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Biomonitoring tools for risk assessment of emergingollutants -
opportunities and challenges

Richard Owehand Tamara Gallowdy

! Environment Agency and University of Plymouth, UK.
2 University of Exeter, UK
email: richard.owen@environment-agency.gov.uk

Biomonitoring tools (e.g. bioassays, biomarkersnewnity analyses) have enormous
potential for reducing uncertainty in the risk asseent of both regulated and
emerging chemical pollutants. Reducing uncertaintyisk assessment can support
and justify the targeting of chemicals monitorirgivdty on a regional basis to those
areas validated as being at high risk with hightagety. Conversely, increased

confidence in risk assessments is critical for adtiag the reduction of monitoring

activity in areas designated as being at low reskd(thereby delivery of long term

financial savings through a targeted, risk — baseditoring approach). The potential

for use of biomonitoring tools such as biomarkerd hioassays to reduce uncertainty
in chemicals risk assessments under legislativendveorks such as the Water
Framework Directive has however yet to be fullyliseal.

We outline an integrated approach for incorporatibbiomonitoring tools within the
Water Framework Directive to reduce uncertaintyrigk assessment of hazardous
substances, both known and unknown. Data are pesbdor two field studies in
which this approach is trialled, highlighting bdtie potential power of the approach
and key challenges that the scientific and poliojnmunities will need to address
before it can be fully implemented.



A bioassay-directed monitoring strategy to asseshé risks of
complex pollutant mixtures in drinking water

Ron van der Oosand Minne Heringa

- Waternet, Research and Engineering, Toxicologisidin, Amsterdam, The Netherlands
2. Kiwa Water Research, Chemical Water Quality aealth, Nieuwegein, The Netherlands
email: ron.van.der.oost@waternet.nl

At present, the quality assessment of drinking wateis mainly based upon the
determination of water pollutant levels, and upon omparison of these levels with
legislative threshold values. However, there is agwing awareness that focusing
on chemical data alone is insufficient to assessettpotential risks of all emerging
pollutants. There is an increasing awareness thatgtiution-induced biological
and biochemical effect-analyses are needed to evata or predict the impact of
chemicals on human health. In this presentation anverview will be presented of
the potential effect parameters that may be relevanfor monitoring at different
stages of the drinking water production processin general, polar organic
compounds will pose the highest threat for the driking water quality since these
substances may be able to pass the active carbonrification step. In vivo
bioassays are already applied as biological alarmystems at the inlet of surface
water used for the drinking water production. Emphasis in this overview will
therefore be placed upon the use ah vitro assays as monitoring tools for the
assessment of human health risks due to pollutanis the water, from source to
tap. Potential biomarkers for the risk assessmentfdoxic substances in drinking
water could be those indicative of genotoxic, camsogenic, endocrine disruptive,
immunotoxic, neurotoxic, reproductive or teratogenc effects. Potential bioassays
for these effects will be presented. Moreover, detdication biomarkers and
potential risks of pharmaceuticals, such as the delopment of resistant bacteria
due to antibiotics, are also of interest. Availablanethods to analyze these effects
will be discussed. Future research will show hichffects are most important for
the quality assessment of drinking water. The releance of endocrine disruption
and genotoxicity have been demonstrated. Example$ the quality assessment of
drinking water (from source to tap) usingin vitro assays on endocrine disruption
(ER CALUX) will be given. Low levels of estrogeni@activity could be measured
after various steps of the purification process, buno health risks were identified.
In addition, a design to establish threshold valuedased upon the acceptable
daily intake (ADI) of reference substances will bgroposed, in order to use data
of in vitro assays for the assessments of human health risks.



Measurement of genotoxicity in (drinking) water

Minne B. Heringd, Stefan Voost Bart Wullings, Evgeni Eltzo%, Robert Mark3
and Ariadne Hogenbodm

! Kiwa Water Research, Chemical Water Quality analthe P.O.Box 1072, 3430 BB Nieuwegein,

The Netherlands

% Department for Biotechnology Engineering, Natiohmtitute for Biotechnology in the Negev, Ben-
Gurion University of the Negev, Beer Sheva, Israel

email: Minne.Heringa@kiwa.nl

Dutch drinking water and its sources are continlyoasreened for the presence of
contaminants to safeguard its good quality andtgaléne present chemical analysis
needs a complementary toxicity analysis to enableation of unknown hazardous
contaminants and to measure the total effect ofribxture. Because of the relatively
low levels of contaminants in these waters, loweddsxic effects, such as
genotoxicity, are most relevant.
It is aimed to set up a system to test water sasrfplegenotoxicity, comprising both a
mutagenicity and a chromosome aberration test. Shggem should be as fast,
sensitive and cheap as possible, and enable tiyssnaf fractionated water samples
for contaminant identification. An overview will bgiven of the many availablie
vitro test systems for genotoxicity and why we choseide the Ames Il assay in
combination with either the Comet or the Micronug@assay. We adapted the Ames
Il assay, a liquid culture version of the classimés test that can be performed in
multi-well plates, to make it more suitable for bs&s of water samples:

- developed a method to check for cytotoxicity alevith the Ames test and

- set up a new statistical evaluation of the desadtmit
First results of the validation of the test withstewater, surface water, groundwater
and drinking water samples will be presented. Addélly, we have studied how
water samples are best extracted and prepareadXioity analysis as well as chemical
analysis. In case of positive samples, we haveToxPrint fractionation method to
ease identification of the responsible compound.

A completely new way to analyze water for genotiyids by applying
genetically modified bacteria that luminesce aéileposure to genotoxic compounds.
We will describe our current work in developing@mline sensor with these bacteria
to screen water for genotoxic compounds a.o.



Profiling steroid receptor activity in effluents and
surface water samples using CALUX

Sander van der LindénMinne Hering4, Hai-yen Man, Leo Puijkér Edwin
Sonneveld, Bram Brouwet and Bart van der Butg
'BioDetection Systems B.V. (BDS), Amsterdam, theHéetands

2KIWA Water Research, Nieuwegein, the Netherlands
email: Sander.van.der.Linden@bds.nl

It is generally known that there are compoundsegres the aquatic environment that
can disturb endocrine processes. Although disropticthe endocrine process can be
caused by different processes, important targetsher endogenous nuclear hormone
receptors. Most research regarding the hormoneptecepathways focuses on
compounds that bind to the estrogen and androgegpter, but ligands for other
hormone receptors may also be present in the a&geatiironment, including the
natural hormones, pharmaceuticals and industriaimitels targeting these hormone
receptors.

Since all compound targeting the same receptoracaim concert, even if present in
very low concentrations, biological detection systeare important in determining the
total biological activity for specific receptors ife aquatic environment. These
bioassays have to be very specific, in order torifisnate between activities on the
different endocrine receptors.

Recently, we expanded our existing panel of CALUXI aceporter gene assays,
consisting of estrogen and androgens receptor sissd@yh assays responding to
progestins, glucocorticoids and thyroid hormonekisTpanel was utilized to test
different water extracts for hormone receptor aigtivThe sample preparation of
water samples for analysis in toxicity tests is iamportant determinant for the
outcome of these tests. Therefore, a comparison made between solid phase
extraction (SPE) and liquid-liquid extraction (LLE)he waters tested were municipal
sewage treatment plant effluent, industrial efflyeaw hospital effluent, tap water
and surface water. The results of these experinvéiitbe presented.



Chronic biotests with Potamopyrgus antipodarum Suitable tools for
the detection of endocrine disruption in aquatic easystems?

Claudia Schmitt Martina Duff, Lieven Bfrvoefs Eric De Deckereand Patrick
Meire

! University of Antwerp, Universiteitsplein 1, 26 Y@ilrijk, Begium.

2J. W. - Goethe University Frankfurt/Main, Siesmayeasse 70, 60054 Frankfurt/Main, Germany.
2 University of Antwerp, Groenenborgerlaan 171, 282@werp, Belgium.

email: claudia.schmitt@ua.ac.be

Within the last years, the research on endocrisaugtion in invertebrates increased
and nowadays there are several examples reportettheinliterature. Especially
prosonbranch snails have been recommended as prgroendidates regarding tire
vivo assessment of endocrine active chemicals, bedieseare highly sensitive
towards xeno-androgens (triphenyltin, tributyltmethyltestosterone and fenarimol)
and xeno-estrogens (bisphenol A, octylphenol, gtbsiradiol). The exposure of
parthenogenic females of the “New Zealand mudsiratamopyrgus antipodaruio
the xeno-androgens Triphenyltin (TPT) and Tribuyl(TBT) resulted in an
significant decrease in embryo production wherelyofalues of 30 ng TPT-Sn/kg
and 37.8 ng TBT (as Sn)/L were determined. The sxpmoto the well known xeno-
estrogens Octyphenyl (OP) and Bisphenol A (BPAllted in a significant increase
in reproduction and Efg values of 4 ng OP/kg and 0.19 ug BPA/kg were dated.
Also, biological effect monitoring studies with. antipodarumin several rivers or
estuarine areas revealed the capacity of this diidi® detect an androgenic or
estrogenic potential of sediment samples. Withi phoject MODELKEY, polluted
and reference sampling sites from three Europeaer basins (Scheldt, Elbe and
Llobregat) were selected, based on available data sediment and water
contamination. Anex situ approach withP. antipodarumshowed that half of the
polluted sediments led to an significantly increaseproduction compared to their
corresponding reference sites. Reasons for thaldcoot be explained with the
different physico —chemical characteristics of tested sediments, thus chemical
pollution could be assumed as being the main resplenfactor. The main goal is
now to interpret and explain those findings whitelging the gap betweesx sity in
situ and effect directed analyses (EDA).



Monitoring ecological significant effects of old ad new persistent
organic pollutants in protected top predators in the Arctic

Bjgrn Munro Jenssen

Department of Biology, Norwegian University of Suie and Technology, NO-7491 Trondheim,
Norway
email: bjorn.munro.jenssen@bio.ntnu.no

For Arctic top predators there are concerns thagl$eof persistent organic pollutants
(POPs) are above threshold levels for biologicéat$. In general populations of
Arctic top predators are low and they are proteci¢ais, protection and ethics makes
it very difficult to conduct invasive and destrweti experiments and samplings to
study effects of POPs in these species. One agpfoanonitoring effects of POPs
in Arctic predators involves non-destructive samglof tissues, blood or eggs, and
relating indicators of biological responses (bioke#s) to contaminant levels. Due to
logistic matters, it is often not possible obtainnton-destructive samples of tissues
that can be frozen on liquid nitrogen for analységene and protein expression.
Thus, the most common approach has been to usebtmdg samples or eggs, or a
combination of blubber biopsies and blood sampéas] to identify associations
between and biomarker levels and exposure. In Arctp predators associations
between POPs and biomarkers such as thyroid hosnaitamin A, testosterone,
estradiol and immunological variables have beentitled. The factor that probably
is the most limiting for a current use of the biokea approach to identify and
monitor effects of POPs in Arctic top predators,the lack of information on
reference values for biomarkers in these specigsh 8ncertainty makes it difficult to
interpret if biomarker levels in exposed animale ®aithin natural limits, or if the
animals are clinically affected. However, by standang sampling with respect to
species, age and season, by identifying referematees for biomarkers that are
relevant for reproduction and health, and by deit@ng to which extent these
biomarkers are influenced by other environmentatdis; it should be possible to
perform long-term monitoring of effects of POP%Arttic top predators.



The potential of lab-on-a-chip technologies for enkonmental
biomonitoring

Sabeth Verpoorte

Groningen Research Institute of Pharmacy, UniveitGroningen, Antonius Deusinglaan 1, 9700
AD Groningen, The Netherlands.
email: E.M.J.Verpoorte@rug.nl

Microfluidic or lab-on-a-chip (LoaC) technologiespresent a paradigm shift in ultra-
small-volume liquid handling, by integrating sampl@cessing into planar handheld
devices containing networks of micrometer-dimenstrthannels with lengths of
micrometers to meters. Overall system volumes ardghe order of nL, with the
capability of pL sample analysis. During operatidlujds are shuttled from one
region of the network to the other to undergo défe processing steps. For high-
throughput applications, arrays of parallel chasral other structures are possible.
These systems offer unique advantages for automatawls-off sample handling,
enhanced speed of analysis, and portability. Theytlaus very promising for the
development of single analytical modules incorparatll the necessary steps for
real-time monitoring purposes in a variety of difiet contexts, from hospital to
environment.

This presentation will consider a few exampleshef ase of lab-chip technologies for
environmental biomonitoring. Some of our own wonkthe mid-90s focused on the
colorimetric detection of ammonia, using the Beldheeaction to convert ammonia
to a coloured product. The reaction between ammamibreagents was carried out in
a microfluidic system primarily to reduce the reatgerequired, with an eye to
developing a system which could operate autonorgdesimonths at a time. More
recent examples both from our lab and others irevalwtomated nucleic acid analysis
in nL volumes for high-speed identification of pagienic species. The potential of
lab-chip systems for these types of applicatiorikhei explored in this presentation.



A toxicogenomics approach to biomarker development aquatic
toxicology

Van der Ven K. De Wit M., Moens L.N., Smolders R., van RemoRelDe Coen
W.M.

University of Antwerp, Middelheimcampus, Groenergeitaan 171, 2020 Antwerpen, Belgium
email: karlijn.vanderven@ua.ac.be

Every toxic compound exerts its initial effect bytaracting with its primary lesion
(binding to molecule, receptor, transporter), lagdio a chain of events orchestrated
by the cell to maintain its homeostasis and to ensts survival. By measuring
toxicological effects at the molecular level, bettesight into the mode of action of a
chemical can be achieved, which can eventually teacthproved risk assessment of
this chemical. Thanks to the rapid progress in tevelopment of molecular
biological techniques, tools have been developatrtiay increase our understanding
of how chemicals can have an impact on the enviemimMoreover, these new
methodologies enable environmental toxicologists ninitor gene expression
changes resulting from toxicant exposure even @tigs whose genome is still poorly
characterized.

In our laboratory, a range of gene expression aigtgchniques - DNA microarrays,
Reporter assays, Real-time PCR — and proteomaspied to investigate the impact
of anthropogenic compounds in the environment. Tampounds studied include
pharmaceuticals, endocrine disrupters and industffagh-production-volume)
chemicals. Gene expression profiles and signataresused not only for mode of
action studies but also for classification of cheafs and risk assessment. In this
presentation examples are given how this “toxicogeins” approach is used to
elucidate molecular modes of action of single coomuis and to unravel modes of
action of whole effluent toxicity and impact assesst. Our results demonstrate the
benefit of toxicogenomic tools in a “systems toxagy” approach, involving the
integration of adverse effects of chemicals andssors across multiple levels of
biological organisation.



A proteomics strategy for protein expression profing and biomarker
discovery in wildlife: effects of endocrine disruping chemicals in frog
(X. laevis)

Anders Goksgyr'? Christina C Tolfsen®, Anneli Bohne Kjersem?, Tina
Sefteland, Torbjern Midtun *, Ralph Urbatzka, Werner Kloas?®, Bjgrn Einar
Grgsvik *
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Environmental contaminants may affect endocrinetions in many wildlife species
and negatively impact reproduction and developnigntmimicking the action of
natural hormones. It is also suggested to be ontheoffactors contributing to the
worldwide decline of amphibians. To be able to assbe effects of chemical induced
endocrine disruption and its impact on wildlife sigs there is a need to develop
suitable monitoring tools. We have used a protesnstrategy based on two-
dimensional gel electrophoresis (2-DE) and masstspeetry (MS) to identify novel
biomarkers for endocrine disrupting compounds (ED&)frog and various fish
species. In controlled aquaria exposures Africaawed frog Xenopus laevjswas
treated with selected model compounds: d-éthynylestradiol (EE2), tamoxifen
(TAM), 17 a-methyldihydrotestosterone (MDHT), flutamide (FLWnd with water
from Lambro, a polluted tributary to the River Rtalfy). Plasma and liver samples
were analyzed by two-dimensional electrophoresiDE} and Delta 2D image
analysis software, and differentially regulated tpms were identified by mass
spectrometry based methods (MALDI-TOF and LC-MS/NM8)§ subsequent Mascot
searches in the NCBInr database.

The most marked effect of EDC exposure in frog w@sn in the protein pattern of
plasma from EE2 treated animals. Plasma from timeaiging treatment groups
showed a protein pattern very similar to that ofitoal with no clear EDC induced
alterations. In liver, altered protein expressioaswbserved in response to all test
compounds used. In a partial mapping of Xemopus laeviplasma proteome, a total
of 179 proteins were analyzed by MS. Of these, W8 successfully identified, 55
by MALDI-TOF and 68 by LC-MS/MS. Multiple proteirdentities were sometimes
obtained from the same protein spot. The majorityhe identified protein spots
represent more abundant plasma proteins belongiri® tdifferent protein families.
Differential expression analysis identified the g@gik protein vitellogenin (Vtg), an
established biomarker for estrogen exposure, aedsérpin like protein Ep45, as
being up-regulated by EE2 exposure. Plasma protiosiing reduced levels were
abundant plasma proteins, among them albumin,ra@sierrin and fibrinogen. In the
X. laevisliver proteome, MALDI-TOF MS and subsequent Massearches in the
NCBInr database successfully identified 193 out2dflL analyzed protein spots
yielding a success rate for identification of 80 281 of the 193 proteins were found
to represent unique protein spots, 22 of which weumd to contain more than one
protein. Collectively EE2, TAM, MDHT, FLU and LAMftected 86 % of the 501
protein spots detected in the€. laevis liver proteome. 106 of the differentially
regulated proteins represented identified proteiite known function; among these



were catalase, carbamoyl-phosphate syntethase | paoiins of the aldehyde
dehydrogenase, heat shock protein 70 and protsiifidie isomerase families. Used
either singly or in combination, these proteins may interesting as putative
biomarker candidates for EDC with (anti)estrogeamd (anti)androgenic activity.

Similar studies with carpQyprinus carpip and Atlantic cod Gadus morhup
exposed to various contaminants and effluents fimeed similar results, pointing at
interesting biomarker candidates, although idegifon success rate has been much
less (generally around 50%).

In application of proteomics to ecotoxicology tlaeK of sequence information on
non-model organisms pose a challenge to proteimtifamtion. E.g. for blue mussel
(Mytilus eduli3 and cod Gadus morhupthere are at present no more than 874 and
1585 protein sequences in the NCBInr database.oFganisms such as zebrafish
(Danio rerio) however, where about two thirds of the genomesHaeen sequenced
(seehttp://www.sanger.ac.uk/Projects/D_re)jahore than 55869 sequences exist. An
important aspect in proteome analysis projects,adsal in biomarker discovery, is to
link identified proteins to molecular functionsplmgical processes and to determine
subcellular locations as well as involvement inranellular pathways using
information on gene ontology (GO), and pathway ttdtabases such as the Kyoto
Encyclopedia of Genes and Genomes (KEGG). Howéweorganisms other than the
classical model organisms such as mice and ratt mioshe sequences in the
databases also have a low level of annotationddlitian many of the proteins in the
databases represent hypothetical proteins of unkndentity and function.

Although they are complementary techniques, protemmcontrary to DNA
microarray technology, also permit differential eegsion to be studied in tissues that
are not transcriptionally active. In this study makention was paid to the estrogenic
responses induced by EE2, and several proteins Veered to be differentially
regulated. Compound specificity is vital to the Iempentation of these responses as
biomarkers for EDC with estrogenic activity. Althgiu receptor cross-talk may be
expected to complicate biomarker development, diatin efficacy may be improved
using a multimarker approach. Studies with othé&mogen agonists such as E2, DES,
4-nonylphenol or bisphenol A may help elucidate ewadf action (MOA) that are
common to estrogens. Equally important is the stwidiEDCs with other MOA i.e.
androgenic, anti-androgenic, anti-estrogenic a$ agethose acting through other non-
traditional nuclear receptor pathways. Such studiiag not only provide information
on biomarker candidates towards these specific comgs, but may also help answer
which proteins represent a common stress resparskence which responses are not
specific for estrogen and estrogen mimics.

In a future validation of biomarker candidates mquantitative methods should be

employed to assess intra- and inter-individualataon, time and dose-response. The
focus should be on reproducibility and sensitiviBpecific antibodies are currently

being tested to assess such relationships. Inctimngext both standard quantitative
ELISA assays as well as novel protein array teasgyoshould be explored as formats
for high-troughput standardized screening. The adean protein array technology

and antibody-based proteomics opens new avenulesg® scale protein expression

profiling and in elucidating protein function andtworks of interacting proteins.



The studies being reported was supported by EC tgR@bhK4-2002-02286
EASYRINGCE(FP5), Total E&P, and the Norwegian Research Ciaunc



The pro's and con's of using genomics to assess egieg chemicals

Juliette Legler

Institute for Environmental Studies (IVM), VU Unirgity Amsterdam, De Boelelaan 1087, 1081 HV
Amsterdam, The Netherlands
email: Juliette.legler@ivm.vu.nl

Genomics, in particular transcriptomics, enablesdlobal analysis of the expression
of multiple (sets of) genes involved in cellulaspenses. A genomics-based approach
has been successful in a number of fields, suadragsdiscovery, where genomics is
used to screen candidate drugs for specific meshaniof action, or in medical
sciences, where genomics has been pivotal in riegealechanisms and markers of
complex diseases. In the application of genomicstha field of toxicology
(toxicogenomics), it has been established that éatmwithout exception, gene
expression is altered during toxicity, as eithaliract or indirect result of a toxicant
exposure” (Nuwaysir et al., 1999l Carcinog 24(3):153-9). In theory, the
measurement of gene expression levels upon exptsarehemical can provide both
information about the mechanisms of action of clvatsj and a “genetic signature”
from the resulting pattern of gene expression. giestion is: has genomics actually
delivered all it has promised when it comes to ssisg emerging chemicals in the
environment? Can we indeed use genomics to unnagehanisms of action? Can we
distinguish gene signatures of toxicants in compheixtures and environmental
samples? And is the high cost involved in perfogmmcroarrays justified in terms of
providing us with useful and usable new informa®orin my presentation | will
attempt to provide a balanced overview of the athges and disadvantages of this
exciting new technology and its application in tieéd of environmental toxicology.



Soil invertebrates as a genomic model to study paliants in the field

Dick Roelofs

Institute of Ecological Sciences, VU University Aieislam, De Boelelaan 1085, 1081 HV The
Netherlands
email: dick.roelofs@falw.vu.nl

Stress is a major component of natural selectiorsdit ecosystems. The most
prominent abiotic stress factors in the field aaeperature extremes (heat, cold),
dehydration (drought), high salinity and specifaxit compounds such as heavy
metals. Organisms are able to deal with thesessisefo a certain extent, which
determines the limits of their ecological amplitadé&unctional genomic tools are
now becoming available to study stress in ecoldyicalevant soil organisms. We
specifically developed genomic tools to study tcaiptional responses and adaptation
to stress in the Collembola@rchesella cinctaandFolsomia candidaA microarray
was developed foF. candidathat contains more than 5.000 probes representing
uniqgue cDNA expressed sequence tags. This chipusad to study transcription
responses to chemical and physical stresses s $a@l instance, 1.000 genes were
differentially up-or down-regulated due to cadmi@xposure, and more than 100
genes due to mild heat shock. General responsevagsh such as the heat shock
response, were identified in both stress treatmehitso, specific stress response
genes related to Cd toxicity were up-regulated, glgtathione S-transferases, UDP-
glucuronosyltransferases, and membrane transpdeeags ABC-transporters). These
genome-wide expression patterns not only give miosgght in the molecular
mechanism of stress responses, but may also beagseidgnostic tool to assess the
biological quality of soils.



Genomic stress responses to chemicals in the Eur@peflounder and
identification of gene-sets predictive of origin ofish from the
environment

James K. ChipmdrStephen GeorgeAmer Dialf Francesco FalciahFernando
Ortegd, and Tim William$
1School of Biosciences, University of Birmingham gbdston, Birmingham, B15 2TT, UK.

2Institute of Aquaculture, University of StirlingtiBing, FK9 4LA, UK.
email: J.K.CHIPMAN@bham.ac.uk

Genomic technologies enable a global assessmehe dfealth status of an organism
through an understanding of the functional pathwthgs are responding to pollutant
exposure and have the potential to discover neméikers.

Flounder taken from different sites in Northern &e (and of different pollution
status) can be distinguished according to theiatiemene expression profile using
microarray and associated bioinformatic approachiiégss demonstrates that the
transcriptional state of liver is informative ofetrcomplex set of influences that
characterize gene expression at different sites.

“Stress genes” that respond to a range of chereiqasures have also been identified
using the same technologies after treatment ohflen under laboratory conditions.
Gene expression in liver tissue at different tinadger chemical exposures was
compared to the relevant time-matched control gsotgp generate lists of genes
whose expression was altered. As well as providiogential novel individual
biomarkers, gene ontology (GO) analyses using BGSt allowed the identification
of pathways modulated by toxicant stress; for eXxanspaperones, protein synthesis
and degradation, cytoskeleton, apoptosis and gele pathways were modulated by
cadmium.

Using a multivariate variable selection coupledhwat statistical modeling procedure
(GALGO). We demonstrate that signatures associatigll exposure to individual
chemicals can predict geographical site but thatabcuracy is limited to specific
sites. However, by combining the signatures derifredh laboratory exposure to
individual chemicals very accurate models for dfasgion of all the different
environmental sites was achieved. The findings detnate that the expression of
stress genes contributes to differences in figlifedrent environmental sites and that
the application of machine learning techniques itomlarker discovery can greatly
enhance our ability to understand the complex patef response to environmental
exposure.

This work was funded by the NERC, CEFAS and EU.



"From field to lab" and "from lab to field": chemic al analysesjn
vitro and in vivo bioassays in the study of endocrine disruptive eftts
observedin situ

Ludek Blaha, Klara Hilscherov Edita Mazurovg John P. Giesy Rita Triebskorf,
lvan Holoubek

1Masaryk University, RECETOX, Kamenice 3, CZ625001®r

2University of Saskatchewan, Saskatoon, Canada

3Steinbeis-Transfer Center for Ecotoxicology andpgsiology, Rottenburg, Germany
email: blaha@sci.muni.cz

There is an increasing concern about ecotoxicatbgionsequences of endocrine
disruptive compounds accumulated in freshwaternsedis. In this contribution we

report results from a complex integrative assessmiecontaminated pond sediments
from the Ostrava-Karvina industrial region, CzedpRblic, which harbor an unusual
intersexual population of the narrow-clawed crayfiBontastacus leptodactylus

(Decapoda, Crustacea).

With the aim to understand possible causes of e@mdodisruptive effects at these
localities, we have combined chemical analyseseseaf toxic metals, PAHs, PCBs,
OCPs etc.) with a set dh vitro bioassays (arylhydrocarbon receptor-, estrogen
receptor- and androgen receptor- mediated effeffests on steroidogenesis) as well
as laboratoryn vivo experiments with two species of invertebrate orgrasi (aquatic
amphipod Gammarus fossarumand prosobranchian snailPotamopyrgus
antipodarun).

Chemical analyses revealed high concentration®lytcpclic aromatic hydrocarbons
in sediments, indicating that these compounds alovith their derivatives
significantly contribute to the observed high aygtocarbon receptor (AhR-)
mediated activities determined with vitro luciferase assay using H4IIE.luc cell line.
Treatment of the sediment extracts with sulphudd aompletely diminished the
AhR-mediated activity, which corresponded with tluev concentrations of the
measured persistent organic pollutants (polychéteid biphenyls and organochlorine
pesticides - PCBs and OCPs) and also documentégahahlorinated dibenzo-p-
dioxins or furans did not significantly contribute the high overall AhR-mediated
activity. Extracts of sediments from the contamiglasites also caused significant
estrogenic and antiandrogenic responses in thent@ocant reporter mammalian and
yeast bioassays. Sediment extracts significantlylutaded expressions of several
genes involved in steroidogenesis. These effects determined by quantitative real
time PCR assay with a noval vitro bioassay with human H295R cell line. The most
pronounced effects were up to 10-fold inductions tid CYP11B2 gene, and
suppressed expressions of BSD2 and CYP21 genes. Endocrine disruptive
potencies determined with vitro techniques were confirmed also with long-tdmm
vivo ecotoxicological assays. Multiple reproduction paeters ofG. fossarunas well

as P. antipodarumwere affected in laboratory exposures to contarathaediments
(and/or their extracts).

In summary, combinations of chemical analyses amdtiple in vitro andin vivo

techniques allowed mechanistic insight into the nuieal-induced endocrine
disruption in intersexual crayfish observed in fleéd. Our results also for the first
time demonstrated suitability of the H295R cell assay for investigations of



complex sediment samples, and demonstrated significeffects of organic
compounds on steroidogenesis as a novel mecharfisndocrine disruption. The
research is supported by the Ministry of Educatibthe Czech Republic (project No.

0021622412 "INCHEMBIOL"), and by European Comnussi6th FWP project
ECODIS, No. 518043).



Responses of a freshwater food web to whole-lakeditions of a
potent estrogen

Results from a whole lake experiment: Is the birthcontrol pill an
effective form of contraception for fishes?

Karen Kidd

Canadian Rivers Institute & Biology Department, Wnbity of New Brunswick, Saint John, New
Brunswick, Canada
email: kiddk@unbsj.ca

Considerable evidence now exists that fish areghadversely impacted by estrogens
and their mimics in municipal wastewater treatmetant (MWTP) effluents.
However, it is not known whether the responses miseat the organism level, such
as the production of egg protein precursors (dgghin) in male fish downstream of
MWTPs, are indicative of problems at the populatlemel. To investigate this
unknown, an estrogen-addition experiment was cadeduat the Experimental Lakes
Area (ELA) in northwestern Ontario, Canada, from®32006. This study examined
the effects of whole-lake additions of the potentnteetic estrogen 17-
ethynylestradiol (EE2) on the fish, zooplanktonnthéc invertebrate, algal, and
microbial communities. EE2 concentrations in stefavaters of the experimental
lake were maintained at concentrations of ~5-6 nigrbugh weekly additions during
the summers of 2001 to 200Fopulation-level data were collected for all trigph
levels, and several tissue- and biochemical-levelpeints were examined in lake
trout (Salvelinus namaycughwhite sucker Catostomus commersQnipearl dace
(Semotilus margarita and fathead minnow Pfmephales promelas Benthic
invertebrate, zooplankton, microbial and algal camities were not affected by the
EE2 additions. In contrast, male and female fisbleswed induced vitellogenin
production (up to 9000 fold) and delayed gonadaletijmment when compared to
reference lake fishes, and male pearl dace aneddtiminnow developed intersex
after one and three seasons of EE2 additions, atgply. After the second summer
of additions, a recruitment failure was observedtfe fathead minnow and this, in
turn, resulted in a collapse of the population. e Thnger-lived, multiple spawning
species (pearl dace and lake trout) also declineabundance but their populations
were not impacted as quickly or to the same exenhe fathead minnow, suggesting
that life history strategies are important in detieing risk of a species to
environmental estrogens. In addition, the popoilatevel responses for the lake trout
were more likely related to a loss of prey speties due to a direct effect of the
EE2. In summary, this experiment showed that dbroexposure to low
concentrations of a potent estrogen mimic can tffee sustainability of fish
populations and that the shortest-lived fish spgeare at greatest risk.



From molecules to populations; the causality of tag effects

Tjalling Jager

Department of Theoretical Biology, VU University Aterdam, De Boelelaan 1085, Amsterdam, The
Netherlands
email: Tjalling Jager tjalling.jager@falw.vu.nl

What processes link toxicant concentrations in @éhgironment to whole-organism
and population effects? This is one of the fundaaieguestions in ecotoxicology; a
guestion that is tackled with a variety of appraachrhe classical (and still dominant)
approach would be to derive a concentration thassociated with no significant
effects (NOEC) or a specific percentage of eff&a€x). These statistics have some
nasty practical problems, e.g., their values chawgh exposure time and differ
between endpoints. As such, these statistics ddvelptto elucidate the causality of
toxicity. Another school in ecotoxicology focuses the molecular level, e.g.,
identifying receptors for the toxicants and obsagvitoxicant effects on gene
expression. Even though these approaches are &mtuss causality, they only
consider the first step in the chain of procesddslecular mechanisms, by
themselves, are not sufficient to predict wholeamigm responses on life-history
parameters such as feeding, growth, age and simestateproduction, and offspring
production. It is these life-history parameters] #re relationships between them, that
determine the population response to toxicantsvefultimately want to understand
and predict responses at the population level, @eslra theory at the individual level,
which explains feeding, growth, development, repaiin as well as the functional
links between these processes. In this presentdtioill discuss how energy-budget
theory can provide a link between molecular-leesiponses and the individual’s life-
history, and how changes in different part of theergy budget have different
conseqguences at the population level.



Monitoring of triclosan in waste waters by high-throughput
magnetic-particle immunoassay, confirmatory analys by gas
chromatography/mass spectrometry, and acute toxigitassessment
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This enzyme-linked immunosorbent assay (ELISA) &sda in rabbit polyclonal
antibodies, and could detect Triclosan in standatdtion (25% methanol/H20 v/v)
at 20 ppt and its metabolite, methyl-Triclosanl &ppt.

A previous evaluation of the immunoassay was carogt according to a three steps
approach, consisting in cross-reactivity studieatrix effects studies, and recoveries
in different water matrices.

The percentage of cross reaction of different stimadly related compounds such as
chlorophenols, polybrominated diphenyl ether (PBPBBd dioxins was evaluated.

A matrix effects study was carried out using defer influents and effluents of
wastewater from different plants, river water, wedter, and tap water, and recovery
studies for the different types of water showingdjagecovery percentages (which
results were over the 80%), with an excellent regdsbty, and low coefficient of
variation (CV%<10).

The Triclosan ELISA was applied to the analysismafre than 70 real samples from
8 wastewater treatment plants. Water samples wepaed to contain 25% methanol
and analyzed directly without any sample extractawnpre concentration by the
Triclosan ELISA kit, and in parallel after solid gge extraction followed by gas
chromatography-mass spectrometry (SPE-GC-MS).

In addition, the toxicity of the samples as welltlas Triclosan extracts were assessed
using the bioluminescence inhibition\dibrio fischeri

Very good agreement was obtained between analyéqgdroaches, and good
concordance with the toxicity studies.



Since the environmental point of view this study o great interest given the
frequency with which Triclosan and methyl Triclosafound in wastewater, the
permanence of Triclosan and methyl Triclosan afiaer treatments.



Toxicity identification evaluation (TIE) and dfects-directed
analysis

Kevin V. Thomas and Knut-Erik Tollefsen

Norwegian Institute for Water Research, Oslo, Ngrwa
email: kevin.thomas@niva.no

(EDA) techniques are increasingly being used teniily unknown cause(s) of
effects. Combined with biological effects basednitaying these tools can provide
valuable information on the chemical(s) tha actually exerting the measured
effect(s). The presentation will provide an ovewief TIE\EDA and demonstrate
through the use of case studies a number of examplihere the combination of
biological effects measurements and TIE/EDA hamentified substances that
would have otherwise slipped the net if a ‘ptipsubstance’ approach would have
been used (e.g. steroid estrogens and androg&lasyever, the causal agent may
not always be identified or it becomes prohilglyvexpensive to identify the cause
of effect in a highly complex mixture. Theunknowns’ identified during
TIE/EDA studies may be more important thatstheubstances identified since
they are likely to be poorly characteriseithwery little information available.
Here lies a major challenge for environmers@ientists. In addition, this
presentation will provide a realistic assesdmeh where TIE/EDA techniques
are, how they can be effectively used to complenesigting strategies and where
there are limitations.



Toxicity profiling in European river sediments with emphasis on the
identification of thyroid hormone disrupting compounds

Jana WeissPim Leonards, Timo Hamers, Peter Cenijn, Maréin Velzen,
Marja Lamoree
Institute for Environmental Studies (IVM), VU Unirgity Amsterdam, De Boelelaan 1087, 1081 HV

Amsterdam.
email: jana.weiss@ivm.vu.nl

In areas influenced by anthropogenic activity, s@span contain a complex mixture
of substances that can exhibit toxic effects, aghndocrine effects, in organisms.
Effect Directed Analysis (EDA) studies employ bisag-directed fractionation
techniques to be able to identify those fractiomstaining toxic compounds, and
hence perform a toxicity profiling of the sampléeTsamples presented here are
selected after a toxicity screening of river seditaavithin the Modelkey EU-project
(SSPI-CT-2003-511237-2).

The selected “hot” samples come from 3 river systdrtobregat (Spain), Scheldt
(Location Schijn, Belgium) and Elbe (Location Mastd Prelouce, Czech). The
bioassays used are TTR-binding assay (radioligaseéd) and (anti-) AR-CALUX®.
The aim of the EDA is to identify endocrine distimpgtcompounds responsible for the
bioassay responses. This is performed in sevespbshioassays on whole extract,
first, second and third fractions, chemical analysdentification of compounds
(known and unknown), analytical confirmation anaafly toxicity confirmation. The
presentation will contain methodology and data ediso far.



Identifying Toxic Emerging Pollutants in European Rvers and
Estuaries

Jan Balaam

Cefas Burnham Laboratory, Remembrance Ave, Burntiai@rouch, Essex, CM0O 8HA, UK
Email: jan.balaam@cefas.co.uk

Identification of emerging pollutants is a comp#aea of research, with many
differing approaches. Techniques can be appligdrget specific contaminants of
interest, olin-vitro andin-vivo bioassays can be used in order to assess overall
toxicity of a sample. This toxicity may be acutecaronic, and endpoints include
oestrogenic, androgenic and antibiotic activityvadl as aryl hydrocarbon agonist
potency. Combining both biological and chemicalmoets using effect directed
analysis (EDA) techniques, complex environmentai@as can be simplified and
compounds causing a range of toxicities can badated.

This presentation will focus on methods used asdltg obtained from sediments and
water samples from European estuaries within theORIOKEY project. Samples
were extracted using SPE (water) and ASE (sedirpantsthen EDA was used in
order to assess the estrogenic, anti-androgenietndbiotic activity of the samples.
Samples were fractionated using HPLC and positaetibns screened using GC-MS
techniques. Preliminary results will be discussed.
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ChiroChip, a DNA-microarray-based screening methodor the
assessment of chemical-induced effects @hironomus riparius

G. Wirzinget, B. Burgef, O. BitZ, E.R. Schmidt T. Hankelf and J. Oehimarin

! Johann Wolfgang Goethe-University Frankfurt am d&epartment of Aquatic Ecotoxicology,
Siesmayerstrasse 70, D-60323 Frankfurt am Mairgimger @bio.uni-frankfurt.de

2 GENterprise Gesellschaft fuer Genanalyse und Biotelogie mbH, J.-J.-Becherweg 30a, D-55128
Mainz

email: Wirzinger@bio.uni-frankfurt.de

The aim of the project is to establish a molecstaeening method which allows the
testing of chemical substances in the laboratoryvelt as the effect monitoring of
pollutants in aquatic ecosystems. With the helptle# cDNA-microarray and
quantitative PCR assays, the differential gene esgion after exposure to pollutants
will be determined. Test organism is the midgkironomus riparius(Arthropoda:
Insecta: Diptera), which is used worldwide in ibdaatory test for the assessment of
chemicals and for the biomonitoring of surface w&teThe sediment test with
chironomids is one of the most important and masjdently applied biotests and is a
prescribed enhancement of the test programme fdimsat pollutants. The
chironomid sediment test is also important in theaaof environmental surveillance
and monitoring. To this date, no cDNA arrays ekt Chironomus but a relevant
project with zebrafish has started in Germany ath@roprojects are dedicated to the
development of arrays with daphnids, which thuseecewtwo species of the aquatic
triade (algae, daphnids and fish). The first catokigical and genomic results will be
presented here.



Compounds with specific modes of action in river sbments -
temporal and spatial variations also in relation tofloods
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The contamination of river sediments is frequerdgsessed from single time sampling
reflecting just the actual situation. However, thediments comprise a dynamic system
especially in areas with occurrence of floods. Tyear study has been conducted to reveal
the spatial and temporal variability in the concatibns of commonly studied contaminants,
but namely of the chemicals with specific modesadfion in river sediments, in a model
study area where 10-50 year flood occurred in 2@@fts of the selected model study area
(Zlin region in the Czech Republic) are being regyl flooded and the water and sediment
quality has been impacted by historical industaiatl agricultural activities. Thus there is a
great potential for contamination by various typefs pollutants and also a risk of
redistribution of the contamination during floodRecent floods in March/April 2006 caused
by very fast melting of extensive snow cover raisgdto the 50-year flood level and the
culmination flow reached up to 45-times the averdme rate, which lead also to flooding of
industrial facilities, and material damages. Seditwevere repeatedly collected — in spring
and autumn before floods (2005) and the same seaster floods (2006) from fourteen
sampling sites from part of river Morava and iiutary Drevnice. Sampling sites include
relative unpolluted areas and industrial places.

River sediment samples were characterized for ocomteorganic carbon and detailed grain
size distribution. The concentrations of polycyclaromatic hydrocarbons (PAHS),
polychlorinated biphenyls (PCBs) and organochlogpesticides (OCPs) and heavy metals
were determined in these samples.

Battery of in vitro bioassays using recombinantsyesnd human cell systems was aplied to
evaluate the extracts of sediments from four camsetjsampling representing two different
seasons. These bioassays show an integrative reeasdrenable to identify the sites with
continuously increased potencies for specific tibxiand also the potential effect of relatively
frequent floods on their occurrence. Several bmgsshave been applied as a specific
bioanalytical tools for detection of the presendecontaminants with dioxin-like and
hormone-like activity in the complex environmentalxtures. Since these effects can be
induced by numerous compounds that are not royteredlyzed the bioassay served as a tool
to asses their overall presence in the sedimentshenseason- and flood-related changes.

The total potencies of the sediment extracts footoxicity, dioxin-like, (anti)estrogenic and
(anti)androgenic potency were assessed along widtysis of known pollutantdn vitro
measurements of the dioxin-like activity of extsactsing a transgenic H4llise cell line
transfected with luciferase gene under control df-réceptor. Hormonal activity was
measured using recombinant yeast bioassay (antbgewicity) and transgenic MVLN cell
line (estrogenicity). Yeast line stably expressaman androgen receptor (AR) linked to a
reporter gene and MVLN cell line contains luciferagene under control of estrogen receptor
(ER).

All applied bioassays have shown very good respensiss to the complex mixtures of
contaminants present in the sediments and enablgmbiht out the sites with continuous
presence of contaminants affecting the specifieptar pathways. Even though there has
been great variation in the absolute concentratigmivalents of compounds with specific
mode of action related to season and occurrencBoofls, sites with reoccurring high



estrogenic or dioxin-like activities could be clgddentified. There was a decrease of dioxin-
like activity at most sites after floods. Most sadnt samples repeatedly showed estrogenic
activities, except of the spring 2006 after floodd)ere there was no activity or it was
strongly decreased. At the same time, sediment Isanfifbm some sites repeatedly showed
moderate antiestrogenic activity. But the seasamaiations (temporal trends) were less
pronounced in the case of antiestrogenic activig@snples of the river sediments showed no
androgenic activities, while antiandrogenic acyivitas detected in samples from all sites in
most of the seasons. The overall antiandrogeniwityctlso decreased after floods. The
results clearly reflected the continuous preseti@stogenic and antiandrogenic compounds
in the studied rivers. Some samples had also shoytatoxic effects in the highest
concentrations.

Despite the seasonal variation, there was a gootklation in the results between the
individual seasons. Some sites have shown relgtgtable values across seasons, while there
has been much greater variation at several ottes. sihe dioxin-like and estrogenic activity
correlated well with the total concentrations ofH®A suggesting the role of these pollutants
and their derivatives in the observed dioxin-likel &strogenic activities. The data matrix also
showed significant interrelation between dioxirelifctivity, antiandrogenicity and content of
organic carbon, silt and concentration of PAHs B@Bs, which documents significance of
abiotic factors in accumulation of pollutants wipecific mode of action. However, these
relationships have been partly distorted by thedt

Samples from industrial places as well as areasowitany obvious major sources induced
significant responses in assays for the dioxin-ld@d hormone-like activity. Thus the
disperse nonpoint regional sources seem to comgribignificantly to the pollution of the
studied area.

The project was supported by GACR 525/05/P160 anthé Ministry of Education of the
Czech Republic (project No. 0021622412 "INCHEMBIQL



Effect monitoring: measuring toxic potency of water
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Summary

Bioassays represent powerful tools for the assa#soieenvironmental quality. This
paper focuses on the measurement of the toxicisudhce water samples towards a
battery of several different aquatic organisms. ficheécity is determined by isolating
toxic organic chemicals from the surface water bg of a concentration procedure,
and by exposing the organisms to the concentrates abtained. Subsequently this
method evaluates the results statistically, todygelmeasure for the degree to which
the water represents a risk for the aquatic ecesysthis risk is expressed in terms of
‘toxic potency’ which represents the fraction oé thcosystem that is affected in any
way by the environmental conditions. New developtsém this method incorporate
the use of specific bioassays to measure the sffifcgroups of compounds with a
specific mode of action, for example antibioticeeadocrine disruptors.

Introduction

The EU Water Framework Directive wants the Europe@mber states to report on
the state of the aquatic environment on a regwaisb Surface waters must have both
a ‘good ecological quality’ and a ‘good chemicahlijty’. To assess the status of a
water body, member states must have a fair viewthefdegree to which chemical
concentrations exceed the standards. However, eqular evaluation of the surface
water quality by means of measuring the chemicedsgnt is impracticable, because
of the countless number of substances that may acauater samples. Furthermore,
analytical methods for the measurement of many atesare lacking, whereas in
many instances standards have not (yet) been derive evaluation as to whether
chemicals are present in acceptable concentrationsot is therefore practically
impossible. In addition, individual measurementsubstances do not account for any
possible additive effect of chemicals that are @nésconcomitantly in the same
sample. Ecological observations on aquatic systémtgve information on the impact
of the water quality on flora and fauna, but unfoetely under many circumstances
such observations may prove rather insensitive tol@erelatively long period of time
that may elapse between the actual moment of expdsuthe chemicals and the
moment at which the effect can be observed. Monedkere could be other stressors
than chemical substances involved, like eutroplinator hydromorphological
changes. Bioassays render the opportunity to medkartotal effect of the presence
of all chemicals in a water sample and to deduae fsuch measurements on a set of
different organisms, representing a model for th@sgstem, the potential effecg.,
the ecological risk of the water quality towards #yueous ecosystem.

Methods

The procedure of sampling and of preparation of shmples has been described
earlier [1, 2]. In short, it is based on a selextoncentration of organic compounds
from surface water samples. The toxic effect ofdcbecentrated organic compounds
is determined with bioassays. The concentration isteecessary to be able to make a



dilution range of the sample and to exclude distyylfactors, like pH or humic acids,
which could affect the bioassay results. An evatuabf the toxic endpoints thus
obtained yields a quantitative approximation of élsesystem risks.

Samples of surface water (60 liters) were takeregtilar monitoring sites at regular
intervals during a year. The samples were takenddiately to the laboratory by
cooled transport. Immediately upon arrival of ttemgles at the laboratory a 1:1
mixture of well-purified XAD-4 and XAD-8 resins waglded, after which the organic
compounds in the samples were allowed to adsorb tha& resin under continuous
agitation during 48 h at room temperature. Theeedfte loaded resin was isolated by
sieving, and dried subsequently overnight at roaemperature. The organic
compounds were transferred from the resin to aeetpnelution, which yielded a
1000-fold concentrate (60 ml).

Bioassays

Bioassays were performed on diluted samples o1 @@®-fold concentrate. For this, a
dilution series was made and test organisms wepssex to the dilutions using
standard ecotoxicological protocols. Inherent ie thlution method, high toxicity of
water samples was found when effects were fourttierrelatively less concentrated
samples, whereas a toxic effect of ‘clean’ wately omas observed in the more
concentrated samples. Endpoints of the toxicitistegre expressed as Egor LC'

50, Where the suffix ‘f’ stands for the use of corcation factors instead of the usual
substance concentrations. The bioassays were chagdn that (i) only a small
volume of the original concentrated sample is sigfit to obtain results of the tests,
(i) results can be obtained in a relatively shpetiod of time, and (iii) the technique
by which the bioassay is done is relatively sim{@ey., because it is commercially
available).

Five bioassays were selected. The first test isMlueotox test [3], which measures
luminescence of the bacteriuvibrio fischerias a measure of the energy state of the
organism. It is determined in a luminometer aftgrasure of the bacteria during 5 or
15 minutes to dilutions of a sample. The Bgis taken as the concentration factor
that decreases light emission by 50%.

The second test is a PAM fluorescence test [4] wgthen algae. Changes in
chlorophyll fluorescence biseudokirchneriella subcapitaia response to pulses of
light are a measure of the efficiency of photosgsih by this alga. It is measured in a
fluorescence spectrophotometer (Water-PAM, Heinz IZW&mbH, Effeltrich,
Germany) after 4.5 hours of exposure to dilutiohthe sample. The EGy is taken
as the concentration factor that decreases fluenescyield by 50%.

The third test is éDaphnia IQ test [5]. The water fldaaphnia expresses its-
galactosidase enzyme activity by cleaving 4-metmyelliferyl -D-galactoside
which yields the fluorescing umbelliferyl determmaFluorescence of the daphnids
upon irradiance with ultraviolet light was obsentgdeye. The ECs is taken as the
concentration leading to 50% inhibition of fluorewr daphnids after 1.25 hour
exposure.

The fourth test is the Rotox test [6]. Mortalitytbe rotiferBrachionus calyciflorusn
response to the samples was expressed dsd-@e concentration factor leading to
50% mortality after a 24 hour exposure.

The last test is the Thamnotox test [7]. Mortabfythe crustaceamhamnocephalus
platyurusin response to the samples was expressed aSsi,Gthe concentration
leading to 50% mortality after a 24 hour exposure.

Risk assessment



Since the bioassays represent different types e€isp in morphology and trophic
level, it was assumed that from their endpointpec®s sensitivity distribution could
be deducted, which was specific for the types gictsubstances in the samples and
for the aquatic ecosystem. Classically, speciesithéty distributions are valuable
tools in risk assessment, because they represemuimber of species that may be
affected at a given toxicant concentration. Whealidg with toxicant mixtures, such
a distribution can be set up comparably from cotraéion factors instead of
substance concentrations.

The acute endpoints from the bioassays were fitteth a distribution curve. The
resulting cumulative species sensitivity distribaticurve was extrapolated to a
chronic no effect one by assuming an average aoutéronic ratio of 10 [1]. The
potentially affected fraction in the original wateample was inferred from the value
of this curve when the concentration factor =1.sTparameter was defined as the
toxic potency of the surface water sample. Matharaband statistical descriptions of
the method, as well as a discussion on its unceigaj have been presented elsewhere

[1].

Results and Discussion

During the year, surface water samples were takdrimonthly intervals. This was
done at several regular monitoring sites in ThenBgands, in the catchment areas of
the Rhine, Meuse and Scheldt rivers. In many irtgathe surface waters appeared to
be more toxic in summer than in winter.

This course in time of the toxicity is typical fire effect on algae, but not necessarily
for the other organisms we examined in our bioassélye cause of this phenomenon
is not known. Chemical analysis of the surface wsl®ws, of course, fluctuations in
substance concentrations due to differing loadwater over the seasons. However
the occurrence of specific toxic compounds in sumfieoe instance pesticides, cannot
be excluded. For daphnids a trend was found thatrexerse to that of the algae, and
for the other test organisms the outcome of thayasss rather indifferent towards
seasonal changes.

With the sets of endpoints obtained from each bifmigrsample, risk assessment was
done by fitting them to a sensitivity distributiaqurve, as described in the Risk
assessment section. From this calculation it agpetrat in the summer season of
2002 (May — August) the surface water was risky dpproximately 10% of the
aguatic species, whereas in the cold and wet wegason (October — March) the
water was much less toxic for the aquatic organisms

Since 1996 the state of the surface waters in Tatheédlands has been monitored
using the bioassays presented in this paper. Bythew use has proved to be a solid
method to assess the ecological risk imposed bghkenicals concentrated from the
surface water. Being integral, it is an attractmethod for monitoring the chemical
state of the environment and it is complementarth® chemical analysis of the
individual substances.

At the moment studies are undertaken to incorpapéeific bioassays for groups of
compounds with specific modes of action. For exanpéry promising results were
obtained from using a multi bacteria test to measie specific effects of antibiotics.
Bioassays may play an important part within the nooimg system demanded by the
Water Framework Directive. Under circumstances wa@ood ecological state is not
observed in a surface water system, the resuliseobioassay method presented here
may indicate whether any (known or unknown) sulitanmay cause a relevant
effect on the ecosystem. Thus, bioassays are Jaltadls helping water management



authorities in focusing on measures to improvevilager quality in order to attain a
good ecological state.
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This study is dedicated to laboratory investigatdrsorption-desorption behavior of
four pharmaceutically active substances (diclofenacaprofen, gemfibrozil, and
carbamazepine) in one river sediment. Batch dajaifion method was used at three
initial concentrations in agueous solution. Theulissof the experiments show that
distribution coefficients were either relativelywldfor diclofenac and ibuprofen or
higher for gemfibrozil and carbamazepine. Distribitcoefficients (mean Kvalues
for three initial concentrations), as measured hg batch experiments, were
4.21+0.58 for diclofenac, 4.98.29 for ibuprofen, 11.281.22 for gemfibrozil, and
44.82£14.89 for carbamazepine. Based on sorption datgration potential of the
pharmaceuticals in surface waters would decreasellas/s: diclofenac> ibuprofen

> gemfibrozil >> carbamazepine. During desorption significant hests was
observed. Only 2.441.05%, 3.6Z20.35% and 1.781.17% of the initially sorbed
ibuprofen, gemfibrozil and carbamazepine were desbrduring 48 h, respectively.
Diclofenac exhibited the highest desorption (1%2%59%). Generally, the results
indicate that significant amounts of the pharmacalg may be eliminated from
surface waters via sorption by sediment and thaewed low desorption would
further limit their migration in surface waters.
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Sorption isotherms of selected pharmaceuticals aneddor the river sediment (OC
= 0,36%), lines are fittings of the Henry equatikin;, — linear distibution coefficient,

S - sorbed amuont of chemical in sedime@t, — equilibrium concentration of
chemical in water.
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Biomarkers are physiological and/or biochemical soeas which react upon impacts of
chemicals or physical influences and which can bantfied on different organisational
levels of an organism (bio-molecule, cell, tissorgan) as measure for an exposure, an effect
or a susceptibility (Arbeitskreis Bioindikation, 98). Therefore biomarkers are of great
interest for a comprehensive environmental monigsince these can be first indicators of a
biological answer of an organism to changing emrimental conditions. On a first level the
presence of a compound in an organism itself casele@ as a biomarker (bioaccumulation
marker; van der Oost et al., 2003). This approaclar advantage to measurements of
persistent compounds in environmental media likeemar soil since such data are a proof for
the bioavailability of a certain chemical. Howevespecially relevant are effect biomarkers
which are directly correlated to an exposure taxdct compound (e.g. imposex effect of
triorganotin compounds) or other stressors.

In recent years numerous effect biomarkers likerdisformation enzymes, stress proteins,
or endocrine parameters have been identified (@nveaw was presented in a recent review
by van der Oost et al., 2003). Well known are thbisenarkers which are applied for the
detection of the exposure of organisms to pollstéaig. induction of cytochrome P450 1A as
biomarker for the presence of PAH, PCDD or PCBhebthiochemical measures used are
DNA adducts as biomarker for gene toxicity. Onlgemtly molecular-biological methods
became available which allow biomarker measurement®NA and RNA levels. These
enable the analysis of gene activation or chang#se expressed protein levels in response to
changes of environmental factors or the presenceheficals (toxicogenomics). Since
changes in levels of cellular products like enzymssuctural proteins or hormones are
closely connected to the activities of the respeatienes there is a large potential for the use
of this concept in monitoring programs.

The environmental specimen bank program in Germpnyided so far data from
retrospective monitoring for several target commsunExamples are time series of
monitoring data for organotin compounds in archivedrine biota samples (Ruedel et al.,
2003) or freshwater fish (Ruedel et al., 2007), famaynthetic musk fragrances in freshwater
fish (Ruedel et al. 2006). This kind of biomonitayiof target substances in organisms is a
valuable tool to improve the understanding of tixposure of ecosystems and biota to
chemicals (bioaccumulation marker). However, thsulténg concentration data only give
information about the concentrations in the testeghnisms themselves but not whether any
exposure directly influences the organism, e.gddaypaging biological structures or changing
the gene expression. Now research within the spatinank program is intensified to couple
the exposure data generated to possible effects mnlecular level especially as a response
to chronic exposures. The material seems apprepfidatthis purpose since all materials are
deep-frozen with liquid nitrogen directly after galing. Detailed method descriptions are
available for sampling, dissection, and homogeiaraby cryo milling (Umweltbundesamt
1996). Afterwards sub-samples (approx. 10 g postioto individually labeled 20 mL-vials)
are stored in the gaseous phase above liquid eitragj temperature below -150°C. This low
temperature ensures that chemical processes isdimples are minimized. Atmospheric
oxygen is excluded through the inert gas layer ltiegufrom the evaporation of liquid



nitrogen so that oxidative reactions are prevenBdce the temperature is below the glass
transition temperature of water of approx. -135%@ygical processes are stopped (e.g., no
growth of ice crystals which may change the morpgplof the sample material).

The aim of this study was to analyze the possiskega of molecular biomarkers in cryo-
genically archived samples taken from the Germa, B8d to execute a feasibility study. As
organisms fish were used. For the German ESB bfeam currently 17 sampling sites are
archived annually since 1992. The present studywshthat the analysis of molecular
biomarkers in archived ESB samples can successtlyapplied for a retrospective
monitoring. By comparison of gene sequences wittrafesh Danio rerio), specific genes
could be identified which are regulated in breakbramis brama by different stressors. It
was possible to detect genes which are expressedh iagent-specific or agent-unspecific
way. HSP (heat shock protein) was identified as a marker b® regulated agent-
unspecifically. HSP is over-expressed fast by the influence of différstressors and can
therefore be used as a health indicator. Agent#spegenes like metallothioneinand
vitellogeninrepresent genes which are influenced by heavylsnetaendocrine disrupters,
respectively.

If it is possible to identify appropriate moleculaiomarkers even in other ESB sample
organisms, an effective tool will be available whiextends the retrospective monitoring from
bioaccumulation markers to effect biomarkers inigdthe detection of changes in the
genome.
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Introduction

Exposure biomarkers are frequently used in epidemical studies to determine the
global effects of exposure of the population toutahts. In Flanders, large humane
biomonitoring studies have been carried out in teeent years (2001-2006).
Exposure biomarkers are however intermediates legtwibe occurrence of the
exposure and later biological effects (M.C. Maddég,. GallagherBiomarkers for
Exposure, Air pollution and Health, 2000). Therefoinformation of the exposure
should be known when designing human biomonitogpnggrams. In Flanders, a
project has been funded to measure the indoor exposf children to air
contaminants. (FLIES : Flanders Indoor Exposures&yr2005-2007).

Air pollutants present in the indoor environmentg d@he result of (1) product
emissions such as furniture, consumer productanolg materials, and (2) infiltration
of ambient substances. Knowledge on the relativgoimtance of these two terms is
crucial for stipulating a good indoor air qualitglizy.

The aim of the study was (1) to make an inventdyindoor concentrations in

Flemish

dwellings and other micro-environments in which glecspend a large part of their
time, (2) to assess the effect of traffic densityindoor concentrations and (3) to
determine the personal exposure of children anytq4differentiate the personal
exposure in an ambient and non-ambient fractionld@n were selected as sensitive
groups because they experience a higher air potlutad given their 50 % larger
body-weight rescaled or 35 % larger long-surfaseaked exposure than adults.

The selection of the investigated pollutants wasetaon 2 criteria : 1) only pollutants
with possible outdoor sources were selected (bicdd@gents and ozone not retained)
and 2) only pollutants for which health effects édaween proven in the past (e.qg.
based on WHO health criteria). Terpenes, pesticades bromated flame retardants
were not measured in the first Flemish Indoor ExpesSurvey because of too
specific.

Methods

The monitoring campaign was performed in Januabyrkay 2006 in the eastern part
of Flanders in 50 dwellings of volunteers. The dingk were selected based on the
proximity to traffic: 12 houses in rural backgroun@®B) areas (< 50 cars
passing/day), 26 houses in urban background (UB& &< 500 cars/day) and 12
houses in urban hot spot (HS) area (>15000 cars/dag emphasis on dwellings in
UB areas is because 75 % of the Flemish housesf #nes type. In each dwelling two
indoor locations, namely living room and bedroonmd awo outdoor locations,
namely front door and back door (if applicable) @amirations were sampled. The set
of 50 houses existed of a heterogeneous mix oflshgelypes. Additionally, indoor



and outdoor air was sampled at schools or dayctmssport and sport and leisure
infrastructures ( all together 23 locations).

Information regarding possible indoor sources amekelihg characteristics was
obtained by means of a detailed questionnaire. sBwend part of the questionnaire
investigated the children’s time patterns.

Except for particulate matter, all pollutants weneasured for 7 days by diffusive
sampling techniques. Particulate matter was medsbye Grimm dust, Buck or
Aeromini monitors (filter and optical technique$he measurements were performed
in line with the 1ISO-16000-x series

Dosimeter

for VOC
Dosimeter for Dosimeter for
NO, — Aldehydes

Figure 1: Indoor Measurement Set-Up

The children’s personal exposure was calculateddas time activity patterns
obtained through the questionnaires and conceoitmeasured in each micro-
environment.

The statistical analyses was performed using thésstal tool package Statistica
(version 7). The non-parametric Kruskal-Wallis Aaotest and non- parametrical
correlation analyses were applied because of motalty distributed datasets.

Results

A summary of indoor and outdoor concentrationsGrFtemish dwellings is given in

Table 1. Concentrations show a very high varigbbgtween different houses (n=50),
both indoors and outdoors. The most abundant gasé®th indoor and outdoor

environments were toluene, N@ormaldehyde and acetaldehyde.

Statistics in Table 1 include both living room doelddroom concentrations and front
door and backdoor concentrations. On average atite of bedroom to corresponding
living room concentration was near 1 (average neited from 0,80 for acetaldehyde
to 1,51 for styrene). In general, backdoor coneinins were slightly (x 0,9 fold)
lower than front door concentrations. This suggésts the dwellings act as a barrier
for pollutants that are mainly formed at the street



Table 1:

concentrations in 50 Flemish dwellings

Indoor (living room and bedroom) and outd@r (front door and backdoor)

Dwelling Indoor (n=100) Dwelling Outdoor (n=86)
median mm max median Min max
Jig/m? Jlg/m?

MTBE 0,54 0,12 33,47 0,35 0,08 1,27
Benzene 2,14 0,70 23,71 1,58 0,69 3,21
Trichloroethene 0,16 0,03 1,21 0,12 0,03 0,26
Toluene 8,13 1,29 122 3,06 1,12 12,27
Tetrachloroethene 0,26 0,06 52,13 0,20 0,03 ,48 6
Ethylbenzene 1,09 0,20 7,37 0,50 0,16 1,38
m-+p-Xylene 2,33 0,43 17,52 1,12 0,31 3,56
Styrene 0,21 0,01 2,95 0,06 0,01 1,94
o-Xylene 0,86 0,14 6,14 0,41 0,12 3,49
1,2,4- Trimethylbenzene 1,99 0,17 16,94 0,64 , 140 3,32
p-Dichlorobenzene 0,07 0,03 7,11 0,03 0,03 090,
TVOC 491 138 2793 218 136 396
NO, 21,3 7,1 122,1 40,9 1,9 71,2
Formaldehyde 23,7 1,4 124,1 3,4 2,2 64,p
Acetaldehyde 21,8 1,1 65,2 13,8 0,4 63,2
PMIO 11,7 2,3 58,0 33,8 17,8 73,7

The total exposure of children is calculated basednedian concentrations in each
microenvironment and average time patterns. Typitéldren’s exposures reached
1,9-2,7 g benzene/ms3, 0,17-0,23) trichloroethene/m3, 6,3-7,5 toluene/ms3, 0,24-
0,48 g tetrachloroethene/ms3, 0,9-1,49 ethylbenzene/ms3, 2,0 — 2,99 m+p
xylene/ms3, 0,10-0,70 g styrene/m3, 0,8-1,1 g o-xylene/m3, 1,6-2,3 g 1,2,4-
trimethylbenzene, 0,1-0,9g p-dichlorobenzene, 410-52y TVOC/m3, 19-34 g
NO2/m3, 15-25 g formaldehyde/ms3, 10-27 g acetaldehyde/m® and 8-13g
PM10/m3.These ranges of typical exposure referatgation in typical exposure for
different age classes (0-2,5 years, 2,5-6 yeal® years, 12- 18 years) and proximity
of the houses to traffic density (UB, RB, HS). Tdi#ferences in exposure between
different age classes and traffic density classere wather small. It was assessed that
the highest exposed childreno{Pwere 2-4 fold higher exposed than the median,
typical exposed children for most gases. Exceptioeie tetrachloroehtene (x11), and
p-dichlorobenzene (x 50). These extremes wereeeblat the extremely large range of
indoor concentrations (Table 1).

The distribution of exposure over ambient (A: AiaA with Ao, exposure to ambient

pollutants directly in outdoor environment and éxposure to ambient pollutants that
have infiltrated indoors)), indoor source-relaté) @nd exposure during transport
(TR) is given in Figure 2 for TVOC and for the 2ngoonents with a extreme A,N,

TR distribution
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Figure 2: Distribution of typical exposure to formadehyde, TVOC and benzene over ambient,
non-ambient (indoor sources) exposure and exposudkiring transport.

Conclusion

Children’s exposure to air pollutants is mainly etaetined by indoor dwelling

exposure given the majority of time spent indodfariation in exposure between
children is mainly due to variations in indoor diwvej concentrations (up to 100-
fold), rather than variations in children’s timedgets, which are limited.

This study shows that the contribution of infiledtoutdoor air pollution to personal
exposure is different among the investigated pafitg. This is a point of attention in
ambient air quality policies, to include the indoexposures more explicit.
Recommendations for precautionary measures to eeduavoid indoor exposure to
certain gases, for example to formaldehyde, afecdif to make based on this study
because only a few clear source concentration esxe relationships were found.
For this, work on short-term and long-term emisssmurces and their relation to
concentrations, using various time average measnenshould be performed. This
is best placed in the context of a product policy.
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The use of bioassays in combination with chemicattfonation, separation and
identification techniques, also called Effect Diegt Analysis (EDA), is a powerful
tool for the identification of environmental keytoants in (aquatic) ecosystems. As a
first step and in order to select sites for a cahpnsive EDA study in the Modelkey
project (EU contract number GOCE 511237), a nunobécations in the river basins
of the Elbe, Scheldt and Llobregat were selecteddwicological profiling of water
and sediment using a vast array of bioassays qumneléng to a broad range of
toxicity syndromes.

Combination of the results will generate a fullyteigrated set of data for each
location. Based on these data, choices will be nfaddurther study of specific

locations, enabling the design of a tailor-made Edpproach for each location with
the ultimate aim of identifying the key toxicantssponsible for the observed
toxicities.

For toxicological profiling, the in vitro assayseas covered endocrine disruption,
genotoxicity and antibiotic resistance. In additionvivo bacteria, algae and daphnia
tests and several sediment contact tests haveitaaded.






