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Heavy metals and arsenic in alluvial sediments of the Grote Beek river:
Contribution of natural and antropogenic sources
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ABSTRACT

Wastewater discharge from the processing of phosphate ores
has contributed to pollution by heavy metal and As in soils
adjoining the Grote Beek river. Overbank deposition of
polluted river sediments during inundation of the floodplain
and the disposal of dredged sediments brought about a
severe pollution of the peat soils with Cd, As, Zn, Ni, Cr, Ba
and Cu, 3km from the effluent ejecting point. Moreover,
anomalous enrichments of As occur as a result of the
presence of glauconite. The pollution of flooding zones,
especially of As and Cd, is extended to more than 50m from
the river channel. Porewater from soils near the river
displays high concentrations of Zn, Ni, Cu, Cd, Ba and Cl-.
In contrast, the sandy soils 10km downstream are hardly
influenced by polluted sediments. However, elevated As-
concentrations in subsoil may have a diagenetic origin. In
sediments disposed by overbank flooding, Cr, Cu and Zn
were primarily associated with the fine grained fraction,
while As is bounded to Fe-(hydr)oxides. Ca-carbonate seems
to contribute to the binding of heavy metals in dredged
sediments.
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Introduction

De Grote Beek, a small river (15km long) belonging to the
Demer basin, is situated in the Northeastern part of the
province of ‘Vlaams-Brabant’ (Central Belgium), in a region
characterized by sandy soils (Fig. 1). The study area is
underlain by the Diestian formation, containing between 30-
40% glauconite. Organic- and iron-rich wetland soils have
developed along this stream. The river follows a very
meandering path and as a consequence several flooding
zones occur along the river, which are flooded a few times a
year during periods of heavy rainfall. The total flooding area
is estimated to be at least 142ha, but this area was possibly
more extended in the past.
Since 1892, calcium phosphate for use in cattle food has
been produced in a nearby phosphate ore processing plant

and the waste water, containing Cd, As, Zn, Cu, Ni and
Ra226, is discharged into two little rivers, one of which is the
Grote Beek. Moreover, the phosphate ore processing plant
generates chloride concentrations comparable to
concentrations in seawater. During overflows and due to
dredging activities, contaminated sediments have been
deposited along this river, bringing about a severe pollution
of the riverbanks. The purpose of this study was to assess
extend and degree of pollution of soil and soil porewater
with heavy metals and As at two specific locations adjoining
this polluted river. The first investigation area (Site I),
located along the river ‘Grote Beek’, 3km downstream from
the effluent rejecting point, is characterized by peat soils that
are regularly flooded (Terric Histosols and Mollic Fluvisols).
The second sampling point (Site II), that is marked by sandy
soils (Gleyic Cambisols), is situated 1 km downstream from
the point were the Grote Beek and the Kleine Beek flow
together, approximately 10km from the effluent rejecting
point. Here the river is called ‘Zwart Water’.

Fig. 1: Localization of the study area and sampling sites

Results

Profile pits were dug to the water table at a distance of 1, 25
and 50m from the river channel at both locations (Site I and
Site II). Samples were taken every 20cm or more in detail if
variation in colour or grain size was noticed. Total
concentrations of As, Cd, Cr, Zn, Ni, Cu, Ba, S, organic
carbon and pH in two profiles (site I and II) are given in
Table 1.
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At Site I, soils are characterized by a high organic carbon
and Fe-content in the upper 75cm, which abruptly turns into
a green-blue, permanently reduced, sandy layer. Soil pH is
neutral close to the river and moderately acid further away
from the river channel. Concentrations of As, Cd, Cr, Zn, Ni,
Cu, Ba and Pb in the profile close to the river (left side)
decrease with depth, indicating surficial antropogenic
sources of these metals. An abrupt decrease in As- and Cd-
concentrations at a depth of 75cm, just above the reduced
sandy layer underlying the peat soils, is noticed. Zn, Ni, Cu,
Cr and Ba are mainly enriched in the upper 45cm of the soil
profile, decreasing gradually towards background
concentrations in the sandy layer. Apparently heavy metals
and As have not migrated into the sands, but have
accumulated at the base of the peat soils. While
concentrations of Zn, Ni, Cu, Cr and Ba in surface soil drop
sharply within a distance of 25m from the riverbank and
remain more or less constant at 50m from the river, this
trend is not noticed for As and Cd. An investigation of the
Ra-contamination in the same area showed that, the Ra-
contamination is often restricted to a narrow band of only 10
meters along the river. At the more frequently inundated
parts of the floodplain however, contamination is much more
extended (>100m from river) (Paridaens and Vanmarcke,
2001).
Furthermore, two undisturbed cores were sampled in more
detail (12 and 20 samples over a depth of 53cm respectively,
1 m of the river channel), one on the right side of the river,
the other one on the left where the riverbank was slightly
more elevated. Total metal concentrations in the first
borehole are in the same order of magnitude as the

concentrations measured in the profile pits, while the upper
20cm of the second borehole display concentrations of Cd
and Zn that are double of concentrations previously
measured.
At site II, elevated contents of Fe and organic matter are
encountered at the bottom of the soil profile, starting at a
depth of 58cm. Soil pH is moderately acid. Concentrations
of Cd, Cr, Zn, Cu, Ni and Ba are considerably lower than at
site I and only the upper 20cm seem to be polluted with
these metals. Arsenic however shows a completely different
pattern, with maximum concentrations in the deepest part of
the soil profile. Apart from arsenic, metal concentrations
decrease with increasing distance from the river. At a depth
of 1m, vivianite and siderite were detected by XRD-analysis.

Concentrations of some heavy metals, As and Cl- in the
porewater of two soil profiles (Site I and II) are given in
table 2. Close to the river channel, chloride- and metal
concentrations in porewater increase with depth although
total metal concentration in soil show an opposite behaviour.
Again, a decrease of these elements in the porewater is
noticed away from the river.

Discussion

A narrow strip of a few meters at both sides of the river is
sparsely covered with antropogenic grains (e.g. plastics),
originating from wastewater discharge from the

Table1: Total concentrations of heavy metals, As, Fe S, organic carbon (Org.C), pH (H2O) and Munsell color value of soil samples
from selected soil profiles at Sites I (left side, 1 m from river) and II (right side, 1 m from river). NA= Not Analysed. Intervention
Values for a soil containing 3% clay and 10 % or 1.5% organic matter respectively (Anonymous, 1996) are given as indicative
values.

Depth Cr Ni Cu Zn As Cd Ba S Fe Org. C pH Munsell
cm mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg % % color

Site I
0-15 129 62 188 1097 150 16 483 1600 9,5 8,8 6,9 10YR3/3

15-30 176 172 109 1166 171 26 468 994 9,8 6,9 6,8 10YR3/4
30-45 112 43 110 702 169 22 329 772 11,6 6,9 6,8 10YR2/2
45-60 58 41 18 174 261 23 200 608 13,7 13,1 6,6 7,5YR3/3
60-75 57 21 18 163 127 10 183 NA 7,9 12,0 6,8 5YR2/1
75-90 52 8 4 21 12 1 169 12 2,8 0,5 7,4 7,5GY4/1
90-105 53 10 5 21 12 1 150 NA 2,8 0,5 7,2 7,5GY4/2

105-165 47 7 6 34 17 1 147 NA 3,1 0,5 7,3 2,5GY4/3
Site II

0-10 19 4 11 96 40 2,7 147 162 7,6 3,5 6,6 5YR2/3
10-20 15 3 2 24 12 1,0 156 95 11,1 1,5 5,7 5YR4/4
20-27 19 4 4 46 30 2,1 138 127 5,6 1,0 5,5 5YR2/3
27-39 15 2 2 23 38 0,3 137 67 3,9 0,5 5,2 5YR4/1
39-45 10 2 2 8 22 0,2 133 124 1,8 0,7 5,6 7,5YR6/8
45-58 9 1 2 7 23 0,2 132 92 2,4 8,2 5,6 7,5YR4/6
58-63 17 2 2 15 179 0,1 182 296 18,8 15,4 NA 7,5YR2/2
63-83 18 2 2 24 69 0,1 176 404 23,5 8,8 NA 10YR2/1
83-95 10 2 3 16 87 0,1 128 504 17,7 1,6 5,1 10YH2/2

Intervention Values (Anonymous, 1996)
48 49 96 126 43 7 10% Org.C, 8% clay
48 38 96 95 43 4 1.5% Org.C, 8% clay
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polyvinyl-chloride plant, indicating that the river has flooded
this area. The higher elevation of the left riverbank compared
to the right side of the river suggests that dredged sediments
has probably been disposed at this place. Moreover the upper
part of the soil profile show an elevated CaCO3-content
(10%), a near neutral pH and lack a layering pattern. In the
undisturbed core taken on the right riverbank some distinct
layers of sediment deposed during different flooding events
could be distinguished.

Table 2: Concentrations of heavy metals, As and Cl- in the
porewater of selected soil profiles at Site I and II.
Intervention Values for groundwater (Anonymous, 1996) are
given as indicative values.

Depth Cr Ni Cu Zn As Cd Ba Cl-
cm µg/l µg/l µg/l µg/l µg/l µg/l µg/l mg/l

Site I
0-15 1 43 51 <1 <1 1 300 909

15-30 2 56 56 <1 2 1 261 4543
30-45 2 33 40 6 <1 3 307 2068
45-60 5 66 62 59 3 5 647 4653
60-75 6 61 53 47 4 <1 883 7970
75-90 5 96 95 446 <1 1 1502 4853

90-105 6 58 61 616 5 3 1340 5766
105-165 17 138 158 1034 18 6 4432 5989

Site II
0-10 <1 19 5 102 3 3 58 119

10-20 <1 14 178 <1 <1 <1 16 114
20-27 <1 30 22 1 <1 <1 34 106
27-39 <1 9 15 <1 <1 <1 13 92
39-45 <1 14 <5 12 <1 <1 31 92
45-58 <1 12 <5 <1 <1 <1 16 95
58-63 NA NA NA NA NA NA NA NA
63-83 <1 9 <1 2 0,20 <1 9 <20
83-95 <1 6 <1 5 0,22 <1 17 <20

Intervention Value for groundwater
50 40 100 100 20 5

In the Flemish Legislation on Soil Remediation
(Anonymous, 1996), threshold values for heavy metals in
soil are given, depending on clay content and organic matter
content of the soil. The soils of the studied area (Site I and
II) have clay content between 6% and 10% and a variable
organic matter content. As indicative values, Intervention
Values were calculated for a soil containing 3% clay and
10% or 1.5% organic matter respectively. Both dredged
sediments and overbank sediments contain levels of Cd, As,
Zn, Ni and Cr exceeding Intervention Values for
contaminated soils. The larger extent of the As- and Cd
pollution, both in vertical and horizontal direction may be
explained by the fact that, initially, effluents mainly
contained As and Cd; later considerable amounts of Zn, Cr
and Ni were also discharged in the river. An other possibility
is that As and Cd are more mobile and were leached from
surface soil, especially since chloride has a marked effect on
the mobility of Cd. The general pattern of decreasing metal
concentrations with increasing distance from the river
channel is not always followed. For example, in the regularly
flooded area local maximum concentrations were observed
70 m from the riverbank. According to Walling and He
(1998) diffusion effects give rise to maximum suspended

sediment concentrations and maximum sediment deposition
close to the river channel.  They nevertheless pointed to the
importance of local microtopography, since depressions can
entail high sediment accumulation rates.

Correlation analysis was performed to deduce possible
associations between heavy metals, major elements and soil
organic carbon. K was taken as a proxy for the clay content.
First the complete data set was considered (66 samples) i.e.
dredged sediments, sediments deposited by flooding and
‘natural soils’ (not influenced by antropogenic pollution).
From the heavy metals, only Cr displayed a positive linear
correlation with K (R2= 0.78), suggesting an antropogenic or
diagenetic origin of the other heavy metals and As. A
positive correlation was also noticed between total Fe and As
content  (R2= 0.52) (Fig. 2).
Omitting dredged sediments and overbank sediments from
the dataset, did not result in a better correlation between
heavy metals and total Fe, Al/K or organic carbon;
presumably different soil components contribute in a
variable way to the binding of heavy metals. A much better
correlation is however obtained (R2 = 0.89) between total
Fe-and As concentrations. The monotonic increase of As-
concentrations with Fe-concentrations indicate an
association of As with the Fe-(hydr)oxide content of the soil.
Glauconite is a Fe- and K-rich and Al-poor mica of marine
biogene origin (Deer et al., 1992), containing As-
concentrations up to 60mg/kg. Infiltration of acid rainwater
in the elevated parts of the valley dissolves free iron and
arsenic from the glauconite-rich sediments and groundwater
transports Fe and As in reduced form. In the creek valley,
seepage of the groundwater results in the oxidation of Fe and
coprecipitation of Fe and As. In 1987, the occurrence of
arsenic in a number of creek valleys in the western part of
the province of Limburg (North Belgium) was investigated
(LISEC, 1988). They found a positive correlation (R = 0.68,
n=24) between total Fe and total As-concentration in
samples originating from peat soils in the valley depressions.
When the undisturbed cores that were sampled in more detail
were considered separately, a number of correlations could
be deduced. In the first borehole, taken in the regularly
inundated floodplain Cr, Cu and Zn seemed to be linearly
correlated (R2 = 0.93-0.97) with total K-content, which can
be used as an approximation for the clay-content
(glauconite).  Apparently, Cr, Cu and Zn are associated with
the clay fraction of sediments deposited during overbank
flooding. Strikingly, only Ni correlates positively (R2=0.79)
with organic matter and Ca-content, while the other metals
show no or even a negative correlation with organic matter.
For As an association with Fe is apparent, but not very clear,
possibly because of the joint occurrence of antropogenic and
diagenetic sources. No such trends could be deduced for Cd.
The second borehole was placed on the left side of the river
channel that was slightly more elevated than the right side at
this location. A significant positive correlation R2=(0.92-
0.97) between Cd, Zn, Cu, Cr and Ni with total Ca-content is
observed. For As and Ba, a multiple regression with both Ca
and Fe gave the best correlation. The upper 15cm of this
borehole presumably consist of Ca-carbonate rich dredged
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sediment, under this material all metals except As decrease
drastically.

Fig. 2: Scatterplot of As-concentrations as a function of total
Fe in soil samples of Site I (Number of samples = 66)

Flooding also occurs at Site II, but less frequent than at Site
I. Moreover, this site is located 10km from the effluent
ejecting point and water of the Grote Beek river is mixed
with water of the (unpollluted) Kleine Beek river, which
causes a dilution of heavy metals and As in water and
sediments of the ‘Zwart Water’ river. Slightly increased
concentrations of Zn, Cd, Cu and Ni occur in the upper 30cm
of the soil profile near the river, but Intervention Values are
not exceeded for these elements, except for Zn in one
sample. As-concentrations, however, show an irregular
pattern with depth and exceed the intervention value of
43mg/kg in several samples. No significant correlation
between total element concentrations and soil components
could be deduced.  Further away from the river (25m),
concentrations of Cr, Ni and Ba are positively correlated
with Al-content and Zn correlates well with Mn. For Cu, Pb
and Cd the elevated concentrations in the upper layers of the
profile may be explained by deposition of some
contaminated sediments, while the slightly elevated Cu- and
Pb concentrations at a depth of 44-61cm are related to the
high clay content. Glauconite sediments were not
encountered at the bottom of the soil profiles, as was the
case on site I.  In contrast to the latter soils, high organic
carbon content is found in the lower part of these profiles,
together with high sulfur concentrations because of the
occurrence of a peat layer.

Since the samples were taken in April 2001, after a period of
rainfall during which no flooding occurred, downward
leaching of metals may explain the inverse trend of metal
concentrations in soil and soil porewater. Furthermore,
chlorocomplexes of heavy metals, especially of Cd
substantially will increase their mobility in soil (Hahne and
Kroontje, 1973). Infiltration of river water in the sandy
subsoil is also possible, since Cl- concentrations in the river
water approximate porewater concentrations in the sandy
horizon. Since the Flemish Legislation on Soil Remediation
(Anonymous, 1996) doesn’t comprehend threshold values

for contaminants in soil porewater, intervention values for
groundwater are given for comparison. These values are
exceeded for Zn, Ni, Cu and Cd in one or more samples at
site I. Cr and As however display a low mobility and
bioavailability. At site II, the low heavy metal concentrations
in the porewater are in accordance with the much lower
degree of pollution at this location.

Conclusion

Alluvial sediments of the Grote Beek river are polluted with
heavy metals and arsenic as a consequence of wastewater
discharge. Moreover, the elevated As-concentrations also
have a diagenetic origin (glauconite). In regularly flooded
peat soils, contamination of especially Cd and As is
extended to more than 50m from the river channel. The
sandy soils 10km downstream are hardly influenced by
polluted sediments. Further research will focus on speciation
of heavy metals and As in overbank sediments and on the
influence of pH, redox conditions and chlorides on heavy
metal mobility.

Aknowledgements
The research is financed by the Flemish Institute for the promotion
of Scientific-Technological research in the Industry (IWT).

REFERENCES

ANONYMOUS. 1996. Vlaams reglement betreffende de
bodemsanering – VLAREBO. Openbare Afvalstoffen-
maatschappij voor het Vlaams Gewest, Publicatienummer
D/1996/5024/5, 1996,  63 pp.

DEER W.A., HOWIE R.A., ZUSSMAN J., 1992. An introduction
to the rock-forming minerals. Longman, Harlow, 2nd ed., 696
pp.

HAHNE H.C.H.& KROONTJE, W. 1973. Significance of pH and
chloride concentrations on the behaviour of heavy metal
pollutants: Hg(II), Cd(II), Z,(II) and Pb(II). J. Env. Qual. 2,
444-450.

LISEC, 1988. Natuurlijk arseen in Limburgse beekvalleien,
Jaarverslag 1988. Studiecentrum voor Ecologie en Bosbouw,
Bokrijk.

PARIDAENS, J. & VANMARCKE, H., 2001. Inventarisatie en
karakterisatie van verhoogde concentraties aan natuurlijke
radionucliden van industriële oorsprong in Vlaanderen. Studie
in opdracht van de Vlaamse Milieumaatschappij. SCK.CEN,
Departement Stralingsbeschermingsonderzoek, Mol.

WALLING, D.E. & HE, Q., 1998. The spatial variability of
overbank sedimentation on river floodplains. Geomorphology
24, 209-223.

R2 = 0,5231

0

100

200

300

400

500

600

0 5 10 15 20

Fe(%)

A
s(
m
g
/k
g
)


	1
	1 Fysicochemische Geologie, Katholieke Universiteit Leuven, Celestijnenlaan 200C, B-3001 Heverlee. Valerie.Cappuyns@geo.kuleuven.ac.be &    Rudy.Swennen@geo.kuleuven.ac.be
	KEYWORDS: heavy metals, overbank sediments, pollution
	Introduction
	Fig. 1: Localization of the study area and sampling sites
	Results
	Concentrations of some heavy metals, As and Cl- in the porewater of two soil profiles (Site I and II) are given in table 2. Close to the river channel, chloride- and metal concentrations in porewater increase with depth although total metal concentration
	Discussion
	Site II

	p
	
	
	Site I
	Site II
	Intervention Value for groundwater
	Conclusion





	REFERENCES

