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option also dispersants are used as a chemical means to combat oil spills at sea. 
Third-generation chemical dispersants are complex mixtures of surfactants, 
solvents and other additives which allow the oil to spread more widely in the 
water body and thus degrade more quickly. One method to assess the risk of 
different kind of oils and dispersed oils in the GRACE project is the investigation 
of low energy water-accommodated fractions (LEWAF) and chemically enhanced 
water-accommodated fractions (CEWAF). In the present study two types of 
marine fuels, IFO180 and MGO, were tested for their acute toxic and genotoxic 
potential on different biological levels. The chemical dispersant used was 
FINASOL OSR 52 (Total). The micronucleus test using the zebrafish liver cell 
line (ZF-L) to assess the genotoxic potential was performed according to the ISO 
Guideline 21427-2. To investigate the toxicity on organism level the prolonged 
Fish Embryo Acute Toxicity Test with Danio rerio (OECD 236) was performed. 
Exposure to fuel WAFs led to typical oil-related malformations in embryos 
commonly described as blue sac disease. Furthermore, the samples showed a 
genotoxic potential. Results indicate a higher toxicity for the CEWAF treatment of 
both oil types, which is in agreement with earlier findings 
 
WE246 
Is exposure to chemically-dispersed oil more harmful to early stages of the 
Northern shrimp Pandalus borealis than mechanically-dispersed oil? 
M. Arnberg, F.K. Gröner, s. westerlund, S. Ramanand, R. Katrin Beckmann, 
NORCE Norwegian Research Centre; a. gomiero, International Research Institute 
of Stavanger / Enviromnent; T. Baussant, NORCE Norwegian Research Centre 
Oil pollution in the sea is a major environmental concern, which can drastically 
affect the marine ecosystem. Oil and gas activities is expanding oil search and 
recovery in the North Sea, and currently extends their search to Northern latitudes, 
including the Norwegian and Barents Sea [1, 2]. The current and future O&G 
development, together with increasing shipping after ice reduction, pose an 
increasing risk for accidental oil spill particularly in the high north ecosystem. Oil 
spill responses involve trade-offs, including the usage of dispersants. However, 
Scientific knowledge is needed to support decision-making and it is suggested to 
use a Net Environmental Benefits Analysis (NEBA) to decide on the best 
counteractions to mitigate ecological impacts following spill. This is especially 
demanded for key planktonic larval stages which are the most critical life traits to 
pollution events. such as oil.\nHere, larval fitness parameters such as survival and 
feeding rates of the Northern shrimp, Pandalus borealis larvae were measured in a 
series of exposure experiments where both mechanically and chemicallydispersed 
oil were used. Longer-term effects on the ontogenetic development of the northern 
shrimp larvae were also assessed. To mimic realistic exposure to oil spill, an 
experimental setup with high energy mixing was employed [3]. Oil and dispersant 
were added to achieve a dispersion with a total hydrocarbon (THC) concentration 
in the range of 10-20 mg/L, simulating realistic oil spill concentration shortly after 
a spill [4]. Additional treatments with oil only, dispersant only and a seawater 
control were included for comparison [5]. Relatively short exposure incubations 
(from 1h to 24h) were followed by longer recovery times (10 days) to assess both 
acute- (mortality) and longer-term effects (feeding, development). The overall aim 
was to assess the sensitivity and resilience of the Northern shrimp larvae to 
realistic oil spill mitigation responses, to support NEBA and oil responders for 
deciding the best options to combat oil and mitigate impacts to the marine 
environment, should a spill occur in the high north regions.  
 
Applications of Bayesian Network Models for Environmental 
Risk Assessment and Management (P) 
 
WE247 
Use of Bayesian network modelling for assessing the weight of evidence of an 
AOP network for UV radiation 
J. Moe, Norwegian Institute for Water Research (NIVA) / Section for 
Ecotoxicology and Risk Assessment; K. Tollefsen, NIVA / Ecotoxicology and 
Risk Assessment; L. Xie, NIVA - Norwegian Institute for Water Research / 
Environmental Toxicology; Y. Song, Norwegian Institute for Water Research 
(NIVA) / Ecotoxicology and Risk Assessment 
In this study, we use Bayesian network (BN) methodology to evaluate, refine and 
quantify a conceptual AOP (Adverse Outcome Pathway) model, which describes 
the adverse effect of UV-B radiation (a non-chemical stressor). This tentative 
AOP is a complex network linking two molecular initiating events (MIEs: ROS 
formation and CPD formation) to two adverse outcomes (AOs: reduced survival 
and fecundity of arthropodes), through nine potential key events. A tentative AOP 
structure has been developed based on literature studies, and will be evaluated 
with experimental data. The experiment, Daphnia individuals were exposed to UV 
radiation in 6 different dose-rates in the range 0 - 0.4 w/m2. All variables (the 
MIEs, KEs and AOs) were measured with three repeated measurements for each 
dose-rate. The resulting proposed AOP network consists of 10 potential pathways 
from the stressor to the second adverse outcome (reduced fecundity). This AOP 
network will be further developed by BN modelling in three main steps: (1) 
Evaluation and refinement of the proposed AOP structure: using the structure 
learning capabilities of BN software to suggest the most important key event 
relationships (i.e. their causal directions and strengths) based on correlations in the 

dataset, and refining the AOP model accordingly. (2) Quantification of the refined 
AOP model: quantifying each selected KER as a conditional probability table 
based on statistical modelling of the experimental data (e.g., regression analysis of 
dose-response curves). (3) Sensitivity analysis: ranking the pathways of the AOP 
network according to the strength of their influence on the adverse outcomes. The 
approach demonstrated here - the combination of expert knowledge, experimental 
data and advanced modelling methods (Bayesian networks) - is a promising 
strategy for data-oriented selection of key AOPs and for the identification of 
knowledge gaps associated with these AOPs. 
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Using AOP Bayesian Networks and Conventional Bayesian Networks to 
Improve Scenario-Based Risk Assessment and Management 
L. Burgoon, U.S. Army Engineer Research and Development Center / 
Environmental Laboratory 
Bayesian networks are a tool for studying causal chains to predict either outcomes, 
or the sequence of events that may have caused an outcome. Recently my 
collaborators and I have demonstrated how adverse outcome pathways can be 
converted into Bayesian Networks to facilitate the prediction of adverse outcomes 
using a minimal set of sufficient key events (MINSSKE). Here, I am combining 
the AOP Bayesian Networks, which operate at a more mechanistic toxicology 
level, with more conventional Bayesian Networks, that we use for scenario 
analysis in risk assessments and risk management decisions. Specifically, I will 
demonstrate how different climate change scenarios will alter the probabilistic risk 
of an adverse outcome in sensitive species due to some chemical exposure, where 
the chemical exposure level and route of exposure change as a function of climate 
change scenarios. I will demonstrate this work using the fungicide prochloraz, our 
AOP Bayesian Network for steroidogenesis, and common scenarios for climate 
conditions that may alter the growth conditions of fungus on crop plants. 
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Spatial oil spill risk assessment for threatened coastal biota in the northern 
Baltic Sea: Combining Bayesian networks, oil spill modeling and biodiversity 
data 
I. Helle, University of Helsinki / Organismal and Evolutionary Biology Research 
Programme; A. Jolma, Biwatech Ltd; R. Venesjärvi, University of Helsinki 
Possible oil accidents pose a risk to marine and coastal biodiversity especially in 
areas with high maritime traffic density and oil transportation volumes. Spatial oil 
spill risk assessment can help to manage the risk, for instance, by providing 
relevant information related to the deployment of oil combating equipment. In this 
study, we applied a probabilistic method to assess the spatial risk that tanker 
accidents pose to coastal ecosystems in the northern Baltic Sea. Our approach 
combined three elements that all had a spatial dimension: (relative) probabilities 
and other features of tanker accidents in different areas, the stochastic spreading of 
oil, and the ecological values at stake. We focused on threatened habitat types and 
species, as they are typically already stressed by other anthropogenic activities, 
and their recovery can be assumed to be slow and uncertain. We used a Bayesian 
network (BN) to describe different tanker accident scenarios in a probabilistic 
manner. The model included six relevant variables needed to describe the 
accidents, such as location, accident type, spill size, and oil type. The prior 
distributions for the variables were mainly derived from maritime and port 
statistics. For the spreading of oil, we used maps calculated with the SpillMod oil 
spill model that showed the probability of oil to occur in a certain location within 
10 days after an accident, given the characteristics of the spill and the prevailing 
weather conditions. The species and habitat data covered the locations and 
abundances/areas of threatened species and habitats along the Finnish coastline in 
the Gulf of Finland and the Archipelago Sea. The results show that spatial oil spill 
risk varies across the study area, and does not correspond to the frequency of 
accidents in a given area. In general, the risk is highest in the outer archipelago, 
and also certain hotspots along the coastline can be identified. Further, the risk is 
highest for seashore meadows and sandy beaches, which rank high also when 
species-specific risks are examined. Our study suggests that we should aim for oil 
spill risk assessments that do not focus only on single factor such as accident 
probabilities. A major advantage of our approach is the large number of separate 
oil spill simulations, which are combined by using a BN that offers an explicit 
way to handle uncertainty related to oil accidents. 
 
WE250 
Managing aleatory and epistemic uncertainty in Bayesian Networks 
U. Sahlin, Lund University / Centre forr Environmental and Climate Research; I. 
Raices Cruz, Lund University / Centre for Environmental and Climate Research 
CEC 
Bayesian Networks (BN) are probabilistic causal models with applications in risk, 
decision and data analysis. A BN is a joint probability distribution of nodes and 
causal links between them. When the nodes in a BN are categorical random 
variables (which is often the case), this probability distribution is characterized by 
probabilities or conditional probabilities. These probabilities can express aleatory 
uncertainty (variability) or epistemic uncertainty (uncertainty due to lack of 
knowledge). We claim that both types of uncertainty cannot be considered at the 
same time in BNs, which is a potential problem when there is a need to separate 
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Impacts of water pH on the toxicity of fluoxetine on Daphnia magna: a multi-
generational study 
J. SEO, The University of York / Environment and Geography; A. Boxall, 
University of York / Environment and Geography Department; K. Choi, Seoul 
National University / School of Public Health 
Fluoxetine (FLX), a selective serotonin reuptake inhibitor (SSRI), has been widely 
prescribed as anti-depressant. While FLX has been frequently detected in surface 
waters, sediments and biota, only limited information is available on its in 

vivo toxicity, particularly in invertebrates, under changing water pH. In the present 
study, the ecotoxicity of FLX (pKa = 9.8) was investigated in different pH levels 
(6.8, 8.3, and 9.2) using Daphnia magna. Daphnia neonates ( (F0) were exposed 
to 0, solvent control, 31.3, 62.5, 125, 250, 500, or 1000 μg/L for 48 hr and its 
effects on survivals (EC20, 50 and 75) were determined. Moreover, Daphnia 
neonates (The first brood daphnids from the chronic tests were discarded and the 
second brood daphnids (F1) were employed for the multigenerational acute test 
within 12 hours. F1 neonates were further exposed to 0, solvent control, 31.3, 
62.5, 125, 250, or 500 μg/L for 48 hr and their survivals (EC20, 50 and 75) were 
determined. F0 juveniles exposed to 0 or 55.6 μg/L at 10 d were measured for 
MDA. After 48 hr of F0 and F1 exposure, the EC50 significantly decreased (p < 
0.05) at 6.17 μg/L of FLX at all tested pHs. Moreover, after 21 d F0 exposure, the 
reproduction showed an increasing trend until 55.6 μg/L and significantly 
decreased at 166.7 μg/L at pH 9.2. F1 neonates showed significantly decreased 
body length after 21 d exposure to 2.06, 6.17, 18.5 and 55.6 μg/L at pH 9.2. 
Malformation of F1 daphnids development was also observed at 2.06 μg/L to 500 
μg/L. MDA concentration was also demonstrated increasing trends in all pHs and 
significantly increased at 55.6 μg/L at pH 6.8 and 9.2. Our observation clearly 
indicates that survival, reproduction, and growth performance in aquatic 
invertebrate can be adversely affected by FLX and the toxicity increases as water 
pH increases. A greater amount of uncharged ions from FLX has increased 
Reactive Oxidative Stress (ROS), MDA, by the ionic speciation at higher pH. 
Increased MDA concentration affected the mortality of F0 daphnids. Increased F1 
daphnids population demonstrated significantly greater toxicity. As a result, the 
toxicity of FLX has increased acutely, chronically, and multigenerational effects 
by increasing pH levels. Consequences of longer-term exposure over multi-
generations warrant further investigation. 
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