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Preface

The poster session was divided in two paralel sessions. One with research focussed on
accumulation and one with research focussed on effects. In this book the posters are
presented.
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The biological significance of metals partitioned to sub-cdlular fractions
within earthwor ms (Aporrectodea caliginosa)

Martina G. Vijver,*T Cornelis A.M. van Gestel,T Nico M. van Straalen,t Roman P. Lanno,
Willie J.G.M. Peijnenburg,§

T Ingtitute of Ecologica Science, Vrije Universiteit, De Boelelaan 1085, 1081 HV
Amsterdam

* current address University of Leiden, Department of Environmental Sciences, P.O.Box
9518, 2300 RA, Leiden

T College of Ecologica Science, Department of Entomology, The Ohio State University,
Columbus, Ohio

§ Laboratory for Ecological Risk Assessment, National Institute of Public Health and the
Environment, P.O. Box 1, 3720 BA Bilthoven, The Netherlands

Keywords: sub-cellular fractionation, oligochaetes, metal accumulation, risk assessment

Abstract

Metal ions in excess of metabolic requirements are potentialy toxic and must be removed
from the vicinity of important biological molecules to protect organisms from adverse effects.
Correspondingly metals are sequestrated in various forms, defining the accumulation pattern
and the magnitude of steady-state levels reached. To investigate the sub-cellular fractions over
which metals are distributed, earthworms were analysed by isolating metal-rich granules and
tissue fragments from intracellular microsomal and cytosolic fractions (i.e., heat-stable and
heat-denaturated proteins). The fractions showed metal-specific binding capacity. Cd was
retrieved from the protein fractions. Cu was equally distributed over the protein fraction and
the fraction consisting of tissue fragments, cell membranes and intact cells. Zn, Ca, Mg, and
As were aso found in this fraction. Pb, Fe and Ni were mainly isolated from granular
fractions. Type of accumulation patterns within different experiments, could be understood
using sub-cellular compartmentalization. For risk assessment purposes, sub-cellular
distribution of metals may allow for amore precise estimate of effects than total body burden.
The identification of the sub-cellular partitioning appears useful in determining the biological
significance of steady-state levels reached in animals.
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The biological significance of metals partitioned to sub-cellular
fractions within earthworms (Aporrectodea caliginosa)

Martina G. Vijvert* § Cornelis A.M. van Gestelt Nico M. van Straalent Roman P. Lannof Willie J.G.M. Peijnenburg§
ETC 2006 vol. 25 pp. 807-814

Introduction

Metal ions in excess of The type of accumulation patterns can be explained by sub-
metabolic requirements are  cellular distribution. Some fractions remain at a constant level, and
potentially toxic and must be some have increased metal concentrations with exposure time
removed from the vicinity of (see Figure 3). Cd accumulation could best be described using a
important molecules to protect  one-compartment model and Ca accumulation was best modeled
organisms from adverse  using a linear uptake pattern.
effects. To investigate sub-
cellular fractions over which
metals are distributed,
Figure 1: Aporrectodea caliginosa earthworms were analyzed by

isolating metal-rich granules

and tissue fragments from intracellular microsomal and cytosolic

fractions (i.e., heat-stable and heat-denaturated proteins).

Results

The fractions showed metal-specific binding capacity.

. ) . Figure 3: Cd and Ca concentrations in earthworms are given
— Cd was retrieved from protein fractions.

- ) ] ] over time. indicate the metal concentration within the granular
—Cu was equally distributed over protein fraction and fraction [EiEtilelsB indicate the nuclei, cell membranes and tissue

consisting of tissue fragments, cell membranes and intact cells. fraction; # indicate cytosolic fraction;  describes the total
—2Zn, Ca, Mg, and As were also found in this fraction. accumulation pattern.
—Pb, Fe and Ni were mainly isolated from granular fractions.
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Figure 2: overall pattern of metal distribution in earthworms (n=128) Figure 4: fractions assumed to be important for
describing: [ uptake, BJtoxic pressure, E]trophic transfer,
elimination.

Whereas sequestration is preventing ions to circulate freely
through the organisms, it plays an important role in detoxification
and thus toxicity. It is likely that tightly bound metals cannot be
transferred towards higher trophic levels in the food chain.
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The different sequestration forms of metals have consequences ConCI usion

on elimination rates. This has impact on the magnitude of steady-

state levels reached. For risk assessment purposes, sub-cellular distribution
of metals may allow for a more precise estimate of
effects than total body burden. The identification of the
sub-cellular partitioning appears useful in determining
the biological significance of steady-state levels

®
! 'VI I l reached in animals.
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M odelling bioaccumulation of sediment-bound PAHs and PCBs

Caroline T.A. Moermond', Theo P. Traas', Karin Vetman?®, Ivo Roessink™ A. Jan Hendriks®,
Albert A.Koelmans'

TAquatic Ecology and Water Quality Management Group, Department of Environmental
Sciences, Wageningen University, Wageningen, the Netherlands

*RIVM, Bilthoven, The Netherlands

8Department of Environmental Studies, Radboud University Nijmegen, Nijmegen, The
Netherlands

Keywords: Bioaccumulation, PAHs, PCBs, model

Abstract

Flood plain lake sediments are often loaded with persistent organic chemicals, which pose a
potential threat to benthic and pelagic food webs. Bioaccumulation models may help to assess
this risk, but systematic studies evaluating alternative modelling approaches using a single
dataset are scarce. Therefore, we evaluated three mgor choices which can be made in
bioaccumulation modelling: (1) linear versus matrix food web structures; (2) in- or excluding
resistant HOC fractions, by accounting for slow desorbing black carbon-bound fractions; (3)
different food uptake routes, in- and excluding uptake through ingestion of sediment. Data for
the models were taken from a model ecosystem experiment with historically contaminated
sediment, which was additionally spiked with two PCBs and one D-PAH. Biota to Sediment
Accumulation Factors (BSAFs) were calculated from these data for a suite of PCBs and
PAHSs, and compared with model results. It appeared that choices 1 and 3 did not yield major
differences in quality of fit. The most important finding was that including a term for black
carbon in the models greatly improved model results, especialy for PAHS.
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I nvestigating the validity of the Species Sensitivity Distributions approach
with SSEO data

Author:Posthuma, Leo, Bilthoven, RIVM, Nederland

Co-author

Wintersen, A, Bilthoven
De Zwart, D, Bilthoven
Van den Ende, F., Lelystad
Vijver, M., Bilthoven
Posthuma, L., Bilthoven

Keywords: Field effects, SSEO, Species Sensitivity Distributions, Validation

Abstract

The concept of Species Sensitivity Distributions (SSD) reflects the fact that “all animals are
unequal” with respect to their response to toxicant exposure. By describing the distribution of
sensitivities by an SSD, a two-way option for risk management has been created. First, the
concept is used to derive environmenta risk limits. Second, the concept alows for the
quantification of local toxic pressures that result from local exposure concentrations in
contaminated habitats. In the case of mixture exposures in the field, the concept can be
combined with exposure modelling and mixture modelling. The aim of the validation project
of SSEO was to investigate whether different models do accurately predict impacts of
mixtures at low concentrations in the field. In this poster, the results of validation research
into the accuracy of SSD-based toxic pressure predictions are shown.
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The data of SSEO compiled: what isthere, what istheir use?

Author: Posthuma, Leo , Bilthoven, RIVM , Nederland

Co-auth or(s)

Vijver, M., Bilthoven
Kuenen, F., Bilthoven
Posthuma, L., Bilthoven

Keywords: Data sets, Modeling, SSEO, Validation

Abstract

The SSEO-program has resulted in a “set of data sets’, from an array of researchers. Separate
data sets were aready studied, with specific aims and results, as presented elsewhere. This
poster provides insight in these data when compiled. For the “validation project of SSEO”,
SSEO-researchers have offered their data for compilation, with the aim of further
interpretation. The following scientific “effects’ were thus reached: (1) higher statistical
power when separate data sets suffered from lack of power, and (2) potentia to address
further scientific questions. Data of similar and dissimilar kinds were thus brought together.
This poster shows which data are there regarding to both data type and data number.
Statistical descriptions of the compiled data, providing data amounts, medians, et cetera, are
presented. These data descriptions are the basis for focusing the validation research, that is:
the efforts to study the validity of models currently used in environmental regulation could be
focused on those models for which data are available.
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Risk assessment of heavy metals and organic pollutantsfor herbivorousand
carnivorous small mammal food chainsin a polluted floodplain (Biesbosch,
The Netherlands)

Hamers, Timo, Amsterdam, Vrije Universiteit Amsterdam, Nederland

Co-author(s): Van den Berg, J.H.J., Wageningen
Van Gestel, C.A.M., Amsterdam

Van Schooten, F.J., Maastricht

Murk, A.J., Wageningen

Keyword: bioaccumulation, biomarkers, diffuse pollution, food chain

Abstract

A risk assessment was made for a carnivorous and an herbivorous food chain in the Biesbosch
area, a heavily polluted natural estuary of the rivers Rhine and Meuse. Common shrew (Sorex
araneus) and bank vole (Clethrionomys glareolus) were selected as representative small
mammal species for the carnivorous and herbivorous food chain, respectively. In addition,
earthworms and snails were studied as representative prey species for the carnivorous food
chain. Independent of the inundation frequency of the floodplain, metals contributed most to
the total risk for small mammals and earthworms. Especidly for S. araneus, polychlorinated
biphenyls - but not polycyclic aromatic hydrocarbons - contribute to the overall risk at
regularly inundated locations. Exposure above critical effect level was found for both small
mammal species. Given the higher exposure levels and bioaccumulating potency found for
contaminantsin S. araneus, it is concluded that the carnivorous food chain is most at risk.
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Heavy metalsin food chains: transfer of heavy metals from earthworms- to
Black-tailed godwits at a polluted field sitein The Netherlands.

Ir. M.Roodbergen
Alterra (WUR) Wageningen
Rijksuniversiteit Groningen

Dr. C. Klok
Alterra (WUR) Wageningen

Abstract

Numbers of Black-tailed godwits are declining in Western Europe. A large part of the
population breeds in The Netherlands. Therefore this country has a large responsibility in the
conservation of this species. Conservation measures taken often have limited success.

Many soils in The Netherlands are polluted. This may have an additional negative impact on
an aready vulnerable species. Earthworms, the main prey of godwits during the breeding
season, are known to accumulate heavy metals from the soil. This could negatively affect the
food supply for godwits and together with secondary poisoning may result in lower survival
and reproduction.

We show to which extent heavy metals from the soil are passed on to godwits by earthworms.

Heavy metals have been measured in eggs and feathers of godwits, in soil and earthworms
from a contaminated and areference site in The Netherlands.

Preliminary results show that concentrations of Cd, Cu, Pb, Hg and Zn are elevated in the
contaminated area. Thisis reflected in the concentrations found in earthworms, except for Zn,
which is often regulated. The elevated levels of Pb and Hg are passed on to eggs and of Hg to
feathers of godwits.
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Accumulation risksin elevated and in flooded areas of diffusively, heavy
metal polluted floodplains.

Drs. Sander Wijnhoven

Radboud Universiteit Nijmegen

Faculteit der Natuurwetenschappen, Wiskunde en Informatica, Department Milieukunde
Postbus 9010

6500 GL NIIMEGEN

Abstract

Ecotoxicological risk assessment of sediment contamination in floodplains generally focuses
on the regularly flooded parts, as this is where the highest total heavy metal contents can be
found. Our comparison of regularly flooded and non-flooded areas in a diffusively polluted
floodplain along the river Rhine showed, however, that the CaCl2-extractable contents of zinc
were highest in the non-flooded areas and those of lead and cadmium comparable in the two
areas. The metal contents of vegetation of non-flooded areas were at least similar to those of
regularly flooded areas. Zinc contents of earthworms were found to be higher in regularly
flooded areas, but contents of copper, lead and cadmium were not. The findings may be
explained by the contribution of river- and rainwater to the groundwater composition, the
organic matter content, and the contamination level. Therefore non-flooded areas in
floodplains should also be taken into account in metal accumulation studies.
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Metal Accumulation in the Earthworm Lumbricus Rubelus. M odel
predictions compared to field data

Karin Veltman' ', Mark A.J. Huijbregts', Martina G. Vijver", Willie J.G.M. Peijnenburg ,
Peter H.F. Hobbelen'§, Josee E. Koolhaas, Kees A. M van Gestel', Petra C.J. van Vliet®, A.
Jan Hendriks'

Department of Environmental Science, Institute for Wetland and Water Research, Radboud
University (RU) Nijmegen, P.O. Box 9010, 6500 GL Nijmegen, the Netherlands, Institute for
Environmental Sciences (CML), Leiden University, P.O. Box 9518, 2300 RA Leiden, the
Netherlands, Nationa Institute for Public Health and the Environment (RIVM), Laboratory
for Ecotoxicology, P.O. Box 1, 3720 BA, Bilthoven, the Netherlands, US Geological Survey,
Biological Resources Division, Nationa Wildlife Health Center, 6006 Schroeder Rd.,
Madison, WI 53711 — 6223, USA, Institute of Ecological Science, Vrije Universiteit, De
Boelelaan 1085, 1081 HV Amsterdam, and Section Soil Quality Wageningen University,
Bode 5, P.O. Box 8005, 6700 EC Wageningen, the Netherlands

Abstract

The bioaccumulation model OMEGA (Optimal Modeling for Ecotoxicological Applications)
is used to estimate accumulation of zinc (Zn), copper (Cu), cadmium (Cd) and lead (Pb) in the
earthworm Lumbricus rubellus. Our validation to field accumulation data shows that the
model accurately predicts internal cadmium concentrations. The model needs incorporation of
regulation to improve predictability of the essential metals zinc and copper. Pore water —
mediated uptake via the skin is assumed to be the predominant exposure route for earthworms
and ingestion of soil is excluded. Elimination kinetics are modeled following two approaches.
Firstly, elimination is estimated as the sum of excretion, egestion and biomass dilution,
providing a maximum elimination rate. Secondly, earthworms may store metals in an
irreversible form, yielding a minimum elimination rate, assuming release via growth dilution.
Generally, predicted internal concentrations of all metals are within a factor of five compared
to field data. Measured Cd concentrations in the earthworms are accurately predicted by
OMEGA using a minimum elimination rate. In contrast, accumulation of lead is in reasonable
agreement with model estimations assuming maximum elimination. OMEGA is less capable
of predicting the accumulation of essential metas, like copper and zinc, probably due to
effective regulation of internal concentrations of these metals

Corresponding author phone: +31-2436-52725; fax: +31-24365-3030; e-mail:
K.Veltman@science.ru.nl

" Radboud University

_National Institute of Public Health and the Environment

" Institute of Ecological Science

“ Wageningen University

$ National Wildlife Health Center (present address)

* Leiden University (present address)
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Bioaccumulation of PAHs including sor ption to soot

Hauck M.%, Veltman K.}, Van de Heuvel-Greve?, M., Vethaak D.2, Moermond C.T.A 2,
Koelmans A.A .2 Hendriks A.J.!

'Department of Environmental Science, Radboud University, Nijmegen

“National Institute for Coastal and Marine Management, Middelburg/The Hague
3Aquatic Ecology and Water Quality Management Group, Wageningen University,
Wageningen

Keywords: bioaccumulation, polycyclic aromatic hydrocarbons, soot sorption, modeling

Abstract

Bioaccumulation of polycyclic aromatic hydrocarbons (PAHS) can be estimated by using the
model OMEGA. Comparisons to aquatic, terrestrial and marine data have shown an
overestimation of bioaccumulation factors for PAHs. This deviation has been attributed to
reduced bioavailability of PAHs due to sorption to soot particles in the sediment. Soot
sorption is now taken into account when calculating sediment-water partitioning in OMEGA.
First comparisons to data on bioaccumulation in marine low trophic level species (Arenicola
marina, Mytilus edulis) show an improved estimation of bioaccumulation factors. The
reduced bioaccumulation factors depend on the soot content in the sediment as well as on the
PAH concentration in water. Further investigation of these relationships for a broader range of
datais expected to improve the prediction of accumulation levels.
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System structur e affects PAH and PCB cycling in floodplain lakes

Author: Roessink, Ivo, Wageningen, Alterra, Nederland
Co-author(s): Koelmans, A. A., Wageningen, Moermond, C. T. A., Wageningen

Keyword: PAH, PCB, model ecosystem, structure

Abstract

To increase water storage capacities, lakes and river arms in floodplains are (re-)excavated.
Consequently, new systems get exposed to historically contaminated sediments, whileit is
unknown if and how these contaminants will disperse through the ecosystem. To test this,
contaminated floodplain |ake sediment was brought into indoor model ecosystems. Four
different systems (n=3) were constructed (fish, macrophytes, macrophytes with fish, no
macrophytes and no fish). Community metabolism, biomasses, and polychl orobiphenyl (PCB)
and polyaromatic hydrocarbon (PAH) concentrations in sediment, suspended solids and biota
were monitored for four months. PAHs and PCBs rapidly dispersed in all systems. If present,
macrophytes scavenged significant fractions of these substances, lowering concentrationsin
other compartments (biodilution). Fish presence not only structured the invertebrate
community but also enhanced contaminant uptake in the macrophyte, zooplankton, and
suspended solids compartments. These findings indicate that system structure impacts PAH
and PCB cycling. This knowledge can be used for the protection of higher trophic levels.
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Biogeochemical regulation of metal availability in wetland sediments by
sulphur and nitrogen

M.E.W. van der Wellel, S.C.M. Haajer2, L.P.M. Lamersl, Smolders3, A.JP. & JG.M.
Roelof sl

1 Dept of Aquatic Ecology and Environmental Biology, Radboud University Nijmegen

2 Dept of Microbiology, Radboud University Nijmegen

The Netherlands

3 Research center B-Ware, Nijmegen, the Netherlands

Keywords: pyrite, nitrate, metals, pollution, biogeochemistry

Abstract

As aresult of intensive agriculture in the Netherlands, high concentrations of nitrate are found
in surface water and groundwater of many freshwater wetlands. In waterlogged (sub)soils,
sulphide containing deposits (mainly iron sulphides) are oxidized by the chemolithotrophic
microbial reduction of NO3, thereby increasing sulphate concentrations in the groundwater.
Depending on the actual pH, pyrite-associated metals may simultaneously be rel eased into the
groundwater. In field experiments it has been found that increased NO3 pollution can indeed
lead to oxidation of iron-sulphides and decreased sulphate reduction. This could also be
demonstrated in controlled mesocosms.

High NO3 concentrations can, however, also act as a redox buffer, thereby decreasing the
mobility of metals in the sediment. Although this may be beneficial for toxic metals, it may
also lead to deficiency symptoms in plants with respect to essential metals like iron. Based on
field observations and microcosm experiments, our poster will discuss the mechanisms by
which S and N pollution may interfere with metal biogeochemistry and indicate the
implications for metal toxicity assessment.
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Dynamics of metal availability and toxicity in wetland soils after flooding.

Authors
H.G. van der Geest
M. Leon Paumen

Department of Aquatic Ecology and Ecotoxicology, Universiteit van Amsterdam. Kruislaan
320, 1098 SM, Netherlands. (H.G.vanderGeest@uva.nl)

Department of Animal Ecology, Vrije Universiteit Amsterdam, De Boelelaan 1085, 1081 HV,
Amsterdam, Netherlands.

Keywords: Metal bioavailability, flooding, wetland ecotoxicology.

Abstract

Due to changes in land-use of riverine wetlands, polluted layers that have previously been
covered are suddenly exposed to the surface. Flooding of these potentially toxic sediments is
likely to have a profound effect on the bioavailability of metals. To quantify these effects,
clean and polluted sediments were transferred to artificial streams with a continuous flow of
natural river water. Redox profiles were continuously measured and changes in the
availability of Cu were quantified by DGT and related to uptake and effects in benthic
organisms. It was observed that bioavailability of Cu fluctuates with hydrological conditions.
In addition, differencesin algal colonization potential were found, but these were not directly
correlated to the short-term dynamics of Cu bioavailability. At a longer time scale, similar
micro-algal communities developed on floodplain sediments independent of the metal load,
even when Cu exceeded the Max. Allowable Concentration. These observations illustrate that
the dynamics of these wetland systems determine the bioavailability and thereby the
ecological consequences of metalsin historically polluted soils.
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Elucidate metal reactivity and availability in a floodplain by title means of
geochemistry and metal speciation

Author: Spijker, Job , Bilthoven, RIVM, Nederland

Co-author(s): Vijver, M. G., Bilthoven
Vink, J. P. M., Lelystad
Posthuma, L., Bilthoven

Keyword: enrichment, floodplain soil, geochemical patterns, metal speciation

Abstract

Like elsewhere, the Dutch generic, preventive environmental policies concerning metals in
soil and sediments are based on total concentrations. No difference is made between metal
fractions of anthropogenic influence and geogenic background nor between bioavailable and
non-bioavailable fractions. For site-specific ecological risk assessment (ERA) this approach
does not satisfy the need to consider local exposure, or bioavailability, as related to human
influences and natural background concentrations. Our study tries to disentangle the four
different metal fractions and estimate the reactivity of four metals (Pb, Zn, Cd, and Cu) using
near-total and sequential extracted metal concentrations of a floodplain soil. The study
accommodates a method constructed on the principle of geochemica baselines and metd
speciation modeling to obtain information about the bioavailable fraction out of total metal
concentrations, thus providing the necessary input for site-specific ERA.
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Species functioning in contaminated soils; the relevance of environmental
heter ogeneity

Presenting author: Heemsbergen, D.A. CSIRO division Land and Water
Contact address:

CSIRO

PMB 2

5064 SA Australia

phone nr. + 61 8 8303 8703

fax nr. + 61 8 8303 8565

email: diane.heemsbergen@csiro.au

(Co-)authors
Heemsbergen, D.A 12
Faber, JH.2

Berg, M.P.1

Verhoef, H.A.1

Affiliations:

1 vrije Universiteit Amsterdam, Institute of Ecologica Science, De Boelelaan 1085, 1081 HV
Amsterdam, The Netherlands

2 Alterra, Postbus 47 6700 AA Wageningen, The Netherlands

Keywords: Heavy metals, soil organisms, decomposition, ecosystem functioning

Abstract

Vertical distribution of soil organisms is affected by abiotic and biotic factors. Sail
contamination may interfere with the natural patterns of distribution by deterioration of
micro-sites in the soil profile otherwise favorable. In this presentation we show the results of
both laboratory and field studies performed to test the hypothesis that exposure to
contaminants can affect vertical stratification of soil fauna and consequently influence soil
functioning. Field studies showed no effect of contamination on detritivore community
structure or soil characteristics. In the laboratory, a microcosms study showed the functional
importance of species found in the field. Furthermore, three species differing in their life
history traits were tested on avoidance of contaminated layers. The results of the species
functioning and their relation to soil contamination will be presented, with discussion on
ecological relevance.
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Consequencesfor structureand function in long-term polluted ecosystems,
experimentswith intact soils and stress-on-stress

Author Kools, Stefan , Amsterdam, Vrije Universiteit , Nederland

Co-author(s)

Boivin, M-E.Y ., Bilthoven

Van der Wurff, A.W.G., Wageningen
Berg, M.P., Amsterdam

Van Gestel, C.A.M., Amsterdam
Van Straalen, N.M., Amsterdam

Keywords: ecosystem level effects, heavy metals, soil, structure and function

Abstract

Ecological effects of long-term heavy metal pollution are largely unknown. Grassland soilsin
certain areas in the Netherlands (e.g. De Ronde Venen) are patchily polluted with Cu, Pb and
Zn since the 1600s. We incubated and monitored intact field samples in Terrestrial Model
Ecosystems from the lowest and highest polluted patches to indicate ecological consequences
on different biological levels, from organisms to ecosystem processes. Metals affected
structural endpoints, such as bacteria, nematodes and enchytraeids. The effects were subtle
while functional endpoints were unaffected. Yet, stress-on-stress studies using zinc or heat
indicated that both structure (e.g. nematode

species-richness) and function (e.g. nitrogen cycling) at the highest polluted spots were more
vulnerable to additional stress levels. This study is among the first that describes disturbance
effects for chronically stressed soil communities. We advocate the integration of functional
endpoints, such as ecosystem stability, especialy useful for ecological risk assessment and
nature restoration plansin polluted ecosystems.
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Abstract

This study investigated the origin, transfer and effects of heavy metals (cadmium, copper,
lead and zinc) in a terrestrial soil-plant-snail food chain in Biesbosch National Park. The
selected food chain included the plant species Urtica dioica (stinging nettle) and the landsnail
Cepaea nemoralis (grovesnail or brown-lipped snail). The project finished by the end of
2005, and in this poster the main results are summarised. The research shows transfer of
heavy metals to and within the terrestrial soil-plant-snail food chain in the Biesbosch. The
‘old’ pollution in the soil still contributes to food chain transfer of metals. This old pollution
contains metals derived from industrial activities in the hinterland of the rivers Meuse and
Rhine. Contemporary atmospheric Pb pollution also contributes to Pb pollution levelsin plant
leaves and snails, despite low Pb concentrations in the atmosphere. The elevated
concentrations in nettle leaves and C. nemoralis snails do not cause sub-lethal effects on
consumption and reproduction of snails, and effects on growth are not likely either. The
excretion of Cd, and perhaps other metals, via the mucus is possibly contributing to the
absence of sub-lethal effects on snails at the low bioavailable metal concentrations in the soils
and nettle leaves of the Biesbosch floodplains.
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