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Executive summary 

The Working Group on the Biological Effects of Contaminants (WGBEC), chaired by 
Bjørn Einar Grøsvik (NO) and Ketil Hylland (NO), met in Reykjavik, Iceland, 13–17 
March 2017. There were 13 attendees through the week, representing 8 countries, in addi-
tion two invited speakers from the University of Iceland. 

WGBEC aims to address effects of chemical stressors on the marine environment and 
subsequent consequences for human health and resource use, taking into account other 
stressors and environmental factors. The group aims to develop, evaluate and quality 
assure methods and frameworks for environmental quality. 

WGBEC raison d´être and communication with other expert groups 

WGBEC is currently extending its activities to also encompass issues relevant to human 
health, in addition to progressing with seabirds and marine mammals, with an aim to 
address ecosystem-wide impacts of contaminants.  

ToR a) Review effects of chronic oil exposure on marine organisms. WGBEC members 
are working on a review to be submitted by the end of 2017, led by Bjørn Einar Grøsvik 
(NO). 

ToR b) Review available studies on marine seabird ecotoxicology. WGBEC members 
are involved in research projects and two papers on seabird genotoxicity are in prepara-
tion, to be submitted prior to WGBEC 2018. 

ToR c) Review available studies on marine mammal ecotoxicology. With invited exter-
nal experts, WGBEC discussed the serious situation for long-lived toothed whales in Eu-
ropean waters, particularly killer whales. Populations in the UK, around Gibraltar and 
the Canary Islands have suffered dramatic declines in reproduction over the past dec-
ades. The same populations have very high contaminant concentrations. PCB was identi-
fied as the possibly most important group of contaminants and the group highlighted the 
need for European countries to reduce diffuse inputs of PCB. 

ToR d) Review effects of contaminants on community composition. It is clearly im-
portant, but challenging, to link contaminant effects with impacts on biodiversity. The 
activity will be summarised at WGBEC 2018. 

ToR e) Develop methods to evaluate effects of acute spills on marine organisms. The 
group considered national guidelines already available on the topic and group members 
have been approached to combine and review the information into a common guideline. 

ToR f) Develop methods to evaluate effects of ocean acidification on marine organ-
isms. The current state of science was reviewed during the meeting. 

ToR g) Review interactions between essential nutrients or vitamins and contaminants 
in marine organisms. Although not clear at the moment, there is a need to further ex-
plore links between deficiencies in essential nutrients or vitamins and contaminant expo-
sures. The planned workshop on thiamine methods could not be held and will be 
considered for WGBEC 2018. 

ToR h) Review progress with marine plastic ecotoxicity to marine organisms. WGBEC 
members are involved in a range of national and international projects addressing issues 
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with macro- and microplastics. A promising technique for quantification of some plastics 
in sediments and tissues was presented. 

ToR i) Review and update knowledge of environmental interactions and combined 
stressors in marine ecosystems. An outline for this review was discussed at the meeting. 
A scientific paper co-authored by WGBEC members will be submitted by the end of 2017, 
guided by an outline circulated by Ketil Hylland (NO) before the summer. 

ToR j) Review effects of emerging contaminants on marine organisms. The group dis-
cussed the report from MCWG. 

ToR k) Review the use of passive samplers and dosing in marine ecotoxicity studies. 
Recent papers and results reported at MSWG and MCWG were presented to the group 
and discussed. 

Review the status of publications and consider requirements for new publications 

Activities stemming from WGBEC has led to the publication of a special volume of Ma-
rine Environmental Research (Volume 124), edited by Ketil Hylland (current Chair) and 
Matthew Gubbins (former Chair). The volume described the ICON project and com-
prised 14 scientific papers. A TIMES document elicited by the group is currently under 
publication, Hanson et al. “Supporting variables for biological effects measurements in 
fish and blue mussel”.  

AQC activities for biological effect methods 

An intercalibration for selected biological effects methods, i.e. EROD, AChE and micro-
nucleus, is underway and will be performed early autumn 2017. Co-ordinators are Bjørn 
Einar Grøsvik (NO) and Steve Brooks (NO). 

Communication with the ICES Data Centre 

WGBEC support the development of a simplified data entry format, to increase the in-
flow of biological effect data into ICES databases. 

Contact with OSPAR and other ICES WGs 

Although there has been progress in developing integrated monitoring programmes to 
be accepted by OSPAR HASEC, there is a need for more data.  

The collaboration with WGEEL in 2016 was discussed. This topic has left some loose 
threads that will be addressed at WGBEC 2018. 
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1 Administrative details 

Working Group name 

Working Group on the Biological Effects of Contaminants (WGBEC) 

Year of Appointment 

2016 

Reporting year within current cycle (1, 2 or 3) 

2 

Chair(s) 

Bjørn Einar Grøsvik, Norway 

Ketil Hylland, Norway 

Meeting venue 

Reykjavik, Iceland 

Meeting dates 

13–17 March 2017 

 

2 Terms of Reference a) – z) 

a ) Review effects of chronic oil exposure on marine organisms; 
b ) Review available studies on marine seabird ecotoxicology; 
c ) Review available studies on marine mammal ecotoxicology; 
d ) Review effects of contaminants on community composition; 
e ) Develop methods to evaluate effects of acute spills on marine organisms; 
f ) Develop methods to evaluate effects of ocean acidification on marine organ-

isms; 
g ) Review interactions between essential nutrients or vitamins and contaminants 

in marine organisms; 
h ) Review progress with marine plastic ecotoxicity to marine organisms; 
i ) Review and update knowledge of environmental interactions and combined 

stressors in marine ecosystems; 
j ) Review effects of emerging contaminants on marine organisms; 
k ) Review the use of passive samplers and dosing in marine ecotoxicity studies. 
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3 Summary of Work plan 

Year 1  

The development of methods to assess effects of acidification is an ongoing issue, to be 
reported each year. Effects of emerging contaminants will be finalised (there has been 
activity on this issue over the last 3-year period). The group will finalise recently initial-
ised work on interaction between contaminants and vitamins. Work will also focus on 
items to be reported in year 2 with status updates this year (a, b, c).  

Year 2 

This is an important reporting year during this 3-year cycle with a final reporting, i.e. 
review papers, on items a, b (chronic oil exposure, seabird toxicity), in addition to status 
updates for items f and h (effects of acidification and plastics).  

Year 3 

Final reporting (i.e. review papers) on items c, d and i (marine mammal ecotoxicology, 
effects on communities and interactions/combined effects) as well as status reports for 
ocean acidification.  

4 List of Outcomes and Achievements of the WG in this delivery 
period 

• The group reserved a full day to discuss the plight of toothed whales in Euro-
pean waters, specificially killer whale. Killer whales from the UK southwards 
have so low reproduction, most likely contaminant-related, that they will most 
likely go extinct within one or two decades. 

• An entire issue of a periodical – Marine Environmental Research 124. Pages 1-
138 (March 2017) – was dedicated to papers from a WGBEC-initiated project, 
ICON, with WGBEC members as main contributors. 

• The group will continue to develop an ecosystem perspective that includes 
seabirds, marine mammals and humans alongside fish and invertebrates. 

• Effects of plastics and interactions with contaminants in how they affect ma-
rine organisms will be in focus for the last year of the 3-year cycle. 

5 Progress report on ToRs and workplan  

WGBEC raison d´être 

WGBEC is currently extending its activities to also encompass issues relevant to human 
health, in addition to progressing with seabirds and marine mammals. Work within the 
next year will include evaluating the relevance of animal models for assessing human 
health risks and the extent to which impacts in nature can be used to predict future con-
sequences for man. A position paper is being produced to discuss the above aspects, led 
by Dick Vethaak (NL). 

References to the text in each ToR can be found in Annex 3. 
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ToR a - review effecs of chronic oil exposure on marine organisms 

WGBEC members are involved in different activities addressing how oil or oil-related 
components affect marine organisms. A study performed at the Sandgerdi field station 
(Iceland) highlighted major species differences (Atlantic cod, turbot) in their response to 
exposure to the water soluble components of oil (Holth et al., in press). A recent study 
have shown how transcriptomics can be used to identify critical pathways for oil toxicity 
in fish (haddock) larvae (Sørhus et al., 2017). Formation of DNA adducts in fish liver due 
to exposure of oil and PAHs was recently reviewed by Pampanin et al. (2017). 

A review of chronic oil effects will comprise the following: 

i ) description of chronic exposure, including degradation and environmental 
modification (BEG);  

ii ) tissue and environmental concentrations following chronic exposure (SB); 
iii ) effect methods – fish (BEG, KH, SB); 
iv ) effect methods – invertebrates/communities (JB, SB); 
v ) effect methods – seabirds, mammals (KH); 
vi ) comparison lab – field; thresholds/assessment values (BE); 
vii ) modelling exposure and effects. 

Action: Work is in progress with a review paper on effects of chronic oil spills. The re-
view will be prepared and submitted by the end of 2017. Bjørn Einar Grøsvik (NO) will 
circulate a draft outline before the summer to WGBEC. 

ToR b - review available studies on marine seabird ecotoxicology 

Ketil Hylland (NO) presented recent studies at the University of Oslo, focusing on in-
volvement of environmental contaminants on DNA strand breaks in white blood cells 
from seabirds sampled at Ny Ålesund, Svalbard, i.e. black guillemot, kittiwake, eider, 
Arctic skua and large skua (Haarr et al., in prep), as well as herring gull from Norway 
(Keilen, 2017).  

Hrönn Jörundsdóttir (IS) presented a study with a large spatial coverage of persistent 
organic contaminants in black guillemot eggs, with a surprisingly different patterns for 
different contaminants. All contaminants were highest in eggs from the Baltic, PBDEs 
higher in Iceland eggs than eggs sampled along the Norwegian coast, whereas different 
fluorinated substances varied in their concentrations, with PFOSA highest at Sklinna 
(Trøndelag, Norway). A study on Iceland showed that skua eggs were most contaminat-
ed with tern and eider eggs having the lowest contaminant loads. 

Action: Follow up specifically on the consequences of plastic ingestion by seabirds at 
WGBEC 2018. 

ToR c - review available studies on marine mammal ecotoxicology 

Paul Jepson (UK) and Rune Dietz (DK) presented their ongoing work on killer whales, 
toothed whales and other marine mammals. Their studies show that the bioaccumulation 
of persistent and toxic pollutants in both humans and wildlife lead to elevated tissue 
concentrations and associated detrimental effects on important immune, endocrine and 
reproductive functions. Marine mammals, especially killer whales (Orcinus orca), are 
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particularly vulnerable to bioaccumulation as they have long life spans and are top pred-
ators feeding at high trophic levels.  

A recent paper has linked long term population declines of European killer whale and 
other cetaceans populations to reproductive impairment caused by PCBs (Jepson et al., 
2016). Many of these highly PCB-exposed populations of killer whales and bottlenose 
dolphins in both the NE Atlantic and the Mediterranean Sea have small or declining 
populations associated with very low rates of reproduction in adult females. PCBs have 
all but stopped declining in marine mammals in Europe over the past 15–20 years.  Since 
most adult female dolphins can only normally produce a single calf every 2–4 years – any 
further PCB-induced suppression of fecundity can and will have catastrophic conse-
quences on population viability. The killer whale is now close to extinction within the 
industrialised regions of Europe. In a recent review of the PCB threat to marine apex 
predators (including seabirds), the bioaccumulation and biomagnification of PCBs was 
conserved a significant threat not just to killer whales but also to bottlenose dolphins 
(resident/coastal ecotypes); false killer whales (globally); polar bears (Arctic); river dol-
phins and porpoises (SE Asia) and numerous marine apex predator shark species (Jepson 
and Law 2016).  

WGBEC discussed the need for evaluating the effects of realistic pollutant exposure on in 
vitro immune function in killer whales in order to generate data for a population model 
of contaminant effects in killer whales. Ongoing work at Aarhus University and collabo-
rators are using peripheral blood to isolate immune cells from individual whales being 
cryopreserved until laboratory analysis. The in vitro immune assays to be tested in the 
present study include mitogen-induced lymphocyte proliferation, natural killer cell activ-
ity and cytokine production, and these represent important aspects of innate and ac-
quired immunity (De Guise et al., 1997; Mori et al., 2006). Immune function are assessed 
dose-dependently using a contaminant cocktails extracted from killer whale blubber, 
thus representing the actual mixture of contaminants present in killer whales. This work 
will feed into a population-level model of contaminant effects in wild killer whales, al-
lowing us to estimate how current and future contaminant levels in wild animals are 
influencing population growth and risk of viral epidemics. Such information is crucial for 
on-going conservation efforts for killer whales, which continue to have extremely elevat-
ed body burdens of persistent organic pollutants (POPs). 

Among a cocktail of industrial pollutants, PCBs are possibly the most important drivers 
for reproductive, immunotoxic and carcinogenic effects. While environmental PCB con-
centrations were indeed observed declining after legal mitigation, large body burdens 
remain in many top predators, especially in the North Atlantic. Moreover, both inten-
tional and unintentional production of PCBs, as well the use and recycling of PCB-
containing equipment, are contemporary primary and secondary sources (Dietz et al. 
2016). 

The Stockholm Convention therefore urges its ratifying parties to cease using PCB-
containing equipment by 2025 and perform environmentally sound waste management 
by 2028. This means nonetheless that PCBs will continue to leach into the environment 
over the next decade. Given present-day observed reproductive failure in several killer 
whale populations we must urgently reduce the ultimate industrial PCB phase-out dead-
line before conservation of this species surpasses a tipping point. 
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The IUCN Red List of Threatened Species does not state concern for killer whales as data 
are deficient, mainly because there is scientific uncertainty around whether killer whales 
are one or more species. Nonetheless, there is a need for an international risk assessment, 
using both in vivo and in vitro approaches to determine physiological effect thresholds of 
realistic PCB exposures that will allow us to identify meaningful population impacts 
using state-of-the–art modelling. Worldwide collaborative efforts are crucial to identify 
populations at risk of extinction and those that could maintain this iconic species. Killer 
whales are excellent marine sentinel species, indicating that not one nation can address 
the persistent threat that is environmental PCB pollution. The choice for international 
PCB mitigation is both timely and urgent - in order not to lose this “canary in the 
coalmine”. 

Action: WGBEC will follow up on contaminant effects in sensitive marine mammal pop-
ulations in 2018. 

Recommendation: WGBEC are deeply concerned about the PCBs loads on killer whales 
and other toothed whale populations in the North Atlantic since they appear to have 
devastating consequences. WGBEC invites the regional seas conventions to take note of 
these serious findings and encourage member countries to dramatically increase the rate 
of clean-up of contaminated landfills, rivers, estuaries and coastal areas. Marine mam-
mals and seabirds appear to be sensitive components of marine ecosystems and the con-
ventions are invited to include relevant components in ongoing monitoring programmes. 

ToR d - review effects of contaminants on community composition 

The input to the discussion of community was contributed by Juan Bellas (ES), with in-
puts from other members of WGBEC. ‘Community ecotoxicology’ has been defined as 
the study of the effects of chemicals on species abundance, diversity and interactions 
(Newman and Clements 2008). The concept of biological classification of aquatic systems 
according to the degree of pollution was introduced by Richard Kolkwitz and Maximili-
an Marsson in their classical freshwater studies at the beginning of the twentieth century, 
developing the Saprobic System (Kolkwitz and Marsson, 1908, 1909). The application of 
the “bioindicator approach” to assess the spatial impact of pollution was applied to ma-
rine ecosystems by Reish (1955), who was the first to publish on the proliferation of a 
polychaete species (e.g. Capitella capitata) in marine sediments with elevated concentra-
tions of organic matter. Because of its relative stability and due to the relatively long-life 
cycle of macrobenthic species, benthic communities are less sensitive to short variations 
of the physico-chemical water characteristics, compared for instance to the high sensitivi-
ty of planktonic communities (Reish 1986). Therefore, benthic communities are thought 
to be particularly suited to study the effects of marine pollution at medium-to-long term. 

In a comprehensive review, Pearson and Rosenberg (1978) proposed the paradigm ac-
cording to which organic matter enrichment can trigger the abundance of a few oppor-
tunistic species (typically polychaetes), which causes alterations in benthic community 
structure, by decreasing the diversity, abundance and biomass of macrobenthic species. 
In order to detect slight changes in the community structure caused by pollution in a 
given area a complete sample of indicator species is required. It is now generally agreed 
that this paradigm has universal application for environmental stress in the broad sense, 
and Gray (1989) shows that marked changes in communities do not only occur at high 
levels of impact and, for instance, both specific richness and diversity can increase with 
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moderate levels of disturbance. Current approaches includes the calculation of several 
biotic and diversity indices, but are still based on the same principle. Increasing levels of 
stress will eliminate more sensitive species, and tolerant/opportunistic species will ex-
pand their ranges of distribution in absence of competition, dominating impacted com-
munities. Although initially used to describe eutrophication processes, benthic 
community analyses have also been extensively used to monitor other stressors, e.g. the 
release of drilling muds around oil platforms (Gray et al., 1999) and hypersedimentation 
due to mining activities (Olsgard & Hasle, 1993). There has however been extensive dis-
cussions, also within WGBEC, as to whether benthic community analysis are useful in the 
monitoring of pollution by environmental contaminants (WGBEC, 2006). 

It should also be noted that although changes in populations or communities are relevant 
in terms of ecological significance, it is usually very difficult to distinguish the variation 
of community structure caused by environmental differences across localities or by an-
thropogenic (pollutants) factors, and natural factors vary and may co-vary with the con-
tamination in different ways depending on the area. 

More effort is therefore needed for the validation and application of these techniques in 
biomonitoring (efficiency, reliability, and cost-effectiveness). As we ascend in the organi-
zation level the ecological relevance increases, but specificity, rapidity of response and 
easiness of standardization as a routine technique for environmental monitoring de-
crease, and vice versa. The way forward for their application may arise in part from their 
combined use with biomarkers, which would help to establish the link between cellular 
and molecular specific changes and the effect at the individual/population level, and 
provide a mechanistic explanation of pollution effects. Integrated approaches such as the 
Sediment Quality Triad may help to establish the link between the presence of pollutants 
in the environment and their ecological effects, allowing to discern between the impact of 
pollution on biological communities from natural factors. 

Another issue to consider is that changes in community structure due to pollution not 
only correspond to differences in sensitivity among individual species, that are manifest-
ed as direct responses of the community (e.g. loss of sensitive species, reduced species 
richness), but also to changes in the interactions between populations (competition, pre-
dation) that may cause indirect community responses. At low levels of environmental 
stress predation regulates community structure, at moderate levels of environmental 
stress competition is the main factor regulating community structure and at high levels of 
stress, pollution would be the factor driving the variation in community structure. More 
experimental work should then be devoted to the study of the effect of pollutants on 
species interactions. The relevance of community resistance and resilience to pollution as 
well as the role of ‘keystone species’ that present a great impact on the community, may 
also be considered. 

ToR e - develop methods to evaluate effects of acute spills on marine organisms 

All countries with a coastline have more or less detailed guidelines on how to evaluate 
effects of acute spills. Craig Robinson (UK) described strategies in England and Scotland. 
Information on the occurrence of spills is collated annually by the Advisory Committee 
on the Protection of the Seas (ACOPS) on behalf of the Maritime and Coastguard Agency 
(MCA) using data collected from the shipping, ports & harbours and offshore oil and gas 
industries.  Monitoring the impacts of spills is implemented in a case-specific manner, 
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depending upon the nature of the spill (including its size, the substance(s) involved and 
their chemical properties, toxicity, etc.). 

In the event of spills occurring, the UK follows the National Contingency Plan 
(https://www.gov.uk/government/publications/national-contingency-planncp). UK com-
petent agencies regularly test the Contingency Plan and their ability to respond to inci-
dents via mock spill scenario exercises.  Post-spill monitoring guidelines and procedures 
for initiating and coordinating monitoring and impact assessment surveys have been 
developed (www.cefas.co.uk/premiam) in order to respond to, and understand the envi-
ronmental significance of, major spills. 

Following on from the Macondo spill in the Gulf of Mexico, the Scottish Government has 
been working to develop hydrographic models to investigate how a spill in the deep 
water to the west of Scotland would behave, and has been putting in place procedures to 
allow the monitoring of any such incident, these are based on the Premiam guidelines 
(Law et al., 2011); following a conference in June 2016, amended guidelines will be pub-
lished in 2017. 

Ecotoxicological monitoring is not an automatic requirement following a spill; the guide-
lines recommend a decision on whether to employ ecotoxicological monitoring be taken 
based upon the nature of the compound spilled and its mode of action, amongst other 
things.  Bioassays may then be undertaken to examine effects/toxicity of the spill in the 
water, sediment and biota compartments.  Recommended bioassays are those with 
guidelines and protocols, such as ICES TIMES papers and OSPAR background docu-
ments/technical annexes. Integrated approaches to assessing impacts are recommended. 

Action: Approach WGBEC member James Readman to lead in the development of a 
guideline manuscript, combining European approaches, to be submitted by WGBEC 
2018. 

ToR f - develop methods to evaluate effects of ocean acidification on marine organisms 

An update on ocean acidification was provided by Hrönn Egilsdóttir (IS).  

ToR g - review interactions between essential nutrients or vitamins and contaminants in marine or-
ganisms 

The main focus in the preceding two years have been on thiamine deficiency and retinol 
(vitamin A) metabolism. While there is still scope to investigate both aspects further, 
there are other aspects of nutrition toxicology that deserve attention. Two issues that will 
be addressed at the 2018 WGBEC meeting are nutrition toxicology in aquaculture and 
nutrition changes due to modified diet caused by e.g. climate change. 

Action: WGBEC will follow up on nutrition toxicology in 2018, particularly issues rele-
vant to aquaculture.  

ToR h - review progress with marine plastic ecotoxicity to marine organisms 

Members of WGBEC are involved with a range of different projects on macro- and mi-
croplastics, many of which will have relevant results to be reported to the group in 2018. 
Thomas Maes (UK) informed on a newly published method for identification of micro-
plastics based on selective fluorescent staining using Nile Red (Maes et al., 2017). Michiel 

https://www.gov.uk/government/publications/national-contingency-planncp
http://www.cefas.co.uk/premiam
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Kotterman (NL) informed on studies of how microplastics could affect PCB uptake in 
salmon.  

The IFREMER host in 2018 is a leading researcher in the field. Aspects that will be ad-
dressed include links between contaminants and plastics, whether plasticisers leach suffi-
ciently from plastic to result in significant exposure for marine species and the quality of 
exposure experiments. 

Action: WGBEC will arrange a one-day workshop on plastics in marine ecosystems dur-
ing the 2018 meeting. 

ToR i - review and update knowledge of environmental interactions and combined stressors in ma-
rine ecosystems 

The main input for this discussion came from Juan Bellas (ES). The issues were further 
discussed during the meeting, leading to a framework for a scientific paper to be coordi-
nated by Ketil Hylland (NO).  

One of the main problems which are currently limiting the applied use of biomarkers in 
routine monitoring, and their further implementation within a legislative context, is the 
interpretation of the results in terms of whether the alteration of the biological response is 
due to the presence of pollutants or to natural factors, i.e. confounding factors. For this 
reason, international guidelines recommend taking samples during the same season, 
either on late autumn/early winter, when mussels and fish are as far away from the 
spawning season as possible (e.g. OSPAR, 2010). 

Environmental variables that affect biochemical, metabolic and physiological activities 
act as confounding variables that may alter the organisms’ responses to pollution (Mori-
arty, 1999). Ignoring these factors will affect the discriminative capacity of biomarkers 
between the effects of marine pollution and the genetic (inter-individual) and environ-
mental (seasonal) sources of variability. 

There are sometimes no clear link between pollutant exposure and biological effects in 
e.g. mussel populations. A lack of relationship can be attributed to the presence of un-
measured pollutants, but confounding factors such as differences in food availability, age 
differences or the period of the reproductive cycle are obviously important (Koehler, 
1989; Regoli, 1998; Viarengo et al., 2007; Albentosa et al., 2012; Bellas et al. 2014). Strong 
influence by non-pollutant variables makes it challenging to define the basal levels of 
biomarkers, limiting their usefulness (Coulaud et al. 2011). A more holistic approach, in 
which pollutants are not considered as the only source of variability for the biological 
responses of organisms, but as one of many variables, will need to be implemented to 
better understand the variance of the data, and to discern between effects due to the 
presence of pollutants or to other factors. Some such factors are predominantly external, 
such as salinity, food availability and temperature (see below), whereas other have an 
endogenous basis, e.g. variation in endocrine processes and gonad development (which 
may be triggered by external factors, of course). 

Temperature is one of the most important determinants of the general physiology of 
ectotherms and its relevance for biological responses associated with pollutant exposure 
is clear (Viarengo et al., 1998; Zippay and Helmuth, 2012). In fact, seasonal variation of 
biomarkers in ectotherm marine organisms has been partially explained as a result of 
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temperature oscillation, and the activities of several biomarkers have been reported to be 
affected by temperature variations, masking the effect of pollution (Sleiderink et al., 1995, 
Viarengo et al., 1998; Jarque et al., 2014). Laboratory experiments with animals acclimated 
to constant temperature may help to discern the effect of ambient temperature on the 
activity of these enzymatic biomarkers (e.g. Sleiderink and Boon 1996, Vidal-Liñán and 
Bellas 2013). Temperature can however affect the bioavailability of the toxicant due to 
changes in the kinetic reactions of chemicals (Leon et al., 2004; Sokolova and Lanning, 
2008) and thereby affect the induced biological response (Watkins and Simkiss, 1988). 
The combined exposure of ectotherm organisms to temperature and pollution stress has 
been reported to increase the sensitivity to toxicants of thermal-stressed organisms and 
decrease the thermal tolerance of pollution-stressed organisms (Sokolova and Lanning, 
2008). The consequences of such interactions in the context of current global climate 
change, including acidification and increased CO2 levels, need to be evaluated at different 
levels of biological organization (Sokolova and Lanning, 2008, Zippay and Helmuth, 
2012). 

Alongside temperature, food availability is probably the single environmental factor 
with the strongest influence on the condition of organisms. The intimate relationships 
among these factors in the natural environment make it difficult to understand how they 
separately affect biological responses to pollution in field studies. For instance, recent 
field studies conducted with mussels in large-scale monitoring programs confirmed that 
different trophic conditions in different areas caused a strong effect on molecular and 
physiological biomarkers, masking their responses to pollution (Albentosa et al., 2012; 
Bellas et al., 2014). 

The effect of food availability in the bioaccumulation of pollutants has been evidenced in 
different studies. In general, bioaccumulation depends on the levels of the pollutant in 
the environment and on the incorporation of the pollutant into the tissues, which de-
pends, among other factors, on the trophic characteristics of the area, reflected in the 
condition of the organisms, which is also affected by the reproductive cycles. Thus, the 
relationship between condition and bioaccumulation of contaminants has been estab-
lished (Jørgensen et al., 1999). Usually, this relationship is explained by the dilution effect 
associated with the high growth rates of well-fed organisms and/or by the reduction in 
tissular lipid concentration of food deprivated organisms (Jørgensen et al., 1999). In la-
boratory studies with mussels, however, González-Fernández et al. (2015) reported that 
lower food absorption rates in well-fed mussels and autophagy in nutritionally-stressed 
mussels, may explain respectively lower and higher bioaccumulation than expected due 
to the level of pollutants in the environment. Autophagy may however allow for a more 
efficient removal of damaged proteins and facilitate detoxification, increasing pollution 
resistance in nutritionally-stressed organisms (Moore 2004). This challenges one of the 
key premises in environmental monitoring, that indicator organisms (biomonitors) accu-
mulate pollutants in direct proportion to environmental concentrations. Biochemical and 
physiological biomarkers have also been found to be more affected by nutrition than by 
toxicant exposure, resulting in higher values in organisms under nutrition stress, where-
as the effect of toxicant was not always evident, masked by nutrition (González-
Fernández et al. 2015). 

Variations in biological responses are not only affected by the amount of food available to 
organisms, but also to the food quality. The effects of such differences in biological re-
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sponses to pollution have been relatively understudied. In a recent study, higher bioac-
cumulation was reported for mussels fed with diatoms, which was also related to an 
increase in biomarker responses, in comparison with mussels fed with dinoflagellates 
(González-Fernández et al. 2016a), pointing to food quality as a confounding factor of 
pollution effects. 

The annual variation in the reproductive and physiological cycle of marine organisms is 
controlled by light (depending on the latitude), food abundance and temperature, all 
subject to seasonal cycling. Gonadal development is an energy-demanding process which 
consists of several steps from the accumulation of nutrients and the proliferation of the 
gonad to the spawning and a subsequent resting period (Giese and Pearse 1974). The 
availability of suitable food resources provides the necessary energy for maintenance and 
somatic growth of individuals, but also for the reproductive process. This process causes 
relevant changes on the biochemical composition of the organisms, mainly on the levels 
of lipids and carbohydrates, due to the accumulation of nutrient reserves needed to fuel 
gametogenesis. This natural cycle is also accompanied by physiological and metabolic 
variations that occur in different ways between males and females, affecting the levels 
the biological responses used to measure pollution effects. As a result, it has been rec-
ommended to conduct sampling for pollution monitoring purposes during the reproduc-
tive resting stage or when gametogenesis has a limited effect on the biological responses 
measured (Eggens et al., 1995; Thain et al., 2008). 

Reproductive condition is therefore considered as a relevant confounding factor of bio-
logical responses to pollution, but has been usually investigated in terms of the seasonal 
variability of the biological responses in the field (e.g. Jiménez et al. 1990, Eggens et al. 
1995, Sheehan and Power, 1999, Vidal-Liñán et al., 2010, Nahrgang et al. 2013), being diffi-
cult to distinguish the effect from related factors such as temperature or food availability 
(quantity and quality). Laboratory studies with mussels have demonstrated that the ef-
fect of the reproductive status was greater than the effect of the toxicant in biochemical 
and physiological biomarkers, being their values higher at the reproductive stage than at 
the resting stage (González-Fernández et al. 2016b). Not only biological responses, but 
also the bioaccumulation of pollutants was found to be affected by the annual variation 
of the reproductive cycle, as a result of variations in the biochemical composition of the 
organisms, which favors or hinders the accumulation or purification of organic pollutants 
(Rantamäki 1997), with higher bioaccumulation of animals with the same nutritive condi-
tion observed during the gonadal resting period (González-Fernández et al., 2016b). 

The process of ageing has been linked to an increase in oxidative stress at a cellular level 
(Lesser, 2006). In mussels, this has been explained as a progressive decrease of the gluta-
thione content (due to an increased rate of oxidation, increased degradation or decreased 
synthesis), which affects the activity of several antioxidant enzymes, with the consequent 
increase in the level of endogenous ROS and higher susceptibility of organisms to oxida-
tive stress (Viarengo et al. 1991, Canesi and Viarengo, 1997). At the physiological level, a 
negative effect of age on feeding has also been reported for mussels, which ultimately 
caused decreased growth rates (Sukhotin et al. 2002, Sukhotin et al. 2003, Bellas et al. 
2014). However, unlike other organisms, bivalves, as well as many other benthic inverte-
brates, do not present a limiting size in their growth, but they continue to increase their 
body size throughout their life (Sukhotin et al., 2002). Since their physiological rates are 
size-dependent, a pattern of covariation with both factors (size and age) is expected. 
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Sampling individuals of the same size in monitoring programs is highly recommended. 
However, since mussels’ growth rates are determined by the environmental characteris-
tics of the sampling area, individuals of the same size but of different ages are being used 
for monitoring purposes in large-scale programs, and the age-factor is being disregarded 
when interpreting bioaccumulation and biological responses data. 

Sex-related differences in pollution biomarkers have been relatively well documented in 
fish. For instance, EROD activities and cytochrome P4501A contents have been reported 
to be much higher in male fish, which has been associated with biochemical changes dur-
ing maturation and spawning, attributable to hormonal factors (Stegeman et al. 1984, 
Lindström-Seppä et al. 1995). This biochemical and hormonal changes have been pointed 
out as a causal factor of sex differences in oxidative stress responses observed in fish 
(Winzer et al. 2001). Differences in metallothionein content and metal bioaccumulation 
have also been recorded, with females having significantly higher MT content than males 
(Hylland et al. 1992, Hylland et al. 1998).  

Sex differences in bivalves have been reported as a major source of metabolic variability. 
It has been argued that biochemical differences are caused, at least in part, by sperm- and 
egg-associated structures within the mantle (Hines et al. 2007). As a result, Hines and co-
workers expect considerable temporal changes in mantle metabolome as part of the an-
nual reproductive cycle of mussels, particularly the storage and utilization of glycogen 
reserves. In this line, it may be assumed that other biological indicators such as oxidative 
stress also would present a great variability, and the sex of the analyzed specimens 
would need to be considered in order to interpret such variation. Sex-related differences 
in bivalves have been also described in situations of nutrient stress, in relation to the mo-
bilization of energy reserves. In females, lipids remain constant during the starvation 
period until the final stage, whereas males consume their lipid reserves from the outset of 
the nutritive stress period (Albentosa et al. 2007). It would be therefore reasonable to as-
sume important differences in biological responses to pollution stress if the catabolic 
processes that trigger nutritional stress are different in males than in females. 

Action: Prepare a review manuscript to be submitted by the end of 2017, coordinated by 
Ketil Hylland (NO).  

ToR j - review effects of emerging contaminants on marine organisms 

WGBEC took particular note of the results reported under ToR c, i.e. how an “old” and 
non-emerging contaminant such as PCBs may cause “new” effects. It is clearly important 
not to forget possible effects of contaminants that have been present in marine ecosys-
tems for decades. 

ToR k - review the use of passive samplers and dosing in marine ecotoxicity studies 

Craig Robinson (UK) presented a review of recent literature on the use of passive dosing 
in ecotoxicity studies for the group.  Passive dosing (also described as partition controlled 
delivery) is a method of maintaining stable freely dissolved concentrations (Cfree) of hy-
drophobic organic contaminants (HOCs) in aqueous toxicity tests (Mayer et al., 1999; 
Kiparissis et al., 2003).  Classical tests of HOCs in which the test substance is dis-
solved/diluted in solvent and added to the aqueous test system suffer from sorbtive and 
evaporative losses and consequently unstable Cfree.  Since it is Cfree (or more accurately 
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chemical activity) that determines the toxicity of a substance, such losses mean that classi-
cal aqueous toxicity tests can underestimate the true toxicity of HOCs.  In passive dosing, 
a polymer phase with a large sorbtive capacity is pre-loaded with the test substance(s) 
and added to the test system to act as a reservoir from which the HOC(s) partition into 
the water phase and establish stable Cfree concentrations according to their polymer-water 
partition coefficients (Kpw).  Recent review papers (Jahnke et al., 2016a,b; Smith and 
Schaefer, 2016) describe how to perform toxicological tests using passive dosing ap-
proaches, including in combination with passive sampling of environmental matrices.  
These confirm the utility of passive dosing in maintaining controlled, stable and repro-
ducible exposure concentrations of hydrophobic organic contaminants during in vitro 
toxicity tests and bioassays.   

Some authors have attempted to couple passive sampling of environmental matrices with 
passive dosing in order to assess environmental risks due to the presence of HOCs via 
bioassay or cell-line toxicity studies.   Limitations with this approach, particularly with 
respect to evaluating toxicity of passively sampled water phases, are recognised; princi-
pally these are in relation to whether sampling and dosing are conducted at equilibrium 
for all substances in the present in the sampled environment: passive sampling in the 
kinetic uptake phase results in alterations to the mixture exposure concentration scenario 
during passive dosing due to different Kpw values of compounds within the complex 
mixture of substances found in environmental compartments.  Equilibrium conditions 
are more readily obtained when passive sampling sediments, sediment porewaters or 
biota than when sampling surface waters and thus the combination of PS and PD may be 
more useful in assessing the toxicity of HOCs present in these matrices. 

To date, most studies have used PD to assess the toxicity of single compounds, or simple 
mixtures; most frequently using PAHs and often using the approach described by Smith 
et al. (2010) that utilises silicone rubber o-rings as the reservoir for dosing microtitre 
plates.  Those authors demonstrated the approach to investigate oxidative stress and 
other endpoints in human cells and cell lines following passive dosing with PAHs.  But-
tler et al. (2013) demonstrated that passive dosing using silicone coated vials can be used 
to assess the toxicity of PAHs in fish embryo toxicity (FET) bioassays.  Using silicone 
rubber sheets to obtain time-integrated samples of the water column in and offshore from 
3 Belgian harbours Claessens et al. (2015) placed the silicone sheet samplers directly into 
culture flasks to passively dose marine phytoplankton bioassays and showed that 4 of 17 
samples caused severely inhibited diatom growth, and ascribed this to compounds not 
routinely determined in the passively sampled locations. 

Oostingh et al. (2015) examined the immunotoxicity of 9 PAHs found in the marine envi-
ronment to human bronchial epithelial cells using a passive dosing approach.  They 
showed that the most hydrophobic PAHs were the strongest inducers of immunotoxicity 
and that induction was often higher at lower exposure levels and decreased with increas-
ing concentration, despite an absence of cytotoxicity. 

Sediment HOC concentrations determined by classical methods do not inform on bioac-
cessibility and toxicity.  Passive sampling provides information on Cfree and the chemical 
activity of contaminants in sediments, allowing more accurate risk assessment.  Rojo-
Nieto and Perales (2015) demonstrated that the chemical activity of PAHs in three marine 
sediments with similar contaminant concentrations varied by 10-fold; although concen-
trations were classified as “moderately polluted”, the determined chemical activities 
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were below those at which baseline toxicity occurs.  Multiplying Cfree by biota-sediment 
accumulation factors (BSAFs) was used to estimate bioaccumulation into flatfish tissues.  

Although using a rainbow trout cell-line, the study of Heger et al. (2016) of the toxicity of 
fossil and biofuels is of interest in the marine field when considering that increasing 
amounts of both fossil and biofuels are being transported around the globe.  High volatil-
ity and incompatibility of the test substances with the usual test system required modifi-
cations to the test protocol; nonetheless, the authors demonstrated that the three tested 
biofuels did not cause induction of CYP1A (EROD) activity in trout liver cells and ap-
peared to be less cytotoxic than traditional fossil fuels, although continuing issues with 
the exposure regimes meant that this was not definitive. 

Jahnke et al. (2016b) recently reviewed approaches to quantitatively maintaining (or re-
establishing) the chemical composition of the sampled water, sediment and biota when 
transferring the contaminants into bioassays using total extraction or polymer-based 
passive sampling combined with either solvent spiking or passive dosing.  This review 
will provide a good guide to approaches to assessing the toxicity of marine matrices 
through the use of coupled passive sampling / passive dosing approaches. 

Review the status of publications and consider requirements for new publications 

Activities stemming from WGBEC has led to the publication of a special volume of Ma-
rine Environmental Research (Volume 124), edited by Ketil Hylland (current Chair) and 
Matthew Gubbins (former Chair). The volume described the ICON project and com-
prised 12 scientific papers. A TIMES document elicited by the group is currently under 
publication: Hanson et al. “Supporting variables for biological effects measurements in 
fish and blue mussel” (ICES TIMES 60).  WGBEC did not identify requirements for new 
ICES TIMES documents. 

Contact with OSPAR and other ICES WGs 

HASEC 2015 granted MIME an opportunity to test the Integrated Guidelines developed 
during SGIMC and demonstrated as part of ICON (see publications), hence the practical 
application of biological effects monitoring techniques, including the issue of enhanced 
access to biological effects measurement data. Trial application of the OSPAR JAMP Inte-
grated Guidelines for the Integrated Monitoring and Assessment of chemical Contami-
nants and biological effects was validated by HASEC in April 2016 (OSPAR Publication 
2016-678). The implementation of the integrated guidelines depends on a regular and 
combined data transfer of chemical contaminants and biological effects data. The main 
challenge is to set up a combined data transfer of the mandatory data in chemical con-
taminants and the voluntary data in biological effects. 

Two elements of progress were proposed during the last MIME 2016. First of all, some 
simplification of the classical ICES format 3.2 were done (e.g.: possibility to send the 
chemical contaminants analysed in pools of fish or mussels). Secondly, a simplified sheet 
ICES format 3.2 was widespread with the contribution of the MIME delegates and the 
chairmen of WGBEC, in 2017. 

A presentation was received from Michiel Kotterman (NL) describing research in the 
Netherlands undertaken on the decline of eel populations and on the output of the joint 
WGBEC/ WGEEL workshop that took place in 2016.  The WKBECEEL meeting discussed 
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reasons for the observed declines in eel populations and in returns of young eels to Eu-
rope.  The decrease in numbers of returning glass eels is larger than the decrease in the 
number of adult eels going to sea.  Eels are lipid rich and are known to have high concen-
trations of many hydrophobic organic contaminants, especially in industrialised or heavi-
ly populated regions; many of these substances are known to be reproductive toxins.  

The WKBECEEL workshop concluded with suggestions of future research (e.g. effect of 
POPs on reproduction), but with no obvious suggestion as to the cause(s) of declining 
returns.  In discussion, WGBEC noted that it is not currently possible to test many of the 
hypotheses on why eel numbers are declining, since eels cannot be bred and reared suc-
cessfully in captivity – no one has yet managed to get larval European eels to feed – and 
consequently there are no big projects planned looking at eel reproduction. WGBEC has 
remained in contact with WGEEL and there are loose threads following the WKBECEEL 
workshop in 2016 that will need to be tied up. Some effort towards that will be done be-
fore and during WGBEC 2018. 

Action: To compare with other species, WGBEC requests data from the ICES data centre 
for data for three marine fish species (dab, flounder, cod) for as many years and regions 
as possible as follows: body wt, liver wt, gonad wt, gender, length, age, liver lipid, mus-
cle lipid. 

AQC activities for biological effect methods 

An intercalibration for selected biological effects methods, i.e. EROD, AChE and micro-
nucleus, is underway and will be performed early autumn 2017. Co-ordinators are Bjørn 
Einar Grøsvik (NO) and Steve Brooks (NO). 

6 Revisions to the work plan and justification 

No paper will be prepared for ToR d – effects of contaminants on community composi-
tion. Contributors from WGBEC are already overcommitted with other manuscripts.  

7 Next meetings 

WGBEC will meet on 9–13 April 2018 in Calvi, Corsica, France.  
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Annex 2: Recommendations 

RECOMMENDATION ADRESSED TO 

1. WGBEC are deeply concerned about the PCBs loads on killer 
whales and other toothed whale populations in the North Atlantic 
since they appear to have devastating consequences. WGBEC in-
vites the Regional Seas Conventions to take note of these serious 
findings and encourage member countries to dramatically increase 
the rate of clean-up of contaminated landfills, rivers, estuaries and 
coastal areas. Marine mammals and seabirds appear to be sensitive 
components of marine ecosystems and the conventions are invited 
to include relevant components in ongoing monitoring pro-
grammes. 

Regional Seas Conventions 

2. WGBEC requests data from the ICES Data Centre for data for 
three marine fish species (dab, flounder, cod) for as many years and 
regions as possible as follows: body wt, liver wt, gonad wt, gender, 
length, age, liver lipid, muscle lipid. 

ICES Data Centre 
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