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Tuesday 1 July 
Session 1: 09:00-10.35 
Venue: CCE-002 
Session Chair: 
 Dr Jane Entwistle 

  
Air & Dust Pollution and Human Health 1 

   
Keynote Presentation: 
9.05 – 9.50 
 
Professor Frank J Kelly , 
Professor of Environmental 
Health,  Director of the MRC-PHE 
Centre for Environment and 
Health, King's College London 
 Stamford Street, London, SE1 
9NH, UK 
frank.kelly@kcl.ac.uk 

 

 AIR POLLUTION AND PUBLIC HEALTH: EMERGING HAZARDS AND 
IMPROVED UNDERSTANDING OF RISK 
 
There was a time when the UK led the world in cleaning up its air - 
passing the Clean Air Act in 1956 to reduce smoke and sulphur 
dioxide. In recent years air quality improvements have stalled. We 
have been breeching European Union (EU) limit values every year 
since 2005 for the modern day pollutants – namely nitrogen dioxide 
(NO2) and (WHO guidelines for) particulate matter (PM) – and 
currently there is no prospect of achieving compliance for NO2 in 
some areas until 2025. What is more worrying, over the same period 
of time, evidence to support the detrimental short and long-term 
effects on health has increased substantially: data for 2008 estimate 
that air pollution contributes to at least 29,000 premature deaths in 
the UK each year – in 2012 the International Agency for Research on 
Cancer classified particulates in diesel fumes as a known carcinogen 
– in 2013 a WHO report concluded that health effects of PM and 
NO2 can occur at concentrations lower than the their health-based 
Guideline values which of note for PM, are lower than the EU limits 
we fail to adhere to. In addition, other than the well-documented 
risks to cardiopulmonary heath, increasing evidence exists that air 
pollution exerts a wider threat, negatively influencing reproductive 
outcomes and neurological health. Cracking our air pollution 
problem is a huge challenge. It is highly unlikely that our major cities 
will ever be able to boast ‘pure air’ especially if strategies focus on 
small areas of an overall road network – as I have been quoted 
before: ‘air pollution does not respect any boundaries’. With bold, 
realistic and moral leadership however, enormous potential exists to 
reduce air pollution so that it no longer poses a damaging and costly 
toll on public health. 

   
9.50 – 10.05 
 
*Yolande Macklin 
Centre for Radiation Chemical and 
Environmental Hazards, Public 
Health England, Birmingham, UK.  
yolande.macklin@phe.gov.uk 

 
 Andrew Kibble,  
Centre for Radiation Chemical and 
Environmental Hazards, Public 
Health England, Cardiff, UK. 

 
Alex. J. Elliot,  
Real-Time Syndromic Surveillance 

 DETECTING PUBLIC HEALTH IMPACTS ASSOCIATED WITH AIR 
POLLUTION EVENTS IN THE UK USING SYNDROMIC SURVEILLANCE 
 
Air pollution is known to cause adverse health effects. To implement 
public health interventions and evaluate their effectiveness in a 
timely manner we must be able to detect health effects in ‘real-
time’. The UK syndromic surveillance systems, coordinated by Public 
Health England (PHE), are used to monitor infectious diseases in 
real-time. This study is the first in the UK to explore whether these 
systems can detect public health impacts associated with air 
pollution events. 
 
Retrospective analysis of the syndromic surveillance systems was 
undertaken using case studies of air pollution events including: 

mailto:frank.kelly@kcl.ac.uk
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Team, Public Health England, 
Birmingham, UK. 

 
Gillian Smith 
Real-Time Syndromic Surveillance 
Team, Public Health England, 
Birmingham, UK. 

 

ambient air pollution episodes, large scale industrial fires, and 
wildfires. Key syndromes were selected which are typically seen 
following exposure to elevated air pollutants such as asthma, 
myocardial infarction, and eye irritation. Potential confounders such 
as pollen and humidity were also considered. Data was extracted 
from the syndromic surveillance systems for the time period of each 
air pollution event and a lag period to capture delayed onset of 
symptoms. Time series graphs and Shewhart control charts were 
used to identify whether increases in syndromes typical of exposure 
to air pollution correlated with air pollution events. Where 
correlation was observed, the historical ‘alarm’ records within the 
syndromic surveillance systems were interrogated to determine if 
these events had been identified as statistically significant. 
 
The study found that syndromic surveillance has the potential to 
detect public health impacts associated with certain types of air 
pollution events. Of the 13 events studied, one ambient air pollution 
episode and two large scale industrial fires triggered ‘alarms’. Other 
air pollution events were associated with a rise in syndromic 
indicators, but these did not trigger ‘alarms’. Air pollution events 
which are prolonged, widespread or very large scale were more 
likely to be detected. 
 
This study showed there is significant potential for syndromic 
surveillance systems to be used to monitor public health impacts 
during air pollution events in the UK. It also highlighted its potential 
to be used to tailor public health messages to the local population 
during air pollution events, and assist in ensuring adequate 
healthcare resources are mobilised to minimise the impact on public 
health. 
 

   
10.05 – 10.20 
 
*Gary Mahoney, 

Principal Environmental Protection 
Officer, Sefton Council, Bootle, 
Merseyside, UK, L20 3NJ. 
Gary.Mahoney@sefton.gov.uk 

 
Lynda Turner,  
Consultant in Public Health 
Consultant, Merton House, Bootle, 
Merseyside, UK, L20 3DL. 

 
Alex Stewart, 

Cheshire & Merseyside Public 
Health England Centre, Liverpool 
UK, L1 1JF. 

 

 ASSESSING HEALTH IMPACTS OF AIR POLLUTION: A PRACTICAL 
APPROACH 
 
Importance of the work  
We demonstrate how effectively identifying and attempting to 
mitigate impacts of air pollution on health requires a multi-agency 
approach, using all available tools and techniques whilst recognising 
inherent limitations. 
 
Sefton Metropolitan Borough Council, one of five authorities in 
Merseyside, UK, has some of the most deprived and most affluent 
districts in the country. 18% of Sefton’s residents are within the 
most deprived decile in England, and 5% within the least deprived 
decile. 
 
The main sources of air pollution in Sefton are borough-wide road 
traffic and localised industrial processes within the Port of Liverpool. 
Sefton declared five Air Quality Management Areas: three for NO2, 
one for PM10 and one for both. 

mailto:Gary.Mahoney@sefton.gov.uk
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Methodologies 
A partnership of Sefton Council, Public Health England and the local 
Public Health Department evaluates health impacts of air quality, 
including (1) routine statistics, (2) MSc dissertation on  links between 
air pollution and deprivation, (3) commissioning the Liverpool School 
of Tropical Medicine to analyse links between air pollution and 
health indicators. 
 
Main results and conclusions 
High levels of air pollution are associated with areas of deprivation; 
increased risk for wheeze is associated with higher PM10 emissions. 
All-age, all-cause mortality statistics are significantly higher in south 
Sefton (610 deaths/100,000; England 540), to which high premature 
death rates from coronary heart disease, respiratory illness and 
cancers (particularly lung) contribute.  There is a 10 year difference 
in life expectancy between areas 10 miles apart. 
 
Local residents remain concerned about the impact of air pollution 
on their health. Accordingly, Sefton invested in state-of-the-art air 
pollution monitoring equipment, an air pollution emissions 
inventory and dispersion modelling capability, alongside a 
commitment to involve local people and regularly communicate 
about air quality. 
 
All of these methodologies have advantages, limitations and 
difficulties; our experience is that there is no one technique or 
methodology that provides a complete understanding of the 
problem. Rather, a multi-agency, multi-application approach is 
required that recognises the contribution each methodology can 
make, and its limitations, to develop a holistic understanding of the 
issue that can then be used to develop effective actions. 

   
10.20 – 10.35 
 
*Anil Namdeo,  
Newcastle University, UK. 
Anil.Namdeo@newcastle.ac.uk    

 
Tanja Grabowski,  
AECOM, Newcastle upon Tyne, 
UK. 

 

 EXPOSURE OF CYCLISTS TO PARTICLE POLLUTION: IMPLICATIONS 
FOR ROUTE PLANNING AND EXPOSURE REDUCTIONS 
 
With the current focus on sustainable travel cycling has been 
promoted as an important travel mode. While generally being 
considered a healthy mode of travel, concerns have been raised of 
the increased exposure to air pollution especially in urban areas. 
Thus it is important to understand the influences of air pollution on 
cyclists, and examine how routes often used for cycling impact 
health of active travellers. 
 
This paper examines the exposure of cyclists in Newcastle to 
particle matter (PM), specifically PM10, on a cycling route between a 
suburban location and the campus of Newcastle University.  The 
work looks at the spatial and temporal variations in PM10 levels 
along the route and investigates the impact of the meteorology, the 
topography and the proximity of the cycling route to the traffic 
stream. Simultaneous measurements of heart rate of the cyclists 

mailto:Anil.Namdeo@newcastle.ac.uk
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enabled the estimation of their inhalation rates and consequently 
the amount of pollutants inhaled and deposited in the lungs to 
provide net exposure dose. The routes were then compared for 
average PM10 levels and net PM10 exposure dose. 
 
The findings of this research have implications for designing cycling 
routes taking into account the meteorology, topography and 
distance from the traffic stream. This research is also useful to 
health experts in determining the net health effects of cycling 
considering extra air pollution dose received due to heavier 
breathing while cycling and health gains due to active travel. 

   

Tuesday 1 July 
Session 2: 11:15-12.45 
Venue: CCE-002 
Session Chair:  Dr Mike Deary 

  
Air & Dust Pollution and Human Health 2 

   
11.15 – 11.30 
 
*C. Patinha,  
GeoBioTec, University of Aveiro, 
Campus de Santiago, 3810-193, 
Aveiro, Portugal.  
cpatinha@ua.pt 

 
 
P. Sousa,  
Master student, University of 
Aveiro Campus de Santiago, 3810-
193, Aveiro, Portugal.  

 
A. C. Dias,  
GeoBioTec, University of Aveiro, 
Campus de Santiago, 3810-193, 
Aveiro, Portugal.  

 
A. P. Reis,  
GeoBioTec, University of Aveiro, 
Campus de Santiago, 3810-193, 
Aveiro, Portugal.  

 
Y. Noack,  
CNRS, CEREGE, UMR 7330, 13545 
Aix en Provence Cedex 4, France. 

 
N. Durães,  
GeoBioTec, University of Aveiro, 
Campus de Santiago, 3810-193, 
Aveiro, Portugal.  

 
E. Ferreira da Silva, 
GeoBioTec, University of Aveiro, 
Campus de Santiago, 3810-193, 

 ACCESSING THE INFLUENCE OF TRAFFIC-GENERATED PARTICLES IN 
ROAD DUST USING SEQUENTIAL EXTRACTION AND ORAL 
BIOACCESSIBILITY TESTS 
 
Urban road dusts are more heterogeneous than undisturbed soils, 
mainly induced by human activities. Urban particulates can be 
emitted directly to the atmosphere through combustion processes 
and traffic is one of the chief contamination sources. Road dust 
consists primarily of soil-derived minerals, organic matter and a 
significant amount of the amorphous material derived from traffic-
generated particles (e.g. tire and brake dust, road paint, diesel 
exhaust particles, road reconstruction materials). 
 
A total of twenty one road dusts were sampled in Estarreja city, 
Portugal, and the concentration of several potentially harmful 
elements were analysed by inductively coupled plasma mass 
spectrometry (ICP-MS) after aqua regia digestion. Solid-phase 
distribution of Cu, Pb and Zn was determined using a Sequential 
Selective Chemical Extraction (SSCE) in order to assess their mobility 
and fate. The determination of Cu, Pb and Zn oral bioaccessibility 
was carried out using the UBM (Unified BARGE method).  
 
Road dusts were mainly composed of quartz, feldspars, and in some 
cases calcite, and clay minerals and Fe-oxyhydroxides in minor 
concentrations. Spherical iron combustion derived particles and 
traffic-generated materials (characterized by an enriched in Ba, Cu, 
Pb, S, Ti and Zn), and were also detected by Scanning Electron 
Microscopy (SEM) with Energy Dispersive X-Ray Analysis (EDX) in 
studied samples. The SSCE data shows that for Pb and Zn, the sum 
extracted in the four first steps (exchangeable, acid soluble, Mn-
Oxides and Fe/Al-oxyhrydroxides) and for Cu the three first steps, 
closely predict the bioaccessible concentrations (gastric phase) 
measured by the BARGE method. In some samples the gastric fluids 
appear to dissolve more resistant Zn and Pb solid phases.  
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Aveiro, Portugal.  
 

  

 
Considering that dust samples are not only composed of mineral 
particles, one question could be assigned: could the traffic-
generated particles influence/modify the results of SSCE and 
bioaccessibility test? In this sense SSCE and UBM extraction tests 
were conducted using brake dust, road paint and tire tread samples 
to assess the influence of these particles as bioaccessible metal 
bearing materials. 

   
11.30 – 11.45 
 
Balarabe S. Sagagi,  
Kano University of Science and 
Technology, Wudil, Nigeria. 
balarabe.sagagi@strath.ac.uk 
 
*Christine M Davidson,  
2 WestCHEM, Department of Pure 
and Applied Chemistry, University 
of Strathclyde, 
295 Cathedral Street, GLASGOW, 

G1 1XL, UK. 
c.m.davidson@strath.ac.uk 
 
Mark R. Cave, 
British Geological Survey, 
Keyworth, Nottingham, NG12 
5GG, UK. 

 
Joanna Wragg, 
British Geological Survey, 
Keyworth, Nottingham, NG12 
5GG, UK. 

 

 ADAPTING THE CHEMOMETRIC IDENTIFICATION OF SUBSTRATES 
AND ELEMENT DISTRIBUTION (CISED) EXTRACTION FOR 
APPLICATION TO AIRBORNE PARTICULATE MATTER 
 
A non-specific sequential extraction method utilising chemometric 
data processing (chemometric identification of substrates and 
element distribution, CISED) has been adapted and miniaturised for 
application to samples of airborne urban particulate matter 
presented on 47 mm filter dynamics measurements system filters as 
used in routine urban air quality monitoring in the UK. The method 
used a syringe to pass increasing concentrations of aqua regia 
through a test sample (BCR CRM 701) supported on a filter mounted 
in a polycarbonate in-line filter holder. Filtrates were collected and 
analysed for 18 major and trace elements by ICP-MS (Model 7700, 
Agilent Technologies, UK). Multivariate data processing was used to 
identify the physico-chemical components extracted, their 
compositions and the proportions of each in each extract. 
 
Results were compared with those obtained using a miniaturized 
version of the traditional CISED, where extracts were drawn though 
a 0.1 g sample of CRM 701, supported on a frit, by centrifugation. 
Four distinct physico-chemical components were extracted using 
the miniaturised traditional CISED method, while 11 components 
were extracted using the adapted filter method. Tentative 
assignments of the mineralogical sources of these components were 
made. The distribution patterns of the PTE in the various 
components in both methods showed a close agreement. In both 
methods, Cr, Fe, and Ni were predominantly in the iron alumino-
silicate component, which was an immobile phase. Copper was 
found in an aluminium oxide component in both methods, while Mn 
and Zn were associated with the most mobile component 
(carbonate). This relative mobility agrees with finding obtained 
using the BCR sequential extraction method. The results from this 
work indicated that the CISED approach can be usefully applied to 
assess PTE mobility in urban airborne particulate matter. 

   
11.45 – 12.00 
 
*Beata Smieja-Król, 
Faculty of Earth Sciences, 
University of Silesia, Będzińska 60, 
41-200 Sosnowiec, Poland. 
beata.smieja-krol@us.edy.pl 

 MULLITE OCCURRENCE IN A PEAT BOG – A MINERALOGICAL 
MARKER OF ATMOSPHERIC DUST DEPOSITION FROM COAL-FIRED 
POWER STATIONS 
 
An ombrothrophic peat bog located in the Izera Mountains, SW 
Poland, was chosen to investigate the past anthropogenic dust 

mailto:balarabe.sagagi@strath.ac.uk
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Barbara Fiałkiewicz-Kozieł, 
Faculty of Geographical and 
Geological Sciences, Adam 
Mickiewicz University. Dzięgielowa 

27, 61-680 Poznań, Poland. 
basiaf1234@poczta.fm  
 

Tatyana M. Ostrovnaya, 
Department of Neutron Activation 
Analysis, Frank Laboratory of 
Neutron Physics Joint Institute for 
Nuclear Research, Dubna, Russian 
Federation. 

 
Marina Frontasyeva, 
Department of Neutron Activation 
Analysis, Frank Laboratory of 
Neutron Physics Joint Institute for 
Nuclear Research, Dubna, Russian 
Federation. 

 
Edyta Łokas, 
Niewodniczanski Institute of 
Nuclear Physics, Polish Academy 
of Sciences, Radzikowskiego 152, 
31-342 Kraków, Poland. 

 

fluxes. The Izera Mountains are part of an area called the Black 
Triangle (at the junction of northern Bohemia, southern Saxony and 
part of lower Silesia) which was one of the most polluted regions in 
Central Europe due to high emissions of sulfur and dust.  
 
The mineralogy of an upper peat layer (30 cm), sectioned into 1 cm 
slices, was studied using x-ray diffraction of ashed peat and 
scanning electron microscopy (SEM) of raw samples. Quantitative 
determination of crystalline phases was done by Rietveld 
refinement of powder diffraction data. The chemical composition 
was analyzed using NAA technique. 210Pb ages of peat profile were 
obtained after applying CRS model.  
 
The peat mineralogy is dominated by quartz, feldspars and layered 
aluminosilicates. In the upper layers (0-6 cm) hematite (Fe2O3), 
partly a byproduct of peat ashing, is also present. Mullite 
(3Al2O3·2SiO2) has a maximum concentration at a depth 11-12 cm, 
being even more abundant than quartz, while undetectable in the 
lowermost peat sections. SEM observations confirm a large number 
of spheroidal aluminosilicate fly ash particles together with large 
(>30µm) porous to spongy irregular aluminosilicates at this depth 
interval. Mullite can be interpreted as an anthropogenic marker 
originating from coal-based power stations. Its formation is due to 
the decomposition and transformation of clay minerals during coal 
combustion, at temperatures above 1000°C. The high content of 
mullite correlates with a significant increase in concentration of Ti, 
V, Cr, Ni, Cu, Ba, and W together with aluminum observed at 10-13 
cm, related to extremely high dust emission from the nearby Turów 
lignite-based power station in the late 70’s of the last century.  
 
Determination of mullite relative to other phases in peat helps to 
interpret the chemical elements origin and distribution in peat. As 
mullite is a stable phase in peat and its mobility is restricted to 
mechanical displacements, its presence could be very useful to 
validate the chronology of the topmost peat layers. 

   
   
12.00 – 12.15  
 
*Frederic R. Siegel, 
Emeritus Professor, George 
Washington University, 4353 
Yuma St. NW, Washington, DC 
20016. frfmsiegel@msn.com 
 

 ENVIRONMENTAL GEOCHEMISTRY AND THE HEALTH OF GROWING 
GLOBAL POPULATION.  
 
Today, the global population is about 7.2 billion people, growing, 
and projected to reach 9.7 billion in less than two generations, and 
more than 10.3 billion by century’s end. The growth will be mainly 
in Africa and Asia. Environmental geochemists should be proactive 
now and define where added populations in the future can locate 
that is free of exposure to inorganic and organic toxins in air, water, 
and food that would otherwise threaten public health. The “now” 
action for environmental geochemists involves four main steps. First 
is a study of a municipality’s master plan for development indicating 
where to site new housing and infrastructure as populations grow, 
and investment projects (potential sources of toxic wastes) a 
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government is striving to attract to provide employment and 
improve its tax base. Second is a search of government archives to 
determine what ventures existed and were abandoned in an area of 
interest, and wastes they could have emitted, released as effluents, 
or buried as containerized liquids or solids. Third is an evaluation of 
existing industries or agricultural projects. What chemicals do they 
store? What wastes do they generate and where did they dispose of 
them in the past and where during the current operations? Fourth, 
the environmental geochemist also has to assess weather 
conditions, topography, geology, and aquifers at the location under 
study to determine pathways that toxins emitted to the 
atmosphere, discharged as effluents, or leached or leaked from 
surface or buried wastes would likely follow and threaten human 
health. This knowledge focuses where geochemical surveys 
complemented by geophysical data should be carried out to reveal 
areas that are safe to shelter growing and expanding populations, or 
areas that are inhospitable to human habitation or than can or 
cannot be economically rehabilitated.  Large open areas in urban 
centers, or immediately adjacent to them, are especially important 
because of the growth of major cities and mega-cities from natural 
increase, movement of rural citizens to urban centers, and in some 
cases, immigration. The environmental geochemistry mission is 
complex, but necessary to secure the well being of citizens today 
and those in future generations.   

   

 Tuesday 1 July 
Session 3: 13:45-15.15 
Venue: CCE-002 
Session Chair:  
Professor Andrew Collins 

  
Environmental Iodine and the Deficiency 

Disorders 1 

   
Keynote Presentation: 
13.45 – 14.30 
 
Dr Alex G. Stewart, 
Cheshire & Merseyside Public 
Health England Centre, Liverpool 
UK, L1 1JF. 

 
 
 
 
 
 
 

 GLOBAL AND LOCAL SOURCES OF THE VIOLET VAPOUR: ENVIRONMENTAL 
KNOWLEDGE AND HEALTH PERCEPTIONS 

 
Recent advances in our understanding of iodine chemistry, 
particularly at the marine-atmosphere interface, have important 
implications for terrestrial iodine chemistry, as well as for the 
causation of the iodine deficiency disorders. 
 

Iodine in the environment undergoes a rich and varied number of 
interactions, with the biophilic nature of iodine contributing to much 
of the global cycle. Although concentrated by coastal macroalgae, 
organic iodine is released into the atmosphere from mid-ocean 
hotspots, such that the contributors to atmospheric iodine are likely 
to be microalgae in mid-ocean and beneath polar sea ice and 
inorganic sea surface chemistry; the role of oceanic bacteria remains 
unclear. 
 
The atmospheric distribution of gaseous and aerosolised iodine 
compounds is probably fairly uniform over time, although there are 
clear indications of maritime influence up to 100 km inland. Recent 
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interest in radio-isotopes following accidental anthropogenic 
releases illuminates many aspects of the global cycle. It is also 
possible that some air masses may transport high concentrations of 
iodine from uplift over oceanic hotspots, with corresponding highly 
concentrated deposition in space and time, while recycling of 
marine iodine has been observed in subduction zones around the 
Pacific Rim. 
 
The chemistry of iodine has significance for weather and ozone 
destruction, particularly in the marine environment, as well as for 
the distribution of the iodine deficiency disorders.  
 
Although the biochemical contribution of iodine deficiency to 
disease states is clear, as our understanding of global iodine cycling 
becomes clearer, it is incumbent upon us to reconsider the 
environmental causal pathways that contribute to iodine deficiency 
within human and animal populations. Joint work between 
environmental and health scientists is appropriate and necessary in 
order to reassess preventative and control measures of the 
commonest, preventable mental health problems at a global scale.  

   
14.30 – 14.45 
 
*John H Lazarus, 
Regional Coordinator International 
Council for Control of Iodine 
Deficiency Disorders Global 
Network (ICCIDD GN), Thyroid 
Research Group, Institute of 
Molecular and Experimental 
Medicine, Cardiff University, UK.  
Lazarus@cf.ac.uk  

 

 IODINE STATUS IN EUROPE 2014: WORK UNFINSHED 
 
Iodine deficiency (ID) has been recognised worldwide for the last 
century. ICCIDD GN has underpinned remarkable progress in 
ameliorating ID during the last 30 years, especially during the last 
decade. The number of ID countries in the world has decreased 
from 54 in 2003 to 47 in 2007 and 32 in 2011.  Of these 32 countries 
11 (34%) are in Europe, the largest number from any continent. 
Although the ID is mild, it may impact on childhood development. 
For example, in a UK study, mild-moderate ID in the first trimester 
of pregnancy was associated with increased odds of offspring 
intelligence quotient (IQ) being in the lowest quartile with the 
greatest negative impact observed with verbal IQ. 
 
A postal survey of I status in Europe was performed in 2013. 
Mandatory salt iodisation is available in only 13 countries, 
representing 400 million people living in 20 countries with no 
mandatory iodised salt legislation. Median urinary iodine (UI) 
concentration either national or regional ranged from 78-252µg/L in 
26 countries with 6 of those countries (23%) having UI<100µg/L (i.e. 
ID). Data on I status in pregnancy indicated that this was adequate 
(i.e. UI>150µg/L) in only 8 countries (38%). In the UK iodine 
deficiency has emerged as a public health issue following several 
decades of apparent iodine sufficiency. There is re-emerging ID in 
industrialised European countries although the iodine status of 
some countries is satisfactory. Of particular concern is the degree of 
inadequate iodine nutrition in pregnancy. Controlled trials are 
needed to clarify whether gestational iodine supplementation will 
benefit infant and childhood neurodevelopment in countries with 
marginal ID.  
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An increase in dietary iodine consumption by 50-100 mcg/day 
would be beneficial with minimal adverse consequences. Adequate 
iodine intake in some sections of the population is not a barrier to 
recommending a national salt iodisation programme. More national 
data are required, particularly in the pregnant population. We now 
require to move forward in Europe by increasing advocacy activities, 
providing more epidemiological evidence as well as involving The 
European Union to recognise and prevent the problems of iodine 
deficiency in its backyard. 

   
14.45 – 15.00 
 
*S.C. Bath, 
Faculty of Health and Medical 
Sciences, University of Surrey, 
Guildford GU2 7XH.  
 

 M.P. Rayman, 
Faculty of Health and Medical 
Sciences, University of Surrey, 
Guildford GU2 7XH. 

 

 
 

 IODINE STATUS IN UK PREGNANT WOMEN AND IMLICATIONS FOR 
FETAL BRAIN DEVELOPMENT 
 
Iodine, as a component of the thyroid hormones, is crucial for brain 
development.  Iodine deficiency was historically common in the UK 
and was eradicated, not by the usual practice of an iodised-salt 
programme, but through the adventitious increase in milk-iodine 
concentration and increased milk intake. Though the UK had been 
assumed to be iodine sufficient, a recent national study revealed 
mild iodine deficiency in adolescent girls, giving cause for concern 
[1]. While randomised controlled trials in regions of severe iodine 
deficiency have shown that prenatal iodine deficiency causes 
impaired cognition, less is known of the effects in regions of mild 
deficiency. We recently studied 1040 mother-child pairs from the 
Avon Longitudinal Study of Parents and Children (ALSPAC) and 
found an association between low iodine status in early pregnancy 
and lower verbal IQ and reading scores in the offspring [2].  Overall, 
the group was classified as mildly-to-moderately iodine deficient 
(median iodine concentration, 91.1 µg/L) and 67% of women had an 
iodine-to-creatinine ratio below 150 µg/g. After adjustment for 21 
potential confounders, children of women deficient in iodine were 
more likely to have scores in the bottom quartile for verbal IQ at 
age 8 years (OR 1.58, 95% CI 1.09-2.30) and reading accuracy (OR 
1.69, 95% CI 1.15-2.49) and reading comprehension (OR 1.54, 95% 
CI 1.06-2.23) at age 9 years. Though the women in ALSPAC were 
recruited in the early 1990s, the results of the study are still 
relevant as the ALSPAC women had a similar iodine status to that of 
pregnant women in our recent study in the UK South East [3].  
 
Iodine deficiency in UK pregnant women is of considerable public-
health concern and needs addressing. We recommend that official 
dietary advice to pregnant women should be updated to include 
information on iodine; in the meantime, an Iodine Food Fact Sheet, 
prepared by us, is now available from the British Dietetic 
Association. Iodine status needs to be measured in a nationally-
representative survey of pregnant women.    
 
[1]Vanderpump MP, Lazarus JH, Smyth PP et al. (2011) Iodine status 
of UK schoolgirls: a cross-sectional survey. Lancet 377, 2007-2012. 
[2] Bath SC, Steer CD, Golding J et al. (2013) Effect of inadequate 



SEGH2014 ORAL PRESENTATION ABSTRACTS 

 

11 | P a g e  
 

iodine status in UK pregnant women on cognitive outcomes in their 
children: results from the Avon Longitudinal Study of Parents and 
Children (ALSPAC). Lancet 382, 331-337. 
[3] Bath SC, Walter A, Taylor A et al. (2014) Iodine deficiency in 
pregnant women living in the South East of the UK: the influence of 
diet and nutritional supplements on iodine status. Br J Nutr, 
http://dx.doi.org/10.1017/S0007114513004030. 

   
15.00 – 15.15 
 
*T. Yoganathan,  
Nuclear Medicine Unit, Faculty of 
Medicine, University of Jaffna, 
Jaffna, Sri Lanka. 0094776263826. 
thiruyoganathan@yahoo.co.in 
 

V.Arasaratnam,  
Department of Biochemistry, 
Faculty of Medicine, University of 
Jaffna, Jaffna, Sri Lanka. 
0094212226514. 
arva26arva@yahoo.com 
 

M.Hettiarachchi, 
Nuclear Medicine Unit, Faculty of 
Medicine, University of Ruhuna, 
Galle, Sri Lanka. 0094777792787. 
manjula.hettiarachchi@gmail.com 
 

C.Liyanage, 
Nuclear Medicine Unit, Faculty of 
Medicine, University of Ruhuna, 
Galle, Sri Lanka.  

 

 KNOWLEDGE AND ATTITUDE REGARDING IODIZED SALT AND 
IODINE DEFICIENCY DISORDERS AMONG PREGNANT MOTHERS 
FROM JAFFNA DISTRICT IN SRI LANKA  
 
Iodine deficiency is one of the most common deficiencies in the 
world, with almost one billion of people affected. Numerous studies 
have shown that children and pregnant & breast feeding mothers 
are at high risk. Objective of this study is to determine the 
knowledge and attitude among pregnant mothers regarding the 
usage of iodized salt and iodine deficiency disorders (IDD) from 
Jaffna District in Sri Lanka. In this study, systematic sampling 
technique was used and 477 pregnant mothers were selected from 
six Medical Officers of Health (MOH) divisions in Jaffna District. In 
different antenatal clinics, mothers in third trimester of gestation 
were interviewed by an interviewer administered questionnaire 
about knowledge and attitude of iodized salt & IDD. The educational 
levels of mothers were categorized as non formal, up to grade 5, 
grade 6-11, grades 12-13 and graduates & above (Table 1). The 
mean age of pregnant mothers was 28.92(±5.46) years and ranged 
from 17.0 to 44.0 years. Table 2 summarises the type of salt used by 
mothers. Among the mothers 17.5 % lack knowledge on iodized salt, 
whilst 53.5 % know about both the IDD & iodized salt (Table 3). 
Among the mothers 55.9, 15.1 and 14.1 % had knowledge on goitre, 
mental retardation and growth retardation, respectively (Table 4). 
Based on this study, even though the majority (55.9%) of mothers 
had the knowledge on goitre, they had poor knowledge on iodine 
deficiency and its impact on brain development & growth of the 
foetus. Thus, it is important to educate not only the mothers but 
also the entire community to prevent IDD.   

Educational level 
(Sri Lankan Standard) 

Number of mothers  
% (Number) 

No-formal 0.2 (1) 

Gr 1-5 9.6 (46) 

Gr 6-11 58.9 (281) 

Gr 12-13 23.9 (114) 

Degree and above 7.3 (35) 

Total 100 (477) 

Table 1: Mothers educational attainment level 
 

Type of Salt Used by Mothers 
Number of mothers 
% (Number) 

Iodized salt only 82.5 (n407) 

http://dx.doi.org/10.1017/S0007114513004030
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Iodized & normal salt 2.5 (n12) 

Unaware of iodized salt 15.0 % (n73) 

Table 2: Number of mothers using different types of salt 
 

Knowledge of Mothers regarding 
iodized salt & IDD 

Number of mothers 
% (Number) 

Do not know about iodized salt & 
IDD 

15.5 (n76) 

Only know about IDD 0.8 (n4) 

Only know about iodized salt 30.2 (n148) 

Know about both (IDD & iodized 
salt) 

53.5% (n262) 

Table 3: Number of mothers and their knowledge regarding iodized 
salt & IDD 
 

Knowledge of mothers regarding the 
IDD 

Number of mothers 
% (Number) 

Knowledge on Goitre 55.9 (n274) 

Knowledge on Mental retardation 15.1 (n74) 

Knowledge on Growth retardation 14.1 % (n69) 

Table 4: Number of mothers and their knowledge regarding IDD 
   

Tuesday 1 July 
Session 4: 15:45-17.00 
Venue: CCE-002 
Session Chair: Dr Alex Stewart 

 Environmental Iodine and the Deficiency 
Disorders 2 

   
15.45 – 16.00 
 
*Denitza D. Voutchkova,  
Department of Geoscience, 
Aarhus University, Høegh-
Guldbergs Gade 2, DK-8000. 
Aarhus C, Denmark. 
ddv@geo.au.dk  
Geological Survey of Denmark and 
Greenland (GEUS), Lyseng Allé 1, 
DK-8270 Højbjerg, Denmark. 
 

Birgitte Hansen,  
Geological Survey of Denmark and 
Greenland (GEUS), Lyseng Allé 1, 
DK-8270 Højbjerg, Denmark. 
 

Vibeke Ernstsen,  
Geological Survey of Denmark and 
Greenland (GEUS), Øster Voldgade 
10, DK-1350 Copenhagen K, 
Denmark. 
 

 HIGH SPATIAL VARIABILITY OF IODINE IN DANISH GROUNDWATER 
AND DRINKING WATER: GEOCHEMICAL FACTORS AND HUMAN 
HEALTH IMPLICATIONS 
 
Iodine is an essential component of human thyroid hormones, and 
intake from food and drinking water are important for our health. 
Both insufficient and excessive dietary intake can, however, cause 
health problems. A surprisingly high variation in total iodine 
concentrations in drinking water (~100% groundwater origin) was 
observed even in a small country like Denmark (43.000 km2). Based 
on our recent findings, more specific or local measures to ensure an 
adequate public intake should be discussed in addition to the 
current standardized nationwide food iodizing program.  
 
Iodine in Danish groundwater and drinking water has been studied 
by executing two sampling campaigns. The first was a nationwide 
drinking water sampling campaign  representing about 45% of the 
total annual groundwater abstraction by all private and public 
waterworks (N=144 from >2500 waterworks), designed to assess the 
spatial patterns of iodine concentration and speciation in relation to 
human health. The second was a groundwater sampling study from 
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Kim H. Esbensen,  
Geological Survey of Denmark and 
Greenland (GEUS), Øster Voldgade 
10, DK-1350 Copenhagen K, 
Denmark. 
 

Brian L. Sørensen,  
Geological Survey of Denmark and 
Greenland (GEUS), Lyseng Allé 1, 
DK-8270 Højbjerg, Denmark. 
 

Søren M. Kristiansen, 
Department of Geoscience, 
Aarhus University, Høegh-
Guldbergs Gade 2, DK-8000 
Aarhus C, Denmark.  
 

 

selected geological representative sites to investigate the origin and 
the controlling processes for elevated iodine concentrations. 
Samples were analysed for total iodine, iodide, and iodate as well as 
for other chemical elements and parameters. Additionally, data 
from the Danish national groundwater monitoring program 
(GRUMO) was used. Here we’ll give an overview on the project 
outcomes and the main focus will be on the complex spatial 
variability of both iodine concentration (treated drinking water: 
from <0.1 to 126 µg/L) and speciation and how this is reflected in 
the dietary iodine intake in Denmark. The possible geological and 
hydro-geochemical factors governing the elevated iodine 
concentrations in water will be further discussed. 
 
The outcome of this project could facilitate the design of 
epidemiological studies in Denmark and abroad, and support policy 
making in the area of iodine deficiency prevention and drinking 
water management. It can furthermore serve as starting point for 
sampling design of future geochemical studies on elevated iodine 
concentrations in aquifers.  

   
16.00 – 16.15 
 

*M.J. Watts,  
Nottingham-BGS Centre for 
Environmental Geochemistry, 
British Geological Survey, 
Nottingham, NG12 5GG.  
mwatts@bgs.ac.uk 
 

E.J. M. Joy,  
Nottingham-BGS Centre for 
Environmental Geochemistry, 
British Geological Survey, 
Nottingham, NG12 5GG.  
 

M R Broadley,  
Nottingham-BGS Centre for 
Environmental Geochemistry, 
British Geological Survey, 
Nottingham, NG12 5GG.   
 

E.L. Ander,  
Nottingham-BGS Centre for 
Environmental Geochemistry, 
British Geological Survey, 
Nottingham, NG12 5GG.  
  

S.D. Young,  
Nottingham-BGS Centre for 
Environmental Geochemistry, 
British Geological Survey, 
Nottingham, NG12 5GG.  
 

A.D.C. Chilimba,  

 IODINE GEOCHEMISTRY OF MALAWI 
 
Background: Dietary micronutrient deficiencies (MNDs) are 
widespread globally, especially in Sub-Saharan Africa (SSA). Dietary 
MNDs can impair growth, cognition, immunological functions and 
wider health, and thereby exacerbate cycles of poverty. The mineral 
micronutrients most commonly associated with MNDs include zinc, 
iron, selenium and iodine. These MNDs result from diets dominated 
by staple crops which are predominantly grown on highly-
weathered soils with low micronutrient availability to plants. 
Selenium, iodine and zinc are likely to be among the most pressing 
MND risks in Malawi [1, 2]. Iodine deficiency in Malawi is currently 
addressed through salt iodisation [3], but the success of this strategy 
varies due to cultural and economic factors. Soil and agronomic 
management strategies to address selenium and iodine MNDs are 
feasible [4]. 
 
Recent work by the authorship team (Malawi, BGS and Nottingham) 
predicts that the fixation of iodine in both temperate and tropical 
soils has a major role in controlling iodine availability to plants [5; 6]. 
Anionic/oxyanionic iodine species are likely to be fixed rapidly into 
inert humus-bound forms and/or inorganic colloids (e.g. Fe/Al 
hydrous oxides), in addition to losses through leaching or 
volatilisation. The relative importance of these processes has not yet 
been studied directly in tropical soils. Resolving iodine fixation rates 
would inform tropical soil management strategies for optimising the 
supply of these elements to crops [4]. 
 
Aim: To estimate the geochemical distribution of iodine in Malawian 
soil and key staple crops. 
 

mailto:mwatts@bgs.ac.uk


SEGH2014 ORAL PRESENTATION ABSTRACTS 

 

14 | P a g e  
 

MOAFS, Lunyangwa Agricultural 
Research Station, Mzuzu, PO Box 
59, Malawi. 
 

S.R. Chenery, 
Nottingham-BGS Centre for 
Environmental Geochemistry, 
British Geological Survey, 
Nottingham, NG12 5GG.  

 

Methods: A survey was conducted in Malawi (2011-2014) 
comprising a selection of calcaric and non-calcaric soil types and 
staple food crops to (1) provide ground-truthing of published food 
composition data, and (2) inform location of experimentation sites 
to study soil iodine fixation rates for subsequent soil management 
techniques. 
 
Results: Median iodine concentrations of soil (n=169), maize (n=61) 
and vegetation (n=503) samples were 1.74, 0.005 and 0.01 mg/kg, 
respectively.  Staple crops such as maize grain provide minimal input 
of iodine to the Malawian diet.  
[1] Hurst et al. (2013). Sci. Rep. 3:1425 
[2] Siyame et al. (2014). J. Vit. Nutr. Res., in press 
[3] Joy et al. (2014). Physiologia Plantarum, DOI:10.1111/ppl.12144 
 [4] Chilimba et al. (2012). Field Crops Res. 134:11 
[5] Shetaya et al. (2012). GCA 77:457 
[6] Bowley 2013 PhD thesis, Uni. Nottingham 

   
16.15 – 16.30 
 
*Bailey E.H, 
University of Nottingham, School 
of Biosciences, Sutton Bonington 
Campus, Loughborough, Leics, 
LE12 5RD UK. 
 

Bowley H.E.,  
University of Nottingham, School 
of Biosciences, Sutton Bonington 
Campus, Loughborough, Leics, 
LE12 5RD UK. 
 

Young S.D., 
University of Nottingham, School 
of Biosciences, Sutton Bonington 
Campus, Loughborough, Leics, 
LE12 5RD UK. 
 

Ander E.L, 
British Geological Survey, 
Keyworth, Nottingham, NG12 
5GG, UK. 
 

Watts M.J.,  
British Geological Survey, 
Keyworth, Nottingham, NG12 
5GG, UK. 
 

Crout N.M.J., 
University of Nottingham, School 
of Biosciences, Sutton Bonington 
Campus, Loughborough, Leics, 
LE12 5RD UK. 
 

 CONTROLS ON IODINE RETENTION AND BIOAVAILABILITY IN SOILS 
FROM NORTHERN IRELAND 
 
The relative contributions to herbage iodine content from soil and 
(simulated) rainfall sources were investigated in a 129I-labelled rye 
grass pot trial.  Nineteen soils from Northern Ireland, including 
coastal soils with large native iodine concentrations, were spiked 
with 129IO3

- before seeding.  Rye grass was grown under controlled 
conditions for 4 months with cuts at regular intervals to measure 
vegetation 129I and 127I concentrations as a function of grass yield, 
soil properties and inputs from irrigation water.   
 
For most soils the main process governing the dynamics of uptake 
was frequent replenishment of the transient phyto-available pool of 
iodine provided mainly by trace levels of  127I in irrigation water 

(deionised water with I = 0.8 g L-1); the initial 129I spike was rapidly 
fixed into non-labile humus-bound forms.  In coastal soils, by 
contrast, replenishment of the phyto available pool from native soil 
iodine was more important.   A reduction in 129I/127I isotopic ratio in 
the grass compared to the ratio in soil over time confirmed that 129I 
became progressively less phyto-available due to ongoing 
assimilation into the solid phase.  The rate of this sorption was 
controlled by soil properties, principally organic matter content.  
However, mixing of spiked 129I and native 127I iodine in the soils was 
incomplete by the end of the experiment with 129I/127I in the soil 
solution remaining greater than that in the soil solid phase.  This 
suggests the presence of an inert pool of organic iodine which may 
only mix with iodine inputs over periods exceeding single growing 
seasons.   
 
A model describing iodine uptake was developed which adequately 
described uptake of both isotopes (127I, r = 0.948 p <0.001; 129I, r = 
0.973 p<0.001) when the rate coefficients for uptake were allowed 
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to differ between the two isotopes.  Apparent discrimination 
between the isotopes probably results from their different origins, 
with continuous replenishment of labile inorganic 127I continually 
added in irrigation water contrasting with the single pulse of 129I 
undergoing progressive fixation.  
 
Results suggest that, in non-coastal soils, the main source of iodine 
in herbage arises from the transient availability of rainfall inputs, 
rather than a labile pool of soil iodine. 

   
16.30 – 16.45 
 
* Smyth PPA, 
UCD School of Medicine and 
Medical Science, University 
College Dublin, Ireland. 
peter.smyth@ucd.ie 
School of Physics, National 
University of Ireland, Galway, 
Ireland. 
 

Burns R,  
UCD School of Medicine and 
Medical Science, University 
College Dublin. Ireland.  
 

Casey M,  
Royal Victoria Hospital, Belfast, N. 
Ireland. 
 

Mullan K,  
Royal Victoria Hospital, Belfast, N. 
Ireland. 
 

Andersson M,   
Munz L, 
ETH, Zurich, Switzerland. 
 

Huang RJ,   
O’Dowd C, 
School of Physics, National 
University of Ireland, Galway, 
Ireland. 
University of Mainz, Germany. 
 

Hoffman T,   
University of Mainz, Germany. 

 A POSSIBLE CONTRIBUTION TO IODINE INTAKE FROM SEAWEED 
DERIVED GASEOUS IODINE? 
 
In the USA and most European countries iodine intake is maintained 
at WHO recommended levels by iodisation of table salt.  Exceptions 
to this practice include Ireland and the UK where only 5% 
(approximately) of table salt sold is iodine supplemented and where 
urinary iodine excretion (UI) measurements suggest borderline 
iodine deficiency.  Conventional wisdom suggests that iodine intake 
in coastal regions exceeds that in inland areas. Seaweed provides 
the major source of iodine in the marine environment and is a major 
source of atmospheric I2. This study aimed to establish if living near 
the sea in a seaweed abundant environment, and therefore exposed 
to gaseous I2 ingestion by respiration, may confer advantages in 
terms of iodine intake. Atmospheric I2 measured by gas 
chromatography-mass spectrometry (GC-MS) was greatest over the 
seaweed mass (Median 186: range 110-301PPT) compared to inland 
values of 15-18PPT.  Iodine intake was assessed by measuring (UI) 
using Sandell Kolthoff colorimetry.  Urine samples were obtained 
from populations of schoolchildren and adults (N= 192) living in 
coastal areas, including those residing beside a seaweed hot spot, 
and inland areas of Ireland.  The median UI of 133 µg /L in 
schoolchildren living in the seaweed rich coastal area was 
significantly greater than in the coastal area lesser seaweed 
abundance (71 µg /L) or in the inland area (58 µg/L).  Similar findings 
were observed in adult population residing near to a seaweed 
abundant area UI median (136 µg/L) compared to an adjoining 
coastal city (UI median 84 µg/L) lacking abundant seaweed.  The 
most striking differences were in the proportion of higher (> 150 µg 
/L) individual UI values which reached 39.4% in schoolchildren and 
34.2 % in adult females living in the seaweed rich coastal area. These 
findings suggest that intake of seaweed derived gaseous I2 may 
preferentially influence iodine intake and that atmospheric iodine 
may compensate for inadequate dietary intake in areas such as 
Ireland where iodine intake is traditionally low. 

   
16.45 – 17.00 
 
*Rosie Chance,  
Wolfson Atmospheric Chemistry 
Laboratories, Department of 
Chemistry, University of York, 

 IODINE IN THE SEA: CHEMICAL SPECIATION AND IMPACTS ON AIR-
SEA EXCHANGE 
 
Sea-to-air exchange is the dominant source of iodine to the 
atmosphere. Once airborne, marine iodine may be blown inland 
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YO10 5DD, UK. 
rosie.chance@york.ac.uk 
 

Lucy Carpenter,  
Wolfson Atmospheric Chemistry 
Laboratories, Department of 
Chemistry, University of York, 
YO10 5DD, UK. 
 

Alex R. Baker,  
Laboratory for Global marine and 
Atmospheric Chemistry, School of 
Environmental Sciences, 
University of East Anglia, Norwich, 
NR4 7TJ, UK.  
 

Tim Jickells, 
Laboratory for Global marine and 
Atmospheric Chemistry, School of 
Environmental Sciences, 
University of East Anglia, Norwich, 
NR4 7TJ, UK.  

 

before being deposited onto soils, and may thus enter the food 
chain. The sea-to-air flux of iodine is dependent on its chemical 
speciation. In seawater, the majority of dissolved iodine is found as 
either iodate (IO3

-), or iodide (I-). While total dissolved iodine 
concentrations are close to constant across the oceans (at ~450 to 
500 nM), the ratio of iodide to iodate varies with both geographical 
location and depth. At the sea surface, dissolved iodide reacts with 
gas phase ozone to liberate gaseous iodine compounds, some of 
which may enter the atmosphere. The magnitude of the flux is 
dependent on iodide concentration. A smaller fraction of organic 
iodine compounds are also found in surface seawater, including 
volatile compounds such as methyl iodide that can also cross the air-
sea interface. It has recently become evident that fluxes of volatile 
organic iodine compounds cannot sustain the observed 
concentrations of atmospheric iodine, fuelling a resurgence of 
interest in the reaction of iodide with ozone.  
 
In order to describe the global distribution of iodide at the sea 
surface iodide, we have compiled all available measurements to 
produce a first attempt at a marine iodine climatology.  A strong 
latitudinal trend is revealed, with highest concentrations in tropical 
waters. We examined relationships between iodide concentration 
and other oceanographic variables, in order to identify possible 
proxies by which iodide concentration may be predicted. Sea surface 
temperature was found to be the strongest predictor of iodide 
concentration, and a strong association with nitrate levels was also 
found. We will discuss the distribution of iodine species in seawater, 
with an emphasis on those aspects most relevant to air-sea 
exchange. Controls on marine iodine speciation, and the causes of 
the observed iodide distribution will also be considered. 

Wednesday 2 July 
Session 1: 09:00-10.30 
Venue: CCE-002 
Session Chair:  
Professor Dave Polya 

  
Risk Assessment, Environmental Exposure 

and Health 1 

   
Keynote Presentation: 
09.00 – 9.45 
 
Dr Frank Swartjes, 
National Institute of Public Health 
and the Environment (RIVM), 
Bilthoven, Netherlands. 

 

 HUMAN HEALTH RISK ASSESSMENT REGARDING SOIL AND 
GROUNDWATER POLLUTION: WHERE DO WE STAND? 

 
Exposure of humans to contaminated soil or groundwater may 
result in many types of health damage ranging from relatively 
innocent symptoms such as skin eruption or nausea, on up to cancer 
or even death. Human health protection is considered as a major 
protection target, both by decision-makers as well as by the general 
public.  
 
Human health risk assessment includes exposure and hazard 
assessments. Ideally, the exposure assessment covers a smart 
combination of calculations, using exposure models, and 
measurements in contact media and, in extreme cases, in body 
liquids and tissue. Hazard assessment, which is different for 

mailto:rosie.chance@york.ac.uk
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contaminants with or without threshold effects, results in a 
toxicological reference dose. In a final step, risk characterisation 
provides a risk appraisal calculated on the basis of exposure and 
hazard.  
 
Human health risk assessment procures related to contaminated soil 
and groundwater came into existence in the late 1980s. Since then, 
both exposure and hazard assessment have been gradually 
improved. Remarkably, different human exposure models may 
result in quite different exposures for the same exposure scenario, 
in particular when contaminants are more mobile and even more 
when contaminant are more volatile. This observation is explained 
by the limited reliability of the exposure through vegetable uptake 
pathway and, in particular, of the exposure through the indoor 
vapour inhalation pathway. For immobile contaminants, for which 
the exposure through soil ingestion is the dominant exposure 
pathway, some uncertainty is related to oral bioavailability of 
metals. Other exposure pathways are subordinate to the three 
exposure pathways mentioned above in standard situations, but can 
be significant in specific situations. An example is exposure through 
drinking water consumption after permeation through drinking 
water tubes. The use of tiered approaches and probabilistic human 
health risk assessment procedures are practical ways of dealing with 
uncertainties in the exposure assessment.         
 
In analogy with calculated exposures, toxicological reference doses 
differ substantially worldwide. Most variation can be explained by 
policy decisions on the acceptable additional cancer risk 
(contaminants without threshold effects) and by the use of so-called 
assessment factors up to a factor of 1000 when transforming effect 
data from animal studies to human effect data (contaminants with 
threshold effects). Although not often used in practice, probabilistic 
procedures can be used to deal with uncertainties regarding the use 
of assessment factors. Additionally, Physiologically-Based Pharmaco 
Kinetic (PBPK) models may be used to focus on a more ‘biologically 
effective dose’ which casually relates to effects.   
 
Sophisticated human health risk assessments need to include 
considerations about background exposure, combined exposure to a 
series of contaminants and the significance of exceeding 
toxicological reference doses. Moreover, the timeframe for which 
the risk assessment is applicable is important, since the effects 
depend on the duration of exposure and factors that impact human 
health risk will change over time. Particular attention must be given 
to human health risks of asbestos in soils, since asbestos is a well-
known carcinogenic compound and asbestos fibres behave unlike 
any other contaminant in soil.  

   
09.45 – 10.00 
 

*Job Spijker,  
National Institute for Public Health 

 EVALUATION OF METAL LEACHING FROM SOILS TO 
GROUNDWATER USING A GEOCHEMICAL MODELING APPROACH 
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and the Environment, P.O. box 1, 
3720 BA Bilthoven, The 
Netherlands. 
Job.Spijker@rivm.nl 
 

Jan E. Groenenberg,  
Alterra Wageningen-UR, P.O.box 
47, 6700 AA Wageningen, The 
Netherlands. 
 

Rob N. J. Comans, 
Alterra Wageningen-UR, P.O.box 
47, 6700 AA Wageningen, The 
Netherlands. 

 

 
 

Sustaining good groundwater quality is important for utilizing 
groundwater as a potable water resource and for ecosystem quality 
in general. In this paper, we use a geochemical surface speciation 
and transport model to evaluate the relation between sustainable 
soil management according to the Dutch Soil Quality Decree (SQD) 
and long term groundwater quality. In terms of maximum element 
concentrations, the SQD soil quality standards are differentiated for 
three types of land use: (i) agriculture and nature; (ii) residential use 
and (iii) industry. We evaluated the soil quality standards using 
scenario runs with the model for all the major soil types in the 
Netherlands and assessed the impact of these standards on 
groundwater quality. 
 
The geochemical model includes aqueous speciation in combination 
with sorption to solid and dissolved organic matter, Fe/Al-
(hydr)oxides and clay. A particularly strong feature of this “multi-
surface model” is that it is fully based on published generic 
thermodynamic parameters for the different types of solubility-
controlling processes, without any parameter fitting.  
 
For the model calculations we selected 456 soil profiles from an 
existing database, which was developed for the calculation of 
nutrient leaching from agricultural soils at a national scale. The 
database includes soil properties for different depths. Element 
contents in the upper part of the soil, until 50 cm depth, were set at 
the maximum element content according to the SQD. For the 
deeper layers background contents were calculated based on their 
clay content. The model was run for 500 years.  
 
The scenario runs were evaluated by comparing the maximum 
predicted groundwater concentration for the time periods 0-100 
years and 100-500 years at 1, 2 and 5 m depth with the maximum 
permissible addition (MPA) risk level and 95 percentile values of 
ambient element concentrations in groundwater. Model predictions 
show clear differences between maximum predicted concentrations 
amongst elements, soil type and land use dependent maximum 
values. Generally sandy soils are most vulnerable for contaminant 
leaching as compared to peat and clay soils. Groundwater quality 
was mostly affected by the elements Cd, Co, Ni and Zn. The model 
was evaluated using batch-experiments and hindcast simulation of 
field observations. 

   
10.00 – 10.15 
 
*Karzan Hawrami,  
Division of Agriculture and 
Environmental Science, School of 
Biosciences, University of 
Nottingham, Gateway Building, 
Sutton Bonington Campus 
Loughborough, Leicestershire LE12 
5RD. 

 RISKS TO HUMAN HEALTH FROM CONSUMPTION OF VEGETABLES 
GROWN IN AND AROUND URBAN AREAS OF THE KURDISTAN 
REGION OF IRAQ 
 
Vegetable fields in and around urban areas in Kurdistan region of 
Iraq may accumulate high concentrations of potentially toxic 
elements (PTEs) from various contamination sources including 
municipal waste disposal and waste water used for irrigation.  The 
purpose of this study was to assess PTE concentrations in edible 
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Neil Crout,  
Division of Agriculture and 
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Nottingham, Gateway Building, 
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George Shaw,  
Division of Agriculture and 
Environmental Science, School of 
Biosciences, University of 
Nottingham, Gateway Building, 
Sutton Bonington Campus 
Loughborough, Leicestershire LE12 
5RD. 

 
Elizabeth Bailey, 
Division of Agriculture and 
Environmental Science, School of 
Biosciences, University of 
Nottingham, Gateway Building, 
Sutton Bonington Campus 
Loughborough, Leicestershire LE12 
5RD. 

 

parts of different field-grown vegetables.  Sixteen different 
vegetable types and soils were sampled from eight areas around 
Sulaymaniah and Halabja cities.   
 
The soils are calcareous (pH 7.1 - 8.35) and classified as silty loam, 
sandy or silty clay with organic matter contents between 5.7 and 
15.8%.  Cr, Ni, Cu and Zn concentrations in soil exceeded EU or UK 
soil guideline values at one or more locations however sequential 
extraction of soils from across the area indicated that most PTEs are 
strongly bonded in the residual fraction.   PTE concentrations in the 
edible parts of the vegetables were highly variable between 
vegetable types and site.  Concentrations of Cu in pepper, okra, 
cowpea, cucumber, radish and tomato, and Cd and Pb in radish 
exceeded recommended WHO/EU limits at one or more sites.  As 
and Ni were higher than UK limits in pepper, okra and radish 
together with Ni in cowpea. Risks to human health were assessed 
using hazard quotients (HQ) assuming intakes of 0.187 kg FW d-1 for 
adults and 0.118 kg FW d-1 for children with body weights of 55.7 
and 14.2 kg respectively. HQs ≥ 1 were observed for Cd in tarragon 
(3.4), cress (1.1) and parsley (1.2), and for As in cress (1.4), celery (1) 
and dill (1.2) for adults. Risks to children were higher with HQ’s for 
Cd and As, ≥ 1 in tarragon, cress, parsley, celery, dill, chard, leek, 
and spring onion, and As in cucumber, vine leaves and mint.  HQs 
for Ni, ≥ 1 were also observed for both adults and children in cow 
pea.    Although HQs for individual vegetables suggest elevated risk 
for both adults and children risks are likely to be lower when 
realistic dietary consumption levels are considered. 

   
10.15 – 10.30  
 
*Rosina Leonard, 
Geological Survey of Namibia, 
Ministry of Mines and Energy. 
rleonard@mme.gov.na 
 
Itaveleni Mupewa, 
Geological Survey of Namibia, 
Ministry of Mines and Energy. 

 
Israel Hasheela, 
Geological Survey of Namibia, 
Ministry of Mines and Energy. 

 
Oscar Shaningwa, 
Geological Survey of Namibia, 
Ministry of Mines and Energy. 

 
Michelle Hijamutiti, 
Geological Survey of Namibia, 
Ministry of Mines and Energy. 

 
Dr. Gabi Schneider, 
Geological Survey of Namibia, 

 RISK ASSESSMENT OF ABANDONED MINES IN NAMBIA 
 
Over 100 years of mining activity in Namibia has been conducted 
with little or no regard for the environment and has left about 157 
unrehabilitated abandoned mines. Such operations ranged from 
small to large scale and mainly mined gold, copper, silver, tin, pyrite, 
lead, zinc, fluorspar, tungsten, lithium and semi-precious stones. 
Their ore extraction and treatment processes left sites that could 
pose major risks to human health and safety, and environmental 
conditions.  Safety risks are related to the presence of unprotected 
shafts, open pits, waste rock dumps, tailings dams, old machinery 
and buildings, while health risks may be associated with polluted 
water, windblown dust and contaminated soil.  
 
With some 42% of Namibia’s land surface under some form of 
protection for conservation, mining and exploration for minerals 
invariably has taken and continues to take place within these 
protected areas. The Government faces a challenge to ensure that 
mining activities avoid, reduce and manage environmental impacts, 
that disturbed areas are rehabilitated to an acceptable standard and 
that environmentally critical areas are not impacted.  
 
Over the last two years, 9% of the abandoned mines were assessed 

mailto:plxkam@nottingham.ac.uk
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Dr Antje Burke, 
EnviroScience. 
antje@enviro-science.info 

 
 
 

using the Risk Assessment Manual for Abandoned Mines - adapted 
from that produced by Chile’s National Geological and Mining 
Service and Germany’s Federal Institute for Geosciences and 
Natural Resources (BGR). The manual provides detailed guidelines 
for the assessment of key aspects of health, safety and 
environmental risk. Safety and contamination hazard risk 
assessments follow a transparent process with detailed guidelines 
to the assessment for each aspect, taking the probability and 
severity of consequences into account. Additionally, assessing 
cumulative impacts in order to classify mines sites into “mining 
liabilities” or non-mining liabilities and finally developing 
rehabilitation and restoration requirements. 

   

Wednesday 2 July 
Session 2: 11:00-12.30 
Venue: CCE-002 
Session Chair: Dr Mark Cave 

 Risk Assessment, Environmental Exposure 
and Health 2 

   
11.00 – 11.15  
 
*Brian E Davies,  
Emeritus Professor, Clemson and 
Bradford Universities: 3 Old Hall 
Barns, Markfield Road, Groby, 
Leics LE6 0FL. 
ewartdavies@gmail.com 

 

 UK DRINKING WATER AND CARDIOVASCULAR DISEASES IN MEN 
WITH REFERENCE TO MAGNESIUM 
 
Cardiovascular diseases (CVDs) (cardiomyopathy, myocardial 
infarction, ischaemic heart disease, cardiac dysrhythmias, strokes) 
comprise approximately one third of noncommunicable diseases in 
the UK They impose a significant NHS cost (£8.6 billion in 2009) and 
are often a personal tragedy. Men are at greater risk than women. 
Magnesium deficiency is a risk factor in CVDs. Surveys in many 
countries persistently report that hard water (elevated Ca and Mg 
concentrations) appears protective for CVDs.   
 
A desk study was made of the sources, composition and 
consumption of drinking water, using official and trade data, and 
other dietary constituents. An adult consumes approximately 2 
litres daily of which 1.3 litres is tap and 0.7 litres bottled water. 
Alcoholic beverages provide a further 0.4 litres. In Wales, western 
and northern regions tap water derives largely from reservoir water; 
elsewhere aquifer water is important. Water quality data are 
reported pursuant to EU Directives designed for protection from 
injurious substances: Mg is reported for bottled water but not tap 
water. Ground water data are readily available (BGS sources) but 
only proxy data are available to characterise reservoir and river 
water. Dietary consumption was derived from the National Diet and 
Nutrition Survey and (standard) Mg contents from McCance & 
Widdowson (2002) the benchmark source. 
 
The daily Reference Nutrient Intake (RNI) for Mg is men = 12 mmol. 
The value is lower than the Recommended Daily Allowance (RDA) in 
other comparable countries. Nationally, solid food for men provides 
(mean) 9.13 mmol Mg or 76% RNI.  Standard values were used for 
alcoholic beverages and the mean content (0.28 mmol/litre) for 64 
brands of bottled water.  
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With no contribution from tap water, male daily Mg intake is 10.62 
mmol (88.5% RNI). Including tap water: reservoir water contributes 
little Mg (total Mg intake 88.9% RNI); Mean aquifer water Mg raises 
total intake to 11.85 mmol (96.5% RNI); a very hard aquifer water 
(North Downs Chalk) raises total intake to 50.3 mmol (419% RNI).  
 
A beneficial role for Mg in drinking water is plausible. Mg 
concentrations should be reported for public water supplies. There 
is a need for new studies of human Mg nutrition in order to clarify 
its dietary significance, especially the contribution from water.  
 
R A McCance and Elsie M Widdowson. (2002). The Composition of 
Foods (p. 537). The Royal Society of Chemistry. 

   
11.15 – 11.30 
 
*Katarína Fajčíková,  
State Geological Institute of 
Dionyz Stur, Mlynska dolina 1, 817 
04 Bratislava, Slovak Republic. 
katarina.fajcikova@geology.sk 
 
Veronika Cvečková, 
State Geological Institute of 
Dionyz Stur, Mlynska dolina 1, 817 
04 Bratislava, Slovak Republic. 

 
Stanislav Rapant, 
State Geological Institute of 
Dionyz Stur, Mlynska dolina 1, 817 
04 Bratislava, Slovak Republic. 

 

 CHEMICAL COMPOSITION OF GROUNDWATER AND RELATIVE 
MORTALITY FOR CARDIOVASCULAR DISEASES, SLOVAL REPUBLIC  
 
The study deals with the analysis of relationship between chemical 
composition of groundwater as the major source of drinking water 
(for about 90% of Slovak inhabitants) and relative mortality for 
cardiovascular diseases (REI) in the Slovak Republic. Primary data 
consist of Slovak national database of groundwater analyses (20,339 
chemical analyses, 34 chemicals) and data on REI collected for the 
10 years period (1994-2003). The chemical and health data were 
unified in the same form and expressed as the mean values for each 
of 2883 municipalities within the Slovak Republic for further 
analysis. Artificial neural network was used as mathematic method 
for model data analysis. The most significant chemical parameters 
having influence on REI were identified together with the limit 
values (maximal acceptable, minimal necessary and optimal). Based 
on the results of calculations made through neural networks 
following ten chemical parameters in the groundwater were defined 
as the most significant for REI: Ca+Mg (water hardness), Ca, Mg, 
TDS, Cl-, HCO3

-, SO4
2-, NO3

-, SiO2 and PO4
3-. The obtained results 

document the highest relationship between REI and groundwater 
contents of Ca+Mg, Ca and Mg. Following limit values were set for 
the most significant groundwater chemicals: Ca+Mg 2.9 – 9.1 
mmol.l-1, Ca > 89.4 mg.l-1 and Mg 24.3-95.8 mg.l-1. At these 
concentration ranges REI in the Slovak Republic reaches the lowest 
levels. These limit values are about twice higher than current Slovak 
guideline values for drinking water.  
 
This research has been performed within the project LIFE10 
ENV/SK/000086 financially supported by the EU’s LIFE+ programme. 

   
11.30 – 11.45 
 
*Omotayo Anuoluwapo 
Fadina,  
School of Civil Engineering and 
Geosciences, Room 4.07, 

 ENVIRONMENTAL ASSESSMENT OF SEGHILL LANDFILL: AN 
APPROACH FOR MONITORING LEACHATE CONTAMINATION OF 
GROUND AND SURFACE WATER 
 
Landfill as a means of waste disposal is widely considered reliable 
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Drummond Building, Newcastle 
University, Newcastle upon Tyne, 
NE1 7RU, UK. 
Department of Crop Protection 
and Environmental Biology, 
Faculty of Agriculture, University 
of Ibadan, Oyo state, Nigeria. 
tayofadina@gmail.com 

 
Martin Cooke, 
School of Civil Engineering and 
Geosciences, Room 4.07, 
Drummond Building, Newcastle 
University, Newcastle upon Tyne, 
NE1 7RU, UK. 

 
 

and cost effective if adequately applied and monitored. However, 
improper management of such method of waste disposal could 
result to in severe environmental and health hazards. Over the 
years, landfills have been identified as one of the major threats to 
ground and surface water which calls for consistent monitoring and 
means of treatment of such ground and surface water. In response 
to this, Seghill landfill, an engineered landfill used for the disposal of 
industrial and municipal solid waste in Northumberland, United 
Kingdom was assessed for its environmental impacts with emphasis 
on leachate impact as well as the extent of contamination on the 
surrounding environment. Ground and surface water, soil, sediment 
and leachate samples were collected from the vicinity of Seghill 
landfill. Field and laboratory measurements were carried out to 
quantify specific physiochemical parameters, inorganic constituents, 
heavy metals, ammonia and Total Organic Carbon (TOC) in the 
sampled materials. The concentrations of Fe, Cl-, PO4

3-, Ba, Cd, Cr, 
Fe, K, Mg, Na, Ni, Se, TOC and ammonia in leachates were higher 
than the National Environmental Standards for Discharge of Effluent 
into water and on land. The concentrations of Se, Cd, Ni and TOC in 
water samples were above WHO tolerable limits for potable water. 
TOC, ammonia and Fe concentrations in sampled waters infer that 
water quality degradation was caused by leachate migration to the 
environment. While metals in soil and sediment samples were 
within tolerable limits, their concentrations exceeded the 
concentrations in leachate samples. The study revealed 
environmental contamination by leachates on surface runoff to be 
deleterious.  This has also indicated the need for landfills to be 
situated far from water bodies and farm lands with appropriate 
positioned monitoring wells. 

   
11.45 – 12.00 
 
*E.L. Ander, 
Inorganic Geochemistry 
Laboratories, British Geological 
Survey, Keyworth, Nottingham, 
NG12 5GG, UK. land@bgs.ac.uk 

 
P.L. Smedley,  
M.J. Watts,  
E.M. Hamilton,  
T. Fletcher,  
H. Crabbe,  
R. Close, 
A. Rimell, 
Inorganic Geochemistry  
Laboratories 
British Geological Survey, 
Keyworth, Nottingham, NG12 5GG  

 
D.R.S. Middleton,  
British Geological Survey, 

 HYDROGEOCHEMICAL CONTROLS IN PRIVATE DRINKING WATER 
SUPPLY SOURCES IN CORNWALL 
 
Background: The south-west of England has a compositionally 
variable range of lithologies. This includes formations hosting 
sulphide ore minerals, which were historically extracted on a large 
scale. Inorganic groundwater quality across this area was poorly 
understood, but it is known that most lithologies are used for 
domestic water supply on individual household basis. This lack of 
water quality information posed a constraint in understanding the 
extent to which water composition may, or may not, be a concern 
from a public health perspective. 
 
Aim: To determine geological controls on the inorganic chemistry of 
groundwater used for private drinking water supplies in Cornwall. 
Methods: A stratified (geology), randomised sampling design was 
used. Participation was, however, entirely voluntary. Unfiltered 
waters were collected from the point of use for drinking water 
(typically kitchen cold water tap), whilst filtered waters were 
collected from source, where this was possible in 2011 and 2013. A 
wide-ranging analytical suite was determined. 

mailto:tayofadina@gmail.com
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Keyworth, Nottingham, NG12 5GG  
Centre for Radiation, Chemical and 
Environmental Hazards, Public 
Health England, Didcot, OX11 0RQ.  
School of Earth, Atmospheric and 
Environmental Sciences and 
Williamson Research Centre for 
Molecular Environmental Science, 
University of Manchester, 
Manchester, UK, M13 9PL. 

 
D.A. Polya,  
G. Leonardi, 
School of Earth, Atmospheric and 
Environmental Sciences and 
Williamson Research Centre for 
Molecular Environmental Science, 
University of Manchester, 
Manchester, UK, M13 9PL. 

 
Results: There were 491 drinking water and 172 groundwater 
samples collected during this study, distributed across 10 geological 
stratifications. Whist 175 drinking water samples did not breach any 
upper or lower prescribed value/concentration (PCV) limits from the 
Private Drinking Water Supply Regulations (2009), the remainder 
had a value below (low pH) or above those levels for at least one 
measured parameter. The spatial variation in water composition, 
including trace element concentrations, can be understood in terms 
of the geological environment. This provides a basis to plan future 
advice to a wider population with private drinking water supplies. 
 

   
12.00 – 12.15  
 
H. Crabbe,  
Centre for Radiation, Chemical and 
Environmental Hazards, Public 
Health England, Didcot, OX11 0RQ. 
tony.fletcher@phe.gov.uk 

 
*T. Fletcher, 
R. Close,  
A. Rimell, 
Centre for Radiation, Chemical and 
Environmental Hazards, Public 
Health England, Didcot, OX11 0RQ. 

 
M.J. Watts, E.L. Ander, E.M. 
Hamilton,   
Inorganic Geochemistry 
Laboratories, British Geological 
Survey, Keyworth, Nottingham, 
NG12 5GG UK. 

 
D.R.S. Middleton, 
Centre for Radiation, Chemical and 
Environmental Hazards, Public 
Health England, Didcot, OX11 0RQ  
Inorganic Geochemistry. 
Laboratories, British Geological 
Survey, Keyworth, Nottingham, 
NG12 5GG UK. 
School of Earth, Atmospheric and 
Environmental Sciences and 
Williamson Research Centre for 
Molecular Environmental Science, 
University of Manchester, 

 ESTIMATED POPULATION EXPOSURE TO ARSENIC AND 
MANGANESE FROM PRIVATE DRINKING WATER SUPPLIES OF 
CORNWALL 
 
Safety of private drinking water supplies (PWS) is of concern 
globally. In the UK approximately 1 million people have a PWS. In 
the South West of England, historical activities such as mining have 
caused elevated levels of arsenic, copper, aluminium, iron, lead, 
nickel and cadmium in PWS, with potential risks from ingestion.  
 
To estimate the population exposure to chemicals from PWS in 
Cornwall. 
 
To survey a sample of residents with PWS and develop an exposure 
model comprising: (1)  Analyses of chemical concentrations in their 
current drinking water sources; (2) Collation of population related 
data to estimate the number of people potentially exposed to levels 
of chemicals above the prescribed concentration or value (PCV) in 
the Private Drinking Water Supply Regulations (2009).  
 
Between 2011-13 we sampled 511 households with PWS in Cornwall 
and analysed for 65 inorganic analytes. Of the households, 35 % 
were found to have at least one chemical at a concentration above 
the PCVs. For the range of chemicals tested, 11 were found at levels 
exceeding the regulations. Questionnaire information on PWS and 
volume of water consumption, along with population data on PWS 
users, are used to develop a population exposure model.  
 
Population exposure assessment: We sampled around 20% of the 
approximate 2850 PWS in Cornwall, serving a population of over 
6,500 adults. For arsenic, 6% of household tap water samples had a 
concentration greater than the PCV of 10 μg/L. Applying this 
percentage to the Cornish population with PWS, we estimate ~160 

mailto:tony.fletcher@phe.gov.uk
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Manchester, UK, M13 9PL. 

 
D.A. Polya, G. Leonardi, 
School of Earth, Atmospheric and 
Environmental Sciences and 
Williamson Research Centre for 
Molecular Environmental Science, 
University of Manchester, 
Manchester, UK, M13 9PL. 

households or ~370 adults in Cornwall may be exposed to arsenic > 
10 μg/L. For manganese, PCV was exceeded in 12 % of households - 
equivalent to ~780 adults in Cornwall. Further work will estimate 
population exposure following biomonitoring sampling. This work 
will help planning and implementation of prevention strategies. 

   
12.15 – 12.30  
 
*Juan Antonio Luque-Espinar, 
Instituto Geológico y Minero de 
España (IGME) +34958183143, 
+34958122990, ja.luque@igme.es 
 
 Juan Grima-Olmedo,  
Instituto Geológico y Minero de 
España (IGME)  

 
Eulogio Pardo-Igúzquiza,  
Instituto Geológico y Minero de 
España (IGME) 

 
Sandra Martínez-Romero,  
Instituto Geológico y Minero de 
España (IGME)  

 
Jorge Jiménez-Sánchez,  
Instituto Geológico y Minero de 
España (IGME)  

 
Elena Giménez-Forcada,  
Instituto Geológico y Minero de 
España (IGME)  

 
Juan Ángel Mejía-Gómez, 
Guanajuato University. 

 

 GEOCHEMICAL CONTROL OF ARSENIC CONCENTRATION IN 
GROUNDWATER OF SPAIN 
 
Arsenic content in groundwater is a concern worldwide. Many 
scientific papers have addressed this problem.  Broadly, the issue 
has been focused in aquifers where high values were detected. High 
concentrations of this metal in aquifers are related to groundwater 
exploitation. Arsenic values of the Ministry of Environment network 
are shown (18,000 records). Geochemical data were used (13,000 
records) to identify geogenic sources of this metal.  
 
The objectives of this study are to: perform an initial diagnosis of the 
presence of arsenic in groundwater and establish a national 
database with the primary variables that may influence the 
occurrence of this metal. This database is intended to be a tool for 
managing the quality of groundwater resources and studying the 
incidence of high arsenic concentrations (decision support system). 
 
Geostatistical methods were employed to study geochemical arsenic 
data. Ordinary Kriging was used to estimate and elaborate arsenic 
mapping (logAs). Groundwater arsenic data have been depicted in a 
proportional way to metal concentration. 
 
The experimental data show significant variation in ranges. The 
groundwater arsenic ranges from the detection limit to 17 mg/L, 
with a mean value of 0.0058 mg/L and a standard deviation of 0.133 
mg/L. The geochemical experimental data range from the 
quantification level (0.1 mg/Kg) to 2510 mg/Kg. The average value is 
15.057 mg/Kg and its standard deviation 40.475 mg/Kg. 
 
The highest geochemical values are related to intrusive and 
metamorphic rocks, or sediments with this composition. In a general 
sense, the highest groundwater concentrations are found in 
sedimentary basins, in the vicinity of the outcrops of the rocks 
mentioned above. Moreover, a wide range of arsenic concentration 
is verified at some monitoring stations. 
 
The influence of human activity is very limited. In the rest of 
sampled points, the proximity of the source areas would be the 
main factor controlling metal distribution. At the remaining points, 
we can infer that the principal factor influencing arsenic 
concentration is related to the intrusive and metamorphic rocks. 

mailto:ja.luque@igme.es
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Other factors, including specific yield and drilled lithology must be 
analyzed because there are a considerable number of points where 
wide ranges of arsenic concentration in groundwater are found. 

   

 Wednesday 2 July 
Session 3: 13:45-15.00 
Venue: CCE-002 
Session Chair:  
Dr Paula Marinho 

  
Risk Assessment, Environmental Exposure 

and Health 3 

   
13.45 – 14.00 
 
*Karen Bradham,  
United States Environmental 
Protection Agency, 109 TW 
Alexander Drive, MD-D205-05, 
Research Triangle Park, NC 27711, 
United States. 

 
Albert Juhasz,  
Centre for Environmental Risk 
Assessment and Remediation, 
University of South Australia, 
Adelaide, SA 5095, AustraliaCentre 
for Environmental Risk 
Assessment and Remediation 
(CERAR) 

 
Kirk Scheckel, 
United States Environmental 
Protection Agency, 109 TW 
Alexander Drive, MD-D205-05, 
Research Triangle Park, NC 27711, 
United States. 

 
Clay Nelson,  
United States Environmental 
Protection Agency, 109 TW 
Alexander Drive, MD-D205-05, 
Research Triangle Park, NC 27711, 
United States. 

 
David Thomas, 
United States Environmental 
Protection Agency, 109 TW 
Alexander Drive, MD-D205-05, 
Research Triangle Park, NC 27711, 
United States. 

 ASSESSMENT OF ARSENIC BIOAVAILABILITY, BIOACCESSIBILITY, 
AND SPECIATION IN CONTAMINATED SOILS 
 
Reliable analysis of human health risks from ingestion of arsenic-
contaminated soil depends on estimating the bioavailability of 
arsenic in the soil. Even small adjustments in soil arsenic 
bioavailability estimates can significantly affect estimated risk and 
cleanup goals, and methods are needed to provide inexpensive, 
accurate, and reliable data that can be applied to cleanups of 
arsenic-contaminated sites worldwide. In this study, we evaluated 5 
commonly employed in vitro methods to determine the 
bioaccessibility of arsenic in 34 contaminated soils from the United 
States and Australia. A wide variety of soils were used in this study, 
including NIST standard reference materials, railway corridors, cattle 
tick dip and gossan sites, and residential areas affected by mining or 
smelting. The 5 commonly employed in vitro gastric and/or 
intestinal values were compared with in vivo mouse relative arsenic 
bioavailability to determine which methodologies best correlated 
with the in vivo data. Arsenic bioaccessibility in the soils varied 
depending on the in vitro method and type of contaminated soil. 
This study also included comparison of results from the mouse assay 
with results from a swine assay applied to the same test soils. 
Bioavailability estimates for 12 identical soils assayed in mice and 
swine were statistically correlated and the two assays yielded nearly 
identical estimates for 3 SRMs (mouse/swine ratio ranged from 
0.86–1.00). Arsenic speciation in soils was examined using the 
Materials Research Collaborative Access Team's (MRCAT) beamline 
10-ID, Sector 10 at the Advanced Photon Source (APS), Argonne 
National Laboratory (ANL), Argonne, IL. AsV species were the 
dominant arsenic forms in most test soils and in SRMs while other 
soils had appreciable levels of AsIII sulfide or ore species. Arsenic 
bioaccessibility using a simplified gastric method was highly 
correlated with the in vivo assay results (R2=0.92). Methods 
described in this presentation serve as highly cost effective and 
reproducible methods for improving arsenic risk assessments by 
providing site-specific assessments of arsenic in soils. 

   
14.00 – 14.15 
 
Munir Zia,  
Research and Development 

 DIETARY MINERALS AND METALS CONCENTRATIONS IN SOIL AND 
GRAINS ACROSS WHEAT GROWING REGIONS OF PAKISTAN 
 
A study was planned to: i) measure the extent and spatial 
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Simon Chenery, 
Inorganic Geochemistry 
Laboratory, British Geological 
Survey, Keyworth, Nottingham 
NG12 5GG, United Kingdom.  

 

distribution of dietary minerals and metals concentrations in soils, 
and wheat grains across Pakistan; ii) gain a geochemical baseline 
understanding of the existing soil-plant transfer of the metals and 
minerals in order to focus on high risk areas; and iii) identify the 
onward implications for micronutrient delivery via the diet through 
a change in agricultural practices to fortify staple crops. Eighty six 
(86) study sites were selected based on wheat growing regions all 
across Pakistan, stretching from Azad Jammu & Kashmir highlands 
up to coastal areas of the Arabian Sea. Wheat crop was selected on 
the basis that 90% of the country’s population consumes wheat as 
an essential component of daily food. Moreover, per capita 
consumption of wheat flour in Pakistan is 127 kg per annum, which 
is among the highest in the world. Based on diacid (HCl+HNO3) 
extraction, total elemental concentrations in soils had geometric 
mean values (mg/kg) of 67.9 for Cr, 648 for Mn, 12.6 for Co, 39.7 for 
Ni, 22.6 for Cu, 66.7 for Zn, 9.0 for As, 0.2 for Se, 0.4 for Mo, 0.2 for 
Cd, 21.5 for Pb, 11.5 for Th, and 1.8 for U. The data suggests that the 
soils are approaching towards the critical limits of metals at a fast 
pace which might be because of long term use of the imported 
phosphatic fertilizers that are rich source of contaminants including 
radionuclides. Average values for wheat grains (mg/kg on dry weight 
basis) were found to be 1522 for Mg, 3363 for P, 4726 for K, 406 for 
Ca, 0.02 for Cr, 35 for Mn, 45 for Fe, 0.03 for Co, 4.4 for Cu, 24 for 
Zn, and 0.06 for Se. Supplying roughly 75% of calorific energy, 
consumption of 350 gram wheat flour per day can only meet 35, 14, 
24, 78, and 37% of recommended daily intake of K, Ca, Cr, Zn and Se 
minerals, respectively which demands for introduction of bio-
fortification programs especially for Zn and Se. At the same time, 
high analysis for grain Ni and Cd demands further investigations. 

   
14.15 – 14.30 
 
*David A. Polya, 
School of Earth, Atmospheric and 
Environmental Sciences and 
Williamson Research Centre for 
Molecular Environmental Science, 
University of Manchester, 
Manchester, UK, M13 9PL 
david.polya@manchester.ac.uk 

 
*Ashok K. Giri,  
Molecular & Human Genetics 
Division, CSIR-IICB, Kolkata – 700 
032, India. 
akgiri15@yahoo.com 

 
Mayukh Banerjee,  
Nilanjana Banerjee,  
Pritha Bhattacharjee,  
Molecular & Human Genetics 
Division, CSIR-IICB, Kolkata – 700 
032, India. 

 RICE WITH HIGH INORGANIC-ARSENIC IS SIGNIFICANTLY 
ASSOCIATED WITH ELEVATED GENOTOXIC EFFECTS IN WEST 
BENGAL BASED VOLUNTEERS CONSUMING RICE AS A STAPLE 
 
Over 3 billion people consume rice as a staple. Much of this rice 
contains high (100s µg/kg) concentrations of inorganic arsenic (i-As) 
resulting in many millions of people ingesting i-As at a rate higher 
than that at which detrimental health impacts through exposure to 
i-As in drinking water have been previously determined. Despite 
this, there is a little data on the health impacts of exposure to As in 
rice alone and, with few notable exceptions, such as in China, 
regulation of As in rice largely lags behind that of As in drinking 
water. The aim of our study (Banerjee et al., 2013, Sci. Rep., Art. 
2195) was to test the association between <<As in cooked rice (CR-
As)>> and <<micronuclei frequency (MN) in urothelial cells>> in a 
population consuming rice as a staple and not otherwise exposed to 
high As through drinking water. 
 
  The study group (n=417) in West Bengal, India consumed rice as a 
staple, had similar dietary and cooking patterns, and had been 
screened to include only those with drinking water As (DW-As) < 10 
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now at Department of Physiology, 
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Debapriya Mondal,  
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Paul R. Lythgoe, 
SEAES, Williamson Building, 
University of Manchester, 
Manchester, M13 9PL, UK. 

 
 Mario Martínez,  
Jianxin Pan,  
Probability and Statistics Group, 
School of Mathematics, University 
of Manchester, Manchester, M13 
9PL, UK.  

µg/L. CR-As, DW-As and urinary As (U-As) were determined ICP-MS) 
with As speciation measured by Ion Chromatography-ICP-MS. MN 
was determined by counting in over ~1000 cells per individual. The 
study group was classified into 6 sub-groups by CR-As, and a 
modified Tukey-Kramer test and linear regression modelling used to 
test for associations between CR-As and MN.  
 
  A strong association (R2 > 0.80) between sub-group mean U-As and 
CR-As confirmed cooked rice as the major exposure route for As. 
Sub-group mean MN was found to increase with increased CR-As for 
CR-As > 200 µg/kg (i-As > 180 µg/kg), with same trend noted for all 
of men, women, tobacco-users and non-tobacco-users. Potential 
confounders – notably gender, age, tobacco-usage, and rice and 
drinking water consumption rates largely did not vary significantly 
between sub-groups. Regression modelling confirmed that the 
genotoxic effect, viz. elevated MN, was associated with cooked rice 
arsenic.   In conclusion, our results indicate re-assessing the 
regulation of arsenic in rice. 
 

   
14.30 – 14.45 
 
*Paula Alvarenga,  
Departamento de Tecnologias e 
Ciências Aplicadas, Escola Superior 
Agrária, Instituto Politécnico de 
Beja. 
 
UIQA – Unidade de Investigação 
Química Ambiental, Instituto 
Superior de Agronomia, 
Universidade Técnica de Lisboa. 
paula.alvarenga@ipbeja.pt 

 
Márcia Farto,  
Departamento de Tecnologias e 
Ciências Aplicadas, Escola Superior 
Agrária, Instituto Politécnico de 
Beja. 
 
Clarisse Mourinha,  
Departamento de Tecnologias e 
Ciências Aplicadas, Escola Superior 
Agrária, Instituto Politécnico de 
Beja. 

 
Patrícia Palma, 
Departamento de Tecnologias e 
Ciências Aplicadas, Escola Superior 
Agrária, Instituto Politécnico de 

 EVALUATION OF RISKS AND BENEFITS OF THE USE OF DEWATERED 
AND COMPOSTED SEWAGE SLUDGE AS SOIL AMENDMENTS 
 
In Portugal, approximately 55% of the total amount of sewage 
sludge (SS) produced in wastewater treatments plants (WWTP) is 
recycled by application to agricultural soil. This seems an attractive 
possibility, because it would enable valuable components, such as 
organic matter, N, P, K and other nutrients to be recycled. However, 
this practice represents a potential risk to the agricultural soils, 
because of their possible contamination with heavy metals, organic 
contaminants and/or pathogens. The aim of this study was to 
evaluate the potential risk of the use of dewatered and composted 
SS as soil amendments. For this purpose, SS from two different 
WWTP (SS1 and SS2), and a compost produced from SS and 
agricultural wastes (SSAWC), were characterized considering their 
physicochemical characteristics, total and bioavailable metals (Cd, 
Cr, Cu, Hg, Ni, Pb and Zn), organic contaminants (LAS, NPE, PAH, PCB 
and PCDD/F), pathogens (Escherichia coli and Salmonella spp.), and 
ecotoxicity (direct and indirect bioassays). A pot experiment was 
established with three application rates 6, 12 and 24 ton dry 
matter/ha, cultivated with a hybrid variety of sorghum and Sudan 
grass (Sorghum bicolor x Sorghum sudanense var. Rocket). All 
residues met the legal requirements to be applied to agricultural 
soils, except SS2, with a high content of pathogens. Their 
ecotoxicological characterization allowed concluding that the 
application rates tested were lower than the doses that might 
promote environmental toxicity. Both dewatered SS had a beneficial 
effect on plant production and on soil properties, more pronounced 
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Beja. 
CIMA - Centro de Investigação 
Marinha e Ambiental, CIMA, FCT, 
Edifício 7, Piso 1, Universidade do 
Algarve, Campus Universitário de 
Gambelas, 8005-139 Faro. 

 

than in the case of SSAWC application, without a significant increase 
in total heavy metals concentration. Accumulation factors for Cr, Cu, 
Ni and Zn in plants were low, and their concentrations in the plant 
were lower than the maximum tolerable level for cattle, used as a 
risk indicator of metal entry into the human food chain. However, it 
will be necessary, in future studies, to evaluate the potential risk of 
the observed increase in the mobilizable content of Cu and Zn in soil, 
as a result of the application of these residuals, since this increase 
can lead to increased concentrations of these elements in plants.  

   
14:45 – 15.00 
 

*Olga Sorokina,  
Geographical Faculty of 
Lomonosov Moscow State 
University, Russia. 
olga.i.sorokina@gmail.com 
 

Natalia Kosheleva,  
Geographical Faculty of 
Lomonosov Moscow State 
University, Russia. 
 

Ivan Timofeev, 
Geographical Faculty of 
Lomonosov Moscow State 
University, Russia. 

  

 BIOACCUMULATION OF MICROELEMENTS WITHIN THE ERDENET 
ORE FIELD (MONGOLIA) 
 
This study aims to contribute to the knowledge about bioindication 
of air pollution in mining areas. Here we present the preliminary 
results on patterns of accumulation of microelements in woody 
vegetation of Erdenet ore field including the city area and its suburb. 
Erdenet ore is enriched with Cu-Mo with an admixture of Pb-Zn-As-
Ag. Concentrations of 30 microelements in larch needles (20 
samples) and poplar leaves (30) were measured using ICP 
instrumentation to access the bioaccumulation processes. Analytical 
data were processed using geochemical and statistical methods. 
Compared to the microelements content in annual world biomass 
growth (AWBG) [in Dobrovol’sky, 2008] concentrations of many 
microelements in leaves and needles in Erdenet are lower. This may 
be caused by the decreasing of biological uptake intensity in the sub-
arid areas. A similar situation was observed studying biogeochemical 
features of Ulaanbaatar city. 
 
Extremely high concentrations of Cd (42 times higher than AWBG in 
leaves, and 9.4 times in needles) were evident. Increased 
concentrations of coal combustion elements were detected in larch 
needles (2 times higher than AWBG for Sr, 1.7 for As, 1.5 for U) and 
poplar leaves (4.5 for Sr, 1.2 for U). The content of regional 
geological specialization elements (Cu and Mo) was close to AWBG 
(up to 1.8 times).  
 
Enrichment factors (EF) were used to access the biogeochemical 
transformation of larch needles within Erdenet city area. Cd-W-Ti-U-
As-V-Pb-Br-Ga-Zr appeared to be the elements of a strong 
bioaccumulation (EF > 2.0), whereas Ba-Mn-Sr-Cr-Sn were elements 
of a strong biodispersion (1/EF > 2.0). 
 
Biogeochemical heterogeneity within the city was caused by 
differences of land use. In industrial and ger (yurt) areas, 
microelements accumulated mainly in larch needles whereas in 
multistoried and grassland areas most of them dispersed. In 
industrial areas the greatest technogenic delivery of As, Mo, Cu, Br, 
Se, Mn (EF = 5.1, 4.2, 3.5, 3.5, 2.5, 1.6, respectively) was detected. In 
ger areas Cd, Pb, Co, Zn, V (EF = 9.2, 4.1, 3.7, 3.0, 1.8, respectively) 
accumulated strongly. In multistoried building areas the 
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biodispersion of Mn, Ni, Cd, Mo, Co (1/EF = 4.0, 1.7, 1.6, 1.3, 1.1, 
respectively) was observed. 
 
According to biogeochemical data the most polluted air in Erdenet 
city was within industrial and residental ger areas. The most 
dangerous pollutants were Cd, As, Pb, Mo, Cu, Br, Co, Zn. 

   

Wednesday 2 July 
Session 4: 15:45-17.00 
Venue: CCE-002 
Session Chair: Dr Mike Deary 

 Risk Assessment, Environmental Exposure 
and Health 4 

   
15.45 – 16.00 
 
*Nattalie Kennedy, 
St Helens Council, St Helens, 
WA10 1HE, UK. 
nattaliekennedy@sthelens.gov.uk 
 
Alex Stewart,  
Cheshire & Merseyside Public 
Health England Centre, Liverpool, 
L1 1JF, UK. 
alex.stewart@hpa.org.uk 
 
Becky Whiteley, 
AMEC Environment & 
Infrastructure UK Limited, 
Cheshire, CW9 7TN, UK. 
becky.whiteley@amec.com 
 

 ESTABLISHING AN ACUTE THRESHOLD VALUE FOR ARSENIC 
PROTECTIVE OF HUMAN HEALTH: A CASE STUDY 
 
Importance 
Arsenic contaminated soil is a potential public health problem in 
many areas of England and Wales. Each local Council in England and 
Wales has a legal duty to inspect its area to identify land which 
meets the statutory definition of contaminated land and ensure that 
potential public health problems are managed in an appropriate 
manner.  
 
Methods 
In line with best practice St Helens Council (a Merseyside Local 
Authority) prioritised all sites within its Borough that posed a 
potential health risk from contaminated land, based on proximity to 
receptors and past industrial land use. The subsequent findings 
revealed a potential public health problem of acute exposure to 
arsenic in contaminated soil within many residential areas of the 
Borough. We present a high priority site as a case study that 
potentially poses an acute risk to human health (potential for death) 
based on the nature of the historical land use.  
 
Results 
The site is currently residential, containing both houses with gardens 
(290) and flats with communal areas (20 blocks). On the basis of the 
statistical assessment, arsenic was identified as the contaminant of 
concern (CoC) with elevated concentrations wide-spread across the 
north zone of the site: 90% of soil samples exceeded the soil 
guideline value (SGV) for arsenic (32mg/kg) with concentrations 
ranging from 32mg/kg to 4000mg/kg of arsenic. Consequently, 10 
properties in the north zone of the site were identified as presenting 
a ‘significant possibility of significant harm’ (SPOSH) based on an 
acute risk to human health of the residents on the site, with the 
mean concentration per garden ranging from 714mg/kg to 
8062mg/kg. Information regarding arsenic bioacessibility (BARGE 
method) and human soil ingestion was evaluated and used to 
determine soil arsenic concentrations protective of human health 
from acute exposures.  
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Conclusions  
Without the involvement of a wide range of stakeholders (including 
environmental academics, Public Health specialists, toxicologists) it 
would not have been easy to develop and validate the acute 
threshold value (ATV) for arsenic that is being used by the Council to 
respond to the risk presented by this contaminated land.   

   
16.00 – 16.15 
 
*Peter Gilbert,  
Ellison Building – A221, Faculty of 
Engineering and Environment, 
Department of Geography, 
Northumbria University, 
Newcastle upon Tyne, NE1 8ST, 
UK. 
peter2.gilbert@northumbria.ac.uk 

 
Dave Cooke,  
Ellison Building – A221, Faculty of 
Engineering and Environment, 
Department of Geography, 
Northumbria University, 
Newcastle upon Tyne, NE1 8ST, 
UK. 

 
David Polya, 
School of Earth, Atmospheric and 
Environmental Sciences and 
Williamson Research Centre for 
Molecular Environmental Science, 
The University of Manchester, 
Manchester, M13 9PL, UK. 

 

 ARSENIC HAZARD IN RICE FROM KANDAL PROVINCE, CAMBODIA 
 
While concerns have been raised for over a decade as to the arsenic 
hazard in groundwaters in Cambodia and particularly in Kandal 
province, at the time of the initiation of the research reported here 
there were no substantive published studies of arsenic hazard in rice 
in Cambodia. To address this dearth of data, rice samples were 
obtained from 21 stalls in 4 different markets throughout Kandal 
Province (n = 147) and directly from 20 households in Preak Russey, 
Kandal (n = 20) sourced from 7 separate regions of Cambodia as well 
as from China, Vietnam, and Thailand. Total As was determined by 
digestion with nitric acid followed by analysis by Inductively Coupled 
Plasma Mass Spectrometry (ICP-MS). Analysis for arsenic speciation 
is in progress, although for most rice grown in Asia typically over 80 
% of arsenic is in inorganic forms.  A food consumption 
questionnaire was administered to the Preak Russey households. 
Arsenic intake through rice consumption was calculated for adults 
assuming a mean bodyweight of 60 kg and a mean rice consumption 
of 522 g/day as recorded during a food consumption survey. 
 

Arsenic concentrations (all values are reported here in µg As gˉ¹) 

were observed from < Detection Limit (~ 0.010) to 0.771 with a 
mean of 0.182, calculated to contribute 79 % of the WHO Maximum 
Tolerable Daily Intake (MTDI) of 2 µg As/kg-bw for a typical adult. 
The rice growing districts with the highest mean arsenic grain levels 
were all from southern Cambodia: viz. Kandal (0.180), Takeo (0.184), 
Kampot (0.197), Prey Veng (0.219). White Sticky Rice was revealed 
to have the highest arsenic concentrations of all varieties sampled 
and the only variety calculated to typically contribute more than 100 
% of the MTDI. White Sticky Rice from Cambodian (0.234) was 
higher than Chinese (0.205), Vietnamese (0.125) and Thai (0.161) 
White Sticky Rice, yet only significantly different from Thai (ANOVA, 
F = 5.026, df 2, P = 0.014; post-hoc comparison used Tukey’s test). In 
highly groundwater arsenic-impacted villages, such as Preak Russey, 
groundwater remains the dominant arsenic exposure route, but in 
areas where drinking water arsenic concentrations are below the 
Cambodian Maximum Contaminant Level (MCL) of 50 µg As L-1 rice 
consumption represents an important if not the dominant arsenic 
exposure route.  

   
16.15 – 16.30  
 
*Erol Sarı,  
Institute of Marine Sciences and 

 ECOLOGICAL RISK ASSESSMENT OF HEAVY METALS IN CORE 
SEDIMENTS AND MUSSEL SAMPLES FROM THE LAKE BAFA, TURKEY  
 
Lake Bafa (37o28’ to 37o33’N, 27o21’ to 27o32’E) is a brackish lake in 
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Management, İstanbul University, 
Fatih, İstanbul – Turkey +90 212 
4440000 -26142, +90 212 5268433 
erolsari@istanbul.edu.tr 
 
Özlem Bulkan,  
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Engineering, İstanbul University, 
Avcılar, İstanbul – Turkey +90 212  
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M. Namık Çağatay,  
EMCOL and Department of 
Geological Engineering, Istanbul 
Technical University, Maslak, 
İstanbul - Turkey +90 212 
2856211, +90 212 2856080 
cagatay@itu.edu.tr 

 
BilgehanToksoy,  
Department of Geological 
Engineering, İstanbul University, 
Avcılar, İstanbul – Turkey  +90 212  
4737070 -17585, +90 212  473718 
toksoybilgehan@gmail.com 
 
Mehmet Ali Kurt,  
4 Department of Geological 
Engineering, Mersin University, 
Çiftlikköy, Mersin - Turkey +90 324 
3610001, +90 324 3610153 
malikurt@mersin.edu.tr 

 

south-western Turkey, with a surface area of 315 km2, a volume of 
692 hm3 and a maximum depth of 20 m.  There is almost no industry 
and only small settlements in its watershed.  The aim of this study is 
to establish the ecological conditions of Lake Bafa in terms of 
sediment quality and eco-toxicological risk using sediment quality 
guidelines (Effect Range-Low ERL and Effect Range-Medium ERM) 
values and enrichment factors (EFs). For this purpose, 4 sediment 
cores and 50 mussel samples were collected at 10-20 m water 
depths and investigated by analysing grain size and potentially 
harmful element (PHE: Al, As, Cr, Cu, Ni, Pb, V and Zn) content. 
Metal concentrations in core sediments and mussels were 
determined using ICP-MS analysis. Grain size distributions were 
analysed using laser granulometry. 
 
The core sediments contain sand, silt and clay size fractions with the 
average value of 1.5%, 34.3% and 64.2%, respectively. The average 
concentrations of metals measured in mg kg−1 were; 52100 for Al, 16 
for As, 220 for Cr, 32 for Cu, 326 for Ni, 19 for Pb, 86 for V and 66 for 
Zn. The metal contents of the core sediments are generally low 
compared to many other neighbouring marine environments. This 
indicates the near pristine nature of the Lake Bafa in terms of metal 
pollution (EF<1.5). All Ni values exceeded the ERM values thus 
making Ni the main PHE of concern. Concentration values of As and 
Cr are between ERL and ERM values, hence they may have some 
adverse effect on the benthic organisms. These metals in the 
sediments are most likely derived from the weathering of mafic and 
ultramafic rocks in the watershed. The mean concentrations of Al, 
As, Cr, Cu, Pb, V and Zn in the soft tissues of mussel are 41, 22, 118, 
9, 3, 32 and 118 mg kg−1 dry weights, respectively.  The mean Pb and 
Zn concentrations are higher than the acceptable limit proposed by 
the health standards.  Despite relatively low concentrations of 
investigated PHEs in mussels, we recommend the periodic 
monitoring of Lake Bafa to maintain its near pristine conditions in 
the future. 

   
 
 

Thursday 3 July 
Session 1: 09:00-11.00 
Venue: CCE-002 
Session Chair: 
Professor Andrew Hursthouse 

  
SPECIAL SESSION: 

Hydraulic Fracturing (Fracking) and Health 

   
Keynote Presentation: 
9.00 – 9.45 
 
Professor Mike Stephenson, 
Director of Science and 
Technology at the British 
Geological Survey, Keyworth, 
Nottingham. 

 GROUNDWATER CONTAMINATION: REVIEW OF THE SCIENTIFIC 
EVIDENCE 
 
Shale gas has risen from almost nothing in 2000 to providing a third 
of US domestic natural gas production today - and is predicted to 
supply half of US production by 2035. The abundance of cheap shale 
gas is affecting US electricity generation and industry, its balance of 
imports and exports, and global geopolitics of energy supply and 
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demand.  
 
Gas (mainly methane) is held within micro-pores and fractures and 
is also adsorbed onto organic matter in shale. The flat, clay mineral 
grains that form layers in shale result in extremely low vertical 
permeability but some horizontal permeability. The low 
permeability means that gas is trapped in the shales and will not 
flow of its own accord so hydraulic fracturing (fracking) is used to 
free the gas for production. Amongst the concerns about the 
environmental sustainability of fracking is that it will contaminate-  
or already has contaminated - shallow groundwater. Direct 
empirical studies of groundwater in areas where fracking is taking 
place are still quite rare but those that have been carried out, peer-
reviewed and published have been closely scrutinised. These studies 
involve sampling of water wells close to active fracking sites and 
geochemical studies to determine amongst others, amounts of 

methane, δ13CCh4, 14C and trace elements. In this talk I will examine 
studies carried out on aquifers that occur above the Barnett, 
Marcellus and Fayetteville shales in Texas, Pennsylvania and 
Arkansas respectively reviewing the geology of the rock sequences, 
the origin and form of the organic matter and gas they contain, and 
evaluating the evidence for effects on groundwater.  
 
The advent of shale gas and questions over the environmental 
sustainability of its extraction have highlighted the need for baseline 
studies, not only of groundwater, but also of seismicity, air quality, 
ecology and surface ground conditions. I will discuss the importance 
of monitoring of subsurface energy activities, and the need for 
transparency in monitoring that withstands public scrutiny. Without 
monitoring and transparency it is unlikely that many subsurface 
activities like shale gas extraction, onshore peak-shaving gas 
storage, radioactive waste disposal and CO2 disposal will gain the 
social licence they need to go ahead. 

----Short break ---- 
 

  

Invited Presentation: 
10.00 – 10.30 
 
Professor F Worrall, Professor 
of Environmental Chemistry in the 
Department of Earth Sciences, 
Durham University, UK. 
 
 
 
 
 
 
 
 
 
 
 

 THE FLUX OF RADIONUCLIDES IN FLOWBACK FLUID FROM SHALE 
GAS EXPLOITATION 
 
This study considers the flux of radioactivity in flowback fluid from 
shale gas development in three areas: the Carboniferous, Bowland 
shale, UK; the Silurian shales, Poland; and the Carboniferous Barnett 
shale, USA. The radioactive flux from these basins was estimated 
given estimates of the number of wells developed or to be 
developed; the flowback volume per well; and the concentration of 
K (Potassium) and Ra (Radium) in the flowback water. For 
comparative purposes the range of concentration was itself 
considered within four scenarios for the concentration range of 
radioactive measured in; each shale gas basin; the groundwater of 
the each shale gas basin; global groundwater; and local surface 
water. The study found that: 

i) For the Barnett shale and the Silurian shale, Poland, the 
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1% exceedence flux in flowback water was between 7 
and 8 times that which would be expected from local 
groundwater. However, for the Bowland shale, UK, the 
1% exceedence flux (the flux that would only be 
expected to be exceeded 1% of the time, i.e. a 
reasonable worst case scenario) in flowback water was 
500 times that expected from local groundwater.  

ii) In no scenario was the 1% exceedence exposure greater 
than 1mSv – the allowable annual exposure allowed for 
in the UK. 

iii) The radioactive flux of per energy produced was lower 
for shale gas than for conventional oil and gas 
production, nuclear power production and electricity 
generated through burning coal. 

   
Invited Presentation: 
10.30 – 11.00 
Robie Kamanyire, 
Environmental Hazards and 
Emergencies Department 
(London), Centre for Radiation 
Chemicals and Environmental 
Hazards (CRCE), Public Health 
England. 

 THE POTENTIAL PUBLIC HEALTH IMPACTS OF EXPOSURES TO 
CHEMICAL AND RADIOACTIVE POLLUTANTS AS A RESULT OF SHALE 
GAS EXTRACTION  
 
Please see abstract at end of this booklet. 
 

   
11.00 - 11.45  
Venue: CCE ground floor open 
area outside CCE-002 
 

 Poster Viewing & Refreshments 
[Chemical Bioavailability and Bioaccessibility,  
see poster abstracts] 

   
Thursday 3 July 
Session 2: 11:45-13.00 
Venue: CCE-002 
Session Chair: 
Professor John Dean 

  
Chemical Bioavailability and Bioaccessibility 1 

   
Keynote Presentation: 
11.45 – 12.30 
 
Professor Steven D Siciliano, 
Professor of Soil Toxicology, 
University of Saskatchewan, 
Canada. 

 EXPOSURE ASSESSMENT: THE NEW FRONTIER FOR TOXICOLOGY 
AND GEOSCIENCE 
 
Toxicology is the study of poisons.  But many of our poisons are 
associated with the geomedia that supports our ecosystems and 
societies.   Advances in hazard assessment and geoscience, have 
provided exposure science with a new suite of tools to explore how 
humans, ecosystems and geomedia interact with pollutants and 
alter our long term health.  This talk will explore how soil 
chemical/physical properties interact with human physiology to 
influence the movement of pollutants from the environment into 
our bodies. 
 
Assessing the risk of pollutants to human or ecological receptors 
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requires that we understand how, where and when a receptor is 
exposed.   Following this, we need to characterize the hazard 
associated with the chemical of concern and then characterize how 
much of this chemical of concern a receptor is exposed to.   A great 
deal of progress has been made in understanding the hazard 
associated with many environmental chemicals of concern.   
However, our understanding of how humans are exposed to 
environmental chemicals of concern is still in its infancy.  Recent 
advances in geoscience and toxicology are allowing us to begin to 
unravel how humans are exposed to pollutants.    Human exposure 
can be thought of in multiple steps:  
(1) human physical encounter with the geomedia,  
(2) transport of the pollutant across the epithelium barrier, and  
(3) distribution and metabolism of the pollutant.  At each of these 
steps, not only are the human physiological processes important but 
so too is how geomedia reactions occur and interact with these 
physiological processes. 
 
The incidental ingestion of soil is an excellent case study of how 
these three processes influence exposure, and in turn the risk 
associated with a polluted site.   Incidental ingestion is largely 
thought to occur via hand to mouth transfer or by dust deposition 
on vegetables.   During adsorption of soil to hands, soils are 
selectively adhered which influences the size distribution of adhered 
particles.  These adhered particles have elevated pollutant 
concentrations and altered pollutant thermodynamics.  Similarly, 
outdoor dust deposited onto vegetables has altered pollutant 
concentration and thermodynamics compared to bulk soil.   Once 
ingested, the release of the pollutant from the soil and across the 
epithelium, is controlled by physical release of the pollutant and 
then transport across the epithelium into the systemic circulation.   
The release of the pollutant from soil is dominated by two 
processes, a physical disruption of the soil matrix and a partitioning 
of the compound between phases.   However, it is not clear if this 
partitioning is the key step, as evidence is demonstrating that 
uptake rates exceed phase partitioning times.    Once adsorbed, the 
GI epithelium is thought to be a major player in the final adsorption 
of the pollutant from soil as this epithelium can metabolize or 
excrete the pollutant.  Unfortunately, we have little knowledge of 
how geomedia is interacting with the regulation of these GI 
epithelial processes.  Once absorbed into the portal blood pathway, 
pollutants pass through the liver and enter systematic circulation.  It 
is this final concentration that is then combined with hazard 
information to estimate the risk associated with the incidental 
ingestion of soil. 

   
12.30 – 12.45 
 
*P. Guedes, 
CENSE, Departamento de Ciências 
e Engenharia do Ambiente, 
Faculdade de Ciências e 

 ELECTRONKINETIC REMEDIATION OF EMERGING ORGANIC 
CONTAMINANTS – PRELIMINARY RESULTS 
 
This work discusses the efficiency of the electrokinetic (EK) process 
applied to soil matrices aiming organic contaminants (OCs) 
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Tecnologia, Universidade Nova de 
Lisboa, 2829-516 Caparica, 
Portugal. 
 p.guedes@campus.fct.unl.pt    

 
 E.P. Mateus,  
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Portugal.      

 
N. Couto,  
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Faculdade de Ciências e 
Tecnologia, Universidade Nova de 
Lisboa, 2829-516 Caparica, 
Portugal.      

 
Y. Rodriguez,  
CENSE, Departamento de Ciências 
e Engenharia do Ambiente, 
Faculdade de Ciências e 
Tecnologia, Universidade Nova de 
Lisboa, 2829-516 Caparica, 
Portugal.      
Department of Chemical 
Engineering, University of Málaga, 
Campus de Teatinos, 29071 
Málaga, Spain. 

 
A.B. Ribeiro, 
CENSE, Departamento de Ciências 
e Engenharia do Ambiente, 
Faculdade de Ciências e 
Tecnologia, Universidade Nova de 
Lisboa, 2829-516 Caparica, 
Portugal.      

 
 

remediation. Four OCs, known to be endocrine disruptors, were 
studied: bisphenol A, nonylphenol, octylphenol and triclosan.  
Two soils were used in this study: S1 (Valadares, Vale de Milhaços, 
0–15 cm depth) and S2 (Paul de Magos, Salvaterra de Magos, 
Portugal, 0–20 cm depth). Soil S1 (sandy) was used as a support 
medium and S2 (silty loam) as the contaminated matrix. Four 
experiments were carried out without pH control at 0, 10 and 20 
mA; and with pH control (anolyte, pH > 13) at 10 mA. 
 
After the EK treatment, contaminants were mainly mobilized 
towards the cathode end due to electroosmosis, this fact being 
more expressive when pH was controlled. The extent of the 
mobilization towards the electrode end was mainly dependent on 
compounds solubility and octanol-water partition coefficient. In the 
last 24 h of the EK experiments, bisphenol A presented the highest 
mobilization rate (c.a. 4 µg min-1) with nonylphenol not being 
detected in the catholyte. At the end of all experiments the 
percentage of contaminants that remained in the soil ranged 
between 17 and 50 for S2, and between 27 and 48 for S3, with no 
statistical differences between treatments. 
 
Due to water electrolysis, hydroxyl radicals (·OH, oxidation potential 
of 2.8 V NHE-1) are continuously being generated and can oxidize 
OCs unselectively at a diffusion-controlled rate. The mass balance 
performed showed that the amount of contaminant not detected in 
the EK cell was similar to the quantity that may suffer photo and 
electrodegradation (approx. 60%). 
 
Remediation of organic contaminants seems to be feasible through 
an integrated approach with different remediation/removal 
mechanisms (EK transport, electro- and photodegradation). The 
results here presented are of valuable knowledge for the 
remediation of OCs using the electrokinetic process. 
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 A SIX-MONTH VS. TWO-YEAR COMPARISON OF BIOACCESSIBLE Pb 
IN SOIL COLUMNS SPIKED WITH VARIOUS TYPES OF Pb-BEARING 
PAINT AND AMENDED WITH APATITE II 
 
Soil column experiments were conducted to assess the suitability of 
phosphate in the form of Apatite II for converting Pb in Pb-paint in 
soil to a reduced bioaccessible form. The objective was to simulate 
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conditions where old Pb-paint flaked from exterior surfaces, and 
entered yard soil at the building-line. Accumulation of Pb in building 
line soil can attain hazardous levels likely requiring some 
intervention. Use of Apatite II as a remediation medium in such 
circumstances is evaluated here. 
 
A commercially available “A” horizon soil (Wards Science) was 
spiked with Pb-paints, and then phosphate (Apatite II) was added to 
some soil columns and not others (controls). Paints were ground 
and screened through 250 µm mesh, mixed with soil at 2% w/w, 
and Apatite II at 5% w/w. Three times weekly 10 ml of Milli-Q water 
was added to each column. Column soil was sampled at 8-months 
and 24-months. The bioaccessiblity of Pb in the soil at the two time 
periods was determined using an in vitro digestion procedure that 
involved rotating 1g of soil in 100ml of liquid (a HCl plus glycine mix 
adjusted to pH 2.5) in polypropylene bottles in a water bath at 37 °C 
for 1hr. Extracted Pb and total Pb (by microwave digestion) were 
determined by ICP-AES. 
 
XRD and SEM/EDX analysis identified Pb-paint pigments in several 
forms (e.g., PbCO3, Pb-oxide, and PbSO4), that were bound in 
various vehicles, usually with other pigments. Column soils 
containing eight different paints were investigated. In vitro Pb 
extraction data showed reduced Pb availability in the phosphate 
amended soils compared to control soils. Reductions varied from 1 
to 38%. This variability we attribute to the form of the Pb-pigment, 
and the sparing solubility of the vehicle.  At both the six-months and 
two-years sampling points Pb-phosphorus particles were observed 
by SEM in the amended soils suggesting in situ transformation.  
 
However, Pb  bioaccessibility at 24-months was only marginally less 
than bioaccessibility at 6-months . We posit that here, major 
bioaccessibility reduction was accomplished early in the tests (6-
months), and was followed later (at 24-months) by less marked 
reductions. 

   

Thursday 3 July 
Session 3: 14:00-15.30 
Venue: CCE-002 
Session Chair:  
Dr Joanna Wragg 

  
Chemical Bioavailability and Bioaccessibility 2 

   
14.00 – 14.15 
 
*Mark Cave, 
British Geological Survey, 
Keyworth, Nottingham, NG12 5GG  

 

 MEASURING THE SOILD PHASE FRACTIONATION OF ELEMENTS IN 
SOILS USING TOTAL ELEMENT DATA 
 
The mobility of elements in soil is largely controlled by their 
chemical environment, known as the “solid phase fractionation of 
the element”. The BGS has systematically collected geochemical 
survey data of UK soils [1] giving total element concentrations for 
thousands of samples. Carrying out sequential extractions on this 
scale is logistically and financially difficult. A collection of soils from 
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a given region, however, can be considered as a “natural” 
experimental design having been derived from similar geogenic and 
anthropogenic sources each soil sample can be thought of as an 
individual solid phase mixture varying from soil to soil over the 
region. Chemometric data processing can be used to identify solid 
phase fractionation of the elements.  
 
In this study, 723 soils with total element concentration for 54 trace 
and major elements determined by XRF from the GBASE 
geochemical data set were chosen.  These consist of 447 rural and 
276 urban samples from Northamptonshire in the UK.  The data 
were subjected to chemometric processing to identify the solid 
phase components and the fractionation of elements between 
them. The reliability of the method was assessed using bootstrap 
resampling to refit the model over a 1000 iterations, providing 
uncertainty estimates on all numerical outputs. The method 
identified 18 distinct chemical solid phase components.  For 
example, the majority of the As was found in an Fe dominated 
component thought to be derived from the natural underlying 
ironstone, whereas the majority of Pb was associated with a 
component only found in the centre of the Northampton 
(anthropogenic inputs  Figure 1).  
 

 
 

Figure 1 Solid Phase Fractionation of Pb and As in Northamptonshire 
soils 

 
[1] J.R. Bacon, C.M. Davidson, Is there a future for sequential 
chemical extraction?, Analyst, 133 (2008) 25-46. 
[2] J. Wragg, M. Cave, Assessment of a geochemical extraction 
procedure to determine the solid phase fractionation and 
bioaccessibility of potentially harmful elements in soils: A case study 
using the NIST 2710 reference soil, Anal. Chim. Acta, 722 (2012) 43-
54. 
[3] C.C. Johnson, N. Breward, E.L. Ander, L. Ault, G-BASE: Baseline 
geochemical mapping of Great Britain and Northern Ireland, 
Geochemistry: Exploration, Environment, Analysis, 5 (2005) 347-
357. 

   
14.15 – 14.30 
 
*Aurélie Pelfrêne, 

 USE OF AN IN VITRO DIGESTION METHOD TO ESTIMATE CADMIUM 
BIOACCESSIBILITY IN VEGETABLES GROWN IN SMELTER-IMPACTED 
SOILS: INFLUENCE OF COOKING 
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Metal contamination of urban soils and homegrown vegetables has 
caused major concern. Some studies showed that Cd was among 
the most significant hazards in kitchen garden soils and prolonged 
exposure to this metal could cause deleterious health effects in 
humans. In general, most risk assessment procedures are based on 
total amount of metals in the vegetables. However, this content 
does not always reflect the amount that is available to the 
consumer. Therefore, there is a need to determine the 
bioavailability of metals in vegetables to assess the human health 
risk. To become bioavailable, contaminants must first be released 
from the vegetable during the digestion process (i.e. become 
bioaccessible). 
 
The present work consists on the evaluation of metal 
bioaccessibility in vegetables cultivated in soils highly contaminated 
in the past by the atmospheric emissions of a lead smelter in 
northern France. Twenty-six kitchen gardens and four vegetable 
samples (radish, lettuce, carrot, and potato) were considered. Using 
the UBM protocol (unified BARGE bioaccessibility method), the 
bioaccessibility of Cd was measured in raw/cooked vegetables after 
their preparation as a careful consumer. 
 
Overall, the results indicated that Cd bioaccessibility was higher in 
the gastric phase than in the gastrointestinal phase. The 
bioaccessibilities of Cd from the raw vegetables were generally high 
in both phases, which could be attributed to a high uptake of Cd 
during the growth of the vegetables. Most Cd accumulated in the 
vacuoles of plant cells, except that absorbed by cell wall, allowing 
Cd to be easily released from plant tissues. Because cooking process 
can alter Cd bioaccessibility from food, two processes were studied, 
including steaming and frying. The steaming process generally 
increased the bioaccessibility of Cd in carrots and potatoes, 
suggesting that this process destroyed tissues thoroughly and 
released Cd. The frying process was carried out on potato samples 
and showed a significant decrease of Cd bioaccessibility in both 
phases. Results highlighted that the effect of frying potatoes may 
change the speciation of Cd in the digestive tract and/or cause its 
removal into the cooking oil.  
 
The estimation of metal bioaccessibility in vegetables is helpful for 
human health risk assessment. 

   
14.30 – 14.45 
 
*A.P. Reis, 
Geobiotec, University of Aveiro, 
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Aveiro, Portugal.  
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C. Patinha, 

 INVESTIGATING RELATIONSHIPS BETWEEN BIOMARKERS OF 
EXPOSURE AND ENVIRONMENTAL COPPER IN A PORTUGUESE 
INDUSTRIAL CITY: THE ROLE OF ORAL BIOACCESSIBILITY 
 
The study was a cross-sectional survey of household dust and 
toenail Cu concentrations in residents living in an industrial city. The 
main aim is to investigate the exposure–biomarker relationships 
between human toenails and environmental Cu levels. Ethics 
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approval for this study was obtained from the National Committee 
for Data Protection (Proc. nº 1241/2013). A total of 21 households 
and 30 individuals were recruited for the pilot study: 19 
households/27 residents living near the industrial complex, forming 
the exposed group, plus 2 households and 3 residents from 
residential areas with no anticipated Cu that were used for 
comparison and as control sites. Average total Cu concentrations 
are above those found in the control sites (which are of 66 mgkg-1 
and 220 mgkg-1 for outdoor and indoor dust, respectively), and are 
more elevated in indoor (vary between 148 mgkg-1 and 585 mgkg-1) 
than in outdoor (vary between 42 mgkg-1 and 178 mgkg-1) 
household dusts. The total Cu concentrations in indoor dusts are 
not correlated with Cu concentrations in outdoor dusts or in the 
biomarkers. Copper concentrations in toenail clippings of the 
residents (vary between 2410 µgkg-1 and 8270 µgkg-1) under study 
are similar to the controls (vary between 3120 µgkg-1 and 4910 
µgkg-1), with the exception of two residents of the same house 
showing Cu concentrations that are ten times more elevated. In 
general, children have more elevated Cu concentrations in toenail 
clippings than their parents. Oral bioaccessibility measurements 
were obtained using the Unified BARGE Method on a sub-set of 9 
indoor dusts. The results obtained for the gastric phase (G-phase) 
are similar to those obtained for the gastro-intestinal phase (GI-
phase) but the bioaccessible fraction (BAF) is slightly higher when is 
calculated using estimates obtained in the GI phase (ranges from 13 
to 37% for the G-phase and from 29 to 40% for the GI-phase). The 
variability in measured bioaccessible concentrations is higher for 
the G-phase. Total Cu concentrations in indoor dusts are correlated 
with the bioaccessible estimates but not with the BAF. Interestingly, 
the concentrations of Cu in the toenail clippings are positively 
correlated with the BAF calculated for the GI phase. This result 
indicates a potential relationship between bioaccessible Cu 
concentrations in the indoor dust and Cu levels determined in the 
biomarkers. However, more studies and samples are needed to 
investigate and fully understand potential relationships between 
environmental Cu and biomarkers of exposure. 
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 SNOWPACK CHEMISTRY AS A PREDICTOR OF SURFACE WATER 
QUALITY IN SOUTHWEST ALASKA 
 
Mercury levels in fish tissue are of concern to inhabitants of 
southwest Alaska pursuing a subsistence lifestyle characterized by 
high consumption of salmon and other large fish. This study was 
undertaken to measure mercury concentrations in snowpack and its 
impact on water quality. Surface water hydrology in southwest 
Alaska is characterized by peak discharges in May during spring 
snow melt-off, with a secondary spike in late Fall when groundwater 
aquifers are fully recharged and rain events are frequent. Discharge 
is normally lowest in winter when precipitation accumulates as 
snowpack and cannot readily enter the watercourse. Surface water 
geochemistry is controlled by groundwater baseflow during these 
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minimums.  
 
To evaluate the contribution of snow melt to surface water 
chemistry, snowpack samples were collected in April of 2011 and 
2012 from the vicinity of established surface water measuring 
stations at the headwaters of Upper Talarik Creek and the Koktuli 
Rivers, which are part of the Bristol Bay watershed. Thawed snow 
samples were analysed for total metals using ICP-MS and for 
mercury by AFS, following standard EPA methods. Results were 
compared to water quality analyses collected over a 9-year period 
at adjacent surface water stations. Analysis confirmed that the 
snowpack had a significantly different geochemistry from surface 
water and was characterized by low pH and low total dissolved 
solids.  
 
Annual variations in surface water chemistry were modelled using 
hydrology data collected over the same period. Total metals 
showed a pattern consistent with baseflow dilution by snow melt in 
May which lowered pH and dissolved metal concentrations. Several 
metals, including Fe, Al and Hg, were elevated above background 
levels during the spring discharge peak. Higher Al and Fe 
concentrations probably reflect higher suspended solids loads but 
higher Hg concentrations cannot be accounted for by atmospheric 
deposition as bulk snowpack Hg concentrations are low. Additional 
work is required to determine if atmospheric Hg may be 
concentrated at specific snow horizons, corresponding to discrete 
depositional events, or if seasonal Hg spikes are due the release of 
gaseous elemental Hg concentrated in soil pores during freezing. 
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 SPECIATION OF METALS IN SURFACE WATER – MOBILITY AND 
BIOAVAILABILITY  
 
The mobility and bioavailability of metals depend on their 
speciation on different scales, molecular as well as on the macro-
scale. Speciation can be undertaken experimentally and by 
calculation using programmes like MINTEQ and PHREEQC. 
Speciation gives a better insight into the mobility and bioavailability 
of metals than just total contents, whether in filtered or unfiltered 
water. 
 
This study has been undertaken in two sites, in a metal polluted 
river in Albania and in a Precambrian sulfidic metasediment area in 
N. Sweden. Experimental speciation was done by filtration (0.2 mm 
filters) and dialysis with two pore sizes (10 kDa and 1 kDa) The 
procedure is considered to give suspended, colloidal and small 
molecular weight metal species.  
 
The Albanian Mati River is polluted by metals from 10 Mt of waste 
rock and sand from copper mining. The major concerns were the 
risk for metal contamination of a large coastal aquifer, recharged by 
the river, and effects on the aquatic fauna. It was seen that copper 

mailto:gunnjack@kth.se


SEGH2014 ORAL PRESENTATION ABSTRACTS 

 

41 | P a g e  
 

 was largely present as suspended, zinc and cadmium more equally 
divided between the fractions and nickel the most truly dissolved 
and mobile metal.  
 
In the sulfidic metasediment area the main pollutant was arsenic 
from arsenopyrite. Experimental speciation indicated that arsenic in 
surface water was largely present as suspended and colloidal and 
well correlated to iron. The arsenic should have low bioavailability 
which was verified by low contents of inorganic arsenic in 
macroinvertebrates and fish in spite of high arsenic in the sandy 
sediments (100-500 mg/kg). Fe(III) precipitates at discharge of 
reducing groundwater from wetlands had up to  0.5 % of As/kg.   
 
Regarding the River Mati it is obvious that construction of 
sedimentation basins close to point sources would largely reduce 
the metal transport. The risk for metal contamination of the coastal 
aquifer is small as the river water is well buffered by carbonate 
rocks. In the sulfidic metasediment area in N. Sweden the ferric 
iron, both in the sediments and in the suspended and colloidal 
phases acted as very efficient sinks for the arsenic thus not allowing 
the transfer of arsenic into the aquatic food chain. 
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 EVALUATION OF METALS AND THEIR POTENTIAL HAZARD IN THE 
AWALI RIVER SURFACE SEDIMENTS 
 
Better utilization of surface water from major Lebanese rivers is an 
alternative to aquifers feeding the densely populated capital Beirut. 
The Awali River, with a 294 km2 catchment, is a perennial river in 
southern Lebanon with the potential to supply water to the 
escalating water demand of Beirut city. Recent hydrochemical work 
has revealed minimal exposure to pollution sources other than 
domestic sewage and agricultural run-off. However, water quality 
assessments alone are inadequate for pollutant exposure 
assessment, given that the metal contents of bed sediments reflect 
the influence of catchment lithology and anthropogenic 
contamination. The objective of this study is to assess the levels of 
metals in the Awali River basin, and detect if sediments are a 
potential reservoir of toxic metals. Sediments were collected during 
the dry season from ten sites accessible for bed-load sampling and 
representative of the major catchment lithologies. Concentrations 
of Ca, K, Al, Si, Fe, Mn, Zn, Cu, Ba, Co, Ni, Cr, V,  Sb, Sn, Pb, Cd, As, Hg 
in the <75 μm fraction were determined using energy dispersive X-
ray fluorescence (EDXRF). Enrichment factors (EF) for Zn and Cu 
revealed minor (1-3) to moderate (3-5) values, in line with 
uncontaminated and moderate (> 0-1) Igeo pollution index  [1]. High 
mean values (in mg/kg) compared to geochemical average shale 
values were recorded for Co: 89.0, Cr: 162.7, Sb: 18.3, Sn: 29.9, Cd: 
0.8, As: 9.6 and Hg: 4.0, and their EF ranged from moderate to 
severe (10-25), with moderate to strongly polluted Igeo index (>3-
4). Principal Component Analysis and Cluster Analysis suggested 
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that Al, Si and P regulate the levels of Zn, Cu, Sb, V, and Cd, while 
Mn and Fe regulate the levels of As, Hg, Cr and Sb. As and Sb are 
known to have a high tendency to adsorb on Fe and Mn 
oxides/hydroxides. Cd and V could be attributed to inputs from 
phosphate fertilizers, as well as adsorption on clay particles and/or 
silicates. These chemical imprints suggest further investigation of 
the whole hydrologic system is required for environmental exposure 
and future risk assessment to aid the development of robust 
monitoring and management plans.  
 
[1] Forstner, U., Ahlf, W., Calmano, W. 1993. Sediment quality 
objectives and criteria development in Germany. Water Science and 
Technology, 28, 307-316.  
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 DIFFERENTIAL INDIVIDUAL PARTICLE ANALYSIS (DIPA) AND 
COMPUTER CONTROLLED SCANNING ELECTRON MICROSCOPY 
(CCSEM) CHARACTERISATION OF VARYINGLY SOLUBLE Pb-RICH 
PARTICLES IN SOIL 
 
Computer Controlled Scanning Electron Microscopy (CCSEM), 
coupled with energy dispersive X-ray spectroscopy, has been widely 
used to characterise particulate matter in a range of environmental 
media. Bioaccessibility protocols, by their very nature, generate 
‘bulk’ or aggregate bioaccessibility data.  To better understand the 
particle phases that constitute the sample and the variability in 
particle solubility, an approach based on CCSEM and subsequent 
differential response of representative particles following chemical 
treatment was undertaken.  
 
Soils, collected from Mitrovica, Kosovo, were selected to cover a 
range of total Pb concentrations and a range of oral 
bioaccessibilities [1].  Soil aliquots were deposited from a deionised 
water suspension onto 25mm diameter, 0.4µm pore size, 
polycarbonate membrane filters. The particulate material on the 
filter was evaporatively coated with carbon before it was submitted 
for CCSEM. Automated particle detection in the SEM was 
accomplished using a high backscatter electron image (BEI) 
threshold. A particle detection threshold was set using an imaging 
standard (fine particulate TiO2) such that only particles with an 
average atomic number >Ti would be detected during automated 
analysis.  The aim of the CCSEM, and subsequent particle 
classification, was to identify homogenous groups of ‘like’ particles 
in the sample as a basis on which to focus the Differential Individual 
Particle Analysis (DIPA) protocol. 
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DIPA [2] involves the collection of particle-by-particle information 
(element and morphological) on the particles in their original form, 
followed by removal from the SEM for chemical treatment of the 
sample in situ (in this case with 0.4 M glycine, adjusted to pH 1.5, at 
37◦C for 2 hours, to mimic oral bioaccessibility; [3]), particle 
relocation and subsequent analysis of differential changes. Our post 
chemical treatment observations indicated Pb to be present in a 
range of complex phases, some more resistant to dissolution than 
others, but we were unable to discern the exact nature of these 
phases (if crystalline, or as surface coatings), due to limitations in 
the image resolution.  
 
CCSEM, especially when allied to DIPA, provides detailed 
information on particles in environmental media which can help 
support environmental interpretations based on chemical 
extraction data to better inform intervention decisions.  
 
[1] Boisa, N., Bird, G., Brewer, P.A., Dean, J.R., Entwistle, J.A., Kemp, 
S.J., Macklin, M.G. (2013). Potentially harmful elements (PHEs) in 
scalp hair, soil and metallurgical wastes in Mitrovica, Kosovo: The 
role of oral bioaccessibility and mineralogy in human PHE exposure. 
Environment International 60, 56–70 
 
[2] Hunt, A.  and Johnson, D.J. (2011). Differential Individual Particle 
Analysis (DIPA): Applications in particulate matter characterisation. 
Journal of Environmental Quality, 40, 742-750 
 
[3] USEPA, 2007. Estimation of relative bioavailability of lead in soil 
and soil-like materials using in vivo and in vitro methods. OSWER 
9285.7-77. USEPA, Washington, D.C. 
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 POTENTIALLY TOXIC ELEMENTS DISTRIBUTION IN A COMMERCIAL 
TOP SOIL TREATED WITH FERTILISER AMENDMENTS 
 
Potentially toxic elements (PTE) can accumulate to the point where 
they may pose a potential threat to plants and human health with 
repeated application of fertiliser. In addition to determining the 
concentrations of PTE introduced, it is important to assess the effect 
of amendment on the PTE phytoavailability and distribution, since 
this will influence the degree of food chain transfer. 
In this work, Cr, Cu, Fe, Mn, Ni, Pb, U and Zn were determined in a 
commercially formulated top soil and in five different amendments 
commonly used in UK gardens and allotments: chicken manure, 
growmore, phostrogen, rock dust, and seaweed. Samples of the soil 
were then mixed with each of the five amendments, in triplicate, at 
three dosage rates (1%, 3% and 5% m/m) and allowed to stand for 
40 days, at room temperature, with the periodic addition of distilled 
water to maintain field-moisture content. 
 
At the end of the experiment, samples were air-dried and 
homogenised, then test portions were digested with 20 mL aqua 
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regia using a microwave digestion system (Mars Xpress, CEM, UK) to 
determine pseudototal PTE content, and extracted with 0.05 mol L-
1 EDTA at pH 7 to assess PTE phytoavailability. The modified BCR 
sequential extraction was also applied to study the distribution of 
these PTE in the fertiliser amendments and the amended soil. 
Digests and extracts were analysed by ICP-MS (Model 7700x, Agilent 
Technologies, UK). 
 
The addition of the amendments resulted in slight increases in the 
phytoavailable fractions of the trace elements. This effect was 
predominant with chicken manure, growmore and phostrogen for 
most of the elements. The PTE were found to be distributed 
predominantly in the available fractions in all the amendments with 
the exception of rockdust where the PTE were contained mostly in 
the residual fraction. Chicken manure and growmore significantly 
increased the bioavailable fractions of Zn and U respectively in the 
amended soil. 
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 ASSESSING THE POTENTIAL OF SEQUENTIAL EXTRACTION FOR COST 
EFFECTIVE MANAGEMENT OF STEEL PROCESS BY-PRODUCTS  
 
In 2012 126 million metric tonnes of crude steel were produced 
worldwide with up to 400kg of solid waste created per tonne 
produced. A number of potentially toxic elements (PTEs) are 
present in the waste by–products, of particular interest for this 
research are Cr, Cu, Ni, Mn and Zn, which require robust 
management of wastes to minimise environmental contamination.  
Currently a number of regulatory tests (WAC & TCLP) are applied to 
assess and dictate disposal approaches and costs, which is 
dependent on the chemical form or “speciation” of PTEs. E.g. 
disposal of waste per tonne is typically £72 for hazardous and £2.50 
for non-hazardous waste at current UK prices. To provide the steel 
industry with optimal waste management procedures, it is 
important to differentiate between chemical forms of elements, 
which for solid samples, is still to be established. The potential being 
that material efficiency of disposal processes might be improved by 
better waste characterisation. The semi-batch nature of steel 
manufacturing including addition of recycled materials and 
additives for specialized products, produces a highly variable waste 
composition over time. 
 
We report on the development and application of a 7-step SE 
method to target the identification of reactive host phases (e.g. PTE 
rich sulfides). A method has been developed and applied to a series 
of waste samples from active steel production. The PTE recoveries 
vary between 59.2 and 82.6 % for filtercake and 32.2 – 97.1 % for 
flue dust, with the lower recoveries correlating with elements with a 
higher variation in total concentrations, highlighting the significance 
of material composition on analysis protocols and the need to 
understand the effect of variation in the solid phase. Initial data 
shows for Flue dusts, that PTE’s of interest are found predominately 
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in FeOxam and FeOxcryst phases as significant with sulfide phases 
being important in the filter-cake. The fractionation scheme was 
assessed in detail, using a number of solid phase techniques (XRD, 
FT-IR, Raman spectroscopy and SEM), to follow phase variation 
during extraction. Reproducibility was tested against total recovery, 
compared to pseudo-total metal content using ICP-AES. 
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 IMPROVED ESTIMATION OF PLANT UPTAKE OF LEAD BY TWO 
BRASSICA SPECIES BY MORE REALISTIC SIMULATION OF IN SITU 
HETEROGENEITY OF LEAD IN SOIL. 
 
Human exposure to lead (Pb) is an increasingly important issue in 
most developing nations, but the effects of in situ heterogeneity of 
Pb in soil on uptake by plants has not been studied. Heterogeneity 
here refers to how uniformly Pb is distributed in the soil. 
Heterogeneity in the spatial distribution of Zn and Cd is known to 
affect their uptake by some food plant species and generates 
uncertainty in exposure estimates affecting modelling for human 
risk assessment. In situ heterogeneity of Pb was measured at two 
heavily contaminated UK sites using a Portable X-ray Fluorescence 
Spectrometer (P-XRF) over a range of spatial scales (0.1-100m).The 
pattern of distribution of Pb was very variable, with heterogeneity 
factors (HF) ranging from 1 (homogeneous) to 3.2 (highly 
heterogeneous). The effect of such Pb heterogeneity on plant 
growth and uptake was investigated using greenhouse pot trials. 
One of the pot trials used a simplistic binary model of heterogeneity 
to study its effect on two plant species (Brassica napus and Brassica 
juncea).  Significant differences (p<0.05) were observed in both 
total dry biomass and plant metal uptake between treatments 
(control {0 mg/kg Pb added}, homogeneous and heterogeneous 
{binary simplistic}) for both species. However, there was no 
significant difference in the total dry biomass of B. Juncea between 
the control and heterogeneous treatments. The homogeneous 
treatment of both species had higher plant Pb concentration than 
the heterogeneous treatment. Brassica juncea grew better in the 
heterogeneous treatment than B. napus. Results confirm that 
response to heterogeneity is species specific. The effect of more 
realistic in situ heterogeneity on Pb uptake by these species was 
investigated in a further pot trial simulating low, medium and high 
heterogeneities. Results will be used to understand how these two 
species react to complex heterogeneity. This work has implications 
for improving the efficiency of phytoremediation/phytostabilization 
of lead contaminated lands, phytomining and controlling 
heterogeneity to improve quantification, assessment and modelling 
of human exposure to lead. 
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 SOLID PHASE CHARACTERISTICS AND LEACHABILITY OF HEAVY 
METALS AND METALLOIDS FROM BOTTOM ASH IN SOUTHERN 
VIETNAM 
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Understanding the chemical and mineralogical characteristics, 
including the potential release of heavy metals (HMs) and 
metalloids from bottom ash (BA), is necessary because it provides 
essential information for environmental management options for 
this waste. This study was conducted with the aim to investigate the 
leaching of HMs (Cd, Co, Cu, Cr, Mo, Ni, Pb, and Zn) and metalloids 
(As and Sb) from BA, in combination with a detailed mineralogical 
characterization. Two BA samples collected in southern Vietnam 
were subjected to pHstat leaching test (pH = 4, 96 h) to represent a 
worst case scenario if these BA would become exposed to 
acidification. In addition, bulk chemical composition (ICP-OES) after 
digestion by 3-acids (HNO3conc, HClO4conc, and HFconc) and solid 
phase characteristics (X-ray diffraction (XRD) and Electron Probe 
Micro Analysis (EPMA)) were determined. The studied BA were 
composed of oxides (corundum, hematite, magnetite, manganese 
oxide, rutile, and quartz) and Ca-minerals (calcite and gypsum). The 
concentrations of HMs and metalloids varied considerably: As (7-77 
mg/kg), Cd (1-4 mg/kg), Co (63-928 mg/kg), Cr (572-804 mg/kg), Cu 
(818-1126 mg/kg), Mo (42-278 mg/kg), Ni (232-1372 mg/kg), Pb (63-
817 mg/kg), Sb (30-140 mg/kg) and Zn (940-1461 mg/kg). However, 
no discrete mineral phases composed of HMs or metalloids were 
detected by XRD. Leaching tests showed a low release of As, Pb and 
Mo (0.1-1 % relative to total concentrations) while a higher release 
was observed for Cd, Co, Cu, Cr, Ni and Zn (1-9 %). EPMA result 
revealed the co-existence of Co, Mo and Ni in Fe-rich phase in both 
samples, while As, Pb, and Zn were found in a Si-rich phase in one of 
the samples. This shows that EPMA can complement XRD results 
because it identifies some phases related to HMs and metalloids 
that cannot be detected by XRD. Result from this work 
demonstrated that the application a comprehensive 
multidisciplinary approach can be helpful to identify the solid 
phases that retain HMs and metalloids, as well as to understand the 
long term release of these elements under exposure to the worse 
conditions in environment (e.g. under acidification). 
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 FACTORS AFFECTING LABILITY OF LEAD (Pb) IN SOIL: INSIGHTS 
FROM ISOTOPIC STUDIES 
 
Lead (Pb) continues to feature as a potentially harmful element of 
concern. Many countries carry a substantial soil Pb burden as a 
legacy from past use; recent studies suggest that adverse health 
effects may be associated with such periods of Pb utilization. There 
is therefore considerable interest in investigating the current 
‘reactivity’ (solubility, lability and bioavailability) of Pb in soil that 
has been subject to periods of past contamination.  A particular 
objective of such studies is the prediction of Pb geochemical 
behaviour from (i) knowledge of the original metal source, (ii) 
current soil properties and (iii) contact time.  
 
We used stable isotopic dilution with 204Pb to measure the 
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isotopic-exchangeability (lability) and solubility of Pb in a range of 
historically contaminated soils from (i) a catchment contaminated 
from past Pb mining activities, (ii) the archive of three UK urban 
geochemical surveys, (iii) an aged metal salt incubation trial, (iv) a 
dedicated sewage sludge disposal farm and (v) several roadside 
locations.  Results were related to soil properties and the original Pb 
source; the latter was estimated from isotopic source 
apportionment and site history. On a subset of the data, we looked 
for evidence of differences in lability between known Pb sources.  
The solubility of Pb was modelled using the geochemical speciation 
model WHAM-VII, with isotopically exchangeable Pb as an input 
variable.  
 
The proportion of soil Pb which was isotopically exchangeable (% 
labile) varied with soil properties and with original source.  Acidic 
moorland soils extended the range of % labile Pb upwards (> 90%) 
but the majority of urban soils had low (< 30%) values and fell 
within a remarkably restricted range.  Calcareous soils had the 
lowest levels of Pb lability.  It proved very difficult to include 
consideration of the original Pb source because of the diversity this 
presented.  However, a binary trend in lability with Pb loading was 
apparent for the mine-spoil contaminated catchment soils and 
there was clear evidence of greater lability of petrol-derived Pb in 
roadside soils.  Modelling Pb speciation was improved using labile 
Pb as an input variable but Pb solubility was still consistently 
overestimated. 

   
Scheduled as a poster 
presentation but ‘reserve’ list 
for oral presentation 
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 ABANDONED MINING SITES AND THEIR INFLUENCE ON HUMAN 
HEALTH, SLOVAK REBUPLIC 
 
This work deals with the analysis of the influence of potentially toxic 
elements (PTE) in geological environment (soils, groundwater) on 
the health status of the inhabitants living in three abandoned 
mining sites: Middle Slovak Neovolcanics (ore extraction), the 
Slovak Ore Mts. (ore extraction) and the Upper Nitra region (brown 
coal exploitation). The health status of resident population in these 
areas with increased concentrations of PTE (As, Pb, Zn, Cu, Cd, Hg 
and Sb) was compared with the adjacent municipalities showing low 
PTE contents in soil. A total of 138 contaminated and 155 non-
contaminated municipalities of similar socioeconomic, natural and 
geochemical-geological character were compared. PTE contents in 
soils of polluted municipalities reported considerably increased 
levels – between 2 to 10 times higher in contrast to non-
contaminated municipalities. On the other hand, PTE contents in 
groundwater were almost identical both in contaminated as well as 
non-contaminated areas and in majority of cases were below limit 
standard values for drinking water. Based on the assessment of the 
health status of population using 43 health indicators, no significant 
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difference in the health status of population in contaminated and 
non-contaminated municipalities has been reported. We can 
conclude that if groundwater/drinking waters used for drinking 
purposes show no PTE contamination, the local population 
inhabiting these historical mining areas might be at much lower risk 
than has been, in general, reported so far.  
 
This research has been performed within the project LIFE10 
ENV/SK/000086 financially supported by the EU’s LIFE+ programme. 
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10.30 – 11.00 
Robie Kamanyire, 
Environmental Hazards and 
Emergencies Department 
(London), Centre for Radiation 
Chemicals and Environmental 
Hazards (CRCE), Public Health 
England. 

 THE POTENTIAL PUBLIC HEALTH IMPACTS OF EXPOSURES TO 
CHEMICAL AND RADIOACTIVE POLLUTANTS AS A RESULT OF SHALE 
GAS EXTRACTION  
 
Shale gas extraction is at an early exploratory stage in the UK with 
very limited drilling having actually occurred.  Despite limited 
activity to date, shale gas extraction raises concerns with the general 
public.   
 
In response to emerging public concern and requests for advice 
from national and local agencies, PHE’s Centre for Radiation 
Chemical and Environmental Hazards (CRCE) undertook a review of 
the public health impact of direct emissions of chemicals and 
radioactive material from the extraction of shale gas. The review 
focused exclusively on the direct health impact of releases into the 
environment due to emissions from shale gas extraction operations.  
A search of the published or peer reviewed scientific literature was 
undertaken.  Other literature was identified from relevant 
Government websites in the UK, European Union, USA and Canada.   
The currently available evidence indicates that the potential risks to 
public health from exposure to the emissions associated with shale 
gas extraction are low if the operations are properly run and 
regulated.  Most evidence suggests that contamination of 
groundwater as a result of borehole leakage is an area of concern, 
but that contamination of groundwater from the underground 
fracking process itself is unlikely.  Other impacts such as spills and 
accidents above ground, emissions to air etc. are also potentially 
significant. 
 
There is, to date, relatively little peer reviewed research but 
experiences from countries particularly the USA, demonstrate that 
good on-site management and appropriate regulation of all aspects 
of the operations, is essential to minimise the risk to the 
environment and public health.  
 
The review identified a number of knowledge gaps and has 
recommended further work to better define the potential risks from 
emissions.  
 

 


