low isotopic abundance of 204Pb using ‘peak compression’ for the more abundant 

isotopes. Compression factors (Kc) were calculated individually for 205Tl and with NIST-981 (for 

208Pb, 207Pb and 206Pb).  Data derived in pulse counting mode were back-converted to an equivalent 

uncompressed intensity by correction with calculated Kc values determined with Tl (internal 

conversion) and NIST-981 (interpolated external conversion). Blank corrections were applied to the 

converted signals for Pb and Tl isotopes using calculated compression factors. The resulting data was 

then further processed for mass bias correction with both Tl (internal standard) and NIST-981 

(external standard). Both mass bias corrections were applied sequentially so that Tl reduced noise 

caused by variation in sample matrix whereas NIST-981 allowed for long term instrumental drift 

during the experiment.  A comparison was made between data collected using Q-ICP-MS and pre-
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existing multi-collector (MC-ICP-MS) for the same samples.  The purpose of this comparison was to 

select the best possible Q-ICP-MS option assuming that MC-ICP-MS provides the most accurate and 

precise data.   

The developed methodology was applied to a range of samples including urban soil samples 

Nottingham and Wolverhampton), urban allotment soils (Nottingham) and sewage amended soils 

(Pakistan).  

Results  

The isotopic ratios with 204Pb as the denominator (206Pb/204Pb, 207Pb/204Pb and 208Pb/204Pb) in 

uncompressed mode provided the best fit overall in terms of lower RSD values and slope values 

which were closest to 1.0. 

Figure 1: Comparison of 208Pb/204Pb isotopic ratios (uncompressed data) in urban soils measured by 

MC-ICP-MS with those measured using an optimised Q-ICP-MS approach.  Solid line gives the 1:1 

relationship plus or minus one standard deviation (dashed lines). 

Conclusion    

Optimization of analytical procedure can improves Pb isotopes measurement with Q-ICP-MS that can 

therefore be used as an alternative for MC-ICP-MS in terms of source apportionment of Pb sources 

and their pathways in soil. 
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Mercury (Hg) is a natural element with an only recently discovered biological role, and yet toxic to all living 

organisms. Its global biogeochemical cycle is dominated by its flux to the atmosphere, which human 

activities contribute to disrupt significantly (Amos et al., 2015). While some of the global Hg enters the 

coastal ocean through riverine discharge, most of the Hg enters the global ocean by atmospheric deposition.  

Marine organisms bioaccumulate and bioamplify this element throughout their food webs. Indeed, Hg is the 

only metal for which the bioaccumulation and biomagnification of its organic forms in particular (e.g., 

methyl mercury, MeHg) in food chains or food webs are well known (Fitzgerald et al., 2007). It is important 

because concentrations in some coastal species of high trophic level do approach sanitary thresholds. 

Understanding of the biogeochemical processes and mechanisms leading to observed Hg concentrations in 

coastal species is essential, as is the documentation of their geographical variability.  

Since the 1970’s, the ROCCH, a French Mussel Watch-like program, tracks contaminants on the 

metropolitan coastline using of bivalves as quantitative indicators of coastal chemical contamination. One 

of the purposes of this network is to track the sources of contamination. Advent of MC-ICP-MS analyses 

can provide access to information embedded at the isotopic level. The stable isotopic geochemistry of metal 

is indeed a very promising way to trace processes and transfers from one biogeochemical reservoir to 

another (Sonke and Blum, 2013). The seven stable isotopes of Hg undergo fractionation that can be 

dependent and independent of their mass (MDF and MIF, respectively), thereby potentially enabling to track 

biological processes (MDF) and transfer between geochemical reservoirs (MIF). By determining the 

isotopic composition in sets of dated samples, it also becomes possible to reconstruct the history of these 

processes. It was proposed by Day et al. (2014) to apply these methods to environmental samples to trace 
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the sources of contamination and refine the understanding of biogeochemical cycling of Hg. The coupling 

of these measurements with those of stable isotopes of carbon (C) and nitrogen (N) in biota, essential 

parameters for the study of the structure and functioning of trophic networks, will further clarify the 

contaminant bioaccumulation processes such as Hg (e.g., Cresson et al., 2014). 

In this context and through the Trococo project (funding Ifremer, Région Pays de la Loire (Pollusols), and 

INSU/EC2CO), we wish to map for the first time on a national scale temporal and spatial isotopic variations 

of Hg, C and N on samples from a monitoring network. Our intention is to better discriminate the sources 

and trace the origin of Hg from bivalves (e.g., is Hg from the global ocean, associated with fluvial OM, or 

atmospheric local deposition…).  

This study will present results from many tens of analyses of bivalves (mussels and oysters) from ~80 

sampling stations along the French coast. To prevent bias brought by seasonal biological cycles affecting 

the bivalves, the selected samples have been collected within 3 weeks in early 2014 for the study of 

geographical variability. The seasonal variations will be studied by examining samples collected within 8 

consecutive trimesters in two different sites. Finally, the decadal variations will be assessed using samples 

collected between 1987-2014 from 10 sites with ecosystemic, geographic, and taxonomic specificities. This 

investigation is the first world wide systematic study at a national scale of Hg, C and N isotopic composition 

in intertidal bivalves. 
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Introduction  

The Water Framework Directive (WFD) elaborated by the European Commission regulates water resources 

in the EC based on five years management plans. A new management plan, started in 2016, imposes strict 

water quality criteria to its member states, including good status thresholds for metallic contaminants. The 

Loire River, the most important river in France, possesses areas with lithologies naturally containing high 

metal concentrations in the upper part of its basin. Understanding these metal fluxes of into the river is thus 

a prerequisite to understand their potential impact on the quality of its water in regards to the criteria defined 

by the WFD. 

The Massif Central is a residue of the Hercynian chain composed of granitic and volcanic rocks. Both its 

upstream position in the Loire basin and its numerous metal mineralizations made this region a good 

candidate for characterizing the natural lead (Pb) geochemical background of its surface waters. To fulfill 

this objective we focused on the Pb chemical and isotope characteristics of non-anthropized small 

watersheds. 

Methods 

The investigated small watersheds were selected for supposedly draining a single lithology and undergoing 

(as far as possible) negligible to no anthropogenic pressure. Pb isotope should allow to discriminate sources 

of natural Pb based on their lithologies and to evaluate their relative contributions in the upper part of the 

Loire River basin. 100 filtered (0.45 µm) and non-filtered water samples were collected during high water 

stage in 2015. Metal concentrations were measured by iCapQ ICP-MS. Pb isotope ratios were measured by 

standard bracketing on a HR-ICP-MC Nu Attom with no prior chemical separation to minimise any blank 

contribution (Newman and Georg, 2012). 
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Results 

For all samples measured Pb concentrations were very low: under 0.8 ppb in the dissolved fraction and 

under 6 ppb in non-filtered samples, which complies with the 10 ppb guideline defined by the WFD. 

Unexpectedly metal concentrations, in general, do not show any significant enrichment with the flow line 

and among the different watersheds. As expected, Pb isotope ratios are consistent between the filtered and 

non-filtered samples, indicating a single origin between the dissolved and colloidal loads. A detailed study 

of the Pb isotope ratios shows that they are confirming that some selected watersheds are actually draining 

a single lithology but that for some of them more than one lithology contributes to the overall Pb isotope 

signature (Figure 1). Results also confirm that the different lithologies can be discriminated by their Pb 

isotope ratios. 

Figure 1. Mixing diagram 206Pb/204Pb vs. 1/Pb for filtered samples of a/ a volcanic watershed b/ a granitic watershed. 

Conclusion 

Results of this study show that although the upper part of the Loire River basin has a high metal potential 

that has been highly exploited by humans, which could have altered the quality of its surface waters, Pb 

concentrations are still under the guidelines defined by the WFD. Natural Pb does not contribute 

significantly to the overall Pb budget, neither in the bulk fraction nor in the dissolved fraction. Pb isotopes 

indicate that even if the selected small watersheds are usually draining a single lithology, some of them 

drain different lithologies that each contributes to the Pb budget. Still differentiating them with the Pb 

isotope approach is feasible. 
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Introduction  

The environment at the Barents region, near Norwegian-Finnish-Russian border, is influenced by several 

smelters and metal processing industries. According to Reimann et al. (2001), the local Russian smelters 

(e.g. Nikel or Zapoljarnij) belong to the world’s largest point-source emitters of SO2 and especially metals. 

High metal (mainly Ni, Cu) concentration has been recognized in different environmental samples (e.g. 

snowpacks, rainwater, moss, topsoil etc.) in the region (Reimann et al., 2001; Äyräs et al., 1997). In this 

study we focus on Pb contamination in three different samples: snowpacks, lichens and soil profiles. The 

objective is to evaluate the Pb distribution in the region and identify the origin of Pb in the environment 

using the isotope fingerprinting technique.              

Methods 

The study area was divided into three different transect according to the distance from the Nikel smelter 

and prevailing wind direction with a total number of 13 sampling points. The snowpack and lichens were 

sampled in March 2015 and soil profiles in August 2015. The snow was collected in duplicates at each 

sampling point. The two most abundant epiphytic species of lichens were collected, Hypogymnia 

Physodes and Melanohalea Olivacea. Soil profiles were collected in 7 sampling points. The samples were 

homogenized and decomposed in a mixture of acids (HNO3, HCl and HF). Concentration and isotope 

composition (206Pb, 207Pb, 208Pb) was determined by ICP-MS (iCAPQ, Thermo Scientific, Germany). 

Correction for mass bias was performed using analyses of SRM 981 (Common lead NIST, USA) after 

every two samples. 

Results 

The Pb concentration ranges between 0.02 and 65 mg/kg (Tab.1). The snowpacks, reflecting a short-term 

deposition, contain the lowest amount of Pb in contrast to the lichens and topsoil. The distance and 

direction from Nikel smelter don’t correlate with the Pb distribution in the area. The Pb isotopic 

composition in snow samples is summarized in Table 1. The values between 1.201 and 1.214 (206Pb/207Pb 

ratio) were determined in the samples from southern and western transects (from Nikel smelter) while 

values between 1.156 and 1.190 were determined in the northern-eastern transect.  
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Table 1. Pb concentration in snow, lichens and topsoil samples and Pb isotopic composition in snowpacks 

Sampling 
site 

Pb (mg/kg)  Snowpacks 

snow  lichens  topsoil   206Pb/207P
b 

208Pb/206P
b 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

1.94 

0.82 

0.38 

0.38 

0.97 

0.20 

0.27 

0.99 

0.26 

0.04 

0.03 

0.03 

0.02 

2.47 

4.07 

19.9 

18.7 

6.33 

16.4 

13.7 

25.1 

34.9 

19.2 

25.9 

5.90 

10.9 

27.9 

‐ 

‐ 

65.7 

39.9 

10.0 

25.6 

44.8 

‐ 

‐ 

‐ 

‐ 

7.70 

1.206 

1.207 

1.201 

1.206 

1.207 

1.214 

1.202 

1.206 

1.203 

1.175 

1.157 

1.156 

1.190 

2.042 

2.046 

2.050 

2.048 

2.039 

2.051 

2.043 

2.033 

2.043 

2.068 

2.088 

2.101 

2.067 
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Introduction  

The urban growth of the last decades exacerbated the release of numerous contaminants into the 
environment, which may disturb ecosystems. Understanding the origin and fate of contaminants in the 
environment constitutes a major societal challenge. In urbanized regions, rivers are the main sinks of 
contaminants, mainly through runoff on impervious surfaces and erosion of contaminated soils (Taylor 
and Owens, 2009). At the watershed scale, numerous pathways and sources of contamination exist, and 
their respective contribution is often difficult to assess when measuring pollutant concentrations alone. 
This study makes part of a project addressing the environmental persistence of anthropogenic pollutants 
(including organic and inorganic, legacy and emerging substances) in the critical zone at the scale of an 
urbanized catchment. This study of pollutant dynamics along the entire atmosphere-soil - aquifer-river 
continuum, including dissolved and particle-bound transfers, combined measurements of elemental and 
isotope geochemistry (e.g., Le Pape et al., 2012, 2013; Viers et al., 2008) and the use of environmental 
radionuclides (137Cs, 7Be, 210Pb) to trace the spatial and temporal dynamics of the particles (e.g., Evrard et 
al., 2016). The objective is at identifying both sources and bio-physico-chemical processes. This study 
takes place in the Orge River, a sub-catchment of the Seine River watershed, chosen for its contrasts in 
land uses and population densities in Paris suburbs.  

Methods 

Four seasonal sampling campaigns were performed along the Orge River located 30 km southern of Paris 
city. The four sampling sites were chosen to describe an increasing urbanization gradient from up to 
downstream: D (Dourdan) in a rural area, E (Egly) with sparse urbanization, Y (Yvette, a moderately 
urbanized tributary), V (Viry-Châtillon) in a very dense urban area. Water and suspended particulate 
matter (SPM) were trapped for 4-days period and the river parameters (temperature, pH, EC, SPM 
content, flow, …) were measured. Water was analyzed for major, minor and trace elements by AAS and 
ICP-QMS. SPM were analyzed for radionuclides and for cation contents including lead isotopes ratio by 
ICP-QMS, after total digestion. 

Results 

The results show the distinct impacts of hydrological conditions and land-use changes on the 
concentrations and behavior of the particle-bound contaminants. Sediment contents in elements such as 
Cu, Pb, Sb and Zn strongly increased from headwaters to downstream locations, whereas Co and Cr 
concentrations remained stable across space. This spatial trend was not much affected by changes in 
hydrological conditions. During high flow conditions (January 2016), a four-fold increase was shown in 
Zn concentration from the rural upstream areas to outlet. During low flow conditions (June 2015), the 
upstream to downstream concentration ratio was slightly lower, i.e. 3. For most elements, the 
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concentration at the upstream rural site remained unchanged whatever the flow conditions. Conversely, 
the transfer time and the relative contribution of contaminant sources were strongly affected by rainfall 
and hydrological conditions. Radionuclide data showed that the particle transfers from the soil to the river 
were faster during high flow conditions and in urban areas than in rural areas. This may explain the 
highest contribution of the traffic markers to the river contamination during rainy periods as shown by the 
variation of the lead isotopic ratio, that switch from a “natural” lead pool, characterized by high 
206Pb/207Pb and low 208Pb/206Pb ratios, to a gasoline pool (low 206Pb/207Pb and high 208Pb/206Pb ratios). The 
results of lead isotopic ratio for three campaigns conducted in June, September 2015 and January 2016 
(Fig. 1) do demonstrate this trend. A pattern from natural background signature upstream towards a 
gasoline signature downstream was shown, in agreement with the urbanization gradient. Furthermore, the 
results tend also to demonstrate that seasonal variations may play an important role in the sources and 
dynamics of the contamination, illustrated by the shift in Pb isotopic signatures between low flow periods 
(June and September) showing a wide range of signatures (206Pb/207Pb varying between 1.15–1.21) and 
high flow period (January) with much more stable values (206Pb/207Pb ~1.16–1.18). 

Figure 1. 208Pb/206Pb ratio versus 206Pb/207Pb ratio in the suspended particulate matter of the Orge River. D, E, Y and V: see text. 

Moreover, the transfer time and the residence time in the riverine corridor, as revealed by the 
radionuclides ratio, are also keys for understanding the change in speciation and thus of the toxicity of the 
elements in the river. 

Conclusion 

Our results demonstrate the potential of combining radionuclide and isotope geochemistry measurements 
to understand and quantify the behavior of the contaminants and their persistence in urbanized catchments. 
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Introduction 

Measurements of gaseous elemental mercury (GEM) made at Cape Point, South Africa, since September 

1995 represent the longest existing time series of GEM measurements in the southern hemisphere. Two 

techniques were used: a low resolution manual technique until the end of 2004 (Slemr et al., 2008) and a 

high resolution automated technique since March 2007 (Slemr et al., 2011). An analysis of the low resolution 

data (about 150 measurements per year, each covering 3 h sampling time) by Slemr et al. (2008) revealed a 

substantial decreasing trend and a seasonal variation with maximum GEM concentrations in austral summer. 

Slemr et al. (2011) analyzed the combined low and high resolution data until the end of 2009 and found: a) 

no evidence of a data discontinuity due to the change in techniques, b) an agreement with ship measurements 

made in the vicinity of Cape Point and c) a pronounced decreasing trend amounting to -0.034 ± 0.005 ng m-

3 yr-1. In the meantime the high resolution data revealed the existence of hitherto unexplained short depletion 

events (Brunke et al., 2010). In this paper we will present a trend analysis of the data set extending till the 

end of 2014 and a re-analysis of seasonal variation from the high resolution data as well as the influence of 

El Niño Southern Oscillation (ENSO) Index on the Cape Point GEM. 

Methods 

The Cape Point station is part of the World Meteorological Organization´s (WMO) Global Atmosphere 

Watch (GAW) network. It is located about 60 km south of Cape Town on top of a coastal cliff 230 m above 

sea level at the southern-most tip of the Cape Peninsula. Between September 1995 and December 2004 

mercury was collected on cartridges packed with Au or Ag coated quartz wool which were then analysed 

manually in a laboratory (Slemr et al., 1985). 

Results 

Fig. 1 shows an updated time series of GEM median concentrations of all measurements at Cape Point since 

September 1995 until the end of 2014. Annual medians and averages from the “all data set” were found to 

be statistically the same as the annual medians and averages for the baseline data (defined as GEM 

concentrations at 222Rn ≤ 250 mBq m-3 (Brunke et al., 2004). All measurements were thus used in Fig. 1a, 

because 222Rn measurements are available only since March 1999 and the application of the baseline filter 

on the other low resolution data would reduce the data base to merely 30 measurements per year. Over the 
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whole period the GEM concentrations decreased with a significant trend of -0.028 ng m-3 yr-1 (Sen´s slope 

estimate, significant at the 99.94% level) for low resolution manual technique. However, an increasing 

systematic trend is visible in the high resolution data since March 2007 to Dec 2014. Fig 1b, summarized a 

comparison between two Hg species (i.e. GEM and TotHg) which was made over a seven year period (2007-

2013) using the results obtained during the rainy season (May – October). The most noteworthy result, 

however, is the strong correlation observed between GEM and the El-Nino Southern Oscillation (ENSO) 

signal, especially during the 1996 - 2004 period. These correlations (Figure 1b) suggest that the inter-annual 

variations of GEM (and also TotHg) concentrations are primarily influenced by large scale weather 

phenomena. Meteorological processes can affect mercury emissions directly, for example, by periodic 

changes of surface ocean temperatures during ENSO events, or indirectly via extended droughts leading to 

increased biomass burning which in many cases is also a source of GEM. 

Fig.1a) Cape Point annual median GEM concentrations (all data) Sep 1995- Dec 2014 (b) Relationship between Cape Point GEM 
averages (May to October) and Southern Oscillation Index (SOI) 1996 - 2004.  
Conclusion 

We thus conclude that meteorological influences on mercury emissions is the major reason for the positive 

GEM versus TotHg and GEM versus SOI correlations. Finally, an increasing trend for mercury 

concentrations at Cape Point for the period 2007–2014 was observed as was expected based on increasing 

worldwide anthropogenic emissions.  
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Introduction 

Compared with the traditional treatment techniques of heavy metal in aquatic solutions, adsorption 

process is considered as one of the most effective and promising technologies. Titanate nanomaterials 

(TNs) have been reported as superior sorbents in wastewater treatment. The specific surface areas, pore 

volume, ion content of TNs and the molecular size of TNs were the major factors affecting the adsorption 

performance. However, less studies were conducted on the effect of washing specimen on the icon content 

of synthesized TNs and their further influences on the adsorption properties of the synthesized TNs.  

Consequently this study focuses on the methods of washing specimen as an influencing factor in the ion 

(H+ and Na+) content of TNs surface and thereby the influence of the adsorption of Pb(Ⅱ) on TNs. By 

changing the way of washing sample, surfaces of TNs with different ionic (H+ and Na+) were The 

adsorption properties of Pb(Ⅱ) from aquatic solutions by TNs were further investigated.  

Materials and methods 

All the chemicals used in this study were of analytical or purity. The TNs were synthesized via the method 

as described by Wei et al. (2007). Hydrochloric acid (HCl) and deionized water were selected as washing 

specimen to form TNs-H and TNs-Na, respectively. In addition, kinetic studies were carried out to 

determine the adsorption kinetics of Lead (Pb) onto TNs-H and TNs-Na by a batch method. Detailed 

experiment protocol could be found in Full paper.  

Results and discussion  

Adsorption kinetics 

As shown in Fig. 1, within the first 20 minutes of the whole process, adsorption capacity of TNs to Pb(Ⅱ) 

increased sharply. The adsorption capacity of TNs-H and TNs-Na reached at 74.14 mg∙g-1 and 66.24 mg∙g-

1, respectively. With the further increase of contact time up to 20 min, adsorption capacity of TNs-H and 

TNs-Na could reach at 79.85 mg∙g-1 and 141.03 mg∙g-1, respectively. The results show that TNs-Na has a 
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better adsorption ability than TNs-H. In addition, Pseudo-first-order, Pseudo-second-order, and 

Intraparticle diffusion models as shown in Eq. 1, 2, and 3 in Full Paper were applied for the kinetic 

analysis of adsorption dynamic of TNs. Compared to the other two kinetic models, it is evident that the 

Pseudo-second-order model provided the best fit to the experimental data. The equilibrium adsorption 

capacities of 85.05 mg∙g-1 and 142.34 mg∙g-1 of TNs-H and TNs-Na calculated based on the model were 

consistent with the equilibrium adsorption capacities (85.59 mg∙g-1 and 142.78 mg∙g-1 of TNs-H and TNs-

Na) from adsorption experiment, which indicates that the Pseudo-second-order model was suitable for 

describing the adsorption processes of TNs-H and TNs-Na to Pb(II).  

Adsorption isotherms 

Langmuir, Freundlich and Temkin isotherms were adopted to describe the experimental data, which can 

be expressed respectively as Eq. 4, 5 and 6 in Full Paper. Langmuir model provided the best fit to the 

equilibrium adsorption data. According to the literature, a good fitness of Langmuir isotherm indicates a 

monomolecular type of adsorption. In other words, the adsorption sites on the surface of adsorbent were 

evenly distributed, and pollutants adsorbed on the surface of adsorbent were non-interacting. Furthermore, 

according to the Langmuir isotherm, monolayer saturate adsorption capacity of TNs-H and TNs-Na to Pb(

Ⅱ) were 20.43 mg∙g-1 and 429.7 mg∙g-1, respectively, which consist with the equilibrium adsorption 

capacity determined by experiment. 

Conclusions 

TNs-H and TNs-Na were all pure Titanate of plate morphology and monoclinic phase. The adsorption 

capacity of TNs-H to Pb(II) could be up to 120 mg∙g-1. While, the adsorption capacity of TNs-Na to Pb(II) 

reached at 450 mg∙g-1. The adsorption kinetics of both TNs to Pb(II) followed well the Pseudo-second-

order model and Langmuir isotherm. Compared to TNs-H, TNs-Na had stronger absorption ability and 

lower cost. Consequently, with more sodium ions in surface synthesized by water-washing, TNs-Na had a 

stronger absorption ability and become a kind of immense potential adsorption material. 
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Introduction  

Adsorption of individual anions on organo-montmorillonite (OMt) has been well investigated in previous 

studies (Bagherifam et al., 2014; Choung et al., 2014). In those studies different amounts of organic modifier 

with variable structures were applied, resulting in no criterion for comparing the selectivity of anions to 

OMt. A systematic study in terms of adsorption of six anions on three surfactant-modified bentonites has 

been conducted (Behnsen and Riebe, 2008). Their results showed the relationship between affinity and 

hydration energy of the anions. Besides, the amount of released organic modifier may be associated with 

the species of target anions. Compared with poorly hydrated anions of smaller size, a fully hydrated anion 

of larger size would be less able to penetrate into the head group region of a cationic surfactant for effective 

neutralization of the bilayer (Leontidis et al., 2002). As a result, the original counter ion would be readily 

replaced with those poorly hydrated anions to form tight binding and to minimize the repulsive force, 

inhibiting the dissociation of adsorbed surfactant back into the bulk aqueous solution (Li et al., 1997). It is 

of great significance to evaluate the adsorption characteristic of different oxoanions, which include 

hazardous heavy metals and are often mobile in environments, on OMt. 

Methods 

10 g of Mt with a cation exchange capacity (CEC) of 111.4 meq/100g was dispersed in 500 mL deionized 

water at room temperature for 2 h. Separately, 44.56 mmol of hexadecyl pyridinium chloride (HDPy-Cl), 

corresponding to four times the CEC of Mt, was dissolved in 500 mL deionized water. The HDPy-Cl 

solution was then slowly added into the Mt suspension and the mixture was vigorously stirred for 24 h. The 

obtained solid was separated by centrifugation, freeze-dried, ground, and sieved. 1.0 mmol/L Na2MoO4, 

Na2SO4, NaClO4, NaReO4, NaI, KIO3, NaBrO3, NaNO3, Na2SeO3, Na2SeO4, Na2CrO4, Na2WO4, NaVO3, 

and KH2AsO4 were separately prepared, without pH adjustment. 40 mg HDPy/Mt was dispersed in 50 mL 

target anion-bearing solution and then shaken at 25 °C for 24 h. The pH and Eh of solutions before and after 

adsorption were measured. After the mixture was filtered through a 0.45-μm filter, the obtained solution 

was provided to determine the residual anion concentration in equilibrium using ion chromatography 

(Dionex ICS-2100, Sunnyvale, CA, USA), and inductively coupled plasma atomic emission spectroscopy 

(ICP-AES, Seiko Instruments, Chiba, Japan). The amount of released HDPy was determined by UV-vis 
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spectroscopy (UV-2450, Shimadzu, Tokyo, Japan) at 258 nm. The solid was dried and supplied for X-ray 

diffraction (XRD) measurement to investigate changes in interlayer space. 

Results and discussion 

Based on pH and Eh values before and after adsorption, chemical speciation of all anions was not expected 

to change during adsorption on HDPy/Mt. Among the selected anions, with the exception of IO3
, H2AsO4

, 

and CrO4
2, monovalent anions showed higher adsorption capacities and selectivities on HDPy/Mt than 

divalent anions. Besides, higher adsorption capacities normally corresponded to the lower amounts of HDPy 

release as support by the negligible HDPy release after adsorption of monovalent anions. Release of HDPy 

led to the decrease of interlayer distance as proved by XRD patterns. The released HDPy presented in 

different forms in solution, which depends on anion species. After adsorption of the anions showing high 

affinity to HDPy/Mt, HDPy were slightly released in form of HDPy-target anion such as HDPy-NO3, 

whereas significantly released in form of HDPy-Cl for poorly selective anions which are mainly highly 

hydrated divalent anions. Hydration of counter ion (Cl) was the driving force of ion exchange, which 

accounted for the adsorption of inorganic anions on HDPy/Mt. Desorption-adsorption made partial 

contribution to adsorption of several anions. Dehydration of anions with stronger hydration shells consumed 

more energy to intercalate into HDPy/Mt and resulted in the decrease of selectivity. Moreover, the increase 

of dielectric constant of organic-like interlayer phase derived from HDPy release was another key factor 

influencing adsorption of anions on HDPy/Mt. 

Conclusions 

Monovalent anions normally showed higher adsorption capacities and selectivities and led to lower HDPy 

release on HDPy/Mt than divalent anions, because of the higher energy consumption for dehydration of 

divalent anions. Hydration of counter ion (Cl) was the driving force of anions adsorption on HDPy/Mt. 

Selectivity of HDPy/Mt to anions depended not only on the change in anionic size in different phases (from 

r1 in aqueous solution to r2 in the organic solvent-like OMt), but also variation of dielectric constant after 

HDPy release. 
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Introduction  

Mercury (Hg) is a potentially toxic metal. By replacing the essential elements in biological molecules Hg 

interferes with their function and causes oxidative stress, which leads to functional disturbances of the 

organism and the development of various diseases, such as cancer (Jarüp, 2003). Contamination with Hg 

is mostly the result of mining and smelting activities, industry, traffic and use of phosphate fertilizers. In 

Slovenia, wider area of Idrija is highly contaminated with Hg due to more than 500 year long cinnabar 

mining in the past. Today the concentration of Hg in the soil at the near vicinity of Idrija’s mine still 

exceeds the legal limits (0.05 mg kg-1 of dry matter), but is lower than during the mining period (Kocman 

et al., 2004). Mercury is uptaken from the soil by the plants.  In this way it enters the food webs posing 

threats to the health of humans and animals. 

Selenium is a microelement, which is essential in human and animal nutrition, as it is a cofactor of many 

enzymes. Selenoproteins act as antioxidants and thus have a direct anticancer and protective effect. In 

Europe the majority of human population lack selenium in their nutrition so in recent years biofortification 

of crops, especially cereals, with selenium is becoming a regular practice (Broadley et al., 2006).  

The complexes between Hg and Se are less generally known, although Hg selectively binds with Se to form 

insoluble complexes - mercury selenides (Moller-Madsen, 1999), thereby reducing their bioavailability and 

toxicity in the environment. Measuring the amount of mercury present in the environment or food sources 

may provide an inadequate reflection of the potential of health risks if the protective effects of selenium 

(Se) are not also considered (Raymond et al., 2004).  

Our aim was to study the impact of Se-biofortification of the plants on the transfer of Hg from the plants 

to the food chain and to estimate the potential protective role of Se against Hg induced stress in animals. 

Since slug snails are good indicators for metal pollution and there are no ethical objections for 

experiments with molluscs (Berger et al., 1993), the slugs (Arion sp.) were used as model animals.   
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Methods 

Lettuce was planted in naturally (soil from the vicinity of Idrija mine) or artificially Hg contaminated soils 

and grown in growth chambers for three weeks. For additional three weeks, lettuce was foliarly sprayed 

with a selenium solution (5 microM) once per week. The rate of uptake of Hg and Se in plant organs 

(roots and shoots) was determined. The level of stress was assessed by monitoring of photochemical 

efficiency of photosystem II and some biochemical parameters (chlorophyll and carotenoids content, level 

of lipid peroxidation, elemental fingerprints).  

Slugs were fed with Hg and Se treated lettuce for 14 days. Slugs were dissected and hepatopancreas gland 

and muscle tissues were taken for further analysis. The rate of accumulation and speciation of the 

elements in hepatopancreas and muscle tissue was determined by analyzing their Hg and Se 

concentrations. In addition, the level of lipid peroxidation was determined by malondialdehyde (MDA) 

test (Hodges et al. 1999). Bioavailability was calculated as the ratio between the contents of element (mg) 

in hepatopancreas and the contents of element (mg) in eaten food. 

Results 

Lettuce roots accumulate mainly Hg and shoots mainly Se (due to different exposure of organs to Hg or 

Se). In slugs, Hg mainly accumulates in the hepatopancreas. The overall results show that foliar spraying 

with Se lowers Hg concentrations in lettuce and further in the food chain.  

Conclusion 

Biofortification of plants with Se may contribute to reduction of Hg load in animals and humans. Hence, 

we propose that Se has a potential protective role against Hg induced stress in animals and humans.   
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Introduction  

Due to industrial activities such as mining, industrial production and the agricultural use of metal-containing 

fertilizers, environmental pollution with toxic metals has become a serious issue. Among others cadmium 

(Cd) is of great concern due to its widespread occurrence and high toxicity (Satarug et al., 2003). Plants 

growing on Cd-polluted soil suffer from growth inhibition, chlorosis, and essential physiological and 

biochemical processes are impacted. Further, metal accumulation in plant tissues introduces Cd into the 

animal and human food chain. Being a protective barrier, the cell wall acts as the primary defense against 

environmental threads. Alterations in cell wall structure were reported when plants are exposed to Cd 

(Krzesłowska, 2011; Parrotta et al., 2015).  

We choose alfalfa (Medicago sativa) stems as a model to study the detailed impact Cd exposure has on the 

cell wall structure. The presented work is a proteomics study combining extraction protocols for untargeted 

and cell wall-targeted proteins. Proteomics has previously been used to study the impact of metal exposure 

on plant physiology (Kieffer et al., 2009). With the focus on cell wall proteins new insight will be obtained 

on how the cell wall acts as a protective barrier. Structural cell wall alteration might make fiber crops 

cultivated on heavy-metal polluted soil more or less suitable for specific non-food applications.  

Methods 

Extraction of the cell wall proteins from alfalfa stems was done according to an in-house developed protocol 

for sequential protein extraction resulting in three fraction of which each contains a specific group of cell 

wall localized proteins with a different affinity to the cell wall matrix (Printz et al., 2015). The soluble 

proteins were extracted using an optimized SDS/Phenol extraction protocol used in most currently ongoing 

plant proteome studies (Wang et al., 2003). 2-D DIGE was used to separate the proteins and determine their 

abundance in each fraction. This method enables accurate analysis of different protein abundance between 

conditions (control and Cd).  
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Results 

In the cell wall fractions a much higher number of protein spots show a significant change in their abundance 

compared to the soluble fraction. In both fractions an abundance change of ferritin appears, a protein related 

to metal homeostasis and stress response. In the cell wall fraction cysteine-rich secretory protein (CAP), 

which is known to be involved in stress response, and proteins involved in the cell wall remodeling were 

identified: polygalacturonase non-catalytic subunit, polygalacturonase inhibitors, xylogucanase-specific 

endoglucanase inhibitor and lignin biosynthetic peroxidase. While the polygalacturonase non-catalytic 

subunit is less abundant in Cd-exposed plants all other proteins involved in cell wall remodeling show a 

higher abundance in the Cd-treated samples. 

Conclusion 

So far the current results show abundance changes in a high number of cell wall and soluble proteins. Cell 

wall remodeling enzymes were either found down-regulated (polygalacturonase non-catalytic subunit) or 

up-regulated (polygalacturonase inhibitors xylogucanase-specific endoglucanase inhibitor) supporting the 

hypothesis that Cd exposure influences the cell wall structure. Identifications and analyses addressing the 

regulation are still ongoing.  

Acknowledgement: The authors thank for financial support obtained through the National Research Fund, FNR 
Project CADWALL (INTER/FWO/13/14 - The Cell Wall and the Apoplast as a Primary Defence Strategy 
in Plants Exposed to Cadmium - CADWALL).  

References 

Kieffer, P., Schröder, P., Dommes, J., Hoffmann, L., Renaut, J., & Hausman, J. F. (2009). Proteomic and enzymatic 
response of poplar to cadmium stress. Journal of Proteomics, 72, 379–396.  

Krzesłowska, M. (2011). The cell wall in plant cell response to trace metals: Polysaccharide remodeling and its role 
in defense strategy. Acta Physiologiae Plantarum, 33, 35–51.  

Parrotta, L., Guerriero, G., Sergeant, K., Cai, G., & Hausman, J.-F. (2015). Target or barrier? The cell wall of early- 
and later-diverging plants vs cadmium toxicity: differences in the response mechanisms. Frontiers in Plant 
Science, 6, 133.  

Printz, B., Dos Santos Morais, R., Wienkoop, S., Sergeant, K., Lutts, S., Hausman, J.-F., & Renaut, J. (2015). An 
improved protocol to study the plant cell wall proteome. Frontiers in Plant Science, 6, 1–13.  

Satarug, S., Baker, J. R., Urbenjapol, S., Haswell-Elkins, M., Reilly, P. E. B., Williams, D. J., & Moore, M. R. 
(2003). A global perspective on cadmium pollution and toxicity in non-occupationally exposed population. 
Toxicology Letters, 137, 65–83.  

Wang, W., Scali, M., Vignani, R., Spadafora, A., Sensi, E., Mazzuca, S., & Cresti, M. (2003). Protein extraction for 
two-dimensional electrophoresis from olive leaf, a plant tissue containing high levels of interfering 
compounds. Electrophoresis, 24, 2369–2375. 

Abstract Book of the 18th International Conference on Heavy Metals in the Environment, 12 to 15 September 2016, Ghent, Belgium 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

– 452 –



18th International Conference on Heavy Metals in the Environment

‐ 419 - 

BIOCONCENTRATION OF MERCURY BY OYSTER MUSHROOM 
(Pleurotus ostreatus) FROM SOUTHERN NIGERIA 
Innocent Chidi Nnorom1, J. Falandysz2 

1Abia State University, Department of Chemistry, Uturu, Nigeria 
2University of Gdańsk, Laboratory of Environmental Chemistry & Ecotoxicology, Gdańsk, Poland 

chidiabsu@yahoo.co.uk 

Keywords: mushroom; Nigeria; mercury; contamination; forest food 

Introduction  

Many edible mushrooms are valued in gourmet tradition as tasty, nutritious and healthy organic foods 

around the world (Falandysz et al., 2011; Nnorom et al., 2013). Mercury contamination of foodstuff is of 

interest because of the toxicity of Hg. Mercury is well bio-concentrated by some mushrooms, and studies 

have shown that Hg occurs in some mushrooms at much greater concentrations compared to those found in 

plants (Brzostowski et al. 2011). Exposure to Hg can have both acute and chronic health risks. The 

surveillance of Hg contamination of foodstuff including mushrooms lacking such data is therefore advisable. 

The aim of the present study was to investigate the potential of Oyster mushroom (Pleurotus ostreatus) to 

accumulate Hg and to define concentration profiles of Hg in caps and stipes of the mushroom fruiting bodies. 

Methods 

Fruiting bodies of Pleurotus ostreatus and the underlying substrate beneath the mushroom were collected 

forested areas in three distant sites in Abia State, Nigeria. The materials were collected from Ubakala, 

Ekeoba, and Ntigha. The dried mushroom parts (caps and stipes) were pulverized in a porcelain mortar and 

preserved in sealed polyethylene bags prior to analysis. The total mercury content were determined 

separately in caps and stipes; and in the substrate by cold-vapor atomic absorption spectroscopy (CV–AAS) 

using Mercury analyzer type MA–2000 (Nippon Instruments Corporation, Takatsuki, Japan). Adequate 

quality assurance and quality control (QA/QC) were included (Jarzynska and Falandysz, 2011) 

Results 

Mercury concentrations in underlying soil were 18±5.2, 19±8.4, and 16±4.3 ng g-1 in samples from Ekeoba, 

Ntigha, Ubakala, respectively. The mean Hg concentrations in caps are 31±11, 28±7.9, and 29±5.0 ng g-1 

dw; and for stipes are 37±5.0, 36±17 and 28±5.6 ng g-1 dw for samples from Ekeoba, Ntigha, Ubakala, 

respectively. The geometric mean of cap to stipe concentration quotient (Qc/s) values varied from 0.82-1.0 

indicating that the Hg contents of the morphological parts of the fruiting bodies of Pleurotus ostreatus did 

not vary significantly. The BCF (bioconcentration factor) is the quotient of Hg in mushroom fruiting bodies 

(caps and stipes) to Hg in substrate as shown in Table 1. Higher BCF indicates accumulation of Hg contents 

of the soils by the mushroom. The caps and stipes were characterized by mean BCF values ~2 indicating 
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that Pleurotus ostreatus is a very weak mercury accumulator. The Hg contents did not exceed the maximum 

levels set by the EU for mushrooms.  

Table 1. Mercury content of caps and stipes of Pleurotus ostreatus and the substrate (ng g-1 dry weight; 

mean±SD, range, and geometric mean) from three sites in Abia State Nigeria, and their bioconcentration 

for caps (BCFC) and stipes (BCFS); and the cap to stipe concentration quotient (QC/S) values 

Conclusion 

This study have shown that the total Hg concentration in caps of Pleurotus ostreatus did not vary much 

from the corresponding values for the stipes. The mean BCF of all examined caps and stipes were greater 

than 1 (range 1.6 - 2.2), so Pleurotus ostreatus can be characterized as weak Hg accumulator. Compared to 

the established limits for Hg intake from foods (PTWI and RfD limits), the occasional or relatively frequent 

eating of meals made of both the caps and stipes of Pleurotus ostreatus is considered safe. 

References 

Brzostowski A, Falandysz J, Jarzyńska G, Zhang D (2011) Bioconcentration potential of metallic elements by Poison 
Pax (Paxillus involutus) mushroom. J of Environ Sci and Health, Part A., 46 (4), 378-393.  

Falandysz, J.; Frankowska, A.; Jarzyńska, G.; Dryżałowska, A.; Kojta, A.K.; Zhang, D. (2011). Survey on composition 
and bioconcentration potential of 12 metallic elements in King Bolete (Boletus edulis) mushroom that emerged at 
11 spatially distant sites. J Environ Sci and Health, Part B., 46 (3), 231-246.  

Jarzynska, G., Falandysz, J. (2011). The determination of mercury in mushrooms by CV-AAS and ICP-AES 
techniques. J. Environ. Sci. Health Part A Tox. Hazard. Subst. Environ. Eng., 46, 569–573. 

Nnorom, I.C., Jarzyńska, G., Drewnowska, M., Dryżałowska, A., Kojta, A., Pankavec, S., Falandysz, J. (2013) Major 
and trace elements in sclerotium of Pleurotus tuber-regium (Ósū) mushroom - dietary intake and risk in 
Southeastern Nigeria. J. Food Comp Anal., 29, 73-81.  

Element Cap Stipe Soil BCFC BCFS QC/S 

Ekeoba 
31±11 
21-58 

30 

37±5.0 
28-44 

36. 

18±5.2 
12-26 

18 

1.9±1.0 
0.86-4.5 

1.7 

2.2±0.75 
1.4-3.2 

2.1 

0.87±0.38 
0.50-1.8 

0.82 

Ntigha 
28±7.9 
18-39 

27 

36±17 
21-83 

33 

19±8.4 
8.8-38 

18 

1.6±0.65 
0.90-2.7 

1.5 

2.1±1.2 
0.88-4.6 

1.9 

0.88±0.39 
0.47-1.8 

0.82 

Ubakala 
29±5.0 
21-35 

28 

28±5.6 
21-37 

28 

16±4.3 
11-25 

16 

1.9±0.57 
0.91-2.9 

1.8 

1.8±0.45 
1.3-2.6 

1.8 

1.1±0.33 
0.64-1.6 

1.0 
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Introduction  

Sulfur (S) is applied to soils as an essential nutrient for plant growth or as a soil amendment for reducing 
soil pH of alkaline soils. Heavy metal contamination is serious concern worldwide since they can be released 
under changing physicochemical conditions and pose a potential threat to human health and the 
environment. Heavy metals have both natural and 
anthropogenic origins with human activities supplementing natural geochemical background values of the 
pollutants. Copper (Cu) is an essential to plants micro-element but at the same time it is a basic constituent 
of fungicides used extensively in agriculture such as in vine culture to control fungal diseases. This practice 
lead to Cu contamination of agricultural soils especially those cultivated with vineyard (Komarek et al., 
2010). Copper availability to plants depends on several factors one of the most important being soil pH. Soil 
pH change affects seriously the distribution of heavy metal forms. In general, as soil pH decreases, available 
heavy metal fractions increase increasing thus their availability to plants and the possibility of metal leaching 
(Tsadilas, 2001). Chick-pea is an interesting crop in Greece suffering from root rot disease controlled by 
fungicides containing Cu which causes soil contamination.  The purpose of this study was to investigate the 
influence of elemental sulfur application to a Greek representative agricultural soil cultivated with chick-
pea on the basic soil properties and Cu forms.   

Methods 

A pot experiment was conducted with an alkaline medium textured soil classified as Typic Xerochrept in 
which chik-pea was grown in a non heated greenhouse. In three kg of air dried soil, elemental sulfur was 
applied at rates 0 g S/per pot (control, S0C), 2 g S/pot (S2), 4 g S/pot (S4), and 6 g S/pot (S6). The mixtures 
were transferred into plastic pots, wetted up to field capacity, left for two weeks and then they were sown 
with ten chick-pea seeds per pot which were thinned to three after one month of their emergence. The plants 
were irrigated up to field capacity by weighting once a week and harvested by cutting the above ground 
plant parts three months after emergence. Plant samples were dried, ground and incinerated at 450 oC, the 
ash was diluted with dilute HCl solution and analyzed for basic elements and Cu content. At the same time 
soil samples were collected from all the pots, air dried, ground to pass a two mm sieve, and analyzed for 
pH, electrical conductivity (EC) and copper after extraction with the 0.005 M DTPA, pH 7.3 (CuDTPA)  
(Lindsay and Norvell, 1978). In addition, Cu was fractionated in exchangeable (Cuex), organic matter (Cuom), 
Mn oxides (CuMnox), amorphous Fe oxides (CuFeaox) and crystalline Fe oxides (CuFecox) associated forms and 
residual fractions (Cures) according to Emmerich et al., 1984). Total  Cu was also determined according to 
Baker and Amacher, 1982). Analysis of variance was performed by using the LSD test at the probability 
level p<0.05 and regression analysis where needed.   

Results 
From the properties tested, it was revealed that S application resulted in significant change of soil pH and 
electrical conductivity. Soil pH decreased gradually from 8.00 in the control up to 5.72 in the treatment with 
the highest S rate (S6) while EC increased about three times i.e. from 0,943 to 2,627 mmhos/cm. This EC 
change affects seriously the quality of soil and the plants grown on it. CuDTPA and plant tissues Cu were not 
significantly changed (Table 1).   
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Table 1. Influence of sulphur application on soil pH, electrical conductivity and available Cu 
Treatments Soil pH  EC, mmhos/cm CuDTPA, mg/kg Plant-Cu, mg/kg 
S0 8,00a* 943c 1,30a 7,25a 

S2 6,95b 1885b 1,45a 8,67a 

S4 6,35bc 2139b 1,37a 7,33a 

S6 5,72c 2627a 1,50a 7,50a 

*Values in the same column followed by different letters differ significantly (p<0,05, LSD test)

The effect of S application on soil Cu fractions is presented in Table 2, from which it is obvious that 
S addition affected significantly only Cuex, and Cuom in an opposite way. Cuex tended to decrease with 
the increasing S rate while Com increased. CuDTPA was negatively correlated with pH (r=-0,73**) 
showing that pH decrease results in increasing CuDTPA, although this indicator is effective for chick-
pea plants since its tissue concentration showed a non significant correlation with Cu content of chick-
pea tissues (r=0.34, ns). Soil pH was significantly correlated with Cuex (r=0,742**) and CuMnox 
(r=0,549***) but negatively with Cuom (r=-0,682**) and CuFecox ) r=-0,533*). A multiple regression 
forward elimination procedure showed that about 87% of the variation of the CuDTPA depends on the 
parameters as it is shown by the equation: CuDTPA = 1,845-0,179*pH+0,231CuFecox+Cutotal-0,532Com, 
R2 = 0,869***.  

Table 2. Influence of sulphur application on Cu fractions 
Treat Cuex Cuom CuMnox CuFeaox CuFecox Cures Sum Cutotal 
S0 0,053a 0,27b 0,027a 2,73a 0,63a 23,35a 27,02a 25,0a 
S2 0,031ab 0,24b 0,0170a 2,75a 0,60a 23,62a 27,24a 23,0a 
S4 0,016b 0,42a 0,021a 2,47a 0,62a 25,13a 28,65a 21,2a 
S6 0,006b 9,43a 0,004a 2,50a 0,96a 25.47a 28,48a 19.7a 

*Values in the same column followed by different letters differ significantly (p<0,05, LSD test)

Conclusion 
Elemental sulfur application to alkaline soils significantly decreases soil pH and increases electrical 
conductivity. Soil Cu fractions are seriously affected by S application, especially those associated with 
exchangeable, Mn oxides forms (positively) and with organic matter and crystalline Fe oxides (negatively). 
A percentage about 87% of the variation of CuDTPA is explained by soil pH, total Cu, and Cu fractions 
associated with crystalline Fe oxides and organic matter.   
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Introduction  

Fruiting bodies (mushrooms) of high number of edible fungi are collected from the wild in many regions of 
the world until now, while largely not by “the western citizens”, which have a lack or deficit of forests and 
knowledge of mushrooms. Many species of edible wild-growing mushrooms are without a good coverage 
on their metallic elements status both from the nutritional and toxicological point of views (Falandysz and 
Borovička, 2013). This study aimed to provide a baseline on occurrence of several metallic elements 
in edible wild growing mushroom Sarcodon imbricatus (L.) P. Karst. Presented and evaluated are 
data on occurrence and inter-relationships of eighteen trace metallic elements in fruiting bodies of 
S. imbricatus collected from the background areas in the northern regions of Poland. 

Methods 

Mushrooms were collected at four sites (Augustowska Primeval Forest,  Wdzydze Landscape Park, 
Ontoga and Gołubie Kaszubskie) across the northern region of Poland, where S. imbricatus is 
relatively abundant species so far but not in each year. The caps and stipes cleaned up from an 
external debris were sliced, dried, ground and kept in a brand new polyethylene bags in dry 
condition until chemical analysis. 

An elemental analysis of Ag, As, Ba, Co, Cd, Cs, Cu, Cr, Li, Mn, Ni, Pb, Rb, Sr, V, Tl, U and Zn 
was carried out using the ELAN DRC II ICP-MS Inductively Coupled Plasma Mass Spectrometer 
(PerkinElmer, SCIEX, Canada) equipped with a Meinhard concentric nebulizer, cyclonic spray 
chamber, Pt cones and quadruple mass analyzer and was used for this study. For calibration curves 
construction, a mixed standard solution with concentration of 10 mg L-1 was used (Multielement 
Calibration Standard 3, Atomic Spectroscopy Standard, PerkinElmer Pure). Moreover the isotopes 
of 45Sc, 74Ge, 103Rh and 159Tb prepared from individual solutions with concentration of 1000 mg 
L-1 were applied as an internal standards in order to effectively correct temporal variations in signal 
intensity (ICP Standard CertiPUR, Merck, Germany). 

Principal component analysis (PCA) was used to achieve a reduction of the dimension, covering 
the maximum amount of variability present in the data and to observe a primary evaluation of the 
between-class similarity. PCA was used to explain information hidden in the investigated dataset 
(Chudzińska and Barałkiewicz, 2010). 
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The PCA model constructed for variables allowed a reduction of 18 variables to four principal 
components (PC1-PC4), which were distinguished according to the eigenvalue-one-criterion (their 
eigenvalues were above 1) as important factors. These four PCs explained over 90% of the total 
variability, which was enough to describe the whole structure. The first PC explained over 40% of 
the total variance; high loadings (> 0.7) in PC1 were obtained for Ag, As, Cd, Cu, Cs, Li, Ni, Rb, 
Tl and Zn. Next, the PC2 was strongly associated with negatively correlated Ba, Sr, U and V and 
provided information enclosed in the next 25% of structure variability. PC3, accounting for nearby 
19% of total variance, was influenced by correlated variables describing Co and Pb. Hence, PC4 
did not reveal a high factor loading, so it was not important in explaining the variability. The most 
of elements were negatively correlated with PC1 and only Li and Tl had a positive correlation with 
this PC. Whilst PC2 considered here exhibited a strong, hard and negative interrelation with Ba, 
Sr, U and V. Next, inspection of Fig. 1b revealed that samples of S. imbricatus were divided into 
separate groups which were connected with the morphological part of fruiting body. The samples 
on the right-hand side, with a positive value of PC1 were stipes of fruiting bodies; which were 
characterized by higher concentration levels of Li and Tl. The samples on the left-hand side of the 
plot, with a negative value of PC1, featured by higher concentration levels of Ag, As, Cd, Cu, Cs, 
Ni, Rb and Zn in stipes of fruiting bodies. The position of outlying sample at the bottom part of the 
plot relates to a whole fruiting bodies of S. imbricatus, which are featured because of a different 
(higher) concentration levels of Ba, Sr, U and V. 

Conclusion 

In S. imbricatus certain metallic elements and arsenic are not equally distributed between cap and 
stipe. No clear differences could be noted in concentration levels of Ag, As, Ba, Co, Cd, Cs, Cu, 
Cr, Li, Mn, Ni, Pb, Rb, Sr, V, Tl, U and Zn in caps and stipes of fruiting bodies or in a whole fruiting 
bodies of S. imbricatus from the spatially distantly distributed localizations in northern regions of 
Poland. This finding imply on soil bedrock as a major source to topsoil of the chemical elements 
examined and lack of a local or regional sources of emission/pollution, which could significantly 
impact topsoil geochemistry and S. imbricatus.     
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Introduction  

Sclerotia is a dense mass of mycelium developed by some saprophytic fungi, which is located under the 
ground and is collected in some regions of the World as traditional medicine and ingredient in meals. The 
province of Yunnan in China is one of the regions in Asia where foraging for sclerotia of  W. extensa is 
tradition while cultivation in field condition becomes popular too. The Yunnan land, because of the 
occurrence of the Circum-Pacific Mercuriferous Belt, is one of a specific regions in the World with 
polymetallic soils that are enriched in certain metallic elements (Fan, 199). This can have a consequence in 
elevated or highly elevated content of some of them (e.g. Hg) in fungi foraged in some regions of the Yunnan 
province (Falandysz et al., 2015). This study is aimed at investigating the occurrence and variability and 
evaluate data on eighteen trace mineral constituents in sclerotia of W. extensa from polymetallic soils of 
Yunnan. 

Methods 

Sclerotia of Wolfiporia extensa (Peck) Ginns were collected from 19 places across of the Yunnan in 2012. 
The inner part of the sclerotia which is white in colour and free of skin or pine roots were separated for a 
study. Further the sclerotia were sliced into small pieces, dried at 105 C and powdered using porcelain 
mortar. Then, subsamples of dried and powdered mushrooms were digested in pressurized 
polytetrafluoroethylene vessels with concentrated nitric acid under pressure into the microwave oven. An 
elemental analysis of elements was carried out using the ELAN DRC II ICP-MS Inductively 
Coupled Plasma Mass Spectrometer equipped with a Meinhard concentric nebulizer, cyclonic 
spray chamber, Pt cones and quadruple mass analyzer and was used for this study. The methods of 
trace element measurement was validated and controlled by preparation of standard solutions, calibration 
of instrument and daily run of blank samples and duplicates and replicates with each analytical cycle. All 
samples were analyzed in batches with certified references material and blanks. The computer software 
Statistica, version 10.0 (Statsoft Polska, Kraków, Poland), was used for statistical analysis of data. 

Results 

We examined the correlation matrix obtained from a possible 19 x 18 data matrix. The model could 
explain up to 85.6% variability in the data matrix by five factors for which an eigenvalue was 
greater than 1. The first PC (PC1) was under influence by variables associated with positively 
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correlated As, Co, Cs, Li, U and V. The second PC (PC2) was strongly influenced by positively 
correlated Ba, Cd, Cr and Sr. The third PC (PC3) was influenced by negatively correlated variables 
describing  Rb and Zn, the fourth (PC4) by positively correlated Cu and Tl, and the fifth (PC5) by 
negatively correlated for Ni. 

Conclusion 

The metallic elements such as Co, Cs, Cu, Li, Rb, U, V and Zn could be found in sclerotia but 
contents are smaller than in wild growing mushrooms. The toxic compounds such as Ag, As, Cd, 
Pb, Rb and Tl are at very low level in sclerotia and without  toxicological significance.  
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Introduction  

The first reports on radioactivity accumulated in mushrooms from the wild due to radioactive fallout from 
the nuclear weapons tests were published half a century ago, and an earliest showed an elevated activity of 
radioactive caesium (137Cs) accumulated in fruiting bodies by species Paxillus involutus (Grueter, 1964). 
The nuclear power plant accident in Chernobyl in 1986 caused contamination with 137Cs and other 
radioactive compounds a vast regions of the World and some regions in Europe were highly affected 
(Grodzinskaya et al., 2003; Steinhauser et al., 2014). Radiocaesium is still present in the environment and 
in the foraged European mushrooms as a result of atmospheric nuclear weapons tests in the 1950 - 1960’s 
and as fallout from the Chernobyl, while fallout from the 2011 Fukushima Dai-ichi nuclear power plant 
accident was negligible (Falandysz et al., 2015). 

Byrne (1998) reported on very high radioactivity of 137Cs in fruiting bodies of some mushrooms from the 
genus Cortianarius. One which was highly contaminated was the species Rozites caperata (Pers.: Fr.) P. 
Karst (gypsy), which now is in the genus Cortinarius and its current name is Cortinarius caperatus (Pers.) 
Fr. 

Cortinarius caperatus is considered as tasty and it is one of the most appreciated species of common edible 
mushrooms foraged in wild in Europe because of its mild flavour. It usually emerges on coniferous 
(mountain) forests in areas with sandy soils as well as in beech woodland at lower altitudes and not popular 
in leafy forest (Falandysz, 2014). In this study, we investigated the 137Cs concentrations of C. caperatus from 
many spatially and distantly scattered background areas across northern Poland.  

Methods 

Cortinarius caperatus mushrooms were collected at 22 sites in 20 forested regions largely in the northern 
and central Poland between 2001 and 2010. Fresh fruit bodies, after cleanup with a plastic knife from any 
visible plant vegetation and soil debris, were air–dried for several days. Thereafter, with exception of 2 sites 
for which whole fruiting bodies were examined, each specimen was separated into two parts - the cap (with 
skin) and stipe and then dried at 65 °C to constant mass. Dried whole fruit bodies, caps and stipes were 
pulverized in a porcelain mortar and kept in sealed polyethylene bags under dry conditions until analysis.  

Radioactivity from 137Cs was determined by gamma spectrometry with coaxial HPGe detector with a relative 
efficiency of 18% and a resolution of 1.9 keV at 1.332 meV (with associated electronics). The detector was 
coupled with an 8192-channel computer analyzer and GENIE 2000 software. The instrument (detector) was 
calibrated was calibrated using a multi-isotope standard and the method was fully validated. All results were 
calculated for dehydrated fungal material (at 105 ºC) and they were decay corrected back to the time of 
sampling. 
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Results 

Cortinarius caperatus from many sites sampled in Poland showed high contamination with 137Cs over the 
years 1996-2010. The 137Cs was at 18000±140 Bq kg-1 dry biomass in caps of specimens collected from the 
Napowidzko-Ramucka Wilderness in 2002, at 13000±99 Bq kg-1 dry biomass in caps of the individuals 
from the Mazovia land in the localization Olszewo-Borki in 2007 and 5600±58 Bq kg-1 dry biomass in caps 
of mushrooms from the Tuchola Pinewood in 2010. The caps of C. caperatus showed from 1.4 to 3.3 greater 
activity concentration from 137Cs than the stipes. 

Conclusion 

A very slow decrease in content of 137Cs content could be noted in C. caperatus collected in the 1990-2010 
in the northern regions of Poland. Mushrooms collected in 2010 from the Pomerania province which was 
relatively less affected by the Chernobyl fallout contained 137Cs at > 3700 Bq kg-1 dry biomass. 
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Introduction  

Mushrooms foraged from the wild are traditional and popular organic food, which is considered rich in 
macro- and microelements but accessibility to good foraging areas, gourmet receipts and tradition, and 
intake per capita of foraged mushrooms highly vary in the regions of the world (Falandysz and Borovička, 
2013; Kalač 2016). 

Mercury (Hg) is a priority global pollutant and is one of the metallic elements undesired in food, which is 
well accumulated in the fruiting bodies by various species of mushrooms. Mercury, both from a fallout 
(largely arising from the anthropogenic emissions) and from the natural geogenic sources e.g. in the Circum-
Pacific Mercuriferous Belt regions, can matter as a contaminant in the edible mushrooms (Falandysz, 2016; 
Falandysz et al., 2014 and 2015).  

Mushrooms can be treated in different manner, and the cooking books gave many receipts. Cooking can 
have a pronounced impact on content and composition of compounds in a mushroom (Biekman et al. 1996). 
Some of the treatments are of more general or universal nature, e.g. a short time (5-15 min) boiling 
(blanching) or boiling for a longer time, while other can be specific for a species of mushroom or a dish. 
Blanching is a highly radical manner, because of high excess of boiling water used and what cause a fruit 
body dehydration and shrinkage, and denaturation, hydrolysis and a partial dissolution of the organic and 
inorganic constituents of mushroom.  

Aim of this study was to investigate the potential of blanching in removal of mercury from the mushrooms 
such as Cantharellus cibarius and Amanita fulva. 

Methods 

A whole fruiting bodies of Cantharellus cibarius and caps of Amanita fulva were used. Mushrooms were 
collected from the background (unpolluted) areas from the northern regions of Poland. Mushrooms were 
respectively dried conventionally, deep-frozen, freeze-dried, blanched and pickled using a commercial 
vinegar based marinade. 

Mercury was determined using cold-vapour atomic absorption spectroscopy (CV-AAS) by a direct sampled 
material thermal decomposition coupled with gold wool trap of mercury vapors and its further desorption 
and quantitative measurement at wavelength of 253.7 nm. The analytical instrument used was mercury 
analyzer equipped with auto sampler and operated respectively at low and high mode (Jarzyńska and 
Falandysz, 2011). 

Analytical control and assurance quality (AC/AQ) were assessed through analysis of blank samples and two 
certified fungal reference materials: CS-M-2 and CS-M-4 both produced by the Institute of Nuclear 
Chemistry and Technology, Warsaw, Poland.. Our results agreed well with the certified values. 
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Fresh C. cibarius blanched for 5 or 15 min in potable or deionized water lost Hg by 12±7 to 13±5% on the 
average. A deep-frozen C. cibarius when blanched lost Hg by 33±6 to 36±6% on the average. Fresh caps of 
A. fulva blanching lost Hg by 56±2%. 

Pickling had only a minor effect or was without effect on leaching of Hg from the blanched mushrooms. 
Total leaching rate of Hg for C. cibarius was between 15±t to 21±6% when treated (blanched and pickled) 
were fresh mushrooms and between 37±7 to 39±8% when treated were a deep frozen mushrooms. For 
blanched or blanched and  pickled caps of A. fulva drop of Hg was between 50±3 to 56±2%.   

Conclusion 

Mercury is better extracted by boiling water from A. fulva than C. cibarius. Blanching of a fresh and sliced 
C. cibarius causes leakage of Hg by around 15%, while blanching of a deep frozen and sliced C. cibarius 
by around 35%. The rate of Hg leaching from the C. cibarius in practice was the same when blanched for 5 
or 15 min. Blanching of A. fulva causes loss of Hg by around 56%. Pickling had only little impact if any on 
leaching of Hg from the blanched C. cibarius or A. fulva.  
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Introduction  

Cadmium is highly toxic metallic element that is one of the priority environmental and food  contaminants. 
Edible mushrooms collected from wild are appreciated as organic food because of taste, flavour, texture and 
also of some nutritional and medicinal value, and good example is Cantharellus cibarius Fr. The minerals 
composition of mushrooms under undisturbed condition in wild can to some degree reflect a geochemical 
composition of a parent soil. This has been observed for mercury and also silver, cadmium and some other 
metallic elements but  there is no a uniform pattern. There are different receipts for cooking chanterelles 
(fried with eggs or in other way, sautéed in butter, oil or cream, served as soufflés, cream sauces, soups and 
pickled). They also can be preserved deep frozen or dried. Fresh chanterelles before frying, pickling etc. 
have to be blanched  (kept for 5 to 15 min in boiled water).  

This study examined a fate of cadmium in a chain: fresh – frozen – dried – blanched – pickled and consumed 
chanterelles in aim to get an insight into its leaching under processing and culinary treatment, and also 
possible rate of the element absorption in alimentary tract by man in a model system. 

Methods 

Mushrooms were rinsed with cold tap water and drained. Next, each fruit body in collection from a particular 
site was sliced into four or three parts (vertical cuts using a plastic knife), which were pooled accordingly. 
In total, thirty six composite samples were prepared from those mushrooms for experiments. The 
experiments were performed to examine an impact of processing and culinary treatment on fate of cadmium 
in chanterelles and its bioaccessibility from the processed (dried, frozen, blanched and pickled) mushrooms.  

The bioaccessibility of cadmium from the treated chanterelle was examined using adapted, the in vitro 
model - UBM (Unified Bioaccessibility Method) by BARGE (BARGE/INERIS, 2010). The dried, frozen, 
blanched and pickled mushrooms were in vitro digested in the model juices - gastric juice (fraction F1) and 
gastro-intestinal juice (fraction F2) mimicking digestion in the human alimentary tract. 

Cadmium in fungal materials from all treatments and processes was determined using validated methods by 
inductively coupled plasma mass spectrometry with dynamic reaction cell (ICP- DRC-MS; ELAN DRC II 
ICP-MS) or inductively coupled plasma -optical emission spectroscopy (ICP- MS; ICP-OES Agilent 5100 
VDV). The fungal materials were wet digested with a solution of concentrated nitric acid in pressurized 
vessels made of polytetrafluoroethylene (PTFE) with aid of microwaves. In the same way were examined a 
several certified reference materials of known content of cadmium, and the procedural blanks. 

Results 

Cadmium content decreased by 11±7 to 36±7% in blanched C. cibarius in relation to fresh mushrooms and 
by 40% when were treated a deep frozen mushrooms. Pickling of the blanched C. cibarius decreased 
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cadmium content by 47 to 70%. Total leaching rate of cadmium from the blanched and pickled C. cibarius 
was 90-91%.  

Bioaccessibility of cadmium from untreated C. cibarius was from 24±2 to 33±2 % for the gastric fraction 
(F1) and from 12±3 and 18±3% for the gastro-intestinal fraction (F2). Bioaccessibility of cadmium from 
deep frozen C. cibarius was 27±2% (F1) and 11±2% (F2). In both experiments, the bioaccessibility of 
cadmium from the uncooked C. cibarius was similar for the particular fractions regardless the mushrooms 
were deep frozen or not. Cadmium contained in the pickled mushrooms, which were fresh when blanched 
and next pickled, was much better extracted into the gastro-intestinal F2 juice (from 22±13 to 68±18%) than 
to the gastric F1 juice (from 5.9±2.3 to 19±6%). No cadmium could be detected (limit of detection was 0.03 
microgram per liter) in the gastro- and gastro-intestinal juice extracts of the pickled C. cibarius, which were 
deep-frozen before blanching and pickling.     

Conclusion 

Cadmium is largely lost during blanching and pickling of  the C. cibarius. Bioaccessibility of cadmium from 
the pickled C. cibarius can be high, while is low from the untreated or blanched fruiting bodies. Is 
anticipated that bioaccessibility of cadmium contained in processed but not acidified C. cibarius will not 
exceed the figures for the blanched mushrooms in this study. 
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Introduction  

Yunnan province of China has a large biodiversity of mushrooms, plants and animals life. Topography a 
mild climate with fine weather is also unique -  with as much as much as 3000 m deep canyons and different 
types of forests. Consumption of mushrooms from wild is up to 24 kg per capita annually by certain locals 
in Yunnan, while specific is a way of their cooking (using a wok) (Wang et al., 2014).  

The province of Yunnan is also diverse in geochemical composition of soil bedrock and is somewhere under 
an impact by the Circum-Pacific Mercuriferous Belt. Hence, mushrooms from some regions of the Yunnan 
are be elevated in geogenic mercury (Kojta et al., 2014; Falandysz et al., 2015). Although in a recent decade 
were available some data on mineral constituents composition of the Yunnan’s mushrooms, are gaps in 
knowledge because of a biodiversity of the species and diversity of the regions there (Fan, 1991). 

This study presents data on 20 metallic and semi-metallic elements in three species of the genus Boletus (B. 
luridus, B. magnificus and B. tomentipes) determined by inductive coupled plasma - dynamic reactive cell 
– mass spectrometry (ICP-DRC-MS) and cold vapour – atomic absorption spectroscopy (CV-AAS).

Methods 

In total, 24 specimens of B. luridus, 38 of B. magnificus, 38 of B. tomentipes were collected in Yunnan (one 
sample of B. tomentipes was also from the province of Sichuan). They were separated into caps and stipes, 
than prepared and pooled respectively and examined. Fresh mushrooms directly after pickup were cleaned 
up from any visible plant vegetation and soil debris with a plastic knife and the bottom part of stem was cut-
off, and further rinsed with deionized water. Thereafter, the mushroom samples were placed into plastic 
basket of an electrically heated commercial dryer (dehydrator for vegetables etc.) and dried at 65 °C to 
constant mass. Dried fungal materials were pulverized in a porcelain mortar and kept in sealed polyethylene 
bags under dry conditions. Before digestion with nitric acid, the samples were dried at 65 °C for 12 h using 
an electrically heated laboratory oven. The elements such as Li, V, Cr, Mn, Co, Ni, Cu, Zn, As, Rb, Sr, Ag, 
Cd, Sb, Cs, Ba, Pb, Tl, U were determined using the ELAN DRC II ICP-MS Inductively Coupled Plasma 
Mass Spectrometer (PerkinElmer, SCIEX, Canada) equipped with a Meinhard concentric nebulizer, 
cyclonic spray chamber, dynamic reaction cell, Pt cones and quadruple mass analyzer. 

Results 

Lithium  concentrations in caps were from 0.15±0.09 to 0.61±0.43 mg kg-1 dry biomass (db), while median 
values showed on similar content of this element in the caps of all three species (p > 0.05; Mann – Whitney 
U test). Rubidium in caps of Boletus mushrooms was at 90±35-460±350 mg kg-1 db, and in stipes 56±7-
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160±120 mg kg-1 db. There is no other data on Rb in mushrooms from Yunnan or elsewhere in China from 
available literature. Caesium apart from a high result in B. luridus from the site of Midu in the Dali 
Autonomous Prefecture (160 mg kg-1 db in caps and 55 mg kg-1 db in stipes) occurred at much smaller  but 
similar concentrations  (< 1.0 mg kg-1 db) in mushrooms from other sites. 

Strontium and barium at specifically elevated concentration were found in B. tomentipes from the Panzhihua 
site in the Sichuan Province, which showed Sr in caps at 5.3 mg kg-1 db and in stipes at 26 mg kg-1 db, and 
Ba in caps at 10 mg kg-1 db and in stipes at 100 mg kg-1 db. The second sample that was relatively rich in 
both elements was B. luridus from the Jiangchuan site in the Yuxi Prefecture - Sr in caps at 2.8 mg kg-1 db 
and in stipes at 2.2 mg kg-1 db, and Ba in caps at 32 mg kg-1 db and in stipes at 12 mg kg-1 db.  

Vanadium was mg kg-1 db) at 0.18-4.4 in caps and at 0.24–9.0 in stipes of B. tomentipes, and respectively 
at 0.97–3.9 and 0.68–10 in B. luridus and at 0.77–2.1 and 0.69–1.1 in B. magnificus. Chromium occurred, 
on the average, in caps of B. tomentipes at 5.0±2.9 mg kg-1 db, in B. luridus at 6.9±7.1 and in B. magnificus 
at 7.6±2.2  mg kg-1 db, but a large fluctuation can be noted in content of Cr in mushrooms from a particular 
sites. The mean values of manganese concentrations in B. tomentipes, B. luridus and B. magnificus were 
respectively in caps at 17±8, 28±21 and 13±2 mg kg-1 db, and distribution of element between caps and 
stipes of mushrooms was almost equal. Cobalt and nickel were in Boletus spp. at around 1.0 mg kg-1 db in 
caps and at around 1.0–2.0 mg kg-1 db in stipes, but in a few samples were much higher. 

Boletus tomentipes, B. luridus and B. magnificus in this study were relatively rich in essential copper and 
zinc, while their caps showed both elements in greater concentrations than stipes. Uranium occurred in 
similar concentrations in caps of B. tomentipes and B. luridus i.e. at 0.65±0.053 and 0.053±0.049 mg kg-1 
db and also in stipes, i.e. at 0.10±0.09 and 0.098±0.099 mg kg-1 db, while at smaller concentrations in B. 
magnificus, where was distributed equally between caps. 

The chalcophile elements such as Ag, Cd, Hg, Tl, Pb, As and Sb which are considered as hazardous when 
at elevated content in foods were all found in the Boletus spp. but usually in small concentration, and 
exception was As in some sites.  

Conclusion 

The interspecies differences in content of several trace elements observed in B. luridus, B. magnificus and 
tomentipes could be roughly attributed to known different geochemistry of soils in Yunnan, while a within 
species difference was observed for copper. 
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Introduction  

One way to minimize the Cd load in durum wheat grains is to use low-Cd accumulating cultivars, i.e. 
cultivars with a low ability to accumulate Cd in the grain. This option first requires evaluating to what extent 
the concentration of Cd in the grain varies among durum wheat cultivars and identifying the main processes 
responsible for the differences. This work aims at understanding the ecophysiological processes that drive 
the accumulation of Cd in durum wheat grains. The partitioning of Cd among aboveground organs is poorly 
described in the literature, even though durum wheat lines differ considerably in stem height and grain size, 
i.e. in their aboveground partitioning of biomass. Assuming that the leaves and stem are sinks for Cd in 
competition with grains during grain filling, one would expect that a shift in the aboveground partitioning 
of biomass would affect the concentration of Cd in the grain. The objective of this work was to test this 
hypothesis in eight French durum wheat lines that differ in their aboveground structure. 

Methods 

Eight French widely cultivated durum wheat cultivars were grown hydroponically in the presence of Cd, 
with five replicates per cultivar. The cultivars differed in their stem height and in their grain size but also in 
precocity and in their grain protein content. None possess the allele responsible for the low-Cd trait at Cdu1 
(Zimmerl et al., 2014). At maturity, the partitioning of biomass and Cd among organs was analyzed. The 
concentration of Cd2+ in the nutrient solution was fixed at 2 nM to reproduce the level of exposure to Cd 
found in low to moderately contaminated agricultural soils (Sauvé et al., 2000). The concentration of Cd in 
the grain (Grain Cd, µg g-1) was modeled as a function of the grain biomass (Grain DW, g), the amount of 
Cd taken up by the roots (QCdtot, µg), a root sequestration factor (RSF) and a grain allocation factor (GAF) 
itself modeled as a function of the ratio between the biomass of leaves and that of grains. This model was 
adjusted to the experimental data obtained for the 8 French cultivars.    

	 	
	

 with  
	

	
  

	
	

	
(1) 
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Grain Cd concentration ranged from 0.03 to 0.08 µg g-1 and was thus in the same range as that measured 
in field trials. A 2.4-fold variation in grain Cd was observed within French lines, which was not explained 
either by a difference in uptake or by a difference in the root sequestration of Cd (Table 1). The model 
shown in eq. 1 provides a good prediction of the intraspecific variation in grain Cd (Fig. 1). One important 
finding is that is the leaf biomass was the main factor explaining the variation in grain Cd (data not shown) 
which strongly suggests that the accumulation of Cd in the grain depends on the aboveground partitioning. 
Table 1. Grain Cd concentration (µg g-1 DW), Cd uptake (µg), root sequestration factor (RSF) and grain allocation 
factor (GAF), measured at maturity in 8 French durum wheat cultivars. 

CLO DAK ISI MIR NEF PES PHA SCU

Grain Cd 0.076 b 0.086 b 0.061 ab 0.036 a 0.060 ab 0.057 ab 0.062 ab 0.075 b
QCdtot 5.53 b 4.79 ab 4.39 ab 4.92 ab 4.07 ab 3.51 ab 4.59 ab 3.18 a
RSF 0.35 a 0.49 a 0.47 a 0.43 a 0.48 a 0.37 a 0.48 a 0.40 a
GAF 0.24 b 0.16 a 0.25 b 0.14 a 0.24 b 0.21 ab 0.25 b 0.25 b

Figure 1. Relationships between the 
values of grain Cd concentration predicted 
by the model and those measured 
experimentally in the 8 French durum 
wheat lines considered in the study. 

Conclusion 

The partitioning of aboveground biomass may influence the concentration of Cd in grain, in addition to the 
sequestration of Cd in roots. Breeding programs tend to reduce the stem height of cereals to improve their 
resistance to logging. This work suggests that this selection may promote the accumulation of Cd in durum 
wheat grains. 
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Introduction  

Large agricultural areas around the Fukushima Daiichi Nuclear Power Station in Japan were contaminated 
with radiocesium after the accident following the earthquake and tsunami in March 2011. A variety of 
agricultural studies, such as fertilizer management and plant breeding, have been undertaken for reduction 
of radiocesium uptake in crops, or, enhancement of uptake in phytoremediation. In this study, we newly 
developed imaging systems specific for plant nutritional research, and performed quantitative analyses on 
uptake and partitioning of radiocesium in intact plant bodies.   

Methods 

Radiotracer imaging is one of the few methods that enable the observation of the dynamics of substances 
in a living plant body without sampling or fixation of plant tissue. We tried to modify four types of 
imaging method for Cs-137 movements; gamma camera system, Cherenkov light imaging system, and 
Compton camera imaging system for Cs-137, and positron emitting tracer imaging system with production 
of positron emitting radiotracer of Cs. 

Results 

In this abstract, results of Cherenkov light imaging with a soybean, whose roots were dipped in 17 mL of 
the culture solution containing 10 MBq of Cs-137, are shown in Figure 1. High resolution images 
represented Cs-137 transportation from the roots to the shoot and an accumulation into the node. 

Figure 1. Two images of 137Cs dynamics after dipping solution of Cs-137 1 hour (left) and 13 hours (right). 

Conclusion 

We have developed four imaging methods that can obtain dynamic and quantitative images of 
radiocesium movement in intact plants. It may provide practical measures for realizing crops/cleanup 
plants with low/high accumulation of radiocesium and agricultural methods to control partitioning of 
radiocesium within plant bodies. And, for probability risk assessments of plant research, these imaging 
methods are fundamental to efficiently and effectively determine the Cs kinetic. 
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Introduction 

The copper ore processing generates large amounts of wastes extremely difficult for revitalisation due 

to metal concentrations toxic to plants (Lottermoser 2014). The effects of environmental stress in plants are 

know to be mediated, at least partially, by an enhanced generation of the reactive oxygen species (ROS; 

Stepien and Klobus 2005). Entry of toxic ions into plant provokes inhibition of photosynthesis leading to 

generation of superoxide (•O2
−) via photoreduction of O2 or singlet oxygen through the interaction with 

triplet-excited chlorophyll (Asada, 2000; Foyer et al., 2002). ROS are highly reactive and can cause 

widespread damage to membranes, proteins and DNA. In addition, it is well known that transition metals 

like Cu catalyze formation of extremely cytotoxic hydroxyl radicals (•OH) in the Haber–Weiss reaction 

between superoxide and H2O2 (Stepien and Klobus, 2005). 

Materials and Methods 

The pot experiment with eleven rye (Seceale Cereale) varieties were grown on the post-flotation 

sediment from the copper ore processing. The plant material was harvested 28 DAS and analysed for Cu 

with AAS. The total Cu determined with ICP-MS in both the sediment and in the water extract (1:10) of the 

sediment were 1775 mg kg-1 and 0,052 mg dm-3, respectively. The rate of  superoxide (•O2
−) generation was 

measured following formazan formation by nitroblue tetrazolium (NBT) dye with •O2
− (Omoto et al. 

2013).Hydroxyl radical (•OH) content was measured as the accumulation of thiobarbituric acid-reactive 

degradation products from the reaction between 2-deoxyribose and •OH (Tiedemann 1997). The level of 

lipid peroxidation was determined as a thiobarbituric acid-reactive substances (TBARS) according to 

Stepien and Klobus (2005),  

Results 

In the course of the experiment significant variety-dependent elevation in the tissue Cu level was 

observed in plants grown on the post-flotation sediment (Fig. 1). In spite of the high total Cu content in the 

sediment, due to high pH and carbonates the predominant Cu form in the sediment WE was CuCO3 (aq), 

with Cu+2 being only 11% (Tab. 1).The rye varieties studied revealed an increased levels of •O2
−; however, 

these were not significantly different amongst genotypes, except the two with the highest copper uptake 
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(Fig. 2). In contrast, the levels of •OH were noticeably dependent on the Cu accumulation (Fig. 3). Free 

radicals provoke the degradation of membrane lipids; therefore, oxidative stress was expected to produce 

an increased level of lipid peroxidation. A significant increase in the TBARS level was observed in all the 

wheat varieties grown on the post-flotation sediment (Fig. 4), with this being Cu-dependent and following 

the extent of •OH formation. 

Conclusions 

The results obtained clearly demonstrated the relationship between the Cu uptake by the rye genotypes 

and the level of oxidative stress, with the latter being demonstrated by an increased ROS formation. The 

harmful influence of the ROS, with particular reactivity of hydroxyl radicals, resulted in widespread damage 

to cellular compartments, as confirmed by increased lipid peroxidation.  
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Introduction 

There are a number of mines containing heavy metal in water region and vanadium 

acquisition and processing industry developed. During the work of vanadium mine, the 

surface runoff carry heavy metal to soil and river. Various steps for reducing heavy metal 

from the mine sites have been under-taken by the environmental management (Vermaet al., 

2012). Phytoremediation technology is one of the best and ecofriendly alternative 

management to prevent the heavy metal into soil and river. 

A greenhouse experiment was designed to investigate the effects of compounds heavy metal 

stress on the metal accumulation and activity of antioxidative enzymes of plants.  

Methods 

Plants used for the experiment were Pteris vittata L.，Artemisia selengensis，Trifolium repens，

Houttuynia cordata and Medicago sativ. The 40g healthy seedlings each kind of plants were 

selected. 500mL compound heavy metals solution containing 1/5 diluted Hoagland nutrient 

solution were added to each pot. There were four treatments with the compound heavy metals 

(V、Cr、Cd) concentrations (1HM: 1.4, 0.6, 0.08mg·L-1; 5HM: 7.0, 3.0, 0.4 mg·L-1; 10HM: 

14.0, 6.0, 0.8 mg·L-1; 20HM: 28.0, 12.0, 1.6mg·L-1). Three replicates were used for each 

treatment. The nutrient solution was aerated continuously and replaced every 7 days. The 

growth responses of plants were measured and the plants were harvested after 5 weeks. 

Concentrations of heavy metal in plants were determined by ICP-OES. SOD activity was 
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determined by the method of NBT. CAT activity was measured according the method of Beer 

and Sizer. POD activity was determined by the method of Zhang. 

Results  

The shoot concentration of V in Pteris vittata L. was significantly higher than that of other 

plants at 5HM, 10HM and 20HM and reached 1908.19mg•kg-1 at 20HM(Fig. 1). The shoot 

concentration of Cr in Pteris vittata L. was significantly higher than that of other plants at 

5HM, 10HM and 20HM and reached 2016.14mg•kg-1 at 20HM. The shoot concentration of 

Cd in Houttuynia cordata and Trifolium repens was significantly higher than that of other 

plants and reached a maximum (145.28mg•kg-1 and 110.64mg•kg-1) at 10HM, respectively. 

Figure 1. The concentration of heavy metal in shoot 

The heavy metal concentration in solution and the plants was input, and heavy metal 

accumulation in plants was output. The input and output were added to MATLAB fuzzy 

function.  

The changes in enzymes (SOD, POD, CAT) activities demonstrated the plants’ tolerance to 

heavy metal stress, which varied by species.  

Conclusion 

The present study showed that the Pteris vittata L. showed great uptake capacity to V and Cr 

at compounds heavy metal (V, Cr, Cd) condition and the cooperative work of the 

antioxidative enzymes contributed to the tolerance of the Pteris vittata L.to the compounds 

heavy metal stress. The uptake capacity to Cd of the Trifolium repens was stronger than other 

plants at compounds heavy metal condition. The Pteris vittata L. can further be suggested for 

its suitability for V and Cr phytoremediation purposes at compounds heavy metal condition 

and the Trifolium repens can further be suggested for Cd phytoremediation purposes.  
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Introduction  

Unicellular photosynthetic organisms are very important members of the marine and freshwater ecosystems. 

They are at the base of the food chain, the most important of the Earth’s biomass producers, and it is 

estimated that 50%, or even more, of the oxygen in the atmosphere is produced by their photosynthetic 

activity.  Detection of pollutants (quantitative analysis) or their effects (biochemical and molecular 

biological analysis) in photosynthetic algae are early and timely indicators of potential hazards in aquatic 

systems.  Biochemical and molecular biological approaches for the detection of environmental stress in 

microalgae should be seriously considered in any environmental assessment program (Torres et al., 2008).  

Exposure of these organisms in heavy metal-polluted environments may cause both inhibition of 

photosynthesis and transport of these pollutants to higher organisms through the food chain(Perales-Vela et 

al., 2006).  Hence, homeostasis of these organisms is very important.  Unfortunately, homeostasis 

mechanisms, at the molecular level, regarding heavy metals, are largely unclear.  Similar to higher 

organisms, phytoplanktonic cells have developed a defense system for their protection against exposure to 

heavy metals, which contains the synthesis of heavy metal-induced specific proteins (phytochelatins, PCs, 

metallothioneins, MTs, heat shock proteins, HSPs), or other metabolites with specific functions.  This 

response of the cells exposed to heavy metals can be studied at the RNA transcription level, and important 

knowledge can be acquired towards the elucidation of the mechanisms involved in the defensive functions 

of the organisms, as well as for the utilization of these analyses as reliable probes for early detection of 

pollution events in the environment. 
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In this study, a unicellular freshwater and soil model organism, Chlamydomonas reinhardtii, was exposed 

to several sub-lethal levels of Cd, Ni, and Pb.  The effects of the metal exposure on the cell growth rates, 

the transcript response, and the levels of certain peptides and metabolites were determined. 

Methods 

Cells were exposed to two levels of Cd, Ni, and Pb, under continuous illumination, and their growth curves 

for each condition were constructed.  Samples were collected at the middle and at the end of the logarithmic 

phase of the growth, and the accumulation of the metals (adsorption on the cell walls and insertion in the 

cells) were determined by ICP spectroscopy.  The levels of the mRNA for specific heavy metal stress-related 

enzymes was determined by reverse transcription and qPCR analyses for all the conditions studied.  The –

SH containing peptides were determined and quantified by SDS-PAGE electrophoresis and the Ellman 

method.  Finally, the synthesis of certain metabolites (i.e. chlorophyll, carotenoids) was determined 

spectrophotometrically. 

Results 

Previous studies (Jamers et al., 2013) have shown that there is a time of exposure and level of pollution 

dependence of both gene transcription and certain metabolite profiles.  In this work we expand our study to 

three heavy metals and to different genes and metabolites.  We will present data showing that the 

bioaccumulation level and the percentage of metal insertion in the cellsare metal-dependent.  The effects of 

the different metals on the gene expression levels of certain peptides, as well as on the synthesis of certain 

metabolites will be presented.  Data on the heavy metal-induced synthesis of low molecular weight, 

sulfohydryl containing peptides, will also be shown.  These results will be evaluated as potential probes for 

the assessment of pollution by heavy metals of their environment.   
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Introduction  

La Mojana is a region in the department of Sucre, Colombia, which is known for its great agricultural 

potential within that productive sector, and rice cultivation is presented as one of the most important, 

considering that and rice cultivation is presented as one of the most important, considering that for the first 

half of 2013, 68.7% of rice crops reported in the subregion of Bajo Cauca (which belongs La Mojana) he 

was sown in La Mojana. Thus rice cultivation is a factor of socio-economic impact in all municipalities of 

La Mojana, a situation that can consider it as the main source for basic needs of this population 

(FEDEARROZ, 2014). A report on native rice production in the region, indicated that about 47 different 

varieties which certain proportion are intended for personal consumption (Corpoica, 2013). Appreciable 

amounts of mercury (Hg) in different environmental compartments have been found on this region 

(Marrugo-Negrete et al., 2010; Marrugo-Negrete et al., 2015), and also in grains of rice traded in the 

towns (Argumedo-García et al., 2013). In this study, the accumulation in the rice grain of different 

varieties (native and commercial) that are grown in the region La Mojana was evaluated in order to 

establish which represents less risk to the health of the population. 

Methods 

In the experimental design it was used univariate design with 6 levels (landraces: Ligerito belepano (Lb), 

Ina blanco (Ib), Fortuna morado (Fm); commercial varieties: Fedearroz 2000 (Fe2), Fedearroz 473 (Fe4) y 

Fedearroz Mocarí (FeM)) and and three replications. Also, a completely randomized design (DCA) was 

used factorial arrangement 3 (commercial varieties: Fe2, Fe4FeM) x 4 (levels of mercury in the soil: 0,13, 

0,3, 0,8 y 1,5 mg Kg-1) with three replications. The experiment was conducted in pots containing 10 kg of 

soil from the region of the La Mojana (topsoil 0-30 cm), in a greenhouse located at the University of 

Cordoba, Colombia. The average temperature was 27.8 ° C with a relative humidity between 76-82%. All 

analyzes were performed in a direct mercury analyzer (DMA-80) after spraying and drying of samples. 

Results  

ANOVA (alpha level of 0.05) for concentrations of Hg in the root and peel showed statistically significant 

differences between commercial and landraces assessed at the same level of Hg in the soil, however, no 
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differences occurred for husked grain concentrations (table 1). The mean values in the grain for all 

varieties, were between 7,37 ±6,93 µg Kg-1 (FeM) and 21,84 ±8,47 µg Kg-1 (Fe2) 

Table 1. ANOVA test at an alpha level of 0.05, for concentrations of Hg in the root shell and shelled grain. Test at a 

fixed level of Hg (0.13 mg Kg-1) between landraces and commercial 

Órgan Degrees of freedom Sum of squares Mean square F-Valor Pr > F 

Raíz 5 2,6276 0,5255 5,48 0,0074 

Grano 5 5,4397 1,0879 1,42 0,2842 

Cáscara 5 3,0315 0,6063 3,29 0,0421 

The average concentration of Hg in the shelled grain and the shell, for the experiment of commercial 

varieties grown in soil at different levels of Hg, are shown in Figure 1. The levels in the grain were below 

30 ng g-1 for all treatments. To the shell, Hg levels were relatively higher than grain, reaching the highest 

in Fe4 Fe2 and varieties. 

Figure 1. Hg in the grain (a) and shell (b) of commercial varieties, in soils at different concentrations of Hg. 

Different letters above the columns indicate statistically significant differences (alpha 0.05) 

Conclusion 

The accumulation of Hg in the grain of rice in different varieties objects of study showed few differences, 

even when rice was planted in soil at different levels of Hg, however, lower levels were found to landraces 

compared to commercial varieties. 

The authors thank the United Nations Development Programme (UNDP) for financing this study. 
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Introduction  

Zinc is an essential element for all living organisms. Zinc deficiency of crops is one of the most serious 
problems in food production in the world. On the other hand, high-dose of zinc is toxic to human, making 
acute intoxication or interfering with the uptake of copper. Therefore, it is important to understand how 
plants regulate zinc uptake and exclusion in the various environments. 

In attempt to elucidate the mechanism of dynamics of heavy metals in the plant body, noninvasive imaging 
of movement of heavy metal has been a powerful tool. In the past decade, we have employed a positron-
emitting tracer imaging system (PETIS), which provides serial time-course images of the two-dimensional 
distribution of various positron-emitting radionuclides (e.g. 64Cu, 62Zn, 107Cd) in an intact plant without 
contact (Fujimaki, 2007; Kawachi et al., 2006; Ishii et al., 2009; Watanabe et al., 2009; Suzuki et al., 2008; 
Fujimaki et al., 2010). Because most of positron-emitting radionuclides have short half-life (e.g. the half-
life of 62Zn is only 9.2 hours), we have to produce positron-emitting radionuclides by ourselves using 
cyclotron (a type of ion accelerator) in order to conduct the PETIS experiment. 

One of zinc radionuclides, 65Zn (half-life: 244 days) is commercially available and frequently used as a zinc 
tracer in the field of plant science. 65Zn is a positron-emitting radionuclide but its emitting ratio is only 1.4 
%. Therefore, 65Zn was thought to be an unsuitable radionuclide for positron imaging. However, there has 
been no detailed verification of the possibility of positron imaging using 65Zn. Thus, in this study, we 
examined whether positron imaging of 65Zn is possible by PETIS. 

Methods 

Rice plants (Oryza sativa L.) were cultured hydroponically for 4 weeks. The roots of the four rice plants 
were inserted into plastic syringes and the shoots were fixed on an acrylic board. The acrylic board with the 
plants and the syringes was set in the field of view of the PETIS detector. Then, the hydroponic solution 
containing 400 kBq 65Zn was fed to each syringe and the movements of 65Zn in the intact rice plants were 
monitored by PETIS every 1 min for 48 hours continuously. 

Results 

We obtained the fine serial images by using 65Zn and PETIS (Fig. 1). 65Zn signal spread in the region of the 
syringe during the first 1 hour and gradually gathered in the shape of the root after 2 hours. Furthermore, 
the strong 65Zn signal was accumulated in the region of the shoot base after 12 hours. Finally, little 65Zn 
signal was found in the root region after 48 hours. These results indicated that we succeeded in visualization 
of the process of zinc uptake from the root and translocation to the shoot in the intact plant by using 65Zn 
and PETIS. 
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Figure 1. Serial PETIS images of 65Zn distribution in intact rice plants. The red dot line in the photograph shows the 
field view of PETIS. Each PETIS image is integration of 60 original frames, corresponding to 1 hour. 

Conclusion 

We conclude that 65Zn is a suitable radionuclide for noninvasive imaging of zinc movement in intact plants. 
By taking advantage of the long half-life of 65Zn, zinc movement can be visualized all through the life of 
plants. Furthermore, the commercial availability of 65Zn and PETIS detector (Hamamatsu Photonics, Japan) 
makes it possible to conduct noninvasive imaging of zinc movement in facilities without cyclotron and 
accelerates the researches about the mechanism of zinc dynamics in the plant body. 
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Introduction

Aluminium (Al) toxicity is one of the most severe environmental factors limiting the productivity of 

crops, with its bioavailability being mainly restricted to acid environments. Globally, around 30% of 

all land consists of acid soils, and it has been estimated that over 50% of the potential arable lands are 

acidic (von Uexküll and Mutert 1995). A considerable effort has been made during the past several 

decades to understand the fundamental base of the aluminium stress physiology. Studies so far repor-

ted have focused on examining the relative importance of symplastic vs. apoplastic lesions of Al tox-

icity in roots, mechanisms of toxic ions exclusion, the role of organic acid exudates in preventing alu-

minium ions uptake, and changes in specific genes expression (for review see: Silva 2012). Fewer 

studies have focused on effects of Al on the leaf physiology and, in particular, on contribution of the 

processes functioning at the level of chloroplast. Accumulation of compatible solute (e.g. glycine be-

taine) is a widespread response to various abiotic stresses, including cold, salinity and drought (Chen 

and Murata 2008). Here, an investigation into the effects of aluminium stress on the regulation of pho-

tosynthesis in cucumber was described. In addition, the role of GB and the mechanisms whereby it in-

creases the tolerance to stress provoked by aluminium treatment was examined. 

Materials and Methods

Cucumber seedlings (Cucumis sativus L. cv. Wisconsin) grown hydroponically in Hoagland nu-

trient solution (pH 5.0) under a 16-h photoperiod (PPFD 600 μmol.m2.s-1) were supplemented with: 0 

(control plants), 0.1 and 1.0 mM AlCl3. Exogenous, foliar application of glycine betaine (GB) was car-

ried out with 10 and 100 mM GB solution. Gas exchange parameters were monitored using an Infra-

Red Gas Analyser and chlorophyll fluorescence measured with a PAM fluorometer. Leaves from con-

trol and AlCl3-treated plants were collected and extracted in 80% (v/v) acetone for chlorophyll con-

tent. Rubisco activity was determined spectrophotometrically following NADH oxidation at 340 nm. 

Results

In this study, it was found that application of exogenous GB led to an improvement of the multiple 

physiological attributes in cucumber seedlings challenging aluminium toxicity, thus accounting for the 

overall level of Al stress tolerance. Accumulation of the toxic ions (e.g. Na+, heavy metals) in leaves 

may adversely affect chlorophyll content. Indeed, exposure of cucumber to aluminium resulted in a 

progressive decline in chlorophyll content – there was a loss of both Chl a and Chl b intensified with 

increasing AlCl3 level. On the other hand, even the lower level of the exogenous GB was sufficient to 

provoke significant protective effect on chlorophyll content, with this effect being further enhanced
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when 100 mM glycinebetaine was applied to leaves of the cucumber plants suffering Al stress. Alu-

minium toxicity in cucumber provoked large differences in gas exchange parameters. Exposure to Al

induced rapid stomatal closure, with this developing further over time. The resulting limitation on CO 2

entry and direct toxic effect of Al accumulation resulted in inhibition of CO2 assimilation. The harmful

effect of aluminium on the CO2 assimilation rate was greater at the higher AlCl3 level. The exogenous

application of glycinebetaine promoted, however, significant improvement in the determined gas ex-

change parameters. The decline in stomatal conductance observed in leaves of the cucumber plants

suffering aluminium stress was notably prevented by GB at 100 mM level. The assimilation rate meas-

ured in the leaves of the Al-stressed cucumber plants was altered in line with stomatal conductance as

a consequence of the GB application. The inhibition of CO2 assimilation in the leaves of Al-stressed

cucumber was accompanied by a considerable decrease in the electron transport through PSII, demon-

strated by the decline in photochemical efficiency of PSII (ΦPSII). Exposure to aluminium, in contrast

to PSII, did not have any instant effect on maximum efficiency of PSII (Fv/Fm) – throughout the ex-

periment, this parameter declined significantly only in the plants exposed to 1 mM AlCl3 indicating

the episodes of photoinhibition occurring in the PSII reaction centres. Aluminium supplementation in

the nutrient solution resulted in a substantial loss of the absorbed light energy in the nonphotochemical

processes (NPQ). This was demonstrated, however, that the application of GB to the cucumber leaves

affected by aluminium resulted in a well-defined shift in the chlorophyll fluorescence traits – ΦPSII

and Fv/Fm, reduced in response to Al stress, increased consistent with the increasing CO2 assimilation.

The inhibition of CO2 assimilation provoked by aluminium in this experiment was clearly accompan-

ied by changes in Rubisco activities – the higher Al concentration in the nutrient solution reduced both

the initial and the total Rubisco activity measured in the leaves of cucumber plants, with no significant

effects on both parameters being observed when subjected to 0.1 mM AlCl3. Importantly, the exogen-

ously applied GB accumulating in chloroplast promoted significant alterations in the Rubisco activities

measured under aluminium stress. 

Conclusions

The results obtained clearly demonstrated that foliar application of exogenous glycinebetaine, accumu-

lating at the level of chloroplast, can significantly mitigate effects of Al stress through protection of

the photosynthetic apparatus components, resulting in an improved electron transport chain, gas ex-

change and enzymatic CO2 fixation.
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Introduction  
Understanding the mechanisms related to plant tolerance to abiotic stresses is important so strategies 

can be adopted in order to maintain or even increase plant productivity under adverse environmental 
conditions. Contamination of agricultural land by heavy metals has been growing rapidly since the first 
industrial revolution, especially near urban and industrial centers (Loganathan et al., 2012), where a range 
of vegetables are commonly grown. However, the amount of crop plant species that have some tolerance 
degree to cadmium (Cd) is extremely limited. In plants, Cd usually triggers oxidative stress, disturbs nutrient 
uptake, decreases biomass production and can impairs fruit quality and yield (Gratão et al., 2005; Kumar et 
al., 2015; Cuypers et al., 2016). In this context, the discovery of tomato accessions tolerant to certain Cd 
concentrations is a relevant issue (Piotto, 2012). Tomato is the most economically important plant species 
among vegetables (FAOSTAT, 2016); furthermore, it is also a model plant to be used in research (The 
Tomato Genome Consortium, 2012). Therefore, the aim of this study was to evaluate Cd effects on tomato 
accessions with different tolerance level to this heavy metal, in order to find out the main mechanisms 
responsible for reduced sensitivity to Cd.  

Methods 
We evaluated 9 tomato accessions: Solanum pimpinellifolium (1 - pimp), S. lycopersicum var. 

cerasiforme (2 - cer), and some cultivars of S. lycopersicum var. esculentum (6 - esc) with different tolerance 
levels (sensitive, semi-tolerant and tolerant) to cadmium (35 µM CdCl2) through physiological parameters. 
Twenty four-day-old seedlings were exposed to Cd, and after 5 days of the stress onset, we assessed leaf 
temperature and transpiration. The evaluations were performed during the morning, from 9:15 to 11:25 am, 
using a porometer. The experiment was carried out in a completely randomized design in a 2 x 9 factorial 
scheme (presence/absence of Cd vs tomato accessions). Data were subjected to analysis of variance 
(P<0.05). 

Results 
The accession-related factor presented a significant effect on both variables, leaf temperature and 

transpiration. A tolerant accession (cer1) exhibited the highest mean leaf temperature (24.9 °C), however, 
it was statistically similar to a sensitive accession (cer2 - 24.4 °C; Figure 1A). These results indicate a 
probable role of plant breeding/domestication on leaf temperature, since S. lycopersicum var. esculentum 
(esc) exhibited the lowest values (from 22.3 to 23.7), when compared to S. lycopersicum var. cerasiforme 
(cer). In general, the accessions used exhibited a similar transpiration rate under both, stressful and non-
stressful conditions. However, two of the sensitive accessions showed changes due to Cd stress – 
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transpiration of S. pimpinellifolium (pimp) was increased by 22.7%, whereas S. lycopersicum var. 
esculentum (esc6) exhibited a decrease of 10.8% in this parameter. 

Figure 1. Leaf temperature (A) and transpiration rate (B) of tomato accessions after 5 days in a solution containing 
CdCl2 (0, blue or 35 µM, red). Crosshatched columns: tolerant accessions; completely filled columns: semi-tolerant 
accessions; checkered columns: sensitive accessions. 

Conclusions 
These results indicate a possible role of plant breeding/domestication on leaf temperature. 

Furthermore, leaf temperature and transpiration are not suitable parameters to be used as indicator of tomato 
tolerance to Cd-stress. 
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Introduction 

To secure food safety, regulations for allowable concentrations of metals and metalloids in food crops are 
increasingly stringent. For cadmium (Cd), a maximum concentration of 0.2 mg/kg fresh mass is allowed 
in spinach (European Commission, 2015).  These standards are strict, as they might be exceeded even 
when cultivating spinach on soils with Cd concentrations within normal baseline levels (Smolders, 2001). 
As the production sector is at real risk of being confronted with harvests where Cd concentrations exceed 
the maximum allowed concentration, selection of land and cultivation practices increasingly will need to 
account for the risk of Cd uptake. Hence, there is a need to estimate the risk to exceed maximum allowed 
concentrations when growing a crop on a selected field. An empirical model was established that allows to
estimate such risk for a specific region. 

Methods

Samples of soil and spinach were taken from production fields in mainly West Flanders and the north of 
Hainaut during the years 2014 (298 observations) and 2015 (94 observations). Soil was sampled from 0-
30 cm, air dried and ground to pass a 2 mm sieve. Spinach plants were cut about 6 cm above the ground. 
Dry matter contents of the spinach plant were determined by drying until constant weight. Soil organic 
matter was estimated by loss on ignition at 550°C. Cation exchange capacity (CEC) was determined using
the ammonium exchange method. Pseudo-total Cd content was determined using ICP-OES after aqua 
regia extraction. Cadmium was determined using ICP-OES after wet destruction of the fresh vegetable 
using nitric acid.

Linear regression models were explored to predict Cd contents in spinach (fresh mass based) from soil Cd 
content (dry mass based), soil properties, plant dry matter and growing period (spring, autumn or winter). 
A simplified regression model, that explained 75% of the variance, was selected for incorporation into an 
uncertainty model for practical application. A modeling approach based on Monte-Carlo analysis was used
to estimate the risk of exceeding a threshold Cd concentrations. This involves recalculating the regression 
model many times, each time sampling the different input variables from a population characterized by a 
distribution that describes their variability. This results in a dataset of estimated concentration values. The 
percentage of the calculated values that exceeds the threshold is an estimate of the probability that Cd 
concentrations in spinach grown on that parcel might be exceeded.
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Results

Several variables were significant in explaining Cd concentrations in cultivated spinach. Up to 82% of the 
variability in Cd concentrations was explained by a more complex linear model that also included other 
elemental contents and interaction terms as significant predictor variables. A simplified model that 
involved soil pH, soil Cd concentration, soil texture class, plant dry matter and time of cultivation (spring, 
autumn or winter) as predictor variables still explained 75% of the variability. Because of the few input 
variables that are easily available, this linear model was considered as very suitable for use in a practical 
model that allows to estimate the risk of exceeding a critical Cd concentration in a crop grown on a 
specific field.

Figure 1 illustrates the output of a Monte Carlo simulation to calculate a distribution of possible Cd 
concentrations on a field with given properties. The fraction of calculated data that exceeds the threshold 
indicates the risk that Cd concentrations would be exceeded if spinach is grown on this field.

Figure 1. Output of a model calculation showing the histogram of possible Cd concentrations as assessed by Monte 
Carlo simulation

Baseline Cd concentrations on sandy soils in Flanders range from 0.1 to 0.3 mg/kg depending on the 
organic matter content in the soil (Tack et al., 1997). The example (Figure 1) illustrates that for spring 
spinach, there is a chance of 1.5% to exceed the maximum allowed concentration on a soil with 0.2 mg/kg
Cd and pH 7. This risk increases to 6.8 % if the pH would be 6. For winter spinach, the corresponding 
risks are 3.3% and 12.1%. This confirms that, in the context of the current legislation, Cd concentrations 
in the crop may be of concern even in uncontaminated agricultural soils. It is possible to quantify a region 
specific risk based on experience obtained through field data. This contributes to improving the control 
and management of metals in soils in relation to their potential transfer into the food chain.
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Introduction 

Early exploration geochemistry focussed on the soil B-horizon because it enriches rare elements by 

copreciptation with iron minerals. Iron is the fifth most abundant element in the crust and natural iron 

minerals are the primary sources of ferro-, ferri-, and antiferromagnetic properties of rocks and soils. After 

the initial finding of enhanced magnetic susceptibility in topsoil (LeBorgne, 1955) the main magnetic 

minerals in soils have been identified only astonishingly recently (Mullins:1977). Using magnetic 

measurements the composition and properties of the magnetically ordered phase can be very precisely 

mapped. This allows to distinguish between magnetic signatures of different origin, and therby to follow 

transport paths and authigenic formation or diagenesis on top of a variable geologic background. Once the 

magnetic inventory of a region is known, in situ measurements  of magnetic susceptibility permit to 

rapidly delineate anomalous areas.  

Methods 

Magnetic properties of large sets of soil samples have been measured. Magnetic initial curves, upper 

hysteresis curves, acquisition curves of induced remanent magnetization (IRM), and backfield (BF) curves 

have been measured at the Kazan Federal University using a J-metercoercivity spectrometer 

(Iassonov,1998).  Samples include a comprehensive survey of 2344 European agricultural soils (GEMAS) 

and regional soil data sets from a Polish-Norwegian collaboration (IMPACT). To analyze the 

characteristics of the  soils related to the magnetic properties, we adapt data mining techniques to  

discover  patterns in large and complex data sets. All samples are geochemically characterized and for 

individual samples additional ARM demagnetization measurements or thermomagnetic analyses are 

available. 

Results 

While in first approximation soil can be regarded as the in situ residue  of the weathering process of the 

underlying rocks, iron minerals, besides the organic fraction,  are the most active and characteristic 

fraction in soil and sensitively record chemical changes and atmospheric influx.  

In the European background, magnetic susceptibility statistically correlates with metal content in soil 

(Figure 1). Previous studies of magnetic parameters in soil have focused on magnetic initial susceptibility 

and its frequency dependence, because it provides valid information about the abundance of ferrimagnetic 

minerals in an especially simple way. However, magnetic hysteresis data have a much larger 

discriminating power to distinguish mineral and grain size fractions. 

Abstract Book of the 18th International Conference on Heavy Metals in the Environment, 12 to 15 September 2016, Ghent, Belgium 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

– 491 –



18th International Conference on Heavy Metals in the Environment

Figure 1. Overview of statistical correlation between chemical composition and logarithmic magnetic 

susceptibility in European agricutural soil samples. 

Analysis of magnetic backfield curves, hysteresis parameters and other magnetic remanence acquisition 

types in relation to chemical composition provides a comprehensive magnetic fingerprint of European 

agricultural soil that allows to discriminate large scale geological and climatic background processes from 

regional and local influx due to mining activities or atmospheric transport. It provides a valuable method 

to calibrate regional magnetic susceptibility surveys  in relation to this background and to identify and 

characterize pathways of iron-bound metal flux in sediments and soils.  
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Introduction  

Determination of soil pollution is usually done by measurements of a concentration of Potentially Toxic 

Elements (PTE) in soil. However, chemical analyses are frequently supplemented by fast and inexpensive 

geophysical methods that are intensively developed. One of such methods is a field magnetometry that 

aim at the measuring the magnetic susceptibility of top soil layers. Numerous studies performed so far, 

confirmed the existence of statistically significant correlation between soil magnetic susceptibility and the 

concentration of pollutants. However, in these studies the relationship between magnetometric and 

chemical measurements was mostly investigated using simple statistical measures such as Pearson's and 

Spearman's correlation coefficients. The goal of this study was to investigate the correlations between 

geochemical, surface and vertical magnetometric using more advanced methods. In particular, 

geostatistical measure of spatial correlations, specifically cross-variograms, were used. 

Methods 

Study sites were selected in Poland and in Norway, in the areas with a strong anthropogenic pressure. In 

Poland, three neighboring sites were located in the park, forest, and arable field to the south of Katowice 

agglomeration. Next large site was located in the direct vicinity of Katowice steelworks, in the complex 

area that included park, large reservoir, and habited regions. Additional sites were located in the Izery 

Mountains, and these sites were subjected to the pollution related to glasswork, and long-range pollution 

from Czech Republic. In Norway, 9 sites were located in forested areas, in different distance to the large 

iron mine Bjornevatn, and nickel smelters in Nikel town. 

Soil magnetic susceptibility (κ) was measured using the Bartington MS2D loop sensor. At selected 

location 10 to 15 single readings of soil magnetic susceptibility were made in the circle with a radius of 2 

m, to obtain the average value, representative for the measured point. 

Additionally, soil cores were collected in the field that were later used to measure the magnetic 

susceptibility in soil profile using MS2C Bartington device. 

Values of soil magnetic susceptibility and a concentration of PTEs measured at sample points were used 

to calculate experimental cross-variograms that were modeled using spherical, exponential or Gaussian 

model, which parameters, such as a nugget effect, a range of correlation, and a sill were determined. 

Chemical measurements were carried out using sub-samples that were cut from the collected soil cores. In 

particular the top 10 cm of the soil core was used, because it was the maximum penetration depth of the 

MS2D sensor. Soil sub-samples were dried in room temperature, and after that sieved through a 1 mm 

sieve. After the soil samples were digested the BCR sequential extraction procedure was used to 

determine the concentration of PTEs in soil. 
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Results  

For each of the study areas cross-variograms of PTE and κ were modeled using spherical model that was 

the most suitable one. Determined nugget effects and parameters of spherical models, such as a range of 

correlation and a sill were analyzed in details. 

For most of the analyzed PTEs it was possible to fit the linear model of coregionalization that suggested 

that it would be possible to integrate magnetic susceptibility measured on the soil surface and parameters 

of a distribution of magnetic susceptibility in soil profile using cokriging. 

Conclusions 

Geostatistical tools such as cross-variograms can be very useful when analyzing the correlation between 

soil magnetic susceptibility and a concentration of elements in soil. Apart from the determination of 

strength of correlation between magnetometric and geochemical measurements at sample points, it was 

also possible to determine how the strength of these correlation changed along with a distance. 

Key finding was that despite of the small number of chemical samples it was possible to model cross-

variograms between geochemical and magnetometric measurements using, if necessary, expert-

knowledge. It made it possible to analyze spatial correlation in local scale when the number of chemical 

samples was limited. 
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References 

Fabijańczyk P.; Zawadzki J. (2012). Impact of shallowly deposited ore-bearing dolomites on local soil pollution 
aureoles of As, Cd, Pb, and Zn in an old mining area. J Soils Sediments 12,1389-1395 

Webster R.; Oliver M.A. (2007). Geostatistics for environmental scientists. John Wiley and Sons Ltd, England. 
Isaaks E.H.; Srivastava R.H. (1989). An Introduction to Applied Geostatistics. Oxford University Press. 
Zawadzki J.; Fabijańczyk P.; Magiera T.; Rachwał M. (2015). Micro-scale spatial correlation of magnetic 

susceptibility in soil profile in forest located in industrial area. Geoderma, 249-250, 61-68. 
Zawadzki J.; Magiera T.; Fabijańczyk P.; Kusza G. (2012). Geostatistical 3-dimensional integration of measurements 

of soil magnetic susceptibility. Environmental Monitoring and Assessment, 184(5), 3267-3278 
Zawadzki J.; Fabijańczyk P. (2007). Use of variograms for field magnetometry analysis in Upper Silesia Industrial 

Region. Studia Geophysica et Geodaetica, 51, 535-550 

Abstract Book of the 18th International Conference on Heavy Metals in the Environment, 12 to 15 September 2016, Ghent, Belgium 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

– 494 –



18th International Conference on Heavy Metals in the Environment

ENDMEMBER ANALYSIS OF MAGNETIC PROPERTIES OF SOILS 

FROM NORWAY AND POLAND 

Karl Fabian 1,  Tadeusz Magiera 2, IMPACT project team 

(1) Geological Survey of Norway, Trondheim, Norway 

(2) Institute of Environmental Engineering , Polish Academy of Sciences, Zabrze, Poland 

karl.fabian@ngu.no 

Keywords: magnetic hysteresis, soil monitoring, endmember modeling 

Introduction  

Iron is the fifth most abundant element in the crust and natural iron minerals are the primary sources of 

ferro-, ferri-, and antiferromagnetic properties of rocks and soils. Using magnetic measurements the 

composition and properties of the magnetically ordered phase can be very precisely mapped. This allows 

to distinguish between magnetic signatures of different origin, and therby to follow transport paths and 

authigenic formation or diagenesis on top of a variable geologic background. Once the magnetic inventory 

of a region is known, in situ measurements  of magnetic susceptibility permit to rapidly delineate 

anomalous areas.  

Methods 

High resolution hysteresis data and remanence curves were measured for more than 300 samples of the 

Polish-Norwegian IMPACT project.  Following the approach of Heslop and Dillon (2007), an endmember 

(EM) decomposition of the magnetically ordered mineral fraction of a sample set (S1,...,SK) into distinct 

mineralogical components was performed. The unmixing is based on non-negative matrix factorization  

(Lee and Sung, 2001) and provides N endmembers E1,...,EN together with mixing coefficients ci,j 

(i=1,...,N; j=1,...,K) for each sample.  Interpretation of the EM uses these coefficients ci,j  from the 

endmember model to invert additional data sets as non-negative EM mixtures using a non-negative least 

square fit. In this way magnetic endmembers can be statistically related to chemical compositions or other 

independent physical measurements as long as these are linear mixtures of individual measurements. The 

appropriate number of endmembers that can be reliably resolved was determined using the Akaike 

information criterion, to minimize noise fitting per degree of freedom. 

 

Figure 1. Day plot for 308 Polish and Norwegian soil samples from the IMPACT project. 
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Results  

Using EM models it is possible to reliably separate independent magnetic mineral fractions in soil samples 

into identifiable sources. It quantitatively improves on classical hysteresis analysis, which for example is 

based on the Day plot (Figure 1).  The IRM acquisition of all 308 soil samples is very well modeled by 

only four EM spectra shown in Figure 2 which can be interpreted in terms of magnetic mineral and grain 

size fractions. 

 

  

Figure 2. Left: The four endmembers of the acquisition spectra of remanent magnetization on a logarithmic 

field scale. Right: Examplary decomposition of the IRM acquisition spectrum of sample 233 into these endmembers. 
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Introduction  

Our primary aim was to distinguish a soil pollution between long-range and local transports of 

atmospheric pollutants using soil magnetometry supported by geochemical analyses. At present, classic 

geochemical measurements are frequently supplemented by fast geophysical methods (i.e. soil 

magnetometry) to determine a potential soil pollution source. Topsoil can be significantly affected by 

airborne supply of elements from natural and/or anthropogenic sources (e.g. Steinnes et al., 1997). Many 

elements are emitted to the atmosphere in combustion, high-temperature technological and metal 

extraction processes (Pacyna et al., 1984) and are accompanied by anthropogenic iron minerals which are 

formed during these processes (Hulett et al., 1980). Combustion of solid fuels, manufacturing of ferrous 

and non-ferrous metals are one of the principal European sources of trace element emission (Pacyna et al., 

1984).  

Methods 

The study area was located in the Izery Mountains and examined soils were developed from the Izera 

granite. One site of the study area was situated in the forest glade and was exposed to the anthropogenic 

pressure from a former glasswork that was active here from 1754 until 1891. Whereas, the second site of 

the study area was located on a neighboring hill (Granicznik), whose western, north-western and south-

western parts of the slope were exposed to the long-range transport of atmospheric pollutants from the 

Czech Republic and Germany. The volume magnetic susceptibility (κ) was measured on the soil surface 

and in the soil cores using a MS2 Bartington meter, equipped with MS2D and MS2C sensors, 

respectively. The anthropogenic translocation of topsoil horizons and presence of artifacts (i.e. post-

industrial wastes) in soil cores were estimated using the Topsoil Transformation Factor (TTF) according 

to Łukasik et al. (2015). Additionally, using MS2C measurements and geochemical analyses (selected 

trace element contents) it was possible to discriminate between natural and anthropogenic origins of a soil 

magnetic susceptibility signal. The concentration of trace elements was determined with ICP-MS. 
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2 
 

Results 

Our results indicate that the forest glade site was characterized by many anthropogenic translocations and 

confirmed by a relatively high value (0.61) of the TTF. Here, the soil cover is partly developed on 

magnetic slags (waste from the former glasswork). Moreover, the forest glade was characterized by more 

“hot spots”, higher spatial variability and nugget effect. Additionally, the principal component analyses 

(PCA) were performed for the properties determined in samples from soil cores of Granicznik and the 

forest glade. It showed that the mass magnetic susceptibility () value is highly correlated with Cd, Hg, In, 

Ni and Pb contents, whereas, for the sample set of the forest glade the PCA showed that the χ value was 

highly correlated with As, Cd, Cu, Hg, Nb, Ni, Pb, Sb, Sn and Zn. Both, Granicznik and the forest glade 

sites were inversely correlated with the contents of the lithogenic elements: Nb, Th, U and Zr.  

Conclusion 

From our study we can draw the following conclusions: (1) using soil magnetometry it was possible to 

discriminate between local contaminations (including historical deposition from the local industrial source 

and waste materials in topsoil) and long-range transport of atmospheric pollutants; (2) in comparison with 

the forest glade, soil pollution of Granicznik was characterized by a longer range of spatial correlation and 

significantly lower nugget effect; (3) the histogram of the values of the κ originating from Granicznik was 

less skewed than the histogram for the forest glade; (4) the highest concentration of As, Cd, Hg, In, Mo, 

Sb and Se on Granicznik are a result of long-range transport of atmospheric pollutants, whereas, the 

highest contents of Cu, Ni, Pb, Sn and Zn in the forest glade correspond to the local sources of pollutants 

and anthropogenic pressure (i.e. former glasswork).  
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Introduction  

Upper Silesia is the most industrial region of Poland. Rich deposits of hard coal as well as zinc, lead, iron and 

silver ores caused the development of mining and metallurgical industry since 12th century. Numerous shafts, 

excavations, mine waste heaps and subsiding trough are inseparable view in this region. There are many metal-

rich waste heaps related to historical ore mining and processing. Such anthropogenic activities have influenced 

the conditions of waters and soils, and the presence of heavy metals may significantly influence the health of 

human beings and other organisms. Moreover, owing to their properties some metals may be accumulated in 

terrestrial food chains. Hence it is very important to investigate and monitor heavy metal pollution of soils.  

The aim of the present study was development of an integrated two-stage geophysical/geochemical evaluation 

method of soil pollution, and to implement it as a new tool for soil quality management based on 

magnetometric measurements followed by soil sampling and geochemical analyses of soils in the vicinity of 

metallurgical slag heaps. 

Methods 

Studies were carried out on a 1 km2 area of arable land. The field was located in the prevailing wind direction 

about 300 m east of a large dump of slag remaining after processing of Zn and Pb ores. On this study area 

surface magnetic susceptibility (κ) measurements were performed using a magnetic susceptibility meter MS2 

“Bartington” with an MS2D loop sensor. Subsequently maps of magnetic susceptibility distribution were 

prepared using Surfer 8 software (Golden Software Inc.). On the basis of acquired maps topsoil core sampling 

(0-30 cm depth) was performed employing a Humax soil sampler. On the basis of the vertical distribution of κ 

in topsoil cores obtained by measurements using “Bartington” MS2C sensor, the layers with maximum values 

were selected for further analysis. The concentrations of 60 elements were determined with ICP-MS after 

digestion in nitric acid. The Tomlinson Pollution Load Index (PLI) (Tomlinson et al., 1980; Angulo, 1996) was 

calculated in order to assess the overall contamination level of the soil. 

Results  

The preliminary field measurements showed that the above 80% of studied area had κ values higher than 100 × 

105 SI. The highest κ values were observed in a western part of the field (98-255 × 105 SI). Values of κ 
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decreased downwind at increasing distance from the waste dump and from the road. Vertical distribution of 

magnetic susceptibility values in cores was typical for arable land with mixed upper soils layers due to 

ploughing. The spatial distribution of some elements corresponded with the distribution of κ values. The 

highest contents of Pb, Zn, As, Ba, Cd were observed in the western part of the field. Moreover contents of Zn, 

Pb and Cd in all investigated samples exceeded Polish threshold values for arable soils. According to the 

obtained PLI index values the eastern part of the investigated area can be described as “heavily polluted” and 

the western part as “extremely polluted”. Generally the PLI was used for comparison between different 

geographic sites and for different times (e.g. Rachwal et al. 2015), but in this case its spatial distribution 

reflected the extent of contamination in a better way than contents of individual elements. The best 

relationships between magnetic susceptibility and element content (correlation coefficient > 0.8) were observed 

for Cu, Ba, Se, Zn, Tl, Hg, In, As, Cd, Sn, and Ni, which may all be related to past and present pollution 

sources. In the investigated area the main source of elevated contents of many elements was obviously 

resuspension from the adjacent metallurgical slag dump, but a nearby busy road and several small enterprises 

may also have contaminated the studied soils.  

Conclusion 

Spatial distribution of soil magnetic susceptibility (κ) showed enhanced values in the western and southwestern 

part of the study area, which suggests the nearby metallurgical heap as a main source of soil contamination, but 

influence from the nearest road cannot be excluded. Calculated PLI values confirmed the direction of the main 

contamination influx: from the westerly-located metallurgical slag heap. Furthermore calculation of correlation 

coefficients between magnetic susceptibility and contents of chemical elements was helpful in identification the 

sources of soil contamination. The calculated coefficients confirmed that soil contamination at the investigated 

site was caused by suspended dust from the heap as well as by road dust. The investigations proved the two-

stage method to be a feasible, reliable, and cost-effective tool for identification of the extent of soil pollution 

and its origin. 
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Introduction  

Since the early 1950ies, Greece has progressively shifted from an agricultural to an industrial country. 

This change implied a rapid development of urban and industrial areas, resulting in serious consequences 

for the Hellenic environment. The present study focuses on fly ash and heavy metal pollution, one of the 

major environmental problems of the broader Kozani – Ptolemais region (northern Greece) where five 

thermoelectric power plants are operating. The target of the project is twofold: (a) to challenge the 

correlation between ferrimagnetic mineral content and geochemical properties of samples from polluted 

areas; and (b) to estimate the spatial distribution of several pollutants within the study area (~10×5 and 

~15×15 km).  

Methods 

Towards this scope, soil surface magnetic susceptibility was mapped at a spatial resolution of 1×1 km, 

using a Bartington susceptibility meter (MS2D-loop). In addition, soil samples were collected at each 

measurement point. They were subjected to standard laboratory experiments, such as magnetic hysteresis, 

anhysteretic (ARM) and isothermal remanence (IRM) and susceptibility in function of temperature, in 

order to determine the nature of the magnetic minerals present in the soil sampled. 

The concentrations of As, Fe, Mn, Cr, Cu, Pb and Zn in the studied soils were determined by X-ray 

fluorescence and ICP-AES analyses on 5% HCl leaches from the same samples. 

Results  

A significant correlation was found between magnetic susceptibility and the concentrations of Cr, Ni and 

Pb, with rPeason ranging between 0.6 and 0.8, while the correlation with Fe, Mn and Zn was much weaker. 

In contrast, no correlation was seen for As, Cu and Cd. Magnetic susceptibility measurements in function 

of temperature revealed a mainly ferrimagnetic nature. Most samples are thermo-chemically unstable after 

heating to 700 °C, resulting in considerable differences between heating and cooling curves. The 

Abstract Book of the 18th International Conference on Heavy Metals in the Environment, 12 to 15 September 2016, Ghent, Belgium 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

– 501 –



18th International Conference on Heavy Metals in the Environment

frequency dependence of susceptibility is rather low with 5% and indicates a weak contribution of natural 

components to the bulk susceptibility. 

Plotting the ratios of saturation remanence/saturation magnetisation vs. remanent coercive force / coercive 

force, i.e. the Day-Dunlop diagram (Day et al., 1977; Dunlop, 2002), as well as the ARM and IRM 

analyses, shows that the magnetic content of the measured samples consists mainly of multidomain grains, 

thus grains larger than 100 nm. 

An exceptionally high correlation coefficient of 0.952 was derived for Cr/Ni and somewhat lowers for 

others, e.g. Fe/Cu, Fe/Mn, Mn/Pb, Cu/Fe, Fe/Zn and Mn/Zn. 

 

Conclusion 

In situ magnetic property analyses revealed significant presence of micrometre sized ferrimagnetic 

minerals in soils surrounding the Kozani-Ptolemais power plants. The correlations established indicate a 

strong link between magnetic particulates and heavy metal concentrations, and from the inter-comparison 

between different element concentrations it is concluded that this enhancement (magnetic/geochemical) 

results from a single point source, i.e. the nearby power plants. 

Because the contribution of natural components to the magnetic susceptibility is negligible, e.g. weak 

frequency dependence of magnetic susceptibility, enhancement up to 900 times with respect to the 

background, it is concluded from the instable thermo-chemical behaviour during thermomagnetic 

experiments, that pollutants from fallout may become mobile in case of strong chemical weathering.  

This study demonstrates that in situ magnetic susceptibility measurements are a useful scoping tool to 

investigate the spatial demarcation of pollution, but ground-truthing, using chemical and laboratory 

magnetic measurements for representative samples would be prudent. 
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Introduction  

Many kinds of industry emit to the air technogenic magnetic particles (TMPs), which are carriers of many 

potentially toxic elements (PTEs). As the TMPs are deposited on the soil surface the soil magnetometry can be 

effectively used to detect and delineate the potentially polluted areas as magnetic susceptibility hotspots on soil 

surface. Statistically significant correlation between the presence of  heavy metals in topsoil and soil magnetic 

susceptibility enhancement (κ or χ) was confirmed by many authors in many areas of the world (Strzyszcz & 

Magiera 1998; Jordanova et al. 2008; Morton-Bermea et al. 2009, Cao et al., 2015).  The aim of this study was 

to show how two different emission sources can influence the soil magnetic susceptibility values and which 

trace elements can be transported by TMPs in relation to particular emission sources.  

Methods 

Four sites of volume magnetic susceptibility (κ) measurements using MS2D Bartington field sensor was 

located along the Pasvik Valley (border river between Norway and Russia) starting from the  Bjornevatn Iron 

Mine toward the south to the village of Svanvik strongly influenced by Ni–Cu Plant located in Nikiel (Russia). 

In addition, the soil samples from the uppermost 5 cm of soil were collected for chemical measurements of 16 

elements (Fe, Mn, Ti, Ni, Cr, V, Co, Cu, Zn, As, Sn, W, Hg, Mo, Se, S). The contents of the elements was 

determined by ICP-MS after extraction in 14M HNO3. Directly before chemical measurement the mass specific 

magnetic susceptibility (χ) was measured using MS2B Bartington sensor. Additionally, pH values of soil 

samples was also determined. The Pearson’s correlation coefficients and principal component analysis (PCA) 

using  Statistica software were calculated to see the efficiency of soil magnetometry in this area and to explain 

the relations between the elements from different pollution sources. 
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Results 

Values of soil magnetic susceptibility (κ) were decreasing from the north towards the south together with 

distance from the Bjornevatn Iron Mine, which is the source of strong ferrimagnetic particles emitted from the 

heaps of waste rock remaining after iron ore mining. Relatively high correlation between χ, Fe, Co and Ti 

content in  Bjornevatn area was observed. Measured κ values in the Svanvik area is relatively low in a range of 

4–73 ×10-5 SI units, whereas the mass magnetic susceptibility is in the range of 74 – 244 ×10-8 m3kg-1. This is 

due to relatively low density of uppermost soil horizon composed of thick organic matter layer  that can be 

regarded merely as a dilutant of magnetic signal. In the Svanvik area, the values of topsoil magnetic 

susceptibility are much lower, however a positive correlations between magnetic susceptibility and some trace 

elements as Ni, Cu, Co, Se, As were observed. The TMPs here are mostly paramagnetic iron sulphides emitted 

from the Ni–Cu smelter, which are carriers of toxic non-ferrous metals as Ni, Co, Cu, Pb, Zn, As (Barcan 

2002). Low pH values around 4.5 increase the ecological threat for the soil environment.   

Conclusion 

Technogenic signal of magnetic susceptibility as well as a set of anthropogenic elements transported by TMPs 

is strongly dependent on character and origin of TMPs related to the emission sources. In spite of high 

differences in the strength of magnetic signal on studied areas, the validation of soil magnetometry by chemical 

measurements confirmed that applying soil magnetometry in Pasvik Valley influenced by 2 different emission 

sources is possible. 
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Introduction  

Emissions of airborne potentially toxic elements (PTEs) from large industrial complexes contribute to the 

long-range transboundary pollutant transport covered since 1981 by the EMEP co-operative program, but 

also create environmental problems in the vicinity of an enterprise location. An extent of hazard to the 

environment is determined by the cumulative spatial dry and wet deposition during the entire history of 

enterprise operation, independently upon its current pollution control status. This has been exemplified here 

in the study on trace element concentrations in peat cores taken from a peat bog in the Svanvik area (northern 

Norway, 69.417430N, 29.953750E, 26 m ASL) predominantly affected by the transboundary transport and 

deposition of trace elements from one of the world largest Cu-Ni smelter complexes in Nikel and 

Zapoliarnyj located in Russia close to the Norwegian border, about 10 km east of Svanvik. The complex is 

operated since 1933, with increasing production since the 1950s (SFT, 2002; Norwegian Environment 

Agency, 2015). 

Methods 

Three undisturbed peat cores were collected down to 46 cm depth. The sampled peat bog was an apparent 

ombrotrophic bog containing peat of Sphagnum type, 4.33<pH<5.19, mean pH 4.75, Eh 218.7-275.5, mean 

238.6, low decomposition rate (12 to 35%), moisture content 73.9- 91.4%, and ash content 2-3%. In the 

laboratory the cores were sliced in layers 3 cm thick. All samples were air-dried, digested in 14 M HNO3, 

and analysed at NTNU for 61 elements using ICP-MS. Core chronology was assessed by the use of 14C 

dating.  

Results  

Almost all elements occurred in the highest concentrations in the uppermost 0-3cm layer representing the 

contemporary period since 1990 (Table 1). In the layers from 9 cm upward (since 1950), a regular 

concentration increase was observed, in general conformity with the reported dynamic increase of Cu-Ni 
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production and growing emission from the above source. Rare earth metals, platinum and gold that 

accompanied Cu and Ni in ores and emitted in very low concentrations followed the same pattern. The 

element concentrations in the layers 21-9 cm, reflecting the beginning of smelting activity (1930-1950), 

showed a generally weakly increasing trend. In the layers from 26 cm upward (since 1910) iron ore mining 

in Bjørnevatn, NE from Svanvik, or long-range atmospheric transport may have contributed to some extent 

to element deposition (Fe, Cu, Zn, Ag), while below 30 cm there should not be any anthropogenic impact. 

However, the majority of elements show downward redistribution related to their mobility rate distorting 

the original element enrichment pattern resulted from dry and wet deposition (Fig. 1).  

Table 1. Maximum concentrations (Cmax, μg/g) and enrichment factors(EFmax) of selected elements in the uppermost 
0-3 cm layer in Svanvik peat bog receiving deposition from the Nikel and Zapolarnyj Cu-Ni smelting plants in Russia 

Ni Cu Cr V As Sb Pb
Cmax, EFmax Cmax, EFmax Cmax,. EFmax Cmax, EFmax Cmax, EFmax Cmax, EFmax Cmax, EFmax

715.6 1154 579.7 392 19.65. 123 7.37 67 7.49 20 7.744 18 16.22 15

Figure 1. Patterns of vertical distribution of trace elements along peat bog profile influenced by element mobility: 
(a) weak impact (Cu); (b) moderate impact (Pb); (c) strong impact (Zn). ■ – 2014-1990;  ■ – 1990-1950;  ■ -  1950-
1930; ■ – 1930-1910;  ■ – older than 1910. 

Conclusion 

Peat from an ombrotrophic bog may be a valuable tool for retrospective assessment, qualitative 

identification of pollution with airborne trace elements and quantitative evaluation of cumulative pollution 

loads of contaminants, provided that the vertical redistribution of elements caused by their mobility is 

considered. Studies on the effect of large single sources may greatly contribute to clarification of element 

mobility rates in peat profiles and adequate corrections of evaluations. 
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Introduction  

Peat cores from ombrotrophic peat bogs that receive pollutant loads only from dry and wet deposition, may 

serve for assessment of retrospective air pollution since industrial revolution in 1700s, and specifically of 

contribution from long–range transport of pollutants (LRTP) in the areas, e.g. in southern Norway, where 

transboundary long-range transport is the predominant source of spatial contamination. In some areas in 

Europe, impact of transboundary and national sources is particularly strong, e.g. in the so-called “black 

triangle” in Lower Silesia area in SW Poland, mostly affected by the emission from large power plants and 

heavy industries in Poland, Germany, and Czech Republic. In this study, atmospheric deposition of priority 

pollutants (Pb, Cd and Hg) in two peat bogs from these areas is discussed in relation to emission trends  

Methods 

Undisturbed peat cores from ombrotrophic peat bogs at Gyland (N58.431020, E6.814120, 211 m ASL) in 

southern Norway, far away from  industrial activities, and Izera Meadow (N50.851140, E15.354660, 828 m 

ASL) in SW Poland, in the “black triangle” area, were collected in 2014. In the laboratory the cores were 

sliced in layers 2.5-3 cm thick. All samples were air-dried, digested in 14 M HNO3, and analysed at NTNU 

for 61 elements using ICP-MS. Core chronology was assessed by 14C dating.  

Results   

In the Gyland peat bog the 0-14 cm layer, and in the Izera, the 0-33 cm layer corresponds to the industrial 

period (since 1730), while the contemporary periods since 1945 are represented by the layers 0-4 cm and 0-

12 cm, and since 1990 by the layers 0-2 cm and 0-5 cm, respectively. General patterns of Pb, Cd and Hg 

vertical distribution in both bogs (Fig. 1) were similar and in the uppermost layers reflected reduction of 

emissions since 1990, which in the EEA-33 countries was 92% for Pb, 75% for Cd, and 73% for Hg (EEA, 

2015). In Izera area, 2-fold greater total deposition of Pb, but comparable cumulative loads and enrichment 
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factors for Cd and Hg as at Gyland were assessed (Table 1). Vertical distribution of elements, however, 

indicates clear downward shift with respect to dating in both cores, apparently influenced by the fluxes of 

water and particles, and element dissolution. 

Table 1. Cumulative loads of Pb, Cd and Hg deposition from natural (CLN) and anthropogenic sources (CLA) in S. 
Norway (Gyland) and SW Poland (“black triangle“ area, Izera) (kg/m2) and enrichment factors (EF). 

Gyland Izera
Pb Cd Hg Pb Cd Hg 
CLN CLA CLN CLA CLN CLA CLN CLA CLN CLA CLN CLA

142.4 3704 4.092 48.712 2.865 6.420 110.7 7514 6.432 54.56 2.123 7.031
EF 27.0 EF 12.90 EF 3.24 EF 68.9 EF 9.48 EF 4.31 

 
Gyland 

  
Izera 

 

Figure 1. Vertical distribution and transport of Pb, Cd and Hg along peat bog profiles.    Layer dating: ■ – 2014-
1990; ■ – 1990-1945; ■ – 1945-1730;  ■ – older than 1730. 

Conclusion 

Peat cores provide reliable and exact information on the total anthropogenic deposition. Due to the vertical 
redistribution on a large time scale, however, lack of conformity of the element concentrations with the 
actual deposition time may occur and should be considered at historical retrospections.  
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Introduction  

The southernmost part of Norway has received substantial deposition of several heavy metals originating 

from pollution sources in other European countries (Amundsen et al., 1992; Berg et al., 1994; Steinnes et 

al, 2011). Studies of aerosols combined with air trajectory analyses showed that source regions to the 

southwest, south, and southeast of the exposed region were mainly responsible for the supply of airborne 

metals. Peat cores from ombrotrophic bogs are widely used to study temporal trends of airborne metal 

deposition (Shotyk et al., 2000; Steinnes et al., 2005). In this work selected data from comparative analysis 

of peat bogs from northwest Poland and south Norway are presented and discussed. 

Methods 

Peat cores down to 40 cm depth were collected in ten ombrotrophic bogs, five in NW Poland and five in 

Norway, all of which at considerable distance from local industries. Two of the Norwegian bogs were 

located in areas substantially affected by long-range atmospheric transport of pollutants, and the others in 

relatively clean regions. All samples were air-dried and decomposed with 14M HNO3 and subsequently 

analyzed for 36 elements using ICP-MS. The peat cores were dated using the 14C-method. 

Results  

Some typical results from this study are shown in Fig.1, demonstrating temporal trends and geographical 

differences in atmospheric deposition for two elements characteristic of long-range transported aerosols: 

arsenic, and lead. Whereas these elements are mainly derived from different categories of pollution sources, 

they show remarkably similar geographical and temporal trends. The strong influence from long-range 

transport of pollution aerosols in southern Norway is confirmed. However, this study also shows that 

northwest Poland is only moderately affected by the extensive industrial activity in the southern and 

southwestern parts of the country. 
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Figure 1. Mean concentrations of airborne As and Pb in the surface layer (0-5 cm) of peat cores from 
ombrotrophic bogs, representing recent deposition, and in the 30-40 cm layer, representing the pre-
industrial period. Bogs PL1 - PL7 are located in NW Poland, S1 and S2 in southernmost Norway, and C3-C5 in 
central Norway  

Conclusion 

From these data it appears that the deposition of Pb and As in southernmost Norway over time has been 

distinctly greater than the corresponding levels in NW Poland. According to EMEP (2015) Poland is 

currently the country providing the greatest contribution to transboundary transport of Pb into Norway. 

This seems somewhat surprising considering the fact that the main polluting industries in Poland are in the 

southern part of the country, and polluted air from that region is likely to pass across northwest Poland 

before reaching southern Norway. However, differences in surface topography and precipitation patterns 

may be part of the explanation.  
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Introduction  

As mosses are the most commonly used bio-indicators of atmospheric pollution [1], we used Sanionia 

uncinata moss samples for a monitoring study across King George Island (Antarctica). This presentation 

is focused on atmospheric deposition of selenium (Se) and arsenic (As) possibility released to the 

atmosphere from biogenic sources in the ocean [2][3]. These elements are often determined in 

environmental samples by Inductively Coupled Plasma-Mass Spectrometry (ICP-MS) [4]. In our work 

Instrumental Neutron Activation Analysis (INAA) at the reactor IBR-2 of FLNP, JINR was used [5].  

Methods 

Elemental concentrations of As and Se in moss samples were determined by instrumental neutron 

activation analysis (INAA) at the reactor IBR-2 of FLNP JINR in Dubna. About 300 mg of dry moss was 

pelletized and packed into polyethylene (for short-time irradiation) and in aluminum cups (for long-time 

irradiation). Samples were irradiated in cadmium screened channel with neutron flux density of 1012 

n/(cm2·s). Gamma-spectra of induced activity were measured using High Purity Germanium (HPGe) 

detectors and then processed using software developed in FLNP, JINR [6]. 

Results  

The obtained results are showed in Table 1. For As concentration ranged from 0.36±0.02 mg/kg to 

7.77±0.39 mg/kg with a mean value 2.45±0.13 mg/kg. Results of Se determination were in range 

0.52±0.05 mg/kg to 14.50±0.67 mg/kg with average 3.10±0.16 

Table 1. Results of determination arsenic and selenium in Sanionia uncinata samples 

Sample code Arsenic concentration [mg/kg] Selenium concentration [mg/kg] 

J-01 1.72±0.11 1.14±0.07 

J-02 

J-03 

J-04 

J-05 

J-06 

J-07 

J-08 

J-09 

J-10 

1.30±0.09 

4.69±0.24 

7.77±0.39 

0.87±0.05 

1.07±0.07 

3.96±0.20 

1.98±0.14 

0.36±0.02 

0.78±0.05 

0.76±0.07 

1.19±0.08 

8.43±0.39 

1.40±0.08 

0.83±0.06 

1.63±0.10 

14.50±0.67 

0.56±0.08 

0.52±0.05 
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Conclusion 

Determined concentrations of As and Se in the moss samples vary in a wide range. The highest values are 

observed near the polar research stations. Thus, one may assume that these stations are the main source of 

atmospheric deposition of As and Se to King George Island. However, it does not exclude their long-range 

atmospheric transport of with other air pollutants to Antarctica [7]. Moreover As and Se may be released 

from the ocean as a result of biogenic activity [8]. More detailed studies of this phenomena are needed.  
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Introduction  

For long periods of time, before the Anthropocene, the atmospheric transfers of dusts and the quantitative 

changes on atmospheric dust composition were only depending on geological, biological and climatic 

events. However, since the industrial revolution, some changes depending on mankind in relation to his 

industrial activities have induced some dangerous situations through the local accumulation of 

(potentially) toxic elements (PTE). This has been demonstrated for radionuclides, severely toxic elements 

such as Hg or Cd but also for PTE such as Cu, Zn and Sb. Nowadays, in places of intense industrial and 

economic activities, it is almost impossible to understand the relations between each element deposition 

due to different past and present sources and the potential danger for human health and the different 

compartments of the ecosystems. It seems then necessary presently to focus on the study of simpler 

situations where one source is strongly characterized by the presence inside the whole emission mixture of 

one type of product, as specific as possible. This product will play the role of a marker and can be 

followed all along the transfers between the different compartments constituting food chains or 

ecosystems. For this purpose, in a site heavily contaminated by steel industry, we addressed three 

questions: (1) the identification of a typical marker of the industrial deposits (Catinon et al., 2014), (2) the 

spatial heterogeneity of the deposit, and (3) the transfer of the elements contained in the deposit to cows 

through the consumption of herbage and soil (Ayrault et al., 2016). 

Methods 

Since 1865, an intense steel industry has been developing in the Giers River valley (S.E. of France). The 

large metallurgic plant is located at the bottom of the valley in the small town of Chateauneuf. To 

establish the typical signature of the steel plant emission, the strategy was to cross chemical analysis of the 

bulk deposit (ICP-MS analysis after total digestion) with imaging and micro-analysis of the deposit 

particles (SEM-EDX). The distribution of the tracer and the elemental contaminants in deposited samples 

was comparatively studied in five villages surrounding the smelter. The role of collecting supports used 

for sampling has been played by tombstones in the graveyards of each village. In an enclosed 3 ha pasture, 

located on the site the deposit has the highest industrial tracer concentration, cow dungs were sampled 

periodically. Another herd was grazing in a pasture located in a site where the typical industrial signature 

is not present in the atmospheric deposit. The cow dung from this site was sampled once, for comparison. 

Results  

The industrial marker was constituted by the small droplets mainly made of Fe with potentially traces of 

Cr, Ni, Mn. These technogenic magnetic particles (TMP) were emitted at high temperature (1500 °C) and 

which gave perfect crystallized, well-recognizable spheres, formed during cooling. The magnetic 

properties of these structures were used to isolate them from the deposits. The typical shape of the TMP 

allows an unequivocal identification of industrial emission. This approach allowed to document the spatial 

distribution of the deposit of industrial origin. The contribution of the TMP to the deposit reached its 
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highest value (8% w.) 500 m away from the source but decreased rapidly with distance, was found 0.1% 

10 km away. A calculation of the anthropogenic elements fraction (Catinon et al., 2009) in the deposit and 

in the dung gave the ratio for each element between the TMP and the rest of the anthropogenic mixture. 

The SEM-EDX study allows to evaluate the diameter of the TMP and express the concentration of TMP 

with size enabling the entry in the respiratory system of mammal animals. Furthermore, we found that the 

TMP content of the dung is ~5 times more that the figure that could be infers from the grazed grass 

content. The origin of this discrepancy is that cows absorb a noteworthy amount of soil upper layer 

(Wilkinson et al., 2003). For a constant emission having occurred for years, the soil accumulation 

represents the result of a deposition flux increasing the stock and of a degradation flux decreasing it. The 

resulting stock controls the flux of entry of the TMP constituents into food chains and ecosystems. 

Furthermore, we studied the accumulation at different soil depth and the deposition on plant leaves. 

Figure 1. Scanning electron microscope photograph of the technogenic magnetic particles in the cow dungs from 

Chateauneuf. 

 

 

Conclusion 

All these measurements suggest a global contamination of all the steps of food chains and ecosystems. 

Grazing and dung emission seems to maintain a high contamination level of the upper soil layer, reaching 

evidently earthworms, saprophytic animals and microorganisms. 
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Introduction  

Health-related effects linked to the presence of metals in ambient air particulate matter (PM) is well 

recognized (Chen and Lippmann, 2009). Metals effects can vary from acute cardiac function alteration to 

an excess of short-term mortality, where some early stage mechanistic pathways in cells are oxidative 

stress and inflammation (Fortoul et al., 2015). The evaluation of metals concentration in PM is therefore 

an essential issue as well as their source identification. Metals in PM have multiple origins and even if 

natural sources cannot be neglected, anthropogenic sources appear as the main contributors of metals in 

urban areas (Gietl et al., 2010) and sites influenced by industrial activities as steel making or glassmaking 

(Apostoli et al., 1998; Dall'Osto et al., 2008). The North of France is one of the most densely populated 

area in Europe (326 inhabitants/km² in 2013) and is known as an industrialized region especially in the 

field of metallurgy, organic chemistry, and glassmaking. Furthermore, its strategic position in the heart of 

Europe means that this area is subject to major transportation activities by road and also by sea. In this 

context, the objective of this work was to acquire a better knowledge on the exposure level to metals in 

PM2.5 (particles with size less than 2.5 µm) and on the identification of their sources in urban area 

influenced by particulate emissions from anthropogenic sources. 

Methods 

PM2.5 were sampled using a Digitel®, DA80 high volume sampler (30m3/h) during march - april 2011 in 

Saint-Omer, a medium city located in Northern France, on semi-daily basis. PM2.5 chemical composition 

was determined using ICP-AES, ICP-MS, Ion Chromatography and elemental analysis for the 

quantification of major elements, trace elements, water soluble ions and total carbon respectively. Species 

concentrations were examined according to different ways including temporal evolution, concentration 

and pollution roses and enrichment factor analysis. Correlation between species and elemental ratios were 

also investigated to evidence the contribution of local and distant emission sources. The impact of such 
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sources on metal concentrations in PM2.5 was then quantified using a weighted non-negative matrix 

factorization (WNMF) based receptor model that considers constraints on chemical profiles. 

Results  

The enrichment factor (EF) analysis revealed significant anthropogenic source influences for numerous 

elements such as Ag, As, Cd, Cu, Pb, Sb, Sn, Zn, as well as Cr, Ni and V in a lesser extent.  

Concentrations roses and metal ratios clearly indicated the contribution of the local glassmaking activity 

but also that of an integrated steelworks located 30 km to the sampling site. Therefore, anthropogenic 

origin of metals could be significantly ascribed to the main following sources: (i) local glass making 

industry for As, Cr, Sb, Cu and Sn, (ii) distant integrated steelworks for Ag, Cd and Pb, (iii) heavy fuel oil 

combustion for Ni and V and (iv) non-exhaust traffic for Sb, Cu and Zn. The evidencing and the 

distinction between steelworks and glassmaking emissions was made possible by the use of several 

metallic ratios. A combination of Zn/Fe, Zn/Mn, Cr/Cd and Pb/Cd ratios, appeared specific of steelwork 

emissions and the impact of glassmaking industry in Saint-Omer was identified by following the ratios of 

Sn/Cr, Sn/Sb, Cu/Cd and As/Ag. Despite their low contribution to PM2.5 concentration, the latter sources 

were found as the main origin for these metals (>70%) from receptor modelling. 

Conclusion  

The origin of metals in ambient air particulate matter PM2.5 in a medium city located in Northern France 

was evidenced and assigned mainly to industrial sources, as well as fuel oil combustion and non-exhaust 

traffic. Up to our knowledge, this study was the first to distinguish between glassmaking and steelworks 

metals sources in a site influenced by both emissions. 
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Introduction  

Mercury (Hg) pollution is of worldwide scientific interest due to the high toxicity of this heavy metal, 

with methylmercury (MeHg) being of the highest environmental concern. Hg bioaccumulates  throughout 

the aquatic food web, and fish and/or shellfish consumption is considered as the primary source of human 

MeHg exposure. In addition to quantification and speciation, Hg isotopic analysis has demonstrated to be 

a powerful tool for achieving a more profound insight into its biogeochemistry and for identifying sources, 

pathways and sinks. Hg shows two different natural isotope fractionation effects, i.e. mass-dependent and 

mass-independent (MDF and MIF) fractionation (Blum et al., 2014), the effects of which are expressed 

via the δ202Hg and Δ199,201Hg values, respectively. However, Hg isotopic analysis is not free from 

challenges, and a number of pitfalls needs to be overcome. First, the natural variation in the isotopic 

composition of Hg is really small, requiring the use of high-precision multi-collector inductively coupled 

plasma – mass spectrometry (MC-ICP-MS). Secondly, instrumental mass discrimination, i.e. the result of 

differences in the efficiencies of ion extraction, transmission and detection as a function of nuclide mass, 

needs to be adequately corrected for. Finally, the low Hg concentration in the samples of interest 

necessitate the use of a high-efficiency sample introduction system, and cold vapor generation (CVG) of 

Hg (0) has been selected as the most appropriate in this context (Rua-Ibarz et al., 2016). 

 

Hg isotopic analysis via CVG-MC-ICP-MS has been used for the study of different marine ecosystems 

affected by Hg pollution. As an example, the environmental impact of the U-864 German submarine, sunk 

during WWII in the proximity of Fedje island (Norway) and carrying 67 tons of metallic Hg intended for 

war use in Japan, has been assessed by combining Hg quantification, MeHg speciation and Hg isotopic 

analysis. 
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Methods 

The method developed for the evaluation of Hg pollution in aquatic ecosystems combines Hg 

quantification (via sector field ICP-MS – SF-ICP-MS), speciation analysis (via isotope dilution gas 

chromatography ICP-MS – GC-ICP-IDMS (Valdersnes et al., 2012)) and Hg isotopic analysis (via CVG-

MC-ICP-MS (Rua-Ibarz et al., 2016)). The CVG-MC-ICP-MS approach relied on a commercially 

available cold vapor generation unit (HGX-200, Teledyne Cetac Technologies) for Hg introduction, 

coupled to a MC-ICP-MS unit (ThermoScientific Neptune). Prior to the environmental analyses, the 

performance of CVG-MC-ICP-MS for Hg isotopic analysis was compared to that of pneumatic 

nebulization MC-ICP-MS (PN-MC-ICP-MS). 

 

Results  

CVG provided an approximately 20-fold enhancement in Hg signal intensity in comparison to PN. In 

addition, the matrix composition does not affect the isotope ratio results with CVG, thus avoiding the 

chromatographic Hg isolation required for PN. Accurate and precise Hg isotopic analysis was achieved 

with a long-term precision of <0.006 % RSD (N = 250, 18 months). The results were validated with 

various reference materials of environmental relevance. 

The method was then applied for evaluating the environmental impact of the metallic Hg leaking from the 

U-864 wreck. Hg isotope ratios were measured for metallic Hg salvaged from the submarine wreck, 

sediments and Cancer pagurus tissues. Overall, the data obtained in this work provide an expected, but 

now undeniable link between the Hg pollution in the sediments and the metallic Hg leaking from the U-

864 wreck. The Hg isotope ratio results for crab claw meat and brown meat differ from one another and 

provide insight into the introduction of the submarine Hg into the local marine food chain. 

 

Conclusion 

CVG-MC-ICP-MS allows precise and accurate Hg isotopic analysis at low Hg concentration levels. The 

combination of Hg quantification, MeHg speciation and Hg isotopic analysis was demonstrated a 

powerful tool to study the degree of Hg pollution in a marine ecosystem and Hg introduction into the 

marine food web. 
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Introduction  

Mercury is considered a priority hazardous substance because of its toxicity and widespread occurrence. It 

is released to the environment through both natural and anthropogenic processes and it is globally 

distributed. Consequently, environmental Hg monitoring and especially analytical procedures for the 

determination of the dissolved-bioavailable fraction of Hg in water have attracted great attention. 

In the present study we have investigated the use of functionalized membranes incorporated in a special 

device to allow Hg monitoring from different aquatic systems such as freshwaters and sea water. Thus, we 

have prepared, characterized, and tested, different membranes composed of an extractant (carrier) and a 

base polymer such as cellulose triacetate (CTA). These membranes, known as polymer inclusion 

membranes (PIMs), can be selective to a target species using the appropriate carrier (Almeida et al., 

2012). In our work, we have used different ionic liquids (IL) to functionalize the membrane. ILs are 

generally defined as salts that are liquid below 100º C and consist entirely of ions. Normally, they include 

an organic cation containing nitrogen or phosphorus and an organic or inorganic anion. Different IL have 

shown to effectively extract Hg in different matrix, such as trioctylmethylammonium thiosalicylate 

(TOMATS) impregnated in palm shell activated carbon to extract Hg from contaminated water (Ismaiel et 

al., 2013), and tetradecyl(trihexyl)phosphonium chloride (TDTHPCl) immobilized in biopolymer capsules 

for Hg(II) removal from chloride solutions (Guibal et al., 2008).  

 Methods 

Two task-specific IL were synthesized from tricaprymethylammonium chloride (Aliquat 336) in order to 

use them as carriers: TOMATS and trioctylmethylammonium salicylate (TOMAS). They were prepared 

by exchanging the chloride anion by thiosalycilate or salicylate, respectively, following the procedure 

described by Egorov et al., 2010. The phosphonium based IL (tetradecyl(trihexyl)phosphonium chloride) 

was purchased from Aldrich. PIMs were prepared using CTA as a polymer and the corresponding IL, 

(50% wt. content) as detailed in Fontàs et al., 2014. Both ILs and PIMs were characterized by different 

techniques such as elemental analysis and IR spectroscopy. 

For extractions experiments, small pieces of PIMs were contacted with 25mL 1 ppm  Hg(II) in a synthetic 

freswater solution during 24 hours. Loaded membranes were used to study the elution efficiency of 

EDTA, thiourea, cysteine or nitric acid solutions.  

For monitoring purposes, two different approaches have been investigated. First, functionalized 

membranes have been used as solid sorbents to extract Hg, and the effect of matrix composition and metal 

content has been investigated using all IL. On the other hand, PIMs were incorporated in a special device 
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described in Fontàs et al. 2014 in which an aqueous solution was added inside the device to allow the 

back-extraction of the metal.   

Mercury measurement was done using an Advanced Mercury Analyser model AMA-254 for direct 

analyisis of PIMs and by an ICP-OES for aqueous samples. 

Results  

Among the different functionalized membranes tested to extract Hg from freshwater samples, the one 

containing the IL TOMATS showed an extraction efficiency close to 100% whereas a 70% was found 

when the IL was TOMAS. Thus, a device incorporating a PIM with TOMATS was tested as a sensor for 

Hg monitoring in Ebro river (Catalonia, NE Spain). Samplers were deployed for 7 days, and the analysis 

of the membranes revealed the presence of mercury in river water due to industrial activity. 

We also investigated the possibility to elute the metal extracted in membranes. In the case of TOMAS, 

solutions of  both 0.1 M and 0.01M EDTA quantitatively recovered the extracted metal. However,  in the 

case of TOMATS, it was necessary to use a 0.1 M cysteine or a 0.1 M thiourea at pH=2 solution to strip 

the metal.  

Moreover, a device including a PIM with TDTHPCl showed to effectively transport Hg from a 1M 

chloride solution to a 6M HNO3 acceptor phase (placed inside the device). Using this same configuration, 

a significant transport of Hg was also achieved using a PIM with TOMAS from a synthetic freswater 

solution to a 0.1 M EDTA acceptor phase. 

Conclusion 

From our results we can conclude that functionalized membranes containing ILs can be very useful for Hg 

monitoring purposes. We can state that PIM with TOMATS can be viewed as an efficient sorbent to 

collect Hg from freshwaters. However, other membranes with ILs such as TDTHPCl (for high chloride 

content waters) or TOMAS (freshwaters) allow not only the extraction but facilitates the elution of the 

metal, which, in turn, can easier Hg analyisis.  
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Introduction  

Nowadays, Inductively Coupled Plasma-Mass Spectrometry (ICP-MS) is widely used for the quantitative 

determination of trace elements in a large variety of sample types, including environmental samples. 

However, with conventional ICP-MS systems, the determination of ultra-trace concentrations of many 

elements may be seriously hampered by the occurrence of spectral overlap, i.e. overlap of the signals of 

the target analyte ions with those of interfering ions with the same nominal mass-to-charge (m/z) ratio. 

Over the years, different approaches have been developed to cope with the problem of spectral 

interferences (e.g., high resolution sector field ICP-MS (HR-SF-ICP-MS) and quadrupole based ICP-MS 

equipped with collision-reaction cell systems (Q-ICP-CRC-MS)). While HR-SF-ICP-MS comes at a much 

higher cost than Q-ICP-MS systems, and an increase of the mass resolution is accompanied with a 

significant drop in sensitivity, the use of Q-ICP-CRC-MS is often limited by the lack of control over the 

cell chemistry.  

Recently, the introduction of a novel Q-based ICP-MS technique, tandem ICP – mass spectrometry (ICP-

MS/MS), has brought the concept of chemical resolution in CRC systems to a higher level, and the 

application range of ICP-MS/MS for the determination of ultra-trace amounts of highly interfered 

elements is growing fast (Balcaen et al., 2015).  

The aim of this work is to demonstrate the capabilities of ICP-MS/MS with chemical resolution from a 

general point of view, but also in the context of the determination of ultra-trace concentrations of As and 

Se in various samples of environmental relevance (Bolea-Fernandez et al., 2015).  

Methods 

An ICP-MS/MS system consists of a quadrupole based ICP-MS instrument, equipped with an octopole 

collision/reaction cell (CRC) and an additional quadrupole in front of the CRC. By using the first 

quadrupole as a mass filter, only those ions with the m/z ratio of interest reach the CRC (MS/MS mode). 

This allows for an enhanced control over the reactions taking place in the reaction cell, thus improving the 

possibilities of the use of chemical resolution to avoid spectral overlap by means of conventional, but also 

highly reactive gases (e.g., NH3 (Balcaen et al., 2014) and CH3F (Bolea-Fernandez et al., 2014)). 

The possibility of using highly reactive gases improves both the efficiency of the reactions taking place in 

the CRC and the selectivity of such reactions. The use of mass-shift approaches i.e., the reaction gas reacts 
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with the analyte ions and converts them into reaction product ions that can be measured under 

interference-free conditions, is often an elegant and very efficient approach to overcome spectral overlap. 

For the application described in this work, the performance of the reaction gas mixture CH3F/He (1:9) was 

evaluated for an accurate and precise determination of As and Se in a variety of sample types.  

Results  

The quantification of Arsenic and Selenium is hindered by spectral overlap with Ar-based polyatomic 

interferences (40Ar35Cl+ for 75As+ and 40Ar37Cl+ and 76,78,80Ar2
+ for Se+). 

Via product ion scanning, i.e. a scan over the entire mass spectrum with the second quadrupole (Q2) with 

the first quadrupole (Q1) is fixed at the m/z ratio of interest, while the CRC is pressurized with the 

reaction gas mixture, the most suited reaction product ions were found to be AsCH2
+ and SeCH2

+. Table 1 

shows the instrumental LODs and LOQs obtained for As and different isotopes of Se, determined as 

AsCH2
+ and SeCH2

+, respectively, using CH3F/He in MS/MS mode. 

Table 1. Instrumental limits of detection (LODs) and of quantification (LOQs) obtained for As and Se using 

chemical resolution (CH3F/He gas) in ICP-MS/MS. 

Nuclide 
CH3F/He flow 

(mL min-1) 
Q1 (amu) Q2 (amu) LOD (µg L-1) LOQ (µg L-1) 

75As 0.75 75 89 0.0002 0.0007 
77Se 

1.00 
77 91 0.01 0.04 

78Se 78 92 0.007 0.02 
80Se 80 94 0.004 0.01 

 

The method developed was applied for the determination of As and Se in environmentally relevant 

samples with different matrices (and consequently, also in the potential presence of other interfering ions), 

and covering a wide range of concentrations. For all samples, accurate results were obtained. 

Conclusion 

The use of tandem ICP - mass spectrometry opens new possibilities to deal with spectral overlap by means 

of enhanced control over the cell chemistry compared to single quadrupole ICP-CRC-MS systems. This 

approach enables the use of highly reactive gases (e.g., CH3F), resulting in an improvement of both the 

efficiency and selectivity of the reactions, permitting one to overcome strong spectral interferences often 

encountered with the more traditional ICP-MS systems.  This approach can be used for the successful 

determination of ultra-trace concentrations of environmentally relevant elements like As and Se in the 

most diverse and complex matrices. 
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Introduction  

Antimony (Sb) is a toxic metal/metalloid and a priority contaminant (EU Directive 2006/11/EC). Recently, 

research has focused on Sb because Sb radionuclides (e.g. 125Sb; t1/2 = 2.76 y) may enter the aquatic 

environment during Fukushima-type Nuclear Power Plant accidents (e.g.; Gil-Díaz et al., 2016). Reliable 

scenarios for radionuclide behavior/dispersal require quantitative understanding of their biogeochemical 

behavior, including processes controlling their partitioning, speciation, mobility and bioavailability. Solid-

state speciation methods for metals often rely on chemical extraction methods derived from sequential 

extractions, addressing operationally defined carrier phases (e.g., Tessier et al., 1979; BCR). Nevertheless, 

there is no standard method for Sb and the accuracy of published methods is not validated due to the lack 

of certified reference materials for single/specific carrier phases. Furthermore, several studies report 

differences in Sb extractions from the same operationally-defined carrier phase obtained from sequential or 

parallel/single selective extractions (Filella, 2011), which could be due to both sediment-inherent properties 

and/or extraction conditions. The present work aims at assessing (i) the solid-state partitioning of Sb in 

estuarine suspended particulate matter (SPM), (ii) the (non-) selectivity of single extractions for major Sb 

carrier phases and (iii) the resulting implications for radionuclide dispersal scenarios.    

Methods 

Water and SPM from the Gironde Estuary Maximum Turbidity Zone were collected into 40 l acid-washed 

polyethylene (PE) drums with a PP peristaltic pump and tubing at 1 m above the consolidated sediment. 

Particles were recovered by centrifugation (Westfalia; 12,000 g), freeze-dried, grinded and homogenized 

(agate mortar). Total digestions and single selective extractions (Table 1) were performed in triplicates on 

sediment aliquots following the modified method of Tessier et al. (1979) as described in Audry et al. (2006). 

In addition, extractions for F2 (with and without buffer) and F4 fractions were combined to check 

consistency of these protocols. Total (Sbp) and selectively extracted Sb fractions were determined by ICP-

MS (X7 Series 2, THERMO). 
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Results  

Results (Table 1) suggest that the main reactive carrier phases of Sb in estuarine sediments are the reducible 

(ascorbate, pH=8) and the acid-soluble (1M HCl) fractions accounting for <10% of Sbp, implying a great 

dominance of the residual (non-reactive) fraction accounting for ~90% of total Sbp. After single extractions, 

the reducible fraction (F2. Fe/Mn oxy-hydroxides) was 2-fold greater than the acid-soluble fraction (F4). 

Moreover, the combined effect of both ascorbate and 1M HCl (F2 + F4) extracted even more Sb than the 

sum of the respective single fractions (F2, F4; Table 1).  

Table 1. Results of single selective extractions. 

Fraction Sbp (mg kg-1) Fraction relevance (%) Quality check 
F2. Fe/Mn oxides (reducible) 0.118 ± 0.001 5% 

≥10-fold the limit of 
quantification 

F3. Organic matter/sulphides 
(oxidizable) 

0.015 ± 0.003 1% 

F4. Acid soluble 0.052 ± 0.001 2% 
F2 + F4  0.201 ± 0.002 9% 
F2 without buffer + F4 0.232 ± 0.011 10% 
Total extraction 2.31 - ~100% recovery NIST 8704 + 

NCS DC 70317 
 

Conclusion 

By definition, F4 fraction includes F2+carbonate+amorphous monosulfurs+phyllosilicate phases (Audry et 

al., 2006), thus F4 should be ≥ F2. Unexpected results for Sb extracted from estuarine sediments suggest 

maximum Sb solubility under reducing conditions (F2), which cannot be explained by reductive dissolution 

of reactive Fe and Mn oxy-hydroxides, because this carrier phase would also be extracted by HCl. 

Furthermore, maximum Sb mobility by combining F2+F4 extractions (i.e., reducing conditions in the 

presence of chloride) with/without pH buffer suggests combined influences of redox conditions, chloride 

and pH on Sb solubility in estuarine salinity and redox conditions. These observations and similar results 

obtained for freshwater sediments (unpublished) suggest that classical sequential and parallel extraction 

schemes may produce biased information on sediment solid-state partitioning of redox-sensitive elements 

such as Sb. Given that both contamination assessment and radionuclide dispersal scenarios need reliable 

information on the reactive Sb fractions in sediments, these results warrant further research on appropriate 

extraction schemes for Sb and other redox-sensitive elements. 
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Introduction  

Fungicide applications in vineyards have caused elevated soil concentrations of copper. Especially in 

traditional wine-growing regions without interruption of vineyard cultivation since centuries, the necessity 

to combat downy mildew (Plasmopara viticola) has caused the side-effect of Cu enrichment in the soil. 

As  Cu is predominantly bound in the upper soil layers, migration to the vine roots and plant uptake of Cu 

is usually no problem. However, the observed concentrations of  Cu in the top soil (in certain wine-

growing regions 25 % of all areas show concentrations of >90 mg EDTA-Cu kg-1 with maximum values 

>300 mg total Cu kg-1; Berger et al., 2011) may inhibit microbial activity and root growth of green cover 

plants.  

Organic amendments like biochar and compost frequently exert positive effects on physico-chemical soil 

properties. So this study had the aim to analyse the interactions of these amendments with Cu and to test 

the hypothesis that Cu could be immobilized and ecotoxic effects reduced.  

Methods 

The effects of different soil amendments on Cu mobility was tested with 2 different soils in a greenhouse 

experiment and in a field experiment. 

In the pot experiment, soil columns were installed as microlysimeters with glass ceramic suction plates at 

the base. Leachate water was produced by applying a negative pressure of 200 mbar. The pots (height: 0,5 

m; volume: 15 L) were grown with one vine each (cv. Grüner Veltliner) and the soil surface was sown 

with green cover plants (Lathyrus sativus, Avena sativus, Medicago lupulina). Soil treatments consisted of 

different combinations of wood chips biochar and compost (4 kg additive d.m. m-2). In some treatments, 

citric-acid modified biochar was used.  

In the field experiment, the plots of 90 m² were supplied with pure biochar, pure compost (4 kg d.m. m-2) 

or mixtures of both (1:1 w/w; 4 or 10 kg d.m. m-2). 

Results  

In the greenhouse pot experiment the soil additives showed a higher potential to decrease Cu2+ in the 

seepage water of a slightly acidic soil than of a calcareous soil. In the first measurements of seepage water 
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all additives could reduce the Cu2+ concentration in the acidic soil whereas the effect of the additives in 

the calcareous soil seemed to depend on the stage of vegetation development. This might be caused by an 

effect of the root exudates on Cu speciation. Biochar modified with citric acid showed in both seepage 

water measurements a significant reduction of the biotoxic Cu2+ speciation. Exchangeable copper, 

however, was rather mobilized, depending on the proportion of compost in the additive.  

In the field experiment soil cover crops were analysed for their Cu concentrations in the roots (the above-

ground plant parts were impacted by fungicide applications). Pure biochar reduced Cu uptake into the 

roots by about 50 % whereas compost slightly increased the Cu concentrations (but not in the highest 

application rates; Figure 1). 

 Figure 1. Copper concentrations in roots of white clover (Trifolium repens), grown as cover crop in the 

plots of a vineyard treated with different organic amendments. Total copper concentrations in the soil 

were 250 mg kg-1, pH=7.3, lime: 11 %. The asterisk indicates statistically significant differences from the 

untreated control. 

 

Conclusion 

This study underlines the difficult situation for organic vine farmers: on the one hand they need high 

organic carbon levels in the soil. On the other hand this enhances mobilization of Cu. On the one hand 

they need Cu-based fungicides to combat downy mildew, on the other hand this further increases the Cu-

levels in the soils. It might be a potential solution for the future to keep at least the Cu2+- levels low with 

the help of moderate to high levels of biochar. This way the ecotoxic effects of Cu should be reduced low 

even when total Cu mobility is barely changed. 

 

References 

Berger, E., Dersch, G., Dellantonio, A., Manner, K., Möbes-Hansen, B., Stemmer, M. 2011. Kupfer als 
Pflanzenschutzmittel – Strategie für einen nachhaltigen und umweltschonenden Einsatz. 2. Zwischenbericht zum 
Forschungsprojekt Nr. 100537 an das BMLFUW. AGES Bereich Landwirtschaft, Wien. 87 pp.  

0

20

40

60

80

100

120

140

Control Biochar (BC) Compost
(CP)

BC/CP 4 kg
m-2

BC/CP 10 kg
m-2

C
o

p
p

e
r 

[m
g 

kg
-1

 ]

* 

* 

Abstract Book of the 18th International Conference on Heavy Metals in the Environment, 12 to 15 September 2016, Ghent, Belgium 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

– 530 –



18th International Conference on Heavy Metals in the Environment

BIOCHAR AND IRON SULFATE AS AMENDMENTS FOR AN As AND Cu 

CONTAMINATED SOIL 

Teresa Fresno, C. García-Delgado, J.M. Peñalosa, E. Moreno. 

Universidad Autónoma de Madrid, Department of Agricultural Chemistry and Food Science, Madrid, 

Spain. 

teresa.fresno@uam.es 

Keywords: remediation, arsenic, metals, ecotoxicity 

Introduction  

The use of amendments for remediating contaminated soils is a gentle remediation strategy that not only 

acts on the bioavailability of contaminants, but also improves soil structure and fertility (Alvarenga et al., 

2009).  

The remediation of soils impacted by both metals and metalloids represents a challenge due to their 

different behavior in soils. The addition of iron amendments such as iron salts, among others, has been 

proven to be an efficient tool for the stabilization of arsenic in soils. Its supply leads to the 

formation/accumulation of reactive oxyhydroxides in the soil, which strongly sorb As (Komárek et al., 

2013; Kumpiene et al., 2006). Biochar application to soils improves soil physical properties and 

immobilizes heavy metals, though it often provokes As mobilization (Beesley et al., 2011; Brennan et al., 

2014). 

Based on the different effects of both amendments, the aim of this work was to investigate the potential 

use of combining iron sulfate and biochar to remediate an As and Cu contaminated soil. For that, effects 

of these amendments on As and Cu availability as well as on soil toxicity were assessed.   

 

Methods 

An incubation experiment was performed using a soil contaminated with waste tips of an ancient smelting 

factory that presents high concentrations of As and Cu.   

The soil was limed with CaCO3 0.4% and mixed with two biochars, derived from pine, PB, or willow 

woodchip, WB, alone or combined with FeSO4. The resulting treatments (x3) were: soil + PB 3% (PB3); 

soil + WB 3% (WB3); soil + FeSO4 1% + PB 3% (FePB3); soil + FeSO4 1% + PB 10% (FePB10); soil + 

FeSO4 1% + WB 3% (FeWB3); soil + FeSO4 1% + WB 10% (FeWB10). The unamended soil was 

included as a control (Control). The soils were incubated for 42 days at room temperature. Pore water was 

sampled throughout the experiment and the concentration of As and Cu was analyzed. At the end of the 

experiment soil samples were taken from each replicate and the available fraction of As and Cu was 

determined by extraction with 0.1 M (NH4)2SO4 (1:10, w:v). 
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Two toxicity tests were also performed on soils and soil leachates, respectively: a germination test using 

Lactuca sativa and the inhibition of luminescence of Vibrio fischeri. 

 

Results  

 As shown in Fig. 1, application of both biochar resulted in a significant increase (P<0.05) of As 

concentration in pore water, but its application together with FeSO4 overcame this effect. The treatments 

had no significant effect (P<0.05) on Cu solubility (Fig. 1). A similar trend was observed in the available 

fraction of both contaminants (data not shown). All treatments improved soil quality in terms of toxicity 

towards L. sativa and V. fischeri (not shown). 

Figure 1. As and Cu concentration (µg L-1) in pore water at the end of the experiment. Mean (n=3) ± SE. 

 

Conclusion 

The co-application of biochar and iron sulfate represents a good alternative for the remediation of multi-

contaminated soils, as it helps to reduce As dispersion and alleviates soil toxicity.  
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Introduction  

Large parts of Europe deal with severe historic pollution, including the Northern Campine region in 

Belgium, which is challenged with cadmium (Cd)-polluted soils. Upon absorption, Cd exerts its toxicity 

indirectly via the induction of oxidative stress (Cuypers et al., 2010). Cadmium thus negatively affects 

plant growth and quality, and poses a serious threat to human health. In order to use Cd-polluted soils for 

agriculture, Cd uptake in plants should be prevented to ensure plant, animal and human health. A novel 

strategy is the application of biochar, generated from pyrolysis of organic waste streams. Using 

agricultural waste for the production of biochar to produce crops of high yield and quality is a sustainable 

way to close the loop in agriculture. Preliminary results in our lab confirm the potential of biochar to 

stabilize metals and improve crop yield. Because of the broad range of interactions of biochar with 

different elements in the soil and the wide variety of waste streams that serve as input for biochar, effects 

may be complex and variable. This research aims to investigate the Cd-stabilizing and fertilizing effects of 

biochar derived from pig manure on the model organism Arabidopsis thaliana. 

Methods 

Arabidopsis thaliana were grown on sand, as well as on sand amended with 0,5% biochar (input: pig 

manure (Renovia bvba, Overpelt, België), pyrolysis temperature: 500°C, atmosphere: N2) in 125ml pots 

placed on square bioassay dishes filled with modified Hoagland solution, which was routinely refreshed. 

Plants were exposed from sowing via the Hoagland solution to 0, 10 and 25 µM CdSO4. Aboveground 

plant parts (rosettes) were harvested 24 days after sowing and biomass data were gathered. Element 

determination was performed via HNO3 extraction of oven-dried samples, followed by ICP-OES analysis.  

Data was checked for normality and homoscedasticity and analyzed by two-way ANOVA and Tukey 

post-hoc test or Kruskal-Wallis rank-sum, and Wilcoxon rank sum post-hoc test. 

Results  

Biochar did not increase biomass of plants grown under control conditions (Table 1). Exposure to 10 µM 

CdSO4 significantly reduced rosette fresh weight by 21.27%  8,35 compared to the control in plants 

cultivated on sand substrate.  However, amendment with 0.5% biochar significantly increased the weight 
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of the exposed plants by 46.36%  11.05 compared to the exposed plants cultivated on unamended sand 

substrate.  

Table 1. Rosette fresh weight. ** (p < 0.01) indicate significant differences in treatment with CdSO4 to the control, 

 (p < 0.01) indicate significant differences within treatment conditions due to biochar addition. 

Fresh weight (mg) Control 10 µM CdSO4 
Sand 70.40  5.1 55.42  5.88** 
Sand + 0.5% biochar 72.29  5.96 81.12  6.12 

 

Amendment of sand with biochar significantly lowered Cd contents of plants treated with 10 µM CdSO4 

by 92.26%  0.42 (Table 2). Significant increases in Cu, Zn, Mg, Na, and P uptake by plants grown on 

biochar were observed, as well as significant decreases in Ca and Mn.  

Table 2. Rosette Cd content. * (p < 0.05) indicate significant differences in treatment with CdSO4 to the control, • (p 

< 0.05) indicate significant differences within treatment conditions due to biochar addition. 

Cd content (µg/kgDW) Control 10 µM CdSO4 
Sand 1.13  0.66 376.21  54.59* 
Sand + 0.5% biochar 2.24  0.79 26.49  1.59*,• 

 

Conclusion 

At 24 days of age, no biomass increasing effect of biochar derived from pig manure was observed in 

control conditions condition. Rosette fresh weight was however significantly reduced by treatment with 

10 µM CdSO4. This effect was alleviated by biochar, which significantly increased biomass of treated 

plants.  

Biochar derived from pig manure strongly reduced Cd content in the above-ground plant parts of plants 

grown on 10 µM CdSO4 and can be a good candidate as potential soil amendment on polluted soils. In 

addition biochar is rich in macro- and micronutrients that are available for the plant, however, significant 

decreases in uptake of Mn and Ca were also observed. Whether this is an effect of interactions with the 

biochar or of plant homeostasis with other elements remains to be investigated.  

The impact of Cd exposure and biochar amendment on plant quality will be further assessed through 

analysis of the transcript and total antioxidant level, because of the important role of Cd in oxidative stress 

and the suggested effects of biochar on antioxidative defense (Viger et al., 2014). 
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Introduction  

Soil contamination with potentially toxic elements (PTEs) has become a global concern because of its 

adverse effects on ecosystem health and food security. Many floodplain soils are highly contaminated with 

PTEs (Frohne et al., 2014; Rinklebe and Shaheen, 2014). Recently, there is an increasing demand for new, 

applicable, and economic amendments to use them as soil conditioners and immobilizing agents for PTEs 

in contaminated soils. These materials should be abundant, available, biodegradable, and originate from 

renewable sources (Shaheen and Rinklebe, 2015). Biochar (BC) as a carbon-rich material fulfils those 

requirements. Although few studies have been conducted to evaluate the capabilities of biochar based 

material which is composed of bio-charcoal, humus, clay, alumina, shell limestone, perlite, 

microorganisms, and organic fertilizer to immobilize PTEs in floodplain soils (Shaheen and Rinklebe, 

2015), no attempts have been made to study the efficiency of this material for the (im)mobilization of 

PTEs in a highly contaminated floodplain soil under dynamic redox conditions up to date. Thus, we aimed 

i) to quantify the impact of pre-definite EH-conditions on the release dynamics of dissolved aluminum 

(Al), arsenic (As), cadmium (Cd), copper (Cu), nickel (Ni), and zinc (Zn) in a contaminated floodplain 

soil treated with biochar based material and non-treated, and to elucidate the underlying redox-driven 

processes mechanistically, and ii) to assess the efficacy of biochar based material as an immobilizing 

agent to reduce the concentrations of these elements in soil solution. 

Methods 

The soil sample was collected from a floodplain at the lower course of the Wupper River, Germany (E 

2570359, N 5661521; 51°4´0.48´´N, 6°4´0.48´´E). The site is used as grassland and periodically flooded 

by the Wupper River, usually in spring time. An automated biogeochemical microcosm system was 

exploited to simulate flooding of the contaminated soil (CS) and contaminated soil + biochar (CS+BC) in 

laboratory. 

Results  

The EH was lowered to +68 mV and afterwards increased stepwise to +535 mV. Significant negative 

correlation between EH and pH in CS and CS+BC was detected. The systematic increase of EH along with 

decrease of pH favors the mobilization of PTEs in CS and CS+BC. The material addition seems to have 

little effect on redox processes because pattern of EH/pH and release dynamics of PTEs was basically 

similar in CS and CS+BC. However, concentrations of dissolved PTEs were considerably lower in 

CS+BC than in CS which demonstrates that BC is able to decrease concentrations of PTEs even under 

dynamic redox conditions. Concentrations of Al, As, Cd, Cu, Ni, and Zn showed wide ranges during the 

experiment. Concentrations of Al, As, Cd, Cu, Ni, and Zn were considerably higher under oxic and acidic 

than under reducing conditions with higher pH in CS and CS+BC. Therefore, the relations between these 
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elements (except As in the CS+BC) and EH were positive, while relations between the same elements and 

pH were negative in CS and CS+BC. Lower solubility of Al, As, Cd, Cu, Ni, and Zn under reducing 

conditions as compared to oxidizing conditions might be explained by changes of controlling factors such 

as pH, DOC, DIC, Fe, Mn, and SO4
2-. To determine the associations between the measured elements and 

controlling factors and to identify complex cause-and-effect interrelationships, we have conducted a factor 

analysis (Fig. 2). The total explained variance in CS is 89.4% (76.9% Component No. 1 and 12.5% 

Component No. 2) and in CS+BC is 84.8% (69.1% Component No. 1 and 15.7% Component No. 2). Our 

results demonstrate that in CS, concentrations of Al, As, Cd, Cu, Ni, and Zn were associated in one group 

together with Fe, Mn, and EH which indicates that the latter reveals a similar behavior like the studied 

PTEs. On the other hand, pH, DOC, DIC, and SO4
2- were together in another cluster clearly differentiated 

from the first mentioned cluster demonstrating that the behavior of these parameters differ substantially 

from the first group. Moreover, this shows that pH, DOC, DIC, and SO4
2- have a relative similar 

geochemical behavior in our experiment. This is plausible because the concentrations of Al, As, Cd, Cu, 

Ni, Zn as well as Fe and Mn in soil solution increase with rising EH due to the EH-induced decrease of pH, 

DIC, and DOC. (Rinklebe et al., 2016). 

Conclusion 

Our results demonstrate that the used biochar based material is an effective immobilizing agent and able to 

decrease dissolved concentrations of Al, As, Cd, Cu, Ni, and Zn in comparison to non-treated CS even 

under dynamic redox conditions. We also found that under prevailing acid conditions the systematic 

increase of EH along with reverse decrease of pH favors the mobilization of Al, As, Cd, Cu, Ni, and Zn in 

both systems, CS and CS+BC. We were able to mechanistically quantify the impact of pre-definite EH-

conditions on the release dynamics of dissolved metals studied in CS and CS+BC, and to elucidate 

underlying redox-driven processes. Our results show that the pattern of EH/pH and the release mechanisms 

of the studied metals in CS and in CS+BC are basically similar. Thus, the addition of biochar based 

material seem to have little effect on natural redox processes and linked environmental conditions in acid 

contaminated floodplain soils, which is important with view to a sustainable management of these 

ecosystems when consider to use BC as an amendment to decrease mobilization of metals. For a better 

understanding of mobilization processes of metals, similar studies should be conducted with a variety of 

wetland soils around the world. In future, it will be challenging to determine different metal species in 

floodplain soils under dynamic redox conditions which is important for an appropriate risk assessment. In 

conclusion, the amendment of biochar based material to floodplain soils might lead to a decreased release 

of metals under changing redox conditions in highly dynamic floodplain ecosystems. This might be worth 

proving under field conditions with view to an adequate remediation option aiming to minimize the 

potential risk to humans and environment. 
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Introduction  

Heavy metal contamination is a global problem. In the Campine region in Flanders one hundred years of 

non-ferric metal smelting activities caused Cadmium and Zinc concentrations to reach problematic levels. 

Crops, especially species such as Spinacia oleracea, grown in this region will exceed the European food 

and feed standards when harvested. Heavy metal contamination poses serious problems to ecosystems and 

human health. Exposure to Cd causes toxicological effects to the kidneys, liver, lungs, immune and 

reproductive systems. This element is also listed as human carcinogenic by the International Agency for 

Research on Cancer.  

Since organic matter has the tendency to reduce the bioavailabity of heavy metals in the soil, activated 

carbon is often used to remediate the soils. For this research cheaper options were evaluated. Compost, 

peat and biochar were be added to the soil to immobilize the heavy metals. 

Methods 

The biochar was derived from holm oak, pyrolysed at 650°C and was used for the immobilization of Cd 

and Zn. The influence of the addition of biochar to the soil from the Campine region on the mobility of the 

metals, was evaluated in a pot experiment. Biochar was compared with peat, compost and liming. The pH 

effect from biochar was compared with the addition of lime. 

Results  

Despite the peat measuring a significantly larger cation exchange capacity than both the biochar and 

compost, it recorded the lowest Cd and Zn removal in all the ranges of metal solutions tested during the 

sorption test. This could be explained by the peats lower pH (3.9) compared to the biochar (9.6) and 

compost (8.0) since the solution pH in this experiment was not controlled. The pH of a solution is known 

to be the most significant factor in determining a metals speciation, solubility and mobility.  

After 14 weeks of equilibrium, rhizon extractions showed a significant reduction in Cd and Zn in the soil 

solution in the biochar 2% and 4% treatments, compared to the untreated soil. The biochar was not found 

to be significantly more effective than lime for Cd and Zn immobilization. The addition of compost had 

no significant effect and peat even a negative effect, compared with the untreated soil.  

Leaching tests under continuous acidification did however show biochar to be more effective than lime 

and equally effective as the compost and peat at retaining Cd and Zn from the solution. Results indicate 

that the immediate immobilization capacity of biochar for Cd and Zn is due to its liming properties, but its 

capacity to adsorb cationic metals may further retain Cd and Zn from the soil solution under continuous 

acidification. 
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Figure 1. Comparison of Cd concentrations in rhizon extracted soil solutions over time between the nine treatment 

groups. Alike letters indicate no significant difference, to a 0.05 level, in the week 8 extraction. A * indicates if the 

Cd concentrations differ significantly within the group between weeks 1 and 8. 

 

Conclusion 

Biochar had a higher pH compared to the other treatments. Rhizon extractions showed that biochar was 

significantly more effective than compost and peat for Cd and Zn immobilization.  

It can be concluded that this biochar combines the pH effect of lime with the sorption capacities of 

products such as peat or compost. This results in a long term sustainable reduction of the heavy metal 

mobility even when the soil acidifies. 
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Introduction  

One of the main environmental current concern is the metal(loid)s contaminated soils. It is hazardous for 

the environment and public health. Due to the cost of conventional techniques to remediate such 

contaminated sites, the attention is now turned toward phytoremediation techniques, particularly 

phytostabilization. Salicaceae, willows and poplars, have been shown to be efficient for phytostabilization 

(Vamerali et al. 2009): they have a high and rapid biomass production and metal(loid)s confinement in 

their roots which provides them a metal(loid)s tolerance. Furthermore, phytostabilization can be enhanced 

by using organic or mineral amendments, which improve plants development and metal(loid)s 

stabilization in the soil. Many studies  like Paz-Ferreiro et al. 2014 showed a biochar positive effects on 

soil characteristics as well as plant growth and metal(loid)s soil stabilization.  

The goals of this study were (i) to investigate the effects of a various set of biochar (0%, 2 % and 5%), 

obtained from different origin ( hardwood, lightwood and pinewood) and presenting different 

granulometries on soil properties, soil pore water characteristics and metal(loid)s availability and (ii) to 

assess the tolerance of  Populus euramericana Dorskamp to As and Pb. 

Methods  

A former silver-lead mine extraction site located at Pontgibaud (France) was investigated. This site 

contains no vegetation cover and is mainly contaminated by high concentration levels of lead (11453 

mg.kg-1) and arsenic (1539 mg.kg-1). This technosol was amended at 0, 2 or 5% (w/w) with 8 different 

biochars (La Carbonerie, France) produced from different wood origins and presenting different 

Abstract Book of the 18th International Conference on Heavy Metals in the Environment, 12 to 15 September 2016, Ghent, Belgium 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

– 539 –



18th International Conference on Heavy Metals in the Environment

ganulometries. For each treatment, 5 replicates of soil-biochar mixtures were prepared and potted soils 

were vegetalized by one cutting of Populus euramericana Dorskamp. Soil pore water (SPW) was 

collected using soil moisture samplers (Rhizon™). pH, electrical conductivity (EC) and DOC (Dissolved 

Organic Carbon) concentration in SPW were determined. Total dissolved metal(oid)s (As, Pb) 

concentration in SPW were determined by ICP-AES. Cuttings were grown for 48 days. Plant growth was 

calculated by measuring the plant height weekly. At the end of the growth period, all formed organs were 

collected (leaves, stems and roots) and dried to measure the dry weight (DW). Metal(oid)s concentrations 

in the different organs were measured by ICP-AES. 

 

Results  

SPW characteristics (pH, EC, DOC, total dissolved metal(loid)s concentration), Populus biomass and 

metal(loid)s plant repartition were determined. Thus we show that all tested biochars help mainly to 

immobilize Pb while As tend to be mobilized. These biochars enable a better plant growth allowing to 

vegetate the polluted tested area. Metal pollutants are mainly found to accumulate into the root systems of 

the tested trees avoiding the invasion of the trees aerial parts by metal(oid)s.  

Conclusion 

We identified which biochar in terms of wood origin and granulometry, combined with P. euramericana 

Dorskamp, was the most suitable remediation  tools for Pb phytostabilization in such  post-mining 

contaminated soil. 
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Introduction 

The physicochemical properties of a British hardwood biochar and its adsorption characteristics towards 

heavy metals were investigated in laboratory. A field remediation treatment was carried out to examine 

the long-term effect of this biochar on the immobilisation of heavy metals on a sand-based contaminated 

site in Castleford, UK. The extracted concentrations of nickel (Ni) (II) and zinc (Zn) (II) in the carbonic 

acid leaching tests were reduced by 83 - 98% over three years. The sequential extraction results indicated 

that biochar addition (0.5 - 2%) increased the residue fractions of Ni (II) (from 51% to 61 - 66%) and Zn 

(II) (from 7% to 27 - 35%) in the soils through competitive sorption against more mobile fractions. A 

short-term laboratory study was carried out to investigate the influence of this biochar on the mobility and 

speciation of lead (II) in a clay soil (kaolin). It was observed that biochar did not affect the mobility or 

speciation of lead (II) in the kaolin. The mechanisms involved in the above findings were investigated and 

discussed. 

Methods 

Physicochemical properties of biochar: BET surface area, Cation exchange capacity, FT-IR, SEM, XRD, 

elemental analysis using aqua regia digestion followed by ICP test. 

Adsorption characteristics: Kinetics, the influence of solid to liquid ratio on sorption, the influence of 

solution pH on sorption, equilibrium study. 

Field application of biochar to immobilize heavy metals (sandy soil): Leaching test on the site soils. 

Sequential extraction on the site soils. 

Laboratory application of biochar on model soil (clay soil): Leaching test and sequential extraction test. 

Results 

Biochar addition (0.5 - 2%) increased the residue fractions of Ni (II) (from 51% to 61 - 66%) and Zn (II) 

(from 7% to 27 - 35%) in the soils through competitive sorption against more mobile fractions three years 

after application. (Figure 1). In contrast, biochar did not affect the speciation of lead (II) in the kaolin in a 

28-day laboratory investigation (Figure 2). 

Conclusion 

This study suggests the effectiveness and potential of biochar application in immobilising heavy metals in 

sandy soil in the long term. However, it did not affect the mobility or speciation of lead in kaolin in the short 

term. 
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biochar addition increased the fractions of Ni (II) and Zn (II) 

in step 5 (the most stable faction) in sequential extraction
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Figure 1. Fractions of metals in the field sandy soil from each step of sequential extraction (a - Ni (II), b (II) - Zn) in 

field contaminated soil remediated with biochar (TP0 – control; TP1 – 0.5%biochar; TP2 – 1% biochar; TP3 – 2% 

biochar). 
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Figure 2. Fractions of lead in the clay soil from each step of sequential extraction. The horizontal axis indicates the 

contamination level (mg/kg) + the dosage of biochar treatment (0% or 1% in w/w). 
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Introduction  

Under the European Union (EU) Thematic Strategy for Soil Protection, the European Commission has 
identified soil contamination, occurrence of 342 000 polluted sites have been reported, most commonly 
polluted with heavy metals and mineral oils (Panagos et al. 2013). For metal polluted soils, 
phytoremediation appears to be an economically and esthetical attractive in situ technology (Pulford and 
Watson, 2003). Willow potential for phytoextraction technologies was observed on heavily and moderately 
polluted soils (Tlustoš et al. 2007; Vysloužilová et al. 2003). However, for reasonable efficiency of 
phytoextraction the biomass production in field conditions will mainly determine metal removal (Meers et 
al. 2007). Thus, in specific cases, heavily contaminated sites, should be considered to combine 
phytoextraction and stabilization technologies to improve plant growth and support the phytoextraction 
potential. The biochar sorption ability of organic pollutants (Zhang et al. 2011) and heavy metals (Beesley 
et al. 2010) was observed there. The utilization of cylinder pots placed in laboratory, greenhouse or into 
field conditions were described as a suitable way for investigation of element transport through soil profile 
(Trakal et al. 2011). In Břendová et al. (2015) the biochar application into extremely contaminated soil 
improved willow growth and phytoextraction potential in one year experiment. However relevant long term 
study supporting first experimental results is missing. The aim of our study was: i) to evaluate the potential 
effect of elevated rates of biochar application on risk elements transport through the soil profile, and ii) to 
assess the effect of biochar amendment on plant growth as well contaminant accumulation in willow tissues,  
in long – term study.  

Methods 

The experiment was established at greenhouse controlled conditions. To observe risk element content in 
leachate, the lysimeter (40 cm) pots were used. Salix Smithiana was chosen as an experimental crop. Biochar 
was prepared from coconut shells. Soil was sampled at old smelting area, near Příbram city (central 
Bohemia, Czech Republic). The soil is extremely contaminated with cadmium, zinc and lead. The leachate 
was analysed (ICP-OES) each 3 weeks during vegetation. The trees were harvested and twigs and leaves 
were analyzed separately. The experiment consisted of 4 treatments: control (no applied biochar), and rates 
of 5%, 10%, and 15% of biochar from total mass of soil. At each treatment two willows cuttings were 
planted.  

Results  

In the first year, willows were characterized by significantly higher production at amended treatments in 
comparison to control. In the second year, yield of aboveground biomass significantly decreased at 5% 
treatment in comparison to previous year. Treatments of 10% and 15% of biochar provided similar yield of 
biomass to first year of vegetation. In both years, willows leaves at control treatment showed extreme 
phytotoxic signs and willows grown at treatments with biochar were without them. The lead content 
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decreased in plant biomass by 43-57% and by 59-56% at amended treatment in first and second year 
respectively. The limited removal of Cd (lower by 10-28%) and Zn (lower by 22-33%) was not significant, 
where biochar was applied, during first year of vegetation. Second year, the cadmium content in plant tissues 
was higher at amended treatments and zinc content was lower by 4-19%. In leachate, both cadmium and 
zinc content decreased to values below detection limits at all biochar treatments and lead wasn’t detected at 
these treatments during first year. The pH of leachate increased with increasing biochar dose during two 
years. In third year the pH of leachate decreased and wasn’t significantly higher at amended treatments 
comparing control. The content of elements increased in leachate. Willows were characterized with large 
phytotoxic signs and died. The comparison of Zn and Cd removal and leaching from contaminated soil in 3 
years is given in Fig.1. 

Figure 1.  Comparison of Zn and Cd relative removal and leaching from contaminated soil (%) 

 

Conclusion 

Finally, we can summarize that biochar appears to be a very effective regulator of availability of observed 
risk elements and is able to improve biomass growth, increase total uptake of Cd and Zn and decrease 
leaching of these elements, but our results reveals, that this effect has time limitation.  
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Introduction  

Recently, biochar has been used frequently as a suitable biosorbent to remove toxic metals from wastewater 
(Tan et al., 2015). This removal process consists of three main metal sorption mechanisms: (i) ion exchange, 
(ii) metal complexation with free functional groups together with physical adsorption, and (iii) surface 
precipitation (Trakal et al., 2014; Tan et al., 2015). Additionally, as reviewed by Mohan et al. (2014) the 
biochar removal efficiency usually results in a few milligrams of remediated metal(loid) per gram of 
activated carbon. Because of that and due to its porous structure, biochar has recently also been modified 
using various secondary oxides in order to improve its sorption efficiency.  

Often, biochar has been modified using Fe-oxides (Mohan et al., 2014). Trakal et al. (2016) showed that 
metal sorption of the biochars with well-developed structure were significantly improved after the 
modification, however, the biochars represented by lower BET surface (< 100 m2 g-1) showed negligible 
and/or negative effect. Next, biochar could also be modified by Mn-oxides, which usually have had very 
high immobilization potential for metal(loid)s (Komárek et al., 2013). Specifically, Wang et al. (2015) 
demonstrated that metal(loid)s sorption was significantly improved for the biochar modified by birnessite 
and/or other Mn-oxides. Because of that, amorphous manganese oxide (AMO) could also be very suitable 
candidate for this modification due to its very high efficiency to immobilize various metal(loid)s (Della 
Puppa et al., 2013). 

Methods 

Five different waste agro-materials (nut shells, plum stones, wheat straws, grape stalks and grape husks) 
were pyrolysed at 600°C in a muffle furnace under 16.7 mL min-1 nitrogen flow rate at atmospheric pressure 
and retention time of  30 min. Such prepared biochars were then tested as potential sorbents for Cd(II) and 
Pb(II). Next, the same biochars were modified by impregnation with magnetic particles in order to enhance 
the sorption of Cd(II) and Pb(II), respectively. Finally, the selected biochar (from grape stalks) was used for 
the modification by AMO. Such prepared AMOchar was compared with the pristine biochar for the sorption 
of As(V), Cd(II) and Pb(II). Next, all prepared/modified biochar samples were analysed for: (i) pH value, 
pHZPC, CEC; (ii) BET surface (iii) surface functional groups by FTIR; (iv) precipitated phases by XRD; (v) 
surface structure and composition using SEM-EDX; and (vi) XPS. 

Results  

The removal rate of both metals is the least affected by the biochar morphology and specific surface but this 
removal efficiency is strongly pH-dependent. The predominant metal sorption mechanism was ion exchange 
where this mechanism showed very strong binding of sorbed metals as confirmed by the post-desorption of 
the fully metal-loaded biochars.  
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Additionally, the cation exchange capacity increased after the magnetic modification, except for grape stalk 
biochar. The metal loading rate was also significantly improved, especially for Cd(II) sorption on/in nut 
shield and plum stone biochars (10- and 16-times increase, respectively). The results indicated that cation 
exchange was strengthened after Fe-oxide impregnation, which limited the desorbed amount of tested 
metals. In contrast, the magnetization of grape stalk biochar reduced Pb(II) sorption in comparison with that 
of pristine biochar. Magnetic modification is, therefore, more efficient for biochars with well-developed 
structure and for more mobile metals, such as Cd(II). 

On the other hand, the AMOchar was formed mainly by Mn-oxalates which had coated surface of the 
pristine biochar (Figure 1). In comparison with the pristine biochar (grape stalks) the AMO-biochar 
composite was able to remove significantly higher amounts of various metal(loid)s from the solution. 
Despite the rather high pH of the AMOchar, such modified biochar was able to sorb efficiently not only 
Pb(II), almost 99%, and Cd(II), 51.2%, but also a very high amount of As(V), 91.4%. Additionally, the 
AMOchar was able to reduce Mn leaching. This can avoid potential post-contamination caused by the 
dissolution of less stable Mn-oxalates as observed in the pure AMO. 

Figure 1. The SEM images with corresponding EDS spectra and X-ray diffraction (XRD) patterns, of the AMOchar. 

 

Conclusion 

Sorption variability was reflected by the origin of the biochar and the most important sorption mechanism 
is ion exchange. Magnetic modification was able to improve the sorption of those biochars with well-
developed structure, nevertheless, the best modification was observed using the Mn-oxide coating. 
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Introduction  

Biowastes are unwanted material of biological origin. They include the products of human excreta, animal 

effluents, and residues from forestry, agriculture and fisheries. While many biowastes are incinerated or 

disposed of in landfills and water bodies, land application can have both economic and environmental 

appeal. Biowastes affect the fluxes of metals (HMs) in the soil-plant system by changing the concentration 

and solubility of HMs as well as the physiological and morphological characteristics of plants and soil 

organisms. Biowastes are often high in organic matter and plant nutrients, thereby promoting root 

development and the growth of other soil organisms. That same organic matter can increase the number of 

functional groups in soil thereby reducing HM solubility via cation exchange and specific adsorption 

(Haering et al., 2000). Biowastes, particularly those derived from industrial or domestic effluents, may also 

contain elevated concentrations of heavy metals, particularly Cd, Cu and Zn (Haynes et al., 2009). 

Continued application of such biowastes can result in accumulation of these elements in soil. Potentially, 

two or more biowaste streams can be combined to improve environmental outcomes (Paramashivam et al., 

2016).  We aimed to determine the fluxes of HMs following the addition of various biowastes to low fertility 

and degraded soils with a view to elucidating the best strategies for the beneficial reuse of biowastes.   

Methods 

We collected degraded soils and low fertility soils, from former pine forests, intensively cultivated market 

gardens, intensive dairy farms, alpine pastureland, and coastal sand dunes. Production on these soils was 

limited by either low organic matter contents, low plant nutrient status or elevated heavy metals such as 

fertilizer-derived Cd. These soils were amended with one or more of the following biowastes: biosolids, 

Pinus radiata sawdust, Pinus radiata biochar (pyrolysed at 350 oC), compost manufactured from municipal 

green waste, low grade lignite coal that was unsuitable for sale due to its high moisture and sulfur contents. 

Pot trials, lysimeter experiments and field trials were used to determine the metal fluxes in these amended 

soils planted with perennial ryegrass, sorghum, maize, mustard, common vegetables, willows, Pinus 

radiata, and a selection of NZ native vegetation. We measured the growth and morphology of these species 

as well as the HM concentrations in plants and soils. Details of the species and experimental setups can be 

found in: (Al Mamun et al., 2016; Esperschuetz et al., 2016; Gartler et al., 2013; Simmler et al., 2013). 
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Results 

A single application of biosolids was sufficient to restore fertility to degraded soil. The application rate 

required was in the order of 50-100 t/ha. These applications increased plant uptake of Cd, Cu and Zn across 

a range of species, however, these levels were always below food safety standards. Blending the biosolids 

with other materials, such as sawdust, biochar and lignite, resulted in significantly reduced nitrate leaching 

and reduced plant-Cd uptake. Importantly, blending the biowastes had little effect on the uptake of Zn and 

other essential trace elements. Therefore, the addition biosolids blended with other materials may be an 

effective and safe means of bio-fortifying plants with Zn, an element that is deficient in a quarter of 

humanity. Feeding trials using sheep demonstrated that pasture and willows that had been bio-fortified using 

blended biowastes showed that the plant-borne Zn effectively increased serum Zn levels and that bio-

fortified material was a more efficient than inorganic Zn for nutrition. 

Applying municipal composts or lignite to intensively cropped soil that was low in organic matter 

significantly reduced the Cd uptake by crop plants, while not significantly reducing the concentrations of 

other elements. Unexpectedly, the reduction in plant-Cd uptake caused by compost increased after one year. 

Conclusion 

A single, high application of blended biowastes can effectively restore fertility to degraded soils without 

resulting in unacceptably high HM concentrations in either soils or plants. We do not propound the continual 

application of biosolids, which would result in the accumulation HMs in soil to unacceptable concentrations. 

Single biowaste additions can restore fertility, bio-fortify food and fodder crops with Zn, and reduce the 

uptake of Cd. 

References 

Al Mamun, S.; Chanson, G.; Muliadia; Benyas, E.; Aktar, M.; Lehto, N.; McDowell, R.C., J; Kellermann, L.; Clucas, 

L. and Robinson, B., (2016). Municipal composts reduce the transfer of Cd from soil to vegetables. 

Environmental Pollution 213, 8-15. 

Esperschuetz, J.; Lense, O.; Anderson, C.; Bulman, S.; Horswell, J.; Dickinson, N. and Robinson, B., (2016). Biowaste 

mixtures affecting the growth and elemnental composition of Italian ryegrass (Lolium multiflorum). Journal 

of Environmental Quality. In press. 

Gartler, J.; Robinson, B.; Burton, K. and Clucas, L. (2013). Carbonaceous soil amendments to biofortify crop plants 

with zinc. Science of the Total Environment. 465, 308-313. 

Haering, K.C.; Daniels, W.L. and Feagley, S.E., (2000). 24. Reclaiming mined lands with biosolids, manures, and 

papermill sludges. 

Haynes, R.J.; Murtaza, G. and Naidu, R., (2009). Inorganic and organic constituents and contaminants of biosolids: 

Implications for land application, in: Sparks, D.L. (Ed.), Advances in Agronomy pp. 165-267. 

Simmler, M.; Ciadamidaro, L.; Schulin, R.; Madejón, P.; Reiser, R.; Clucas, L.; Weber, P. and Robinson, B., (2013). 

Lignite reduces the solubility and plant uptake of cadmium in pasturelands. Environmental science & 

technology. 47, 4497-4504. 

Abstract Book of the 18th International Conference on Heavy Metals in the Environment, 12 to 15 September 2016, Ghent, Belgium 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

– 550 –



18th International Conference on Heavy Metals in the Environment

LIFE CYCLE ASSESSMENT OF WASTE FROM ELECTRIC AND 

ELECTRONIC EQUIPMENT: A REVIEW 

Gonzalo Rodriguez-Garcia1, M. Weil1,2 
1Karlsruhe Institute of Technology, Helmholtz Institute Ulm for Electrochemical Energy Storage 

(HIU), Ulm, Germany 
2Karlsruhe Institute of Technology, Institute for Technology Assessment and System Analysis (ITAS), 

Karlsruhe, Germany 

gonzalo.garcia@kit.edu 

Keywords: environmental impact assessment; e-waste; end-of-life; recycling; waste management 

Introduction  

Waste of electric and electronic equipment (WEEE) has become a pollution problem worldwide. Life Cycle 

Assessment (LCA) is a methodology for evaluating potential environmental impacts of products, processes, 

or services. Over the years, LCA has been applied in a wide variety of industries. Here we present a summary 

of what we think it is the first review on LCA of WEEE management (Rodriguez Garcia and Weil, 2016). 

Methods 

Our target were LCA publications on the end-of-life (EOL) of e-waste: collection, sorting, recycling, etc., 

as well as waste management. We only included studies addressing the full life cycle of appliances if they 

particularly focus on EOL. We identified publications following a three-step procedure: 1) screening of 17 

peer-reviewed journals, 2) checking the literature cited and citing the already identified articles, and 3) final 

screening with alternative search engines. As of June 2015, we had identified 48 studies. 

Results  

The studies covering the whole life cycle did not consider EOL as the most impactful stage. Nevertheless, 

EOL was viewed as an important stage on environmental terms because of its potential benefits. Recycling 

can be an attractive alternative, as it might cause lower impacts than raw material acquisition. However, a 

high recycling rate is required for those benefits to occur. Still, other alternatives like remanufacturing might 

be even less environmentally harmful.  

The latter conclusion is also supported by waste management studies including both waste prevention and 

waste treatment scenarios. Reuse might present two important exceptions to this trend: 1) It has a limited 

time-frame: after a certain point a new device would be less environmentally harmful that reusing an old 

one and 2) If the reuse is associated with resale. Resale favors the access to appliances to more people and 

thus increases the impact of WEEE for the whole population.  

The importance of transport oscillates between studies that do not mention it at all to those considering it 

the main source of postconsumer impact. This disparity suggests the relevance of transport is location-
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specific due to the collection methods and to distance. For a given appliance, the distance its waste needs to 

be transported might be decisive in determining which treatment alternative is preferable. 

All waste treatment studies evaluated included recycling plus incineration and/or landfilling, showing the 

preponderance recycling has in current waste management strategies. Landfilling (a low-tech process) can 

be sometimes the least environmentally harmful, but in most cases recycling is the best alternative of the 

three. This is particularly true if it avoids the extraction of raw materials, namely but not exclusively metals. 

This thesis is also supported by studies focusing only on recycling, which also stressed that high recycling 

rates are necessary for those benefits to be substantial. 

Conclusion 

From reviewing 48 publications on LCA of WEEE, we found the following four trends on the environmental 

impact of the different stages of EOL: 

 Waste management is usually not the most impactful life cycle stage, most environmental impacts 

of appliances are generated in the use phase or before.  

 Once equipment turns into waste, the final treatment is responsible for most of the impact. 

 Waste prevention might be more beneficial than waste treatment.  

 As far as treatments goes, recycling tends to be less burdensome than incineration or landfilling, 

particularly if the recycling is closed-loop or recovers valuable materials. 

These trends are not absolute: Transportation can be as important as disposal if the distance is large enough 

and landfilling can sometimes be the least harmful alternative. Thus, we recommend a case-by-case 

approach to find the most environmentally acceptable alternative for WEEE management. For that purpose, 

we suggest conducting an LCA adapted to the situation: type of waste, geographic location, etc. If possible, 

a number of EOL scenarios should be considered, including waste prevention, incineration, and landfill. 

Focusing on recycling processes might not find the overall best alternative. 

WEEE management cannot only generate or prevent environmental problems, it has also important 

economic and social impacts. Thus, we recommend a Life Cycle Thinking approach considering the 

management of electronic waste as a complex system where technology, people, and the environment 

interact. 
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Introduction  

To avoid the potential toxicity and persistence of heavy metals in sludge, various methods have 

been used for the removal and dissolution of heavy metals prior to land application, including 
electrochemical techniques, chemical extraction, bioleaching, and biological removal (Demirbas 

et al., 2005; Ismail et al., 2014). However, all of these methods are inefficient and expensive and 

can easily yield destructive by-products. Anaerobic digestion is a widely used technology in the 

efficient treatment of sewage sludge and simultaneously generates renewable energy gas through 

conversion of the organic matters into short-chain volatile fatty acids (Ciba et al., 2003; Li et al., 

2014a; Liu et al., 2012). Pennisetum alopecuroides has an abundance of carbon, and adding 

organic carbon into an anaerobic environment can increase organic matter, especially the humic 

acid content of the initial sludge, and can improve the efficiency of anaerobic digestion. few 

studies have focused on the effect of Pennisetum alopecuroides additions on methane yields and 

the distribution of metal species during the anaerobic digestion progress. 

 

Methods 

Three reactors (R1, R2 and R3) with a working volume of 6.5Lwere set up with helix-type 

stirrers, which were set at a rate of 60 rpm (rotations per minute) with 10min stirring and 5 min 

continuous breaking. The three identical reactors were all operated in batch mode at 35±1 oC for 

30 days. The biogas volumes were recorded daily using a wet gas meter. The methane content of 

the biogas was an important anaerobic digestion parameter, which was measured using a gas 

chromatograph (Agilent Technologies 6890N, CA, USA). 

    A chemical fractionation of the heavy metal in the sludge samples was performed according to 

Tessier et al. (1979) with some modification. The mobility of heavy metals is usually used to 

evaluate its migration possibility into the environment (Achiba et al., 2009). Therefore, an 

analysis of heavy metal mobility is important for evaluating the environmental impacts from land 

application. 

Results  

Moderate additions of Pennisetum alopecuroides could effectively increase the methane content 

and increase the methane yields by an extraordinary 11.8%. The target heavy metals in the water-

soluble and exchangeable fraction were further reduced, and the dominant species were 
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concentrated in Fe-Mn oxide-bound and organic and sulfide-bound fractions.Compared with the 

control, the mobility factor of the target heavy metals after anaerobic digestion with the addition of 

Pennisetum alopecuroides showed significantly lower values. These results demonstrate that the proper 

addition of bioenergy grass could not only enhance anaerobic digestion but could also decrease the 

mobility of heavy metals and enhance the stabilization of heavy metals in sludge during anaerobic 

digestion, which is beneficial for subsequent land application of sewage sludge. 

 

Fig.1 Metals speciation in the solid phase of sludge after digestion R1 (a), R2 (b) and R3 (c) 

Conclusion 

The distribution of chemical species during anaerobic digestion of sewage sludge in the presence 

of Pennisetum alopecuroides has been studied. Adding a moderate amount of Pennisetum 

alopecuroides would increase the biogas yield, where as overdosing would not benefit biogas 

production. The addition of Pennisetum alopecuroides could considerably change the chemical 

species during anaerobic digestion and would increase the content of the organic-sulfide bound 

and residual fractions. A moderate addition of Pennisetum alopecuroides could better stabilize 

the heavy metals in sludge and effectively decrease the risk to ecosystem and environment for 

land application. 
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Introduction  

Magnetic materials, such as ferrite (MIIFe2O4) and magnetite (Fe2O3), have been extensively applied to 

remove oxyanions (eg. SeO4
2-, SeO3

2-, AsO4
3-) because their great adsorption capacity and excellent 

saturation magnetization (Sun et al., 2004; Sun et al., 2015). Both the size and shape of materials, in 

particular shape, will determine the availability of certain active facets or low coordinated sites on their 

surfaces, which can affect the binding between magnetic materials and oxyanions and/or the activity and 

selectivity of a particular reaction (Zaera 2013). Thus, in addition to the novel properties, the influence of 

material shapes on the adsorption, catalysis, or energy storage, has become a recent area for research 

(Zhuang et al., 2015; Zeara 2013). However, how the shapes of MIIFe2O4 influence its adsorption to 

oxyanions is far from understood. 

In this study, Selenite (SeO3
2-, Se(IV)), selenate (SeO4

2-, Se(VI)), tellurite (TeO3
2-, Te(IV)), and telluric 

(TeO4
2-, Te(VI)), the main species of Se and Te in wastewater and natural waters, were selected as model 

oxyanions. MnFe2O4 and CoFe2O4 microwire and microsphere, synthesized through hydrothermal 

methods, were selected as model MIIFe2O4 materials. The prepared MIIFe2O4 were characterized using 

powder X-ray diffraction (XRD), transmission electron microscope (TEM), alternating gradient 

magnetometer (AGM), automatic titrating, and N2 adsorption–desorption method. The adsorption 

behaviors of Se(IV)/Se(VI) and Te(IV)/(VI) by MIIFe2O4 microwire and microsphere were investigated, 

and the effect of pH on adsorption were also discussed. The underlying adsorption mechanisms were 

analyzed using zeta potential, attenuated total reflection flourier transformed infrared spectroscopy (ATR-

FTIR), and X-ray photoelectron spectroscopy (XPS) analysis. Density functional theory (DFT), as useful 

and powerful tool, was employed to explore the adsorption mechanism. 

Methods 

MIIFe2O4 microwire were synthesized by adding stoichiometric amounts of Fe3+, Mn2+ or Co2+ and NaAc 

and polyethylene glycol were added to 40 mL ethylene glycol with vigorous stirring. For MIIFe2O4 

microsphere, Fe3+, Mn2+ or Co2+ and nitrilotriacetic acid were added to 40 mL mixed deionized water and 

isopropyl alcohol with vigorous stirring. All the resulting solutions were heated at 180 °C-200 °C in an 

oven for 6 h. The products were dried after washed for several times, and calcined.  

Results  

The TEM images clearly showed the sphere structure of MnFe2O4 (Mn-S) (Fig. 1a, b) and CoFe2O4 (Co-S) 

(Fig. 1c, d) and Fig. 1e-h exhibited porous wires MnFe2O4 (Mn-W) (Fig. 1e, f) and CoFe2O4 (Co-S) (Fig. 

1g, h). The properties of four types of MnFe2O4 were shown in Table 1. MIIFe2O4 exhibited different 

adsorption behaviors to Se and Te: (1) Microwire (Mn-W and Co-W) adsorbed more Se(IV)/(VI) than 

microsphere (Mn-S and Co-S), whereas it was contrary for Te(IV)/(VI); (2) Mn-W showed the highest 

adsorption capacity for Se(IV)/(VI) while Mn-S had highest adsorption capacity for Te(IV)/(VI) among 

these four types of MnFe2O4. A decreasing trend was observed for Se(IV)/(VI) and Te(IV)/(VI) adsorption 

by MIIFe2O4 with increasing pH. 
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Figure 1. TEM images of Mn-S (a, b), Co-S (c, d) and Mn-W (e, f), Co-W (g, h). 

Table 1. Ms, BET surface area and surface hydroxyl amount information. 

Sample BET surface area(m2/g)  Qsurface-OH (mmol/g)  Magnetization saturation (emu/g) 

Co-S 89.5 0.177 91.90 
Co-W 16.9 0.289 64.32 
Mn-S 92.4 0.162 79.31 
Mn-W 35.4 0.342 60.13 

The moving of point of zero charge (pHpzc) suggested inner-sphere adsorption might be the predominant 

mechanism for Se(IV) and Te (IV) adsorption and Se(VI) and Te(VI) adsorption is dominated by outer-

sphere (Peak and Sparks 2002). Other experimental and DFT calculation showed the same results. 

 

Figure 2. (a) Se(IV), (b) Se(VI), (c) Te(IV) and (b) Te(VI) adsorption by MFe2O4 (pH=7±0.5, I=0.05 M NaCl, dash 

line: Langmuir model fitting results) 

Conclusion 

This study found microsphere and microwire ferrites exhibited different adsorption behaviors towards Se 

and Te because of different surface areas and surface –OH amounts. The predominant mechanism for 

Se(IV) and Te(IV) is inner-sphere adsorption and outer-sphere adsorption for Se(VI) and Te(VI).  XPS 

and ATR-FTIR results and DFT calculation were consistent with experimental results.  
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Introduction  

Magnetic nanomaterials have attracted much attention as a promising alternative adsorbent in 

purifying wastewater contaminated with heavy metal ions owing to their unique features of a large 

specific surface area, enhanced active sites, and magnetic  properties for easy separation. Nano-magnetic 

iron oxides such as Fe3O4 and Fe2O3 have been used as novel sorbents for wastewater treatment, and have 

demonstrated their potential to effectively adsorb a wide range of heavy metal ions  (Giraldo et al. 2013). 

However, nano-magnetic iron oxides only contain surface hydroxyl groups, which limit the chemical and 

physical reactivity towards interactions with other aqueous species (Mahmoud et al. 2014). In addition, 

nano-magnetic iron oxides are subject to agglomeration, and thus the high capacity and selectivity of these 

nanomaterials would be greatly reduced or lost (Mahmoud et al. 2013). Thus, an alternative magnetic 

nanomaterial is highly desired. 

Chrysotile (i.e., Mg2Si2O5(OH)4) nanotubes (NTs) have been widely investigated to adsorb toxic 

metal ions from water (Zhuang et al. 2009). These naturally occurring nano-structured clay minerals are 

abundant in nature and are inexpensive as compared to carbon nanotubes (i.e., CNTs). More importantly, 

nickel chrysotile (i.e., Ni3Si2O5(OH)4), NTs have been found to be readily endowed with magnetic 

properties by in situ hydrothermal reduction (Yang et al. 2011).  Accordingly, the purpose of this study is 

to develop magnetic poly(methacrylic acid) (PMAA)-grafted chrysotile NTs as a novel magnetic 

nanosorbent for effective uptake of  Cu(II) ions from aqueous solutions.  

Methods 

Ni3Si2O5(OH)4 NTs were synthesized by a previously-reported hydrothermal reaction, and were 

further hydrothermally-reduced in a NaBH4 solution at 180oC for 12 h to obtain magnetic properties. The 

grafting of PMAA brushes onto the surfaces of magnetic chrysotile NTs was achieved by surface-initiated 

atom transfer radical polymerization (ATRP). The as-synthesized samples were characterized by TEM, 

XRD, FTIR, XPS, TGA, BET, zeta potential and VSM measurements.  Batch adsorption experiments 

were carried out to determine the adsorption kinetics, isotherms, thermodynamic parameters and 

regeneration capacity of magnetic PMAA-grafted chrysotile NTs. 
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Conclusion 

Ni3Si2O5(OH)4NTs were synthesized by one-pot hydrothermal reaction, and further magnetized by in 

situ hydrothermal reduction. Subsequent grafting of pH-sensitive poly(methacrylic acid) (PMAA) brushes 

onto the surfaces of magnetic chrysotile NTs was achieved by surface-initiated ATRP to provide abundant 

adsorptive sites. The adsorption of Cu(II) ions was found to proceed rapidly, and the adsorption kinetics 

followed the pseudo-second-order model. The maximum adsorption capacity derived by the Langmuir 

isotherms was 1.28 mmol·g-1  at solution pH 5 and 25oC. The calculated thermodynamics parameters 

revealed an endothermic and spontaneous adsorption process of Cu(II) ions on the PMAA-grafted chrysotile 

NTs. The adsorption-desorption cycle results demonstrated that the PMAA-grafted chrysotile NTs were 

readily regenerated, and kept high separation efficiency under an external magnetic field . 
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Fig. 1 Schematic illustration of a three-step synthesis process 

of magnetic PMAA-grafted chrysotile NTs 

Fig. 2  TEM images of (a) magnetic chrysotile NTs and (b)  PMAA-

grafted chrysotile NTs, and (c) magnetization curves of magnetic 

PMAA-grafted chrysotile NTs from 1 and 2 h of reaction 

(c) 
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Introduction  

Heavy metal (HM) pollution of surface and ground water bodies is currently considered as one of the 

world’s most alarming environmental problems. The extraction methods for HM include precipitation, 

ion-exchange, electrolysis, and adsorption, among others.  Each method has its own advantages and 

disadvantages. In general, these techniques are limited either by selective operation or high operations 

costs. Ionic liquids (ILs) are a rather novel group of compounds displaying manifold special 

properties, are considered rather environmental friendly and have been tested for heavy metal 

extraction quite successfully in the last years (Stojanovic & Keppler, 2012). Amongst others Aliquat 

336©-based ILs have shown their potential towards metal extraction in the past (eg Kogelnig et al., 

2008). Although most of the ILs are hydrophobic substances, their transition into aqueous solution, the 

so-called “leaching”, presents a major drawback regarding their environmental friendliness. Therefore 

their immobilization in proper matrices has the potential to limit the leaching of ILs (Zhang et al., 

2011). The aim of this work was to study the extraction potential of Aliquat 336©-based ILs 

immobilized in polypropylene (PP) and polyvinyl alcohol-alginate (PVA) beads to determine optimal 

extraction conditions for Hg and Pt with minimized leaching effects.  

Methods 

The ILs used for the experiments were tricaprylmethylammonium thiosalicylate ([A336][TS]), 

tricaprylmethylammonium 2-(methylthio)benzoate ([A336][MTBA]), tricaprylmethylammonium 2-

(ethylthio)benzoate ([A336][ETBA]) and tricaprylmethylammonium 2-(propylthio)benzoate 

([A336][PTBA]). PP beads containing app. 3 % [A336][TS] (PP/TS) and [A336][MTBA] (PP/MTBA) 

were obtained from Borealis AG, Austria. PVA beads containing app. 3 % [A336][TS] (PVA/TS), 

[A336][MTBA] (PVA/MTBA), [A336][ETBA] (PVA/ETBA) and [A336][PTBA] (PVA/PTBA) were 

synthesized using a modified method following Zhang et al.(2011) and Zain et al(2011). Extraction 

experiments were conducted using different chemical species of  Hg and Pt in aqueous solutions of 

known concentrations. Hg concentrations were determined by CV-AAS, Pt concentrations by GF-

AAS. To estimate the leaching effects dissolved organic carbon (DOC) and dissolved nitrogen (DN) 

values were evaluated as well.  
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Results  

Both Hg and Pt ions were extracted best at pH = 3.0. Immobilized ILs showed different extraction 

kinetics in the used polymers. Extraction of Hg was influenced by the used species, anion content and 

bead mass. Pt extraction was influenced by the species and bead mass. Leaching  was in general lower 

for PP beads, leaching of those was during Pt experiments mostly due to cation leaching of the IL, 

while most of the DOC contributed from PVA beads originated from the polymer matrix. Hg 

experiments showed for PP beads almost exclusively leaching of the IL and for PVA beads mostly the 

polymer matrix. Leaching of the ILs could be reduced up to 90% compared to non-immobilized ILs. 

 

Figure 1. Time-dependent extractions of 100 µg/L Hg2+ as Hg(NO3)2 (left) and 1 mg/L Pt4+ as H2[PtCl6] (right) under 

optimized conditions. 

Conclusion 

PP and PVA beads are suitable immobilization matrices for ILs regarding metal extraction, although 

PVA beads need further stabilization steps. Extraction efficiencies account up to 90%, the results are 

well comparable with liquid/liquid extractions, although with slower extraction kinetics. Leaching was 

reduced significantly.  
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Introduction  

The Šoštanj Thermal Power Plant (ŠTPP) is the biggest power plant in Slovenia and burns lignite which 

is extracted from the nearby Velenje Coal Mine. During coal combustion variety of different chemical 

and physical processes occur. Different air pollution control devices (APCD) such as electrostatic 

precipitators (ESP) and a wet flue gas desulphurization system (WFGD) have been installed along the 

system with the purpose of reducing emissions (trace elements, particles, gases) into the environment 

(Pavlish et al., 2003). The final partitioning of (trace) elements in the by-products is a consequence of 

several factors including type of coal and its mineral content, coal particle size, and other factors (such 

as emission control devices, temperature profile, turbulences) (Meij, 1994; Xu et al., 2004). The aim of 

this study was mainly focused on distribution of mercury and identification of mercury compounds in 

by-products of coal combustion, particularly in gypsum samples.  

Methods 

Samples of different by-products (coal, fly and bottom ash, gypsum) were collected in order to obtain 

the distribution profile of elements in each waste material. To access the importance of particle size 

gypsum samples were separated into finer and coarser fraction. Concentration of elements in all samples 

were measured by neutron activation analysis (k0-INAA). Our special focus was mercury and mercury 

compounds present/formed in gypsum samples. Gypsum sample (1-10 mg) was loaded into a quartz 

tube, heated to 650 °C at 10 °C/min and analyzed by quadrupole mass spectrometer (QMS) to get 

thermal decomposition/desorption profile of Hg (thermograms). 

Results  

Basically, the partitioning of elements in fly and bottom ash corresponding to the literature data, except 

for Hg and Se that are highly enriched in gypsum samples with respect to the coal samples. In general, 

the concentrations of elements present in the coarser and finer fractions of gypsum varied, demonstrating 
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the importance of particle size (Sedlar et al., 2015; Stergaršek et al., 2008). Further accumulation of 

mercury and most other elements is significantly higher in finer fraction compared to the coarse fraction. 

There are small differences between different blocks in ŠTPP using the same coal that might be the 

cause of the combustion regime, variations in APCDs or it is an error of sampling itself. Small 

differences between gypsum samples from two different FGD systems, coupled with the fact that all 

blocks use the same coal, may reflect the importance of coal rank. 

Coarse and finer fraction show similar position of the released peak but the shape and intensity are not 

the same. In general identification of mercury compounds present in gypsum samples are under 

investigation since none of standards (mixture of various mercury compounds and pure chemical 

CaSO4·2H2O) fits with the peak released in the real samples. Real gypsum samples are very complex 

matrices and elements/compounds present in gypsum may act as a surface for adsorption or catalysts 

which can shift the peak to higher or lower temperatures. QMS allows measuring of more ions at the 

same time that help in identifying of decomposition products and envisaging of the mercury compounds. 

Conclusion 

The stability of mercury compounds is important in determining whether or not waste material needs to 

be treated before being landfilled since the conditions of disposal can affect the release of Hg. In the 

production of the new materials, such as wallboard, where FGD gypsum is used as raw material, 

knowledge of the temperature at which Hg is released can aid in the design of the whole production 

process. Further investigations are required where interaction between different mercury species, 

various particles (surfaces) and compounds with catalytically role/adsorption affinity will explain the 

decomposition/desorption behavior of mercury (mercury compounds) from gypsum and other solid 

matrices. 
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Introduction 

Facing a predicted shortage of primary resources, different strategies to deal with a decreasing availability 

of raw materials have been proposed that involve the use of secondary resources (EC 2014). Waste 

incineration is a technology widely used in Western Europe, leaving behind a great resource potential in 

the form of waste incineration bottom ash. Phytomining could offer an environmentally sound and cheap 

technology to recover valuable metals from these waste incineration residues. Successful application of 

this technology on soil has been shown previously (Bani et al. 2015). However, the use of this technology 

in combination with waste incineration residues is a novel and innovative approach. The aim of our 

research work is to investigate the potential of phytomining of valuable trace elements (TE) on waste 

incineration bottom ash by growing metal accumulating and hyperaccumulating plants on these substrates. 

Methods 

Fresh bottom ash from Vienna’s municipal solid waste incineration (MSWI) and hazardous waste 

incineration (HWI) were extensively characterised for pseudo-total and mobile TE pools as well as for plant-

growth relevant characteristics. Based on that characterisation, a substrate mixture of 70% (w/w) bottom 

ash mixed with 20% (w/w) material from mechanical biological treatment of municipal solid waste and 10% 

(w/w) biochar was selected for a series of pot experiments. The initial experiment involved metal 

hyperaccumulators and metal tolerant high-biomass plants on MSWI and HWI bottom ash. A second 

experiment involved high-biomass plants and EDTA-induced metal solubilisation. In a third experiment 

inoculants of PGP-bacteria were tested for their positive effect on biomass production and TE accumulation 

in plants. A substrate mixture consisting of 80% (w/w) bottom ash and 20% (w/w) compost that was 
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naturally aged on a landfill was used for two further pot experiments, one currently ongoing and a still 

ongoing field experiment on a landfill in Vienna, Austria. In these experiments, more than 20 plant species 

were tested for accumulation of valuable TE, among them Sedum plumbizincicola, Alyssum serpyllifolium, 

Noccaea caerulescens, Berkheya coddii and clones of Nicotiana tabacum and Salix smithiana that were 

previously described to show enhanced TE tolerance and uptake.  

Results  

Fresh bottom ash is a difficult substrate for plant growth, characterised by an extremely alkaline pH, high 

salinity and soluble concentrations of some TE toxic to plants. Treating and amending the fresh bottom ash 

was essential to make plant growth possible. The hyperaccumulator species tested in the pot experiments, 

A. serpyllifolium, S. plumbizincicola and N. caerulescens grew slowly and most likely suffered from the 

high salinity and the high soluble Cu concentrations in the substrate. Nevertheless, they showed elevated 

concentrations of Ni and Zn, respectively, in the above ground biomass. Regarding the PGP-bacterial 

treatments, increased biomass production in tobacco shoots and willow roots could be detected. Regarding 

the EDTA-treatments increased uptake of Zn in S. smithiana and Chenopodium album could be achieved. 

However, the use of EDTA is only recommended in closed systems where uncontrolled leaching can be 

avoided. 

Conclusion 

We were successfully growing a series of plant species on waste incineration bottom ash with high 

accumulation of Ni and Zn in hyperaccumulators. Moreover, the use of PGP-bacteria or metal chelating 

agents in combination with high-biomass plants might offer an alternative to slowly and moderately 

growing hyperaccumulators. Nevertheless, in the focus of phytomining and the need of accumulation of 

high concentrations of a certain TE in the above-ground biomass, the use of hyperaccumulators is a more 

appropriate choice. Therefore, further experiments on the optimisation of plant growth and biomass 

production of these plants are necessary. 
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Introduction  

Argillaceous rocks are studied intensively as suitable host formations for the deep geological 

disposal of radioactive waste, among others due to their strong radionuclide retention properties. 

As the retention of radiotoxic elements is strongly affected by mineral–water interface reactions, 

element specific solid/liquid distribution ratios (Kd values) are one of the main parameters needed 

in safety assessment studies. Heavy metals are known to bind strongly, but their retention can be 

decreased in presence of complexing ligands in solution, like dissolved organic carbon.  

 

In Belgium, Boom Clay is studied as a possible host rock. Since Boom Clay contains a 

considerable amount of organic matter (OM), it is expected that the dissolved fraction of the OM 

can play a significant role in the sorption and migration behaviour of the cationic radionuclides 

which tend to bind with OM too. Therefore we studied the sorption of Zn with the bottom-up 

approach: batch-type experiments in the absence and presence of OM were performed on illite, 

one of the main constitutive clay minerals present in the Boom Clay, and on the more complex 

system of Boom Clay itself (mix of illite, smectite and other minerals). Zinc is used as a reference 

for the divalent cations that sorb mainly via surface complexation. It is not a safety relevant 

radionuclide, but it has been chosen for practical aspects. 

Methods 

The sorption isotherms with Boom Clay were performed in Real Boom Clay Water (RBCW - pore water 

extracted from the Boom Clay via piezometers, containing the natural present mobile OM ( ±160 mg 

C/L)) and Synthetic Boom Clay Water (SBCW – NaHCO3  0.015 M -  similar chemical composition as 

RBCW but without OM). The sorption of Zn on purified Na-illite is studied in NaClO4  0.1 M buffered at 

pH 8.4 (pH Boom Clay) without and with humic acid (DOC 0, 15, 60 mg C L-1) extracted from the 

RBCW. The total concentration of Zn varied between the detection limit and the solubility limit with each 

subsample containing an aliquot of 65Zn. The distribution coefficient Kd was calculated in the usual 

manner: 𝐾𝑑  =  
𝐴𝑖𝑛𝑖𝑡−𝐴𝑒𝑞

𝐴𝑖𝑛𝑖𝑡
 ∙  

𝑉

𝑚
  with Ainit and Aeq the total initial activity and activity at equilibrium of 

the radionuclide in solution (Bq), V the volume of the liquid phase (L), and m the mass of the 

solid phase (kg). The solid – liquid ratio was 1 g/L for illite and 5 g/L for Boom Clay. 

Results  

The sorption behaviour of Zn on illite at pH 8.4 at three different OM concentrations (0, 15 and 

60 mg C/L) (Figure 1a) shows clearly an effect of the OM. In absence of OM, the sorption of Zn 

at trace concentrations on illite is very strong with log Kd values ranging between 4 and 5. 

Adding OM (15 & 60 mg/C L)  in the form of humic acids extracted from RBCW resulted in a 
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significant decrease in sorption due to the formation of soluble complexes of Zn with OM. 

Sorption of Zn on Boom Clay showed a similar effect of OM (Figure 1b). When Boom Clay is 

equilibrated with SBCW, only the dissolved organic matter released from the clay is present in 

the experimental system (conc ±5 mg C/L). The log Kd of Zn at trace concentrations is situated in 

between the log Kd values obtained for Zn on illite with 0 and 15 mg C/L. The sorption increase 

above [Zn] 10-7 M can be attributed to the formation of insoluble complexes of Zn with the 

inorganic carbon of the SBCW. In equilibrium with RBCW (±160 mg C/L), Zn will sorb one 

order of magnitude less. 

Figure 1. Sorption of Zn expressed as log Kd in function of the Zn concentration in the solution. Graph (a) shows the 

sorption on illite in absence and presence of organic matter (0, 15 and 60 mg C/L), and  graph (b) on Boom Clay in 

Real Boom Clay Water (160 mg C/L) and Synthetic Boom Clay Water (±5 mg C/L at equilibrium). 

Experimental results will be compared with model calculations with the geochemical code PhreeqC using 

the 2SPNE-SC/CE model from Bradbury & Baeyens [1] to predict the sorption on illite. The complexation 

of Zn with OM will be implemented in PhreeqC by the Humic Ion-Binding Model VI [2].  

Conclusion 

The sorption behaviour of Zn on the single clay mineral illite and on Boom Clay is clearly affected by the 

complexation of Zn with the dissolved organic matter, which makes Zn less available for sorption on the 

clay. This is an important issue towards safety assessment studies. In order to predict the sorption and 

migration of radionuclides in the clay precisely, it is important to implement the binding of the cations 

with organic matter in the predictive model in an accurate way. 

Acknowledgement 

The research leading to these results has received funding from the EURATOM 7th Framework Programme 

FP7/2007- 2011 under grant agreement n° 249624 (CATCLAY project). Additional funding was provided to 

SCK•CEN by ONDRAF/NIRAS, the Belgian Agency for Radioactive Waste and Fissile Materials. 

References 

Bradbury, M.H; Baeyens, B. (2009). Sorption modelling on illite Part I: Titration measurements and the sorption of 
Ni, Co, Eu and Sn. Geochim. et Cosmochim. Acta, 73, 1004-1013. 

Tipping, E. (1998). Humic Ion-Binding Model VI: An improved description of interactions of protons and metal ions 
with humic substances. Aq.Geochem., 4, 3-48. 

(a) (b) 

Abstract Book of the 18th International Conference on Heavy Metals in the Environment, 12 to 15 September 2016, Ghent, Belgium 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

– 566 –



WEDNESDAY 14th SEPTEMBER

Platform Presentations

S15 - Records of Anthropogenic
Contamination





18th International Conference on Heavy Metals in the Environment

ASSESSMENT OF HISTORICAL TRACE METALS CONTAMINATION 

ALONG A RIVER-ESTUARINE-COASTAL GRADIENT IN SEDIMENT 

CORES FROM THE GARONNE-GIRONDE SYSTEM (FRANCE) 

 

Guia Morelli1,2 , A. Coynel1, L.G. Bellucci3, J. Schafer1, G. Blanc1, H. Derriennic1 

1Université de Bordeaux, UMR CNRS 5805 EPOC, Bordeaux, France 
2The University of Queensland, School of Earth Sciences, Brisbane, Australia 
3 Consiglio Nazionale delle Ricerche, Istituto di Scienze Marine – UOS, Bologna, Italy 

alexandra.coynel@epoc.u-bordeaux.fr 

Keywords: Sediment cores; Trace Metal Enrichment; Geochemical background; Estuary; Garonne-

Gironde.  

Introduction  

The Garonne-Gironde Estuarine System is one of the largest European estuaries. Since the late 19th 

century, erosion of smelting wastes of a former Zn ore smelting factory and mining activities located 

about 200 km upstream contributed to trace metal contamination (Zn, Cd, Pb, Hg) of the river/estuarine 

system (e.g. Audry et al., 2004; Larrosse et al., 2010; Schäfer, et al., 2002). Furthermore, agricultural (e.g. 

Cu used in vineyards) and urban sources (e.g. Ag due to Bordeaux urban area) have impacted sediment 

quality. Understanding how historic contamination has been preserved along the river/estuary gradient 

allows predicting long-term effects caused by old contaminant mobilization. However, to quantify the 

anthropogenic contribution of trace metals in sediment cores, concentrations need to be compared with a 

regional geochemical background, representing the non-contaminated concentrations (Reimann and 

Garret, 2005). In this study two sediment cores collected in the central estuary were analyzed for trace 

metal concentrations and 210Pb and 137Cs geochronology with the aims of 1) Finding a regional 

geochemical background for the Garonne-Gironde System; 2) Assessing the historical contamination at 

the studied site; 3) Quantifying the spatial depositional variability of trace metal contamination along the 

river-estuarine gradient. 

Methods 

Two sediment cores (GirHistoII and III; 450 cm long) were collected in the central Gironde Estuary 

(Macau Inlet). Along the two cores 210Pb and 137Cs radionuclides were determined. Sediments were 

analyzed for grain size, total organic carbon (TOC), total trace metals (Cd, Zn, Pb, Cu, Ag, Th, Hg). 

Enrichment Factors (EF) and geoaccumulation index (Igeo) were used to assess metal contamination. 

Additionally, metal spatial distribution along the river-estuarine-coastal (REC) gradient was investigated, 
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by comparison with published trace metal records obtained in the Garonne-Gironde system (e.g. Audry et 

al. 2004; Grousset et al., 1999; Larrose et al., 2010). 

Results  

Activities of 210Pb and 137Cs showed sediments below 300 cm were deposited at least before ~ 1900 and 

sediments below 390 cm were assumed as pre-industrial regional geochemical background levels (RGB) 

for the Garonne-Gironde System (Zn/Th=11.9; Cd/Th=0.02; Cu/Th=2.07 Pb/Th=3.39; Ag/Th=0.04; 

Hg/Th=0.005). Similar marked increasing metal trends towards the surface sediments were correlated with 

historical contamination in the area. Compared with RGB levels, Cd and Hg were identified as the 

elements of highest enrichment (EF up to 20 and 6 respectively), followed by Zn (EF up to 5), Pb (EF up 

to 4), and Cu and Ag (EF up to 2). Based on the Igeo sediments were classified as strongly polluted in Hg, 

moderately to extremely polluted in Cd and unpolluted to moderately polluted in Pb, Zn, Cu and Ag. 

Along the REC gradient, metals enrichment decreased from the upstream highly contaminated fluvial site 

(Cajarc; e.g. EF Zn=40; EF Cd=500) to the poorly polluted coastal site (West Gironde Mud Patch; EF Zn 

and Cd=1.5), suggesting a consistent metal dilution and/or significant biogeochemical processes in the 

physico-chemical gradient.  

Conclusion 

This work has shown that historically contaminated sediments can be preserved also in estuaries with 

strong tidal flow. In the Gironde Estuary sediment cores have recorded the increase in trace metal 

contamination since the beginning of the century and a geochemical background representative of the mid 

estuary concentrations was calculated. In such estuarine environment characterized by complex 

hydrodynamics, highly contaminated sediments can be remobilized resulting in the contamination of the 

aquatic system. Data from this work can be used to help in the evaluation of the effects of past human 

activities along the Garonne-Gironde System for the development of management strategies for present 

contamination reduction in the upstream sediments. 
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Introduction  

Chlor-alkali plants using mercury-cell technology are major point sources of mercury (Hg) pollution in the 

aquatic environment. Moreover, some of the emitted Hg can be transformed to neurotoxic methyl-Hg 

(MeHg). While there have been recent efforts to reduce the use of Hg-cells, our global understanding of 

the biotically mediated Hg methylation, and the quantitative importance of such processes at the 

ecosystem level is only emerging. Here, we aimed to study (i) the dispersion of Hg emitted by the chlor-

alkali plant in downstream reservoirs along the Olt River, (ii) to determine the amount of Hg which is 

methylated in sediments of these reservoirs and (iii) to elucidate whether bacterial activity was related to 

the MeHg concentration and/or formation in environmental samples. 

Methods 

Water, sediments, and biota (seston and the macrophyte Elodea nuttallii) where sampled in September 

2014 in five reservoirs: Babeni, Ionesti, Zavideni, Dragasani (downstream) and Valcea (upstream, used as 

a reference). Depth, temperature, specific conductivity, pH, and dissolved oxygen were measured in situ 

(water quality probe). Major cations and anions in water (ion chromatography), sediment organic matter 

(CHN Elemental Analyser and Loss on Ignition; LOI), grain size distribution (Coulter), Hg (AMA, Merx 

and GC-ICP-MS), the expression level of genes for Hg resistance and methylation in Bacteria (RNA 

extraction and RT-qPCR) in sediments were measured. 

Results  

Total Hg (THg) concentrations in water, sediments, and seston decreased successively from Babeni to 

Dragasani (Table 1). THg concentrations in all compartments of ecosystem were lower than those 

measured during a field campaign in 2009 (Bravo et al., 2014), due to the reduced production of the chlor-

alkali plant after the financial crisis. Nonetheless, the particularly high MeHg concentration found in the 

Babeni Reservoir in 2014 (Table 1) is comparable with that measured in 2009 (Bravo et al., 2014) and 

highlights the long-term legacy impact of the chlor-alkali plant discharge.  
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Table 1. THg contents measured in water, sediments, seston and Elodea nuttalii in September 2014 (n = 3 ± s.d.). 

  Water  Sediments (0-1 cm)  Seston ≥65 µm  E. nuttallii  

Reservoir  THg (ng/L)  THg (μg/g) MeHg (ng/g)  THg (μg/g)  THg (μg/g)  

Valcea  1.53 ± 0.27  0.8 4.9  0.042 ± 0.008  0.051 ± 0.001  

Babeni  2.36 ± 0.23  1.7 18.6  0.080 ± 0.007  0.095 ± 0.005  

Ionesti  0.90 ± 0.06  1.0 5.5  0.083 ± 0.008  0.035 ± 0.001  

Zavideni  0.70 ± 0.13  1.0 3.1  0.059 ± 0.001  0.055 ± 0.004  

Dragasani  0.52± 0.07  1.5 4.1  0.055 ± 0.004  0.035 ± 0.001  

Principal Component Analysis (PCA) of parameters measured suggests that (i) THg concentration was 

bound to fine grains and hence that THg reaches sediments through transport of suspended particles, and 

(ii) MeHg concentration in sediments was linked to THg concentration in water.  

The microbial activity in sediments assessed with the rRNA 16S gene was similar in all reservoirs. The 

same order of dsrA (targeting sulfate reducing bacteria; SRB) and GCS (targeting Geobacteraceae) 

activity was found, while mcrA (targeting methanogens) activity was less abundant and close/below 

detection limit. Pearson correlation analysis showed a strong positive correlation between rRNA 16S 

activity and ratio of MeHg to THg (0.79, p-value <0.001) in sediments and between GCS and merA (Hg 

resistance gene; 0.91), supporting the link between bacterial activity and Hg net methylation, and that 

somehow Geobacteraceae were linked to Hg resistance. The abundance of hgcA (Hg methylating gene) 

transcript was also inversely correlated to LOI (-0.85) in sediments and to Cl- concentration in water (-

0.76). Redundancy analysis (RDA) analysis further suggests that hgcA activity is correlated with dsrA, 

pointing to SRB as the main methylators.  

Conclusion 

The quality of the Olt River ecosystem was strongly impacted by releases from the chemical platform 

despite a reduced activity, and pointed to a gradual quality improvement with distance from the Chlor-

alkali plant effluent. Suspended fine size particles and seston appeared to be responsible for the transport 

of THg in downstream reservoirs, while macrophytes reflected the local bioavailability of Hg. In 

sediments, the concentration and proportion of MeHg was correlated with THg, and with rRNA 16S 

activity. Nonetheless, the abundance of hgcA transcript correlated with organic matter and Cl- 

concentration, indicating the importance of Hg bioavailability in sediments for Hg methylation. Sediments 

acted as a sink for Hg, and as a source for MeHg. Our data clearly highlights the importance of 

considering Hg contamination as a legacy pollutant since there is a high risk of continued Hg 

accumulation in food webs long after the Hg-cells phase out. 
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Introduction  

The potential of aminopolycarboxylic chelants for soil Pb removal and bioaccessibility stripping is well 

known. The most frequently used is ethylenediamine tetraacetate (EDTA) because of low toxicity, high 

efficiency for toxic metal removal and relatively low price. Soil washing (extraction, leaching, flushing) 

where EDTA and toxic metals forms water-soluble complexes (chelates) and used washing solution is 

separated from the solid phase is straightforward operation. However, chelates which partly remained in 

washed soil are compounds with high degree of stability and must be further removed by extensive soil 

rinsing. What makes remediation difficult is treatment of large volumes of generated effluents, preferably 

to recycle both EDTA and process waters. We are presenting the development of a new, effective and 

emission-free soil washing technology and our research on the treated soils’ overall health, functioning 

and potential use after remediation.     

Methods 

Metals were measured using AAS and XRF. A spectrophotometric method based on ferroin formation 

using sodium sulfite as reducer was used for EDTA determination. Soil properties were assessed by 

pedological analysis, fractionation and leachability of toxic metals by sequential extraction and metal 

bioaccessibility by UBM tests. Soil respiration and enzyme activities were measured as indicators of soil 

functioning. Plant fitness was assessed by chlorophyll fluorescence and gas exchange measurements. 

Results  

Calcareous soil from Meza Valley, Slovenia and acidic soils from Arnoldstein, Austria and Pribram, 

Czech Republic (with 1028, 862 and 926 mg Pb kg-1, respectively) were washed with 60-100 mmol kg-1 

EDTA in series of 30 batches (50 kg batch-1). Technology features novel reaction of alkaline substitution, 

precipitation and adsorption of toxic metals on polysaccharides and chelant acidic precipitation for in 

average 83% EDTA and complete process waters recycle (no wastewater was generated). The pH gradient 

was imposed by Ca(OH)2 and H2SO4; the reagents’ excess was removed with remediated soil as an inert 

CaSO4, thus to prevent saltification of recycled process waters (Figure 1). Remediation removed 60, 78 

and 71% of Pb from Meza, Arnoldstein and Pribram soils, respectively, and reduced Pb bioaccessibility 

into simulated human gastro-intestinal phase (assessed using UBM) by 5.0-, 7.7- and 8.1-times, 

respectively. Residual emissions (EDTA, toxic metals) were prevented by soil ageing and deposition of 

remediated soil on reactive permeable barrier. The solid wastes from process amounted to 10.8 kg t-1 of 

soil and the material /energy cost of remediation up to 20.6 € t-1. 

Sustainable soil use after remediation was investigated for Meza soils. The effect of remediation on soil 

physical and chemical properties and soil functions were minor and reparable (Jelusic et al., 2013; Zupanc 

et al., 2015). Revitalization measures for restoration of soil fertility and plant fitness included fertilization 
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with Mn and hydrogel amendment to improve soil water holding capacity (Jelusic et al., 2014b). 

Sequential extractions did not reveal long-term reversal of reduced bioaccessibility of toxic metals (Jelusic 

et al., 2014a). Safe vegetable production has been demonstrated after soil washing of originally medium 

contaminated soil (Jelusic et al., 2014c). Use of remediated soil as a substrate for ornamental plants and 

grasses was studied and proposed for originally highly contaminated soils, unsuitable for food production 

(Jelusic et al., 2015). Significant spatial reduction of toxic metals (Pb, Zn and Cd) contamination and 

reduction of Pb blood levels in children before and after soil remediation and have been modeled and 

predicted for Meza Valley (Finzgar et al., 2014; Jez et al., 2015).  

 

Figure 1. Flowchart of the novel soil washing technology.  

Conclusion 

Reactions and processes used in novel technology were able to absorb and neutralize fluctuations of 

measured parameters without operator intervention throughout the series of remediation batches, 

demonstrating the adjustability and resilience of the novel technology for different soils and chelant 

inputs. Remediated soil retained quality and provided ecosystem services, including safe food production. 

A demonstrational remediation plant using scale-up of the novel technology is under construction in the 

Meza Valley, Slovenia (ENVIT Ltd, EU Life+ project ReSoil, http://liferesoil.envit.si).  

References 

Finzgar, N.; Jez, E.; Voglar, D.; Lestan, D. (2014). Spatial Distribution of Metal Contamination Before and After 
Remediation in the Meza Valley, Slovenia. Geoderma, 217-218, 135–143. 

Jelusic, M.; Grcman, H.; Vodnik, D.; Suhadolc, M.; Lestan, D. (2013). Functioning of Metal Contaminated Garden 
Soil After Remediation. Environ. Pollut., 74, 63-70. 

Jelusic, M.; Lestan, D. (2014a). Effect of EDTA Washing of Metal Polluted Garden Soils. Part I: Toxicity Hazards 
and Impact on Soil Properties. Sci. Total Environ., 475, 132-141. 

Jelusic, M.; Lestan, D. (2015). Remediation and Reclamation of Soils Heavily Contaminated with Toxic Metals as a 
Substrate for Greening with Ornamental Plants and Grasses. Chemosphere, 138, 1001-1007. 

Jelusic, M.; Vodnik, D.; Lestan, D. (2014b). Revitalisation of EDTA-remediated soil by fertilisation and soil 
amendments. Ecol. Eng. 2014, 73, 429-438. 

Jelusic, M.; Vodnik, D.; Macek, I.; Lestan, D. (2014c). Effect of EDTA Washing of Metal Polluted Garden Soils. Part 
II: Can Remediated Soil be Used as a Plant Substrate? Sci. Total Environ., 475, 142-52. 

Jez, E; Lestan, D. (2015). Prediction of Blood Lead Levels in Children Before and After Remediation of Soil Samples 
in the Upper Meza Valley, Slovenia. J. Hazard. Mater., 296, 138-146. 

Zupanc, V.; Kastelec, D.; Lestan, D.; Grcman, H. (2014). Soil Physical Characteristics After EDTA Washing and 
Amendment with Inorganic and Organic Additives. Environ. Pollut., 186, 56-62. 

Contaminated

soil

Remediated

soil

Soil washing / 

leaching

Solid / liquid 

separation and 

soil rinsing

• Metal removal   

(alkaline)  

• Metal removal

(alkaline)

• EDTA recovery

(acidic)

Precipitated

EDTA

uWS

Waste Ca(OH)2, adsorbent

H2SO4

• Metal removal 

(alkaline)
Fresh Ca-base, adsorbent

1st. used Ca(OH)2. adsorbent

2nd. used Ca(OH)2, adsorbent

uRS2

uRS1Fresh

water

Fresh EDTA

Mass flow between batches

RS1    first rinsing solution

RS2    second rinsing solution

RS3    third rinsing solution

uRS3

Legend:

RS1

RS2 

RS3

Soil formulation

7.

uRS1  used first rinsing solution

uRS2  used second rinsing solution

uRS3  used third rinsing solution

WS

WS     washing solution solution

uWS   used washing solution solution

Oversizes

sep. / rinsing

Abstract Book of the 18th International Conference on Heavy Metals in the Environment, 12 to 15 September 2016, Ghent, Belgium 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

– 574 –



18th International Conference on Heavy Metals in the Environment

HISTORICAL PERSPECTIVE ON THE HAZARDS  

OF ENVIRONMENTAL HEAVY METALS CONTAMINATION  

OF SEDIMENTS OF THE ODRA RIVER VALLEY 

(POLAND/GERMANY) 

Aleksandra Ibragimow1, Kaczmarek2, Podruczny3 

1Polish-German Research Institute / Adam Mickiewicz University in Poznań / European 

University Viadrina Frankfurt (Oder), Słubice, Poland  

2Jeziory Ecological Station, Adam Mickiewicz University in Poznań, P.O. Box 40, Mosina, 

Poland 
3Polish-German Research Institute / Adam Mickiewicz University in Poznań / European 

University Viadrina Frankfurt (Oder), Słubice, Poland 
 
aleksandra.ibragimwo@amu.edu.pl 

 

Keywords: historic contamination, floodplains, the Odra River Valley, lead, bioavailability  

 

Introduction  

The occurrence of heavy metals  (Cu, Pb, Zn) has been determined in the floodplain sediment samples 

collected along eight transects between the 551th and 609th km of the Middle Odra River – at present the 

border river between Poland and Germany. The river system of the Odra River is contaminated 

especially with heavy metals from mining and smelting industry river system (Boszke et al., 2004; 

Głosińska et al., 2005; Helios-Rybicka et al., 2005; Ibragimow et al., 2013a, b). Furthermore on the area 

of the Odra River Valley took place in the last centuries many significant historical events (Ibragimow 

et al., 2015, Podruczny et al., 2014). They have had a direct impacted on the river landscape and 

surrounding environment. Therefore this study aimed:  

1) to determine the concentrations of the total and available fractions of the heavy metals - Cu, Pb, Zn -  

with particular emphasis on lead concentrations,  

2) to identify the areas with the highest concentrations of the analyzed heavy metals in the floodplain 

sediments, 

3) to correlate the areas with the highest concentrations of the analyzed heavy metals with the most 

historically significant areas in the Odra River Valley.  

 

Methods 

The total concentrations of the heavy metals were obtained after HNO3 microwave digestion and the 

available fractions of the heavy metals were determined by single extraction procedures using soft 

extractants: 0.01M CaCl2, 0.05M EDTA and 0.1M HCl. The measurement of physico–chemical 

parameters – grain size fraction analysis, Eh, pH, organic matter and calcium carbonate contents – was 

also performed. The spatial analysis were carried out based on historical maps of Brandenburg from the 

19th century and laser scanning data of the present-day. 
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Results and conclusions 

The highest total concentrations of the analyzed heavy metals up to (mg∙kg-1): 312 for Cu, 426 for Pb 

and 1463 for Zn. The available concentrations of those metals were up to about (%): 80 for Cu, 60 for 

Pb and 60 for Zn. The conducted chemical and spatial analyses revealed that collected floodplain 

samples are characterized by high concentrations of the analyzed heavy metals that varied in terms of 

physico-chemical parameters, total contents and available fractions. There is a connection between the 

areas with the highest contamination of the heavy metals and the most historically significant areas.  The 

results of this study suggest that historic contamination can be still represent a potential risk to the 

environment in the Odra River Valley. 
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Introduction  

On August 4th 2014, the tailings storage facility at Mount Polley gold-copper mine in British Columbia, 

Canada, failed releasing 25 x 106 m3 of contaminated water, tailings and scoured overburden into the local 

watershed (~11,500 km2), which is an important habitat for salmonids and other aquatic and terrestrial 

species. Most of this material was discharged into Quesnel Lake, one of the largest (262 km2) and deepest 

(>550 m) lakes in the province. The coarsest material was deposited at the bottom of the lake but the finest 

material (mean d50 of ~1 µm) remained in suspension and moved both up-lake and down-lake due to the 

physical behaviour of the lake (e.g. seiching and overturn; Petticrew et al., 2015).  

Methods 

Samples of the sediment deposited in the bottom of the lake were collected using an Eckman dredge and 

of the fine sediment in the water column using a continuous-flow centrifuge (CFC). Samples of the 

sediment exported to downstream Quesnel River were collected using a CFC, a time-integrated sampler 

and a resuspension method to collect the fine sediment storage in the channel bed. We have also collected 

samples of the biota including biofilms and zooplankton. 

Results  

The sediment deposited in the lake and transported in Quesnel River was enriched in several metals 

including As and Cu. Typically values decreased with increasing distance from the tailing storage facility, 

although values for Cu were considerably greater than national sediment quality guidelines (Probable 

Effect Level (PEL) = 197 mg kg-1), exceeding 500 mg kg-1in several places with values 800 mg kg-1 closer 

to the impoundment breach. The downstream export of metal-enriched sediment from the lake to Quesnel 

River was controlled by lake turnover and the annual freshet, thus there have been defined periods of 

sediment and metal transport and storage in the river and these effects continue to the present day. After 

the spill, As and Cu values in river sediment reached ~75 (PEL = 17 mg kg-1) and ~400 mg kg-1, 

respectively, and have declined over time. Samples of the biota collected from this lake–watershed system 

suggest that metals maybe entering the food web.  

Conclusion 

The Mount Polley spill represents one of the worst mining disasters in Canadian history. The effects on 

the Quesnel watershed have been widespread, including the dispersal of contaminated sediment up-lake 

towards sensitive salmonid-spawning habitats and down-lake to the community of Likely and export into 

Quesnel River, which feeds the Fraser River. Much of the material released from the spill remains at the 
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bottom of Quesnel Lake. The long-term impacts of this spill on the aquatic and terrestrial ecosystems are 

uncertain. Our on-going work will contribute to the understanding of these ecosystem effects. 
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Introdução 

 

After a collapse of the iron mining dam m in Mariana City, Minas Gerais State, on 5 November 

2015, 50 million cubic meters of waste/mud were added to the Doce River, reaching the Espírito 

Santo State and the Atlantic Ocean (Escobar, 2015). This is the worse environmental disaster in 

Brazil. This work shows the changes in the metals levels in the dissolved and total fractions in 

estuarine water during and after (9 - 22 November) the arrival of the mud at the mouth of the 

Doce River and also in the marine water (surficial and bottom) collected in the following days 

(25 November - 04 December).  

  

Methods 

 

Water samples were collected in the Doce river estuary and in the nearby marine region. Al, Fe, 

Ba, Pb, Cr, Cu, Mn, As e Zn were analyzed by ICP-MS (6020A e EPA6010C methods) in the 

dissolved (<0,45 µm) and total fractions (EPA 3051A method, sub-boiling distilled HNO3). To 

check the accuracy, fortified samples were analyzed showing recovery from 85 to 118%. 

 

Results 

 

The mud arrival altered the concentration of Fe, Al, Mn and Cr in the analyzed fractions 

(dissolved and total) in both surficial and bottom samples (Ex. Figure 1). As, Be, B, Pb, Cd, Cu 

and Ag did not show variation for the total fraction. All elements showed variation in the 

dissolved form.  

 
Figure 1 –Fe concentrations when the mud arrived at the mouth of Doce River.  Marine samples were 

collected between 25 November and 04 December 2015. 

 

Metals showed generally the greatest concentrations (dissolved and total) in samples collect the 

nearest the mouth (Ex. Fe – Figure 2). Some exceptions were observed. For example, dissolved 

Al was more concentrated in the bottom samples. Fe was the element that increased the most, 

more than two orders of magnitude. The higher concentration of total Fe was 52360 mg/L in the 

bottom at station 8, whereas for the dissolved fraction, it was 226 mg/L a station 1. 
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Exogenous sedimentary processes, as example, the co-precipitation with oxides and hydroxides 

of Fe and Mn, have an important role in the control of the several metals and metalloids like V, 

Cr, Co, Ni, Zn, As, Mo e Pb (Karageorgiset al., 2005). Metals are non-degradable substances 

and due to their sinergism of their toxicity, persistence and bioaccumulation may cause negative 

impacts to the marine environment (Marins, et al., 2002). 

 
Figure 2 – Fe concentrations in dissolved and total fractions in surficial and bottom waters nearby the 

mouth of Doce river, Brazil (collected between 25 November and 04 December 2015). 

 

Conclusions 

 

The concentration of most of the analyzed elements increased with the arrival of the mud. Fe 

concentration has gone up more than two orders of magnitude. After, in the marine region, the 

levels were found relatively lower than those observed at the mouth of the river. The highest 

values for the marine environment were found at the nearest station of estuary. The bottom 

waters were enriched in the stations to the south, whereas the surficial showed highest levels of 

analyzed metals to the north showing an important hydrodynamic factor at the distribution of 

these. Sinergic effects of toxicity may have caused a significant impact in the studied region.  
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Introduction  

Opencast mines in New Caledonia are characterized by ultramafic rocks with lithologies rich in nickel 

(Ni), and other metallic elements such as chromium (Cr). Cr occurs in chromite as its trivalent form 

Cr(III) but its oxidation to the hexavalent form Cr(VI) is likely under oxic conditions (Fander et al., 2009). 

In mining sediments the predominant mineral is goethite which is known to adsorb reversibly Cr(VI) 

(Deng et al., 1996). Opencast mines are then a potential source of Cr for aqueous media by Cr(VI) or 

Cr(III) desorption or by dissolution of Cr(III) precipitates formed at the interface. Cr is hightly toxic in its 

Cr(VI) form. Analyses of water show a significant increase of [Cr] for rivers downstream Ni mines. The 

aim of the present study is to determine if mining sediments are a significant reservoir of available Cr(VI) 

for surface waters since the baring of ultramafic soil by the mining activity leads the mobilization of 

sediments to surface waters as suspended particles (Figure 1-a) and to understand high Cr concentrations 

in surface waters.  

Methods 

Chromium content (dissolved and total concentrations) in rivers of the Koniambo massif (North of New 

Caledonia) was analyzed over 14 years (1995-2009). These data were provided by KNS SAS mining 

company (Koniambo mine) from pre-mining survey of the massif catchments. Data gathered Cr contents 

in rivers not affected by KNS SAS activity (before 2010) and affected by a past mining activity in a 

catchment of the Koniambo massif at the 19th century. Additionally, water samples were collected in 2011 

downstream an old mine still in use (Est of New Caledonia - Poro mine), after various rainfall rates for 

dissolved Cr content analysis (Cr(III) and Cr(VI)). Batch leaching experiments have been performed on 

mining sediments collected in settling tanks in order to determine their anionic exchangeable Cr content. 

Results  

Based on the data from the pre-mining survey of the Koniambo massif, the [Cr]total median values for 

ultramafic and non-anthropic catchments range from 11 to 24 µg/L and the [Cr]dissolved median values 

range from 9.5 to 16 µg/L. Data from the catchment impacted by a past mining activity revealed much 
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higher medians values: [Cr]total median value is 660 µg/L and [Cr]dissolved median value is 108µg/L (Table 

1).  

Table 1. Median values for Cr content in Koniambo’s catchments from pre-mining survey (1995-2009) 

 Rivers names [Cr]total in µg/L [Cr]dissolved in µg/L 
No mining activity 
before 2010 

Coco 
Confiance 
Népia 
Pandanus 

15    (n=61) 
11    (n=21) 
15    (n=15) 
24    (n=77) 

10    (n=56) 
9.5    (n=14) 
10    (n=12) 
16    (n=91) 

Past mining activity  Foachamboué 660    (n=39) 108   (n=36) 

 

Moreover, water samples collected in the old mine, Poro-mine, revealed huge concentrations of total 

dissolved Cr up to 0.73 mg/L. Moreover, Cr(VI) content in the village waters increased with the rainfall 

rate till 0.34 mg/L (Figure 1-b). Batch leaching experiments of sediments collected in settling tanks in the 

mine revealed that Cr is released from sediments solely as Cr(VI). Desorption of chromate complexes is 

the main process involved in Cr release.  

 

Figure 1: Opencast mines induce particulate matter runoff downstream (a) and dissolved Cr(VI) content increase (b) 

 

 

 

 

 

 

Conclusion 

Data pre-survey statistical analysis allowed defining the geochemical background of Cr content in rivers 

in a non-anthropic ultramafic context. We demonstrate that downstream Ni mining total and dissolved 

Cr increase. Laboratory leaching test demonstrate that Cr is released from mining sediments only as 

Cr(VI) and that desorption of chromate complexes is the main process involved in Cr remobilization in 

surface waters. We conclude that drainage of sediments mobilized by opencast Ni mines after rainfalls is a 

source of toxic Cr(VI) for surface waters.  
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Introduction 

The study area is located in the about 200 ky old silicic volcanic complex of Mt. Amiata (Tuscany, central 

Italy), which is mainly characterized by dacitic, rhyodacitic and minor olivine-latitic products. In two 

sites (Bagnore and Piancastagnaio), geothermal fluids are currently exploited to produce electricity, 

while in the past Mt. Amiata was considered the fourth largest district of mercury in the world, the ore 

deposit containing 0.6-2% Hg. The most important mining site was located at Abbadia San Salvatore, in 

the eastern flank of Mt. Amiata. Although cinnabar was used since the Etruscan time, the industrial 

extraction of metallic mercury only commenced in the last century by using Spirek and Cermak-Spirek, 

Gould and Nesa furnaces. The mining activity ended in 1982 after about 100 years of exploitation. The 

abandoned mining structures presently occupy a surface of ~65 ha. In the production area at least 270,000 

m3 of waste material (post-roasting products and unprocessed materials, also deriving from other Hg 

exploitation areas from Mt. Amiata), with an average thickness of 6 m, were stored adjacently the 

buildings hosting the furnaces to fill a topographic low. A shallow (from about 4 to 16 m below the 

ground level) multi-aquifer formed inside this “landfill”. The present work shows the analytical results of 

groundwater samples collected during a 3-years long monitoring (7 geochemical surveys from February 

2013 to January 2016) from old and recently drilled piezometers located inside and outside the former Hg-

mining area of Abbadia San Salvatore, including a water sample from an about 40 m deep piezometer. 

The aims were those to: i) evaluate the concentrations and the spatial and temporal variations of the main 

solutes and those of Hg, and As and Sb (the two latter elements being commonly associated with mercury) 

and ii) define at what extent a vertical and horizontal contamination plume of these metals distributed. 

This monitoring activity is prodromal to any remediation action that is expected to occur in a couple of 

years.    

Methods 

Physico-chemical analyses (pH, T, ORP and electrical conductivity) were carried out in situ, whilst 4 

aliquots were collected for the analysis of (i) the main dissolved species (2 aliquots filtered at 0.45 m, 

one of which was acidified with 1% suprapur HCl), (ii) Hg (filtered and transferred into dark glass bottles, 

preventively cleaned several times with HCl and Milli-Q waters) and (iii) As and Sb (filtered and 
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transferred into pre-cleaned PE bottles). The main composition was determined by titration (HCO3), 

colorimetric (NH4) and ion-chromatographic methods. The concentrations of As, Hg and Sb were 

measured by ICP-MS (Agilent 7500CE) without any further treatments, following the procedures reported 

by the 6020A U.S.E.P.A. method. To verify the Hg partitioning, in one survey this element was measured 

in filtered and unfiltered water. 

Results 

The classification of the ground waters from the Abbadia San Salvatore mining area was characterized by 

three main geochemical facies: a) Ca(Mg)-SO4, which was the prevailing chemical composition; b) 

Ca(Mg)-HCO3 and c) Na-HCO3, the latter being recognized in a few samples. Significant compositional 

variations were recorded during the 7 geochemical surveys. Apparently, no correlation between the 

geochemical facies and the concentrations of As, Hg and Sb was recorded, whose contents were up to 20, 

853 and 199 g L-1, respectively. It has to be pointed out that, while the As and Sb contents were only 

occasionally above the Parametric Value (PV) intended for human consumption (10 and 5 g L-1, 

respectively: Council Directive 98/83/EC), more than 50 % of the 280 analyzed waters had a higher 

content than that of Hg-VPV, i.e. 1 g L-1. Furthermore, Hg concentrations showed a large variation 

during the different surveys, although no clear correlations with the minimum and maximum seasonal 

water level were recognized. Another important aspect is that the comparison between the concentrations 

of Hg in filtered and unfiltered samples had in most cases produced higher contents in the latter aliquot, 

suggesting that the >0.45 m fraction is enriched in Hg. 

Conclusion 

Despite the relatively small surface of the former-mining area, this study has evidenced a high spatial 

heterogeneity in terms of both main geochemical facies and As, Hg and Sb concentrations. A significant 

variability was also observed when the 7 surveys were taken into account, likely due to the heterogeneity 

and the consequent different permeability of the filling terrains, which are mainly characterized by 

material associated with the production of mercury, where a local shallow multi-aquifer system emplaced. 

The deeper aquifer and the groundwater samples outside the mining area were not apparently affected by 

any As, Hg and Sb contamination. This suggests that the Hg- and, subordinately, As- and Sb-rich waters 

are locally confined. The significantly high and noxious Hg concentrations, well above the PV, are not 

accompanied by high contents of As and Sb likely because As- and Sb-bearing minerals are relatively 

uncommon in the Hg-rich ore deposits of Abbadia San Salvatore. Hence, As and Sb have a minor 

environmental impact. Conversely, the presence of high Hg contents is ubiquitous in the ground waters 

underneath the mining structures and only the peripheral waters show acceptable concentrations (<1 g L-

1). It is a matter of fact that a strong release of dissolved mercury to the studied groundwater system is 

occurring and appropriate actions are to be taken in the framework of a reclamation process. Hence, 

periodical monitoring should be kept going to verify whether the chemical variations observed from 

February 2013 to January 2016 are going on. This represents an important pre-requisite before any 

remediation action takes place. It may be suggested that the best solution for a reclamation plan aimed to 

remove Hg is that to apply permeable reactive barriers and water treatment. However, Hg removal is a 

difficult task due to both not yet standardized procedures and the continuous supply of Hg deriving from 

interaction processes of waters with Hg-rich natural and anthropogenic materials, such as the case of the 

groundwater system at the Abbadia San Salvatore mining area. This implies that in-situ test sites in some 

of the investigated piezometers characterized by different Hg concentrations should be carried out before 

any definitive remediation technique. 

Acknowledgements 

This work was financially supported by the Municipality of Abbadia San Salvatore. 

Abstract Book of the 18th International Conference on Heavy Metals in the Environment, 12 to 15 September 2016, Ghent, Belgium 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

– 584 –



18th International Conference on Heavy Metals in the Environment

CONTROL OF METALS FROM ENERGY AND INDUSTRIAL 

SOURCES 

Jozef M. Pacyna, Elisabeth G. Pacyna, Kyrre Sundseth and Rebecca Thorne 

NILU – Norwegian Institute for Air Research, Kjeller, Norway 

Abstract 

A global assessment of heavy metal emissions from major anthropogenic sources to the 

atmosphere will be presented. Technological (e.g. BAT, increased production efficiency) and 

non-technological (e.g. BEP at a company and national level) measures will be presented 

focusing on efficiency of emission control, its cost and potential benefits for the environment 

and human health. Examples of the implementation of these measures will be provided from 

studies carried out in China and Poland. Recommendations for future development of control 

measures within the most important industrial sectors will be defined. 
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Introduction 

Examples of sites contaminated by atmospheric fallouts are numerous across former industrial areas, 

among which the valleys of Sambre and Meuse in Wallonia hosted metal ore treatment factories. We 

have studied the fate of Cd, Pb and Zn in soils affected by atmospheric deposition in the vicinity of old 

smelters. The importance of vertical redistribution of contaminants in soils is questioned and the aims 

of this paper are to i) characterize the vertical distribution of TEs and soil properties along diverse soil 

profiles, ii) evaluate enrichment or impoverishment of TEs along the profiles to discriminate 

anthropogenic or geogenic origin of contaminations and iii) evaluate whether soil type or land use 

influenced the mobility of contaminants in the selected profiles. 

Methods 

Concentrations of trace elements (Cd, Co, Cr, Cu, Ni, Pb, and Zn) and major elements (Ca, Mg, K, Fe, 

Al, and Mn) as well as pHKCl and TOC were measured on 22 profiles located in a 3 km radius of a 

former ore treatment plant in Wallonia (Belgium). Enrichment factor (EF), vertical impoverishment 

factor (VIF), and availability ratio (AR) were used as diagnostic tools of contamination and migration 

of Cd, Pb, and Zn in profiles.  
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Results  

Data revealed that soil profiles are significantly contaminated. The ranges of enrichment factors for Cd 

(17-3570), Pb (1-2883), and Zn (2-309) are very broad with the higher EF in the topsoil of profile. 

VIFs of subhorizons are rarely above 1. In a few remaining cases with VIF > 1, the main factor 

explaining is soil type (especially, Colluvic Regosols, Luvisols, and, Cambisols with shale load). Cd, 

Pb and Zn ARs are strongly correlated with TOC and to a lesser extent with pHKCl. Pb and Zn ARs are 

influenced by soil type and land use only plays on Zn AR. The Cd availability is independent by these 

two factors.  

 

Conclusion 

The contents of trace elements measured in soil profiles are very high especially in topsoil. Until now, 

the Cd, Pb, and Zn vertical distribution shows a low migration from topsoil up to depth. However, we 

must not minimize the hazard of a future potential transfer. 
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Introduction 

Zn smelting plants located at Auby (Northern France) for more than 100 years have strongly polluted the 

surroundings through dust emissions, storage of ores and slag without strong environmental concerns. 

Although highly contaminated surficial soils have been removed in the private and public gardens to 

safeguard at least partly health of the inhabitants, one small public area, called the Peru Park, has not been 

treated because of the presence of peculiar calamine grasslands.  

 

Methods 

Several sampling campaigns have been scheduled from 2012 to 2014. After having mapped the 

contamination of the whole park’s topsoil, porous candles were installed at two depths, and partial 

extractions were performed with the aim to evaluate the mobility of metals in the soils of this park. 

 

Results 

Our investigations clearly evidenced a very strong contamination by several metals with great variations 

because some small areas were treated allowing recreational activities. The maximal total values measured 

were: 21000 mg kg-1 for Zn, 3500 mg kg-1 for Pb and 160 mg kg-1 for Cd. Additionally, the mobility of 

these metals is important in soils and increases with the pollution level. In the pore waters of strongly 

polluted zones, our findings are more contrasted with high concentrations of free dissolved Zn (3.6-32 mg 

L-1) and to a lesser extent Cd (0.02-0.25 mg L-1), whereas dissolved Pb remains at low concentrations 

(0.0001-0.021 mg L-1) and is quite exclusively bound to humic substances.  
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Conclusion 

This study obviously underlines that the severe recorded pollution and the high mobility of Zn and Cd 

could strongly impact the ground water quality (at least in the surficial aquifer) and the trophic chain 

present in this area. 
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Introduction  

Ecuador is ranked as the 4th country in oil production in South America. Most of this extractive activity 

is developed in the Northeast Amazonian region, since the 60’s whereas the refinery activities are located 

along the Pacific coast, at Esmeraldas. Practices and technologies used during oil production generate a 

mixture of toxic compounds (trace metals and liquid hydrocarbons) partly released into the environment, 

air and water mainly. Populations are exposed to these contaminants, by water consumption, particles 

inhalation or plants ingestion. Even if the potential or proven impact of oil products on human health 

has been studied in Ecuador, health risk is not yet the subject of a political or normative recognition. 

The actual legislation only aims to reduce the impact of oil activities on the environment. Moreover, 

both regions have vast extensions of cacao crops, an exportation product recognized worldwide for its 

special flavor, the fine aroma. Besides, the ways of transfer of these contaminants (by foliar or root 

uptake) to cacao crops and their potential impacts for human health are still poorly described. This study 

focuses on aerosols chemical composition, soil and crops quality evaluation and human health 

assessment in oil-impacted areas in Ecuador.  

Methods  

Atmospheric particles (PM10), cacao pods (separated in beans and shells) and soil (2 or 3 depths) samples 

were collected in oil production areas (Dayuma and Pacayacu) and in the Pacific Coast region 

(Esmeraldas) close to the main refinery of the country. Trace element concentrations were determined 

by ICP-MS in all samples after acid digestion. PM10 speciation was addressed by analyzing elementary 

and organic carbon (EC, OC), ionic soluble species and organic compounds (sugars, polyols). Soil 

physic-chemical properties (pH, CEC and organic carbon) were determined. Human bioaccesibility after 

cacao ingestion was investigated by the BARGE ex vivo test performed in cacao beans and topsoils. 
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Results  

For the air compartment, preliminary results show that, in all sites, PM10 contain mainly Ti and Mo, 

followed by Ba and Zn at Amazon region and Cr at Esmeraldas. Mo and Ba are considered as oil tracers, 

used as catalyzers during drilling or to liquefy subsoil rocks. No seasonal variation was observed in 

these metal contents. The concentrations of Ni, As, Cd and Pb did not exceed European or Ecuadorian 

legislation. The origin of these metals could be natural (dust) or anthropogenic (gas burning, use of 

catalyzers during oil drilling, oil refinery process, thermoelectric emissions or traffic.). The EC/OC 

ratios indicate that OC is probably originated from biomass combustion in Amazonia.  

In cacao crops, among the trace metals analyzed, Cd is bioaccumulated in most of the beans 

reaching values higher than the critical level of 0.6 mg kg− 1 established for Cd by the European Union 

(for 2019), as shown in Figure 1. Finally, between 40 and 60% of the total Cd content in cacao beans is 

bioaccessible by human ingestion, suggesting potential risks for human health raising concerns of safety 

in the consumption of cacao-based chocolate (mainly dark chocolate). However, the origin of Cd in 

soils (natural, fertilizers or oil products burning) remains unclear. 

Figure 1. Concentration of Cd (mg kg-1) in soils (0-60 cm depth), cacao beans and shells in 5 sampling points 

in the Northern Amazon (Auca 22, Auca Sur, Shuara 9 and Pichincha 2 oil camps) and Esmeraldas.   

Conclusion 

This global study of socio-environmental impacts of oil activities in Ecuador takes place in the frame of 

the French ANR-MONOIL Project1. It puts in evidence some high metal contents in the different 

compartments of the terrestrial ecosystems in Ecuador, and especially the bioaccumulation of Cd in 

cacao beans. This study proposes also an assessment of the risks involved for human health due to metal 

exposure. Nevertheless, further investigations are in progress to better determine local population’s 

exposure to the Metals-PAHs cocktails. 

                                                           
1 See more information at :  http://www.monoil.ird.fr 
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Introduction  

Untreated discharges of over 500 factory settled in the catchment area and untreated domestic wastewater 

posed to risk of metal pollution in Golden Horn estuary over 50 years (Coleman et al., 2009). In the current 

study chronology of metal pollution which occurred during the twenty century was determined by using 

210Pb and 137Cs dating techniques.  

Methods 

Sediment core sample was taken by using a 150 cm gravity corer. The core (totally 122 cm) were cut into 

2 cm thick sections. Pb-210 activities were measured in each slices by using alpha spectrometry, assuming 

secular equilibrium with 210Po. Cs-137 activities in each 2 cm section were measured by using gamma 

spectrometry. The concentrations of essential and toxic metals (Ag, Al, As, Cd, Co, Cr, Cu, Fe, K, Mn, Ni, 

Pb, Sn, V and Zn) were measured by using ICP-MS (Inductively Coupled Plasma – Mass Spectrometer) 

after microwave digestion.  

Results 

The chronologic accumulation of Ag, Al, As, Cd, Co, Cr, Cu, Fe, K, Mn, Ni, Pb, Sn, V and Zn were 

determined in the core samples. The chronologic accumulation of Cd, Cr and Cu concentrations in the 

Golden Horn were illustrated in Fig.1 (Not all of the measured metal due to the page constraint. All result 

will be released in the presentation).  
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Figure 1. Chronologic record of Cd, Cr and Cu in Golden Horn estuary   

 

Conclusion 

It was seen that the concentrations of As, Cd, Cu, Cr, Mo, Ni, Zn which are the element that have potential 

to enrich artificially have increased 1955 to 1985 corresponding to increasing of industrial activities and 

population in the catchment area. The depth profile of lead displayed opposite trend which may be clarified 

with intensive exploiting of Golden Horn as well as before 1920 with military and transportation purposes. 

Haliç Naval shipyard which has been serving since Ottoman Empire might also have caused to increased 

lead concentrations before the massive urbanization and industrialization in Istanbul. The concentrations of 

lithogenic elements Al, Co, Fe, K, Mn, Na did not variated substantially but Al and Co. 
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Introduction 

In human history, socio-economic development was strongly influenced by metal resources through mining 

and metallurgical activities, for instance, of lead (Pb), silver (Ag), or iron (Fe) (Tylecote, 1987). However, 

they can lead to a significant environmental contamination through the emission of metal-rich particles and 

wastes. Hence, Mariet et al. (2016) recently showed that heavy metal (HM) from mining operations (Pb and 

Ag) in the Vosges mountains (France) at the end of Middle Ages are still bioavailable to soil invertebrates. 

In the region Franche-Comté, iron mining and metallurgical activities were dominant over the Middle-Age 

period, especially in the ancient iron production district of Berthelange (Forlin and Laurent, 2014). 

However, according to our knowledges, the environmental impacts have not been evaluated. Therefore, this 

study aims at assessing the fate of heavy metals from very ancient (1000 years) slag heaps in soil using 

combined physical, chemical and biological approaches. 

 

Methods 

The target area which is a slag repository from the XIe century (direct ore reducing process) was sampled 

by a transect method (from the center of the heap, n=10). A characterization of soil samples and slags was 

performed by X-Ray Diffraction (XRD) and Scanning Electron Microscopy (SEM) to determine the 

mineralogical content of the iron ore, slags and their weathering products in soils. Secondly, the HM total 

concentrations and available (exchangeable and reducible) fractions were determined (ICP-AES) in soils 

after aqua-regia digestion and ammonium acetate (NH4OAc, 1M) + 2% hydroxylamine hydrochloride 

(NH2OH, HCl) extraction, respectively. Finally, we carried out a bioaccumulation and toxicity bioassay 

(growth inhibition, ISO 15952) using the land snail Cantareus aspersus exposed to contrasted contaminated 

soils from the site.  
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Results  

Soil analyses revealed slight anomalies for arsenic (As), 

copper (Cu) and zinc (Zn), about twice the enquiry threshold 

set by Baize (2000). On the other hand, manganese (Mn) held 

very high concentrations in soil, for instance reaching about 

8000 mg.kg-1 (dry weight) at the center of the slag heap (SP4, 

Figure 1). Iron ore, mainly composed of hematite and goethite, 

contained 330 mg.kg-1 while slags reached about 17,000 

mg.kg-1 of Mn. This elevated concentration reached in slags 

may be related to the smeltering process that led to the 

synthesis of olivine (Mn-fayalite – (Mn,Fe)2SiO4). The soil 

mineralogical analyses allowed to identify the presence of 

serpentine which is an evidence of olivine weathering. This 

degradation of slags led to the release of their HM and 

particularly Mn in the soil. A large part of this Mn appeared 

available, at least for partitioning with the soil solution and 

transferring to organisms (plants or invertebrates). Although no growth inhibition of snail was observed 

after 28 days of exposure, the animals were able to accumulate quite elevated Mn concentrations in their 

tissues. 

Conclusion 

The combination of various approaches clearly emphasized the environmental availability and 

bioavailability of HM from ancient metallurgical wastes to soil-dwelling invertebrates such as snails even 

one millennium after their deposit. For these reasons, past mining ecosystems must be, as is the case for 

more recent industrial sites, a cause of concern for both the scientific community and the public authorities. 
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Introduction 

The global anthropogenic distribution of heavy metals has led to multiplied environmental concentrations 

in particular for lead, copper, zinc and others in all regions of the world (Nriagu, 1996). Anthropogenic 

sources of heavy metals often end up in wetlands (Levengood, 2003), where all aquatic biota, including 

waterfowl, may be exposed to this pollution. Mallards might be exposed to heavy metals by uptake through 

contaminated food. In addition to this common way of metal uptake, a hazard has been observed for 

waterfowl: uptake of lead shotgun pellets. Added up with lost plummets from the fisheries, an annual input 

of 600t of metallic lead into the environment in Austria has been estimated recently (Reisinger et al., 2009). 

Although metallic lead is not readily bioavailable, it has been shown that the low pH and mechanical 

abrasion in the bird’s stomach leads to partial dissolution of these pellets. This combined exposure to 

contamination may lead to accumulation of metals in the tissues of these birds.We had the opportunity to 

investigate levels of heavy metals in muscle and liver tissue from mallards before the ban of lead shotgun 

pellets. In addition to Pb, it seemed appropriate to analyze Cd and Hg as metals of priority concern within 

the EU as well as Cu, Cr, Ni and Zn, which are metals showing an enhanced anthropogenic distribution in 

the environment. For Hg we also included feathers, as they are known as an important way of elimination 

of Hg in birds. Moreover, we included Ag in the study, as nanoparticles of this metal start to be widely in 

use in consumer products and therefore will be increasingly included in waste streams, threatening also the 

aquatic environments (Yu et al., 2013). 

Methods 

Sampling for this study took place in the northeastern part of Austria, within the catchment area of the 

Danube River. In total, 77 specimens of A. platyrhynchos were received from eight hunting grounds situated 

in the eastern parts of Austria. They were shot by hunters, using commercially available lead ammunition. 

Sex and weight were determined and tissue, as well as feather samples were obtained. Microwave digestion 

was performed with HNO3 34% and H2O2 30%. Hg was detected in the samples immediately after digestion 

with cold vapor atomic absorption spectrometry (CV-AAS). Zn was measured with a flame atomic 

absorption spectrometer (F-AAS) while for the detection of Pb, Cd, Ag, Cu and Cr a graphite furnace atomic 

absorption spectrometer (GF-AAS) was used. 
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Results 

Mallards do not have a steady territory and show opportunistic migration behavior. Therefore, it is not 

guaranteed that sampled specimens fed for a longer period of time in the district they were hunted. For this 

reason, a separate presentation of results for each hunting ground seemed inappropriate and results are 

presented as means for the whole sample. Hg levels in feather were higher than in liver and muscle. This 

shows that mallards use feathers as an important way of elimination of Hg from the living organism, as it is 

also known for other birds. The levels of Hg in muscle correlate well with the levels in liver, as shown in 

Figure 1. Concerning Pb levels in the liver, all measured concentrations but one where below 2 mg/kg ww, 

indicating no toxic effect to the animal, one mallard has to be classified as clinical poisoned (Pain, 1996). 

Nevertheless, tissue concentrations higher than the maximum levels for poultry and poultry products, stated 

by the European Union, have been observed for lead in about 10% of the mallards. Therefore, a frequent 

consumption of mallards, especially the liver, may also pose a possible health risk to human consumers.  

  Figure 1 Mercury levels in muscle vs. liver 

Conclusion 

This survey shows, that a contamination of mallards from the studied region with heavy metals exists but to 

a rather low extent. Nevertheless, Pb levels in some animals exceeded limits for food safety. This study may 

also present a good comparison for future studies to evaluate the benefits of the ban of lead shotgun pellets. 
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Introduction  

Mechanisms of bioaccumulation and translocation of heavy metals in the environment have been 

the subject of research for several decades, including for the possibility of using living organisms as 

biomarkers and biomonitors of environmental quality.  

The presented results concern the comparison of the accumulation levels of selected heavy metals 

Mn, Ni, Cu, Zn, Cd and Pb in different elements of biota: epigeic moss Pleurozium schreberi, epiphytic 

lichen Hypogymnia physodes, birch Betula L. leaves and spruce Picea abies L. needles, growing on areas 

of different intensity of anthropogenic impacts. The research is focused on the assessment of the sources 

(primary and secondary) of contaminants accumulated in plants and the assessment of the impact of 

ecosystems contamination, and seasonal changes on the concentrations of heavy metals in the studied biota 

samples. 

The study was performed within the framework of the project: Ecosystem stress from the combined 

effects of winter climate change and air pollution - how do the impacts differ between biomes? (WICLAP) 

Polish Norwegian Research Programme (NCRD) POL-NOR / 198571/83/2013. 

Methods 

The samples were collected on the areas of the southern Poland: in Beskidy, where for more than a 

decade is observed a gradual degradation of forest ecosystems under the influence of emissions from the 

Upper Silesian Industrial Region (PL) and the Ostrava-Karviná Coal Basin (CZ); in Karkonosze Mountains, 

an area which in the 70s was under strong influence of emissions from utility power plants, deployed in the 

so-called "Black Triangle", on the border areas of former Czechoslovakia, the German Democratic Republic 

and Poland; and on slightly contaminated forest areas in the north-eastern Poland: Borecka, Knyszyńska 
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and Białowieska Forests in 2014 and 2015 (three sessions each year: Spring, Summer, Autumn). After 

manual removal of impurities and drying in 323 K,  the collected material was stored in closed polyethylene 

containers. The 0.4 g of subsamples taken from homogenized material were mineralized in mixture of nitric 

acid and hydrogen dioxide (1:3) in microwave mineraliser Speedwave Four (Berghof, Germany). 

Concentrations of Mn, Ni, Cu, Zn, Cd and Pb were determined with FAAS method, using iCE 3000 (Thermo 

Electron Corporation, USA).  

Results 

The two-year biomonitoring study indicate that among the studied areas the greatest accumulation 

of heavy metals in the studied species of biota is present in the Beskidy Mountains, mainly Zn, Cd and Pb. 

On the other areas the mean concentrations of the metals are formed diversely, depending on the analyzed 

biological material, sorbed metal and season. The largest concentrations of heavy metals were determined 

in samples collected at the beginning of the growing season. This is probably the result of low emission 

during the heating season. Such trends have not been observed in the Knyszynska Forest, which may 

indicate the full-year impact of emissions from the nearby city of Bialystok. It should be noted that the 

accumulation of heavy metals in the moss, lichens and needles and leaves of trees is the result of wet and 

dry deposition, wherein the atmospheric aerosol may be re-enriched with contaminants elevating from the 

soil with dust, in the case of moss the transport from soil can also be accessed via water wetting mosses 

(Klos et al., 2012). The most important direction of transport of metals, in the case of trees and other root 

plants, is the translocation from rhyzosphere. 

Conclusion 

So far an unsolved problem of biomonitoring methods the impacts of abiotic and biotic factors 

affecting the equilibriums and kinetics of translocation of contaminations between the environmental 

matrixes and the elements of biota, making it difficult to validate these methods. Despite this, the current 

level of knowledge allows the biomonitoring studies to provide much information concerning environmental 

contamination, sources of contaminants and the directions of their spread. 
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Introduction  

Current environmental quality standards (EQS) are mainly based on toxicity tests in which test organisms 

are exposed to single compounds for a limited period of time. However, this does not represent the real 

impact of metal exposure in the natural environment. In aquatic ecosystems, trace metals most often occur 

in mixtures which could result in antagonistic, synergistic or additional toxic effects. Besides the presence 

of these pollutants, natural stressors such as predators are present as well, which could also influence the 

accumulation and toxicity of metals. The aim of this study is to investigate sublethal effects resulting from 

combined exposure to predation pressure and metal mixtures of Cu, Cd and Pb on the freshwater isopod 

Asellus aquaticus L.  

Methods 

A 10-day laboratory experiment was conducted in which individuals of A. aquaticus were exposed to metal 

concentrations equal to, tenfold and hundredfold of the EQS: 7, 70 and 700 µg.L-1 for Cu; 0.15, 1.5 and 15 

µg.L-1 for Cd; and 7.2, 72 and 720 µg.L-1 for Pb. Additionally, we added four control treatments without 

metals. Animals were exposed to the different metals separately as well as to binary and tertiary mixtures. 

These metal treatments were combined with two predator treatments in which cues of predators caught from 

the same river as the used A. aquaticus, were absent or present.  

Metal concentrations were prepared in 100 mL EPA medium-hard water with the following stable isotopes: 
65Cu, 116Cd and 204Pb (CortecNet, Voisins-Le-Bretonneux, France). The exposures occurred in acid-washed 

(1% HCl) polypropylene containers (125 mL) under controlled light conditions (16:8 h light:dark 

photoperiod) and temperature (15 ± 1 °C) in a climate chamber type WT15’/+5DU-WB (Weiss Technik, 

Reiskirchen-Lindenstruth, Germany). One individual of A. aquaticus was placed in each container together 

with two alder leaf disks (Alnus glutinosa, d = 16 mm) that were dried, weighed and ‘conditioned’ for six 

days (Bloor & Banks, 2006). Ten replicates per treatment were used. General water characteristics and 

mortality were monitored daily. 

At the start of the experiment we determined the length of each isopod with ImageJ and calculated the dry 

weight (dw) using the following formula: loge(dw) = 2.71loge(length) – 4.58 (Graça et al., 1993). At day 10, 
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the animals were filmed for 30 minutes after which the videos were processed with the tracking program 

Lolitrack v.4, that calculated the average velocity (mm.s-1), the average acceleration (mm.s-2), the active 

time (%) and the moved distance (mm). Next, to determine the respiration rates, we placed the isopods in 

glass chambers with oxygen mini sensors in which oxygen concentrations (mg.L-1) were measured for 4 h 

using the programs WitroxView and Fibsoft. Lastly, the leaves and isopods were dried for min. 72 h, 

weighed and digested. Trace metals and major ions were determined for the filtered water samples, isopods 

and leaves with an HR-ICP-MS (Element XR, Thermo Scientific, Finnigan element 2, Bremen, Germany). 

Dissolved organic carbon of the medium was quantified using a TOC-analyzer (TOC-VCPH, Shimadzu 

Corporation, Kyoto, Japan). Furthermore, we also determined the growth and feeding rates (Bloor and 

Banks, 2006). Statistical analyses (two-way ANOVAs) were performed in R. If a significant difference was 

found (α = 0.05), a Tukey HSD test was conducted. Animals that died before the end of the experiment were 

not included in the analyses. 

Results 

The maximum recorded mortality was 40% in one of the control treatments with predator cues, 30% 

mortality was found in the mixture of the EQS of Cd and Pb with predator cues. However, mortality in the 

other treatments did not exceed 20%.  

Metal exposure (F = 17.1, p < 0.001), predator stress (F = 17.6, p < 0.001) and the interaction between 

metals and predator stress (F = 1.81, p = 0.02) had a significant effect on the feeding rates of the isopods. 

Higher feeding rates were found in the EQS and 10xEQS treatments, while lower rates were found in 

100xEQS treatments. Isopods of treatments without predator stress showed higher feeding rates than those 

of treatments with predator cues. We also found a significant effect of metal exposure on the growth rate (F 

= 7.68, p < 0.001). However, no significant difference was found between the predator treatments nor were 

any significant interactions between the predator and metal treatments observed.  

Conclusion 

Exposure to metals and/or predator stress resulted in several significant effects and even important 

interactions between the stressors. Studying the effects of exposure to multiple stressors will eventually lead 

to the construction of more ecologically-relevant monitoring strategies and EQS for trace metals. 
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Introduction  

Water birds and wetlands in many parts of the world are affected by lead poisoning. It has been a cause of 
death of various species, including swans (Binkowski et al., 2015; Blus et al., 1989). The source of the 
poisoning is most often linked with fishing and hunting, which are common in this type of area. Spent lead 
pellets from hunting and fishing sinkers discarded in the area may be mistaken by birds for gastroliths. After 
ingestion and dissolving in the gizzard, Pb particles enter the bloodstream and cause poisoning (Franson et 
al., 2011).  

Shotgun pellets and sinkers are not the only source of lead to which the birds are exposed. Fast verification 
of the chosen source is therefore needed. Isotope ratio comparison between tissues and potential source 
seem to be a reliable and useful method of verification (Scheuhammer et al., 1998). Lead isotope abundance 
ratios vary in different ores. As a result, this may be applied to the recognition of Pb from ore used to 
produce pellets and sinkers (Thomas et al., 2009).  

We should look at tissue with a fast Pb turnover such as blood in order to verify the source of poisoning 
(Binkowski et al., 2013). We should also use all the lead isotopes in the study in order to ensure the method 
is accurate. We then compared Pb isotopic ratios between ammunition pellets and the blood of swans. We 
also determine whether the isotope ratio method may be useful in the monitoring of Pb poisoning from 
ammunition. 

Methods 

Blood samples were taken from 49 Mute swans (Cygnus olor) in 2012 and 2013 along Poland’s Baltic coast 
near Gdansk. Samples of pellets (from shot cartridges cal. 12) available on the Polish market were bought 
in the same years. All the samples were mineralized with hot nitric acid. Pb analyses were carried out by 
ICP-MS (Agilent 7700 series). As the isotopic ratio analyzed we used 206/204, 206/207, 208/206 and 
208/207 ratios. We conducted the test to find the differences between two coefficients of variation, the 
Cochran-Cox test to check the difference between the two means and Pearson correlation coefficients to 
show relationships between isotopic ratios in pellets and blood.  

Results 

We noted greater isotopic variation in the blood, except for the 206/204 ratio, which was comparable in 
both materials studied. The mean 206/207 and 208/207 ratios differed statistically between blood and pellet 
samples, but the difference between the means was only 0.9% and 0.4% respectively. The 208/206 ratio in 
both materials examined was comparable. The 206/204 ratio was lower (by 12.3%) in blood than in pellets 
(Fig. 1).  
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The correlation analysis between the isotopic ratios (between 206/204 and 208/207, as they include all the 
isotopes studied) showed a significant positive relationship in pellets (r = 0.68, n = 45, p < 0.001) and a lack 
of relationship in the case of blood (r = 0.02, n = 42, p = 0.89). 

Figure 1. The relationship between 208/207 and 206/204 isotopic ratios in swans’ blood and pellets (black dots).  

Conclusion 

Based on the discrepancies in isotopic ratios in blood and pellets, we conclude that the pellets available on 
the Polish market were not the main source of Pb in the blood of the swans studied (Binkowski et al., 2016). 
The protocol seems to be a good method for use in biomonitoring studies, but there is an urgent need to 
include in one study isotopic ratios of various materials (including pellets, bullets, and fishing sinkers from 
a wide area), as well as environmental and animal samples. 

References 

Binkowski, Ł.J.; Meissner, W. (2013). Levels of metals in blood samples from Mallards (Anas platyrhynchos) from 
urban areas in Poland. Environ. Pollut., 178, 336–342.  

Binkowski, Ł.J.; Meissner, W.; Trzeciak M.; Izevbekhai K.; Barker J. (2016). Lead isotope ratio measurements as 
indicators for the source of lead poisoning in Mute swans (Cygnus olor) wintering in Puck Bay (northern 
Poland). Environ. Pollut. In press.  

Binkowski, Ł.J.; Sawicka-Kapusta, K. (2015). Lead poisoning and its in vivo biomarkers in Mallard and Coot from 
hunting activity areas. Chemosphere, 127, 101–108. 

Blus, L.J.; Stroud, R.K.; Reiswig, B.; McEneaney, T. (1989). Lead poisoning and other mortality factors in trumpeter 
swans. Environ. Toxicol. Chem., 8, 263–271. 

Franson, J.C.; Pain, D.J. (2011). Lead in birds. In: Beyer, W.N.; Meador, J.P. Environmental Contaminants in Biota. 
Interpreting Tissue Concentrations. CRC Press, Boca Raton, pp. 563–594. 

Scheuhammer, A.M.; Templeton, D.M. (1998). Use of stable isotope ratios to distinguish sources of lead exposure in 
wild birds. Ecotoxicology, 7, 37–42.  

Thomas, V.G.; Scheuhammer, A.M.; Bond, D.E. (2009). Bone lead levels and lead isotope ratios in red grouse from 
Scottish and Yorkshire moors. Sci. Total Environ., 407, 3494–3502. 

206/204 ratio

20
8/

20
7

 r
at

io

13.0 13.5 14.0 14.5 15.0 15.5 16.0 16.5 17.0 17.5 18.0 18.5 19.0

2.40

2.42

2.44

2.46

2.48

2.50

Abstract Book of the 18th International Conference on Heavy Metals in the Environment, 12 to 15 September 2016, Ghent, Belgium 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

– 606 –



18th International Conference on Heavy Metals in the Environment

‐ 530 - 

A REPORT OF HEAVY METAL AND PORPHYRINS LEVELS IN 
PENGUINS  

Winfred E. Espejo1, J. Celis2, S. Jara1, D. González-Acuña2, B. Barra.1 

(1) Department of Aquatic Systems, Faculty of Environmental Sciences, University of Concepción, 
Concepción, Chile. (2)Department of Animal Science, Faculty of Veterinary Science, University of 
Concepción, Chillán, Chile.  

winfredespejo@udec.cl 

Keywords: Heavy metals; penguin; pollution; excreta; Antarctic. 

Introduction: The monitoring of trace metals in biotic matrices and its possible effects due to prolonged 
exposure in time is a topic of global concern (Lavoie et al., 2013). The main source of metals is from 
anthropogenic activities, such as mining, metallurgical industries, vehicular traffic, among others (Garelick 
et al., 2008). Due to metals are accumulative and persistent, they can concentrate in top predators, so their 
effects can be more severe (Burger et al., 2000). For that reason, wild birds are useful animals to study the 
effects of contaminants (Takekawa et al., 2002). Little is known about the effects of heavy metals on 
penguins (Espejo et al., 2014; Celis et al., 2015). Penguins are seabirds that inhabit exclusively in the 
Southern Hemisphere (Garcia et al., 2013). These birds are among the most threatened species of animals, 
and about two-thirds of penguin species are in the Red List of Threatened Species IUCN (UICN, 2015). 
Pollution, climate change, fishing, inhabit modification, diseases, even tourism, are their main threats 
(Garcia et al., 2013). These birds, can be a useful indicator of pollution level because its wide distribution, 
and they are placed at the top of the food web (De Moreno et al., 1997). There is evidence showing a direct 
correlation between metal pollution and accumulation of porphyrins in organs and excreta (Leonzio et al 
1996). 

Methods During austral summer 2011/2012/2013/2014, excreta and feather samples  were collected from 
different species of Pygoscelis penguins that live  in several locations of the Antarctic Peninsula Excreta 
samples were obtained from colonies of Spheniscus humboldti that live in the Chilean coast at Pan de Azucar 
Island, Chañaral Island and Cachagua Island, during 2012.   The levels of several metals were determinated 
by atomic absorption spectrophotometry, whereas the levels of porphyrins were measured by colorimetric 
analysis. 

Results: In Antarctica, we found the highest levels of Hg (7.55 ± 1.28 μg/g) and Cd (1.68 ± 0.71 μg/g) in 
excreta of P. papua from Base O’Higgins and Base Videla, respectively). Excreta of penguins from Base 
O’Higgins showed higher levels of copro- (1.81 ± 0.61 nmol/g), uro- (1.74 ± 0.72 nmol g-1) and 
protoporphyrins (1.24 ± 0.46 nmol g-1), directly related to higher levels of Hg and Pb measured. In the coast 
of Chile, we found the highest levels of Cu (199.67 μg/g), As (7.85 μg/g) and Pb (12.78 μg/g) in excreta of 
S. humboldti at Cachagua island, and also the highest levels of copro- (2.16nmol/g), uro- (2.20nmol/g) and 
protoporphyrins (2.23 nmol/g). There was a positive correlation among As, Pb, Cu and with uro, copro-, y 
protoporphyrins. In the Antarctic campaign 2011/2012 we  observed that P. papua  excreta  from Base 
O´Higgins had higher levels of metals (2.89 µg/g for  Pb,  199.95 for Cu and  379.99 for  Zn) and Base 
Videla (2.74 for  Pb and 222.51 for  Cu). The levels of Cd in excreta of P. antarctica were higher on Narębski 
Point (3.13 μg/g). In the Antarctic campaign 2012/2013, data showed that excretas of  P. adeliae had higher 
levels (µg/g) of As, Cd, Hg, Pb y Cu on  Base Arctowski  and Kopaitic island, both sites with  major 
anthropogenic activities. Samples collected during  2014 showed  higher levels of Cd, Cu, Cr, Mn, Ni, Pb 
and Zn  in  excreta, feathers and ground  at Base  O’Higgins  and Stranger Point, whereas the lowest levels 
were found at  Neko Port and Doumer island, both sites with minor human presence. The levels of metals 
in penguins of Antarctica are lower than those levels in penguins of higher latitudes. 
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Conclusion 

Levels of metals in biotic samples of Pygoscelis penguins from the Antarctic Peninsula are similar or even 
higher than those reported in excreta of previous studies in Antarctica. Those levels, are lower than the 
levels of metals in excreta and feathers of other animals living at higher latitudes. However, our findings 
reveal that some colonies of P. papua and S. humboldti living around sites with major anthropogenic 
activities are potentially likely to suffer some illness by metal pollution. The spatial and temporal data 
obtained in the Antarctic Peninsula and in the coast of Chile suggest a direct relationship between levels of 
metals with major human presence. However, large-scale transportation of pollutants cannot be neglected. 
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Introduction 

Mushrooms are able to accumulate several essential as well as hazardous metals (Hg, Cd), metalloids (As), 

non-metal (Se), and other elements (Ag, Au, Cs, Rb, V, Zn), especially when grown at metal-polluted sites. 

Boletus edulis (King Bolete) and Scutiger (Albatrellus) pes caprae (Goat's foot) are edible mushrooms 

which form mycorrhizal associations with hardwoods and conifers. They are known Se- and Hg-

accumulators (Falandysz and Borovička, 2013), both elements are known to accumulate in caps of fruiting 

bodies, largely in inorganic form (more than 80% and up to 99%) (Miklavčič et al., 2013; Slejkovec et al., 

2000); but, the accessibility and bioavailability of Hg and Se remains largely unknown. 

The aim of this study was to determine localization and speciation of Hg in caps of B. edulis and S. pes 

caprae by using high-throughput imaging methods as Laser Ablation - Inductively Coupled Plasma - Mass 

Spectroscopy (LA-ICP-MS), Synchrotron-X-ray Fluorescence (SR-XRF) and X-ray Absorption 

Spectroscopy (XAS). Bioavailability of Hg was determined by feeding mushrooms to the slugs (Arion spp.). 

Methods 

Mushrooms were sampled in September 2014 at a non-polluted site in the suburbs of Ljubljana and at a Hg-

polluted area near a former Hg mine, Idrija (Table 1). For LA-ICP-MS and SR-XRF analyses the caps were 

sliced to 2 mm cross-cuttings, wrapped in Al foil, frozen in propane cooled by liquid nitrogen, and freeze-

dried for three days (Alpha 2-4, Christ). The remaining cap and the stalks were frozen and freeze-dried for 

bulk analysis (ICP-MS) and feeding the slugs. SR-XRF and XAFS analyses were performed at the XRF 

beamline, Elettra, Synchrotron Trieste. Freeze-dried and pelletized mushrooms were fed to the slug snails 

for two weeks. Hg and Se concentrations in hepatopancreas and muscle tissues were determined by ICP-

MS. Malondialdehide (MDA) test (Hodges et al., 1999) was performed in order to determine the level of 
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lipid peroxidation in hepatopancreas tissues. Bioavailability was calculated as the ratio between the 

elemental content (mg) in hepatopancreas and the elemental content (mg) in ingested food. 

Results 

Hg and Se mainly accumulated in the spore forming part of the mushroom cap (Fig. 1). Hg concentrations 

of mushrooms collected in Idrija were approximately 10-times higher than of those from the background 

environment (Table 1). Mushrooms contained distinct amounts of Hg and Se in bioavailable form. Feeding 

mushrooms to the snails induced lipid peroxidation in hepatopancreas (Table 1).  

Figure 1.  Figure 1. Selenium and mercury 
distribution in the edible mushroom Boletus edulis 
recorded by SR-XRF and LA-ICP-MS. 

Table 1. Hg and Se concentrations in the mushrooms, Hg and Se bioavailability and the level of MDA in 
snail hepatopancreas. In all cases statistically significant differences are given (Duncan's test, p<0.05, n=5). 
Hepatopancreas (HP), bioavailability (BA). 

Mushroom/ location/mushroom 
part 

Hg (mg/ kg) 
dry weight 

Se (mg/ kg) 
dry weight 

Hg -BA-HP 
(%) 

Se -BA-HP (%) 
MDA in HP (as % of 

control fed with lettuce) 
B. edulis/ Idrija/ cap 98.9  5.1a 13.9  2.1a 16.7%  1.9a 7.2%  1.2% ab 220%  13% a 

B.edulis/ Ljubljana sub./ cap 7.85  1.2b 14.1  1.1a 12.8%  1.1a 5.3%  0.2% bc 193%  14% ab 
B. edulis/ Ljubljana sub./ stalk 3.75  0.7b 30.0  2.3a 18.1%  5.5a 9.3%  1.1% a 168%  11% b 

S.pes caprae/ Ljubljana sub./ whole 39.6  3.6ab 246  17b 3.9%  0.5b 4.6%  0.5% c 158%  10% b 

Conclusion 

Hg and Se are present in mushrooms in bioavailable form: therefore consumption of limited amounts is 

recommended in order not to exceed the allowed daily intake of 2 μg Hg/ kg bodyweight according to WHO. 
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Introduction  

Brown seaweeds are major primary producers and important bio-engineers in cold-temperate coastal waters; 

providing habitat, food and shelter for a diversity of associated organisms; (Sáez et al., 2015). Copper is an 

essential micronutrient, required as a co-factor in certain proteins and enzymes such as plastocyanin, amine 

oxidase, cytochrome c oxidase (Connan and Stengel, 2011b). At elevated concentrations, Cu can become 

toxic and have detrimental effects on seaweed metabolism and physiology; for example, by inducing 

oxidative stress, inhibiting photosynthesis, disrupting development and, eventually, causing cell death (Sáez 

et al., 2015). Current knowledge about responses to Cu stress are derived from single factor exposure 

experiments, although it is known that seaweeds are exposed to multiple stressors in their natural 

environment (Sáez et al., 2015a). The potential consequences of interactions between metals and other 

abiotic stressors, for seaweed ecology are poorly understood. In this study we assessed the effects of 

temperature on the physiology and bioaccumulation of Cu in the filamentous brown algae Ectocarpus 

siliculosus, which has emerged as a model organism for studying various aspects if the biology of brown 

algae (Cock, Coelho, Brownlee, & Taylor, 2010). 

Methods 

The E. siliculosus strain Es524 (CCAP 1310/333) used in this study, has previously shown tolerance to Cu 

excess (Roncarati et al., 2015; Sáez et al., 2015a, b). Two hundred 200 mg of algae were exposed in 

triplicates to a range of Cu treatments: control (no added Cu), 0.8, 1.6, and 3.2 μM of nominal Cu for 6 d at 

15 and 25°C. Chlorophyll a fluorescence parameters were measured at the end of the period of Cu exposure, 

using a mini-PAM Photosynthesis Yield Analyzer (Walz, Germany). Additionally, the total and intracellular 

accumulation of Cu were determined by inductively coupled plasma-mass spectrometry (ICP-MS) (Thermo 

Scientific, X Series 2) following the methodology described in Roncarati et al. (2015). 

Abstract Book of the 18th International Conference on Heavy Metals in the Environment, 12 to 15 September 2016, Ghent, Belgium 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

– 613 –



18th International Conference on Heavy Metals in the Environment

‐ 535 - 

Results 

After 6 d exposed to Cu excess, samples growing at 15°C had significantly lower photosynthetic efficiency, 

estimated by changes in Fv/Fm (One-way ANOVA, p<0.05) (Fig. 1a) and the initial slope of ETR vs. 

irradiance function “αETR”, an estimator of photosynthetic efficiency (data not shown), if compared with 

algae growing at 25°C. Intracellular Cu accumulation displayed a similar result at highest concentrations 

(1.6 and 3.2 µM) as well as total accumulation at 3.2 µM treatment (Fig. 1b). 

Figure 1. Maximum quantum yield (Fv/Fm) a) and intracellular and total Cu accumulation b) after 6 days of 
Cu exposure at different temperatures. 

Conclusion 

In this study we provide evidence that a rise in temperature enhances the photosynthetic efficiency and the 

detoxifying rates in E. siliculosus exposed to Cu excess. This is probably due to more efficient damage 

repair of the photosynthetic apparatus (Rautenberger et al., 2015), and/or changes in the biochemistry that 

affect the transport rates of Cu across the cell membranes. Further research at biochemical and molecular 

level is still needed to understand the mechanism underlying the interaction between Cu and temperature. 
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Introduction  

Mercury (Hg) is one of the most used and toxic heavy metals in the environment. As reported from 
MEP (Ministry of Environmental Protection) and MLR (Ministry of Land and Resources), about 
19.4% croplands were polluted by heavy metals (exceed National Standard). Hg in rice grains 
which account for about 16% of the total rice also exceeded the National Standard. Rice 
consumption is one of the most important paths of methylmercury (MeHg) exposure for Chinese 
people, which poses a potential health threat to the residents. Hence, it is of vital importance for us 
to investigate the sources of MeHg accumulated in rice. Conducting research to make clear the 
possibility of mercury methylation and demethylation processes in rice is a worthwhile challenge. 

Methods 

In the present study, a serious of rice seedlings were exposed to inorganic mercury (IHg) or MeHg 
containing solutions for 20 days of pretreatment. The variation in contents of IHg and MeHg in 
rice roots and shoots collected every five days interval were analyzed with HPLC-ICP-MS and SR-
XANES to reveal Hg species and the relative contents (Figure 1). 

Results and Conclusions 

The Hg content, distribution and speciation in rice plants were analyzed. The results displayed that 
MeHg contents in MeHg exposed rice roots and leaves decreased gradually (> 20%) while no 
prominent decrease of IHg in IHg exposed rice root and leaves was observed. All the results 
indicated that there was significant MeHg demethylation in rice plant while no remarkable IHg 
methylation with rice growth. SR-XANES analysis further confirmed the demethylation of MeHg 
in growing rice plant. The XANES results showed that MeHg in rice plant was mainly present in 
MeHgCys form. MeHgCys and Hg(GSH)2 mercury forms in MeHg exposed rice accounted for 
above 80% of the total Hg in rice roots. The contents of MeHgCl and MeHgCys forms decreased 
from 12.5% to 3.6% and 51.3% to 36.2% respectively while Hg(GSH)2 form increased from 32.3% 
to 56.9% of the total Hg in MeHg exposed rice roots within 20 days of rice growing. The discovery 
of MeHg demethylation in rice in this study may be quite beneficial to understand the Hg tolerance 
mechanism of rice plant and to further researches for seeking efficient approaches to reduce MeHg 
accumulation in rice grains. Based on the results, we try to seek efficient approaches to reduce the 
accumulation of total Hg especially MeHg in rice grain. 
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Figure 1 Demethylation of methylmercury in rice (Oryza sativa L.) detected using HPLC-ICP-

MS combined with SR-XANES techniques: an evidence of rice plant against methylmercury 

phytotoxicity. 
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Introduction  

Cadmium (Cd) is categorized into toxic heavy metal. Cd accumulation in agricultural crops causes serious 
health problems for us. These days, the maximum acceptable Cd accumulation levels in various crops were 
determined. It is necessary to elucidate molecular mechanisms of Cd translocation from roots to shoots in 
order to control Cd accumulation in agricultural crops. However, these mechanisms are not fully understood 
so far.  Glutathione (GSH) is one of thiol-containing peptides, related to various aspects of plant 
metabolisms. In our previous work, we have found GSH concentration in the phloem sap, collected from 
oilseed rape plants, responded to Cd treatment (Nakamura et al., 2005). These experimental results suggest 
that GSH in the sieve tubes increased in response to the request from sink tissues (roots or unexpanded 
leaves). Therefore, we applied GSH to oilseed rape plants site-specifically. Cd content and Cd long-distance 
transport in these treated plants were investigated. Additionally, effects of GSH concentration in root zone 
and GSH and Cd treatment period on Cd behaviors is investigated. We also tried to visualize and analyze 
root-to-shoot translocation of Cd by using a positron-emitting tracer imaging system (PETIS).  

Methods 

Oilseed rape plants (var. Nourin No. 16) were grown in a growth chamber under controlled growth 
conditions, according to the methods of Nakamura et al., 2013. In each experiment, plants were exposed to 
10µM Cd (CdCl2). First, effects of GSH, applied to plants site-specifically, on Cd behaviors were 
investigated. After two days of Cd exposure, plants were harvested and Cd contents in their shoots and roots 
were determined by using an ICP atomic emission spectrometer. After Cd treatment, xylem sap and phloem 
sap were collected according to the methods of Nakamura et al., (phloem sap; 2005, xylem sap; 2008). Cd 
concentrations in these saps were determined by using an atomic absorption photometer. Second, effects of 
GSH concentration in root zone and GSH and Cd treatment period on Cd behaviors were tested. Third, 
effects of sulfur containing compounds on Cd behaviors were tested. Obtained data from these experiments 
were analyzed by Student’s t-test. PETIS experiments were started by adding purified 107Cd in nutrient 
solutions after setting plants in the chamber according to the methods of Fujimaki et al., 2010 with a small 
modification. Two week old seedlings were used for these PETIS experiments. Imaging data obtained from 
PETIS experiments were analyzed in detail to investigate effects of GSH on Cd behaviors in plants. 

Results 

Cd contents in shoots of control plants and plants treated with GSH to their leaves for two days were 
approximately 0.4 µmol/gDW (dry weight). GSH, applied to leaves, had no effects on Cd behaviors in 
oilseed rape plants. In contrast, Cd content was about 0.1µmol/gDW in plants exposed to GSH in their root 
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zone. Root-applied GSH inhibited Cd translocation from roots to shoots significantly. Glutathione, applied 
to roots, showed no inhibitory effects on Fe, Mn and Zn translocation from roots to shoots. Glutathione, 
oxidized form, (GSSG) have different effects on Cd behaviors when GSSG was applied to nutrient solutions. 
Inhibitory effects of Cd translocation from roots to shoots decreased when GSH in root zone were reduced. 
These inhibitory effects were still seen in plants exposed to 0.1 mM GSH. However, these effects were 
completely lost when plants were exposed to 0.01 mM GSH. These inhibitory effects were dependent on 
the Cd and GSH treatment period. Our experimental results revealed that root-applied dithiothreitol (DTT), 
just as GSH, also had inhibitory effects on Cd translocation from roots to shoots. We succeeded in 
visualizing Cd behaviors in oilseed rape plants by using a PETIS. Inhibition of root-to-shoot translocation 
of Cd was visualized clearly. Imaging data also revealed that Cd efflux from root cells was activated by 
GSH. 

Conclusion 

Our study demonstrated root-applied GSH inhibits Cd translocation from roots to shoots by activating Cd 
efflux from root cells. GSH concentration in roots zone have a significant impact on Cd behaviors in oilseed 
rape plants. GSH, exceeding a certain concentration in the root zone, is required to trigger these inhibitory 
effects in oilseed rape plants. GSH and DTT have different inhibitory effects on Cd translocation. Further 
researches enable us to establish the best application conditions of GSH in root zone for suppressing Cd 
accumulation in agricultural crops. 
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Introduction  

Endoreduplication is an alternative cell cycle mode in which DNA replication takes place without 

intervening mitosis, resulting in endopolyploidy. This process occurs in many organisms and is particularly 

common in plants, playing an important role in plant growth and development. In addition to its regulation 

by developmental stimuli, endoreduplication is also affected by environmental stress conditions including 

UV-B irradiation, drought and cold stress (Scholes and Paige, 2015). In this project, the effect of cadmium 

(Cd) exposure on endoreduplication is investigated in leaves of Arabidopsis thaliana plants, as this metal is 

known to disturb plant growth and development. 

Methods 

Wild-type A. thaliana seeds (Columbia ecotype) were surface-sterilized and cultivated in hydroponics as 

described by Keunen et al. (2011). Eleven days after sowing, plants were exposed to 1, 2.5, 5 or 10 µM 

CdSO4 supplied to the roots or further grown under control conditions. Rosette fresh weight was kinetically 

monitored for 10 days, starting from the day of exposure. In addition, the extent of endoreduplication was 

determined in the third leaf of plants exposed to Cd for 10 days. To this end, nuclei were extracted and 

stained with propidium iodide using the CyStain® PI Absolute P Kit (Sysmex-Partec). Subsequently, the 

nuclear DNA content of at least 5000 nuclei was measured using a FACSCalibur flow cytometer (BD 

Biosciences). Using FCS Express 4 (De Novo Software), the percentage of nuclei corresponding to each 

ploidy level (2C to 32C) was determined. The endoreduplication factor was calculated as follows:  

[ (0 x % 2C) + (1 x % 4C) + (2 x % 8C) + (3 x % 16C) + (4 x % 32C) ] / 100. 

Results  

Results obtained in this study indicate that Cd significantly affects leaf growth and development of A. 

thaliana plants, as demonstrated by concentration-dependent decreases of rosette fresh weight (Fig. 1). 
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Figure 1. Rosette fresh weight (mg) of A. thaliana plants exposed to 0, 1, 2.5, 5 or 10 µM Cd, starting from day 11 
after sowing. Data represent the average ± S.E. of 6 biological replicates. Significance levels at 21 DAS are indicated 
compared to the control (one-way ANOVA; p < 0.05). 

Furthermore, Cd was shown to decrease the extent of endoreduplication in the third leaf of A. thaliana 

plants. As shown in Fig. 2, the percentage of nuclei with 4C or 8C ploidy levels was significantly increased 

in Cd-exposed as compared to control plants. This effect corresponded to significant decreases in the 

percentage of 16C and 32C nuclei, indicating that Cd exposure either delays or inhibits the progression of 

nuclei to higher ploidy levels. In addition, the endoreduplication factor (i.e. the average number of 

endocycles per cell) was significantly decreased in leaves of Cd-exposed plants as compared to the control.  

Figure 2. Nuclear DNA content in the third leaf of 21-days-old A. thaliana plants exposed to 0, 1, 2.5, 5 or 10 µM Cd 
for 10 days. (A) Percentage of nuclei corresponding to each ploidy level. Colors indicate the different ploidy levels 
(2C to 32C). (B) Endoreduplication factor (EF). Data represent the average ± S.E. of 4 biological replicates. 
Significance levels compared to the control are indicated for each ploidy level and the EF (one-way ANOVA; p < 
0.05). 

Conclusion 

Taken together, the results of this study indicate that Cd exposure negatively affects leaf growth and 

development, an effect which is possibly related to Cd-induced decreases in nuclear DNA content. Future 

experiments aim to elucidate the molecular mechanisms underlying the effect of Cd on endoreduplication. 
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Introduction  

Plants are inextricably linked with symbiotic microorganisms that enhance growth and nutrition of plants 

and increase their adaptation to adverse environmental conditions, including contamination of soils with 

heavy metals (HM). In particular, many symbiotic bacteria contain the enzyme ACC deaminase, which 

increases plant resistance to abiotic stresses by reducing biosynthesis of phytohormone ethylene (Glick et 

al., 2007). Legumes most actively form various  symbioses with microorganisms and can play a special role 

to restore fertility of HM-contaminated soils (Safronova et al., 2011). However, application of legumes for 

phytoremediation constrained by low HM tolerance and accumulation. The aim of our research was to create 

symbiotic plant-microbial system, consisting of a legume plant and a complex of symbiotic microorganisms, 

with increased adaptive capacity to restore healthy ecosystems. 

Methods 

The subjects were: the Cd-tolerant/Cd-accumulating pea (Pisum sativum L.) mutant SGECdt (Tsyganov et 

al., 2007), Cd-tolerant Indian mustard (Brassica juncea (L.) Czern.) genotype VIR263 (Belimov et al., 2007) 

and association of specially-selected Cd-tolerant symbiotic microorganisms: arbuscular mycorrhizal fungus 

Glomus sp. 1Fo, ACC deaminase containing nodule bacterium Rhizobium leguminosarum bv. viciae 

RCAM1066 and PGPR Variovorax paradoxus 5C-2. Pot experiments were carried out in a greenhouse with 

natural lighting and temperature in summer (June-August, St. Petersburg). Plants were grown in pots 

containing sod-podzolic light loamy soil fertilized with 15NH4
15NO3 and supplemented with 15 mg Cd/kg 

Abstract Book of the 18th International Conference on Heavy Metals in the Environment, 12 to 15 September 2016, Ghent, Belgium 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

– 621 –



18th International Conference on Heavy Metals in the Environment

‐ 543 - 

as CdCl2. Plant biomass, mycorrhizal structures in roots, nodule number, root colonization by V. paradoxus 

5C-2, N2-fixation by acetylene-reduction assay), total N and 15N content, total Cd and nutrient elements (P, 

K, Mg, S, Ca, Fe, Zn, Mn, Na, Cu, Ni, Cr, Co) contents were determined.  

Results 

In the presence of Cd a better formation and functioning of symbiotic structures (development of 

mycorrhizae, nitrogen-fixing nodules and colonization of roots by V. paradoxus 5C-2) was observed on 

SGECdt as compared to wild type pea. Inoculation of both pea genotypes with the mixture of 

microorganisms increased biomass by 2-3 times and improved assimilation of nutrients along with removal 

of Cd from soil. Biomass and Cd accumulation by SGECdt was about 60% more than the wild type pea. 

Growth response of Indian mustard (which does not form mycorrhizal and rhizobial symbioses) to 

inoculations was not significant and did not affect accumulation of Cd by plants. The proposed symbiotic 

system significantly increases the adaptation of legume plant to toxic Cd, making it comparable in growth 

and phyto-extracting capacity with a known Cd-accumulating plant species Brassica juncea. An additional 

advantage of this system was the enrichment the soil with beneficial microorganisms. 

Conclusion 

The observed effects on growth, mineral nutrition and Cd accumulation by the studied legume-microbe 

symbiotic model were due to a combination of genetic modification of the plant and selection of Cd-tolerant 

and efficient symbiotic microorganisms. The results can be used to develop approaches for creation of 

efficient environmentally friendly, resource- and energy-saving technologies of phytostabilization and 

restoration healthy ecosystems. The financial support by the RFBR (09-04-01614-a and 12-04-01501-а), 

MES RF (16.512.11.2162) and the RSF (14-16-00137) is greatly appreciated. 
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Introduction 

Heavy metal pollution has become a global environmental concern owing to their toxicity even at low 

concentrations. Increasing metal concentrations in the ecosystem arise from a vast array of sources ranging 

from agricultural and household activities to industrial processes. For plants heavy metals like Cu, Zn and 

Ni are essential micronutrients, but are toxic to organisms at high concentrations (Munzuroglu and Geckil, 

2002). When exposed to non-essential heavy metals and metalloids, like Hg, Cd, Pb and As many 

toxicological symptoms manifest in plants in the form of delay in germination, disruption of mitosis, 

inhibition of the enzymatic activity, induction of chlorosis, reduction in rate of photosynthesis and plant 

growth. Although many metals play vital roles in metabolic processes of microorganisms they show 

adaptation under metal stress situation (Beveridge and Doyle, 1989). Several heterotrophic bacteria develop 

the capability to grow even in presence of multiple heavy metals (Sulowicz et al., 2011). This property  of 

metal resistant bacteria offers great potential in bioremediation of environmentally stressed soil heavily 

contaminated with heavy metals. Besides some plant growth-promoting bacteria are in agronomic use as 

substitutes of chemical fertilizers and as agents of environmental cleanup. Plant growth promotion by 

bacteria may be mediated through enhanced production of Indole-3-acetic acid (IAA) and gibberellic acid 

(GA3) (Neeru et al., 2000). The objective of the present study was to isolate and characterize multiple heavy 

metal resistant bacteria and to exploit its potential to promote plant growth and bioremediation of heavy 

metals.  

Methods 

Multiple heavy metal resistant bacteria were isolated from Kalyani Sewage Treatment Plant, West Bengal, 

India. The bacterial isolates were screened on glucose minimal salt agar plates supplemented with heavy 

metal following the standard spread plate technique. Maximum tolerance limit of the screened bacterial 

strain was determined against respective heavy metals. Optimal growth conditions (temperature and pH) 

and biochemical characteristics (like Gram staining, IMViC, amylase, catalase, urease, lipase, gelatin 
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hydrolysis and motility) of the isolate were analyzed (Hemraj et al., 2013). The bacterial sample was 

supplemented with multiple heavy metals (Cd, Co, Cu, Ni and Zn) in a medium to determine the multiple 

heavy metal resistance pattern. IAA (at 1, 2, 5 and 10 mg/L tryptophan concentrations) and GA3 production 

capacity and seed germination enhancement potential (Lentil, Lens culinaris) was estimated. A Pot 

experiment was conducted to examine physiological alterations of lentil in presence/absence of heavy 

metals (AsIII, AsV, Cd, Co, Cr, Cu, Ni and Zn) and with/without bacterial strain. 

Results 

The isolated strain (KUJM) is a Gram-negative, rod shaped, non-spore forming, non-motile bacterium. It 

showed optimum growth at 37°C and pH 7.0 and a broad range of heavy metal resistance. The strain 

exhibited metal tolerance limit up to 8, 18, 7, 3, 2.5 and 14 mM of Cd, Co, Cu, Ni, Cr and Zn, respectively. 

Maximum tolerance was demonstrated against arsenic with 50 mM of AsIII and 800 mM of AsV. When 

supplemented with selected metals in the medium the strain was proved as resistant to five heavy metals 

(2mM of Cd, Co, Cu, Zn and 1mM of Ni). Further it promoted production of GA3 and IAA while the latter 

was observed as a direct function of tryptophan concentration. The organism induced seed germination rate 

(13%). In pot experiment plant growth was promoted in presence of heavy metals when the soil was enriched 

with the organism. 

Conclusion 

The bacterial strain (KUJM) manifested multi-metal tolerance and plant growth promotion potential.  With 

a broad spectrum of heavy metal resistance it showed significantly higher resistance against As-III and As-

V. KUJM induced plant growth promotion modulating IAA production and enhancing seed germination 

rate. Such bacteria can be applied as a promising tool for addressing twin issues of metal contaminated 

waste management and enhancement of agricultural productivity in metal contaminated agricultural field.    
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Introduction  

Inoculation of siderophore-producing bacteria (SPB) has been proposed as a strategy to optimize metal 
phytoextraction (Rajkumar et al., 2010). The localized and continuous production of siderophore in the close 
vicinity of plant roots, where most of the SPB are established, would help in promoting metal 
phytoextraction with minimizing the risk of metal leaching. However, there is a need to dissect how 
siderophores interact with metals at the soil-root interface to better assess the potential of coupling 
phytoextraction with the inoculation of SPB. The present study focuses on desferrioxamine B (DFOB), the 
main siderophore produced by the actinobacteria Streptomyces pilosus. DFOB is characterized by a high 
selectivity for Fe(III) (1031 M-1) but also by a good affinity for divalent metals including Cd(II) (107.9 M-1), 
Cu(II) (1014.1 M-1) and Zn(II) (1011.1 M-1). The purpose of this work was to compare the efficiency of DFOB 
vs. EDTA for the phytoextraction of metals by sunflower. The main goal was to dissect the impact both 
chelators have on the mobility of metals in soil, their speciation in porewater and their accumulation in plant 
shoots, for two cultivars of sunflower. 

Methods 

Two cultivars of sunflower with contrasted pattern of metal repartition (Laporte et al., 2015) were grown 
for 28 days on an agricultural soil (pH 6.7) contaminated in Cu, Cd, Pb and Zn (339, 4.9, 1120 and 602 mg 
kg-1 soil, respectively). Four days after transplanting, DFOB was supplied at the concentration of 200 µmol 
kg-1 soil to mimic bacterial production. The same procedure was performed for EDTA. Porewater was 
extracted every week using Rhizon® soil moisture samplers. At harvest, xylem sap was collected by the 
“root pressure” method before roots and shoots were freeze-dried, weighed and digested in a mix HNO3-
H2O2. The concentrations of metals (Al, Fe, Cd, Cu, Ni, Pb, Zn) in xylem sap and plant tissues were assayed 
by ICP-MS. In porewater, the chemical speciation of Cd, Cu, Pb and Zn was addressed by 
pseudopolarography (Bravin et al., 2012) while the concentrations of DFOB and EDTA were determined 
using Chrome Azurol S reagents. 

Results 

DFOB showed a stronger affinity for soil constituents than EDTA. DFOB supply increased selectively the 
mobility of Fe and Al in soil. Conversely, the supply of EDTA increased the mobility of Fe together with 
that of divalent metals. DPASV measurements highlighted how the presence of EDTA decreased strongly 
the free ionic fraction of metals in porewater, e.g. by 99% for Cd and 94% for Zn (Table 1). DFOB supply 
did not alter the accumulation of metals in sunflower shoots while the supply of EDTA enhanced selectively 
that of Cu and Ni (Figure 1). The promoting effect of EDTA supply towards the phytoextraction of Cu and 
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Ni was more pronounced for the cultivar ES RICA, whose ability to sequestrate metals in roots is known to 
be lower (Laporte et al., 2015).  

Table 1. Total concentrations, chemical speciation and labile concentrations of Cd, Cu, Pb and Zn measured in 
porewater by differential pulse anodic stripping voltammetry (DPASV). 

Metal Total conc. (µM) Chemical speciation (%) Labile conc. (µM) 

Labile Dissociable Inert 

Control Cd  0.12 ±   0.02 100  0  0   0.12   ± 0.02
Cu  2.2  ±  0.3  37    ± 4 18 ±   5 46 ±   8   0.81   ± 0.17
Pb nd nd nd nd nd 
Zn   46      ±  4 100  0  0 46        ± 4 

EDTA Cd  1.08 ±   0.26  1.3 ± 0.6 42 ±   6 56 ±   6   0.012 ± 0.005
Cu 149      ± 15  6.1 ± 1.0 94 ±   1  0   9.1     ± 2.0 
Pb  1.25 ±   0.25  1.8 ± 0.6 51 ± 11 48 ± 10  0.022 ± 0.008
Zn 353      ± 62  4.7 ± 0.6 10 ±   3 86 ±   4 13        ± 8 

Figure 1. Amount of Cu recovered in shoots, in 
the sunflower cultivars ES RICA and Kapllan 
grown for 28 days on a metal contaminated soil 
supplied with DFOB or EDTA. 

Conclusion 

This works provides new insights on the mechanisms by which the supply of chelators (either natural or 
synthetic) may promote the phytoextraction of metals in soil. DFOB seems to exhibit a too strong affinity 
for Fe(III) to complex and thus mobilize divalent metals in soil. The specific increase in the phytoextraction 
of Cu and Ni observed when a low dose of EDTA was supplied is encouraging but raises questions. Further 
works are required to know if this specificity is linked to the kinetics of dissociation of Cu- and Ni-EDTA 
complexes at the root surface. 
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Introduction  

Due to Ashio mining activities (mainly from 1610 to 1973), the Watarase River basin is contaminated by 
copper and other heavy metals (Figure 1). In response to the metal pollution, in 1902, the construction of 
Watarase-yusuichi (Watarase Retarding Basin) was laid a plan in the wetland area (the confluence of three 
rivers, the Watarase, Omoi and Uzuma Rivers; Figure 2). After World War II, Watarase-yusuichi has 
established (construction period: 1963–1998) officially for flood control and has a total area of 
approximately 3,300 ha. During the construction, much of contaminated soils was removed and/or under 
the control. In addition, Watarase-yusuichi, was registered under Ramsar Convention in 2012 (Ramsar Site 
no. 2061). In this study, we aimed to investigate spatio-temporal changes of heavy metal concentrations in 
the Watarase River, and biological responses of Japanese dace, Tribolodon hakonensis, to the metal 
pollution. 

Methods 

Based on water quality monitoring data (1960-2010) published by Ministry of Land, Infrastructure, 
Transport and Tourism, the spatio-temporal change in heavy metals in the Watarase River was modeled 
using generalized additive models (GAM). The river water and Japanese dace (muscle, liver and gonad) 
were sampled from the Watarase River and the Omoi River (a reference river) and the concentrations of 
heavy metals were measured by ICP-MS. Metallothionein (MT) expressions in liver of fish were estimated 
by qRT-PCR.  

Results 

In 1897, Cu concentrations in sediment and water of the Watarase River were reported 2,130-4,630 mg/kg-
sediment and 13.95–22.81 mg/L-water at upper sites, and 200–3,540 mg/kg-sediment and 0.12-0.16 mg/L-
water at lower sites.  The spatio-temporal analysis showed Cu concentrations in river water of the Watarase 
River from 1960 to 2010 decreased to less than one-tenth of those in 1897. Estimated annual mean 
concentrations of total Cu at upper and lower sites were 0.5–2.0 mg/L in 1964 and decreased to 0.02–0.05 
mg/L in 1970s (Figure 3). In 2010, mean Cu concentrations at lower sites were below the USEPA water 
criterion (0.005 mg/L). However, our water samples taken in 2015 showed that the Watarase River had 
higher dissolved concentrations of heavy metals than the Omoi River. In contrast to metal concentrations in 
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water, tissue residue concentrations in liver of Japanese dace collected from the Watarase River were 
significantly lower than those from the Omoi River. 

Conclusion 

Heavy-metal contamination is still present in the Watarase River. Lower metal concentrations in liver of 
dace sampled from the Watarase River and the higher MT expression may be a result of an adaptive strategy 
to the long-term heavy metal contamination. We will present results of the population structure analysis 
using a set of microsatellite markers for Japanese dace. 

Figure 2. Location of the Watarase River and 
Watarase-yusuichi, and the Omoi River. 

Figure 1. Brown colors indicates heavy metal polluted 
areas from the Ashio mining. The polluted area of 
>460 km2 was widely distributed along the Watarase 
River and its downstream rivers (including Tokyo 
area) Reported in 1899. 

Figure 3. Spatio-temporal visualization of Cu concentrations (μg/L) in the Watarase River from 1960 to 2010. 
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Introduction 

Soil magnetometry is a method that is commonly used for fast screening of potential soil pollution with 
heavy metals. However, soil magnetic susceptibility measured in the field is not directly related to the 
concentration of Potentially Toxic Elements (PTE) in soil. Accordingly, field measurements of soil 
magnetic susceptibility need to be validated using chemical measurements. The goal of this study was to 
analyze methods of the geostatistical assessing the risk of soil contamination using soil magnetometry. 

Methods 

The study area of 12 km2 was located in the Upper Silesian Industrial Area, in Poland.  It was placed at the 
north-eastern edge of the Katowice agglomeration, in the direct vicinity of the Katowice steelworks. The 
majority of the study site was occupied by the forested areas with rather sparse network of roads. The 
habituated areas were located mostly at the edges of the study site. In the center of the study site there was 
located a reservoir with the area of about 0.75 km2. 

Soil magnetic susceptibility (κ) was measured using the Bartington MS2 Magnetic Susceptibility System, 
specifically the MS2D loop sensor. At selected location 10 to 15 single readings of soil magnetic 
susceptibility were made in the circle with a radius of 2 m, to obtain the average value, representative for 
the measured point. 

Apart from the field measurements, soil magnetic susceptibility was measured in the laboratory using soil 
cores collected in the field. Soil samples were cut from this part of soil cores that was located between 0 cm 
and 10 cm below the soil surface. Mass specific magnetic susceptibility (χ) was determined using MS2B 
Bartington device. 

Chemical measurements were carried out using sub-samples that were cut from the collected soil cores. In 
particular the top 10 cm of the soil core was used, because it was the maximum penetration depth of the 
MS2D sensor. Soil sub-samples were dried in room temperature, and after that sieved through a 1 mm sieve. 
After the soil samples were digested the BCR sequential extraction procedure was used to determine the 
concentration of PTEs in soil. 

Results 

Spatial distributions of soil magnetic susceptibility measured on the soil surface were calculated using 
ordinary and indicator kriging. The risk of the soil pollution was determined using magnetometric 
measurements and critical levels of soil magnetic susceptibility. These levels of κ were used as an indicator 
values in indicator kriging.  Calculated probability maps make it possible to identify this part of the study 
area that were polluted. Simultaneously it was possible to calculate the spatial distribution of standard error. 
In a result, the advanced geostatistical assessment of potential soil pollution was done. 
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Conclusions 

Results showed that the use of geostatistical methods made it possible to estimate the parameters of spatial 
variability of soil magnetic susceptibility and detect spatial outliers, even in a problematic area. A use of 
indicator methods enabled to calculate series of probability maps that were effectively used to assess the 
potentially polluted area. It was possible even without a knowledge about the exact values of critical levels 
of soil magnetic susceptibility. 

The determined risk of soil pollution was expressed as probability of exceeding the assumed critical levels 
that were used in indicator kriging. This approach allowed to compare spatial distributions of pollution for 
different critical levels of soil magnetic susceptibility. 

Moreover, geostatistical assessment provided the means to calculate the estimation errors, such as kriging 
variance or standard deviation of estimated value of soil magnetic susceptibility. 

The research leading to these results has received funding from the Polish-Norwegian Research 
Programme operated by the National Centre for Research and Development under the Norwegian 
Financial Mechanism 2009-2014 in the frame of Project IMPACT, Contract No Pol-Nor/199338/45/2013. 
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Introduction  

Application of soil magnetometry for study of spatial distribution of pollution in soil organic horizons in urban 

and industrial areas was proposed by many authors (Spiteri et al. 2005, Magiera et al. 2007, Jordanova et al. 

2008; Kapička et al. 2008). The sources of magnetic signal are technogenic magnetic particles (TMPs) 

transported by the wind and deposited on the soil surface. TMPs are mostly ferrimagntic iron oxides with different 

potentially toxic elements (PTEs) adsorbed on their developed specific surface area. The magnetic and chemical 

properties of TMPs are dependent on the pollution sources, but their distribution in soil profile is different for 

forest and arable soils (Magiera et al. 2006).  The aim of this study was to validate the application of soil 

magnetometry on two different areas (forest and agricultural) influenced by different pollution sources (industrial 

and urban deposition as well as dusting from the local Pb-Zn processing wastes).  

Methods 

Studies were carried out in two different scenarios: first performed on forest area affected by urban deposition 

from the city of Dąbrowa Górnicza (from the west) and from a large metallurgical complex “Huta Katowice” 

(from the east); the second one performed on arable land located in Piekary Śląskie, close to a large dump of slag 

remaining after Zn and Pb ore processing. On the both study areas the same measurement procedure was applied. 

As a first step, the surface magnetic susceptibility (κ) measurements using MS2D Bartington loop sensor were 

performed. Spatial distribution of κ values was presented as a map created using Surfer 8 software. On the basis 

of acquired maps the topsoil cores up to 30 cm depth were collected from magnetic “hot spots” and areas with 

medium and low κ values. The vertical distribution of κ in topsoil cores were measured using the MS2C 

Bartington sensor, and the layers with maximum values were selected for geochemical analysis. The content of 

20 elements was determined with ICP-MS after digestion in HNO3. Different set of elements was chosen for 

Pollution Load Index (PLI) calculation in different scenarios. 
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Results 

Values of soil magnetic susceptibility (κ) in forest soils varied from 30 to 400 ×10-5 SI units. In soil profiles, the 

high increase of κ value was observed within uppermost 5 cm of organic horizon. Whereas, on arable land κ 

values were higher but more stable in the whole area within the range of 80 – 250 ×10-5 SI units, with a tendency 

to decrease with increasing distance from the waste heap. In soil profiles, the κ value was high, but stable within 

25 cm of arable layer. In forest area influenced by urban and metallurgical sources, the high correlation 

coefficients between magnetic susceptibility and such elements as Fe, Ni and Cr (0.64, 0.76, 0.70 respectively) 

typical for iron metallurgy and Zn, Pb, Cd and Cu (0.68, 0.57, 0.66, 0.75 respectively) typical for urban sources 

were observed. In agricultural area influenced by non-ferrous waste dusting, very specific elements present in 

Zn-Pb ore wastes exhibit correlations with magnetic susceptibility values (Zn 0.83, Pb 0.96, Cd 0.80, Tl 0.83, As 

0.82, Sn 0.85, Ba 0.94). The correlation between spatial distribution of magnetic susceptibility and PLI values 

were 0.86 for forest area and 0.94 for arable soil. 

Conclusion 

Different pollution sources emit different elements which are transported by TMPs. Therefore the kind of 

pollution source have to be considered in calculation of PLI index. In case of areas influenced by urban source 

and iron metallurgy, the content of Zn, Pb, Cd, Cu and Cr, Ni and Fe have to be the basis of PLI calculation. In 

area influenced by non-ferrous ore processing wastes, the content of Zn, Pb, Cd, Sn, Cu, Tl, Ba As and Se have 

to be taken into account in the PLI calculation. 
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Introduction  

Understanding the mechanism and speciation change of lead and copper is the important procedure for 
tracing the contamination pathway at the contaminated site. Before the pathway analysis, researchers need 
to discriminant the contamination source by analyzing the contaminants’ characterization. Heavy metals 
contamination from the polluted site is generally caused by several mechanisms such as particle movement, 
a water extraction, transformation, and other reaction process. Leaching column tests are fundamental tools 
for predicting the contamination of soil profiles, resulting in groundwater contamination (Beesley, Moreno-
Jiménez, Clemente, Lepp, & Dickinson, 2010; Shafiquzzaman, Azam, Nakajima, & Bari, 2010; Tabelin, 
Hashimoto, Igarashi, & Yoneda, 2014). 

Methods 

The present study investigated the leaching characteristics of Pb and Cu through the soil profile using an 
intermittent column leaching with acid solution (adjusted pH in rain water, pH 3) and fresh rain water (pH 
6.85), which are representing the metal leaching under mimic conditions of acid mine drainage (AMD) and 
surface run off by rain water (RW). Polycarbonate columns (90 cm long with a 1.6 cm internal diameter) 
were used, in which 30 g of Pb and Cu co-contaminated soil (surface layer soil) and 120g non-contaminated 
urban soil (underlying soil) were packed. Underlying soil was divided into four layers and each layer 
contained 30 g of soil. About 1 cm of ceramic wool was placed at the bottom and middle of the each soil 
layers in the columns. Heavy metal contaminated soil was collected from the shooting range located in Yeo-
su, Korea. The initial concentration of Pb and Cu in contaminated soil was 21,500 and 762 mg/kg, 
respectively. The properties of soil samples are shown in Table 1. The leaching solution was injected using 
the metering pump (BT100-1L) to the column down-flow mode (150 μL/min) for 15 min per times, and 
four times in a day, corresponding the flow rate was 9 mL/day and the mean precipitation of 1.9 mm/hr.  

Table 1. The properties of heavy metal contaminated soil and fresh soil. 

Soil 
Pb conc. 
(mg/kg) 

Cu conc. 
(mg/kg) 

pH EC 
Water content

(wt %) 
Organic 

matter (wt %) 
Soil 

taxonomy 
CEC 

(cmolc/kg) 
Shooting 

range 
21,500 762 6.8 191 3.24 12.4 Sandy loam 17.0 

Fresh soil 
(urban site) 

41 32 5.9 68 3.02 6.41 Sandy loam 3.03 

Results 

After 4 month, the leaching efficiency based on Pb and Cu concentration in the surface soil was measured 
to be about 2% and 8%, respectively, and this may be retained in underlying soil. The heavy metal 
concentrations in the underlying soil layers at two and four month columns were shown on Figure 1. 
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Figure 1. Cu and Pb concentrations in the depth soil (15, 30, 45 and 60 cm) (leaching condition, pH 3) 

The fractionation of heavy metals in the surface and depth soils at every leaching event was 
analyzed by using the sequential extraction procedure (Tessier, Campbell, & Bisson, 1979). We 
observed that the all fractions of Pb and Cu were increased in top layer of depth soil with the 
leaching duration, and the change of metals speciation is shown in Figure 2. Specially, 
carbonate/specifically adsorbed (phase-2) and Fe-Mn (hydro)oxides (phase-3) fractions of Pb and 
Cu were dramatically increased with increasing the leaching duration. 

Figure 2. The concentration of Cu and Pb fractions in top layer of depth soil (leaching with pH 3) 

Conclusion 

In summary, it can be concluded that leaching with simulated acid and real rain water can be changed the 
significant portion of the Pb and Cu in contaminated soil (source) and metals can be leached out a significant 
portion which indicating a potential risk for underlying soil and groundwater contamination.. After 4 month 
of down-flow leaching, the leaching efficiency based on Pb and Cu concentration in the surface soil was 
measured to be about 2% and 8%, and this may be retained in top layer of underlying soil. And the pH of 
leaching solution (pH 3.0 and 6.85) had a very small effect on the Pb and Cu leaching.  
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Introduction  

In Flanders (Be), air pollution is monitored primarily through artificial filters that trap polluting particles. 
However, spatial sampling density of these filters is sparse, with just 40 monitoring stations for particulate 
matter (PM) and 12 for heavy metal pollution established in 2015. In addition, many of these monitoring 
stations are planted near so-called hot-spots in urban or industrialised areas. To obtain more spatially 
continuous data, alternative monitoring methods are increasingly implemented (Hofman et al., 2014). As 
pollution sources often emit PM with enhanced magnetism, magnetic measurements of soils and vegetation 
can aid to approximatively assess impact of airborne pollution. Furthermore, because heavy metals tend to 
be incorporated into the crystalline structure of magnetic minerals, the obtained magnetic signals can serve 
as indicators of heavy metal contamination. 

In this study, we assess the potential of pollution mapping by recording top- and subsoil magnetic variations 
alongside magnetic properties of vegetation within the Ghent harbor area. The potential of these approaches 
is evaluated through detailed magnetic and heavy metal analyses to investigate the correlation between the 
magnetic signal and heavy metal contamination within the study area. 

In a following step, soil and vegetation data are compared to evaluate temporal changes in pollution patterns. 
While topsoil magnetism can be interpreted as a long-term record, incorporating recent and past pollution 
impact, vegetation samples offer a finer temporal resolution representing the impact during one growing 
season. Juxtaposing both datasets thus offers potential to evaluate both recent and sub-recent pollution 
impact and assess possible changes in PM emission.  

Methods 

The 90 ha study area is situated in a pinewood near the harbour of Ghent, near a metal working factory. It 
is located on top of a diamagnetic sand, rendering negligible natural magnetic background variation. 

In a first step, topsoil magnetic susceptibility (MS) measurements were made on a dense (25-100 m) 
sampling grid across the study area with a Bartington MS2D-sensor. Meanwhile fern and blackberry leafs 
were sampled at the same locations. The saturated isothermal remanent magnetization (SIRM) of each leaf 
sample was measured using a Molspin magnetometer. Secondly, soil cores were taken at a subset of 27 
sampling locations to evaluate vertical magnetic soil variations. To this end, both standard as well as 
frequency-dependent (χfd%) magnetic susceptibility was measured on retrieved soil cores. Lastly, heavy 
metal analyses, using ICP-OES and ICP-MS, were executed on the subset soil and leaf to correlate heavy 
metal contamination to the observed magnetic variations. 
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Results and discussion 

For both soil and leaf samples high magnetic signals were measured. Topsoil MS, in particular, shows a 
spatial pattern that seems correlated to the position of the metal working factory (‘Sidmar’ on Figure 1). 

Figure 1. Spatial distribution of the soil MS (left), fern leaf SIRM (middle) and blackberry leaf SIRM (right) 

Following Dearing et al. (1996), the anthropogenic origin of magnetic particles was confirmed through the 
χfd% data. In addition, high heavy metal concentrations were found (Table 1), which demonstrated high 
correlations to the obtained magnetic signal.  

Table 1. Average heavy metal concentrations (mg∙kg-1) in soil and vegetation samples. 

Al Fe Mn Zn Cu Pb Cr Ni Cd Co 
soil 1570 22507 180 35 17 106 12 12 1.9 5 
blackberry 119 282 3949 48 9 2 2 2 0.4 0.1 
ferns 243 306 2264 112 9 9 2 3 0.7 0.2 

Vegetation samples display a less straightforward spatial variation (Figure 1). Furthermore, a lower 
correlation was found between the much lower (Table 1) heavy metal concentrations and the obtained 
magnetic signal. This differing pattern could either indicate changing pollution patterns or increased 
complexity of short-term depositional processes in the pinewood. 

Conclusion 

This study confirms the potential of bio- and soil magnetic monitoring in evaluating air pollution impact. 
Within the diamagnetic soil environment, a robust link can be obtained between magnetic variations and 
magnetic PM input, showing the feasibility of deploying this method within larger and similar environments. 
Although results obtained on vegetation samples are harder to interpret, the intense magnetisation of the 
samples indicates strong magnetic contamination. The weaker correlation between heavy metal 
concentration in these samples seems to suggest emission changes following recent interventions in 
pollutant filtering regime in nearby industrial complexes. While this approach needs to be spatially 
extended, and further validation is on-going, the available data corroborate the feasibility of recording and 
understanding spatio-temporal variations in pollution impact through simultaneously monitoring magnetic 
properties of soil and vegetation.  

References 

Dearing, J.A.; Dann, R.J.L.; Hay, K.; Lees, J.A.; Loveland, P.J.; Maher, B.A.; O'Grady, K. (1996). Frequency-
dependent susceptibility measurements of environmental materials. Geophysical J Intl., 124, 228-240. 

Hofman, J.; Lefebvre, W.; Janssen, S.; Nackaerts, R.; Nuyts, S.; Mattheyses, L.; Samson, R. (2014). Increasing the 
spatial resolution of air quality assessments in urban areas: A comparison of biomagnetic monitoring and urban scale 
modelling, Atmos. Environ., 92, 130-140.

Abstract Book of the 18th International Conference on Heavy Metals in the Environment, 12 to 15 September 2016, Ghent, Belgium 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

– 638 –



WEDNESDAY 14th SEPTEMBER

Poster Presentations

S14 - Heavy Metals and Biochar
Interactions





18th International Conference on Heavy Metals in the Environment

‐ 558 - 

VALORISATION OF BY-PRODUCTS AND BIOCHAR TO REDUCE 
ARSENIC AND COPPER MOBILITY IN CONTAMINATED SOILS  

Rebeca Manzano, M. Gambín, E. Esteban, P. Zornoza 

Universidad Autónoma de Madrid, Department of Agricultural Chemistry and Food Science, Madrid, 
Spain 

rebeca.manzano@uam.es 

Keywords: arsenic; copper; amendments; stabilisation; ecotoxicology 

Introduction  

Large amounts of arsenic and metals can be found in the surroundings of the waste piles accumulated during 

historical metal extraction. One of the strategies to remediate those soils is immobilising contaminants 

through the incorporation of industrial by-products and organic matter.  

Methods 

The study site is characterised by the presence of dumping tailings from a former and small arsenopyrite 

smelter located in an area named “El Verdugal” (Madrid, Spain). A composite sample of soil close to the 

waste pile (upper 20 cm) was taken, air-dried and sieved to 4 mm. Several amendments were added to soils 

in 1-L pots: 3% iron-rich cement waste (CEM), 20 % clay-rich material (CL) and 3% de-inking paper 

sludge+ 3% holm oak-biochar + 1% FeSO4 (PBF). After 9 weeks, a part of soil was kept wet to perform 

ecotoxicological tests: dehydrogenase activity (Tabatabai, 1994), Vibrio fischeri’s luminescence (ISO 

11348-2, 1998) and screening test for Phaseolus vulgaris emergence (ISO 17126, 2005); another part was 

air-dried to analyse As and Cu (acid digestion and 0.1 M (NH4)2SO4-extractable concentration) by 

fluorescence spectroscopy and atomic absorption spectroscopy respectively. 

Results 

Total As and Cu concentration were 252±12 and 459±7 mg·kg-1 respectively, higher than the reference 

values (24 and 80 mg·kg-1 of As and Cu respectively for Spanish legislation). All the materials have an 

alkaline pH (cement waste 8.12±0.06, paper sludge 7.63±0.03, biochar 10±0.01 and clay 8.26±0.06). Their 

effect was reflected in the evolution of soil pH over time. PBF was the only treatment that efficiently 

diminished As extractability. Increasing pH reduced the positive charge of minerals and arsenate becomes 

more negatively charged, so CEM and CL promoted a high concentration of extractable arsenic. In PBF, 

FeSO4 provided the formation of new iron mineral phases and paper sludge buffered the acidity that FeSO4 

could have triggered when applied singly. In the literature, biochar was found to mobilise arsenic (Beesley 

et al., 2011), but  its use in this experiment responds to the necessity of providing organic matter to the soil 
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and acted in combination with paper sludge as liming agent. Cu extractability was reduced in every 

treatment. Both dehydrogenase activity and V. fischeri luminescence identified PBF as the best treatment for this type 

of multi-contaminated soil. A great variability in % of seed emergence did not provide a clear response for soil toxicity. 

Figure 1. pH, As and Cu extractable concentration at the beginning and at the end of the experiment. Different 
letters indicate significant differences among treatments (p<0.05). 

Figure 2. Ecotoxicological parameters at the end of the experiment. Different letters indicate significant differences 
among treatments (p<0.05). 

Conclusion 

The treatment combining paper sludge, biochar and FeSO4 reduced simultaneously As and Cu extractability 

and can potentially create favourable conditions to the organisms present in the soil or affected by soil 

lixiviates. 
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Introduction  

In the Campine region in Flanders, one hundred years of non-ferric metal smelting activities caused 
Cadmium and Zinc concentrations to reach problematic levels. Crops, especially species such as Spinacia 
oleracea, grown in this region will exceed the European food and feed standards. Heavy metal contamination 
poses serious problems to ecosystems and human health. Exposure to Cd causes toxicological effects to the 
kidneys, liver, lungs, immune and reproductive systems. This element is also listed as human carcinogenic 
by the International Agency for Research on Cancer. 

Methods 

Biochar derived from holm oak, pyrolysed at 650°C was studied to immobilize the heavy metals. 
Modifications with KOH, chitosan and potassium permanganate were compared with the untreated biochar. 
First, shaking tests were conducted to evaluate the effect of the modifications on the sorption of solutions 
spiked with 20 mg/L Cd, As, Zn and Pb. Secondly, the immobilization capacity of the biochars on soil 
extracts was investigated.  

Results 

In figure 1 the percentage is plotted for the adsorbed metals (removal efficiency) from 20 mg/L-spiked-
water solution. This was repeated for all metals. The following code was used to indicate the different kinds 
of biochar used: UBC: untreated biochar, ABC2M: KOH 2M treated biochar, MBC: MnO treated biochar 
and CBC3mm: chitosan modified biochar with 3 mm particle size. 
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Figure 1. Removal efficienty (%) for different elements for different biochars 

Conlcusion 

Results show that the all biochars (even the not-modified char) removed more than 92% of the Cd, Zn and 
Pb, except the chitosan modified biochar removed 87% of the Pb. The biochars had less affinity with As. 
Only the KMnO4 modified biochar managed to remove 45%, which is five times more than the other 
biochars. Furthermore, it was observed that particle size of the biochar has important repercussions on the 
sorption characteristics. The removal can increase 40% when material of smaller particle size is used. 
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Introduction  

The industrial era has led to a great and wide metal(loid)s-pollution. This pollution is hazardous to the 

environment and for the public health. The rehabilitation of those sites is therefore a priority. For a long 

time, conventional techniques have been used to remedy some of these soils; however these proceedings  

are expensive, for this reason phytoremediation techniques are now of interest, especially phytostabilization 

using plants having a high biomass production. Salicaceae, willows and poplars, have a high biomass 

production and a metal(loid)s tolerance by the confinement of metal(loid)s in their roots, which make them 

potentially good phytostabilizators (Punshon and Dickinson, 1999). Moreover, phytostabilization can be 

enhanced by the application of amendments into the soil (Anawar et al., 2015). These amendments will 

improve soil characteristics, hence plant development and the metal(loid)s stabilization in the soil. The goals 

of our study were (i) to investigate the effects of 2 different amendments, topsoil and biochar alone and 

mixed and (ii) to assess the tolerance of three willow species, Salix viminalis, Salix alba and Salix purpurea. 

Methods  

The study was undertaken in a mesocosm using the soil from a former mine extraction site located at 

Pontgibaud (France). This site presents no vegetation cover and is mainly contaminated by high 

concentrations of lead (11453 mg.kg-1) and arsenic (539 mg.kg-1). This mine technosol was amended by two 

organic amendments, alone or combined: topsoil (50%) and biochar (0%, 2% or 5%). For each treatment, 

18 replicates were prepared and each one was vegetalized by one willow cutting. Soil pore water was 
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collected using soil moisture samplers (RhizonTM). Electrical conductivity (EC), pH and dissolved organic 

carbon (DOC) of the SPW were determined, as well as the metal(loid)s (As, Pb) by ICP-AES. Cuttings were 

grown for 63 days. Plant height was measured weekly. At the end of the growth period, all formed organs 

(leaves, stems, roots) were collected separately and dried to measure the dry weight. Metal(loid)s 

concentrations in the different organs were measured by ICP-AES. 

Results 

SPW characteristics (pH, EC, DOC, metal(loid)s concentration), Salix biomass and metal(loid)s plant 

repartition were determined. The results indicate that the organic amendments help to stabilize Pb. They 

also led to a better plant growth. Metal pollutants were found mainly into the roots system and were weakly 

translocate to the aerial parts.  

Conclusion 

We identified which one of the three willow species, combined with an amendment, was the most suitable 

tool to remediate this polluted site.  
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Introduction  

Wanshan Hg mining area is the third reserve and production of Hg in the world. A history of about 
3000 years of Hg mining activities has been experienced in Wanshan Hg mining area. Although large-scale 
state owned Hg mining activities were completely shut down in 2004, Hg pollutions are still serious in local 
environments. The concentrations of total mercury (THg) ranged 0.10 - 790 mg kg-1 in soil (Qiu etal., 2008), 
2.91-12,000 ng L-1 in surface water (Zhang et al., 2010b), 17.8-1101.8 ng m-3 in ambient air and with the 
Hg emission flux of 162 - 27827 ng m-2 h-1 from soil to the air (Wang etal., 2007). Hg in ambient air can be 
scavenged via wet and dry deposition. More than 90% of the continental deposition of Hg occurs on soils, 
then this part of Hg will be transported to aquatic environments through soil erosion, surface runoff and 
lixiviation of deeper soil horizons. Researching on the sources and sinks of Hg could help us to understand 
the cycling of Hg among atmosphere, soil and aquatic systems. Seriously polluted part of Hg pollution in 
ecosystem will be confirmed.  

Methods 

Sampling of precipitation and throughfall for a full year (May 2010 to May 2011) were conducted on 
a weekly basis at three sites (Shenchong, Dashuixi, and Supeng) to calculate Hg deposition fluxes. Besides, 
we sampled 14 typical soil profiles to analyze the spatial and vertical distributions of Hg in soil in the study 
area. And then, revised universal soil loss equation (RUSLE) and geographic information system (GIS) 
methods were applied to calculate soil and Hg erosion and to classify soil erosion intensity.    

Results 

The mass balance of Hg in a catchment of Wanshan Hg mining area is in Figure 1. Our work indicated 
there were 1526 tons THg in soil, and 1282 tons of them were induced by human activities. It’s remarkable 
that most of Hg in soil belonged to farmland (1300 tons), and the Hg induced by human activities was up to 
1227 tons. Hg surface erosion load was predicted to be 505 kg yr-1 and the corresponding mean migration 
flux of Hg was estimated to be 3.02 kg km-2 yr-1. There were different erosion load in different land 
uses(meadow soil > dryland > bare soil > forest soil > paddy soil). With the increase of slope, greater erosive 
power was considered to cause stronger Hg migration capability. When the slopes exceed 50°, the Hg load 
induced by soil erosion was up to 502.7 kg yr-1. In the study region, the annual wet and dry deposition of 
Hg0 could be up to 21.6 and 167.5 kg respectively. Dry deposition played a dominant role in total 
atmospheric Hg deposition in Wanshan Hg mining area since the dry deposition fluxes were 10.4-37.9 times 
higher than the wet deposition fluxes during the whole sample period. Based on HEC-HMS and WASP, 
10.28 kg of Hg were released to water from mine wastes. And 6.88 kg of Hg will deposit to river bed every 
year in two rivers, and the total discharge of Hg in river were 3.4 kg yr-1. 
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Figure 1. Mass balance of Hg in a catchment of Wanshan 

Conclusion 

Soil was both the potential source and sink of Hg in the cycling of Hg. Especially, farmland was the 
most seriously accumulated Hg comparing to other details of ecosystem, whereas, it had no capability of 
self-purification. As one of the basic qualities for human existence, farmland, which was suffering such 
heavily Hg contamination, caused environment contamination even worse. Moreover, mine waste was the 
proximate source for most Hg in aquatic systems, especially for downstream rivers. 
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Introduction  

The exploitation and utilization of mineral resources has changed the material cycle and energy flow in the 
ecosystem of mining area, caused serious ecological pollution and environmental damage (Liu, 2006; Liu, 
2009). Among them, the heavy metal pollution in mining area is one of the most serious problems (Bian, 
2001; Shen et al., 2013; Ministry of Environmental Protection, 2013). Soil heavy metal pollution is 
concealed, long-term and irreversible (Shi et al., 2010), and it is difficult to be decomposed by 
microorganisms (Wang et al., 2006). Therefore, heavy metals are easy to accumulate in the soil 
environment, which results in the soil structure damaged and the soil quality declined. In addition, the heavy 
metals in soil environment can pollute agricultural products and threat human health indirectly through the 
contact, food chain and other means (Yang et al., 2006; Li et al., 2006; Zhang et al., 1996; Wang et al., 
2005). Thus, more and more attention has been paid to the heavy metal pollution and the safety of the 
growing crops in mining area, and the researches on the heavy metals’ migration and distribution in soil and 
crops have become a hot spot of the domestic and foreign scholars (Dong et al., 2011; Querol et al., 2011; 
Clark et al., 2001; Maas et al., 2010; Imperato et al., 2003; Peter et al., 2010). 

The paper designed and implemented the migration simulation experiment of the heavy metals Cr (heavy 
pollution), Pb (moderate pollution), Zn (mild pollution) in soil-wheat system in the field of natural condition. 
Based on the detection of heavy metals’ content in soil and wheat by using system sampling and laboratory 
traditional chemical methods, the migration and distribution characteristics of heavy metals in soil and wheat 
were analyzed, and the migration model of heavy metals in soil-wheat system was established to explore 
the migration law of heavy metals in soil-wheat system. The preliminary analysis results show that (1) the 
contents of heavy metal Cr, Pb and Zn in adding experimental sites are slightly higher than the control site, 
which explains that the three kinds heavy metals in the soil-wheat system have migration phenomenon, but 
the migration degrees are small; (2) compared with Cr and Zn, the migration of Pb in soil-wheat system is 
obvious. The research can provide data and theoretical basis for promoting the improvement of soil 
environmental quality and food safety regulation in mining area. 

Methods 

(1) Experimental process 

The experiment was divided into four groups, the first group was the control group, and the second to fourth 
group were the experimental group. The specific steps of experiment contain site selection and sample 
layout, organic glass column buried and heavy metal added, wheat planting in the control site and organic 
glass columns. 
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(2) Sample collection, preparation and detection 

The wheat samples and the corresponding surface soil samples from the control site and the organic glass 
column were collected. The soil samples were dried, grinded, cooked and constant volume to make as the 
soil sample liquid; the wheat samples were dried, shelled, crushed, cooked and constant volume to make as 
the wheat sample liquid. The contents of heavy metals Cr, Pb and Zn in soil samples and wheat samples 
were detected by Inductively Coupled Plasma Mass Spectrometry (ICP-MS). 

Results 

According to analyzing the content of heavy metals in soil samples and wheat samples from the field 
experimental sites, the results show that, in the low limit value of the heavy metal adding experiment, the 
contents of heavy metal Cr, Pb and Zn in adding experimental sites are slightly higher than the control site, 
which explains that the three kinds heavy metals in the soil-wheat system have migration phenomenon, but 
the migration degrees are small; compared with Cr and Zn, the migration of Pb in soil-wheat system is 
obvious. 
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Introduction 

The level of lead (Pb) contamination in the urban municipality of Santo Amaro, in the State of Bahia, Brazil, 
is believed to be the highest in the world. As a result it is observed deleterious effects on human health, as 
indicated by the incidence of diseases on the population and damage to the environment including on the 
Subaé river basin and its estuary. In 1960 it was built in Santo Amaro a mining-metallurgy complex for lead 
(Pb) alloy production. This industry polluted the atmosphere, left an environmental liability of about 
500,000 Mg of slag (21 % Cd and up to 3 % Pb) and also allowed tailing flow to Subaé River. This study 
evaluated the trace metals content in mangrove soil profiles in the basin of Subaé.  

Methods  

The study was carried out in mangroves located in the Subaé River basin, Bahia, Brazil, in the municipalities 
of Santo Amaro and São Francisco do Conde. The plant species found in the study area were: Rhizophora 
mangle (red mangrove, RM), Laguncularia racemosa (white mangrove, WM), and Avicennia schaueriana 
(black mangrove, MP). Five pedons, P1, P2, P3, P4 and P5 representatives of the fluvial lowland of the 
Subaé River in higher areas and the pedon and two pedons, P6 and P7, representatives of the lower areas, 
closer to the sea were described. The P2 is the closest from the former Plumbum Mining. Soil samples were 
collected from the horizon and layeres from the profiles, samples were collected processed and subsequently 
extracted by the method 3050B (USEPA, 1996) and analyzed for Pb, Cd, Mn, Zn, and Fe using an atomic 
absorption spectrophotometer (AAS Varian AA 220 FS).  

Results 

Among the pedons studied, P1 had the highest contamination. The Pb concentration in all layers was above 
the prevention threshold established by Conama (2013). The lead concentrations in 4 Abgn horizon of P3 
also exceeded the prevention threshold. The Pb concentrations in 4 Crgnj (P4) were an exception, for being 
below the background. In contrast, Pb concentration in 2 Abgn (P1), 111.3 mg kg-1, was very close to the 
PEL value (112 mg kg-1 Pb). The Pb concentrations registered in P1 are a matter of concern, because the 
pedon is located in an area frequently used by the riparian population to collect shellfish for consumption 
and marketing.  
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Cadmium values in some horizons of pedons under fluvial influence, P1 (2 Abgn), P2 (4 Abgn), P3 (4 Abgn) 
and P5 (3 Abgn), were equal to or higher than the prevention values established by Conama (2013). 
Cadmium concentrations in the two pedons under marine influence (P6 and P7) were below the prevention 
values. Only the Cd concentrations in 5 Abgn (P2), Crgnj (P4), and Agn (P5) were equal to or lower than 
the established background values (NOAA, 1999). The other layers or horizons showed Cd concentrations 
above the TEL limits and the Abgn layer (P2) showed a Cd concentration level that may cause adverse 
effects to the biota, i.e. a value above PEL. Highest Cd concentrations in pedons under fluvial influence 
may be associated with external waste disposal, such as contamination by waste disposed during lead 
mining, in the municipality of Santo Amaro, or, by urban and industrial activities, as in the Godavari 
Estuary, India (Ray et al., 2006).  
The Zn concentrations in the pedons represent no risk for the biota, with values below the prevention values 
established by Conama (2013) and the TEL values established by NOAA (1999). In all P4 layers, the pedon 
least affected by trace metals, the concentrations were lower than the background values.  
The Mn concentrations in pedons under fluvial influence ranged from 39.5 (2 Abgnj of P4) to 240.1 mg kg-

1 (4 Abgn of P5), which are values below the background established by NOAA (1999).  
Iron concentrations ranged from 0.7 (2 Abgnj of P4) to 5.2 dag kg-1 (2 Abgn of P1). In all pedons under 
study, either of fluvial or marine origin, Fe concentration was above the background threshold values 
established by NOAA (1999), except for Agn and 2 Abgn (P2) and Agn (P3) layers and all P4 layers, which 
were below the background concentration.  

Conclusion  

The trace metal concentration of Pedons formed under marine influence was lower than pedons under fluvial 
influence. None of the pedons formed under marine influence showed Pb concentration close to the 
prevention values established by Conama. All layers and horizons of pedons formed under fluvial influence 
contained between 1 and 3.5 times higher Pb concentrations than the TEL value. Cadmium concentrations 
were lower than the threshold value established as background. Manganese values in the soils from marine 
origin were higher than those in pedons formed under fluvial influence. All pedons in the soils under study 
had concentrations of, at least, one trace metal (Mn, Zn, Pb, Fe, and Cd) above the preventive threshold 
(TEL), except for pedon P7.  
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Introduction 

Road-deposited sediment (RDS) often contains elevated heavy metals with are commonly at least an order 
of magnitude higher than those in neighboring solid (Zhang et al. 2015). In terms of stormwater best 
management practices, RDS and its adsorbed heavy metals have been regarded as a leading contributor to 
the stormwater non-point pollution. It has been reported that during the wet weather period, rainfall leaches 
and flushes the RDS on urban watershed. Certain content of the RDS adsorbed metals dissolved in runoff 
as free or complexed species (Zhang et al. 2016). Therefore, to better understand the potential desorption 
behaviors of metals, it is essential to study the adsorption kinetic and isotherm of metals on RDS.  

Consequently, this study intents to provide an in-depth understanding on the adsorption properties of heavy 
metals on RDS for a stormwater pollution aspect. The adsorption kinetic and isotherm of Cu, Zn, Ni, and 
Cd on RDS were systematically investigated.  

Materials and methods 

Sample collection 

The RDS samples were collected from an asphalt traffic road (St. Petersburger Str., average daily traffic: 
12600 vehicle/day, % of heavy traffic: 3–4) in the city centre of Dresden (51°02′55″ N, 13°44′29″ E), located 
in the state of Saxony, Germany. The sampling site was selected due to the elevated RDS adsorbed pollutants 
levels according to the previous study (Zhang et al. 2015). 

Adsorption experiment 

Kinetic studies were carried out to determine the adsorption dynamics of heavy metals onto RDS by a batch 
method. 20 mL solution was collected after the stirring time of 1 min, 3 min, 10 min, 30 min, 1 h, 5.5 h, 8 
h, 24 h, and 30 h. The adsorption isotherm experiments were conducted at the Cu, Zn, Ni, and Cd initial 
concentration of 1, 5, 10, 20, 30, 50, 100, and 200 mg∙L-1. 0.5 g (dry mass) of RDS with 25 mL 0.01M 
NaNO3 solutions were stirred with an Orbital Shaker at 125 rpm for 8 h, and then kept still for 22 h at a 
constant room temperature. The collected solutions were filtered through a 0.2 µm cellulose nitrate 
membrane filter. The filtrates were analysed for the dissolved heavy metal concentration. Cu, Zn, Ni, and 
Cd dissolved in the filtrates were determined following the German Norm DIN 38406-7 (E7) and DIN 
38406-8 (E8) by an atomic absorption spectrophotometer (Varian, SpectrAA 220 Fast Sequential AAS-220 
Z). 

Adsorption kinetic and isotherm 

Pseudo-first-order and Pseudo-second-order equations as shown in Eq. 1 and 2 in Full Paper were applied 
for the kinetic analysis of adsorption. Langmuir, Freundlich and Temkin isotherms were adopted to 
describe the experimental data, which can be expressed respectively as Eq. 3, 4 and 5 in Full Paper. 
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Results and discussion 

Adsorption kinetics  

Results of kinetic experiments are show in Fig. 1 in Full Paper, the adsorption amounts increased 
remarkably in the first 30 min for all the metals, which accounted for about 95% Cu, 85% Zn, 75% Ni, and 
90% Cd of the total amounts adsorbed after 30 h. The adsorption rate decreased gradually until adsorption 
equilibrium was obtained. The initial sorption rate has an order of Cd > Cu > Zn > Ni. The calculated R2 
indicates that the pseudo-second-order equations is more successful to fit the adsorption process of Cu, Zn, 
Ni, and Cd. This suggests that the chemisorption of these four metals was a rate-controlling step. The pH 
value decreased observably within the first 3 mins, then decreased slowly and increased extremely slowly 
later until the equilibrium. It could be due to the protons dissociated from –OH2 and –OH groups by 
exchanging with metal cations in the solution or result from the forming complexes on the surface.  

Adsorption isotherms 

In terms of the adsorption isotherm, the adsorption amounts of Cu, Zn, Ni, and Cd increased almost linearly 
at a low equilibrium concentration range and tend to flat at a high equilibrium concentration range. Both of 
the Langmuir and Freundlich isotherms described well for Zn, Ni, and Cd. The good fitness with Langmuir 
model indicated that monolayer chemisorption was the main mechanism in the adsorption procedure. 
However, the good fitness with Freundlich isotherm showed that the binding energy for each site is not 
identical. Therefore, other adsorption mechanism such like electrostatic adsorption and/or Van der Waals 
force concurrence besides chemisorption. The Langmuir isotherm was superior to Freundlich isotherm for 
matching the adsorption process of Cu. Furthermore, the values of 1/n for four heavy metals in Freundlich 
isotherm were fell in the range of 0.1 - 0.5 which indicates that the adsorbate was easily adsorbed by 
adsorbent. 

Conclusion 

Bath adsorption experiments was applied to study the adsorption characteristics of Cu, Zn, Ni, and Cd onto 
road-deposited sediment (RDS). Results show that RDS has a great efficiency to absorb heavy metal within 
a short time. The adsorption data were fitted well by the pseudo-second-order model for four metals, 
indicating chemisorption was predominant in the adsorption process. Cu has a greater affinity with RDS 
than other three metals, and Cd has the highest initial sorption rate.  
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Introduction  

Arsenic is commonly present in sulfide bearing ore bodies in addition of weathered volcanic and marine 
sedimentary rocks, and fossil fuels.  When the worthy heavy metals, such as gold, copper, zinc, are 
processed, tailing and waste rock, which contain reduced arsenical sulfides such as arsenopyrite, orpiment 
and realgar, are liberated.  Anthropologenic activity, including drainage from mining and tailing wastes, 
contributes to the arsenic pollution in aquatic and terrestrial environments.  It is well-known that arsenic is 
removed by co-precipitation with iron (Daus and Wennrich, 1998).  

There are two rivers impacted by the same arsenic contaminated source of acid mine drainage in southern 
part of Hokkaido.  It was observed that in both rivers the concentrations of arsenic decreased along the 
streams, however, they have some contrast features:  that is, one is more turbid with the slower rate of 
reduction of arsenic concentration, another one is clearer with the faster rate of reduction of arsenic 
concentration.  It is not clear whether suspended particulate matters (SPM) is the source to desorb heavy 
metals or plays an important role to remediate (Acterberg et al., 2003). In the present work, the process of 
natural attenuation with each other was compared and the role of suspended particulate matters in the river 
in removal of arsenic was examined. 

Site description 

The present study site is Amemasu and Shojin basin, which is located in 2-6 km east of Ohnuma Lake in 
the southern Hokkaido, Japan.  Amemasu river has a portal of Chugiriko from Old Shojingawa-mine 
drainage between A-8 and A-9, and Shojin river has a portal of Ichiuko and Sanko from the same mine 
drainage between S-6 and S-7.  Shojingawa mine, which had production of sulfur in those days, has been 
abandoned several decade years ago.  Water chemistry at several points in two rivers was characterized by 
HG-AAS for As, ICP-OES for other heavy metals and ion chromatography for major cations and anions 
(Table 1) as well as pH and Eh vs NHE to provide for geochemical calculation by MINTEQA2.  The results 
revealed that both water chemistry was saturated for hematite, goethite and lepidocrocite though the whole 
streams.  Though both are impacted by acid mine drainages containing arsenic, natural remediation was 
observed in Shojin river more effectively than in Amemasu river.  Two rivers are merged into the junction 
after A-1 and S-1 in Fig. 1.  The arsenic concentration at A-1 is 3 ppm, which is beyond the maximum 
contaminated limit (MCL), a diluted by mixing with Shojin river to be less than MCL of arsenic at the 
junction of two rivers. Although the turbidity of upstream was higher in Amemasu river, suspended 
particulate matters (SPM) decreased with along both of the streams. It is important to elucidate mechanism 
of decay of natural attenuation of arsenic in Amemasu river. 
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Characterization of suspended 
particulate matters (SPM) 

SPM was collected from A-1 in 
Amemasu river, where the highest SPM 
was observed, and sieved in several 
fractions using sieving mesh filters.  Each 
fractions were provided for 8 steps of 
sequential extraction (Keon et al., 2001) 
and XRF analysis. The finest fraction 
(0.65-50 m) of SPM included the highest 
concentrations of As, Fe and Zn, while Al 
concentrations were similar among all 
particle size fractions and Si concentrations 
were higher in larger particle size fractions. 
According to the sequential extraction of 
SPM, As species were distributed in the 
order of silicate bounded, ion-
exchangeable, and iron bounded type.  
Based on the chemical stability, poorly 
crystalline Fe minerals were the most 
important form to immobilize arsenate.  

Table 1  Water chemistry and SPM in Amemasu and Shojin rivers 

n.d.  not detected. 
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A-1 A-3 A-7 A-8 A-9 S-1 S-4 S-6 S-7 

Temp/ºC 8.9 9.1 10.3 8.3 8.7 10.7 10.2 9.3 7.3 
pH 3.49 3.10 3.04 2.92 2.70 3.35 3.06 3.10 2.60 
Eh/ mV 709 755 756 799 701 712 765 743 731 

As3+/ ppm n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
As5+/ ppm 3.45 6.58  15.85 16.00 22.90 0.006 0.027 0.063 0.715 
Ca2+/ ppm 9.17 9.59 10.75 18.16 15.47 11.56 9.29 5.86 6.59 
Fe2+/ ppm 3.833 1.021 1.366 14.612 29.904 1.538 2.793 5.217 7.942 
Fe3+/ ppm n.d. 5.554 14.484 1.388 n.d. 2.137 4.407 3.533 0.408 
K+/ ppm 1.39 1.34 1.38 1.36 2.21 1.29 1.24 1.3 2.07 
Mg2+/ ppm 2.24 1.91 1.96 2 2.41 3.09 2.49 1.76 2.66 
Na+/ ppm 6.51 6.13 5.83 5.93 6.99 6.5 5.6 5.13 6.01 
SO4

2-/ ppm 77.15 18.65 138.55 174.95 236.2 88.05 133.3 113.85 268.45 
Cl-/ ppm 6.3 1.06 5.1 5.4 6.1 0.5 4.45 4.2 4.75 
SPM/ g m-3 4.7 2.4 3.3 0.2 n.d. 1.8 1.9 n.d. n.d. 

Fig. 1  Study area around Shojingawa mines in Hokkaido.
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Introduction 

Colum leaching test is common tool to investigate amount of HMs leached from soils under leaching 
solutions. In this research, column leaching was conducted to evaluate change in total Pb concentration as 
well as in fractions of mine soil (upper soil) and fresh soil (underlying soil) under affecting of two leaching 
solution in two months and four months in laboratory. 

Materials and Methods 

This research was carried out on soil collected from Da-duk (DD) abandoned mine area in Jeollanamdo, 
Korea which was heavily contaminated with Pb. Two leaching solutions were used in this research including 
natural rain water (RW, pH6) and modified rain water (pH3 adjusted using HNO3 as acid mine drainage 
(AMD)). 

A PVC column (1 cm internal diameter and 90 cm height) was divided into 6 parts and the cellulose filters 
(0.2 cm layer) were inserted between parts as well as the bottom of the columns. The upper first part was an 
empty part. The next part was putted air-dried contaminated soil. Other last four parts were the same, filled 
with fresh soil (Fig. 1). Two the similar column series were made to work with two leaching solutions (AMD 
and RW). Leaching solutions were pumped into columns by peristaltic pumps set to flow at 9 mL/h and run 
4 times/day with 15 min/time. This installation stimulated the rainfall situation in the southeast of Korea 
(Fig. 2). After 2 and 4 months leaching, soils were collected again and then air-dried to reach constant 
weight before doing the next analyses. 

Figure 1. Structure of a column  Figure 2. Column leaching system installation  
Pb concentrations in total and fractions (five fractions followed Tessier et al (1979) procedure) were 
determined using inductivity couple plasma optical emission spectrometry (ICP-OES).  
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Concentrations of Pb decreased significantly 
after 2 and 4 months leaching. Leaching amount 
of Pb from mine soil in AMD (pH3) condition 
was greater than that for RW (pH6) condition 
(Fig. 3) as expected. 
In fractions, concentration of Pb decreased in all 
fractions under AMD (pH3) leaching condition 
after 4 months experiment, indicating that Pb 
bound to fractions was leached out by AMD. In 
RW condition, amount of Pb in F1 
(Exchangeable),  

 
Figure 3. Amount of Pb leaching after 2 and 4 

month from mine tailing with two leaching solution. 

F2 (Bound to carbonate), F3 (Bound to Fe-Mn oxides), and F5 (Residual) decreased, but increase in F4 
(Bound to organic matter) (Fig. 4). Zhang et al (2010) suggested that some heavy metals fractions were 
destabilized and re-absorbed on the organic matter. That may be the reason why concentration in F4 
increased. 

Figure 4. Change of chemical speciation of Pb in mine soil under AMD and RW leaching. 

Figure 5. Cu and Pb concentrations in the depth 
soils under AMD leaching condition, pH 3. 

Figure 6. Heavy metals concentration in the depth 
soils under RW leaching condition, pH 6. 

Concentration of Pb in fresh soil increased sharply in both of AMD and RW conditions after 2 and 4 months 
leaching experiment (Fig. 5 and Fig. 6), indicating that fresh soil captured amount of Pb leached out from 
top contaminated soil. 

Conclusion 

Concentrations of Pb decreased significantly after 2 and 4 months leaching in both of AMD and RW 
conditions. Pb bound to fractions decreased after 4 months, except for F4 in RW condition. In fresh soil, Pb 
concentration increased sharply in both of AMD and RW conditions after 2 and 4 months experiment. 
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Introduction  

Lead ranks second among the most hazardous metals in the Priority List of the US Environmental Protection 

Agency (ATSDR, 2011). Battery recycling facilities are significant sources of Pb contaminating soils and 

posing serious risks to human health and the environment (de Araújo and do Nascimento, 2010). Soil 

remediation by conventional physicochemical technologies is often expensive and not eco-sustainable, 

while phytoremediation is a cost-effective and eco-friendly technique, particularly proper for reducing risks 

of large-scale contaminated sites. However, before implementing a phytoremediation plant, it is crucial to 

characterize the soil of the contaminated site by an integrated approach, assessing, beside the spatial 

variability of the contamination, the bioavailability, bioaccessibility, and the geochemical forms of the 

contaminants in the soil.  

Methods 

The study was carried out in a 33,000 m2 site inside an automobile-battery recycling facility in S Italy. In 

order to assess the spatial variability of soil contamination in the site, preliminary geophysical surveys were 

carried out along with field punctual measurements of element contents in soil by an Handheld X-ray 

fluorescence analyzer. Contextually, two soil layers (0-10 and 10-40 cm) were collected from 120 

georeferenced points according to a sampling grid of 20 x 20 m.  

The total content of Pb and other potentially toxic elements (e.g. As, Cd, Cu, Sb) in 2-mm sieved soil 

samples was determined by aqua regia digestion and ICP-MS. In ten selected soil samples, readily and 

potentially bioavailable fractions of toxic elements were determined by the selective extracting procedures 

1M NH4NO3 (DIN 19730, 1997) and 0.05M EDTA (Rauret et al., 2001). The BCR sequential extractions 

were also performed on the selected samples, to assess the partitioning of the elements among the soil 

components. Standard reference materials ERMCC141, BCR700 and BCR701 were used to check the 

quality of soil analyses, with element recoveries around ±10% of the certified values.        

Results  

Proximal sensing survey showed a complex soil spatial variability, as observed by the experimental 

variogram. The combination of geophysical covariates and XRF field analysis enabled to efficiently 

differentiate different areas with varying degree of potential contamination. Such geospatial differentiation 
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has been the basis for all other research activities and soil sampling which was limited to the soil surface 

layer (0-40 cm). Briefly, the soil was sandy loam, moderately alkaline (pH≈8.0), with medium-low organic 

matter content. A widespread soil compaction interested the all site. Aqua regia extraction highlighted a 

wide and important contamination by Pb, associated with Cd, Sb, As, and in scattered areas with Cu. 

Generally, the level of contamination in the 0-10 cm layer was higher than in 10-40 cm layer. Lead 

contamination was particularly severe, with a medium content of 15.5 and 9.9 g kg-1 in surface and 

subsurface soil, 15-times higher than the Italian screening value of 1 g kg-1 fixed for industrial sites. A 

similar behavior was observed for Sb and Cd occurring in the surface layer with  medium contents of 184 

and 58 mg kg-1 respectively (screening values of 30 (Sb) and 15 (Cd) mg kg-1). Arsenic contamination was 

always less severe. The presence of As, Cd and Sb it is conceivable in a Pb-battery-disposal site, since these 

elements are usually added to battery to enhance their performance (Sloop et al., 2009).  Despite the high 

level of pollution as assessed by total metal contents, the amounts extracted by NH4NO3 (i.e. the readily 

soluble and easily bioavailable fraction) were less than 1 - 1.3% of the total Pb and Cd contents. More 

important were the EDTA extractable metal contents (i.e. the potentially bioavailable fraction, partially 

bound to soil humic compounds), on average 34 and 43% of the total Pb and Cd soil contents. The first step 

of the SEP supported the relatively low solubility of Pb in soil, which was mostly associated to reducible 

(i.e. Fe- and Mn-oxides) and oxidable phases (i.e. soil humic compounds). In contrast, the soluble fraction 

of Cd was more important (52% of the total). Physical fractionations and tests with extractants simulating 

the human gastro-intestinal activity, are being carried out to assess the metal load in the finest soil fractions 

(PM2.5 and PM10) and the related bioaccessibility of Pb and Cd. 

Conclusion 

Before implementing a remediation activity, an integrated characterization of the soil of a battery recycling 

site was carried out to assess the spatial variability of the contamination, the bioavailability, bioaccessibility, 

and geochemical forms of the contaminant(s) in the soil. Soil sampling interested the soil surface layer (0-

40 cm) where, according to geophysical preliminary survey, pollution was mostly confined. On the basis of 

the low mobility and bioavailability of pollutants, a poplar and permanent grass plantation assisted by 

compost amendment was realized on the site. This would reduce the risk of polluted soil erosion and 

potential particle inhalation and ingestion by humans working or living around the site. 
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Introduction  

Artemisia argyi is a perennial herbaceous or slightly subshrub plant and it is good for human health. Dried 
A. argyi leaf is a commonly-used materials in traditional Chinese medicine (CPC, 2010). It has efficacy for 
eliminating cold to stop pain, warming meridian and collateral of hemostasis (Gao, 2012). According to the 
field survey, we found that A. argyi is one of the plants growing in indigenous zinc smelting slag. To 
understand the distribution and transfer of heavy metals in A. argyi, we collected and analyzed heavy metals 
of A. argyi (including root, stem and leaf) and their growth slag in Hezhang County. There is generally as 
leaf > root > stem that the order of heavy metal contents in different parts of A. argyi, except for Cd and Se 
of CZP sample, Cu of HJC, Se of JMB, and Hg of ZZC. In addition, A. argyi might be tolerance or slightly 
accumulation to heavy metals (such as As, Cd, Fe, Hg, Mn, Mo, Pb and Zn). Therefore, A. argyi might be 
a good plant selection for vegetation restoration of indigenous zinc smelting area.  

Methods 

Samples of the fresh A. argyi and indigenous zinc smelting slag were collected from the field in Hezhang 
County of Bijie City in Aug. of 2015. We collected the sample from four places, such as Caozaiping Village 
(CZP), Jiaomeiba (JMB), Hejiachong Village (HJC) and Zhaizi Village (ZZC). The plant samples where 
possible at least five plants were collected from each site. Then, we put their in ziploc bags and brought 
back to the clean lab. Stainless steel scissors separated the leaves, stems, and roots of A. argyi, and then we 
washed them with high-pressure tap water until all soil and other foreign substance was removed. Pre-treated 
samples were rinsed with the deionized water for two or three times, and dried in natural wind. The dried 
plant samples were ground in an agate pestle and mortar, and sieved in a nylon sieve (≤149 um). In addition, 
slag samples were collected at 2～20cm soil depth in each plant sample site. Slag samples (approximately 
1kg each) were halved by applying the quartering method after removing foreign substances. One half of 
each slag sample was dried at 40 ºC until constant weight in the thermostatic air-blower-driven drying closet, 
then sieved in a nylon sieve (≤2 mm) for analysis of pH. We sent each plant (5g) and slag (100g) of sieved 
samples to an accredited laboratory (ALS Minerals ALS Chemex (Guangzhou) Co. Ltd.) for determination 
of their heavy metal contents by inductively coupled plasma atomic emission spectrometry (ICP-AES) and 
mass spectrometry (ICP-MS). 

Results 

There are high content of most heavy metals in A. argyi and indigenous zinc smelting slag, such as Fe, Mn, 
Pb and Zn element. In addition, the heavy metal content order of A. argyi are generally as leaf>root>stem, 
except for Cd and Se of CZP sample, Cu of HJC, Se of JMB, and Hg of ZZC (Fig. 1). Some heavy metal 
contents of the slag in ZZC sample were obvious lower than the other three samples, such as Ag, As, Cd, 
Fe, Hg, Mn, Pb and Zn. This might be the different main component in the slag (ZZC sample mainly contains 
coal slag, and the others mainly contains indigenous zinc smelting slag). The heavy metal contents of A. 
argyi are lower than the slag’s except for the Cd, Hg and Se in leaf of ZZC. This might be a low metal 
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bioavailability of indigenous zinc smelting slag because of its slightly acidic to neutral response. Moreover, 
heavy metals of A. argyi are high in the same with indigenous zinc smelting slag, such as Fe, Mn, Pb (except 
for the leaf of ZZC) and Zn. Heavy metals of A. argyi might be at certain of inheritance in the slag.  

Figure 1. Distribution of heavy metal in indigenous zinc smelting slag and the different parts of A. argyi . 

Figure 2. Accumulation and transfer in heavy metals of A. argyi. BF means root / slag of heavy metal. TF(stem) means 
stem / root of heavy metal. TF(leaf) means leaf / root of heavy metal. 

A. argyi might be a heavy metal tolerant plant, such as As, Cd, Fe, Hg, Mn, Mo, Pb and Zn. It might be 
mainly through the transfer of the heavy metal to leaves to reduce the effects of heavy metal stress. The 
figure two shows that BF of heavy metals in A. argyi is below at 0.5. Although there is not high that the 
enrichment in the root of A. argyi, all parts of A. argyi still contains a high content of heavy metals (such as 
Fe, Mn, Pb and Zn) because their content of the slag are very high. TF(stem) of heavy metals in A. argyi are 
less than 1, and some are less than 0.5. This illustrates many heavy metals are generally difficult to 
accumulate in the stems of A. argyi. TF(leaf) of heavy metals in A. argyi are higher than 1, and some are 
higher than 2 such as Fe, Hg and Mn. The heavy metals in the root might be not difficult to transfer to the 
leaves of A. argyi that is the reason why A. argyi might be tolerance or slightly accumulation to heavy 
metals. TF(leaf) or TF(stem) of an element in the plant are >1 characteristic of accumulator, whereas for they 
are <1 suggesting excluder (Baker, 1981). Tolerant plant describes that the plant can survive and reproduce 
with heavy metal stress. They generally confronted heavy metal stress with two strategies: avoidance is 
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protected externally from the effects of the stress and tolerance survives the influences of internal 
stress(Baker, 1987). Therefore, A. argyi might be tolerance or slightly accumulation to heavy metals, and it 
probably mainly survives the effects of heavy metal stress through transferring the heavy metals to leaves. 
This might be the reason why A. argyi could survive in indigenous zinc smelting slag with many high heavy 
metals stresses. Moreover, A. argyi might be a good plant selection for vegetation restoration of indigenous 
zinc smelting area. In contrast, phytoremediation is a better solution to the problem of the toxic heavy metals 
contamination in soils and waters (Hazrat et al., 2013). They suggest native herbaceous plants growing in 
metal-contaminated sites have phytoremediation potential after analyzing heavy metals of native herbaceous 
plants in an antimony mine(Xue et al., 2014). People might used excluder for phytostabilizating mining or 
smelting slag and accumulators for phytoextracting metal-contaminated area(Wójcik, et al., 2014).    

Conclusion 

There are high content of most heavy metals in A. argyi and indigenous zinc smelting slag, such as Fe, Mn, 
Pb and Zn. The heavy metal content order of A. argyi are generally as leaf>root>stem. A. argyi might be 
tolerance or slightly accumulation to heavy metals, such as As, Cd, Fe, Hg, Mn, Mo, Pb and Zn. Moreover, 
it probably mainly survives the effects of heavy metals stress through transferring the heavy metals to their 
leaves. A. argyi might be a good plant selection for vegetation restoration of indigenous zinc smelting area. 
In addition, although local people generally do not use A. argyi as a Chinese medicinal material, we still 
recommend that we should pay attention to the medicinal plant growth environment when we choose some 
medicinal plants (especially in A. argyi) as a Chinese medicinal material. They also suggest that medicinal 
plants used for medicinal materials should be collected from an unpolluted natural habitat(Khan, et al., 
2008). 
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Introduction  

Anthropogenic anomalies of heavy metals and (or) other potentially harmful elements (PHE) are often found 

in soil of historic habitable areas (Mapping…, 2011). The remnants of disintegration and decomposition of 

glaze cover which was intended to protect the buildings and their interior from ambient factors as well as 

for decoration comprise one of the pathways of PHE to soil. Relatively higher PHE contents in soil identify 

the places of their findings. Due to aggressive acidic impact and variable ambient temperature, the outwash 

of PHE with rain to surrounding environment or migration with dust takes place. Therefore the information 

about PHE contents in glaze of different colour is useful for identification and characterisation of the reasons 

of such anomalies and their probable extent.  

Materials and methods  

The breakages of more than 50 glazed tiles were sampled from the remnants of the furnaces of restored 

Palace of the Grand Dukes of Lithuania (the 16th century) and Biržai castle (the second half of the 17th 

century). They were also collected during excavations of the Castle of Klaipėda (the first half of the 16th 

century) and the old residential quarters of this city (from the end of the 15th century until the 20th century). 

There were different colours of glaze: sky blue, white, black, blue, turquoise, green, yellow, brown, purple 

and colourless (transparent). The samples were analysed for real total contents of Ag, Al, As, Ba, Br, Ca, 

Cd, Co, Cr, Cu, Ga, Hg, Fe, K, Mg, Mn, Mo, Na, Nb, Ni, Pb, Rb, S, Si, Sn, Sr, Th, Ti, Tl, U, V, Y, Zn, Zr 

and W by energy dispersive x-ray fluorescence and atomic emission spectrometry. Aiming to estimate the 

potential of glazed tiles to contaminate soil, the contents of PHE were compared with maximum permissible 

concentrations applied for soil in Lithuania (Derivation…, 2007) and pollution indices (PI) were calculated.  

Results 

Some possibilities of tile glaze from Biržai castle furnace to contaminate soil were discussed earlier 

(Taraškevičius et al., 2007). Blue tiles are distinguished by the highest potential to contaminate soil. The 

sequence of PI>100 includes Co>Pb>Sn>Sb, of PI>10 includes Cu>Ni>Mo. Blue glaze is followed by black 

glaze (PI>100: Pb>Cu>Sb, PI>10: Sn>Mn), the latter by purple (PI>100: Sn>Pb, PI>10: Sb>Mn>Cu), 

brown (PI>100: Pb, PI>10: Sn>Sb>Mn), green (PI>100: Pb>Cu, PI>10: Sb), turquoise (PI>100: Sn>Pb>Cu, 
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PI>10: Sb), sky blue (PI>100: Sn>Pb>Sb, PI>10: Cu), colourless (transparent) (PI>100: Pb, PI>10: Sb>Sn), 

yellow (PI>100: Sb>Pb>Sn) and white glaze (PI>100: Sn>Pb, PI>10: Sb). Though the contents of the main 

chemical elements determining the colours dominate in findings of different places, glaze chemical 

composition in each finding is specific. As a result, the dominating elements are accompanied by different 

contents of other PHE, e.g. Ag, Zn, Cd, Bi, as well as of other chemical elements.  

Conclusion 

It has been determined that actually the contents of all potentially harmful elements exceeding maximum 

permissible concentrations in soil can be found in glaze. However, each colour is predetermined by different 

proportions of only several specific chemical elements, usually Pb, Sn, Sb, Cu, Co, Mn, Ni. High contents 

of any other chemical elements are also possible; they depend on the origin, glaze production technology 

and purity of raw material used.  
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Local anthropogenic geochemical anomalies with strong disturbance of natural biogeochemical cycles were 

formed in the influence zones of mining and industrial activity. They may be considered as natural–

technogenic test sites for studying the processes responsible for the involvement of chemical substances in 

migration fluxes. Karabash (Chelyabinsk region) is one of such ecologically dangerous regions 

The atmospheric emissions of Cu smelter in this town presently account for 13500 tons per year (including 

13200 tons SO2, as well as Cu, Pb, As, Zn, Cd and Hg). Of great interest under these conditions are 

catchments contaminated only via atmospheric precipitation. The area continues to suffer of acid rains. The 

anthropogenic compounds of heavy metals deposited with dusts or acid rains on the water surface and 

catchment areas strongly affect the chemical composition of soils, waters and bottom sediments. 

Atmospheric emissions of huge amounts of SO2 leads to acidification of catchments and lakes. This can 

increase the mobility, toxicity and bioaccumulation of heavy metals (HM) in ecosystem. 

The aim of this work was to consider the impact of the Cu smelter emissions on environment.  

Materials and methods. The main objects of research - Lake Serebry (~5 km N of the emission source) 

and its catchment, as well as urban area of the town of Karabash. Samples – rainwater and lake water, soils 

from Lake Serebry catchment and Karabash residential area, leaf litter, bottom sediments, fish (Abramis 

brama L.). Analytical method – ICP-MS after sample preparation. 

Results. The final goal is the assessment of bioaccumulation of HM in the organs and tissues of fishes from 

Lake Serebry as indicator of environmental contamination via the chain: Cu smelter emissions - atmospheric 

precipitation – soil - lake (water, bottom sediments) - fish. 

Atmospheric precipitations are the main phases that remove aerosols from atmosphere. The emissions of 

acid- forming SO2 and chalcophile metals (Pb, Zn, Cd, Cu, and others) in forms of finely dispersed aerosols 

lead to the formation of “acid rains” with pH 3.5–3.8 and anomalous concentrations of metals in soluble 

and insoluble (solid phase) form. The content of a whole series of elements is increased (up to hundreds and 

thousands of times) compared with the background precipitations. The substances removed from the 

atmosphere by rainfall collect in litter and top soil horizon. 

Soils. Total HM concentrations in A0 horizon (forest floor) show an extreme metal accumulation as 

compared with the upper (10 cm) humic-accumulative A horizon. The low pH values provide the elevated 

contents of mobile metal species. Exchange forms of metals can be up to 13, 45 , 40 , 43 and 22% for Cu, 
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Cd, Pb, Zn and As, respectively. Concentrations of As, Pb, Cu, Zn, Cd and S in all 25 soil samples from 

residential area repeatedly exceeded the Russian maximum permissible concentrations. 

Water and bottom sediments. The surface waters in the zone of Cu smelter activity strongly differ from 

natural waters and their chemical composition reflects the nature of anthropogenic contamination. The 

waters of Lake Serebry are enriched in a wide spectrum of chalcophile elements, and their quality does not 

match requirements for water sources, while the concentrations of Hg, Pb, Zn, As and Sb exceed dangerous 

levels for aquatic organisms. Fig. 1 show the enrichment factor of elements in the upper (0–2 cm) layer of 

sediments in Lake Serebry as compared to their contents in the deep (50 cm) layer corresponding to the 

preindustrial period. 

Figure 1. Enrichment factors for surface layer of sediments of Lake Serebry 

Fish. The assessment of bioaccumulation of HM in physiological systems of fishes Abramis brama l. from 

lakes Serebry and Seliger. Lake Seliger is the background lake, it is not affected by technogenic influence. 

The results showed clear violations of the microelement composition of fishes from Serebry Lake (Fig. 2). 

This is particularly evident for such non-essential elements as lead and cadmium, which are highly toxic 

elements in physiological systems of fish. 

Figure 2. Violations of microelement composition of fishes in the Serebry Lake compared to Seliger Lake 

The influence of atmospheric precipitation on different components of environment in one of the most 
contaminated regions of the South Urals is shown. The biogeochemical indication of pollution makes it 
possible to clearly fix the state of environment under the conditions of changing the technogenic load.  
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Introduction  

Thallium (Tl) is one of the most toxic metals with no known beneficial biological role, and it can cause 
chronic as well as acute poisoning  (Li et al., 2012; Xiao et al., 2012). In China, the behavior and fate of Tl 
in the environment have received soaring attention in recent years, due to successive occurrence of Tl 
pollution incidence. In the Western Guangdong Province, China, ultra-large pyrite ore deposits with 
preservation of Tl over 7000 t, have been exploited since the 1970s. Huge amounts of pyrite ore rejects and 
acid waters have been produced and introduced into the environment. According to our previous 
investigation, Tl content in the soils from the mining site, tailing site and smelting site ranged from 2.0–20, 
1.60 – 15.36, and 1.8 – 15.4 mg kg−1, respectively; Tl content in the aerosols around the pyrite smelting site 
amounted to 18.6 – 33.1 mg kg−1; Tl concentration in the spring water, mineral water, washing wastewater 
and surface runoff were 0.35 to 3.82, 4.82,15.4 – 400, and 0.19 – 65.25 μg L−1. To date, very limited studies 
have investigated distribution of Tl in trees at sites contaminated by anthropogenic sources. 

In this study, concentrations of metals (Tl, Pb, Zn, Cd, Co, Ni, Cr, and Mn) were determined in pine needles 
and tree rings of Scots pine (Pinus sylvestris L.) grown in the pyrite mining and smelting area of the Western 
Guangdong Province, South China. Metal concentrations in the respective soils were also investigated. The 
aims of this study were to: (i) explore the distribution of Tl and associated metals in the pine needles and 
tree rings for better understanding their biogeochemical behavior in contaminated tree-soil systems; (ii) test 
the applicability of Tl as an environmental indicator for metal pollution and (iii) evaluate the feasibility of 
pine as an environmental archive for reconstructing Tl pollution. 

Methods 

 In April, 2012, trees and soils were sampled at five woodland sites located downwind from the pyrite 
mining and smelting area in Yunfu city, Guangdong Province, China. Pine needles were taken from a 
representative pine tree at each site. Three dendrological cores were selected from the pine trees, by using 
a 5-mm stainless steel incremental borer (Haglöf, Sweden). The cores were subsequently placed into the 
polyethylene tubes prior to chemical analysis. Each tree core was divided into 1-year segments using a 
stainless steel knife. The segments were dried at 60 for 48 h and digested with concentrated HNO3 at 
200  overnight. Concentrations of Tl, Pb, Zn, Cd, Co, Ni, Cr, and Mn were determined by using 
Inductively Coupled Plasma Mass Spectrometry (ICP-MS) (Elan 6100 DRCII, PerkinElmer, USA). 
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Results 

The concentrations of Tl in the soils ranged from 3.96 to 26.16 mg/kg, which were obviously higher than 
those reported in background soils. Concentrations of Cd, Cr, Pb and Ni were in the range of 1.52  –  5.00 
mg/kg, 507.81 – 8924.37 mg/kg, 98.11 – 565.97 mg/kg and 299.46 – 6243.11 mg/kg, respectively. Pine 
needles from the industrial site also showed relative accumulations of Tl, Cd, Pb, Cr, Ni, Zn and Mn, with 
concentrations of 0.94 – 4.15 mg/kg, 0.90 – 2.31 mg/kg, 5.74 – 14.06 mg/kg, 9.41 – 41.49 mg/kg, 3.73 – 
13.50 mg/kg, 70.75 – 132.9 mg/kg, and 195.9 – 1805 mg/kg. The highest concentration of Tl (4.15 mg/kg) 
in the needles was observed in the pine closest to the industrial site. Tl concentrations in the needles 
generally showed a decreasing trend as the distance from the industrial site increased. However, such trend 
was not found in the concentrations of other metals. The characteristic absorption of Tl in the needles may 
result from Tl deposition from local mining and smelting of Tl-containing pyrite minerals.   

The tree rings also exhibited an apparent accumulation of Tl from the pines in the industrial site. Tl 
concentrations in these tree rings fell in the range of  0.41 – 2.03 mg/kg, with a mean of 1.12 mg/kg. Vaněk 
et al. (2011) also observed an accumulation of Tl in the tree rings of pines affected by Pb-Zn smelting 
activities. Correlation analysis further unveiled that Tl in the tree rings were significantly positive correlated 
with Cd, Co, Mn, Pb, and Zn (p=0.54 – 0.86). The distribution pattern of annual production of pyrite 
minerals was generally similar to the Tl distribution in the tree rings.  

Conclusion 

Elevated levels of Tl in the studied pine needles and tree rings indicate that conifers tend to accumulate this 
metal to some extent. The Tl levels in the needles were overall correlated with the distance, suggesting 
applicability of using Tl as an environmental indicator of metal pollution from the utilization of specific 
minerals. Tree-ring patterns of Tl significantly correlated with the mining production implied possible use 
of dendrochemistry for tracing the history of Tl inputs. 

This project was supported by National Natural Science Foundation of China (No. 41573008 and 41203002; 
41303007; 41273100; 41573119); the Guangdong Provincial Natural Science Foundation 
(2014A030313527 and 2015A030313512); Guangzhou Science and Technology Programme 
(201510010205); the Environmental Protection Ministry of Public Welfare Research Projects (201509051) 
and the Guangzhou Education Bureau (2012A026; 1201431072; 13XT02).  
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Introduction  

Ombrotrophic peat is widely used as an archive for reconstructing atmospheric deposition of Pb and other 

elements. Profiles dated with 210Pb and 137Cs and covering the past 100-150 years allow tracing of changes 

in Pb sources and deposition fluxes, reflecting industrial activity and also consequences of the introduction 

and ban of leaded gasoline over the past decades. Recent changes can be related to pre-industrial changes 

recorded in deep peat layers dated with 14C. Application of Pb isotope geochemistry facilitates the 

identification of Pb sources and their changes over time. However, no such documentation is available for 

the vast territory of Russia. The aim of this study was the reconstruction of the natural and anthropogenic 

Pb deposition history over several millennia, based on a combination of elemental concentrations and 

isotopic ratios in dated ombrotrophic peat.  

Methods 

Peat cores were collected in the ombrotrophic peat bog Staroselskii Moch located in the Central Forest 

State Natural Biosphere Reserve, Tver region, NW Russia (56.47588°N, 33.04627°E) in August 2013:  

three 5.5 m cores covering almost 9000 years and a 64 cm surface monolith were taken using a Russian 

and a Wardenaar corer, respectively. The lower margin of ombrotrophic peat was determined at 4.0 m 

(5500 years). Peat cores and monolith were sliced into 2-cm sections, and bulk density and loss on ignition 

(550, 900°C) were determined. The upper part of the peat was dated from profile of unsupported 210Pb (t 

1/2 22.3 yr) determined by alpha spectrometry (Flett Research Ltd., Canada). Two dating models (linear 

regression model LRM and constant rate of supply model CRS, Appleby, 2001) provided very similar 

results, and also showed good agreement with 137Cs profiles determined by gamma spectrometry 

(Stockholm University) revealing a distinct peak from the Chernobyl fallout in 1986. The lower part of the 

core was dated using 14C (Institute of Geography RAS, Moscow). After ashing (550 °C), samples were 

totally digested in concentrated HF, HNO3 and HCl at 120 °C, dried, and diluted in 3% HNO3 for 
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determination of element concentrations and Pb isotopes by ICP-MS (NexION 300D, Institute of 

Geochemistry RAS, Irkutsk). 

Results  

Deep layers in the ombrotrophic (atmospherically fed) peat represent background conditions 2200-5000 yr 

ago with respect to Pb atmospheric deposition flux and isotopic composition: 0.014 ± 0.011 Pb mg m-2 yr-

1
,
  206Pb/207Pb = 1.197 ± 0.006, 208Pb/206Pb = 2.080 ± 0.006. Already 1500-2000 years ago, Pb 

concentrations started to grow, and isotopic composition started to shift towards less radiogenic ore-Pb. 

Deposition of Pb reached a maximum of about 17 mg m-2 yr-1 in the 1930s, exceeding the background 

level about 1200 times. Despite a pronounced decrease in Pb deposition since the 1970s, the modern 

deposition (0.7 mg m-2 yr-1) still exceeds the background value about 50 times. Likely sources of 

anthropogenic Pb in the study area are 1) brown coal excavated from local mines in 1948-1996 yr from 

which the slagheaps still remain at a distance of about 40 km (206Pb/207Pb  = 1.285 ± 0.063,  208Pb/206Pb = 

1.954 ± 0.095) and 2) leaded gasoline used in Russia from the 1930s until 2003 (206Pb/207Pb = 1.151 ± 

0.009,  208Pb/206Pb = 2.115 ± 0.007, Mukai et al., 2001). The isotopic composition of gasoline Pb agrees 

well with the average isotopic composition of the main Pb-ore deposits in Russia and the former USSR 

(Mukai et al., 2001). Shift of isotopic ratios with time towards the less radiogenic values confirms the 

dominating role of ore-derived Pb in anthropogenic deposition. Fractions of natural (background) and 

anthropogenic (ore=gasoline) Pb in deposition were calculated using a mixing model based on 206Pb/207Pb 

ratios. Results show that the fraction of ore-Pb reached a maximum of 80% in the last decade of the XX 

century, while in the modern deposition the fraction is about 70%. However, the uncertainty of such 

calculations is considerable (standard error about 20%). 

Conclusion  

Our study demonstrated a predominance of anthropogenic Pb in modern deposits of lead in NW Russia, 

even after the significant reduction of Pb (deposition) emissions during the past decades. 
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Introduction  

Trace metals is found to cause serious threats to the marine fish across the globe due to the domestic and 

industrial wastes discharges from the drain outfalls into the sea. The wastewater discharged into the sea depends on 

the dispersal of effluent due to water current. The characteristic features of dispersed effluent in the shallow seas made 

the wastewater buoyant to the surface, gradually dispersed and mixed with seawater when they entered the marine 

bodies. This was validated by the Gaussian model that quantified the intensity of trace metals concentrations and the 

pathway of wastewater into the marine environment. This study also determined toxicity and bioaccumulation in the 

marine fish at different trophic levels. 

Methods 

This study chose permanent concrete drain outfalls (SI-SVII) constructed along the Kuwait Coast that lets 

wastewater into the marine environment (Figs. 1-2). Standard methodology (APHA, 2012) was followed to 

determine trace metals concentrations in the wastewater and selected three commercial fish, Crenidens crenidens 

F., Diplodus sargus sargus L, and Rhabdosargus sarba F., inhabiting the drain outfalls besides, following the quality 

control measures. Site maps (Figs. 1-2) were superimposed with the corresponding coordinates and dependent 

variables incorporated in the DESCAR-3.2 program to obtain the direction and dispersion of trace metals 

concentrations that dispersed into the sea. Fish samples were digested in the microwave digester (Ethos 1, Milestone, 

Italy) and trace metals determined in the ICP-MS. Total mercury (Hg) in the fish was analyzed using a direct mercury 

analyzer (DMA-80, Milestone, Italy). Quality control was assured by using reference material (CRM: DORM-4 fish, 

NRC, Canada). These selected fish were subjected to toxicity (LC50) and bioaccumulation (BAF) tests following the 

methods of El-Moselhy et al. (2014), Patrice and Greg (2011) and (USEPA, 1993). Trace metals bioaccumulation 

factor (BAF) was evaluated by exposing the selected fish for 30d exposure in each tank (APHA, 2012).  

Results 

Wastewater discharged from the concrete drain outfalls into the marine ecosystem (Figs. 1-2). High trace metals 

concentrations in wastewater was in the sites SI>SIV>SII>SVI>SV>SIII>SVII during winter than in the summer 

seasons (Fig. 3). DESCAR-3.2 validated the dispersion of wastewater from each drain outfalls, off the six Kuwait 

Coast. Among the three test species, trace metals concentrations was found high in R. sarba followed by D. sargus 

and C. crenidens (Fig. 4). Observation showed high trace metals concentrations in the sequence of liver>gills>muscles 

tissues irrespective of the sampled fish (Fig. 5). Toxicity tests showed high sensitivity of Hg than the other trace metals 

in C. crenidens when compared to D. sargus and R. sarba (Tables 1-2). An exposure study (72 h) validated by Probit 
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analysis (USEPA, 1993) confirmed, C. crenidens to be highly effective at LC50 concentrations compared to the other 

sampled fish. Statistical test by Probit Program showed significant difference in all the exposed concentrations (Tables 

1-2). A 30d exposure of fish to trace metals bioaccumulation factor (BAF) revealed BAF>1 significant 

bioaccumulation from wastewater (Fig. 6). BAF was high in R. sarba followed by D. sargus and C. crenidens (Fig. 

6). High trace metals BAF was observed in the fish reared in SVI drain outfalls wastewater when compared to the BAF 

in fish reared in the other wastewater drain outfalls (Fig. 6). 

Table 1. Toxicity and bioaccumulation (30 d exposure) of essential metals in the three marine fish 

Metals Conc. 

Exp. 
conc. 

(µg.L-1) 
95% CI-
Lower 

95% CI-
Upper χ2 Mortality 

Mean metals 
(µg.g-1) 

Mean 
BAF (b/a) 

Wastewater (a) 

Cu 7.42±1.11 

Fe 13.94±2.15 

Zn 18.16±2.16 

Cr 5.13±1.02 

Pb 6.29±1.06 

As 2.39±0.59 

Hg 1.09±0.14 

Toxicity test (b)  

Cu-Rs Control 7.70 3.84 10.14 1.33* - 9.53 ±1.49 1.29† 

SL (LC15) 12.30 8.81 14.37 1.33* - 9.62 ±1.50 1.30† 

PA(LC50) 17.93 15.61 20.91 1.33 

Cu-Ds Control 6.03 2.01 8.72 1.38* - 8.46 ±1.32 1.14† 

SL (LC15) 11.35 7.14 13.76 1.38* - 8.59 ±1.34 1.16† 

PA(LC50) 18.86 15.92 24.72 1.38 

Cu-Cc Control 5.3 2.4 7.37 0.39* - 8.41 ±1.31 1.13† 

SL (LC15) 9.13 6.09 11.05 0.39* 1 8.47 ±1.32 1.14† 

PA (LC50) 14.13 11.89 16.59 0.39 

Fe-Rs Control 9.86 6.27 11.84 1.44* - 13.97 ±2.18 1.00† 

SL (LC15) 13.63 11.04 15.11 1.44* - 14.19 ±2.21 1.02† 

PA (LC50) 17.69 16.15 19.77 1.44 

Fe-Ds Control 9.58 6.47 11.39 0.56* - 12.37 ±1.93 0.89 

SL (LC15) 12.97 10.64 14.35 0.56* - 12.56 ±1.96 0.90 

PA (LC50) 16.54 15.11 18.14 0.56 

Fe-Cc Control 5.43 2.79 7.08 1.30* - 12.28 ±1.91 0.88 

SL (LC15) 8.54 6.2 9.92 1.30* - 12.32 ±1.92 0.88 

PA (LC50) 12.29 10.76 14.27 1.30* 

Zn-Rs Control 14.14 9.53 16.84 0.50* - 23.95 ±2.84 1.32† 

SL (LC15) 19.18 15.7 21.25 0.50* - 24.43 ±2.78 1.35† 

PA (LC50) 24.51 22.36 26.86 0.50 

Zn-Ds Control 13.16 9.67 15.11 0.56* - 20.93 ±2.62 1.15† 

SL (LC15) 16.79 14.36 18.2 0.56* - 21.43 ±2.73 1.18† 

Abstract Book of the 18th International Conference on Heavy Metals in the Environment, 12 to 15 September 2016, Ghent, Belgium 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

– 678 –



18th International Conference on Heavy Metals in the Environment

‐ 591 - 

PA (LC50) 20.41 18.98 21.96 0.56 

Zn-Cc Control 9.34 5.11 11.59 1.26* - 19.93 ±2.51 1.10† 

SL (LC15) 13.71 10.64 15.38 1.26* - 20.79 ±2.58 1.15† 

PA (LC50) 18.67 16.85 21.94 1.26* 
Exp.: exposure concentrations, SL: sublethal concentrations, PA: Probit analysis, CI: confidence intervals, χ2: Chi square, *: χ2 Significancebetween control, LC15 test and probit 

analysis (LC50) at 0.05 level at 0.05 level, †BAF >1: significant bioaccumulation factor, Rs: R sarba, Ds: D. sargus, Cc: C. crenidens, LC: lethal concentrations 

Table 2. Toxicity and bioaccumulation (30 d exposure) of non-essential metals in the three marine fish 

Metals Conc. 

Exp. 
conc. 

(µg.L-1) 
95% CI-
Lower 

95% CI-
Upper χ2 Mortality 

Mean metals 
(µg.g-1) 

Mean 
BAF (b/a) 

Cr-Rs Control 3.43 1.24 4.98 0.68* - 5.41 ±0.84 1.05† 

SL (LC15) 6.39 3.99 7.82 0.68* - 5.49 ±0.85 1.07† 

PA (LC50) 10.52 8.81 13.06 0.68 

Cr-Ds Control 3.84 2.03 4.86 0.87* - 4.88 ±0.76 0.95 

SL (LC15) 5.82 4.41 6.62 0.87* 1 4.99 ±0.78 0.97 

PA (LC50) 8.14 7.25 9.57 0.87 

Cr-Cc Control 2.72 1.06 3.06 1.40* - 4.79 ±0.74 0.93 

SL (LC15) 3.75 2.6 4.44 1.40* 1 4.83 ±0.75 0.94

PA (LC50) 5.62 4.84 6.63 1.40 

Pb-Rs Control 4.93 3.14 5.92 1.44* - 3.32 ±0.51 0.53 

SL (LC15) 6.82 5.52 7.56 1.44* 1 3.37 ±0.52 0.54 

PA (LC50) 8.84 8.07 9.89 1.44 

Pb-Ds Control 3.07 1.69 3.92 0.90* - 2.98 ±0.46 0.47 

SL (LC15) 4.68 3.5 5.37 0.90* 1 3.09 ±0.48 0.49 

PA (LC50) 6.55 5.79 7.5 0.90 

Pb-Cc Control 1.3 0.37 2.03 0.79* - 2.94 ±0.45 0.47

SL (LC15) 2.67 1.49 3.38 0.79* 1 3.06 ±0.47 0.49 

PA (LC50) 4.73 3.85 6.06 0.79 

As-Rs Control 1.41 0.47 2.11 1.72* - 6.19 ±0.96 2.59† 

SL (LC15) 2.71 1.6 3.39 1.72* 1 6.25 ±0.97 2.62† 

PA (LC50) 4.57 3.75 5.67 1.72 

As-Ds Control 1.35 0.45 2.03 1.21* - 5.68 ±0.88 2.38† 

SL (LC15) 2.62 1.53 3.29 1.21* 1 5.73 ±0.89 2.40† 

PA (LC50) 4.45 3.63 5.49 1.21

As-Cc Control 1.21 0.37 1.87 1.29* - 5.55 ±0.86 2.32† 

SL (LC15) 2.45 1.38 3.12 1.29* 2 5.63 ±0.88 2.36† 

PA (LC50) 4.33 3.49 5.39 1.29 

Hg-Rs Control 0.99 0.3 1.59 1.10* - 1.29 ±0.20 1.19† 

SL (LC15) 2.1 1.15 2.74 1.10* 1 1.35 ±0.21 1.25† 

PA (LC50) 3.83 3.02 4.74 1.10 

Hg-Ds Control 0.67 0.22 1.02 1.21* - 1.19 ±0.16 1.09† 

SL (LC15) 1.31 0.76 1.64 1.21* 1 1.24 ±0.19 1.14†

PA (LC50) 2.22 1.81 2.74 1.21 
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Hg-Cc Control 0.16 0.03 0.29 0.33* - 1.12 ±0.12 1.03† 

SL (LC15) 0.4 0.18 0.56 0.33* 2 1.18 ±0.15 1.08† 

PA (LC50) 0.83 0.6 1.07 0.33 
Exp.: exposure concentrations, SL: sublethal concentrations, PA: Probit analysis, CI: confidence intervals, χ2: Chi square, *: χ2 significance between control, LC15 test and probit 

analysis (LC50) at 0.05 level, †BAF >1: significant-bioaccumulation factor, Rs: R sarba, Ds: D. sargus, Cc: C. crenidens, LC: lethal concentrations 

Figs. 1-2 Sampled sites indicating the wastewater dispersion from drain outfalls during the summer and winter 
seasons 

Fig. 3 Site-wise trace metals concentrations in wastewater from seven sites of Kuwait’s drain outfalls during the two 
seasons 
 S: summer; W: winter; SI-SVI: drain outfalls in Governorates; SVII: reference drain 
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Fig. 4 Mean metals-wise concentrations in the three fish species, wastewater and seawater during the two seasons 
Ds: D. sargus;Rs: R. sarba; Cc: C.crenidens; S: summer; W: winter 
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Fig.5 Site-wise trace metals concentrations in liver, gills, muscle tissues of three fish species 
SI-SVII: drain outfalls;M: muscle, G: gills, L: liver, S: summer, W: winter, D: Dipplodussargus; C: Crenidenscrenidens; R: Rhabdosargussarba
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Fig. 6 Bioaccumulation Factor (BAF) analysis of fish and during the summer and winter seasons 
D: Dipplodussargus; C: Crenidenscrenidens; R: Rhabdosargussarba; M: muscle, G: Gills, L: liver; S: summer; W: winter

Conclusion 

This study validated the angle, distance and the intensity of trace metals concentrations in wastewater 
dispersed from the drain outfalls and, in line with the site-wise and seasonal variations using the DESCAR-3.2 
program. Toxicity and bioaccumulation factor (BAF) in the sampled fish was>1 but, showed no detrimental effects 
due to the adaptation and migration of these fish in the contaminated wastewater and clean waters, respectively. This 
study indicated a voluminous amount of wastewater discharged from the drain outfalls and hence, a proper treatment 
of wastewater is suggested before it is let out into the sea. 
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Introduction  

The toxicity of arsenic to organism in freshwater is dependent on its speciation and concentration. To the 

best of our knowledge, little has been studied regarding the potential influence of N : P ratio on 

arsenic metabolism in microalgae. In this study, we chose the typical freshwater cyanobacteria M. 

aeruginosa (FACHB 905) to investigate the influences of N and P on As biotransformation. Changes in As 

speciation for both the alga and culture media were measured at different levels of N and P. The observed 

results would contribute to a better understanding of nitrogen-regulated interactions between As 

contaminants and cyanobacteria, and facilitate the realization of As biogeochemistry in environments. 

Methods 

Test medium were divided into five groups according to the concentrations of N (NaNO3) and P (K2HPO4) 

in the modified BG11 medium (N:P=4:0.2, 10:0.2, 20:0.2, 10:0.5, 10:1.0, respectively). Treatment groups 

and control groups were subjected to same treatments, and treatment groups were exposed to 15 μg/L As(

Ⅴ) (Na3AsO4·12H2O) additionally at the beginning of the test. The experiment lasted for 8 days. Arsenic 

species in the medium as well as algal digestion solutions were determined by HPLC-ICP-MS  using anion-

exchange column as detailed by Zhu et al (Zhu et al. 2008). 

Results  
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Figure 1. As(Ⅴ) (a) and As(Ⅲ) (b) in medium with exposure to 15 μg/L As(Ⅴ) under five concentrations of N and 
P during a 8-day cultivation. 
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Figure 2. MMA (a) and DMA (b) in medium with 15 μg/L As(Ⅴ) exposure under different N and P conditions  
during a 8-day cultivation. 

2 4 6 8
0

2

4

6

8

10

12

14

b a,b ab
b

a

c

ba

c

b

aP=0.2mg/L As( )  4:0.2
 10:0.2
 20:0.2

a

2 4 6 8
0

2

4

6

8

10

12

14

b
a ac b

a

c

b

a

b

a a

aN=10mg/L As( )  10:0.2
 10:0.5
 10:1.0

2 4 6 8
0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

b
a,b a

bAs( )P=0.2mg/L  4:0.2
 10:0.2
 20:0.2

2 4 6 8
0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

b
b

a

Time (days)

In
or

ga
ni

c 
A

rs
en

ic
 C

on
ce

nt
ra

ti
on

 (
μg

/g
 D

W
)

bAs( )N=10mg/L  10:0.2
 10:0.5
 10:1.0

2 4 6 8
0.0

0.1

0.2

0.3

0.4

c

b

a

b

a

cP=0.2mg/L MMA

 

 4:0.2
 10:0.2
 20:0.2

a

2 4 6 8
0.0

0.1

0.2

0.3

0.4

b

a

b

a

cN=10mg/L MMA 10:0.2
 10:0.5
 10:1.0

2 4 6 8
0.0

0.5

1.0

1.5

b

a
a

b

a
a

b a,b
a

c

b

a

dDMAP=0.2mg/L  4:0.2
 10:0.2
 20:0.2

2 4 6 8
0.0

0.5

1.0

1.5

b

a,b
a

b
a

b

a

a

Time (days)

C
on

ce
nt

ra
ti

on
 o

f 
O

rg
an

oa
rs

en
ic

al
s 

(μ
g/

g 
D

W
)

dDMAN=10mg/L 10:0.2
 10:0.5
 10:1.0

Figure 3. Intracellular concentrations of As(Ⅴ) (a), As(Ⅲ) (b), MMA (c), and DMA (d) within a 8-day As(Ⅴ) 
exposure under different conditions of N and P. 

Conclusion 

Arsenate biotransformation in M. aeruginosa was accelerated by increasing N levels, but was inhibited by 

increasing P levels in medium. Increasing N levels indirectly facilitated As metabolism possibly according 

to the stimulation on algal growth. Dissimilarly, P showed significant regulation on As biotransformation 

mainly through the mediation on arsenate uptake by M. aeruginosa. The finding of nutrients regulation on 

As metabolism can be considered to mediate As geochemical cycling, and therefore alleviate As 

contamination risk in aquatic ecosystem. 
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Introduction  

Chironomidae (Insecta: Diptera) comprise one of the most abundant, diverse, and representative aquatic 

insects (Walker, 1995). Their larvae represent an association between producers and secondary consumers, 

acting as prey of both invertebrates and vertebrates (Tokeshi, 1995). 

The Northern Patagonia Andean range is considered a region with low anthropic impact, characterized by a 

large diversity of glacial oligotrophic lakes. Nahuel Huapi National Park (NHNP), situated in this region, is 

characterized to be a large reservoir of freshwater resources and by its remoteness. However, a previous 

work observed that Lake Moreno (41°5 S; 71°33´W, 758 m above sea level) received silver (Ag) inputs 

over natural background (0.1 μg.g–1) from the second half of 20th century (Ribeiro Guevara et al., 2005). 

Silver, in its ionic form, has been ranked among the most toxic metals to aquatic biota; despite this, its 

occurrence and trophic transfer in natural waters have received much less scientific attention than others 

elements (Revenga et al., 2011).  

We carried out a seasonal study of Ag concentrations ([Ag]) in chironomid larvae inhabiting different 

substrates in Lake Moreno Oeste, in order to evaluate a relationship between their ecological preferences 

(substrate, feeding habits) and metal concentration. This is a key aspect on Ag trophodynamics, given that 

sediments are a storage site for heavy metals in lake systems, and chironomids may act as a doorway 

organism to lake trophic webs. 

Methods 

Chironomid larvae were collected seasonally from different substrates in two bays in Lake Moreno Oeste 

between March 2014 and February 2015. Selected substrates were: the macrophyte Myriophyllum sp., 

sediment under submerged (Myriophyllum sp. and Nitella sp.) and emergent macrophytes (Schoenoplectus 

californicus), stones and sediment at 4 and 20 m deep. [Ag] in larvae were determined by Instrumental 

Neutron Activation Analysis (INAA).  
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Figure 1. [Ag] in chironomid larvae collected seasonally from different substrates in two bays in Lake Moreno 
Oeste. The absence of bars indicates that chironomid larvae were not found in these substrates during these seasons. 

Higher [Ag] were recorded in larvae inhabiting Myriophyllum sp. (Fig.1). Submerged plants can accumulate 

large amounts of pollutants (Pokorny et al., 2015) and transfer them to insects feeding on them. [Ag] 

recorded in larvae taken from the sediment under the macrophytes were also high (Fig.1), possibly related 

with the ability of plants to accumulate Ag principally in their root systems (Rate, 1999), affecting larvae 

living and feeding there. The lower [Ag] recorded in larvae belonging to the subfamily Tanypodinae could 

be associated with the predatory habits of this group (Ashe et al., 1987). 

Although [Ag] recorded in larvae inhabiting sediment at 20 m depth during autumn and winter were low, 

[Ag] during spring and summer were notably higher (Fig.1). This may be related with the increase in 

metabolic rate associated with higher temperatures (Nichols & Playle, 2004). 

Conclusion 

The spatial and temporal distributions of chironomid larvae and their feeding habits affect [Ag] 

bioaccumulation. This information should be considered in trophodynamic studies in lake trophic webs. 
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Introduction 

The increased consumption of meat products is directly linked to the quality of marketed meat and the most 

important factor of quality ie the tenderness (WEZEMAEL et al., 2013) and consequently an increase in 

consumption, as the inconsistency this feature generate marketing problems for the meat industry. In this 

sense, considering the importance of the Zebu cattle (Bos indicus) for Brazilian agribusiness, the selection 

using a breeding program for tenderness emerges as a promising alternative for the production of naturally 

tender zebu meat (VELHO et al., 2008). The known calpain is calcium dependent proteases involved 

tenderize meat during the post-mortem period, along with the key degradation of myofibrils and structural 

proteins. Therefore, this study aims to quantify calcium in muscle tissue of three experimental groups in 

order to evaluate the calcium concentration of calcium with the meat quality of Nellore cattle. 

Methods 

Ninety animals were feedlot finished with average weight to 550 kg and 27 months. After slaughter, samples 

of the Longissimus thoracis muscle between 12 - 13th ribs were designed the tenderness analysis through 

shear force (SF) and myofibrillar fragmentation index (MFI). Through principal component analysis three 

contrasting groups for meat tenderness were formed: 15 animals of tender meat (5 animals per subgroup - 

M1, M2 and M3); 15 with intermediate values (I1, I2 and I3) and 15 tough meat (D1, D2 and D3). 

Approximately 2 g of muscle tissue from the pool of each experimental subgroup were ground in 20 mL 

deionized water using an Ultra-Turrax high shear mixer (Marconi – MA102/E), centrifugation at 13.000 

rpm at 4 °C. The protein extracts were precipitated using an ice-cold 80% (v/v) acetone solution at a 1:4 

sample:acetone ratio. Two protein pellets of each subgroup were transferred to test tubes, to which were 

added 500 uL sulfuric acid and 200 uL sodium peroxide. The set of test tubes was placed in block digestor 

Marconi at 40 °C and the acid extracts were transferred to test tubes measured of 5 mL and supplemente 

with deionized water and added 1 mL of lanthanum. The determination of calcium was realized in the pellet 

by flame atomic absorption spectroscopy (FAAS) (Moraes et al., 2013). 
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Results  

In all pellets from the six experimental groups was detected the presence of concentration calcium. 

Table 1.Results obtained of shear force, myofibrillar fragmentation index and quantification of calcium in the 

pellets of the muscle Longissimus thoracis of Nellore cattle.   

Shear force (Kg) Myofibrillar fragmentation index Calcium concentration (mg/g) 

Pellet I 1 5.4 ± 0.6ª 54.1 ± 16.3ª 0.009 ± 0.005ª 

Pellet I 2 5.5 ± 0.5ª 57.3 ± 19.4ª 0.0045 ± 0.0007ª 

Pellet I 3 5.8 ± 1.1ª 49.9 ± 6.4ac 0.025 ± 0.0056ª 

Pellet M 1 4.0 ± 0.8b 59.5 ± 3.5a 0.327 ± 0.041bc 

Pellet M 2 4.1 ± 0.7b 54.5 ± 10.1a 0.1925 ± 0.08ab 

Pellet M 3 3.7 ± 0.9b 53.4 ± 12.0a 0.5345 ± 0.16bc 

Pellet D 1 7.3 ± 1.0c 38.5 ± 6.7b 0.6165 ± 0.1845bc 

Pellet D 2 7.5 ± 1.0c 39.2 ± 4.6b 0.8295 ± 0.0007c 

Pellet D 3 9.0 ± 1.7c 43.4 ± 15.2bc 1.728 ± 0.34d 

Conclusion 

The proposed method for determining of calcium in meat samples using FAAS  demonstrated higher 

calcium concentration in the pellets belonging to the subgroups of tough meat, that is, samples negatively 

relating to the tenderness of the meat. 
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Introduction 

The Amazon region has a great diversity of water bodies, including not only large rivers and lakes but also 

numerous streams, which further increase the water volume and the diversity of the ecosystems. These are 

key factors in maintaining a high diversity of fish in this region. Commercial fishing is concentrated on 

approximately 40 exploited species, for example, dourada (Brachyplatystoma rousseauxii); tucunaré 

(Cichla spp.); filhote (Brachyplathystoma filamentosum). In the last decades many papers have discussed 

the contamination of Amazonian fish by mercury species. Thus, mercury from natural and/or anthropogenic 

sources entering aquatic ecosystems participates in biogeochemical cycles mediated by microorganisms in 

which it is chemically transformed, undergoing biomagnification and bioaccumulation in the food chain 

Thus, predatory fish, which accumulate high levels of mercury, can act as vehicles by which their 

consumers, such as reptiles, birds and humans, are exposed to this chemical form of mercury [Moraes, et 

al., 2012; Vieira et al., 2015]. Given the above, this study aimed to determine total mercury in liver and 

muscle tissue samples and in the protein fraction of these samples in two fish species; tucunaré (Cichla spp), 

and filhote (Brachyplathystoma filamentosum) consumed by the population of Porto Velho, Rondônia, 

Brazil.  

Methods 

The total mercury determinations in the muscle and liver tissue samples and protein pellets, obtained by 

fractional precipitation of proteins, were carried out by atomic absorption spectrometry graphite furnace 

after acid mineralization of the samples, according to the procedure described by Vieira et al. (2015). 

Results  

The results obtained in the total mercury determination in the samples of liver and muscle tissue and protein 

pellets are shown in Table 1. It can be observed that the total mercury determinations indicated that the 

mercury concentration in the liver tissue is about twelve times greater than the concentration of mercury in 
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muscle tissue and that approximately 80% of the mercury present in samples of liver and muscle tissues are 

bound in protein pellets with molecular mass (Mm) less than 90 kDa, while the pellets with molecular mass 

larger than 90 kDa was either not detected the presence of mercury. Thus, it can be inferred that the 

difference of 20% can be bound in the lipid fraction. 

Table 1. Results obtained in the mercury determination in the samples of liver and muscle tissue and protein pellets. 

Species Tucunaré [Hg] 

(µg kg-1) 

Filhote [Hg] 

(µg kg-1) 

Muscle Tissue 101,30±1,30 87,40±0,90 

Liver Tissue          1219±15         1044±13,60 

Pellet TM  81,20±1,05  72,20±0,94 

Pellet TL          999,60±13,10          867,60±11,10 

TM – pellet of molecular mass less than 90 kDa of muscle samples; TL – pellet of molecular mass less than 90 kDa of liver samples 

Conclusion 

The highest mercury concentrations were found in liver tissues and pellets of predatory species of fish, 

confirming the bioaccumulative process of Hg throughout the food chain. The GFAAS technique proved to 

be highly accurate to perform the quantification of this metal in biological samples. 
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Introduction 

The main power supply of the local population of the Madeira River (tributary of the Amazon River) is 

the fish. Among them the "Jaraqui" (Semaprochilodus spp.) is one of the most prized species, but also, 

like the other fish in the region may represent a health risk because mercury levels present in the animal 

are high. The region of Madeira River suffered anthropic action in the 80 and 90 due to the action of gold 

mining has led to contamination of water sources and local sediments. It is also described in the literature 

that the region has mercury from the rocks of the Andean region [Moraes et. al., 2013]. Proteins are 

essential molecules in which the mercury can bind in their active sites, and thus, may compromise their 

biological activities [Braga et. al., 2015]. Based on the foregoing, this work presents the results of the 

mercury fractionation linked in protein of muscle samples of Jaraqui (Semaprochilodus spp.) collected in 

the Jirau region, River Basin Madeira - Brazilian Amazon. 

Methods 

Initially the concentration of total mercury it was determined by graphite furnace atomic absorption 

spectrometry (GFAAS) in the muscle and liver samples and extracts of protein pellets obtained by fractional 

precipitation. Then, the muscle and liver proteome of this fish species was separated by two-dimensional 

polyacrylamide gel electrophoresis (2D PAGE), and mercury present in the protein spots was determined 

by GFAAS after acid mineralization assisted by ultrasound bath. Protein spots that had mercury were 

characterized by mass spectrometry with electrospray ionization in sequence (ESI-MS/MS) after tryptic 

digestion [Vieira et al., 2015]. 

Results 

The total mercury determinations indicated that 65% of the mercury presents in the muscle tissue (861 g 

kg-1) is bound in protein pellets with molecular mass (Mm) less than 90 kDa, while the pellets with molecular 

mass larger than 90 kDa was either not detected the presence of mercury. The mercury concentrations in 

muscle spots present in the range from 13.60 to 16.90 mg g-1. Based on mercury concentrations in the muscle 

spots it was possible to estimate that the protein spots contained approximately one to four atoms of mercury 
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per protein molecule. Analysis by ESI-MS/MS allowed the characterization of five spots protein.  The 

proteins and or enzymes characterized are showed in Table 1. 

Table 1. Proteins and/or enzymes characterized by ESI MS / MS in the muscle tissue of Jaraqui. 

Protein Spots Proteins and/or Enzymes
J1 
J3 
J5 
J6 
J7 

Hemoglobin subunit beta
Hemoglobin subunit beta-A/B 

Parvalbumin beta 
Parvalbumin alpha 

Parvalbumin-2

Conclusion 

The metallomic study of muscle tissue samples of Jaraqui (Semaprochilodus spp.) showed that 65% of the 

total mercury is bound to low-molecular-weight proteins.  It was also possible to characterize five metal 

binding proteins as potential biomarkers of mercury in fish species studied.   
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Introduction 

In the organisms exposed to strong stressors, including metals or pesticides, reproduction processes may be 
repressed. The impairment of reproduction may be indicated by a lower number of eggs or reduction in 
hutching success. The changes in vitellogenin synthesis (Vg), precursors of egg yolk proteins, may be a 
crucial symptom of this impairment. 

Results presented here contribute to a larger project led on Spodoptera exigua laboratory strain, bred for 
over ten years in permanent contact with sublethal Cd concentration (44 μg Cd·g-1 dry weigh of food) (Kafel 
et al, 2012a,b). We have previously concluded that in spite of lower mRNA content in insects from cadmium 
strain, some compensation must occur at the stage of translation. Therefore, the aim of this study was to 
check if a long lasting contact with cadmium may prepare the organism to additional acute stressor 
(spinosad) referring to Vg expression in insects from both strains. 

Methods 

Fifth-instar larvae from control and cadmium strains were exposed to spinosad (0.02 mg/L of food). Newly 
eclosed females (time 0) and individuals after 12, 18 and 24 hours post emergence were dissected and fat 
body was isolated. After tissue preparation and/or purification the following parameters were studied: 

Vg gene expression (qRT-PCR). Based on known insect RNA sequences of actin (Act) and vitellogenin 
(Vg) genes, primers was designed for this genes. In this study, internal and external (from plasmid) Act gene 
was used as a reference gene. For analyses of gene expression, Relative Quantification method with 
calibrator normalized and efficiency correction was used (Peng et al., 2012). As calibrator mix RNA 
(transcribed to cDNA) collected from 10 individuals of control group immediately after adult eclosion, was 
used. The target gene expression was calculated by using ΔΔCp algorithm. 

Protein profile and Vg detection (Western blotting, WB) in the fat body at appropriate time points with SDS 
polyacrylamide gel electrophoresis were checked (Sorge et al., 2000). The gels were stained with 0.1% 
Coomasie Brilliant Blue R-250. After protein profile analysis, WB was performed by using antibodies from 
rabbits immunized peptides synthetized based on protein sequences in NCBI for Spodoptera litura. 

Immunohistochemical Vg detection and localization in the females’ abdomen were performed using the 
same antibodies as in WB. 

Results 

In insects exposed to spinosad, the changes in Vg expression in both strains were found. In general, Vg 
mRNA synthesis commenced earlier than in not exposed females (Fig. 1). Even at time 0 Vg expression is 
significantly higher in females from both strains in comparison with the control insects. In the insects from 
Cd strain, exposed to spinosad Vg expression in each time point is significantly higher than in the untreated 
insects. Unlike the Cd strain, in the females form the control strain spinosad do not caused any increase in 
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Vg expression in time points t12 and t48. Surprisingly, Vg expression decrease significantly in females from 
the control strain in t18 time point. As a rule, usually in 18h since the eclosion, Vg expression has increased, 
what is strongly correlated with female readiness for mating. This periodicity has been observed in not 
exposed groups in both strains as well as in Cd strain exposed to spinosad. 

Figure 1. Vitellogenin expression (median) in females’ fat body of S. exigua from control and cadmium strain, exposed 
in an acute test to spinosad. Stars denote significant differences for particular time period (0, 12, 18 or 24 hours after 
eclosion) between reference and spinosad-treated groups. The same letters indicate homogenous time-groups within 
strain and within reference or treated insects separately (Kruskal-Wallis test, p < 0.05). 

These results are correlated with the amount of synthetized vitellogenin, measured by means of WB. Also, 
immunohistochemical assays of female abdomens revealed the presence of these proteins in fat body and 
ovaries. 

Conclusion 

Acute pesticide application, caused time-dependent changes in the Vg expression profile in S. exigua from 
both strains. Most likely, especially in the insects of the Cd strain, a strong and fast mobilization of energy 
reserves takes place. The energy is necessary for fast synthesis of spare materials, deposed in the eggs. The 
results let us think that long lasting contact with cadmium can cause a selection of individuals that are able 
to cope with the pesticide and reproduce efficiently. It is possible, however, that the exposure to an 
additional strong stressor could cause the acceleration but also shortening of reproduction period in females 
from the Cd line. This takes place in a trade-off with female longevity. 

This project was supported by National Science Centre, Poland (decision DEC-2013/09/B/NZ9/01754) 
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Introduction  

Functioning of the immune system can be impaired due to pro-oxidative nature of stressors, including 

metals. They can cause cell damages and reduce their viability leading to changes in the number and 

composition of hemocytes circulating in the hemolymph. Copper is an essential micronutrient, which can 

be found in the composition of many enzymes, and in spiders, it also constitutes a component of 

hemocyanin. Increased level of this metal in the organism may increase the production of reactive oxygen 

species. In this study, using a simple model of the food chain—medium with copper → Drosophila hydei 

fly → Steatoda grossa spider—it was examined whether and to what extent the metal administered via oral 

route changes the efficiency of the immune system and influences antioxidant potential of hemolymph, 

under immunostimulation conditions and in subjects not exposed to any additional stressors. 

Methods 

Studies were carried out using adult female S. grossa (Theridiidae) synanthropic spiders. 

Under environmental conditions, they are found mainly in buildings and in dark and sheltered areas where 

they build tangled, three-dimensional webs. The subjects were kept in a growth chamber under standard 

lighting (12L: 12D), temperature (L:24 C, D:18 C), and humidity (70% ± 10%) conditions. Three 

experimental groups were distinguished: control (C), spiders exposed to copper (Cu_II) for two weeks, and 

spiders exposed to metal for four weeks (Cu_IV). Control spiders were fed with D. hydei cultured using 

uncontaminated standard medium, while the other groups of spiders were provided with flies cultured using 

media supplemented with 0.234 mM CuSO4. From each of these main groups, subjects were distinguished 

into subgroups that were injected with 5 μl of immunostimulatory phorbol-12-myristate-13-acetate (PMA) 

at a concentration of 0.01μg ml−1. Hemolymph was collected by puncture made on the border of limbs 

attachment and prosoma followed by suspension in 100 μl PBS. The number of hemocytes in spiders’ 

hemolymph was counted by Bürker hemocytometer, light microscope at 400× magnification, and their 

amount was expressed per ml hemolymph. The respiratory burst activity of hemocytes was analyzed with 

nitroblue tetrazolium (NBT) (Homa et al., 2013). Catalase activity (CAT; EC 1.11.1.6) was determined 

according to Orr (1970). Decomposition of H2O2 was monitored spectrophotometrically at 230 nm, with the 

unit of catalase activity defined as 1 μmol H2O2 decomposed per minute. Total antioxidant capacity (TAC) 

was assessed by the ABTS method (Re et al., 1999), using the reduction reaction of ABTS+ cation radicals 
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derived from ABTS (2,2’-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt)). Copper 

content in spiders’ organisms and their victims was determined by atomic absorption spectrometry (AAS). 

Statistical analyzes were performed using the STATISTICA 12.0 software package (StatSoft, Inc. 2013). 

Results  

No accumulation of copper was observed in S. grossa after two and four weeks of ingestion of diets that 

contained D. hydei flies cultured using media supplemented with CuSO4(Table 1). 

 

 

 

 

 

Regardless of the duration of exposure to copper, catalase activity and TAC value in the hemolymph did 

not change significantly among infected and uninfected subjects compared to the control. Increased 

hemocytes, in response to PMA administration, were found only in the hemolymph of spiders from the 

control group (Figure1). In other groups, regardless of the duration of exposure to the metal, the number of 

hemocytes did not change significantly compared to the control. Two-week exposure to copper intensified 

respiratory burst activity in both immunostimulated subjects and in those with no PMA injection. After four 

weeks of exposure to metal, the least efficient ability of hemocytes to produce reactive oxygen species was 

demonstrated in immunostimulated spiders. 

Conclusion 
Low concentration of copper found in S. grossa indicates the possibility of removal of excess metal that 

enters the organism via food through feces. Copper at concentrations used in this study did not impair 

antioxidant efficiency, as confirmed by the level of CAT and TAC activity in hemolymph of the species 

investigated. Short-term exposure of the organism to increased copper concentrations via diet stimulated the 

immune system both under simulated invasion of pathogens and under the absence of infection as well. 

Increased exposure time to metal may reduce the effectiveness of S. grossa immune response under 

infectious conditions. 
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Table 1. Mean (x) ± standard deviation (SD) of 
copper concentrations (µg·g-1 dry weight) in females 
of S.grossa and their prey, D.hydei, from the control 
(C) and Cu groups. Different letters (a,b) indicate 
heterogenous groups (Tukey’s test, p<0.05). 

Species C Cu_II Cu_IV
S. grossa 12.6±0,96a 13.1±2,8a 13,2±2,1.a

D. hydei 18,1±1,3a 67.4±6.5b
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Figure 1. The respiratory burst activity (%). The same 
letters indicate homogenous groups (Tukey’s test, p< 0.05)
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Introduction 

Long lasting exposure of animals to particular stressor may lead to the selection of individuals which cope 
better with this, or perhaps also other, stressors. Insects laboratory selected for many generations under a 
specific stress factor can serve as a good, simplified model which can explain processes existing in the 
environment. This phenomenon is of particular and practical importance in case of insect species usually 
recognized as dangerous, highly expansive crop pests, e.g. Spodoptera exigua (Zheng et al., 2000). 
Acquisition of resistance toward specific toxin may serve as “new equipment” toward another, for example 
pesticide. 

The study was conducted on S. exigua laboratory strain, bred for over ten years in permanent contact with 
sublethal Cd concentration (44 μg Cd·g-1 dry weigh of food). We may suppose that insects from this strain 
can react to additional stressing factors in a different way than control ones (Kafel et al., 2012a, b). 

In order to check if long-lasting, multigenerational contact with cadmium influences the ability of S. exigua 
to cope with additional stress factors we assessed the level of 4 sensitive stress markers (heat shock proteins, 
ATP concentration, ADP/ATP ratio and DNA damage) in the insects from the cadmium and control lines 
and exposed in an acute test to heat shock or pesticide.  

Methods 

IVth  S. exigua instar  from both lines were subjected to different temperature conditions: 20°C, 25°C 30°C 
(groups t20, t25 and t30, respectively) or spinosad: 0.2, 0.02 i 0.002 mg/kg dry weight of the diet (groups 
s1, s2, s3, respectively). HSP70 level, DNA damage, ATP concentration and ADP/ATP ratio were measured 
in fifth-instar larvae according to the following procedures: 

HSP content was determined by indirect ELISA protocol (Pyza et al.,1997; Chavez-Crooker et al., 2003), 
using primary (Monoclonal Anti-Heat Shock Protein 70 produced in mouse) and secondary (Anti-Mouse 
IgG – Alkaline Phosphatase antibody produced in goat) antibody (Sigma-Aldrich). 

For ATP concentration and ADP/ATP ratio BioVision ApoSENSORTM Cell Viability Assay Kit and 
ApoSENSORTM Assay Kit were used, according to the manufacturer’s protocol.  

DNA damage was measured by the Comet assay according to the method described by Bilbao et al. (2002) 
with slight modifications implemented by Augustyniak et al. (2006). Analysis was done with image analysis 
system Komet 5.5 (Kinetic Imaging, Liverpool, UK). 

Results 

The analyses of stress parameters revealed differences between control and cadmium strains. In the insects 
form Cd strain a strong increase in HSP70 synthesis in response to spinosad was found (Fig. 1), whereas 
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the level of DNA damage was significantly higher only in s2 group in comparison with the remaining 
groups. ADP/ATP ratio was similar to the one of the reference group, however, a subtle increase of this 
marker with spinosad concentration was noticed. 

Figure 1. HSP70 (mean ± SD) in 5th instar of S. exigua from control and cadmium strain, and exposed in an acute 
test to different temperatures or pesticide (spinosad). The same letters indicate homogenous groups (ANOVA, Tukey 
test; p<0.05). 

The insects from the control group did not show a distinct increase in HSP70 level after spinosad application, 
although the temperature of 20 °C stimulated their synthesis (Fig. 1) and enhanced the level of DNA damage. 
Higher ATP concentration in the control insects was detected only after the exposure to the highest spinosad 
concentration. In all the spinosad-exposed groups ADP/ATP ratio was high, what may suggest that apoptotic 
and/or necrotic changes take place. 

Conclusion 

Long-lasting, multigenerational contact with cadmium caused several changes that enable the insect to 
survive under a chronic stress, preparing the organism to the contact with an additional, new stressor. This 
increases the probability of population survivorship and, at the same time, decreases the efficiency of plant 
protection efforts. 

This project was supported by National Science Centre, Poland (decision DEC-2013/09/B/NZ9/01754) 
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Introduction 

The Mediterranean spearfish Tetrapturus belone (Rafinesque, 1810) is a large pelagic fish belonging to the 

family Istiophoridae. Available information on biology and feeding habits, is scarce.  Its distribution is 

limited to the Mediterranean Sea (mainly in the upper 200 m water layer above or within the thermocline), 

feeding on pelagic fishes and cephalopods (Castriota et al., 2008).  Since fish stocks of traditional large fish 

prey like tuna or swordfish are running out, it is increasing the commercial interest towards T. belone, 

considerably abundant around Italy, particularly in the Tyrrhenian Sea (Castriota et al., 2008). Here we 

report first data on Hg, Cd and Se levels in muscle and liver of 38 T. belone specimens caught  in the Strait 

of Messina from 2008 to 2015. Scantly information is available for this specie concerning ecotoxicological 

aspects. Along with other toxic compounds, there are no data on tissue levels of trace elements even though 

this specie inhabits the Mediterranean Sea, a semi-closed basin surrounded by heavily populated and 

industrialized countries and known to be rich in mercury deposits. 

Methods 

Specimens of T. belone (17 female, 4 male and 17 unknown) were caught by harpoon from traditional 

Sicilian ‘‘passerella’’ fishing boats. Biometric and sex data were recorded, muscle and liver samples were 

collected then stored in a freezer. Aliquots of tissues were oven dried at 105 °C to constant weight and the 

water content (%) calculated. Trace elements were determined by atomic absorption spectrometry on 

lyophilized tissues after microwave-assisted acid decomposition 4:1 v/v nitric acid (HNO3) and hydrogen 

peroxide (H2O2). The method of internal additions was used and procedural blanks and Standard Reference 

Materials were analyzed to fulfill QA/QC requirements. Concentrations are given as mean of three 

replicates. To check for differences and correlations within and between variables, non parametric statistics 

Mann-Whitney U test and Spearman Rs test were used with significant level for p < 0.05. 

Results 

The T. belone specimens ranged from 6 to 22 kg (130-190 cm as lower jaw fork length, LJFL). The water 

content was 68% in liver and 76% in muscle. Table 1 reports results on Cd, Hg and Se in liver and muscle. 
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Table 1. Trace elements concentrations, as mg/kg on a dry weight basis (dry wt.) in tissues of  T. belone. 

Cd liver Hg liver Se liver Cd muscle Hg muscle Se muscle 

mean 5.51 2.19 7.44 0.019 2.89 1.85 
st.dev. 3.15 2.12 3.85 0.015 1.97 0.563 

min 1.05 0.196 3.145 0.001 0.522 1.24 
max 13.2 7.51 22.6 0.060 8.56 4.54 

Cadmium was mainly accumulated in liver, whereas Hg showed similar levels for both tissues analyzed; 

Hg in muscle and liver were significantly correlated (Rs = 0.616, p < 0.005). As edible part, muscle Hg 

mean value, on fresh weight basis (0.982 mg/kg), exceeded the European Union maximum residue limit 

(0.5 mg/kg) for food stuffs, fishery products. Increasing concentrations pattern with the specimens size were 

found (Fig.1) for Hg in both tissues analyzed and for Cd in liver, only liver Hg were however significant 

(Rs = 0.430, p < 0.05). Mercury in liver was positively correlated with Cd (Rs = 0.617, p < 0.05) but not 

with Se which is known to have a protective role against Hg (Cuvin‐Aralar and Furness, 1991). Instead, Se-

Cd correlation in liver was significant (Rs = 0.407, p < 0.05) likely due to  high Cd intake with a cephalopods 

rich diet (Bustamante et al. 1998). No significant differences were found between males and females. 

Figure 1. Cadmium and mercury concentrations (mg/kg dry wt.) in T. belone  tissues as function of 
specimens size as LJFL cm. 

Conclusion 

This research reported a first set of data on Cd, Hg and Se in Mediterranean spearfish T. belone. Results  

allowed to drown some ecotoxicological and ecophysiological considerations. Moreover levels found in 

muscle as edible part may be of concern for human consumption as potential risk for human health. 
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Introduction Heavy metal pollution is one of the most serious environmental problems caused by man 
(Blais et al., 2007). Due to mining and industrial development in Chile, an increasing level of metals in 
coastal ecosystems has been noted (Salamanca et al., 2004). In these areas several colonies of Humboldt 
penguins are concentrated, which can be affected by these anthropogenic activities (Celis et al., 2014). 
Heavy metals are incorporated into the animal through diet, and most part of them are excreted on land 
(Celis et al., 2014). Heavy metals can alter the microbial flora that live on the ground (Montuelle et al., 
1994). Thus, pollution of coastal ecosystems can have impacts on native bacteria by the emergence of 
resistant strains. The consequences can be worrisome for the environment and health (Nies, 2003). Globally, 
70% of emerging infectious diseases originated in wildlife (Jones et al., 2008). Contamination by heavy 
metals on microbial flora has not been fully studied in fauna of coastal areas of Chile (Moraga et al., 2003). 
Exposure to heavy metals could be influencing the susceptibility of gastrointestinal bacteria of this species. 
Furthermore, studies have shown that metal contamination could have an important role in the proliferation 
of antibiotic resistance (Rose et al., 2009). Little is known if heavy metal pollution has an real impact on 
the microbial flora of these birds in relation to habitats. In this study, the aim was (1) to determine bacterial 
resistance to metals such as Cd, As, Pb, Cu and Zn in excreta of Humboldt penguins that nest in three 
important areas of the Chilean coast, and (2) investigate whether metals have any effect on bacterial 
resistance to some antibiotics. 

Methods Ten fresh excreta samples of Humboldt penguins were collected from each nesting sites.  Samples 
were stored at ~ 4 ° C until their arrival to the laboratory. Sampling was conducted between December 2011 
and January 2012. The locations studied were: Pan de Azucar Island (26º09'S, 70º40'O), Chañaral Island 
(29º01'S, 71º34'O) and Cachagua Island (32º35'S, 71º27'O). 

The microbiological trials were performed at the Faculty of Veterinary Science, University of Concepcion. 
Samples were grown in buffered peptone broth (37°C x 24 h). Then, samples were transferred to three 
selective media for the isolation of bacterial colonies which were incubated again. Bacterial identification 
from isolated colonies, was based on studies of microscopic morphology, Gram staining and biochemical 
properties. A standardized system for bacterial identification was used for the characterization of the 
identified species (API). 

The bacterial resistance to heavy metals were tested with 3200, 1600, 800, 400 and 200 µg / mL for As, Cu 
and Pb; for Zn were 1600, 800, 400, 200 and 100 µg / mL, whereas for the Cd levels tested were 400, 200, 
100, 50 and 25 µg / mL (Mondaca et al., 1993). Bacterial resistance was determined by the minimum 
inhibitory concentration (MIC) for these metals (Anisimova et al., 1993). 

All strains isolated were also tested for resistance to a wide range of antibiotics oxytetracycline (30 mg / 
mL), penicillin (10 µg / mL), gentamicin (10 µg / mL), florfenicol (30 µg / mL) amoxicillin (20 mg / mL), 
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sulfatrimet (25 µg / mL) and cefapirin (30 µg / mL). The concentration of the antibiotic used was greater 
than the maximum inhibitory concentration listed on performance standards CLSI (2014), except for 
florfenicol. The results were recorded as sensitive or resistant. 

Results Bacterial resistance to heavy metals varied from penguin colonies inhabiting the studied locations, 
with greater resistance to As, Cu and Pb in strains isolated from feces of Cachagua Island, being this site 
which exhibited the highest concentrations reported for these elements. In general, all strain isolated showed 
resistance to metal Zn. The most toxic metal was Cd, followed by Cu. All Gram (+) and Gram (-) isolated 
were susceptible to oxytetracycline, gentamicin, florfenicol, amoxicillin and cephapirin. All Gram (-) 
isolated were resistant to penicillin and some to sulfatrim. There was no bacterial resistance to metals 
associated with antibiotic resistance. 

Conclusion The resistant strains to heavy metals found in this study could affect organic and inorganic 
environments cycles in northern and central coast of Chile. Although bacterial resistance to metals in the 
areas studied was not associated with resistance to antibiotics, further research is required. The habitats 
occupied by the Humboldt penguin had different concentrations of heavy metals. This is interesting because 
it allows locating the areas where human activities impact mostly on these species of seabirds. All this would 
be a great contribution to assess the degree of contamination due to anthropogenic activity and could be 
affecting the wildlife of the Chilean coast and human health, which will support making appropriate 
decisions to reduce pollutants in the environment. 
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Introduction  

During the last years the interest in the application of ionic liquids (ILs) in micro-extraction methods has 

gained increasing attention due to their particular physico-chemical properties. Among the benefits for 

liquid micro-extraction are their non-volatile nature and their high viscosity, which overcomes instability 

problems of conventional organic solvents (Zhang et al. 2013). Ionic liquids have been used in liquid micro-

extraction of toxic metals. The most recent application is in hollow fiber liquid phase micro-extraction 

(HFLPME). Despite the interest in HFLPME, it presents some limitations for routine and field use caused 

by the need of a specific support for the fiber. However, a configuration of solvent bar micro-extraction 

(SBME) recently appeared to overcome this drawback by thermally sealing both ends of the fiber (López-

López et al. 2015). 

Tuning the composition of the cation and the anion, including functional groups that act as ligands in their 

structure, improves the efficiency of ILs for extraction of metals from water samples. These types of ILs are 

known as “task specific” (TSILs), because they can be considered as design solvents (Sawant et al., 2011).  

Methods 

Ionic liquids tricaprylylmethylammonium thiosalicylate ([A336][TS]), tricaprylylmethylammonium 2-

(methylthio)benzoate ([A336][MTBA]), trihexyl(tetradecyl)phosphonium salicylate ([C101][Sal]), and 

trihexyl(tetradecyl)phosphonium anthranilate ([C101][Ant]) were synthesized via deprotonation-metathesis 

reaction from Aliquat® 336 and Cyphos® IL 101 (Sigma-Aldrich) and corresponding Bronsted acids as 

precursors.  

SBME was set-up filling the fiber lumen and pores with the ionic liquid and thermally sealing the fiber ends. 

Extraction efficiency was calculated as the metal removed from the sample after the extraction experiment. 

Standard solutions of Ag, Cd, Cr, Cu, Ni, Pb and Pt were prepared using certified standards of 1000 mg L-

1. Concentration of the metal in the aqueous solution was quantified by flame and graphite furnace atomic

absorption spectroscopy. 
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Results 

A screening of metal extraction (Figure 1) shows that Aliquat® 336 derivatives [A336][TS] and 

[A336][MTBA] offer the highest extraction efficiency in the case of divalent metals Cu, Cd, Ni, Pb and Pt. 

However in the case of Cyphos® IL 101 derivatives [C101][Sal] and [C101][Ant] the highest extraction is 

observed for Ag and Pt. Extraction efficiency observed for Ag with Aliquat 336® can be associated with the 

presence of AgCln
(n-1-)- complexes that are exchanged with Cl- from the ionic liquid. Finally, in the case of 

Cr, all the used ILs offer extraction yields over 90 % after 24 hours. 

Figure 1. Screening extraction efficiency of Ag, Cd, Cr, Cu, Ni, Pb and Pt by ■ Aliquat® 336, ■ [A336][TS], ■ 
[A336][MTBA], ■ [C101][Sal], and ■ [C101][Ant]  

For [A336][TS], a common behavior was observed for Cd, Cr, Cu, Ni and Pb, with a linear increase of 

extraction with time up to 5 hours. [A336][MTBA] showed lower capacity than [A336][TS] for Cr and Cu. 

Regarding Pt, [C101][Sal] showed a stabilization in the extraction profile after 5 hours. 

Conclusion 

SBME joins the efficiency of the proposed ILs with their stabilization in the porous hollow fiber, leading to 

the efficient multi-element micro-extraction of Ag, Cd, Cr, Cu, Ni, Pb and Pt.  
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Introduction: In the environmental sciences, monitoring of contaminant transport in water has numerous 

applications, hence; sampling is one of the crucial parts for stormwater study. For the determination of freely 

dissolved compound in storm water, passive sampler Sorbicell is mostly simpler to use and more cost 

effective (Birch, Sharma, Vezzaro, Lützhøft, & Mikkelsen, 2013). The SorbiCell (SC) passive sampler, a 

cartridge-type adsorbent that sequesters the solute, proportional to the velocity of influent water. In this 

study, the challenges of installation and performances were evaluated in laboratory condition..  

Material and Methods: Duplicated Sorbicells (Sorbisense A/S, Denmark) were installed in a specially 

constructed device (Fig 1.) from 31-03-2015 to 09-04-2015 and 13-04-2015 to 21.04.2015 in the laboratory 

of the IGSNRR, Chinese Academy of Sciences, Beijing, China. The adsorbent resins were extracted in 

Polytetrafluoroethylene (PTFE-Teflon) vessels and digested with analytical grade HNO3 at 120 0C for 4 

hours. A microwave-assisted method 3051 A was also used to digest  the adsorption resins to be analyzed 

for metals (USEPA, 1990). Dissolved concentrations of heavy metals of for composites samples were also 

measured by filtering through a 0.45 µ m filter membrane (Clesceri, Greenberg, Eaton, & Eds., 1992). To 

quantify the volume of water that passes through the sensor during a deployment period equation 1 (de 

Jonge & Rothenberg, 2005) was used. 
	 ,

	 ,
1   Where, V is the total water volume passing through 

the passive sampler, M t,0 is the initial mass of tracer salt, Mt the final tracer mass after installation, and 

Ct,max the concentration of the tracer ion in solution. The samples were analyzed by inductively coupled 

plasma Optical Emission spectrometry (ICP-OES) (ELAN DRC-e, Perkin Elmer SCIEX) (Wang & Liang, 

2014). 

Results: Determination of total volume of samples 

Velocity dependent passive sampling devices Sorbicells were used to obtain the time-averaged 

concentration of analyte in urban runoff water. The total amount of sample passed through the 

different Sorbicells 1, 2, 3, 4  are 0.529 L, 0.431 L, 0.478 L and 0.582 L, respectively. The recovey 
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percentages was in accepted ranges from the producers guidelines, however, to obtain the true 

concentration, recovery percentages were also considered.  

Figure 1: A passive Sampler installation device. Figure 2: Heavy metals in velocity dependent passive 
samplers  

 Figure 3 shows the variation of different heavy metals in urban runoff. Higher concentration of Zn, Cu, Pb 

and Mn are seen in both of the period. Cu and Pb are higher in concentration and Zn are comparatively 

lower in concentration than the study of Birch et al. (Birch et al., 2013). Result from this current study also 

could be compared with dissolved concentration of composite samples contain Cu (9.07-57.25 µg/L), Zn 

(19.33-42.82 µg/L), Pb (15.64-27.22 µg/L) which are less amount than passive samplers concentration in 

some extent.Sb content in the SC are much higher than other studies (Huber, Welker, & Helmreich, 2016). 

Conclusion: In this preliminary study, the results shows the possibility of measuring the average 

concentration of metals in urban runoff. These preliminary results show how velocity dependent passive 

sampling may be used for monitoring over longer time periods instead of focusing on single events. 
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Introduction  

Selenium (Se) is essential for the activity of 25–30 genetically unique enzymes (selenoenzymes) (Torres et 
al., 2014). It is one of the elements that plays the most important role in human and animal health. 
Meanwhile, the availability of selenium for plants depends on soil properties, including pH, salinity and 
content of CaCO3 (Kabata-Pendias, 2001). Additionally, most methods available for analyte determinations 
focus on analyzing the edible part of the plants, giving little or no attention to the other parts of the plants, 
which can also accumulate elements in a situation of exposure, and therefore, are very important concerning 
an analytical method as well. In this sense, an analytical method was developed in order to measure selenium 
in different parts of broccoli (stems, leaves, roots, curd), as the plants were previously exposed to selenium 
species. The technique chosen to measure Se was GF AAS, considering its high sensitivity, and the samples 
were prepared as slurries in nitric acid, which greatly facilitates the sample preparation process. (Torres et 
al., 2014; Kabata-Pendias, 2001). 

Methods 

All measurements were carried out using atomic absorption spectrometer with longitudinally-heated 
graphite atomizer with Zeeman-effect background correction. Samples were freeze dried before slurry 
preparation. The employed conditions for Se determination were: 20 µL of the sample or standard solution; 
5 µL of the mixture Pd-Mg as chemical modifiers in solution. The pyrolysis and atomization temperatures 
were optimized and the adopted conditions were 600/2100 ºC. The calibration standard solutions were 
prepared in 6.67% v/v nitric acid medium and the calibration ranges were from 10.0 to 100.0 µg L-1. The 
limit of detection and limit of quantification, calculated as three times the standard deviation of 10 
measurements of the blank solution and then divided by the slope of the calibration curve, in the sample, 
were 0.06 μg g 1 and 0.21 μg g 1, respectively. The method optimization was performed by using 25-2 
factorial design, and using the combinations of the experimental variables, such as mass of sample (0.2000 
or 0.2500 g), nitric acid volume (1 or 1.2 ml), sulfuric acid volume (0 or 0.2 ml), ultrasound time (60 or 120 
min), and heating of ultrasound bath (none or ~80 °C), the method could be optimized. The sample volume 
was made up to 15.0 mL with deionized water. 

Results 

Fractional factorial design is a valuable tool to evaluate the parameters involved in an analytical method, 
which can, for example, simplify the analytical procedure, reduce the time of a specific step or save reagents. 
The design was performed with duplicate samples. This choice provides enough degrees of freedom to 
determine experimental error and evaluate of the design results via Pareto chart. Figure 1 shows the Pareto 
Charts obtained from this study. From this graph it is possible to observe that none of the evaluated factors 
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presented significant influence, meaning that we can use the level of the evaluated factors to our best 
convenience. That means, a sample mass of 0.2500 grams (for higher sensitivity), 1 ml of nitric acid (less 
reagent), exclusion of sulfuric acid, 60 minutes of ultrasound under no heating. Regarding the two last 
factors, although there was no statistical significance for the tested levels, the method best benefit from 
longer times in the ultrasound bath under heating, which produces a clearer slurry, a desired quality when 
dealing with slurry technique. Then, we adopted 120 minutes under heated ultrasound bath. From the 
evaluation of stems, leaves, curd, pupae and roots of broccoli plants exposed to Se, the concentration of Se 
varied from below the LOQ to 60 µg g-1 (leaves of broccoli exposed to 500 µg of Se(VI)).  

Figure 1. 25-2 factorial design for sample preparation optimization as slurries of broccoli parts for the determination 
of Se by GF AAS. Sample 15P 25/28 RL (1.26 ug/g of Se). 

Conclusion 

Acidic slurries of broccoli plant parts obtained after ultrasound exposure has shown to be a reliable and 
simple way for sample preparation aiming the measurement of Se by GF AAS, which was greatly facilitated 
by applying a 25-2 fractional factorial design in order to optimize the levels of the method parameters. In this 
context, 0.2500 grams of the freeze-dried sample was weighed directly in the PP tubes. After that, 1.0 mL 
of nitric acid was added. Samples were submitted to an ultrasound step for 2 h at 80 °C, and then the volume 
was made up to 15.0 mL with deionized water. 
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Introduction  

Mercury is one of the most hazardous elements. Its transformation and transport in the environment strongly 
depend on its chemical form. Information about Hg form is also important for understanding  
the bioavailability as well as toxicity of this element. Published methods for Hg speciation include sequential 
chemical extraction (Wallschlager et al., 1998), X-ray adsorption fine structure spectroscopy (Kim et al., 
2000) and thermo-desorption atomic absorption spectroscopy (Biester and Scholz, 1997). Each of this 
methods has advantages and disadvantages. However, the large number of various procedures used  
by different authors results in a large quantity of non-comparable data. The objective of this research  was 
to develop and validate a simple thermo-desorption technique for mercury fractionation in environmental 
samples using the direct mercury analyzer. It allow to standardized the operational conditions to get 
reproducible results in different laboratories. 

Methods 

The direct mercury analyzer DMA-80 (Milestone, Italy) was used for the detection of Hg. The instrument 
was develop for determination of the total Hg by combustion of sample and CV AAS detection using oxygen 
as a carrier gases. For temperature fractionation the same instrument was used, only the temperature  
of catalytic tube heating was changed. In this case the temperature at which Hg was released 
from the samples was controlled. Each sample was heated from 50oC to 750oC and result was presented  
as a thermo-desorption curve. The Hg species were characterized by the temperature range at which they 
were release. Twelve synthetic standard material were used in this work. HgCl2, Hg2Cl2, Hg(NO3)2, HgSO4, 
HgO (red), HgBr2, HgI2, HgF2, HgS, (CH3COO)2Hg, Hg(SCN)2, Hg(CN)2 were purchased from Sigma 
Aldrich. Hg concentration in this materials were too high to be measured directly, therefore they were dry 
diluted with beach sand (<90% SiO2) heated by 24h in 800oC. Additionally, the decomposed plant collected 
from the composter was used as a humus-like standard. The method was tested on a certified reference 
material (BCR-414; NCS DC 87103) as well as on natural samples: soil (with high organic matter content), 
beach sand, marine sediment, plankton and aquatic plant (Lemna minor).  

Results 

First step of the development of the thermo-desorption method for mercury fractionation was optimization 
of the heating time. Two aspects were checked for each temperature: time to reach the target temperature 
and time in which the highest Hg concentration was measured. The first one was crucial to avoid overheating 
the sample, because it could disturb the next measurement. The second one was important because of 
the recovery. The next step was the analysis of Hg concentration in the certified reference material 
and natural samples. The results from Hg fractionation were compared to total mercury concentration  
in those samples. In soil sample with total mercury concentration about 90 ng g-1 d.m. recover was more 
than 95% but in samples with total Hg concentration less than 20 ng g-1 d.m. recover ranged from 60%  
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to 75%. The next step was the analysis of Hg standards. The obtained results showed that Hg halides, nitrate, 
cyanide, thiocyanate and acetate had desorption peak at the lowest temperature (fig. 1). The exception was 
HgF2, which had main peak at 450oC. After Hg halides, at 250oC sharp peak belongs to the humic-like 
substances could be seen. Between 275oC and 350oC there is wide peak for HgS. The desorption profile 
obtained for HgSO4 showed a maximum in 450oC, while red form of HgO had wide peak with maximum 
in 475oC. Comparison of the thermograms obtained for Hg standards and for soil sample indicated that  
in this sample Hg was associated mainly with humic-like organic matter. 

Figure 1. Thermograms of mercury standards (right axis) and soil sample (left axis). 

Conclusion 

The obtained results show that the thermo-desorption method does not allow for precise determination  
of single Hg compounds. However, this method can be considered as a screening technique  
for the evaluation of the percentage contribution of certain groups of Hg compounds with similar properties 
in solid samples with Hg concentration about hundred ng g-1 and higher. This could be a valuable basis for 
discussion about Hg transformation in the environment. The research is still in progress. 
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Introduction  

Oceanographic research over the past few decades has unveiled the significance of trace metals in marine 

biogeochemical cycles. Trace element determination in seawater is analytically dificult, due to the typically 

very  low  concentrations  and  the  potential  interference  of  the  saline matrix.  Determination  of  trace 

elements contents in the low ng kg‐1 level remains a fundamental analytical challenge and a great source 

of  complexity.  Although  the  detection  sensitivity  of  ICP‐MS  allows  the  direct measurement  of  trace 

elements  at  sub‐ng  g‐1  levels  the  physical  deposition  of  salts  on  interface  cones  and  polyatomic 

interference  from the major  ions  in seawater does not allow a simple analysis. Therefore, sample pre‐

treatment or matrix elimination prior to sample introduction into the plasma is often inevitable. 

Methods 

A method based on the application of an automated off-line seaFAST preconcentration system, combined 

with subsequent HR ICP-MS detection was developed.The preconcentration of the trace elements was 

achievd on a column integrated into seaFAST containing chelating resin with ethylenediaminetriacetic acid 

and iminodiacetic acid functional groups. Seven trace elements (Cd, Co, Cu, Mn, Ni,  Pb  and Zn) were 

simultaneously and quantitatively preconcentrated from 10 mL of seawater, eluted with 200µL of 1.8 M 

HNO3, and determined by HR-ICP-MS using external calibration strategy. The single-step preconcentration 

removed more than 99.9% of Na, K, Mg and Ca from seawater.  

Results 

ISO-17025 standard and Eurachem guidelines were followed to perform the validation of the proposed 

methodology. Accordingly, blanks, selectivity, linearity of the calibration curve, working range, recovery, 

precision, traceability, limit of detection, limit of quantification and expanded uncertainty were assessed. 

The estimation of the total uncertainty associated to each measurement result was fundamental tool for 

sorting the main sources of measurement biases. Preliminary forecast of the uncertainty budgets was used 

as a strategy to ensure that determination of trace elements in seawater could be achieved with demonstrated 

traceability to a stated system of reference within less than 10 %  expanded uncertainty (k=2) respectively.  
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Summary of the obtained from the validation study results are given in Table 1 

Parameter  Value 
Recovery, % 90 ± 10

Bias % 1-10

Uncertainty 7-10% (k=2)

Repeatability, RSD ~4%

Reproducibility, RSD ~6%

LOD pg kg
-1 5 - 100

LOQ, pg kg
-1 15 - 300

Blank, pg kg
-1 5 - 100

Additional validation of the developed analytical procedure was effectuated by comparison with the values 

reported in the frame of the organized by the EC JRC Institute for Reference Materials and Measurements 

IMEP 40 inter-laboratory comparison exercise. Good agreement was obtained also with the reference values 

of the several CRMs analyzed with the proposed analytical methodology: CASS- 5 NASS-6, from the 

NRCC Canada. 

Table 2. Comparison of obtained results (µg kg-1), k=2 with the IMEP-40 reference values 

Element Reference values IMEP 40 Ext. calibration results (this study)

Cd 0.096 ± 0.013 0.091± 0.007

Co 0.075 ± 0.012) 0.066± 0.005

Cu 0.88  ± 0.15 0.79± 0.08

Mn 2.46 ± 0.15 2.53 ± 0.09

Ni 1.06 ± 0.11 0.963 ± 0.067

Pb 0.097 ± 0.14 0.092 ± 0.008

Zn 4.70 ± 0.50 4.30 ± 0.31

Conclusions 

The proposed and validated analytical method based on the combination  of seaFAST system with HR SF 

ICP-MS is fit for purpose and can be applied for trace elements ocean monitoring. 
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Introduction  

In biomonitoring and ecotoxicology, clean and accurate sample preparation is required, in respect of 
potential low quantity of the analyte and non-homogeneity of material (Kebbekus and Mitra, 1998). In the 
case of trace metals analyses, the dry weight of tissues (d.w.) should also be obtained, as levels of those 
metals are more accurately assessed in samples of the same hydration state.  

Many scientists dry samples at 105°C or 100°C, while the others at 80°C or 60°C. The discrepancy in 
temperature used may lead to different d.w. obtained, thus the final concentrations may be different. During 
the drying procedure adequate temperature and time are crucial. Other factors, like  the storage, laboratory 
materials used and detailed type of the sample, may also influence the drying protocol. Frozen samples are 
being used by some scientists, while the others use fresh samples. Due to the fact of ice formation during 
storage at -18° and subsequent destruction of many structures (Bancroft et al., 2008) there is a possibility to 
observe differences between d.w. obtained after different storage. Additionally, the differences in samples’ 
dry weight obtained drying on dishes made of different materials, e.g. glass and plastic (Binkowski et 
al.,2012) may be suspected, as well as, the influence of the detailed tissue type (e.g. healthy and cancerous 
lung tissue) (Błaszczyk et al., 2016).  

This work investigates subsequent issues 1) the rate of water loss from samples which defines the minimal 
oven drying time of the tissues, which is required to obtained the constant d.w. 2) the differences in water 
loss dynamics between different tissues 3) the influence of the sort of weighing plate (glass or plastic one) 
on the obtained d.w. This  brings us the information how to handle drying protocol to avoid potential sources 
of errors, as well as, to what time we can shorten the drying procedure to obtain reliable results. 

Methods 

The research was conducted on birds' and human tissues (0.5-1.0 g of wet weight). Mallard’s (Anas 
platyrhynchos L.) samples (brain, pectoral muscle, lung, liver, kidney, intestine, spleen and bone) were 
taken from individuals (n=24). The samples were separated into 3 experiments: effect of temperature (60°C 
and 105°C), plate and storage. The d.w. was measured in consecutive controls: 1, 2, 4, 7, 11, 18 and 28 days 
after starting the drying.  

Human samples were collected from 77 patients during a surgery. From each patient two samples of 
cancerous and seemingly unaffected tissue fragments have been collected. Before analysis, the samples were 
put into dryer at 60°C. For the first three days the samples had been weighed every 12 hours and further 
(4th -13th day) every 24 hours until the weight was stable. All the results were shown as means of d.w. 
percentage. The factorial ANOVA was used to determine the differences between consecutive 
measurements. 
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Results 

We observed the fastest water loss between 1st and 4th day of the drying. The frozen samples (liver, spleen 
and intestine) drying in glass plates lost nearly the same amount of water in both temperatures (60°C and 
105°C) (Fig. 1). Our results indicated that due to plate factor (glass or plastic) the d.w. differed in the case 
of kidney (p=0.0007) and spleen samples (p=0.0334). Moreover, only in the case of liver samples the 
significant variability according to the freezing (p=0.0028) and its interaction with the plate factor 
(p=0.0118) were observed.  

The percent of the d.w. was higher in lung unaffected samples than in the lung cancerous samples (Fig.1). 
Human samples were visibly losing their weight up to 72 hours and the highest decrease in weight loss was 
found in the first 24 hours of drying in both tested tissues.  

Figure 1. % of the d.w obtained at different temperatures (60°C, 105°C) from bird’ and human 
(unaffected and cancer) lung tissue . 

Conclusion 

The drying temperature, as well as the drying time, the material of which the weighing dishes are made and 
freezing the material significantly influence the d.w. Our results revealed that the final d.w. percentage is 
influenced by the tissue type. We also suggest to shorten the drying period to 72 hours (longer drying does 
not cause a significant water loss). This allows us to save the money and the time, which is of  special 
importance for the medical patients for whom both the duration of the analyses and the costs are crucial.   
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Introduction  

Knowledge of the elemental and isotopic composition of a seized radioactive sample is a key parameter in 
nuclear forensics. While mass spectrometry is used in most instances for obtaining such data, recent 
developments in high resolution inductively coupled plasma – optical emission spectrometry (HR-ICP-
OES) allow for fast and reliable comparative analysis (Krachler et al., 2015; Krachler & Alvarez Sarandes, 
2015; Krachler & Alvarez Sarandes, 2016) Employing two instrumental techniques (mass spectrometry and 
optical emission) based on different physical detection principles, the accuracy of analytical data can be 
ascertained (Krachler et al., 2015). 

The high optical resolution of HR-ICP-OES of <5 pm enables the detection of emission lines of individual 
isotopes of plutonium (Pu) and uranium (U), for example (Figure 1). As such, valuable isotopic information 
is also accessible with HR-ICP-OES (Krachler & Carbol, 2011; Krachler & Wegen, 2012). 

In this context the current study highlights two selected domains of isotopic analysis using HR-ICP-OES 
and compares the ICP-OES results with mass spectrometry data: (a) the assessment of depleted, natural and 
enriched uranium, and (b) Pu age-dating using the 234U/238Pu chronometer. 

Methods 

All measurements were carried out with a commercial high resolution (HR-) ICP-OES instrument (Ultima2, 
HORIBA Jobin Yvon, Longjumeau, France). The entire sample introduction system including the 
autosampler (AS500, HORIBA) of this sequentially working optical spectrometer has been installed in a 
glove box enabling the analysis of the radioactive samples. This demanding adaptation of original ICP-OES 
set-up protected the analyst from  and  radiation of the sample solutions to be analysed. A PolyPro ST 
nebuliser (Elemental Scientific, Inc., Omaha, NE, USA) was attached to a high efficiency sample 
introduction system enhancing ICP-OES performance. Detailed operating and data acquisition parameters 
of the HR-ICP-OES were reported earlier (Krachler & Carbol, 2011; Krachler & Alvarez Sarandes, 2016). 

Similarly, sector field ICP-MS (Element2, Thermo Fisher Scientific, Bremen, Germany), MC-ICP-MS or 
TIMS, all operated at routine settings in-house, were employed for comparative mass spectrometric 
measurements. 
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HR-ICP-OES provides fit for purpose U isotopic information with reasonable accuracy (typically 1.5%) and 
precision (~1%) within a couple of minutes. As such, HR-ICP-OES can be employed as a reliable, fast 
screening tool to identify the U isotopic composition and as such, complements the more laborious mass 
spectrometric analysis routinely employed for this purpose. 
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Figure 1. Left: Optical emission spectra of samples containing natural (0.72% 235U) or slightly enriched uranium 
(Krachler & Carbol, 2011). Right: Spectroscopic identification of the decay product 234U in a 238Pu sample. The 
emission spectra of the certified reference material IRMM-199, containing ~1/3 of each 233U, 235U, and 238U as well as 
of a conventional ICP standard solution are given for comparison. 

While mass spectrometry may utilize various parent/daughter pairs (234U/238Pu, 235U/239Pu, 236U240Pu, 
241Am/241Pu) to ascertain the accuracy of Pu age-dating, the employment of various Pu and U emission 
wavelengths confirms the "correct" date derived from HR-ICP-OES measurements. Preliminary data show 
a high degree of agreement between both instrumental approaches, effectively complementing each other. 

Conclusion 

HR-ICP-OES is a powerful screening tool for the quick assessment of depleted, natural and enriched U as 
well as for age-dating of 238Pu materials with reasonable accuracy and precision. Such direct optical 
emission analysis is straightforward and does not require a chromatographic separation prior to the 
quantification step as mandatory for most mass spectrometric measurements. 

References 

Krachler, M.; Alvarez Sarandes, R. (2016). Capabilities of High Resolution ICP-OES for Plutonium Isotopic Analysis. 
Microchem. J., 125, 196-202. 

Krachler, M.; Alvarez Sarandes, R. (2015). Improved Plutonium Concentration Analysis in Specimens Originating 
from the Nuclear Fuel Cycle Using High Resolution ICP-OES. J. Anal. At. Spectrom., 30, 1655-1662. 

Krachler, M.; Alvarez Sarandes, R,; Van Winckel, S. (2015). Challenges in the Quality Assurance of Elemental and 
Isotopic Analyses in Nuclear Domain Benefitting from High Resolution ICP-OES and Sector Field ICP-MS. J. 
Radioanal. Nucl. Chem., 304, 1201-1209. 

Krachler, M.; Wegen, D.H. (2012). Promises and Pitfalls in the Reliable Determination of 233U Using High Resolution 
ICP-OES. J. Anal. At. Spectrom., 27, 335-339. 

Krachler, M.; Carbol, P. (2011). Validation of Isotopic Analysis of Depleted, Natural, and Enriched Uranium Using 
High Resolution ICP-OES. J. Anal. At. Spectrom., 26, 293-299. 

424.38 424.40 424.42 424.44
60000

90000

120000

150000

IC
P

-O
E

S
 s

ig
n

al
 in

te
n

si
ty

, c
o

u
nt

s

wavelength, nm

 1 mg/kg U-238
 IRMM-199
 U-234

U-233
U-234

U-235
U-238

Results 

Abstract Book of the 18th International Conference on Heavy Metals in the Environment, 12 to 15 September 2016, Ghent, Belgium 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

– 720 –



18th International Conference on Heavy Metals in the Environment

‐ 630 - 

APPLICATION OF APDC FOR SEPARATION OF CHROMIUM, 
THALLIUM AND ARSENIC FORMS FROM WATER SAMPLES – 
PRELIMINARY RESULTS 

E. Biaduń1, Natalia Ospina-Alvarez1-2, B. Krasnodebska-Ostrega1 

1 University of Warsaw, Faculty of Chemistry, Warsaw, Poland 
2 University of Potsdam, Institute of Earth and Environmental Sciences, Potsdam, Germany 

natalia.ospina‐alvarez@uni‐potsdam.de 

Keywords: Arsenic; APDC; solid phase extraction; SGX C18 

Introduction  

Arsenic, thallium and chromium belong to a group of potentially very toxic elements. They are listed as 

priority hazardous substances and are considered within the top 20 contaminants by the US-EPA. Arsenic 

toxicity depends on chemical forms and redox states of the elements. The most toxic forms of arsenic are 

non-organic compounds, while arsenic organic compounds are non-toxic. Cr(III) is an essential dietary 

nutrient, required to potentiate the metabolism of insulin and normalizes glucose, protein and lipid levels, 

while Cr(VI) is toxic and carcinogen. Both forms of Tl are toxic but Tl(III) is more toxic than Tl(I). 

Toxicological properties depend not only on the total amount, but mainly on their oxidation state. 

The cations As(III), Cr(III), and Tl(III) have some similar chemical properties and can react with 

dithiocarbamates (DTCs). According to the ‘Hard and Soft Acid and Bases Theory’ (Pearson 1968), Tl(III) 

is soft acid and create covalent chemical bond with sulfur. Not only soft acids can create chemical bond 

with soft basic. Cr(III) and As(III) are hard acids and probably create chemical bond with sulfuric too. As, 

Tl and Cr compounds with DTCs can be selectively separated in water samples and soil extracts using solid 

phase extraction (SPE). SPE have been applied for years, but becomes more and more popular due to the 

small cost of SPE-chambers and easiness of application. The separation of matrix could be performed in 

mode off-line as well as on-line SPE.  

Previous experience with diethylenodithiocarbamate (DDTC) application in speciation analysis of Tl(III) 

was very promising (Krasnodębska-Ostręga et al. 2013). But for use of DTCs molecules in simultaneous 

separation and pre-concentration of the Me(III) from a water matrix, it required the use of another 

compound. The solubility of the complexes of trivalent ions with ammonium pyrrolidinedithiocarbamate 

(APDC) are much lower than with DDTC. Therefore, APDC was proposed for simultaneously precipitation 

of Me(III)APDC (Me = As(III), Tl(III) and Cr(III)).  
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Methods 

The aim of this study was to develop a method for separation of As(III)/As(V), Cr(III)/Cr(VI) and 

Tl(I)/Tl(III) in water samples on a SPE column. Octadecyl silica gel (SGX C18) modified with ammonium 

pyrrolidinedithiocarbamate (APDC) was applied as sorbent. The method is based on the differences in 

chelation of metals on different oxidation states and APDC depending on the selected conditions, especially 

pH. Cr(III), As(III), Tl(I) and Tl(III) can precipitate with APDC in acetic acid solution (pH 5) (Hulanicki 

1968). Based on literature data ions: As(III), Tl(III) and Cr(III) should be retained on the sorbent as 

complexes with APDC. The sorbent should be leached using organic solvent, according to hydrophobic 

properties of the compounds. In turn, ions of As(V), Tl(I) and Cr(VI) are instable in nitric acid solution and 

using this acid should lead to leaching of the species of studied elements.  

The first two steps were applying the nitric acid and water on the column to clean up the sorbent. The third 

step was washing the sorbent with APDC solution in order to deposit APDC on the sorbent. Finally, it was 

necessary the introduction of the sample on the column. In order to wash the metalloid forms, which should 

not retain on a sorbent (complexes As(V), Tl(I) and Cr(VI) with APDC), water or 0.1 mol L-1 HNO3 was 

applied. On the other hand, complexes As(III), Tl(III), Cr(III) with APDC were eluted with 96% EtOH. The 

content of analyte in the eluent was determined by inductively coupled plasma mass spectrometry (ICP MS). 

Results 

This preliminary study indicated that complex Tl(I)APDC (37% recovery) is much better eluted from the 

sorbent using 0.1 mol L-1 HNO3 than Tl(III)APDC, which was leached in next step (92% recovery); both 

forms of Cr were retained on the sorbent. Cr(III) was retained on the sorbent, but more than 40% passed to 

the filtrate. Cr(III) was strongly hydrated, therefore its reaction with APDC was slower. The best results 

were obtained for arsenic. As(III) was retained on the column (90%), while only 15% of As(V) was retained. 

In addition, As(V) was effectively eluted by water or 0.1 mol L-1 HNO3 (approx. 10 - 15% of volume of the 

applied samples), but As(III) was not efficiently eluted (recovery 20-40%).  

Conclusion 

In summary, the proposed conditions of conducting simultaneous speciation analysis of As, Tl and Cr are 

not enough selective. The method proposed needs further modifications and at the moment can be applied 

successfully only for arsenic speciation. 
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Introduction  

As a direct consequence of environmental legislation (e.g. EU Nitrate Directive 91/676/EEC), farmers in 

regions with intensive livestock production need to find alternative ways to deal with their manure surplus. 

Increasingly, anaerobic co-digestion (AD) plays an important role in processing animal manure in such 

regions. This results in biogas as a renewable energy source and digestate as a nutrient rich fermentation 

residue. When digestate is applied to arable land as a bio-fertilizer, most of the micronutrients are fully 

utilized, as they are essential for plant growth. However some trace elements, such as Cu and Zn, have 

elevated concentrations in digestate, due to their addition to livestock feed as metabolic micronutrient. As 

such application of digestate could lead to Cu and Zn accumulation in agricultural soils and a permanent 

threat for humans by entering the food chain. Currently, digestate is being considered as potential candidate 

for End-of-Waste status. Accordingly, the concentration level of Cu and Zn in digestate must remain 

between the legal limits of 100-200 mg/kg dry matter and 400-600 mg/kg dry matter, respectively (European 

Commission, 2008). In practice, however, the elevated Cu and Zn levels in pig slurry as a feedstock for 

anaerobic digestion, pose a risk to exceed the currently proposed End-of-waste criteria. The aim of this 

study is to simulate concentrations in digestate for essential elements like Cu and Zn, based on their loading 

in natural products such as manure. 

Methods 

The basic principle for the simulation model is that up-concentration of heavy metals in digestate can be 

predicted based on biogas potential (i.e. mass reduction) and initial concentrations in feedstock. As a result, 

four different approaches of simulation model (M1 - Biogas Yield Approach; M2 – Biodegradation Factor 

Approach; M3 - Dry Matter Approach; M4 - Power Generation Approach) were proposed and validated 

with input data received from physicochemical and biogas batch test analyses of digestate from co-digestion 

(BP(A)) and mono-digestion (BP(B)) processing units. Sampling at biogas plants (BP) has taken place at 2 

sampling moments, S1 and S2, with one month difference in between. 
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Results 

The simulation models calculated approximate values of mass reduction factor reflecting the concentration 

of Cu and Zn in digestate as compared to results obtained from physicochemical and biogas batch test 

analysis. The difference between these concentrations gives an up-concentration factor which indicates how 

many times heavy metal concentration in digestate is higher as compare to input fed to digester. The 

compatibility factor between simulation models and laboratory data ranged in following order: M3 > M2 > 

M1 > M4 (Figure 1). 

Figure 1. Comparison of differences in up-concentration 

factor between M1, M2, M3, M4 and laboratory data (LD) for Cu and Zn concentrations 

Conclusion 

The results indicate that Cu and Zn concentrations were higher in digestate arising from co-digestion unit 

where pig slurry is used as feedstock. Thus, the simulation result is highly influenced by the input stability 

(co-digestion versus mono-digestion). In order to minimize this impact, focus on individual input streams 

and their characteristics is needed. Mass reduction factor, in general, proved to be a good indicator of metal 

concentration in digestate. 
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Introduction  

Every year tons of waste, consisting of everyday items, are produced and needs to be disposed. Municipal 
solid waste incineration (MSWI) is the most effective method to deal with such large quantities. Bottom ash 
(BA) among others is one of the major incineration by-products. Currently, BA is used as a secondary 
building material for acoustic barriers (Pera et al. 1997) and as aggregate in concrete (Abbà et al. (2014). 
However, due to the high concentration of heavy metals and their environmental impact, a deeper 
understanding regarding their mobility and chemical association is required to assess their effects on the 
environment. 

Methods 

In this study, three different fractions, large (1-4 mm), medium (0.125-1 mm) and small (<0.125 mm) of 
BA were investigated for the distribution of heavy metals (Pb, Cu, Ni, Zn, Fe, Mn). The revised BCR 3-
steps sequential extraction procedure was applied to these fractions (Rauret et al. (1998). Furthermore, an 
additional step of extraction with aqua regia was also included as a fourth step. These steps were employed 
to target the specific phases to liberate heavy metals. 

The BA extracts of each fraction were analyzed with ion chromatography (IC) to attain a better 
understanding of the oxidation state of the heavy metals. For the IC method, a mobile phase of pyridine-
2,6-dicarboxilic acid (PDCA) with a flow of 0.3 mL/min was used, with [4-(2-pyridylazo) resorcinol] as a 
post-column reagent and a flow of 0.15 mL/min. A column with both cationic and anionic capabilities was 
used to separate the anionic complexes that are formed between the heavy metals and the PDCA. Flame-
AAS was used as an extra control for the analysis of the heavy metals in the BA extracts.  
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Introduction  

ONDRAF/NIRAS is entrusted by law with developing a coherent policy for safe management of all 
radioactive waste on Belgian territory and, subject to parliamentary and governmental review. For the safe 
long-term management of the high-level and/or long-lived radioactive waste in Belgium, ONDRAF/NIRAS 
proposes deep geological disposal in poorly indurated clays (Boom Clay or Ypresian clays) taking into 
account international accepted safety management requirements (NIROND, 2009). Research on the 
behaviour of radionuclides and heavy metals is crucial because it provides the necessary understanding of 
the system. Based on this understanding abstracted models and associated parameters are derived to be used 
in Safety Assessments (SA). These SA’s should give proof, based on scientific elicitation using multiple 
lines of evidence, developed models and calculations, that radiotoxic and chemically toxic substances 
contained within the waste are not reaching the biosphere at harmful concentration levels. The previous 
Safety Assessment and Feasibility Interim Report (SAFIR 2) (NIROND, 2001) was released in 2001. Now, 
a first Safety and Feasibility Case (SFC 1) is being developed including new state-of-the-art knowledge to 
assess a geological disposal in poorly indurated clays. 

Methods 

A 4 group system for the radionuclides has been proposed by SCK•CEN for the SFC-1 (NIROND, 2013). 
Each group consists of a group ‘representative’ and ‘other’ group elements. The elements are grouped based 
on thermodynamic considerations (inorganic speciation in Boom Clay pore water), experimental 
observations (sorption, solubility in presence of organic matter, migration behaviour) and scientific 
literature (environmental conditions). The group representatives are selected based on the amount of 
available experimental and literature data to support understanding, description and prediction of its 
retention/migration behaviour under Boom Clay conditions. Subsequently, phenomenological models are 
developed that should fit all solutes of a given group. The four groups are (with their group representative):1) 
Reference non-retarded tracer (HTO), 2) Solutes subjected to anion exclusion (I), 3) Solutes influenced by 
cation-exchange (Cs,Sr), and 4) Solutes interacting with natural organic matter (Tc).  

The developed models for the different groups are then tested to analyse their applicability in SA’s. Certain 
conditions which are important factors in phenomenological models may not necessarily be important 
factors in the long-term SA.  

Results 

Specifically for the solutes of group 4, Maes et al. (2011) developed a phenomenological transport model 
for transition metals, actinides and lanthanides which interact with the natural organic matter present in the 
Boom Clay. The kinetically controlled complexation reaction can enhance the transport of radionuclides 
(e.g. Tc and U). When these elements associate with the dissolved organic matter, this increases the 
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concentration of the element in solution and decreases its sorption onto Boom Clay solid phases. This 
transport model is illustrated in figure 1.  

Figure 2. Interaction of radionuclides with organic matter. RN: radionuclide; OM: organic matter; RN-OM: 
radionuclide-organic matter complex; R: sorption constant; k: kinetic constant (Maes et al., 2011) 

The mathematical model used to fit the migration experiments consists of 9 variables and is therefore 
relatively complex to be used in SA calculations. Based on this model and the experimental results of 
Bruggeman et al. (2012), Govaerts and Weetjens (2015) derived a reduced, more practical, model which 
can be used in SA calculations. The reduced model doesn’t take into account the kinetic rate of the 
(de)complexation reaction (kdecomp and kcomp) as its effect is negligible when dealing with space and time 
scales relevant for geological disposal (i.e., upscaling). 

Conclusion 

In the context of the SFC-1, phenomenological transport models are developed for each of the group 
representatives. These models are based on an extensive experimental program of more than 30 years and 
describe the current understanding of the processes (and associated parameters) affecting radionuclides 
transport in the Boom Clay. Nevertheless, these models, mostly based on “short-term” experiments and in 
a limited set of conditions, can include processes which may eventually have a limited effect when used to 
estimate radionuclides spread on large time scales and over the thickness of the geological barrier. 
ONDRAF/NIRAS will therefore keep on performing research in order to confirm the applicability of the 4-
group system to the expected conditions within the host rock for the period of concern and the strategy 
followed to develop these phenomenological models. As a matter of course these models should be 
thoroughly re-evaluated before being used in performance assessment calculations.  
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Introduction  

Unconventional shale gas production using hydraulic fracturing has become an increasingly common energy 
extraction technique worldwide. The Marcellus Shale in the Appalachian Basin is a major unconventional 
gas reservoir in northeastern USA. Drilling operations from the Marcellus can generate estimated 375 tons 
of Marcellus shale drill cuttings from a typical horizontal portion of the drilling alone, and in Pennsylvania 
(PA) more than 1.2 million tons of drilling wastes from the Marcellus formation were generated in 2013 
(Phan et al., 2015). The resulting drill cuttings may contain significant amounts of water-, oil- or synthetic-
based drilling fluids along with the black shale rock cuttings, which can contain elevated  organic matter 
and trace metal (e.g., As, Ba, Ni, Zn, Cu and U) content. Currently in the USA, drill cuttings are permitted 
to be deposited in on-site burial pits, municipal solid waste (MSW) landfills, or reused as road fills 
(Stuckman et al., 2015). However, there is limited information on the environmental impact of drill cuttings 
at these disposal sites. This study characterizes metal distribution and mobility in drill cuttings under 
different disposal scenarios (e.g., rainfall and landfill conditions), the results of which could assist in 
decision making for optimum waste management and disposal strategies. 

Methods 

This study used one Marcellus outcrop from NY (CTMS), two water-based (Greene and Preston) and one 
oil-based sample (OBDC) of Marcellus shale drill cuttings from PA and West Virginia (WV), USA for solid 
characterization and leaching experiments (See Figure 1). The elemental compositions of all samples were 
determined by LiBO2 fusion followed by inductively coupled plasma optical emission spectrometry and 
mass spectrometry (ICP-OES and -MS) analysis. X-ray diffraction (XRD) was utilized to determine mineral 
phases in all samples. A Community Bureau of Reference (BCR) sequential extraction (Rauret et al., 1999) 
was conducted to evaluate metal distribution in different solid fractions. All samples underwent short-term 
leaching experiments (18-24 hr) to simulate different disposal scenarios, including, 1) USEPA Method 3051 
Toxicity Characteristic Leaching Procedure (TCLP), which simulates MSW landfill conditions, 2) USEPA 
Method 3052 Synthetic Precipitation Leaching Procedure (SPLP), which simulates acid rain leaching at an 
open pit or a cutting-filled road site, and 3) extraction tests using real rain water collected in Pittsburgh, PA. 
Single TCLP has been reported to underestimate mobility of selected contaminants with slow kinetics in 
selected wastes, due to limited pH neutrality of TCLP leachate and short contact time (Karamalidis et al., 
2008). Therefore, we performed additional TCLP tests on the solids using a sequential 10-time extraction 
on all solids; where the TCLP leachate is renewed 10 times in 10 sequential leaching steps to evaluate 
potential long-term metal release under landfill conditions. 

Results 

XRD results indicate that the Marcellus outcrop and drill cuttings consist primarily of quartz and various 
clays (illite, chlorite), with minor amounts of carbonate (calcite/dolomite), feldspar and pyrite. Halite (NaCl) 
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and barite (BaSO4) were also detected in selected drill cuttings, likely a result of barite having been used as 
the weighting agent and halite from drilling fluids in addition to the connate water in Marcellus shale (Phan 
et al., 2015). All solids have passed regulatory short-term leaching tests (TCLP and SPLP), and thus could 
be eligible to be disposed of in MSW landfills and open-pits or used as road-fills. However, leachates from 
these short-term tests contained significant amounts of ions released from drill cuttings (e.g., Na, Ca and Cl 
at 1-5.5 g/L each).  

Results from the BCR extraction and sequential TCLP tests showed that BCR extractable trace metals could 
be mobilized completely by multiple-time TCLP. For example, Ba in drill cutting samples can be 
significantly extracted by BCR steps targeting exchangeable/carbonates phases and reducible phases (See 
Figure 1). Ba also exhibited long-term mobility from 10-time TCLP with cumulative Ba release up to 
1250mg/kg, equivalent to 84% of total BCR-extractable Ba from oil-based drill cuttings (OBDC, see Figure 
1). Similarly, multiple divalent metals (e.g., Cu, Ni, Zn, Cd and Co), mainly associated with oxidizable 
phases, showed long-term release potential and their cumulative TCLP release resembled total BCR 
extractable concentrations (±35% difference). Results also show that oxyanion-forming elements (e.g., As, 
Se, Sb, V and Mo) largely partitioned into the water soluble phase in OBDC, resulting in more rapid and 
extensive (up to 10 times larger) release from OBDC than those from water-based drill cuttings.  

Figure 1. Ba distribution from BCR extraction (left panel) and cumulative Ba released from solids in sequential TCLP 
(right panel) of tested Marcellus shale samples. All units are in mg/kg. 

Conclusion 

This study demonstrates that total dissolved solids pose major short-term release concern while divalent 
trace metals (e.g., Ba, Ni, Co, Cu and Zn) may be of risk for long-term mobility from drill cuttings. In 
addition, drill cutting types (oil-based vs. water-based) may affect oxyanion release behavior. This research 
improves the understanding of metal and oxyanion mobility from different Marcellus shale drill cuttings 
under different disposal scenarios and can inform future drilling waste management options. 
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Introduction  

A novel stabilizing agent, so called amorphous manganese oxide (AMO), was synthesized (Della 

Puppa et al., 2013) and successfully tested for stabilization of both metallic (Cd, Cu, Pb, Zn) and metalloid 

(As) species in contaminated soils (Ettler et al., 2015; Michálková et al., 2014; Michálková et al., 2016). 

Yet, the increased dissolution of the phase, especially in conditions of low pH, connected with unwanted 

oxidation of soil organic matter (SOM) was observed. On the other hand, a layer of MnCO3 has been found 

to form on the surface of AMO particles when incubated in soils, increasing their stability and lowering the 

SOM dissolution (Ettler et al., 2014; Michálková et al., 2014). For that reason, a surface-coverage of AMO 

particles with MnCO3 was proposed to optimize the properties of this stabilizing agent. 

Methods 

An amorphous manganese oxide (AMO) was synthesized according to Della Puppa et al. (2013). 

The surface-modified AMO (Sm-AMO) was subsequently prepared by incubating the material in deionized 

water saturated with CO2. For each batch, 3 g of AMO were mixed with 30 mL of deionized water and 

placed in 50 mL burette. The CO2 was evolved by dropping the diluted HCl onto NaHCO3 (30 g of NaHCO3 

per each batch), captured and conducted into the AMO suspension. After the end of the reaction, the burettes 

were closed tightly. This procedure has been repeated in another three consecutive days and on the fifth day, 

particles were filtered and air-dried. Identification of the solid phases was performed using X-ray diffraction 

spectrometry (XRD) together with scanning electron microscopy/energy dispersive X-ray spectroscopy 

(SEM/EDS). 

Incubation batch experiments were performed to investigate the stability and transformations of 

AMO and Sm-AMO particles together with their influence on soil solution characteristics and mobility of 

metal(loids). The experiment was conducted in two variants using two contaminated soils: Fluvisol 

contaminated with As, Cd, Pb and Zn and Leptosol contaminated with As. Firstly, to examine the possible 

transformations and stability of AMO/Sm-AMO particles, 1 g of AMO/Sm-AMO was placed into two-

layered sealed polypropylene poach. Poaches were placed into plastic pots together with 150 g of soil. 

Rhizon samplers enabling the collection of the soil solution were placed below poaches. Secondly, soil in 
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variants: C (control) and AMO/Sm-AMO mixed with soil at concentration of 1% (w/w) was placed into 

plastic pot with Rhizon sampler. All pots (i.e., with and without poaches) were maintained at ~60-70% for 

1, 2, 4 and 10 weeks. After these periods, the soil solution was collected. The pH, Eh, content of 

metals/metalloids and DOC (dissolved organic carbon) in soil solutions together with the weight loss of 

AMO/Sm-AMO particles were determined.  

Results 

The XRD together with the SEM/EDS 

confirmed the presence of MnCO3 layer on the 

surface of Sm-AMO (Figure 1). On the basis of 

metal(loid) concentrations in soil solution, both 

materials proved efficient in decreasing 

concentration of all risk elements in soil 

solution. For example, the concentration of Zn in soil solution was decreased more than five times compared 

to control after 10 weeks. Almost no significant differences between the stabilizing efficiency of AMO and 

Sm-AMO were recorded. The amount of leached Mn from amended soils was more 20 times higher than in 

the case of control, yet the concentrations recorded for AMO and Sm-AMO were not statistically different. 

Interestingly, despite the comparable amounts of dissolved Mn, the weight loss was significantly lower 

(about 50%) in the case of Sm-AMO in all time intervals increasing in time from ~1.6% in 1 week to ~9.4% 

in 10 weeks. 

Conclusion 

The Sm-AMO was successfully prepared and its stabilizing efficiency towards risk elements was 

comparable to that of the AMO. The weight loss of the Sm-AMO was significantly lower than of AMO. 
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Figure 1. AMO particles (a) and Sm-AMO particles (b)
covered with MnCO3 layer (SEM image). 
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Introduction  

Road traffic has underwent an appreciate rise in recent decades, entailing a considerable increase in the 
number of scrap tyres. In landfills, stockpiles of tyres may pose human and environmental concerns arising 
from the emissions of contaminants, leaching, risk of fire spreading, diseases, etc. Since 2003, the storage 
of scrap tyres is regulated in Spain (MAGRAMA, 2002), however there are still tyres-dumps of that time. 
The main goal of this study was to carry out a screening campaign to detect irregular concentrations of both 
inorganic and organic contaminants in scrap tyre dumps, and to compare them with the Reference Generic 
Values (RGV) to decide about the necessity of a more extended sampling campaign. 

Methods 

The studied area is a tyre-dumpsite located between Toledo and Madrid provinces (Spain), stockpiling about 
90,000 t of scrap tires that lies directly upon the soil. The site has a rectangular shape (500 x 240 m2) with 
orientation and inclination along NW-SE. Lithology varies from carbonate to gypsum following the same 
direction of the dumpsite. Sampling was done in four positions upslope, as control sites, and inside the 
dumpsite (A), on a lateral (B) and downslope (C). These positions were determined according to the slope, 
where the surface runoff, and presumably the contaminated leachates, would be found. Samples were taken 
from the first 10 cm from soil surface, and then were refrigerated, in order to avoid losses of volatile 
contaminants, and conducted to laboratory. Samples were meshed (<2 mm) and one part of each sample 
was air drying to be used in the following determinations: particle-size distribution (Robinson’s pipette 
method) and organic carbon (Walkley-Black method). Other part of each soil sample was kept refrigerated 
until the analysis of: pH, electrical conductivity (EC), cation exchange capacity (CEC), and soluble salts by 
the ISRIC methods. Cations were quantified by flame atomic absorption or emission spectroscopy and 
anions by ionic chromatography. A total of 100 organic and inorganic contaminants listed by the Spanish 
legislation (Ministerio de la Presidencia, 2005; CAM, 2006) were analyzed by a certified laboratory 
(Eurofins Analytico; The Netherlands) in the refrigerated A, B and C samples (<2 mm). These contaminants 
belong to metals, mono-aromatic hydrocarbons, volatile halogenated hydrocarbons, acetone, total petroleum 
hydrocarbons, chlorobenzenes, phenols, polycyclic aromatic hydrocarbons, chlorophenols, polychlorinated 
biphenyls and chlorinated organic pesticides. These tests are accredited by the Dutch Accreditation Council 
(RvA). Quality assurance and quality control (QA/QC) measures performed by Eurofins Analytico included 
blank samples, laboratory control samples (standard reference samples), device controls (calibration, 
sensitivity, interference), internal standards, and so on (TerrAttesT®soil method). 

Results 

Electrical conductivity, pH values and soluble salt contents were in the range for carbonated and gypsum 
soils. Organic carbon content in B soil sample was the highest value, possibly due to the presence of tyre-
debris. The analysis of sample C showed low contents for all contaminants. Some inorganic and organic 
contaminants from A and B soil samples showed values close or above the RGV (CAM, 2006; Ministerio 
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de la Presidencia, 2005). Indeed, the A soil sample showed high contents in As (120 mg/kg), V (28 mg/kg) 
and Be (1.9 mg/kg). The unusual high values of As could be due to an external source of As (rat poison or 
insecticide) more than the tyre weathering (we could not find similar levels in the bibliography). Vanadium 
content was similar to that reported by other authors, while our results in Be content were higher than 
previously observed (Bocca et al., 2009). Nevertheless, the relation between the Be content and tyres 
presence could not be established and a lithogenic origin cannot be excluded. Soil sample B showed values 
in some contaminants that were close or above the RGV: Cu (180 mg/kg), Co (28 mg/kg), Sb (2.1 mg/kg), 
V (27 mg/kg), Zn (1600 mg/kg), fluoranthene (0.19 mg/kg), pyrene (0.75 mg/kg), benzo(a)anthracene (0.03 
mg/kg), benzo(a)fluoranthene (0.12 mg/kg), benzo(a)pyrene (0.07 mg/kg), dibenzo(ah)anthracene (0.06 
mg/kg) and indene(123-cd)pyrene (0.08 mg/kg). These concentrations are consistent to bibliography 
(Aatmeeyata, 2010; Bocca et al., 2009 ; Kanematsu et al., 2009 ; Llompart et al., 2013; San Miguel et al., 
2002; Selbes et al., 2015, and Taheri et al., 2011). Results of B soil sample suggest that the source of such 
contaminants is the tyre debris in soil, whereas the organic compounds could have been volatilized. 

Conclusion 

No affection produced by tires was observed in A and C samples, therefore we discard the contamination 
by leachates generated from the tyres. On the contrary the contaminants were found in B sample, where tyre 
debris appeared. Therefore, the presence in some areas of tire debris provides a starting point to determine 
the availability of the chemicals detected and possible factors that could increase them. 
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Introduction  

The present communication aims to properly study the thermodynamic behaviour of mercury containing 
waste by thermal decomposition using pyrolysis. The proposed reaction mechanism considers both 
homogeneous and heterogeneous mercury reactions, the species of mercury present in the sludge matrix as 
well as the chemical-physical properties of the mercurial sludge. The thermodynamic parameters that best 
describe the model of mercury thermal decomposition in the solid waste are determined.  

Methods 

Sampling and chemical analysis 

The mercurial sludge sample used for the experiment was collected from a filled niche, located around the 
chlor-alkali Cuban factory “ELQUIM”. Sampling, sample preparation and chemical analysis has been 
described in previous publication (Busto et al., 2011).  

Thermodynamic analysis 

Thermodynamic analyses were performed using Mondeja’s Methodology which is based on Kirchhoff’s 
Equation. A scheme that involves 6 homogeneous and heterogeneous reactions (Busto et al., 2013) was 
proposed considering the chemical and physical composition of the sludge sample, the mercury fractionation 
study previously reported (Busto et al., 2012), in which the presence of HgCl2, HgS and HgSO2 in the sludge 
matrix was suggested and the mercury reactions reported by O’ Neil et al. (2001).  

Results 

Chemical reaction mechanism 

To describe the thermal decomposition of the mercurial sludge sample generated by a chlor-alkali Cuban 
plant, a scheme of six reactions was proposed (Busto et al., 2013). Once a reaction mechanism (reaction 
pattern) was built, considering also the Gibbs free energy values obtained for each proposed reaction, the 
kinetic model was adjusted in order to satisfy the experimental results. The proposed reaction mechanism 
used in this study is based on the thermal decomposition in the solid phase followed by several gas phase 
reactions. Thermal decomposition reactions in the solid phase were considered a fast processes influenced 
by the temperature but limited by the diffusion and particle size of the sludge sample L’vov (2001, 2008).   

Thermodynamic analysis of the reaction scheme 

The reaction mechanism was thermodynamically evaluated to verify the probability of occurrence of these 
reactions by considering the Gibbs free energy values (∆G). Thermodynamic parameters were determined 
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at the highest working temperature of the furnace (450 °C). Table 1 shows the thermodynamic parameters 
(∆Gj, ∆Hj and Kej) calculated for each reaction using Mondeja’s Methodology. 
Table 1. Thermodynamic parameters (∆G, ∆H, Ke) of the kinetic reaction mechanism 

Reactions ∆G 450 °C (kJ mol-1) ∆H450 °C (kJ mol-1) Ke450 °C 

R1 -3.06∙102 -3.65∙102 147.83

R2 4.81 1.57∙102 9.23∙10-1 

R3 -5.36∙101 41.42 2.44 

R4 -4.13∙104 -1.76∙105 2.32∙10298 

R5 -3.38 2.35∙102 1.06

R6 -2.2∙102 3.2∙102 38.12

The analyzed reactions showed spontaneous behaviour where the variation of the Gibbs free energy ∆G 
ranged from -3.38 to -4.13∙104 kJ mol-1. Reactions R1 and R4 are exothermic reactions due to their ∆H < 0 
while the other reactions have an endothermic behaviour. On the other hand, the equilibrium constant of 
each reaction Kej showed in all cases that the direct reactions are favored with Ke > 1, except for R2 which 
exhibited a low Ke2. The same behaviour of the R2 obtained from this study has been previously reported 
L’vov (2008), where the inverse reaction (HgO formation) is favored. Due to the thermodynamic results 
obtained for reaction R2 as well as its low significance on the kinetic model (corroborated by simulation), 
this reaction was not further considered. The high equilibrium constant value obtained for reaction R4, where 
is highly favored the Hg, SO2 and O2 formation, is in line with previous results reported by Navarro et al. 
(2009). This reaction mechanism describes a complex mechanism of five heterogeneous (gas-solid phase 
and liquid-gas phase) and one homogeneous (gas phase) reactions. It has been assumed that R1, R3 and R5 

occur in parallel. 
Conclusion 

In the present research the thermodynamic behaviour of mercury containing waste by thermal 
decomposition using pyrolysis was studied and the reaction mechanism proposed. This mechanism 
considers both homogeneous and heterogeneous mercury reactions, the species of mercury present in the 
sludge matrix as well as the chemical-physical properties of the mercurial sludge. The thermodynamic 
parameters that best describe the model of mercury thermal decomposition in the solid waste were 
determined. This thermodynamic study can be applied in engineering calculations to dimension the 
installations and determine the optimal conditions to treat a mercury containing sludge.  
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Introduction  

Since the early 60. of the 20th century in environmental biomonitoring plant organisms were used. 

Due to their prevalence, mosses become the most commonly used bioindicators. Their morphological and 

physiological properties as well as the ability of contaminants accumulation [Gerdol al. 2014] allowed the 

wide use of them to study the degree of environmental pollution with heavy metals and polycyclic aromatic 

hydrocarbons [Ciesielczuk et al. 2012]. At the same time increased attention is given to the use of 

radioisotopes in environmental monitoring. 

The aim of the study was to describe the relationships between the concentrations of selected gamma 

radioisotopes and heavy metals contained in epigeic mosses (Pleurozium schreberi), lichens (Hypogymnia 

physodes) and base soil. 

The study was performed within the framework of the project: Ecosystem stress from the combined 

effects of winter climate change and air pollution - how do the impacts differ between biomes? (WICLAP) 

Polish Norwegian Research Programme (NCRD) POL-NOR / 198571/83/2013. 

Methods 

The soil, moss and lichen samples were collected in forest sites in Karkonosze mountains area, 

which in the 70.  of the 20th century was under strong influence of emissions from power plants. After 

manual removal of impurities and drying in 323 K, the collected material was stored in closed polyethylene 

bags and containers. The 0.4 g of subsamples taken from homogenized material were mineralized in mixture 

of nitric acid and hydrogen dioxide (1:3) in microwave mineraliser Speedwave Four (Berghof, Germany). 

Concentrations of Mn, Ni, Cu, Zn, Cd and Pb were determined with FAAS method, using iCE 3000 (Thermo 

Electron Corporation, USA). The determinations of activity concentrations of gamma radioisotopes (among 

others:Cs-137, Pb-210, K-40, Pb-214, Bi-214) were carried out by means of a gamma-spectrometer with a 

germanium detector HPGe (Canberra) of high resolution. Geometry of samples  was Marinelli beaker, 450 
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cm3. Measuring process and analysis of spectra were computer controlled with use of the software 

GENIE 2000. 

Results  

The results obtained from Karkonosze region indicate that the activity concentrations of 

radioisotopes of potentially antropogenic origin was significantly higher in mosses than in soil on which 

they occur. At the same time cluster analysis in test samples shows that the content of radionuclides in 

mosses slightly depends of their re-deposition from surface soil layers (Fig. 1), thus emphasizing the role of 

selective accumulation and atmospheric precipitation of these contaminants. 

The contents of heavy metals in mosses and lichens samples were different, depending on sampling 

site and plant type. Analysis showed divergence between concentrations of heavy metals in samples from 

the same sampling site (Fig. 2) which indicates different mechanisms and ways of accumulation of heavy 

metals. 

While comparing the concentrations of radionuclides with concentrations of heavy metals no trends 

for clustering were observed. However, the introduction of the excessive lead term (Pbex) into the analysis 

showed high association with previously mentioned heavy metals in mosses. 

Conclusion 

The contents of heavy metals in samples of mosses and lichens were different depending on 

sampling site and plant type. The content of radionuclides in mosses slightly depends on their re-deposition 

from surface soil layers. The excessive lead concentration (Pbex) in mosses showed high association with 

heavy metals content in them.  
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Figure 1. Dendrogram showing a tendency to cluster in
which the coordinates of points are determined  by
concentrations of radioisotopes in the soil (O), and
mosses (M). 

Figure 2. Dendrogram showing a tendency to cluster in 
which the coordinates of points are determined by 
concentration of heavy metals in mosses (m), and 
lichens (l). 
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Introduction  

Since riverbed is the main acceptor and storage of different pollutants including heavy metals, the sediments 
can be regarded as a suitable index to show the environmental condition of studied region. Metal pollutants, 
especially heavy ones will be biologically enlarged due to the bioaccumulation potential and biological 
reduction resistance while exposing the organism body; it is considered as a distinguishable feature for the 
environmental performances of heavy metals as compared to the other toxic pollutants. Since 1980, the 
usage of plants for the refining and clearing of environment and their roles in restraining and controlling the 
pollution have been discussed as an effective method in order to conduct soil treatments in situ. Their 
economics and environmental compatibility are two advantages of these methods. It is possible to use plants 
as monitors for studying the spatial distribution and time changes of accessible metals concentrations. Given 
that aquatic plants allocate the natural part of every ecosystem, they play crucial roles in purifying the 
ecosystem and balancing the environment ecologically. High tolerance of these species leads to their 
appropriateness to purify the polluted soil as compared to the pollutants.Using bio-monitors growing in a 
specific area results in valuable information on available tensions caused by human activities and 
significantly, adverse effects made by the mentioned tensions. One of the best species is Phragmites 
australis as a cosmopolitan species with a wide distribution to decrease the accumulation of heavy metals 
and their impact on water, soil and consequently, food chain. (Bonanno and Lo Giudice., 2010; Bragato et al., 
2006). 
Methods 

Dez River is the second biggest river in Iran as it supplies the drinking water for people and irrigation water 
for the adjacent industrial and agricultural lands. Since the most plant storage is simultaneous with the peak 
growing period of P. australis considering the phenological stages, samples had been taken from the 
riverbank and tidal zone at the late November. In every station, three samples of P. australis were collected 
in a 5×2 m2 plot and samples of sediments were taken from surface layer of plant sample locations in each 
station with four replicates. To digest the samples, one g dried plant or sediment was first digested by the 
composition ofratio of 1 to 4 perchloric acid and nitric acid on a heating block at 40 and 140°C for 1 and three 
hours, respectively (Yap et al., 2002). Concentrations of metals in plant and sediment samples were measured by 
ContrAA 700 analytic Jena atomic absorption spectrometry. 
Finally Enrichment Factor (EF), Bio-accumulation Index and Translocation Factor (TF) were 
measured.Also, the concentration of metals in surface sediments was compared using Interim sediment 
quality guideline (ISQG) and mERM-Q value was estimated in order to identify the local priorities for 
monitoring bio-pollution for further studies. 
Results  

underground organs had the higher metal accumulation as compared to the aerial organ due to the bio-access 
to these elements in the sediments. Underground organs in P. australis can accumulate high amounts of 
metals because of parenchymal tissue with lots of intercellular space filling by air (Bonanno and Lo Giudice, 
2010). In present research the metal concentration in the leaf is higher than stem (1<) since in the plant aerial 
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organs, metals are usually accumulated in the vacuoles of leavesIn general, the following trends were found 
in terms of four regarded metals:Underground organs >leaves>stems &Zn>Cu>Pb>Cd. Enrichment Factor 
and mERM-Q values are presented in Table 1.  

Table 1. Enrichment Factor (EF) of different metals in sediments (%) and mERM-Q values in various stations 
Stations Enrichment Factor (EF) (%) mERM-Q 

Cu Pb Zn Cd 
1 25.70 18.60 13.56 4.63 0.076 
2 42.59 82.83 42.14 12.96 0.105 
3 56.60 50.85 38.68 93.52 0.101 
4 35.77 30.05 40.55 56.48 0.095 
5 84.03 52.66 55.53 89.81 0.113 
6 63.73 19.88 33.27 45.37 0.091 

According to the results, the highest values of this factor were given to Zn and Pb, respectively (Table 2). 
Table 2. Bio-accumulation and translocation indices values for underground organ to aerial organ 

Metals Bio-accumulation index Translocation Factor 
Aerial organs Underground organs (TF) 

Cu 0.472 0.600 0.787 
Pb 0.065 0.205 0.317 
Zn 0.697 0.481 1.451 
Cd 0.910 1.455 0.625

If translocation factor ranged from 0.01 to 1, the plant accumulation and access are moderate. 
Accordingly, the plant accumulation and access are moderate in relation to Cu, Pb and Cd except Zn. 
Regarding Zn, this value is greater than 1 (Table 2); thus, the accumulation and access of Zn in this plant 
was high.  

Conclusion 

Soil fluid around the roots was the first source for the entry of heavy metals into the plant tissues and in 
total, the increased heavy metal concentration in the sediments increases the access of desired plant. To this 
reason, the increase of metal amounts in surface layers of sediments mostly causes the increased 
accumulation of metals in the underground organs of the studied species, namely P. australis as compared 
to the other plant organs. Underground organs had the highest metal accumulation amount in comparison 
with the aerial organs; underground organs serve as a super-absorbent of Cd. In addition, although there 
were obvious differences among heavy metal concentrations in plant organs and sediments, the species P. 
australis regarded as an absorbent and accumulator can be generally proposed in order to decrease heavy 
metal amounts in the regional sediments. Important relationships of metal concentrations between plant 
organs and sediments demonstrate that P. australis reflects total impact of environmental pollutions. 
Therefore, the species organs act as a biological index and can be applied as bio-monitors in order to provide 
quantitative estimates of environment qualities. Finally, it may be claimed that in spite of differences among 
heavy metal concentrations in the plant organs and sediments, P.australis is suggested as a useful plant for 
the reduction of heavy metals in sediments and as a bio-monitor for biological monitoring plans in order to 
evaluate the environmental conditions quantitatively with respect to the sediments of studied region. 
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Introduction 

Atmospheric deposition of heavy metals (HM) can be determined by use of numeric models, technical 

devices and biomonitors. A compilation and integrative statistical assessment is still missing. Therefore, 

mainly focussing on Germany as an example, this paper aims at statistically assess HM data from 

deposition modelling and biomonitoring programmes (Nickel and Schröder 2016). 

Methods 

The model LOTOS-EUROS (LE) yielded data on HM deposition at a spatial resolution of 25 km by 25 

km throughout Europe. The European Monitoring and Evaluation Programme (EMEP) provided model 

calculations on 50 km by 50 km grids. Corresponding data on HM concentration in moss, leaves and 

needles and soil were derived from the European Moss Survey (EMS), the German Environmental 

Specimen Bank (ESB) and the International Co-operative Programme on Assessment and Monitoring of 

Air Pollution Effects on Forests (ICP Forests). The modelled HM deposition and respective concentrations 

in moss (EMS), leaves and needles (ESB, ICP Forests) and soil (ICP Forests) were investigated for their 

statistical relationships. Regression equations were applied on geostatistical surface estimations of HM 

concentration in moss and then the residuals were interpolated by use of kriging interpolation. Both maps 

were summed up to a map of cadmium (Cd) and lead (Pb) deposition across Germany. 

Results 

HM concentrations in biomonitors (moss, leaves, needles) were found to be predominantly higher 

correlated to deposition modelled by LE compared to EMEP (Table 1). For Cd, strongest correlations 

could be found between deposition data calculated by LE and concentrations in moss (Europe, 

geostatistically estimated) and needles (Germany). Regarding Pb, the coefficients of correlation came out 

to be the highest for EMEP deposition and element concentrations in moss (Europe, geostatistically 

estimated) and leaves from ICP Forests Level II (Germany) and, respectively, LE deposition and leaves 

from ESB (Germany). 

Abstract Book of the 18th International Conference on Heavy Metals in the Environment, 12 to 15 September 2016, Ghent, Belgium 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

– 745 –



18th International Conference on Heavy Metals in the Environment

2 

Table 1. Coefficients of correlation of Cd and Pb concentrations in biomonitors and respective total atmospheric 

deposition (LE, EMEP) in Europe and Germany 

Biomonitoring network / Specimen type Element r(LE) r(EMEP) 
European Moss Survey (2005/2006) 
Moss, measured conc. (Germany) Cd 0.31 0.27 
Moss, measured conc. (Europe) Cd 0.66 0.59 
Moss, measured conc. (Germany) Pb 0.35 0.31 
Moss, measured conc. (Europe) Pb 0.56 0.65 
Moss, geostatistically estimated conc. (Germany) Cd 0.37 0.43 
Moss, geostatistically estimated conc. (Europe) Cd 0.81 0.70 
Moss, geostatistically estimated conc. (Germany) Pb 0.49 0.44 
Moss, geostatistically estimated conc. (Europe) Pb 0.42 0.57 
German Environmental Specimen Bank (2007-2011) 
Beech (Fagus sylvatica) Cd 0.29 0.23* 
Poplar (Populus nigra ‘Italica’) Cd 0.36 0.26* 
Spruce (Picea abies), nearly natural ecosystems Cd 0.49 0.36* 
Spruce (Picea abies), forestry ecosystems Cd 0.64 0.40* 
Beech (Fagus sylvatica) Pb 0.44 0.43 
Poplar (Populus nigra ‘Italica’) Pb 0.63 0.44 
Spruce (Picea abies) Pb 0.29 0.27 
ICP Forest Level II (2007-2011) 
Beech (Fagus sylvatica) Cd -0.03* 0.21 
Spruce (Picea abies) Cd 0.21 0.28 
Pine (Pinus sylvestris) Cd 0.34 0.08* 
Beech (Fagus sylvatica) Pb 0.26 0.40 
Spruce (Picea abies) Pb 0.19 0.30 
Pine (Pinus sylvestris) Pb 0.18 0.20 
N = Sample size; r  = Spearman’s correlation coefficient calculated for EMS-data; Kendall’s correlation coefficient for data from 
ESB and ICP Forests; r(LE) = with regard to the relationships between biomonitoring data and LOTOS-EUROS; r(EMEP) = with 
regard to the relationships between biomonitoring data and EMEP; * = not significant (p > 0.05)

Conclusion 

Beyond the statistical relationships explored between HM concentrations in biomonitors, potential 

predictors such as distance from emission sources, density of different land-use classes, population 

density, elevation or precipitation should be further investigated by multivariate statistics (e.g. Principal 

component analysis, Random Forests). Exposure data from biomonitoring and deposition modelling 

should complement forest monitoring and assessments and linked with ecological land classifications and 

ecosystem typologies (Schröder et al. 2015). 
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Introduction 

The North East Atlantic Ocean including the North Sea, the Norwegian Sea and the Barents Sea is a 

highly productive ocean area sustaining rich fisheries from many countries. The major fisheries of species 

used directly for human consumption includes typical pelagic species such as herring (Clupea harengius) 

and mackerel (Scombrus scombrus) semi demersal species such as pollock (Pollachius virens) and 

demersal species such as Atlantic cod (Gadus morhua) and haddock (Melanogrammus aeglefinus). All the 

five mentioned species has fisheries of more than 100 000 tons only form the Norwegian side.  

During the last 15 years, the focus on food safety has increased largely warranting a row of measures in 

controlling and regulating intake of toxic substances such as POPs and metals. This includes establishing 

and reevaluating tolerable intake levels for toxic elements (EFSA, 2009, EFSA, 2012) and establishing 

upper levels for the concentration for legal trade through EU regulative 1881/2006.  

Several unexpected high levels findings of toxic substances in fish (See Julshamn et al, 2006) showed the 

need for a more comprehensive monitoring system for seafood safety.   

Methods 

Based on data from spot checks since 1990-ties a new monitoring system has been introduced. It is based 

on several pillars such as:   1) Baseline studies for the most important species. A baseline study is a 

comprehensive study including, spatial variation, size and age variation, seasonal variation and mostly 

individual analyses. About ten baseline studies have been performed with more than 800 fish sampled.   2) 

“Follow up” of baseline studies. The monitoring data is “fresh produce” and needs regular follow up to 

keep its value. The frequency is based on values found but is mainly every year or every three-year.   3) 

Spot checks for minor species. Incudes additionally about 25 species. 

Fish sampling is done by the Institute of Marine Research (IMR), Norway, which undertake regular 

fisheries research cruises. In addition, the fishing fleet is used, where selected boats have research 

contracts with IMR. Analysis is performed by accredited methods (ISO 17025) using ICPMS as described 

Julshamn et al (2008). For mercury, selected samples are also followed by methyl mercury analyses. 

Results 

Results are presented as reports, on our web page and as refereed papers (Julshamn et al. 2013a,b, 

Frantzen et al. 2015) All results are open to industry, government and consumers. For heavy metals, the 

main interest has been at the elements arsenic, cadmium, lead and mercury. An example under shows 

mercury in cod fillets from the different catchment areas. 
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Table 1. Mean value and range for mercury in cod fillets (mg/kg w.w.) from different geographical areas. 

North Sea Fjord systems Barents Sea 
0.11 0.11 0.036 
(0.01-0.54) (0.01-0.71) 0.01-0.16 

Figure 1. Sampling stations for mercury during the baseline study for Atlantic cod (Gadus Morhua). Each point 

representing 25 individual fish   

Conclusion 

Through the last 10 years, we have developed a comprehensive monitoring system in order to ensure 

seafood consumers safe seafood. The large number of data is also useful for environmental studies. 
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Introduction  

The Golden Horn estuary exposed to chemical pollutant over 50 years mainly due to uncontrolled industrial 

discharges, badly managed estuarine system and domestic wastes of the metropolis of Istanbul. Large scale 

restoration launched in 1998 and some rehabilitation works were put into practice such as sludge dredging 

actions, establishing of new wastewater collectors and wastewater treatment facilities (Coleman et al., 

2009). Mediterranean mussel Mytilus galloprovincialis is a sentinel organisms has been long used in metal 

biomonitoring studies not only in passive monitoring but also for transplantation campaign (Andral et al., 

2011). In the current study the assessment of metal pollution was aimed in the Golden Horn by using well 

acknowledged bioindicator mussel Mytilus galloprovincialis. 

Methods 

Mussel samples (5-6 cm) were exploited seasonally at eight location in Golden Horn during two year (2013-

2014). Correspondingly two mussel cage were employed at the Unkapanı Bridge which is located at the 

center of the study area. Following shell removal soft tissues of the mussels freeze-dried. The concentrations 

of essential and toxic metals (Ag, Al, As, Cd, Co, Cr, Cu, Fe, K, Mn, Ni, Pb, Sn, V and Zn) were measured 

by using ICP-MS (Inductively Coupled Plasma – Mass Spectrometer) after microwave digestion.  

Results 

The concentrations of Ag, As, Cd, Co, Cr, Cu, Ni and Sn concentrations found in mussel samples were 

shown in Fig.1 (Not all of the measured metal due to the constrain. All result will be released in the 

presentation). Metal concentrations were not higher than the Turkey average values (Belivermiş et al., 

2016). All metals but not Sn enhanced during the transplantation period (12 month) although analogues 

gradient was not seen in the resident mussels. 
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Figure 1. a) As, Cr, Cu and Ni concentrations in mussel b) Ag, Cd, Co and Sn concentrations in mussel  

Conclusion 

Comparatively higher seasonal variations were observed in transplanted mussel compared to resident 

mussels. Higher metal concentrations were also seen in transplanted mussels compared to both of t0 values 

and resident mussel. Transplanted mussel attached in 30 meters at which abiotic factors such as current and 

temperature are partly different from coastal sampling locations. Most particularly current may be primer 

factor determining metal bioavailability in the estuaries like Golden Horn in which water body controlled 

by connected fresh water systems and Bosphorus. 
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THE “GREEN REVOLUTION” AND TRACE METAL DEFICIENCY IN GLOBAL FOOD 

SUPPLY. 

Jerome Nriagu  
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Arbor, MI 48109 

Since the dawn of agriculture, human beings have dramatically transformed natural ecosystems 

into managed areas. Today, 30–50% of the Earth’s land cover has substantially been transformed 

into agricultural land.  The most dramatic intensification of worldwide land use occurred during 

the last 50 years under the rubric of “Green Revolution” (GR) which involved the development of 

high-yielding varieties of cereal grains, expansion of irrigation infrastructure, mechanization of 

techniques and use of huge quantities of synthetic fertilizers and pesticides.  The effects of large-

scale modifications of the land surface on the nutrient cycles (especially carbon, nitrogen, and 

sulfur) have been well documented and are implicated in global change processes.  We show that 

these perturbations have de-coupled the close natural relationships between the nutrient and trace 

metal cycles in the global biosphere. In particular, the GR has heightened the depletion of essential 

trace metals in food crops by popularizing high-yield cultivars with low capacity to accumulate 

trace metals.  In addition, the massive use of NPK fertilizers often leads to rapid depletion of trace 

metals in agricultural soils.  It is argued that the GR has significantly reduced the trace metal 

density in our food supply and is believed to be responsible for large-scale deficiencies in essential 

trace metals in many parts of the world.  In my view, the First Green Revolution has saved millions 

of lives but has also sickened billions of people.  The Second Green Revolution must treat the 

density of nutrients in our foods as a public health imperative. 
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THE BIOLOGICAL SYSTEM OF ELEMENTS 

Beneficial, essential and toxicological effects of chemical elements revisited 
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 2International Graduate School Zittau, Zittau, Germany 
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ABSTRACT: For essentiality patterns (of specific plant species) via the Biological System of the Elements 
(BSE) three parameters are especially important: 

1. The interelement relationships of single elements within an individual organism expressed as a
linear correlation coefficient,

2. the physiological function paying attention to evolutionary development during the emergence of
organic life from the inorganic environment, and

3. the uptake form of individual elements and their compounds by the living organism.

To fulfil above given requirements speciation and ultratrace analysis of chemical elements are a strong must 
for the future.  

From the resulting configuration of the elements in the Biological System of the Elements it can be expected 
that in the future elements as Ba, Ge, Li, Sr, Te, and others will be classified as physiologically essential or 
beneficial at least, whereas elements as Tl, Pb, and Hg will continue to exercise exclusively toxicological 
functions on living systems in elevated concentrations and certain forms of bonding.  

Stoichiometric Network Analysis (SNA) explicitly deals with which principal modes of dynamics may be 
open to such autocatalytic systems in various circumstances. This allows to us consider and analyze aspects 
of bioinorganic chemistry of metalloproteins including essentiality versus toxicity of element (speciation 
forms), testifying their roles as building blocks or controlling entities within or connected to autocatalytic 
feedback loops. The SNA theorems are used to produce a system of non-equations describing the possible 
or unlikely autocatalytic behaviour of certain metals within the framework of biology. This is meant to 
enable detailed statements and even predictions whether a certain element may be essential or beneficial to 
physiology, and, if so, whether there are certain ranges of redox potential or binding forms such as 
complexes or biomethylation products which might enable such behaviour.  

Some „exotic“ element behaviour in living organisms as for Li (and others) will be presented here and a 
further research proposal for the future developed. 
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Introduction 

A brief historical review is given on the development and milestones of the moss biomonitoring technique 

used to study atmospheric deposition of trace elements, nitrogen, organic persistent pollutants (PAHs, 

PCBs, PBDEs, dioxins, PFOS, etc.) and radionuclides of technogenic origin in Europe. The relevance of 

these studies to the UN Convention on long-range transboundary air pollution (LRTAP) is enlightened 

(http://icpvegetation.ceh.ac.uk/). Since 2014 coordination of this Programme moved to the JINR in 

Dubna, RF, and is conducted by the author of this presentation in the framework of the UNECE ICP 

Vegetation. In agreement with the long-term strategy of the LRTAP Convention to enhance participation 

and improve air quality in Eastern Europe, the Caucasus, Central Asia and South Eastern Europe, efforts 

to extend the moss survey for former republics of the USSR were successfully undertaken in countries 

such as Azerbaijan, Georgia, Kazakhstan, and Moldova. Armenia and Uzbekistan most probably will join 

the moss survey in summer of 2016. Around 15 teams are formed in Russia to cover with moss sampling 

in Northern and Central Russia, Western Siberia, and Far East of Russia (Kamchatka and Sakhalin).  

Figure 1. Number of experts and countries participating in ICP 

Vegetation Task Force Meetings between 1987 and 2016. 

Radioecological laboratories in JINR (Dubna, Russia), Institute of Nuclear Physics (Almaty, Kazakhstan), 

University of Novi Sad (Serbia), Bratislava University (Slovakia) and Opole University (Poland) will be 

used to measure natural and man-made radionuclides (137Cs, 210Pb, etc.) under individual agreements with 

the interested countries. Some details are given on the newly established database for storage of information 

about the European and Asian moss survey. Potentialities of using moss planchettes for search of cosmic 

dust are also mentioned.  

JINR will continue support for the moss 

survey in some of its member states: 

Bulgaria, Czech Republic, Mongolia, 

Poland, Romania, Slovakia, Vietnam, as 

well as in some non-member states: 

Albania, Croatia, Hungary, Thailand, 

South Korea, and China. Up-to-date 36 

countries participate in the present moss 

survey (Figure 1). In spite of the growing 

interest in assessment of the deposition of 

persistent organic pollutants (PAHs, 

PCBs, PBDEs, dioxins, PFOS, etc.), only 

a limited number of the Western European 

countries intend to determine POPs. 
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Methods 

For analytical purposes the following methods are used: FAAS, GFAA, INAA, ICP-MS, ICP-ES.  Such 

elements As, Cd, Cr, Cu, Fe, Hg, Ni, Pb, V, Zn, Al, Sb, N (%) are reported to the Atlas of Atmospheric 

Deposition of Heavy Metals and Nitrogen edited under that auspices of the United Nations.  

Results 

The results are presented in the form of the Table of results of descriptive statistics (number of sampling 

sites, min, max, mean and median of concentrations of the elements enlisted above for each country. 

http://icpvegetation.ceh.ac.uk/major_results/documents/Final_moss_survey_report_2005-6.pdf 

Figure 2. Distribution maps for moss survey 2010-2011 [1]. 

Conclusion 

The moss survey provides a cost effective method for monitoring heavy metal pollution across Europe at a 

high spatial resolution. Spatial trends of heavy metal concentrations in mosses are metal-specific. However, 

in general the lowest concentrations are observed in (north) Scandinavia, the Baltic States and northern parts 

of the United Kingdom and the higher concentrations in Belgium and eastern European countries. For 

cadmium and lead, concentration in mosses show the highest correlations with modelled depositions, 

followed by total emissions and the proportion of urban land use in a 100 km radius in Europe. For mercury, 

correlations between the concentration in mosses and modelled depositions or anthropogenic emissions are 

low. Between 1990 and 2005, the metal concentration in mosses has declined for arsenic (72%), cadmium 

(52%), copper (20%), iron (45%), nickel (20%), lead (72%), vanadium (60%) and zinc (29%), but not for 

chromium and mercury.  Despite these general European trends, country and region-specific temporal trends 

were observed, including increases in metal  
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Introduction  

Mine waters, such as acid mine drainage (AMD), have severe impacts on receiving water bodies and on 
exposed plants and animals. In contrast to present-day regulated mine sites,  historic mine sites are often a 
special cause of concern due to uncontrolled mine waters which result in toxic discharges to adjacent 
freshwaters and/or groundwater (Lottermoser, 2010).   

The River Merse flows through an isolated valley of Southern Tuscany (Central Italy), mostly protected by 
a natural reserve. The watershed of the Merse drains the Colline Metallifere, for centuries a major Italian 
mining district with large pyrite (FeS2) deposits and veins bearing Ag, Cu, Pb, Zn and other ores. Mining 
activities in this district  came to an end about 30 years ago, leaving behind a legacy of abandoned tailings 
and spoils of mining plants, often located in direct proximity to watercourses.  

In April 2001, acute pollution of the upper course of the Merse gained the attention of local population and 
media, when huge quantities of AMD waters from the abandoned mine of Campiano reached the river trough 
a small tributary. Promptly, a monitoring system and hydraulic countermeasures for the containment of 
mine waters were implemented by the Local Authorities. Remediation operations, which included specific 
AMD treatment technologies, ceased in 2009 when a project for a complete reclamation of the Merse-
Campiano area was adopted.  

Aquatic moss are efficient accumulators of trace metals and ideal indicators of contamination in freshwater 
ecosystems. The moss Rhynchostegium riparioides is among the most commonly used and proven 
biomonitors in river quality assessment, especially in chronic exposures to metals (Debén et al., 2015). In 
this study, R. riparioides was used to quantitatively assess impact from potentially toxic elements in the 
river Merse. By comparing data from different biomonitong campaigns carried out in 2015, 2009 and 2004, 
this research also aimed at assessing temporal trends in trace element contamination and, indirectly, efficacy 
of AMD water management strategies that were adopted. 

Methods 

Submerged tufts of R. ripariodes were collected  from 8 sites from the River Merse. Approximately 100 g 
fresh weight of moss samples were taken at each location from an area of about 10 m2. In the laboratory, 
bryophyte samples were washed carefully with distilled water and the apical shoots of the moss (2– 4 cm) 
cut by hand and dried at 40°C for 48 h. Samples were mineralized in closed PTFE vessels with a solution 
of HNO3, and H2O2 

  using a microwave oven. Concentrations of Cd, Co, Cr, Cu, Fe, Pb, Mn, Ni and Zn 
were determined by a ETAAS and ICP-AES. Hg and As concentrations were determined by CVAAS and 
HGAAS, respectively. Analytical quality control was performed by inserting reagent blanks, duplicate 
samples and CRMs (1515a “Apple Leaves” from NIST) into each batch of analysis.  
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Concentrations (mean ± sd) of trace elements in R. riparioides collected in 2015 from the upper (0-15 km) 
and lower (15-30 km) course of the River Merse are shown in Table 1. Cu was the metal showing the 
greatest variability (range: 17.9-843 µg g-1) with the lowest Cu concentration in the lowland sampling 
sites. As, Cd, Co, Hg and Pb concentrations, although relatively less variable (85< CV < 96%), showed a 
similar pattern to that of Cu which was attributable to seepage waters flowing from the mining district. For 
As (and for the other elements of this group), temporal trends shown in Figure 1 highlighted a decrease in 
contamination as consequence of the AMD treatment plant put in place to contain acute pollution episodes 
recurring in this tract of the river since 2001. 

Table 1. Trace element concentrations  (mean ± standard deviation; µg g-1) in samples of R. ripariodes 
collected in the upper (0-15 km) and lower (15-30 km) tracts of the river Merse in May 2015. 

River 
course 

As Cd Co Cr Cu Fe Pb Mn Ni Hg Zn 

upper 
12.6 2.38 8.42 13.7 315 9153 39.1 922 13.9 0.28 394 

(±9.86) (±1.26) (±5.01) (±6.14) (±372) (±6054) (±16.4) (±572) (±2.01) (±0.26) (±210)

lower 
4.05 0.42 2.77 19.4 39.6 5560 7.86 555 13.7 0.14 144 

(±1.17) (±0.23) (±1.38) (±10.4) (±8.57) (±2552) (±2.64) (±389) (±4.36) (±0.04) (±35.6)

Figure 1.  Comparison of As concentrations (µg g-1 dw) in R. riparioides collected in 2015 and in previous 
monitoring campaigns (2004, 2009) from 8 sites along the River Merse, upstream and downstream of the 
main tributary connected with the mine of Campiano (dashed line). 

Conclusion 

Biomonitoring by R. riparioides allowed to characterize trace element contamination of the River Merse 
and provided quantitative basis to assess remediation measures recently adopted in the area. Moreover, 
excessive levels of potentially toxic elements, such as As and Cd, evidenced by the most recent R. 
riparioides data, prompted urgent completion of environmental reclamation  (i.e. cleanup and disposal of 
mine waste piles and tailings still in the banks of the upper course of the river) to reduce toxic metal loads 
to the aquatic and riparian environment. 
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Introduction 

Among air pollutants, particulate matter (PM) poses the greatest risk to human health. Throughout Europe, 

a network of air monitoring stations provides continuously gravimetric-based concentrations of atmospheric 

PM. However, its chemical composition is often neglected. Moreover, the spatial resolution of these 

conventional air monitoring stations is too low to properly monitor the high spatial variability in atmospheric 

PM exposure within urban environments. Urban vegetation can play herein an important role as it provides 

a natural surface for deposition and immobilization of small airborne particles. The use of e.g. plant leaves 

as passive collectors of urban PM submitted to magnetic analyses, provides a robust and cost-effective PM 

monitoring, as an alternative and complement to the conventional air monitoring systems. Several studies 

confirmed the saturation isothermal remanent magnetization (SIRM) of leaves to be a suitable magnetic bio-

indicator to investigate metal-containing PM pollution at high spatial resolution as correlations were found 

between leaf SIRM and e.g. cumulative atmospheric PM concentrations (Hofman et al., 2014) or PM mass 

(Mitchel and Maher, 2009; Muxworthy et al., 2003). Because this methodology is rapid and inexpensive, it 

can be used to identify and delineate high-polluted areas in urban environments (Moreno et al., 2003). 

However, particle analysis such as in terms of composition and size should not be overlooked, as these 

factors closely influence the PM effects on human health, and may be decisive for source attribution 

purposes. In this study, SIRM-magnetic analysis and scanning electron microscopy (SEM-EDX) were used 

to investigate PM deposition on plant leaves collected from different land use classes.  

Methods 

Common ivy (Hedera sp.) leaves were collected between 1.30 – 1.70 m in height from five different land 

use classes (forest (F), rural (R), roadside (RD), industrial (I), and train (T)). The leaf surface was examined 

using a Quanta 250 scanning electron microscope (FEI, USA) operated at high-vacuum conditions, 

accelerating voltage of 20.00 kV, magnification of 500×, and spot size of 3.6. Particles were detected based 

on their backscattered electron signal, and analyzed individually using an energy dispersive X-ray 

spectrometer (EDX) coupled to the SEM microscope. From this SEM-EDX analysis, data were obtained in 

terms of particle composition, size and shape for ca. 40,000 leaf-deposited particles. The leaves were then 
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submitted to a SIRM-based magnetic analysis using a Molspin pulse magnetizer (pulsed field of 1T) and a 

Molspin Minispin magnetometer (Molspin Ltd., UK). The surface area of the leaves was measured using a 

leaf area meter LI-3100C (Licor Biosciences). 

Results 

The area-normalized leaf SIRM results obtained from the collected ivy leaves ranged from 19.9 µA to 444.0 

µA, in the following order F < R < RD < I < T. The leaf particulate Fe content ranged from 9 to 11% for the 

forest, rural and industrial sites, but for roadside and train leaves almost 25% of the total volume of leaf-

deposited particles was composed of Fe.  Although the relation between the two variables (leaf SIRM and 

Fe content from SEM-EDX) was not linear across the different land use classes (Figure 1), it represented a 

good starting point to investigate the complementarity of these two different methodologies.  

 

Figure 1. Plot of the mean leaf SIRM results against the estimated mean Fe content for the different land use classes 

(F – forest; R – rural; RD – roadside; I – industrial; T – train). 

Conclusion 

Leaf SIRM of ivy can be used as indicator of urban PM and metal pollution, and is able to distinguish 

between land uses with different urban habitat quality. The combined use of magnetic analysis and scanning 

electron microscopy offers potential for a better assessment of leaf-deposited PM.  
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Introduction  

The particulate matter (PM) represents an important transport form of heavy metals in the atmosphere 

(WHO, 2013), recently recognized by the International Agency for Research on Cancer (IARC) as one of 

the pollutants most affecting human health and closely associated with increased cancer incidence (EEA, 

2015). High costs and technical constrains often hamper an adequate evaluation of airborne particulate load. 

The use of moss-bags represents a cost effective alternative to evaluate PM deposition. It consists of the 

exposure of mosses inside nylon bags according a rationale design with the aim to evaluate the air quality 

(Capozzi et al., 2016a; 2016b; Ares et al., 2012). Mosses are in fact well-known biomaterials able to adsorb 

and entrap different type of airborne particles (Adamo et al., 2007; González et al., 2016). According to the 

above considerations, the aims of this work were: 1) to describe the nature of PM adhering to leaf surfaces 

of the moss Pseudoscleropodium purum (Hedw.) M. Fleisch. after 12 weeks exposure in bags in urban, 

industrial and agricultural sites of Italy, Austria and Spain; 2) to relate PM size and relative chemical 

composition to site-specific land use; 3) to identify different markers of possible PM pollutant source. 

Methods 

The moss P. purum was collected in undisturbed areas and treated and exposed according to Capozzi et al. 

(2016b). Moss samples were exposed for 12 weeks in the 2013 winter in three EU countries (Austria, Italy, 

Spain), choosing in each country three sites belonging to different land uses: urban, industrial and 

agricultural. Ten leaves from three to five shoots of moss material exposed in each site were observed under 

a SEM (JEOL JSM 5310) in SE and BSE modes and analyzed by energy-dispersive X-ray spectroscopy 

(EDX; Oxford INCA). A total of 10 representative areas of 10.000 μm2 each (100 x 100 μm) were examined 

for particle counting  by ImageJ open source software and characterization by EDX. 

Results  

After exposure, heterogeneous particles (from regular- to amorphous-shaped and from 1 to 40 μm) and in 

form of single particle or aggregates were observed on P. purum leaflets, particularly on adaxial leaf surfaces 

and the leaf-stem intersection points. The particles were classified according to their equivalent diameter 
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into different size classes (PM1.0, PM2.5, PM10, >PM10). Biological materials, such as plant-derived 

fragments, fungal hyphae, spores and pollens were observed as well. In general, in the urban and industrial 

sites the amount and density of particles per leaf were higher than in the agricultural sites. Similarly, large 

aggregates (~ 30-40 μm) and fine PM (Ø < 2.5 μm) were only found in industrial and urban sites. In all 

investigated sites, submicroscopical EDX analysis frequently revealed particles made by Si, Al and Fe, 

mostly as Si-Al or Fe-Si associations, indicating an important contribution of soil dust (mainly in form of 

silicates, clay minerals and quartz) to airborne PM. Titanium, occurring exclusively in urban and industrial 

sites, was also likely derived from resuspension of soil dust particles. Iron was also found in association 

with other elements, in particular Ni and Cr, in a metallic or oxide nature, especially in moss-bags exposed 

in urban and industrial sites. Potassium and Mg salts, and calcium carbonates and oxalates were found 

abundantly on leaf surfaces, particularly in moss samples exposed in agricultural sites. Sulfur-metal (Fe, Ni, 

Ba) associations were detected in moss leaflets exposed in the Spanish industrial site, suggesting occurrence 

of pyrite, barite and nickel sulfite/sulfates in PM. The results from PM characterization were consistent with 

the observed differences in moss uptake between the exposure sites. 

Conclusion 

Many studies highlighted the efficiency of moss exposed in bags to retain particulate matter, but only few 

of them are focused on a morphological/numerical/chemical characterization of particles. This study 

represented a further confirmation of the close association between PM entrapped by moss surface and moss 

elemental uptake. Different land uses appear to be associated to the deposition of specific particle size class 

and composition, with a commonly frequent soil dust contribution. Morphological and chemical 

characterization of PM entrapped by mosses might be useful to track possible sources of air pollution. 
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Introduction  

Atmospheric trace elements have been collected for twenty years at a sub-arctic site Pallas in Northern 

Finland. The station is part of many international programs such as WMO/GAW, EMEP, AMAP, IM and 

GMOS. In general, the air quality at Pallas has improved over the time of the measurements due to decreased 

emissions in Finland and elsewhere in Europe (Lohila et al., 2015). Here we present the trends of twelve 

(Al, As, Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, V and Zn) trace elements in particulate matter (PM10).  

Methods 

The sampling site is a background station located in Northern Finland (68 N, 24 E). More details of the 

station characteristics are given in Lohila et al., 2015. The trace element PM10 samples were collected 

weekly on Teflon filters, digested in the laboratory and analyzed with ICP-MS. The trend analysis was 

calculated by Generalized Least-Squares (GLS) regression with classical decomposition and 

AutoRegressive Moving Average (ARMA) errors applied for monthly mean values (see e.g. Anttila and 

Tuovinen, 2010). 

Results 

The atmospheric concentrations of trace elements at Pallas are rather low compared to other European sites. 

This is due to minor domestic emissions in the sub-arctic area and long distance to the large European source 

areas. In Figure 1, the measured and modeled atmospheric PM10 concentrations with annual trends are 

shown for arsenic, cadmium, nickel and lead. These are the four trace elements the EU member countries 

are obliged to monitor according to the European legislation. The annual concentrations were from the 

lowest values to highest Co<Cd<<Cr<As<Mn<Cu, Ni, V<Pb<Zn<<Al<Fe. The seasonality of the elements 

varies. Some elements, e.g. As, Cd, Pb, V and Zn have strong seasonality with peaks in the late winter due 

to the higher amount of energy production. For elements of significant soil dust origin, e.g. Al, Co, Fe and 

Mn, the highest concentrations are observed during the spring and early summer after snow melt due to re-

suspension.  
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The trend analysis showed that most of the elements are decreasing 2-3 % per year. These decreases are 

substantial resulting in decreases of 34-55 % during the whole measurement period. Only chromium and 

zinc did not have statistically significant trends. 

Figure 1. Atmospheric measured and modelled concentrations (in ng m-3) with annual trends of arsenic, cadmium, 
nickel and lead at Pallas in 1996-2014. The trends are significant at the 99 % confidence level (**). 

Conclusion 

We discovered that besides Cr and Zn, the atmospheric concentration of trace elements has reduced 

substantially during the last twenty years. This is due to the emission reductions in Finland and broader in 

Europe. Additionally, the high As, Ni and Cu emissions from the metallurgical industry in Kola Peninsula 

(about 300 km from Pallas) have previously been connected to elevated deposition at the site (Kyllönen et 

al., 2009). There is no official emission records available for the smelters but our results indicate the 

emissions have possibly been reduced. Our results give evidence that the emission reductions have had a 

positive impact on the air quality. 

References 

Anttila, P.; Tuovinen J.-P. (2010). Trends of primary and secondary pollutant concentrations in Finland in 1994– 
2007. Atmos. Environ.. 44, 30–41. 
Kyllönen, K.; Karlsson, V.; Ruoho-Airola, T. (2009). Trace element deposition and trends during a ten year period in 

Finland. Sci Tot Environ, 407, 2260–2269 
Lohila, A.; Penttilä, T.; Jortikka, S.; Aalto, T.; Anttila, P.; Asmi, E.; Aurela, M.; Hatakka, J.; Hellén, H.; Henttonen, 

H.; Hänninen, P.; Kilkki, J.; Kyllönen, K.; Laurila, T.; Lepistö, A.; Lihavainen, H.; Makkonen, U.; 
Paatero, J.; Rask, M.; Sutinen, R.; Tuovinen, J.-P.; Vuorenmaa, J.; Viisanen, Y. (2015). Preface to the special 
issue on integrated research of atmosphere, ecosystems and environment at Pallas. Boreal Env. 
Res., 20, 431–454. 

Abstract Book of the 18th International Conference on Heavy Metals in the Environment, 12 to 15 September 2016, Ghent, Belgium 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

– 770 –



18th International Conference on Heavy Metals in the Environment

‐ 665 - 

SEDIMENTARY RECORD OF ANTHROPOGENIC METAL INPUTS IN 
THE TUZLA SHIPYARD (TURKEY)  

Erol Sarı1 , L. Tolun2, A. Yüksek3, K. Başeğmez1, E. Aslan2, T. N. Arslan1  

1 Istanbul University Institute of Marine Sciences and Management, Department of Marine Geology 
and Geophysics, İstanbul, Turkey. 
2 TUBITAK, Marmara Research Center, Chemistry and Environment Research Institute, Kocaeli 
Turkey. 
3 Istanbul University Institute of Marine Sciences and Management, Department of Physical 
Oceanography and Marine Biology,  İstanbul, Turkey. 

erolsari@istanbul.edu.tr 

Keywords: Tuzla shipyard; heavy metals; pollution; Marmara Sea; Turkey 

Introduction  

The Tuzla shipbuilding region, is located on the south-eastern coast of the metropolis of Istanbul, the largest industrial 
zone in Turkey, with a population of nearly 13 million people.  The Tuzla shipyard was built in 1969. The total 
shipbuilding area covers 1.3 million m2 and consists of 44 shipyards in the Tuzla/Istanbul region.  Both small sized 
and mid-sized chemical tankers and container ships up to 70,000 DWT bulk carriers, general cargo ships, tugs, ocean 
supply vessels and other types of ships are constructed at Turkish shipyards.  The bottom topography in the Tuzla 
region is rather complex and shows a progressive deepening towards the outer part of the shipyard. A shipyard is a 
workplace contaminated with spilled petroleum, paints, solvents, PAHs, and processed metal slag in relation to 
shipbuilding and repair activities (Dugan et al., 1984; Mokhtar et al., 2002; Lee et al., 2003). There is no information 
available from the literature investigating metal contamination in the core sediments from the Tuzla shipbuilding region 
in the last 10 years. Therefore, the aim of this study was to contribute to a better understanding of  the effects of metal 
pollution caused by shipyard activities on marine environment in the twentieth century 

Recent metal pollution histories associated with shipyard activities have been examined via two cores (TZ-1 and TZ-
2). Generally, Cd, Pb and Zn show an overall increasing trend from 40 cm to the top of the sediment cores, whereas 
Cr and Cu concentration in TZ-1 core increased in the first 25 cm.  Based on the vertical distribution of trace metals 
and their EF and CF values, the Tuzla shipbuilding region sediments are moderately to heavily polluted with Cd, Cr, 
Cu, Pb and Zn, and unpolluted to moderately polluted with Al, As, Fe, Li and Ni. The EF, CF and PLI values indicated 
anthropogenic influence caused by shipyard activities. The results of the present study were obtained with the support 
of the TUBITAK project 111G153. 

Methods 

Two sediment cores from the seabed of the Tuzla area were collected using a stainless gravity corer sampler on board 
of the R. V. ALEMDAR of Istanbul University in 2014. The pollution level in the study area was determined by 
investigating grain size and heavy metals (Al, As, Cd, Cr, Cu, Fe, Li, Ni, Pb and Zn) distributions. Gravel and sand 
were determined in a presentative portion of each sample using, sieving techniques (McManus 1988). Silt and clay 
distributions of core sediments were analyzed using Micromeritics Sedigraph 5100. The concentrations of Al, As, Cd, 
Cr, Cu, Fe, Li, Ni, Pb and Zn were measured using inductively coupled plasma-mass spectrometry ICP-MS (Agilent 
7500ce) after a total digestion. The accuracy of analytical procedures for total metal determinations was checked using 
the reference material NIST-1944 Replicate analysis of reference materials showed good accuracy, with recovery rates 
for metals between 93% and 103%. The heavy metal data was evaluated using geo-statistical methods such as 
enrichment factor (EF), contamination factor (CF) and pollution load Index (PLI). For geo-statically calculations, 
average concentration values lower than the 70 cm in the core samples were used as the background values.  
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Results  

TZ-1 and TZ-2 core sediments consist mainly of clay (30-75%) and silt (24–65%) with small amounts of sand (1–
11%). Being located in the Tuzla shipbuilding area, the sediments in the TZ-1 and TZ-2 cores would be expected to 
have been affected by the shipyard activities, leaving some geochemical signatures. The average and range (in 
parentheses) concentrations measured in milligram per kilogram dry weight of sediment were 16347 (7322-34094) Al, 
28625 (22213-33493) Fe, 17 (9-24) As, 0.4 (0.2-0.7) Cd, 164 (58-526) Cr, 128 (27-598) Cu, 44 (25-52) Ni, 82 (23-
218) Pb and 135 (37-296) Zn. Metal profiles showed nearly constant concentrations below 50 cm, and were 
characterized by a drastic increase in the first 40 cm for Cd, Pb and Zn. Similarly, Cr and Cu concentrations of core 
sediments increased from 25 cm to top of the cores (Fig. 1).  

 

 

Figure 1. Variation of Cd, Cr, Cu, Pb and Zn with depth in the TZ-1 core. 

In general, EF values below 40 cm of the cores ranging from 0.7  to 2 can be considered to be similar to that of the 
deeper or deficiency to minimal enrichment as implied by Sutherland’s EF classification (Sutherland 2000).  On the 
basis of the mean values of EFs and CFs in TZ1 and TZ-2 core sediments were enriched for metals in the following 
order: Cu > Zn >Pb> Cr > Cd > Ni > Al > Fe > As. According to the mean PLI value (1.86), the study area was 
moderately polluted. PLI of the first 40 cm of the cores was between 3 and 1.3 and must be classified as moderately to 
heavily polluted by investigated heavy metals. 

Conclusion 

The recent impacts of shipbuilding activities on sediment quality were studied by way of geochemical analysis and 
evaluated accordingly through EF, CF and PLI values reached through two cores collected from the area. Our findings 
imply that the core sediments below 40 cm were unaffected by any human influence, and shipyard activities and were 
derived predominantly from natural lithological sources. Analyzed data showed that the area has been polluted by Cd, 
Cr, Cu, Pb and Zn. The ongoing pollution also has been indicated by the EF, CF and PLI values. Seemingly, shipyard 
activities have played a significant role in the continuing pollution from 40 cm of the cores. 
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Introduction  

Monomethylmercury (MMHg) is a toxic and bioaccumulative organometallic compound that poses 

serious health risks to humans. Previous studies on MMHg exposure to humans mainly addressed 

consumption of coastal and marine fisheries products. Recent measurements of MMHg levels in rice grains 

in China show elevated levels sufficient to pose human health impacts (Feng et al., 2008; Li et al., 2010; 

Zhang et al., 2010). China is currently the largest producer and consumer of rice, and the largest source of 

mercury (Hg) pollution in the world (Pacyna et al., 2010). Unfortunately, relatively little is known about the 

sources and biogeochemical processes governing MMHg transformation and bioaccumulation to rice grains. 

We use a modeling approach to 1) simulate the dominant sources and biogeochemical processes by which 

MMHg contaminates rice, 2) identify critical locations in China where the risk of MMHg exposure via rice 

ingestion is high, and 3) project future changes in rice MMHg levels under the implementation of the global 

Hg treaty, the Minamata Convention on Mercury. 

Methods 

China rice paddy area and production information are derived from Liu et al. (2013), which has 

been published previously and verified against Landsat TM satellite data. These data are used to map the 

rice paddy area and production on a provincial level (total of 31 provinces). We use GEOS-Chem, a global 

atmospheric-chemistry-transport model for Hg, to simulate present (year 2010-2012) and future (year 2050) 

anthropogenic Hg emissions and deposition to rice paddies in China. GEOS-Chem provides gridded 

simulation of three atmospheric Hg species: Hg0, Hg2+, and Hgp, and uses present day meteorology from the 

NASA Goddard Earth Observing System. We use present and future emissions and deposition estimates 

from Giang et al. (2015), who implemented Minamata Convention-specific technology scenarios to Chinese 

coal-fired power plants (no additional control, Minamata-Flexible, and Minamata-Strict scenarios). Box 

model simulations consisting of four reservoirs (flooded water, topsoil, subsoil, rice) and relevant 

biogeochemical rate constants reflecting Hg cycling in rice paddies are constructed to simulate 

transformation, and bioaccumulation of MMHg to rice grains for the present day and future. Four types of 
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box model simulation scenarios are constructed based on the atmospheric Hg source input, crop rotation 

cycle, and geographic location of rice paddies in China.  

Results  

Model simulations of the present day atmospheric Hg deposition show that the regions of high rice 

areas and large rice production are co-located with regions of high Hg deposition in China. The critical 

locations where the risk of MMHg exposure via rice consumption are prevalent in the central part of China 

(in the provinces of Henan, Chongqing, Hunan, Jiangxi, and Hubei), where Hg deposition is driven by 

proximity to large industrial Hg pollution sources and large annual precipitation rate (~1100 mm/year) that 

can scavenge atmospheric Hg to the biosphere. Model simulations of future atmospheric Hg deposition 

under three scenarios show that while overall, the regions of high atmospheric Hg deposition do not change 

in the future, the magnitude of deposition can decrease as much as 59% (Hainan) under the implementation 

of the Minamata Convention on Mercury. Preliminary box model simulations show that recently deposited 

atmospheric Hg and resultant biotic methylation in flooded rice paddies are the dominant source and 

biogeochemical process governing MMHg production and bioaccumulation to rice grains in ~90% of rice-

growing provinces of China. We show that future changes in atmospheric Hg deposition under the Minamata 

Convention can affect MMHg exposure originating from rice ingestion in China. 

Conclusion 

This study demonstrates that MMHg bioaccumulation in rice resulting from anthropogenic 

emissions is an important source of human exposure and identifies regional hot spots where this exposure 

is most acute. Future technology and policy scenarios resulting in upstream removal of anthropogenic Hg 

are expected to change the extent of Hg deposition and MMHg exposure to Chinese rice consumers. We 

further estimate the potential health and economic impacts associated with these scenarios.  
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Introduction  

Some Arctic human populations, especially some indigenous communities that consume large quantities 

of certan species of freshwater fish or marine mammals tissues for their traditional /local food , receive 

high dietary exposure to Hg (AMAP, 2011). Exposure of current levels in the Arctic can have adverse 

impacts on human health, particularly for the development fetus and children (AMAP, 2011). Long-range 

transported atmospheric Hg from sources in Asia, Russia, Europe and Noth-America, is recognized as one 

of the main antropogenic sources of this toxic pollutant in the Arctic, and especially focus has been on the 

impact of Atmospheric Mercury Depletion Events (AMDEs) as a means of delivering Hg to the 

ecosystems for now almost 20 years (Schroeder et al., 1998; AMAP, 2011). In 1995 it was discovered that 

during spring, unusually low levels of GEM occurred in the Arctic air at Alert (Schroeder et al., 1998). 

This phenomena was termed AMDEs and  was later confermed to occur throughout polar regions 

(Ebinghaus et al., 2002; Lindberg et al., 2002; Berg et al., 2003; Skov et al., 2004; Steffen et al., 2005; 

Pfaffhuber et al., 2012). Mercury exist in the atmosphere mainly as gaseous elemental mercury (GEM) 

which has an atmospheric residence time of 6 months to 1 year. During AMDEs GEM can through a 

series of photochemically initiated reactions be  oxidized to a more shorter lived species which is called 

reactive gaseous mercury (RGM). RGM can either stay in the air or if there are particles available be 

attached to these, and reported as particulate mercury (PHg). RGM and PHg can be deposited within hours 

to weeks. 

In the following manuscript five years of atmospheric speciation data for mercury from the Zeppelin 

station, Ny-Ålesund is presented:  

 

Methods 

Ny-Ålesund is a small settlement near sea-level on the western coast of Spitsbergen (Fig. 1). The air 

sampling is performed at the research station on the nearby Zeppelin Mountain (7854’N, 1152E; 474 m 

a.s.l.). Speciated mercury was measured by automated Tekran mercury instrumentation. RGM was 

measured with a speciation unit (Model 1130) consisting of a KCl coated denuders while PHg was 

sampled on a particulate filter (Model 1135) as described in detail by (Steen et al., 2011). The denuder 

module and the particle module are placed in front of a Tekran 2537A unit. The air is pulled into an 

analyzer through an impactor designed to remove partcles <2.5 µm at a flow rate of 10 l min-1. The sample 

flows over a KCL coated quartz denuder to trap the RGM in the 1130 unit and then passes over a 

particulate filter to trap the PHg in the 1135 unit. GEM passes through both the 1130 and 1135 units and is 

carried into the 2537 A unit.  
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Results  

The mercury speciation data is presented in Fig. 1. During  September to February GEM (left) is constant. 

March-May atmospheric mercury depletions events (AMDEs) are evident, which make GEM highly 

variable. Increased concentrations of RGM (middle) occur through the polar day (March-August). RGM is 

formed through  photo-chemically initiated reactions. The highest levels of RGM are during AMDEs, in 

April. The lowest PHg (right) levels are seen from May to October. November to January PHg levels 

increase. During winter, Hg transported from Europe dominates the air masses at Zeppelin. The highest 

concentrations of PHg is from February to April. The high levels seen in March and April are due to 

oxidation of GEM and associated to particles during AMDEs. At Zeppelin, the high PHg concentrations 

start in February; one month before AMDEs start at the station. This could be due to transport, either of 

polluted air from PHg sources or of AMDE-influenced air from lower latitudes where the polar sunrise 

occurs earlier. 

  

Figure 1. : Box plots presenting the monthly concentration distributions of GEM, RGM and PHg at Zeppelin, 

Svalbard for 2007 to 2012 
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