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variety of factors can influence the uptake of contaminants, such as metals, from 
the sediment by biota. These influences can be difficult to accommodate when 
deriving environmental limits that are relevant to field conditions. Here we have 
used a GIS approach based on river reaches to match biological data, from Water 
Framework Directive monitoring programmes of diatoms, invertebrates, fish and 
macrophytes, to a synoptic survey of riverbed sediment chemistry. A total of 2833 
sites were identified with matching sediment and biological data. A threshold 
biological response to sediment metal concentrations was expected, where the 
metal would have no influence until a threshold concentration had been exceeded. 
By modelling the 95%ile, biological response thresholds to sediment 
concentrations of the metals silver, cadmium, chromium, copper, nickel, mercury, 
lead, tin and zinc, and the metalloids arsenic and antimony were determined. 
Based on field data describing the response of the relevant BQEs, the rank order 
of sensitivity to sediment contaminated with metals and metalloids (from most 
sensitive to least sensitive) was diatoms < invertebrates < fish < macrophytes. 
Despite the uncertainty involved in the data matching exercise used to produce the 
datasets, these findings, based on field data, suggest that for some metals the 
existing sediment quality guidelines may be too precautionary. 
 
Toxicity Testing in Sediments - Bioassays As Link Between 
Chemistry and Complex Benthic Community Testing for 
Sediment Quality Assessment 
 
86 
Can transcriptomic biomarkers worthwile enhance sediment-contact tests by 
molecular biomarkers? 
A. Brinke, German Federal Institute of Hydrology; G. Reifferscheid, Federal 
Institute of Hydrology / Department Biochemistry and Ecotoxicology; R. Klein, 
Trier University; U. Feiler, Federal Institute of Hydrology; S. Buchinger, Federal 
Institute of Hydrology / Department G Biochemistry Ecotoxicology 
In sediment-contact tests effects caused by sediment-bound pollutants usually are 
assessed on a macroscopic scale. In this approach a sediment-contact test with rice 
is enhanced by molecular biomarkers for arsenite contamination. As macroscopic 
endpoint the inhibition of root elongation was assessed. A dose-response curve for 
the inhibition of root elongation was characterized and the EC50 was calculated as 
13 mg·kg-1

 dw. Molecular endpoints in form of transcript biomarkers were derived 
from microarray analysis. For this purpose, rice plants were exposed to two 
arsenite concentrations, namely 11 mg·kg-1

dw and 15 mg·kg-1
dw on spiked artificial 

sediments. Differentially expressed genes that are dose-dependently induced were 
selected as candidate biomarkers. From these genes a subset of five genes was 
analyzed by means of qPCR in rice roots that were exposed to a broader range of 
arsenite concentrations resulting in gene-specific dose-response-relationships. The 
five candidate biomarker genes were also characterized after exposure of rice to 
natural sediments with arsenic concentrations ranging from 13 to 23 mg·kg-1

dw. On 
arsenite spiked artificial sediments, all genes showed a dose-dependent increase of 
expression up to a maximum at 9 or 13 mg·kg-1

dw respectively. While on artificial 
sediments a distinct inhibition of root elongation was observed, on natural 
sediments only at the highest concentration of arsenic, an inhibiton of root 
elongation occurred. This finding from the natural sediments contradicted the 
expectations based on the results of the artificial sediment where an inhibition of 
the root elongation was observed at lower concentrations. This might be explained 
by the observation, that rice roots grown on silty natural sediments like, grow 
thinner, but longer compared to roots grown on sandy artificial sediments. 
However, one of the selected molecular biomarkers reacted clearly to the 
contaminated sediment. These findings might suggest that the macroscopic 
endpoint root elongation is less sensitive on silty natural sediments compared to 
molecular endpoints, if sandy references sediment is used. In sum, it was possible 
to identify candidate biomarker genes for arsenite stress by means of an 
omic-approach. On artificial, but especially on natural sediments, the biomarker 
react more sensitive than the inhibition of root elongation and thus indicated a 
stress response before adverse effects become manifest on a macroscopic level. 
 
87 
Evaluation and selection of test methods for the assessment of contaminated 
sediments in the Baltic Sea - The CONTEST project 
K.K. Lehtonen, A. Ahvo, Finnish Environment Institute / Marine Research 
Centre; N. Berezina, Russian Academy of Sciences / Zoological Institute; M. 
Breitholtz, B. Eklund, Stockholm University / Department of Environmental 
Science and Analytical Chemistry; K. Jørgensen, Finnish Environment Institute / 
Marine Research Centre; M. Linde, Stockholm University / Department of 
Environmental Science and Analytical Chemistry; E. Schultz, Finnish 
Environment Institute / Laboratory Centre; J. Strand, Aarhus University / 
Department of Bioscience; K. Ström, B. Sundelin, Stockholm University / 
Department of Environmental Science and Analytical Chemistry 
There is a growing need to establish reliable, scientifically-based assessment 
methods to assess and classify the degree of contamination in sediments. This is 
necessary for decision-making concerning regulatory actions towards the reducing 
of pollution from different sources, removal and re-location of contaminated 
materials, and on-site remediation measures and the follow-up of these. The 

purpose of the CONTEST project (“Evaluation and selection of test methods for 
assessment of contaminated sediments in the Baltic Sea”, 2014-15), funded by the 
Nordic Council of Ministers and the Finnish Ministry of the Environment, was to 
test, evaluate and select suitable biological methods for the quantitative and 
qualitative assessment of toxicity of anthropogenically contaminated sediments in 
the Baltic Sea marine environment. In the project, a battery of biotests currently in 
use in toxicity assessments were applied using a heavily contaminated harbour 
sediment as the test matrix. Chemical analysis of the sediment confirmed the 
presence of high concentrations of polycyclic aromatic hydrocarbons, organotins 
and trace metals. For the toxicity testing, a series of dilutions was prepared by 
adding reference sediment to the contaminated one, according to the toxicity 
results obtained from a preliminary toxicity test using amphipods. Various 
biological endpoints were examined in different test species, most of them 
ecologically relevant for the Baltic Sea. The following biotests/endpoints using 
whole sediments or sediment elutriates were applied: amphipod survival, larval 
development and biomarkers; gastropod survival, embryo development and 
imposex; copepod survival and larval development rate; water fleasurvival; 
sediment avoidance (amphipods); bacterial luminescence; micro- and macroalgae 
growth inhibition; SOS/umu genotoxicity. The majority of the tests applied 
showed concentration-dependent negative effects on the test organisms. Ranking 
of the biotests for recommendation purposes was based on the sum scores of a set 
of carefully formulated individual assessment criteria applied for each 
test/endpoint. 
 
88 
Bioassays in framework of a triad assessment method for brackish sediments 
K. De Schamphelaere; L. Bervoets, J. Teuchies, University of Antwerp / Systemic 
Physiological and Ecotoxicological Research  Department of Biology; T. 
Ysebaert, IMARES - Wageningen University / Institute for Marine Resources and 
Ecosystem Studies; P. Meire, University of Antwerp / Ecosystem Management 
Departement of Biology; R. Blust, University of Antwerp / Systemic 
Physiological and Ecotoxicological Research  Department of Biology 
In sediment risk assessment, analysis of the pollutant concentrations is essential in 
determining the degree and nature of sediment contamination. However, chemical 
analyses provide no evidence of biological effects as, for example, mixture effects 
are not accounted for. Bioassays provide valuable information on the toxic effects 
of sediments, but are carried out under lab conditions and are limited to the testing 
of a few organisms. An evaluation of the benthic community structure can provide 
evidence of effects in situ. The sediment quality triad method incorporates 
measures of various chemical parameters, toxicological effects and benthic 
community structure in view of conducting an integrated assessment of sediment 
quality. In framework of developing a triad assessment method for the quality 
evaluation of brackish sediments, 28 sediment samples were taken along the 
Scheldt estuary (Sea Scheldt (Flanders) and Western Scheldt (the Netherlands)) 
and other brackish aquatic systems in Flanders. For these samples, chemical 
variables (e.g. metals and organic pollutants), toxicological effects and benthic 
community structure are being assessed. In this study, two sediment contact 
bioassays and a pore water bioassay are carried out to test their suitability for 
uptake in a quality triad method for brackish sediments as indicator of 
ecotoxicological effects. A 28-day sediment contact bioassay with the polychaete 
worm Hediste diversicolor is performed on a selection of the samples, with 
growth and mortality being evaluated. A 10-day sediment contact bioassay with 
the amphipod Corophium volutator and a 24h pore water test with the 
rotifer Brachionus plicatilis, evaluating mortality, are carried out on all the 
samples. For the sediments already evaluated mortalities vary between 0%-20% 
for H. diversicolor, between 1%-20% for C. volutator and between 10%-43% 
for B. plicatilis. Chemical concentration data are evaluated and compared with 
existing Sediment Quality Guidelines to assess the expected potential of sediment 
pollutant concentrations to influence sediment toxicity, and compared with the 
bioassay results. Through multivariate analysis the chemical, ecotoxicological and 
biological sediment measures are being analysed to assess the correspondence 
among the three components.  
 
89 
(Dis)Agreement between different Lines of Evidence (LoEs) in the risk-based 
approach of dredged sediments 
J. Larreta, Azti-Tecnalia / Marine Research Unit; M. Belzunce-Segarra, 
Azti-Tecnalia / Marine Research Division; J. Franco, Azti-Tecnalia / Marine 
Research Unit; J. Garmendia, I. Menchaca, I. Zorita, Azti-Tecnalia / Marine 
Research Division 
The importance of sediments for the assessment of the quality status of aquatic 
environments has been thoroughly recognized and sediments monitoring is 
included in many programmes for the assessment of the quality status of marine 
environments worlwide. In addition, the assessment of the risk associated to 
contaminants present in the sediments plays a key role in the management of 
human activities in coastal areas, particularly dredging and relocation of sediments 
in ports. The results obtained from studies carried out for the management of 
dredging activities, in addition to those obtained from monitoring programmes 
that include sediments, represent a good opportunity to study relationships 
between different lines of evidence (LoEs) 
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to assess the ecological risk of sediment-bound contaminants In this work we 
study the relationships between the sediment chemistry, the toxicity testing and 
the status of biological communities, in order to a) assess the degree of 
(dis)agreement among these three LoEs; b) identify the factors and conditions 
more likely distorting the expected cause-effect relationships; and c) suggest 
improvements in the risk-based approach for the management of dredging 
operations in the coastal areas of Spain. Data from several studies carried out by 
AZTI in the Basque coast (N. Spain) for different institutions were considered in 
this work. Overall, almost 300 sediment samples collected along the Basque coast 
with chemical information of contaminants (heavy metals and organic 
contaminants) and, at least, one biological LoE (toxicity testing and/or benthic 
communities) were considered. Most of the metal concentrations in the sediments 
were well above the ERL, and values above ERM were frequent, suggesting that 
adverse toxic effects were likely to occur. Statistically significant correlations 
have been found between variables of the three LoEs: e.g. %organic matter, PCBs, 
Cr, Ni and Zn are correlated with AMBI, Microtox® and anphipods toxicity. The 
quality status of the benthic communities was not clearly related to the others 
LoEs. This indicates the complex relationships between the chemical and the 
biological compartments. 
 
90 
A weight of evidence approach for assessing remediation of contaminated 
sediments using food web tissue contamination, biotic condition and DNA 
damage. 
J.M. Lazorchak, U.S. EPA / Office of Research and Development; J. Meier, 
NCOAA Retired; K. Fritz, M. Mills, U.S. EPA; P. Wernsing, U.S. EPA Office of 
Research and Development; H. Haring, The McConnell Group; D. Walters, USGS 
/ Fort Collins Science Center; J.M. Kraus, U.S. Geological Survey; B.M. 
Armstrong, Michigan State University / Fisheries and Wildlife 
The Ottawa River drains northwestern Ohio, flowing into Lake Erie’s western 
basin at the city of Toledo. The Ottawa River is a component of the Maumee 
River Area of Concern (AOC) as defined by the International Joint Commission’s 
Great Lakes Water Quality Agreement. A sediment remediation project took place 
in the lower 14.2 km of the river where urban and industrial activities impacted 
the river as a beneficial resource. Sediment was removed based on a surface 
weighted average concentration model where PCB and PAH levels exceeded 
targeted levels. This presentation will focus on three biological tools used to 
assess remedy effectiveness: change in fish, invertebrate and Tetragnathid spider 
tissue concentrations of PCBs and PAHs, DNA damage in Brown Bullhead and 
macroinvertebrate biotic condition as measured by Ohio EPA Lacustrine Index of 
Community Integrity (LICI). From 2009-2013 and again in 2015, pre- and 
post-remedy sampling of fishes representative of different trophic levels was 
conducted via electroshocking and fyke net sampling. The study area was divided 
into three river reaches with distinct hydrogeomorphology. Fish collected from 
each reach included: Largemouth Bass, Brown Bullhead, White Sucker, 
Pumpkinseed, Gizzard Shad, Bluntnose Minnow and Emerald Shiner. Blood 
samples were collected from 10 Brown Bullheads from each reach to assess DNA 
damage using Comet Assay methods. Multi-plate samplers were deployed for 
collection of macroinvertebrates for tissue analyses and biotic condition 
assessment. DNA damage in Brown Bullhead increased during dredging then 
declined in subsequent years. Largemouth Bass, White Sucker, Brown Bullhead, 
Pumpkinseed, Bluntnose Minnow, macroinvertebrate & spider tissue 
concentrations showed no change 3-y post dredging compared to pre-dredging. 
Gizzard Shad and Emerald Shiner showed lower tissue concentrations 3-y post 
dredging compared to pre-dredging across the entire project area. No difference in 
the LICI was found based on samples collected before and after dredging. Based 
on modeling performed during the design phase, it was anticipated that the 
long-term clean up goals would be met approximately 10 years after the 
completion of dredging activities, by 2020.  
 
91 
A comparative approach using ecotoxicological methods from single-species 
bioassays to model ecosystems 
A. Hägerbäumer, Bielefeld University / Animal Ecology; S. Höss, Ecossa; E. 
Claus, Federal Institute of Hydrology / Department Biochemistry and 
Ecotoxicology; P. Heininger, Federal Institute of Hydrology / Division Qualitative 
Hydrology; W. Traunspurger, University of Bielefeld / Department of Animal 
Ecology 
Effects on natural nematode assemblages to chemical stress (Zn) were assessed in 
this study in complex sediment microcosms, including indirect food-web effects, 
and in acute community toxicity tests, considering direct toxicity only. Responses 
of the various freshwater nematode species in both approaches were compared to 
effects of Zn on the well-established model organism C. elegans in standardized 
toxicity tests (ISO 10872). The acute tests were performed with a concentration of 
20 mg Zn/L, resulting in a sensitivity ranking of in situ nematode species. The 
findings only partly reflected classifications of nematode species according to the 
NemaSPEAR[%]-index but underlined the function of C. elegans representing the 
sensitivity of freshwater nematodes. The sediment in the microcosms was spiked 
with nominal Zn concentrations of 10 and 100 mg Zn/kg Sediment (dw). Over the 
course of the study, Zn had strong dose-dependent effect on nematode abundance, 

species richness, and species composition, as well as on the 
NemaSPEAR[%]-index,with significantly lower values in HD-microcosms. 
Additionally, standardized C. elegans-toxicity tests with whole sediment samples 
and filtered pore water were conducted to estimate bioavailability and direct 
toxicity, indicating that concentrations causing sublethal effects in C. elegans have 
already severe effects on natural nematode communities. Even at relatively low 
pore water concentrations of 1 mg Zn/L, corresponding a 20% inhibition of 
reproduction of C. elegans only, striking effects on the natural nematode 
assemblages could be observed. By this study, a better interpretation of toxicity 
bioassays in terms of sediment quality assessment was aimed. Whereas the 
function of C. elegans as representative of nematodes could be confirmed when 
comparing its sensitivity to common freshwater species, results of the more 
complex microcosm approaches underline the importance of considering also 
indirect (food-web) effects. Combining sophisticated experimental tools with field 
observations allows for more accurate decision making in environmental risk 
assessment. Data on chemical concentrations, single-species and community 
toxicity, and in-situ assemblages can be integrated as single lines of evidence in a 
weight-of-evidence approach. As suitable ecotoxicological tools and ecological 
indices (NemaSPEAR[%]-index) for nematodes are already available, this 
organismal group should be used more often in sediment quality assessments. 
 
Advances in exposure modelling: bridging the gap between 
research and application (II) 
 
92 
Exposure to Chemicals in Consumer Products: The Role of the Near-Field 
Environment 
P. Fantke, Technical University of Denmark / Quantitative Sustainability 
Assessment Division; A. Ernstoff, Quantitative Sustainability Assessment; S. 
Csiszar, 2Oak Ridge Institute of Science and Education at U.S. EPA; L. Huang, 
University of Michigan / Dept of Environmental Health Sciences; O. Jolliet, 
University of Michigan 
Humans can be exposed to chemicals in consumer products during product use 
and environmental releases with inhalation, ingestion, and dermal uptake as 
typical exposure routes. Nevertheless, chemical exposure modeling has 
traditionally focused on the far-field with near-field indoor models only recently 
gaining attention. Further, models that are mostly emissions-based, may not 
necessarily be applicable to all types of chemical release from consumer products. 
To address this gap, we (1) define a framework to simultaneously account for 
exposure to chemicals in the near- and far-field, (2) determine chemical product 
concentrations for various functional use categories, (3) introduce a quantitative 
metric linking exposure to chemical mass in products, the Product Intake Fraction 
(PiF), and (4) demonstrate our framework for various consumer product 
categories. This framework lends itself to high-throughput calculations for 
characterizing exposure to the vast consumer product chemical space. The 
chemical mass in products is used as a starting point for quantifying human 
exposure obtained by multiplying the chemical concentration (e.g. % w/w) in the 
product with the amount of product used per defined application. Chemical 
concentrations in products can be obtained from empirical studies, formulations 
and associations described in databases, or when unavailable, estimated based on 
chemical-product functions or regulatory frame formulations. Exposure is 
quantified by estimating the PiF, the fraction of the chemical in a product that is 
taken in by humans via each exposure pathway, considering specific 
compartments of entry into the near-field environment (releases of chemicals 
encapsulated in articles, indoor air spray, etc.). To estimate PiFs, we combined 
far-field environmental compartments with near-field compartments and exposure 
pathways in a multimedia matrix of transfer fractions, with columns and rows for 
each compartment and exposure pathway. The multiple transfers and PiFs (e.g. 
from chemicals encapsulated in articles to inhalation of indoor air and dermal 
uptake via skin contact) were obtained by inverting the transfer fractions matrix, 
yielding cumulative multimedia transfer fractions. PiFs for various chemicals in 
products were found to be on the order of 1x10-7 for semi-volatile organic 
compounds (SVOCs) in thick flooring, 5x10-3 for VOCs in indoor air spray, and 
up to 95% or even higher for ingredients in leave-on cosmetic products. 
 
93 
Junge relationships in modelled and measured concentrations of chemical 
pollutants in the Danube River 
C. Coll Mora, Stockholm University / Environmental Sciences and Analytical 
Chemistry; C. Lindim, Stockholm University / Department of Environmental 
Science and Analytical Chemistry ACES; M. MacLeod, ITM - Stockhom 
University / Department of Environmental Science and Analytical Chemistry 
ACES; A. Sobek, Stockholm University / Department of Environmental Science 
and Analytical Chemistry ACES 
Persistence is an undesirable property of chemicals that is difficult to measure in 
the real environment. Junge relationships describe the correlation between the 
relative standard deviation of concentrations of chemicals and their residence 
times. Once calibrated for a set of compounds they can potentially be used to 
estimate the persistence of pollutants. The parameter b in the Junge equation is a 
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