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Abstract :

This paper reports a full assessment of results from ICON, an international workshop on marine
integrated contaminant monitoring, encompassing different matrices (sediment, fish, mussels,
gastropods), areas (lceland, North Sea, Baltic, Wadden Sea, Seine estuary and the western
Mediterranean) and endpoints (chemical analyses, biological effects).

ICON has demonstrated the use of a framework for integrated contaminant assessment on European
coastal and offshore areas. The assessment showed that chemical contamination did not always
correspond with biological effects, indicating that both are required. The framework can be used to
develop assessments for EU directives. If a 95% target were to be used as a regional indicator of MSFD
GES, Iceland and offshore North Sea would achieve the target using the ICON dataset, but inshore
North Sea, Baltic and Spanish Mediterranean regions would fail.
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Highlights

» A framework for integrated assessment of contaminant impacts in coastal and offshore areas has
been developed and demonstrated. » The assessment clearly shows why it is necessary to include
both chemical analyses and biological effects in an assessment of contaminant impacts. » Only two of
the areas, Iceland and offshore North Sea, would be classified as having "Good Environmental Status"
should MSFD criteria be used.
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Introduction

Thousands of tonnes of waste are released into European seas every minute, containing
chemicals that have the potential to accumulate in marine organisms and/or affect their
health. As discussed in Borja et al. (2010), it is crucial in this context to have a clear
understanding of how it can be determined whether organisms or populations in an
area are affected by pollution and if so, the extent to which they are impacted. With
regards to chemicals, this implies quantifying chemical-specific effects on marine
organisms or processes. In addition to a required knowledge of effects, there are reasons
why it may also useful to have information about concentrations of chemicals in
organisms or abiotic matrices: (i) to link observed effects to specific chemicals for
regulatory purposes, (ii) to ensure concentrations are not above limits set for human
consumption, and finally (iii) to document the presence of chemicals that may or may
not cause effects. As support for effects, it is the exposure of organisms to chemicals that
matters. For persistent bioaccumulating substances, exposure can be estimated through
measuring the concentration of chemicals or their metabolites in the tissues of the target
organism (e.g. Hylland et al., 2009) or in other matrices such as passive samplers (Utvik
& Gartner, 2006), sediments or non-target organisms in the same habitat, e.g. blue
mussels. Some polluting chemicals may however be quickly degraded or present at
concentrations below the detection limit of routine chemical analyses, but still cause
impacts, e.g. many endocrine disrupting substances, organophosphate pesticides and
pharmaceuticals. In this case, biological responses will be the most sensitive method by
which to detect their presence, e.g. through the inhibition of acetylcholinesterase as a
result of organophosphate exposure (Bocquené et al., 1993) or increased plasma
concentrations of vitellogenin in juvenile fish as a result of oestrogen exposure (Allen et
al,, 1999). To understand the possible environmental consequences and regulate inputs
of contaminating chemicals, we therefore need to know both the concentrations of
contaminants in appropriate matrices as well as how they affect organisms. The two
types of measurements, chemical and biological, should ideally be combined in an
integrated assessment (cf. Davies & Vethaak, 2012). Any monitoring programme
underpinning such an assessment will however produce a very extensive and complex
data matrix, which will require some sort of aggregation procedure prior to being used
for regulatory decisions. Such aggregation procedures are generally termed "indicators",

see e.g. Rees et al. (2008). Indicators have previously been developed separately to
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aggregate or combine chemical analyses (see e.g. OSPAR, 2010) or biological responses,
e.g. the health assessment index, HAI (Adams et al., 1993), biological assessment index,
BAI (Broeg et al,, 2005), an expert system (Viarengo et al., 2000; Dagnino et al., 2007),
the integrated biological response, IBR (Devin et al., 2014), the biomarker response
index (BRI) (Hagger at al., 2008) or the integrative biomarker Index, IBI (Marigémez et
al,, 2013). In addition, there are some practical examples of integrating or combining
chemical analyses and biological responses, such as in the UK Fullmonti project,
including chemical analyses, benthic community status and fish health (described in
Thain et al., 2008) or by using a weight-of-evidence approach (see e.g. Chapman et al.,
2002). In some national programmes, the interpretation of fish health is aided by taking
account of contaminant levels in addition to confounding factors such as size and
gender, and environmental factors such as temperature and season (see e.g. Sandstrom
et al., 2005; Hylland et al,, 2008, 2009; Vethaak et al., 2008). The main difference
between the framework used here (described in Vethaak et al., this issue-a) and other
indices is that the current framework is based on internationally agreed threshold
criteria for biological responses and tissue residues of chemicals, identifying responses
above background, responses that indicate probable impacts at the population level and
concentration of chemicals above thresholds (see Robinson et al,, this issue). In addition,
the framework includes more matrices than most other indices and is flexible in the

species included, as long as criteria exist for core methods.

Over the last decade, Europe has implemented two directives that largely direct the
management of the environmental conditions of coastal and offshore marine areas, the
Water Framework Directive (WFD, 2000/60/EC) and Marine Strategy Framework
Directive (MSFD, 2008/56/ EC). Particularly descriptor 8 of MSFD, ‘Concentrations of
contaminants are at levels not giving rise to pollution effects”, is clearly relevant for the
assessment described here for the ICON project (International workshop on marine
integrated contaminant monitoring, see Hylland et al., this issue-a, for a full description).
Using biological responses to provide the information required for descriptor 8 has been
suggested in e.g. Bourlat et al. (2013), Giltrap et al. (2013), Hagger et al. (2008),
Lehtonen et al. (2014) and Lyons et al. (2010). As outlined in Lyons et al. (2010), the
framework described in Vethaak et al. (this issue-a) and applied to the ICON project will
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output a metric that can be used to determine Good Environmental Practice (GES) in

MSFD.

The current paper reports on an integrated assessment of the results from the ICON
(International workshop on marine integrated contaminant monitoring) project, using
results reported in Burgeot et al. (this issue), Carney Almroth et al. (this issue), Hylland
et al. (this issue-b), Kammann et al. (this issue), Lang et al. (this issue - a,b), Lyons et al.
(this issue), Martinez-Gomez et al. (this issue -a, b), Robertson et al. (this issue), Vethaak

et al. (this issue-b).

As described in Vethaak et al. (this issue-a), this indicator of status for each determinant
can then be combined at different levels: matrix, site and region, and expressed with
varying levels of aggregation to graphically represent the proportion of different types
of determinants (or for each determinant, sites within a region) exceeding assessment
criteria. Such an approach has several advantages: (i) the combination of data can be
done for selected levels depending on the type of assessment required and the
monitoring data available, (ii) the representation maintains all the original information
and it is straightforward to identify determinants that exceed the assessment criteria,
(iii) any stage of the assessment can be readily “unpacked” to a previous stage to identify
either contaminant or effects measurements of potential concern or sites contributing to
poor regional assessments (cf. Jennings et al.,, 2008). In contrast to some other
integrating indicators, e.g. IBI and BRI, there is no weighing of the methods included in
the current framework. The approach is based on the OSPAR regional assessment tool

developed for contaminants (OSPAR, 2010).
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Methods
The assessment criteria used with chemical components of the framework were OSPAR

Background Assessment Criteria (BACs) and Environmental Assessment Criteria (EACs)
or EU Environmental Quality Standards (EQSs); EC food safety regulation limits were
used where EACs or EQSs are not available (OSPAR, 2008). Food safety regulation limits
are not necessarily protective for the environment. Assessment criteria for biological
responses (biomarkers) were from Davies & Vethaak (2012). Initial comparisons (step 1
below) would decide whether the concentration or response for any species or matrix at
any site was less than BAC, between the BAC and EAC, or above EAC. As described in
detail in Hylland et al. (this volume - a) and Vethaak et al. (this volume - a), biological
responses were grouped in either “exposure” or “effect”, subject to whether there is

available data showing adverse effects corresponding to that particular response.

The sites included in the ICON project are described in Hylland et al. (this issue - a). They
comprised sites from the Mediterranean in the south to Iceland in the north,
encompassing the Seine estuary, Wadden Sea, a range of coastal, estuarine and offshore
sites in the North Sea and one site in the Baltic (Table 1). The two coastal and two

offshore sites on Iceland were included as reference sites.

The matrices chosen for ICON were sediment, haddock (Melanogrammus aeglefinus),
dab (Limanda limanda), flounder (Platichthys flesus), red mullet (Mullus barbatus),
gastropod (Nucella lapillus) and mussels (Mytilus edulis or M. galloprovincialis) (cf.
Hylland et al,, this issue-a). The chemical analyses performed in ICON were for PAHs,
PCBs, Cd, Hg and Pb (Robinson et al,, this issue). The biological responses included for
fish were (exposure indicators): red blood cell micronucleus frequency, genotoxicity
(comet assay), cytochrome P4501A activity (EROD), bile PAH metabolites (by HPLC),
plasma vitellogenin (VTG) and intersex, and (effect indicators): lysosomal membrane
stability (LMS), acetylcholinesterase inhibition (AChE), bile PAH metabolites (by
synchronous scanning fluorometry, SFF), DNA adduct concentration, external fish
disease, hepatic neoplasms and liver histology. The two methods for PAH metabolite
analyses can be converted one to the other, but only SSF data has been linked directly to
adverse effects in experimental studies, hence the grouping in “exposure” and “effect”.

Effect responses for mussels were acetylcholinesterase inhibition (AChE), stress-on-
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stress (SoS), scope for growth (SfG), metallothionein (MT), histopathology (histo),
lysosomal membrane stability (LMS), and for gastropods imposex (VDSI). The reader is
referred to Davies & Vethaak (2012) and the relevant chapters of that volume for more
detail on background data and the motivation for selecting methods. The selection of
methods follows on from discussions in the ICES working group on biological effects of
contaminants (WGBEC) over the past two decades (see e.g. ICES, 2010). The original list
of recommended methods were further refined by the ICES/OSPAR working group
SGIMC (ICES, 2011), taking into account additional issues such as cost-benefit and
availability of analytical techniques in different countries. The final selection largely
corresponds to the methods chosen by HELCOM for the Baltic (CORESET) (Lehtonen et
al,, 2014). The data from the individual studies in ICON (reported in this special issue)
were compiled and subjected to a five-step procedure, eventually resulting in an overall
assessment of the sites included in ICON. The assessment strategy is transparent and,
depending on the objectives of an assessment, it may be desirable to stop after steps

two, three or four.

Step 1: Assessment of monitoring data against BAC and EAC

All measurements performed within ICON were compared with the relevant BAC
and EAC for that specific endpoint and species and expressed as a colour depending
on whether the value exceeded the BAC or EAC. Details of calculations can be found
in Davies & Vethaak (2012) and in Vethaak et al. (this volume -a). A red
classification would indicate that the value was above EAC, blue indicated values
below the BAC, while green indicated concentrations or effect responses between
the BAC and EAC. The method for determining whether a response is in either
category can be found in Vethaak et al. (this issue-a). For all biological responses it is
possible to identify a level at which the investigated population would be classified
as being exposed to contaminants, i.e. with values above the background assessment
concentration (BAC), but for only some of the methods will there be data available
that can link the response to e.g. increased mortality in some life stage of the same
species at that concentration, providing the environmental assessment

concentration (EAC).
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Step 2: Integration of determinants by matrix for a given site

For each of the matrices the results of the individual assessments were aggregated
into three main categories: contaminants, exposure indicators and effects indicators.
For sediment/water, passive sampling and bioassays were done for some sites (see
Vethaak et al,, this issue-a). Exposure indicators are biological responses that are not
predictive of "significant" effects, i.e. exceeding EAC, and can hence only be blue or
green. It was found necessary to split the biological effects measurements into two
categories depending on whether an EAC was set for that specific response or not.
Otherwise aggregated information on the proportion of determinants exceeding the
separate AC would be incorrect. For simplicity, these categories have been termed
‘exposure indicators’ (where an EAC has not been set) and ‘effects indicators’ where

an EAC (equivalent to significant pollution effect) has been set for the measurement.

In future projects with aggregation/integration of the above indicators across
matrices for a specific site, bioassays will be considered ‘effects indicators’ as EACs
become available. It will be possible to include data from passive sampling and in
vitro bioassays in both the water and sediment components in the framework

whenever assessment criteria become available.

The integration by matrix and category of determinant are expressed by three- or
four-coloured bars showing the proportions of determinants that exceed the BAC
and EAC. To indicate a lack of results for core methods or lack of data, grey has been
used. Each method for contaminant, effect or exposure assessment carries the same
weight, within matrix, in the integration. All determinants carry the same weight in
the assessment as they are perceived to have equivalent significance. That is to say
all determinants either represent a contaminant concentration or effect that is
either above or below background (BAC), or likely to cause (contaminant EAC) or be
indicative of (effect EAC) significant detrimental effects to individuals or

populations of marine organisms.
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Step 3: Integration of matrices for a site assessment

In order to express the results of assessment for any particular site, assessments
were aggregated across matrices and expressed by determinant category. To
achieve this, results from passive sampling from sediment and water categories
were integrated into the contaminant indicator graphic and bioassays and
gastropod intersex/intersex integrated into ‘effects indicators’. Thus the outcome of
assessment of all determinants from all matrices can be expressed for a whole site.
Practically, the process adopted is to sum the percentages of each colour in, say, the
“contaminants” columns for each matrix, and then to scale the sums to a total of

100%.

For some assessments, this will be the highest level of aggregation required.
However, for assessments covering larger geographical areas where assessments
need to be undertaken across multiple sites, a further level of integration is required

(steps 4 and 5).

For transparency, each determinant group is labelled with the matrices from which
it is comprised. Thus it can quickly be determined whether the site assessment is

comprised of all or just a sub-set of the monitoring matrices.

Step 4: Regional assessment across multiple sites

A regional assessment can be done at different levels, i.e. aggregation of data at the
sub-regional, regional and national levels, in different ways to express both the
overall assessment of proportion of determinants (across all matrices) exceeding
both assessment thresholds (BAC/EAC) and by determinant for the region, showing
the proportion of sites assessed in the region that exceed the thresholds. Both
approaches show the overall proportion of determinant/site that exceeds the

threshold for each method.
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Step 5: Overall assessment

The assessment by region can be aggregated further into a single schematic showing
the proportion all determinants across all sites that exceed BAC and EAC. This can
be used for the purposes of an overall assessment. The overall assessment can be
easily “unpacked” through the steps above to determine which sites and
determinants (effects types or contaminants) are contributing to, for example, the
proportion of red (greater than EAC) data, and thereby potentially leading to failure

to achieve the desired status for a region.

The assessment criteria for fish were grouped in three categories: concentrations of
selected contaminants, biomarkers of exposure (e.g. PAH metabolites and
cytochrome P4501A (EROD) activity) and biomarkers of effect (e.g. DNA damage,

fish disease). For each category the response at each location was then scored.

10
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Results

Assessments were performed by matrix (sediment, mussels, gastropods and fish), by

site and by region.

Assessment results by matrix

Contaminant concentrations measured did not exceed EAC values at any of the
offshore sites for sediments, yet at two of these sites (Iceland SE and Firth of Forth
offshore) sediment bioassay results exceeded EAC values, suggesting effects may be
being caused by contaminants not measured in sediment samples (Figure 1). Iceland
SE is adjacent to areas with high volcanic activity, which could result in elevated
concentrations of e.g. metals not analysed for. At inshore sites, concentrations of the
trace metals mercury and lead exceeded EAC values at the Wadden Sea site, the
Baltic Sea site and the Cartegena site in Spain, while mercury also exceeded EAC
values in the Seine estuary and the Firth of Firth, where PAH concentrations also
exceeded EAC. In the Wadden Sea, sediment bioassay results exceeded EACs,
indicating significant effects, presumably resulting from the high trace metal

concentrations recorded.

The mussel data assessment for Bjarnarhofn (Iceland) and Palos Cape (SE Spain)
showed good relationship between chemical analytical results and biological
responses, with contaminant concentrations generally below BAC and little
biological effects (Figure 2). The results also showed a response of the mussels that
corresponded with the less contaminated station in Le Moulard (France) and the
more contaminated site in Le Havre (France), both in the Seine estuary. At one site
(Cartagena, SE Spain) there were elevated lead concentrations in the mussels, which
did not appear to result in biological effects. In contrast, a high stress response
(LMS) was observed at two sites (Firth of Forth in Scotland, Wadden Sea in the
Netherlands) where concentrations of the measured contaminants were below EAC
thresholds, suggesting alternative environmental stressors (not measured here) as
the cause of the response. More focused monitoring would be required to determine

the cause of the effects observed at those two sites.

11
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The imposex response of gastropods to environmental concentrations of organotins
has been integrated in the scheme by incorporating results from adjacent shoreline
populations (Figure 3). Only a single site (Le Havre in the Seine estuary) had a level

of imposex of concern, above EAC.

The fish species included in the assessment were dab (LL), flounder (PF), haddock
(MA) and red mullet (MB). Two of the species were found at some sites, e.g. dab and
haddock in the Firth of Forth and the two Iceland sites and dab and flounder in the
Seine estuary and the Baltic site (Figure 4). Concentrations of PCBs in dab, flounder
and haddock exceeded EACs at some sites and fish at all sites except red mullet at
Cartagena had elevated concentrations of Cd. Furthermore, there was evidence of
exposure of dab, flounder and haddock to PAHs at many sites, including
Hvassahraun, Firth of Forth, German Bight, Wadden Sea, Seine sites and the Baltic
site. There was good correspondence between results for the two methods used to
quantify PAH metabolites, but no clear relationship between the elevated PAH
metabolite concentrations at many locations and responses such as EROD and
measures of genotoxicity (comet, DNA adducts). There were however values above
EAC for both LMS and AChE at three sites, including Ekofisk, Dogger Bank and the
Baltic site (all dab), and for one of them at Iceland (dab), Firth of Forth (dab), the
Seine estuary (flounder) and the Baltic (flounder). Histology also suggested a range
of sites were somewhat affected, i.e. dab at both Iceland sites, dab at Ekofisk,
flounder at all Firth of Forth sites, dab at Firth of Forth, Dogger Bank and the

German Bight.

Assessment by site

To allow region-wide assessments, data are combined by matrix and site. Such an
assessment could include selected regions, e.g. Iceland, North Sea coastal and
offshore, the Baltic and the Mediterranean. Figures are only shown for North Sea
offshore to demonstrate what such an assessment may look like. Sites at Iceland
included both coastal (Bjarnarho6fn, Hvassahraun) and offshore (Iceland SE, Iceland
SW) locations. All determinants for the coastal sites were below EAC, whereas

contaminants (PCB in haddock liver) and effects (AChE and DNA adducts in fish and

12
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bioassays of whole sediments) were above EAC for one or more of the two offshore
sites sampled. Most of the exposure responses were at or below background levels.
Both contaminants and effects were above EAC at some coastal sites in the North
Sea. Although coastal North Sea sites comprised the greatest data contribution to
the overall assessment, there were biological responses lacking, particularly for
exposure. Contaminant concentrations were largely below EAC levels in North Sea
offshore sites, except for PCBs in fish liver at Firth of Forth and German Bight
(Figure 5). At most sites there was evidence of exposure of fish to genotoxic
compounds. At the sites Ekofisk, Firth of Forth and Dogger Bank there were
significant levels (>EAC) of toxicant-induced physiological stress. At the single site
surveyed in the Baltic there was evidence of contamination above background levels
for PAH and heavy metals (Cd) with some heavy metals (Pb, Hg) exceeding EAC
thresholds in sediment and PCBs exceeding EAC in dab livers. Dab was found to be
exposed to PAH, and both flounder and dab showed significant effects through LMS

(and AChE for flounder) effects indicators.

Regional assessments

Results of the assessments conducted above can be further aggregated into regional
assessments by representing the proportion of determinant/matrix/site in each
assessment category (blue, green, red). This can be visualised for contaminants,

exposure and effects indicators as in Figure 6 or by combining the three in Figure 7.

For an area or region, Figure 7 shows that we have a simple aggregated assessment for
all matrices, determinants and sites in a region with the relative proportion of all
observations exceeding BAC and EAC. When considering suitable environmental targets
for contaminants and their effects and the wording of Descriptor 8 in the Marine
Strategy Framework Directive (MSFD), Good Environmental Status might be taken to
mean that concentrations of contaminants and measurements of their effects should
always be less than EAC. It should be borne in mind that when very large numbers of
observations are made there is always the possibility that outliers are present and it
would not be reasonable in such circumstances to have a 100% compliance target (or

“one out all out”). Therefore SGIMC (ICES, 2011) proposed a pragmatic approach that

13



346  95% of measurements should be less than EAC (allowing for a 5% error rate). This

347  targetis represented as a horizontal red line in Figure 7.
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Discussion

The assessment of the results from the ICON project shows that the framework
provides a good and transparent reporting tool that makes it possible to present
complex environmental monitoring datasets on contaminants concentrations and
biological responses across multiple matrices, sites and seas. The key to the
assessment is the development of the method- and species-specific criteria, which
allows for the setting of thresholds of assumed equal significance for contaminants,
exposure indicators and effect indicators, eventually allowing the different data
types to be combined in a common indicator (cf. Vethaak et al,, this issue-a). The
flexibility and transparency is more extensive than frameworks proposed earlier,
not least because contaminant concentrations and biological responses could be
combined in a final assessment of environmental status. In addition, the ICON
sampling campaign in European coastal and offshore areas provided a large dataset
that resulted in a comprehensive and comparative evaluation of the state of selected

European coastal and offshore marine areas.

The core methods included in the scheme were selected as the minimum set of
contaminants and biological effects techniques that would need to be applied in
order to determine whether contaminants are impacting on ‘ecosystem health’.
They achieve this by covering the main contaminant groups likely to cause such
effects and that may be routinely monitored, as well as covering the main toxicity
endpoints that are reasonably measurable in sentinel species, i.e. general toxicant
stress, neurotoxicity, genotoxicity (Hylland et al., this issue-b), carcinogenicity (Lang
et al,, this issue-b), endocrine disruption (Burgeot et al,, this issue), energetic costs
(Martinez-Gomez et al., this issue-a) and mortality, as well as biomarkers of
exposure to groups of compounds likely to have such effects. This core set of
methods is not identical to, but similar to those suggested by under HELCOM
(Lehtonen et al,, 2014), but more extensive than methods suggested in e.g. Giltrap et
al. (2013) and Hagger et al. (2008). Sediment bioassays are not mandatory in the
OSPAR framework, but should comprise more than one method (as reported here).
Sediment toxicity was addressed using different methods in Vethaak et al. (this issue

- b).

15
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There are environmental factors that may modulate biological responses, e.g.
season. Data used to derive BAC and EAC were from studies where ICES guidelines
for sampling have been adhered to, i.e. sampling outside the reproductive period.
Criteria have been developed for selected species using hundreds and thousands of
analyses as a basis, but there is an underlying assumption in this strategy that a
species will respond to contaminant exposure in a similar fashion throughout its

geographical range, all else being equal.

The biological responses selected for the framework comprise a range of methods
that are sensitive to contaminant stress, including some that are specific to
important contaminant groups and some that provide responses to a wide range of
substances, including cumulative effects and effects from chemicals not directly
monitored for. The integrated nature of the approach also identified instances
where high concentrations of contaminants of concern were recorded, but where
effects were not detected at a significant level. In these instances, contaminant
availability may be limited and concentrations of limited concern as a result. In this
case, the lack of effects in the assessment will down-weigh the importance of the
contaminant result in an overall assessment. If the 95% target were to be used as a
regional indicator of MSFD GES, Iceland and offshore North Sea would achieve the
target using the ICON dataset, but inshore North Sea, Baltic and Spanish

Mediterranean regions would fail.

Through applying the integrated assessment framework to the ICON dataset, several
issues were identified that will need to be considered or spawn further research to
improve the robustness of the framework. Because the assessment approach largely
aggregates the results of applying thresholds to monitoring data at various levels of
organisation and spatial scales, all data are treated equally in the assessment
process and missing data will necessarily introduce less robustness into the overall
assessment. Similarly, the introduction of additional data, for example from multiple
matrices of the same type, e.g. multiple species of fish at the same site, can skew the
assessment result. The ICON project has demonstrated that even on the scale of a
large project with more than 20 partner institutions, data are likely to be missing

from an assessment. In the current report, this has been dealt with by the use of
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‘grey’ in the figures, so that the uncertainty of an assessment can be identified. It is
further recommended that a ‘robustness indicator’ be developed in order to be able
to quantify the quality of site assessments (see Martinez-Gomez et al., this volume -
b). Such an indicator would be based on the relevance and completeness of the
range of determinants comprising an assessment. Finally, the outcome of any
integrated assessment has the potential to be strongly influenced by the selection of
sites for the programme. At present there are no guidelines recommending a
minimum number of sampling sites per region, appropriate statistical power for
monitoring using this approach or how to account for hotspot or inshore sites in a
wider scale regional assessment. Those are issues that need to be addressed to

ascertain relevant and efficient marine monitoring in the future.

Conclusions

The ICON project has provided one of the most comprehensive integrated
monitoring datasets of its kind and was found to be suitable for assessment using
the framework developed within ICES and OSPAR. The approach is considered
suitable for the determination of GES for Descriptor 8 under the MSFD.

The ICON project has shown that it is feasible to apply the OSPAR framework for
integrated chemical and biological monitoring. The results show that Iceland has
locations less impacted by contaminants than other locations in Europe, followed by
offshore locations in the North Sea, with coastal locations being most clearly

impacted.

The framework can be applied to datasets with missing data and determinants, but
the validity of the assessment decreases with increasing missing data. Further
guidance on minimal requirements for an integrated assessment and the

development of a robustness indicator is suggested.
Assessment criteria for passive sampling techniques and in vitro bioassays need

further development before they can be included in the integrated assessment

framework.
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There is a need to evaluate some assumptions in the OSPAR framework, e.g. that
different populations of a species with a wide geographical coverage will respond

similarly to contaminant exposure.
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Figure captions

Figure 1. Assessment of sediment data against BAC (background assessment criteria)
and EAC (ecotoxicological assessment criteria); blue - below BAC, green - between BAC

and EAC, red - above EAC, grey - data lacking; FoF = Firth of Forth.

Figure 2. Assessment of mussel data against BAC (background assessment criteria)
and EAC (ecotoxicological assessment criteria); blue - below BAC, green - between

BAC and EAC, red - above EAC; grey cells indicate core analyses not performed.

Figure 3. Assessment of imposex data (as VDSI) against BAC (background assessment
criteria) and EAC (ecotoxicological assessment criteria); blue - below BAC, green -

between BAC and EAC, red - above EAC; grey cells indicate analyses not performed.

Figure 4. Assessment of contaminant concentrations (liver), exposure and effects in fish
from Iceland, the North Sea, Baltic Sea, Seine estuary (two sites) and Mediterranean Sea;
LL - dab, PF - flounder, MA - haddock, MB - red mullet; blue - below BAC, green -

between BAC and EAC, red - above EAC; grey cells indicate core analyses not performed;

see Davies & Vethaak (2012) and relevant chapters for individual methods.

Figure 5. Assessment of contaminants, exposure and effects for the indicated locations in

the North Sea (offshore); grey cells indicate core analyses not performed.

Figure 6. Assessment of contaminants, exposure and effects for each of the five areas.
From left: Iceland (4 sites), coastal North Sea (10 sites), offshore North Sea (5 sites),
German Baltic Sea (1 site) and Spanish Mediterranean Sea (2 sites). Numbers indicate

data for each category.

Figure 7. Integrated assessment for each of the five areas. From left: Iceland (4 sites),
coastal North Sea (10 sites), offshore North Sea (5 sites), German Baltic Sea (1 site) and
Spanish Mediterranean Sea (2 sites). Numbers indicate data for each category; red line =

959% threshold.
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Table 1. Locations and matrices sampled (revised from Hylland et al,, this issue).

Location Type Country Matrices sampled

Hvassahraun Inshore Iceland Mussel, flounder

Bjarnarhofn Inshore Iceland Mussel

SE Iceland Offshore | Iceland Dab, haddock, sediment

SW Iceland Offshore | Iceland Dab, haddock, sediment
Egersund bank Offshore | Norway Dab, haddock, sediment

Ekofisk Offshore | Norway Dab, haddock, sediment

Firth of Forth - Alloa Estuary Scotland Flounder

Firth of Forth - Blackness Estuary Scotland Mussel, flounder, sediment
Firth of Forth — St Andrews Bay | Inshore Scotland Flounder

Firth of Forth Offshore | Scotland Dab, haddock, sediment

Dogger Bank Offshore | Germany Dab, sediment

German Bight Offshore | Germany Dab, sediment

Baltic Sea Inshore Germany Flounder, dab, sediment
Wadden Sea Inshore Netherlands | Flounder, mussel, sediment
Seine estuary Estuary France Dab, flounder, mussel, sediment
Seine bay Inshore France Dab, flounder, mussel, sediment
Cartagena Inshore Spain Red mullet, mussel, sediment
Cape Palos Inshore Spain Mussel

*From coastal locations adjacent to the sampling point.
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Figure 4.

Hvassahraun
Iceland SE
Iceland SW
Egersund
Ekofisk

FoF Alloa

FoF Blackness
FoF - SAB

FoF - offshore
Dogger Bank
German Bight
Wadden Sea
Seine estuary (1)
Seine estuary (2)

Baltic

Cartagena

PF LL MA LL MA]JLL MA LL

0
-

PF PF LL MA LL LL PF PF LL PF LL

Contaminants

PCB
cadmium (Cd)
lead (Pb)

mercury (Hg)

Exposure

micronucleus

comet

EROD

PAH-metabolites

VTG

intersex

Effect

LMS
AChE
PAH-metabolites
DNA adducts
external disease
neoplasms

histology

PF LL

<
@




Figure 5

E>EAC

O BAC<x<EAC
B <BAC

Ono data

ybig uewlas

suegq Jabboq

aloysyo - 404

Asyox3

punsiabig

Effects

ybig uewlas

ueg Jabboq

8I0US}o - 404

%siox3

punsiabig

Exposure

100% -

75% +

50% -

25% +

0%

ybig uewlas

suegq Jabboq

aloysyo - 404

Asyox3

punsiabig

Contaminants



Figure 6.

100% -

H>EAC
O BAC<x<EAC
H<BAC

50% -

0% -

Eff

-
c
)

[®]

= =
w L

Exp

e o
£
Q L>|j
O

Iceland Coastal N Sea | Offshore N Sea Baltic Spanish Med

Cont
Exp
Cont
Exp



Figure 7.

100%

75%

B >EAC
O BAC<x<EAC
H<BAC

50%

25%

13
36 S
T

Iceland Coastal N Sea  Offshore N Sea Baltic Spanish Med

0%



Highlights

* A framework for integrated assessment of contaminant impacts in coastal
and offshore areas has been developed and demonstrated.

* The assessment clearly shows why it is necessary to include both
chemical analyses and biological effects in an assessment of contaminant
impacts.

* Only two of the areas, Iceland and offshore North Sea, would be classified
as having "Good Environmental Status” should MSFD criteria be used.





