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Executive summary

SGIMC met for five days in January 2010 at ICES HQ. The main tasks undertaken
were:

¢ Continuation of the deveopment of backround documents and assessment
criteria for biological effects measurements;

e Review and further develop OSPAR frameworks for integrated monitoring
of contaminants and their effects;

e Review the need for technical Annexes to OSPAR Guidelines and to draft
as necessary.
The main outcomes of the meeting were:
e A series of 13 documents completed updated documents, many with pro-
posals for assessment criteria, recommended for adoption by OSPAR;

e Further develop proposals for a joint training and data interpretation
workshop with MEDPOL on lysosomal stability to be held in 2010 in Italy;

e Updated work programme for 2010-2011, with a view to a final meeting of
the SG in 2011.
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1 Opening of the meeting

The meeting was opened at ICES Headquarters at 09.15 h on Monday 25 January
2010. The meeting was co-chaired by Ian Davies (OSPAR) and Dick Vethaak (ICES).
The list of participants is given in Annex 1.
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Adoption of the Agenda

The Agenda was adopted without amendment. The Terms of Reference for the meet-
ing (see Annex 2) require SGIMC to report by 1 March to ACOM and OSPAR.
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3 Preparation of the Report

The Report of SGIMC was drafted during the meeting, and circulated by the chair-
men for comment and adopted at the meeting accordingly. The complete Report
would be sent to ACOM and OSPAR before 1 March 2010.
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Review progress made by Aberdeen WKIMC Workshop

Agenda item:

Review progress made by Aberdeen WKIMC Report and to receive Background
Documents and draft assessment criteria from SGIMC Aberdeen Workshop planned
for October 2009 on:

1) EROD;

2) Bile metabolites;
3) DNA adducts;
4) DR-CALUX;

5) Contaminant-linked fish disease;

6) (Liver neoplasm) and to assess their usefulness in integrated assessments.
SGIMC 2010 received a series of draft updated Background Documents from the Ab-
erdeen WKIMC Workshop. SGIMC reviewed the documents, together with com-
ments made by WGBEC 2010, made amendments where necessary, and recommends
that the documents in Annexes as listed below be transferred to OSPAR for incorpo-

ration into the OSPAR JAMP Background Document on Biological Effects Monitoring
Techniques.

Table 4.1 Background documents reviewed and developed at the Aberdeen WKIMC Workshop,
October 2009.

DOCUMENT LOCATION STATUS
Background document on Cytochrome P4501A activity Annex 4 Recommended for adoption by OSPAR
(EROD) - Chapter 3
Background document on Lysosomal stability as a global Annex 5 Recommended for adoption by OSPAR
health status indicator in biomonitoring (Chapter 4)
Background document on DNA adducts (Chapter 11) Annex 6 Recommended for adoption by OSPAR
Background document on PAH metabolites in bile Annex 7 Recommended for adoption by OSPAR
(Chapter 5)
Background document on Externally visible fish diseases,  Annex 8 Recommended for adoption by OSPAR
macroscopic liver neoplasms and liver histopathology
(Chapter 6)
Background document on Water Bioassays Annex 9 Recommended for adoption by OSPAR

Cyto P4501A (EROD activity) background document

Martinez-Gémez, C. (IEO, Spain), Maes, T. (Cefas, UK) and Devriese, L. (ILVO, Belgium) re-
viewed and updated EROD Assessment Criteria (AC) established at the SKIMC Workshop
ICES/OSPAR meeting in 2009. New Assessment Criteria values were established for Atlan-
tic cod (Gadus morhua), flounder (Platichthys flesus), dab (Limanda limanda) and plaice (Pleu-
ronectes platessa) by using EROD data submitted in ICES database to date (made available
during SGIMC 2010 by the ICES DataCentre (Marilyn Sorenson)) and data provided dur-
ing ICES/OSPAR WKIMON IV (Table EROD1).
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Table EROD1. EROD Assessment criteria in fish target species used in biomonitoring programmes around European waters. EROD BRs established are restricted to the sampling
conditions and the size length of the specimens used. The values of the assessment criteria must be considered as provisional and should be updated and revised when more data
comes available.

BACKGROUND RESPONSE RANGE ~ ELEVATED RESPONSE RANGE

BOTTOM WATER EROD AcTIvITY EROD AcTIvITY

EROD ASSESSMENT CRITERIA TEMPERATURE SIZE LENGTH (PMOL/MIN/MG PROT) (PMOL/MIN/MG PROT)
S9 FRACTION SAMPLING SEASON RANGE cM SEX 90P 90P N
Dab (Limanda Limanda) August-November [10-18°C] 12-25 Females <178 >178 556
Males <147 >147 571
European flounder (Platichtys flesus) August-November [10-18°C] 20-25 Females <24 >24 65
and/or
males
Plaice (Pleuronectes platessa) January [5-10°C] 18.5-22.5 Males <10 >10 116
EROD Assessment Criteria Sampling season Bottom water Size length Sex Background Response Range Elevated Response Range N
Microsomal fraction temperaturerange  cm EROD activity EROD activity
(pmol/min/mg prot) (pmol/min/mg prot)
90P 90P
Dab (Limanda Limanda) August-November [10-18°C] 20-30 Females <780 >780 53
and/or
males
Cod (Gadus morhua) August-November [10-18°C] 30-45 Females <145 >145 198
and/or
males
Plaice (Pleuronectes platessa) September [7-10°C] 40-60 Females <255 >255 64
and/or
males
Four spotted megrim (Lepidorhombus boscii) September-0ctober [11.7-12.7 °C] 18-22 Females <13 >13 317
and/or

males
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EROD ASSESSMENT CRITERIA

BOTTOM WATER

BACKGROUND RESPONSE RANGE
EROD AcTiviTY

ELEVATED RESPONSE RANGE
EROD AcTiviTY

TEMPERATURE SIZE LENGTH (PMOL/MIN/MG PROT) (PMOL/MIN/MG PROT)
S9 FRACTION SAMPLING SEASON RANGE cm SEX 90P 90P N
Dragonet (Callionymus lyra) September-0ctober [12.0-12.8 °C] 15-22 Females <202 >202 159
and/or
males
Red mullet (Mullus barbatus) April [13.3-15.3°C] 12-18 Males <208 >208 40
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Establishment of EROD ACs

Data were split into subgroups based on species and the used sub-fractions in assess-
ing hepatic EROD activities (microsomes and S9 fractions). EROD data were not con-
sidered when total number of data available was less than 30. Basically, background
levels were calculated for those months and stations which contracting parties con-
sider being reference stations (i.e. no known local sources of contamination or those
areas which were not considered unequivocally as reference sites but as those less
influenced from human and industrial activity.) Table EROD2.

Table EROD2. Reference stations used for the establishment of EROD Assessment Criteria.

SPECIES REFERENCE STATION COUNTRY
Cod 15F Ullerg area, 23B Karihavet area, 98B2 Austnesfjorden, 10B Norway
Varangerfjorden, 36B2 Austnesfjorden
Dab Le Parfond France
15F Ullerg area, 36F Faerder area Norway
Belgian CS, Falls, Mouth of Thames, Plaice box, South and West Falls Belgium
Flounder St. Andrews bay UK
21F Akrafjord Norway
Plaice 10F Skogeroy, 98F2 Husholmen Norway
Red Mullet Guardamar, Valencia Spain
Dragonet Asturias W, Asturias E, Spain
Four-spotted megrim Galicia S, Finisterre, Galicia N, Asturias W, Asturias E Spain

Differences on EROD responses were tested for each of the species considered (t-test
of the mean or Mann-Whitney test). Only for dab and red mullet, sex differences
were demonstrated (p<0.05). For red mullet only males’ data were considered for
ACs due to the sampling time (pre-pawning period). For dab, ACs were calculated
for each one of the genders. For the rest of species tested (cod, flounder, plaice, dra-
gonet, four-spotted megrim) female and male data were combined to one group for
further statistical analysis.

Background levels were calculated as the empirical 90% quantile. The 90% quantile
(P90) separates the upper 10% of all values in the group from the lower 90%. The ra-
tionale for this decision was that elevated EROD levels would lie above the P90 quan-
tile, whereas the majority of values below P90 belong to unexposed or non-
responding individuals. EROD ACs established are restricted to the sampling condi-
tions and the size length of the specimens used. The values of the assessment criteria
must be considered as provisional and should be updated and revised when more
data becomes available for these species.

The use of a conversion factor to transform data obtained in different fractions and
therefore made them comparable was discussed by the group. Finally, it was con-
cluded that considering data available in the literature and/or in databases managed
during the meeting, the establishment of a conversion factor is not realistic, the main
reason being that data in different fractions were not obtained for same specimens.

Recommendation: Countries conducting biomonitoring programmes should analyse
EROD activity in both fractions (59 and microsomal) in the same individuals in a
small number of samples to contribute to the establishment of this conversion factor.

SGIMC further noted that dragonet and red mullet are ideal species for intercalibra-
ton due to their widely spread distribution in Atlantic and Mediterranean waters.
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Background responses (BR) had been developed by in ICES/OSPAR WKIMON III
meeting in 2007. Basically, median values were calculated for those months and sta-
tions which contracting parties consider being reference stations (in terms of no
known local sources of contamination and as those less influenced from human and
industrial activity). For those medians, an overall median was calculated as the back-
ground EROD induction level. Using the same criteria, BRs were calculated for the
new species. In addition to the BRs, the empirical 90% quantile was also calculated
for all species. The 90% quantile (P90) separates the upper 10% of all values in the
group from the lower 90%. The rationale for this decision was that elevated EROD
levels would lie above the P90 quantile, whereas the majority of values below P90
belong to unexposed or non-responding individuals.

BRs for saithe, herring and haddock were estimated by using the same dataset that
was available at the joint ICES/OSPAR WKIMON III meeting in 2007.

BRs for haddock in S9 fraction has been estimated using IRIS database (BioSea Pro-
ject) made available by Total E&P Norge and Eni Norge AS (Norway), using data
from Barents Sea as a reference station.

BRs for plaice, dragonet, four-spotted megrim and red mullet has been estimated us-
ing data recently submitted to ICES database and available from the Spanish Institute
of Oceanography (IEO, Spain) and from Marine Scotland (Scotland, UK) during the
workshop. Part of these results derived from the mid-term monitoring performed by
the Spanish Institute of Oceanography (IEO) after the Prestige oil spill (Martinez-
Goémez et al., 2009). Only dataset obtained along the northern Iberian shelf in autumn
2004 and autumn 2005 from selected areas were used from each species. For L. boscii,
data from Basque country and Cantabria were excluded. For C. lyra, only data from
Asturias W and Asturias E were considered. For red mullet, background values were
derived from the results obtained in Valencia and Santa Pola areas (SE Spain), within
the framework of the biomonitoring programme undertaken by the IEO in 2006
(MEDPOL project), under the responsibility of the Spanish Ministry of Environment,
to contribute to MED POL Programme. For plaice, background values were derived
from the results obtained in the station Broad Bay (Isle of Lewis, Scotland, UK),
within the national CSEMP monitoring programme undertaken by the Marine Scot-
land from 2001 to 2009. Because significant sexual differences were observed in these
two datasets, only males were considered.

EROD values can be expressed in different units, in relation to the sub-fraction used
to assess the activity. The most commonly used sub-fractions in assessing hepatic me-
tabolism are microsomes and S9 fractions. Based on existing studies in different or-
ganisms, a conversion factor of 2.5-3 was proposed to convert data between S9 and
microsomal protein content, although this has to be confirmed with more data and
further research.
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Table EROD3. EROD Background responses in fish target species used in biomonitoring programmes around European waters.

EROD ASSESSMENT CRITERIA

BoTTOM WATER

EROD BR AcCTIVITY

UPPER LIMIT OF
EROD BR AcCTIVITY

1 SUB-FRACTION S9 TEMPERATURE Median (pmol/min/mg prot) P90 (pmol/min/mg
* MICROSOMES SUB-FRACTION SAMPLING SEASON RANGE SIZE LENGTH SEX prot) N
°C cm
Dab (Limanda Limanda) August-November [10-18] 12-25 Females and/or males <30t <152t 1034
European flounder (Platichthys flesus) August-November [10-18] 20-25 Females and/or males <14t <24t 30
Cod (Gadus morhua) August-November [10-18] 30-45 Females and/or males <78* <151* 74
Four spotted megrim (Lepidorhombus boscii) September-0ctober [11.7-12.7] 18-22 Females and/or males <12* <13* 317
Dragonet (Callionymus lyra) September-0ctober [12.0-12.8] 15-22 Females and/or males <144* <202* 159
Red mullet (Mullus barbatus) April [13.3-15.3] 12-18 Males <85* <208* 40
Plaice (Pleuronectes platessa) January [18.5-22.5] 7-10 Males <3.71t <9.49% 116
Haddock (Melanogrammus aeglefinus) August [5-10] 33-55 Females and/or males <72t /<215* <162t /<421* 20/23
Saithe (Pollachius virens) September [5-10] 40-100 Females and/or males <57t <142t 21
Herring (Clupea harengus) November [5-10] 22-33 Females and/or males <10t <23t 24
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Assessment criteria for PAH metabolites in fish calculated from reference sites

PAH metabolites are subcellular biomarkers which are contaminant specific markers
of PAH exposure. However, PAH metabolites do not indicate directly a population
relevant effect. Assessment Criteria for PAH metabolites such as BAC (Background
Assessment Criteria) which are usually derived from reference sites describe the
threshold which indicates a significant difference to background values (green -> yel-
low). EAC (Environmental Assessment Criteria) are usually derived from toxicologi-
cal data and indicate a significant risk for the organism. In the “traffic light system”
data exceeding EAC are displayed in red.

4.1.1 Monitoring data available from vTlI Germany

Ulrike Kammann and Werner Wosniok (Germany) presented a set of monitoring data
produced by vII (Germany) comprising 1-hydroxypyrene and 1-
hydroxyphenenthrene data analysed in bile samples of dab, flounder, cod and had-
dock caught mainly in the North Sea and the Baltic. In total more than 2000 individ-
ual fish have been analysed between 1998 and 2007. The analytical method used was
HPLC-fluorescence. All fish were caught in August or September, so no seasonal
variation is reflected in the data. No time-trends were visible in any of the regions
during the time period covered (Kammann, 2007). Comparing the areas North Sea,
German Bight and Baltic regional differences in PAH-metabolites obviously are lar-
ger than species differences (Figure 1). The regional distribution of the data of three
species is shown in Figure 2.

We propose that levels of PAH metabolites from these three fish species may be com-
bined when results are to be compared on a big regional scale.

w
™ o
-

N

n

=
|

=
|

1-Hydoxypyrene [ng/AE380nm]

|
]
]
il

%
%
%

Nl 0 Q Q &
bQ) QC'; O 9 Qé

%
Z,
2
%
S
%@

Figure 1. 1-Hydroxypyrene in bile fluids of dab, flounder and cod caught between 1998 and 2007
and grouped by the regions Baltic (BA), German Bight (GB) and North Sea (NS).
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Figure 2. 1-Hydroxypyrene in bile fluids of dab, flounder and cod caught between 1998 and 2007
covering North Sea and Baltic Sea.

4.1.2 Background assessment criteria calculated from reference sites

The recommended way to calculate BACs is to use the 90th percentile of reference site
data. We used two areas as reference sites: Iceland and Barents Sea and obtained
BACs close to values presented by SGIMC 2009 (except flounder). Data from addi-
tional reference sites may improve the quality of the BAC in future. We applied the
BAC for dab, cod and flounder using either species-specific BAC (dab value for
flounder) or an overarching BAC for all species under investigation. The resulting
regional assessment had a plausible appearance and showed a clear differentiation
between the areas North Sea, German Bight and Baltic, as mentioned above. Two
ways of presenting the results were compared: (1) a single colour for the region de-
pending on whether the station mean exceeds the BAC or not (Figure 3) and (2) two
colours representing the proportions of the fish above and below the BAC (Figure 4).
The version presented in Figure 4 provides more information which is needed during
the process of data aggregation in integrated monitoring, while data displayed as in
Figure 3 displays the results in a simple “traffic light system” as it may be desired at
the end of the integration process. Both ways of presenting are based on the same
data and BACs.
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Figure 3. 1-Hydroxypyrene in bile fluids of dab, flounder and cod caught between 1998 and 2007
categorized by the species overarching BAC of 17 ng/ml. Mean values per station are compared
with BAC.
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Figure 4. 1-Hydroxypyrene in bile fluids of dab, flounder and cod caught between 1998 and 2007
categorized by the species overarching BAC of 17 ng/ml. Proportion of single fish per station are
categorized in relation to BAC.

The species overarching BAC are justified by the observation that different species
from the same areas exhibit similar values of PAH-metabolites as shown above. The
second argument is the fact that the BAC calculated for single species (13, 15 and 21
ng/ml; compare Table 1) are not distinguishable in the light of analytical variance of
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the method which has a CV of 15% for HPLC-Fluorescence (calculated from a refer-
ence material analysed in vTI over a 3-year period). The overarching BAC might be of
advantage when no species-specific BAC is available because of the lack of reference
areas.

Comparing different ways of BAC calculation

BAC can be calculated from reference site data using the 90% percentile of all data
considered as reference. If no reference site is available, BAC can be calculated using
the 10% percentile of a dataset which is believed to contain low values close to refer-
ence values as well as non-reference data. Comparing both ways of BAC calculation
for the present cod data shows that the 10% approach underestimates the BAC value
(Figure 5). In general also an overestimation might occur, if a dataset contains very
few or no near-reference values.

We conclude that a BAC can only be calculated reliably using data from reference
areas. However, by identifying more or new reference areas the quality of a BAC can
be improved continuously.
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Figure 5. Distribution of 1-hydroxypyrene data in bile fluids of cod from reference (green) and
non-reference regions (blue). BACs based on 10% of all and 90% of reference data are indicated.

Environmental assessment Criteria calculated from toxicological data

Even if PAH metabolites are a marker of exposure, high levels of metabolites can be
linked to deleterious effects in fish so that EACs can be identified. During SGIMC
2010, Steinar Sanni (Norway) made data available from toxicological experiments
linking oil exposure and PAH metabolites in fish with DNA-adducts and fitness data
(Morton et al., unpublished data; Skadsheim et al. 2004; Skadsheim et al., 2009), where
the latter serves as the effect quantity for the calculation of the EAC presented in Ta-
ble 1. Table 1 is not yet complete and needs additional input. Also the two analytical
methods HPLC-F and GC/MS need to be compared.
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Table 1. Biological assessment criteria (BAC) and Environmental assessment criteria (EAC) for
two PAH metabolites, different fish species and methods. Data partly taken from WKIMC 2009

BAC [NG/ML] EAC [NG/G]
BioLogIcAL EFFECT FISH SPECIES HPLC-F GC/MS
Bile metabolit 1-hydroxypyrene dab 16
cod 21 483
flounder 16 4)
haddock 13
dab, cod, haddock 17
turbot 909
halibut 745
Bile metabolit 1-hydroxyphenanthrene dab 3,7
cod 2.7 518
flounder 3.74)
haddock 0.8
dab, cod, haddock 2.4
turbot 1832
halibut 262
BAC [pg/ml]
syncronuos Fluor. EAC [ug/ml] Fixed
Biological Effect Fish species 341/383 Fluor. 341/383
Bile metabolites of pyrene-type dab 0.15 221)
cod 1.1 35
flounder 1.3 292)
haddock 1.9 353)
turbot 29
halibut 22
herring/sprat 16

AC based on 1)halibut, 2)turbot, 3)cod
and 4)dab
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Background documents and assessment criteria

Agenda item:

To receive Background Documents and draft assessment criteria from ICES WGBEC
on:

Acetyl cholinesterase

Mussel histopathology

MT and ALA-D

1)
2)
3) Micronucleus and Comet assay
4)
5) Intersex in fish

Outcomes of document reviews

SGIMC 2010 received and reviewed a series of draft updated Background Documents
from the ICES WGBEC, where they were available. SGIMC made amendments
where necessary, and recommends that the documents in Annexes be taken forward
for further work and completion in 2011, or are transferred to OSPAR for incorpora-
tion into the OSPAR JAMP Background Document on Biological Effects Monitoring
Techniques, as indicated in Table 5.1 below.

Table 5.1. Background documents received from WGBEC 2010 and reviewed and further devel-
oped at SGIMC 2010.

DOCUMENT LocATION STATUS

Background document on Acetylcholinesterase as a Annex 10 Recommended for adoption by OSPAR

method for assessing neurotoxic effects in aquatic

organisms

Background document on mussel histopathology Draft not yet available. Deferto WGBEC
2011.

Background document on Micronucleus assay as a Annex 11 Recommended for adoption by OSPAR

method for assessing DNA damage in marine organisms

Background document on Comet assay as a method for Annex 12 Recommended for adoption by OSPAR,

assessing DNA damage in aquatic organisms noting further technical development
requirements

Background document on Assessment criteria for d- Current document considered

aminolevulinic acid dehydratase (ALA-D) measured in fish satisfactory. Assessment criteria need to

blood be reviewed using 90% iles and
threshold statistics.

Background document on Intersex in fish Document not yet available. Deferred to
WGBEC 2011.

Background document on hepatic metallothionein in fish Current text satisfactory, but only refers
to fish.

Document should be extended to cover
metallothionein in shellfish

Observations on background AChE activity in mussels

Kari Lehtonen made available to SGIMC data on AChE activity in Mytilus edulis sam-
ples from two background locations in the northern Baltic Sea. A regression (solid
line) was fitted to the data, together with the 95% confidence band (dashed lines) for
the regression line.

It can be concluded that there is a seasonal effect on AchE activity in mussels, because
no straight horizontal line would fit into the confidence band over the whole range of
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observations without intersecting the confidence band limits. The data suggest that
maximum activities (September) are approximately twice the minimum activity re-
ported (late autumn and spring).

The development of assessment criteria, particularly background levels of activity,
will need to take account of such seasonal patterns.
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Figure 5.1. Loess smoother fitted to seasonal data on AchE activity in mussels from Granbusken
(green), Sundholmen (red) in the Baltic Sea.

Reviews of integrated monitoring strategies and associated Background Docu-
ments

SGIMC reviewed the integrated monitoring strategies for fish and shellfish, and the
availability and status of Background Documents for elements of the strategies. As a
consequence of this review, a series of additional background documents were writ-
ten, or existing documents revised, as shown in Table 5.2 below.

Table 5.2. Background documents reviewed and developed at SGIMC 2010.

DOCUMENT LOCATION STATUS
Background document on Annex 13 Recommended for adoption by OSPAR
reproductive success in eelpout
(Zoarces viviparus)
Background document on Annex 14 Incomplete. Deferto SGIMC/WGBEC
Measurement of supporting metrics 2011
for fish: condition indices, GSI, HSI
Background document on Stress on Annex 15 Recommended for adoption by OSPAR

Stress (SoS) in bivalve molluscs
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6 Recap of the integrated monitoring framework

The integrated monitoring frameworks for fish, shellfish and contaminant-based
monitoring were reviewed, and updated versions of the relevant Technical Annexes

are included as Annexes 16, 17 and 18.
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7 Status on JRC/ICES GES 8 Report
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The European Commission had asked ICES and the Joint Research Centre to establish
a series of expert Task Groups at assist them in interpreting the eleven Descriptors of
Good Environmental Status in the Marine Strategy Framework Directive into practi-
cal monitoring activities, by giving guidance on assessment criteria and methodologi-

cal standards. Descriptor 8 (Concentrations of contaminants are at levels not giving
rise to pollution effects) is most relevant to SGIMC.

Ian Davies and Dick Vethaak are members of the Task Group for Descriptor 8. They

reported on progress of the Task Group. The main points were:

The TG will recommend monitoring procedures including both chemical
measurements in biota, sediment and water, and biological effects meas-
urements covering various levels of biological organization.

The data will be interpreted using assessment criteria similar to those de-
veloped for Water Framework Directive (EQS) and in ICES/OSPAR (EAC).
To meet GES, concentrations should not exceed assessment thresholds
identified on the basis of toxicological data, and pollution effects should
not exceed thresholds representing harm at organism, population, com-
munity and ecosystem levels, and concentrations and effects should not be
increasing.

The parameters to measure will not be defined, but the selection of con-
taminants, monitoring species and biological effects measurements should
be made for each assessment region by the Member States (MS) with re-
sponsibility for implementation of MSFD in each region.

Monitoring data should also be assessed against background conditions to
provide early warning of deteriorating conditions.

Integration procedures were not defined, but the work in ICES and OSPAR
was recognized as a good foundation for development.

Advantage should be taken of international experience in programme de-
sign and harmonization of sampling and analytical procedures.

The Report would be completed within the next few days and submitted to the GES
Management Group.
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To elaborate plans for the SGIMC training Workshop on Ly-
sosomal Stability data quality and interpretation proposed to be
held in Spain in 2010

Concepcion Martinez-Gomez presented an update of the workshop plan originally to
be held in Murcia Spain in summer 2010. At WGBEC 2010, however, it was decided
to explore the possibilities of amalgamating the proposed ICES/OSPAR Workshop
with a training workshop to be organized for MEDPOL by Prof Aldo Viarengo in
September 2010 in Alessandria, Italy. This seemed opportune because of the presence
of high level experts at the MEDPOL workshop and also in line with the requested
harmonization of methods between OSPAR and MEDPOL. The Case for a joint
ICES/OSPAR/MEDPOL Workshop to be held in association with a MEDPOL training
course, including proposed Terms of Reference for the ICES/OSPAR component on
lysosomal stability data quality and interpretation, were drafted during the meeting
(see Annex 20). SGIMC recommended that the Case be sent to ICES and OSPAR for
approval.

Meanwhile, Concepcién Martinez-Gémez would continue communications with Prof
Viarengo with a view to developing a coordinated programme for the Workshop. In
addition to lysosomal stability, participants of Joint Workshop would also receive
training on practical aspects of the stress on stress biomarker method. This method is
included in the two-tiered approach of MEDPOL as well as in the core methods of the
OSPAR integrated monitoring scheme for mussels, and requires harmonization.
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Progress made on draft merged guidelines for the integrated
monitoring and assessment of contaminants and their effects
and associated Technical Annexes

To continue towards the completion of the draft merged Guidelines for the Integrated
Monitoring and Assessment of Contaminants and their effects and drafting the neces-
sary Technical Annexes, including an annex on survey design, in the light of advice
and work packages developed intersessionally by the co-chairs, and emerging re-
quirements in other fora, for example implementation of WFD and MSFD (OSPAR
request (2008/8).

SGIMC drafted and/or reviewed a series of Technical Annexes as contributions to the
OSPAR Guidelines for the Integrated Monitoring and Assessment of Contaminants
and their effects. SGIMC addressed the integrated frameworks developed during the
WKIMON series and produced in the WKIMON III and IV reports as well as pub-
lished in the peer review literature (Thain J, Vethaak D, Hylland K. ICES ] Mar Sci
1508). The integrated schemes for fish, mussels and sediment were revisited and the
following changes made to take account of recommendations from SGIMC, WKIMC
and WGBEC meetings:

a) Sediment integrated framework

e In vitro bioassays were added to the scheme and DR-CALUX referred to
specifically
b) Mussel integrated scheme

e The chemical determinands to be measured in mussels were updated by
changing to bold those compounds which are now included in the OSPAR
CEMP (also blue text changed to bold).

e The columns were re-ordered left to right, subcellular response, tissue re-
sponse, whole organism response.

e Scope for growth was down-rated as a ‘core’ component because very few
laboratories are able to do/are doing the method as part of a monitoring
programme. Stress on stress response of mussels gives similar information
and is applied by a greater number of laboratories. It was considered that
SFG should be used where possible but SoS used as an alternative. SoS was
therefore included as a ‘core’ method.

e Solid lines were used in the scheme to indicate ‘core” components and ital-
ics used to indicate where supporting documentation for certain methods
is lacking.

e Gametogenesis was added as a separate method to mussel histopathology
and not considered a core method.

e MXR and GST were removed from the scheme following WGBEC recom-
mendations from 2008.

e COMET and MT were no longer considered ‘core’” methods for the inte-
grated package and micronucleus assay was added as a ‘core’ method.

¢) Fish integrated scheme

e As for mussel scheme, the columns were re-ordered and OSPAR CEMP
components highlighted in bold. Italics were used to identify methods that
were lacking supporting documentation and solid lined boxes indicate
‘core’ components.
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e Organotins were removed from the chemical determinands to be meas-
ured in biota.

e External fish disease was added to the “whole organism’ response column.

e Liver nodules were made a core component of the programme and inter-
sex downgraded from a ‘core’ component.

e ALA-D was removed from the integrated scheme.

e EROD/CYP1A was missing from the WKIMON 1V report version. It was
thought that this was in error so this is now included.

d) Revised documents

The outcomes of the reviews are included in Annexes to this report, as shown below
(Table 9.1) together with recommendations concerning adoption of the revised
documents.

Table 9.1. Reviews of Technical Annexes.

DOCUMENT LocATION STATUS
Technical Annex on sampling and Annex 16 Recommended for adoption by
analysis for integrated chemical and OSPAR.
biological effects monitoring in fish
and shellfish
Technical Annex for Mussel (Mytilus Annex 17 Recommended for adoption by
sp.) OSPAR Integrated Monitoring OSPAR.
Technical Annex on recommended Annex 18 Recommended for adoption by
packages of chemical and biological OSPAR.

methods for monitoring on a
contaminant basis

Discussion document on survey design Annex 19 Recommended for adoption by
for integrated chemical and biological OSPAR.
effects monitoring

Note: The discussion document on survey design for integrated chemical and bio-
logical effects monitoring included as Annex 19, is considered by SGIMC to be the
best advice currently available on the subject, recognizing that it has not been possi-
ble to develop a full solution to the task. A full and statistically robust solution re-
quires information regarding assessment thresholds, integrated assessment methods,
etc. that have not yet been developed.
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10.1

Progress made on integrating/aggregating data assessment
strategies

Harmonisation: progress made in the HELCOM area
a) ICES SGEH activities

Kari Lehtonen reported on activities in the ICES Study Group for the Development of
Integrated Monitoring and Assessment of Ecosystem Health in the Baltic Sea (SGEH)
focuses its main activities on matters related to biological effects of contaminants in
marine organisms in the Baltic Sea. Information on the effects of contaminants on
biodiversity is also closely followed. To achieve the target of developing assessments
of Ecosystem Health in the Baltic Sea links with groups dealing with fisheries and
eutrophication impacts will be established with expected participation of experts hav-
ing data and information relevant to SGEH. Important aspects are identification of
links between SGEH work related to HELCOM, OSPAR, EU (with a special reference
to MSFD) and other ICES EGs, especially SGIMC, WGBEC, WGIAB. In regard to the
MSEFD, suggested criteria and methodological standards for the descriptors will be
discussed in this group in the next meeting. SGEH will also follow closely the out-
come of the Quality Status Report of OSPAR. Progress made through the BONUS+
programme BEAST project and other similar activities in and outside the Baltic Sea
will be reviewed. SGEH will meet in Gdynia (PL) in March 1-5, 2010, chaired by Kari
Lehtonen (FI).

b) BONUS+ Programme BEAST project

Kari Lehtonen reported on the BEAST project (Biological Effects of Anthropogenic
Chemical Stress: Tools for the Assessment of Ecosystem Health) was launched under
the Baltic Sea BONUS+ Programme (2009-2011) and consists of 16 partners from all
nine Baltic Sea countries. Detailed information on BEAST is available in the WGBEC
Report 2009, at the BONUS+ website (http://www.bonusportal.org/research_projects)
and at BEAST website (http://www.environment.fi/syke/beast). In short, BEAST con-
sists of three thematic Work Packages (WP):

e WPI: Field studies and experiments in selected subregions of the Baltic
Sea; basic research: testing and validation of biomarkers in Baltic Sea spe-
cies and environmental conditions.

e WP2: Application and validation of methods in monitoring and assess-
ment in the Baltic Sea; recommendations and practical guidelines for the
integration of chemical-biological monitoring of hazardous substances in
Baltic Sea monitoring programmes (mainly HELCOM).

e  WP3: Developing tools for ecosystem health assessment in the Baltic Sea;
testing and developing approaches (e.g. indices) for the assessment of Eco-
system Health in different subregions of the Baltic Sea.

Research activities in the three WPs are organized under five subregional Tasks, i.e.
field and experimental studies in the Gulf of Bothnia, G. of Finland, G. of Riga, G. of
Gdansk and the Belt Sea.

BEAST WP2 and WP3 will closely follow OSPAR developments in regard to devel-
opments in integrated monitoring and assessment approaches to enable harmoniza-
tion of methodologies between the sea areas.
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¢) HELCOM Thematic Assessment of hazardous substances in the Baltic Sea
2010.

HELCOM Thematic Assessment of hazardous substances in the Baltic Sea 2010.

Dr Jakob Strand presented the CHASE assessment tool, which has been used to pre-
pare a HELCOM integrated thematic assessment of hazardous substances in the Bal-
tic Sea. A draft report is available and the final version is to be published later this
year (HELCOM 2010, Eds: Korpinen and Laamanen). The report is connected to the
HELCOM Baltic Sea Action Plan, which identifies pollution by hazardous substances
as one of the four main issues to improve the health of the Baltic Sea.

The CHASE assessment tool is used to create an integrated traffic light system.
CHASE is used to integrate the status of contamination by individual chemicals and
biological effects at specific sites or areas into a single status value called contamina-
tion ratio. Ultimately, the use of this integrative tool provides an overview of the
status of contamination and biological effects by hazardous substances over the Baltic
Sea.

The threshold levels used in CHASE were obtained from national legislation or inter-
national agreements or EU directives (e.g. EC Environmental Quality Standards,
OSPAR Environmental Assessment Criteria). The use of national or international
threshold levels ensures that this assessment is fully compatible with national legisla-
tion and the implementation of the European Union directives.

Altogether, 144 assessment units were analysed using CHASE, 40 of the assessment
units were open sea areas and 114 were coastal assessment units.

CHASE includes four themes;
Contaminants close to natural levels (water, sediment, biota)
Fish safe to eat
Healthy wildlife
Radionuclides

CHASE calculates a "Contamination Ratio (CR)" for all variables within each theme:
CR = measured value / threshold level

CR are integrated within each theme to a "Contamination sum", which is calculated
as “sum of all Contaminant ratios/ (sqrt n)”

The contamination sum is assessed according to five assessment classes: High (0-0,5),
Good (0.5-1), Moderate (1-5), Poor (5-10), and Bad (>10). The overall integrated as-
sessment is based on the worst condition of the four themes. Assessments for at least
two themes have to be included in the calculation before the overall assessment is
performed.

Each of the CHASE classifications with moderate, poor or bad status were examined
to determine whether there were common causes for the poor status. The three most
common substances causing the degraded status of the marine environment (i.e. hav-
ing highest CRs) were collated.

All common groups of hazardous substances: PCBs, dioxins, heavy metals, or-
ganometals, alkylphenols, phtalates, brominated substances, polycyclic aromatic hy-
drocarbons (PAH), DDTs and chlorinated pesticides were found among the decisive
substances.
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PCBs were among the top three substances in 39% of the cases,
Mercury in 22%,
Cadmium in 19%,
Tributyltin in 18% and
Lead in 18%.

Dioxins/dioxin-like PCBs, DDT and DDE had a high influence on the chemical status
in ca. 10% of the cases.

The above-mentioned ‘decisive substances” were mainly found in samples from biota
(60%, fish, mussels and birds) and only secondarily in sediment samples (35%). Only
five per cent of those samples were from water.

Biological effects measurements, such as imposex in marine snails and lysosomal
membrane stability, micronuclei and PAH-metabolites in fish have also impact on the
assessment in some areas, mainly in the southern part of the Baltic Sea, where data
were available.

The assessment would be published as: HELCOM 2010. Hazardous substances in the
Baltic Sea. An Integrated Thematic Assessment of hazardous substances in the Baltic
Sea. Baltic Sea Environment Proceedings No. 120B. Samuli Korpinen and Maria
Laamanen (Eds.).

SGIMC welcomed the work that was in progress in HELCOM, and expressed thanks
for the early prepublication viewing of the analysis. The main points made during
discussions were:

SGIMC appreciated the comprehensive work by HELCOM on an integrated thematic
assessment of hazardous substances in the Baltic Sea which seems to be an important
progress for the assessment of the environmental conditions in the Baltic Sea. It was
recognized that the approach for the integration of chemical concentration levels and
biological effects measurements are an important step forward, but it was also recog-
nized that there is still room for improvement in future.

The extensive collation of standards/thresholds applied in a range of countries and
contexts would be a useful resource for other groups.

The use of thresholds for both background assessment levels (e.g. OSPAR BAC) and
thresholds that address the risk of adverse effects in marine organisms (e.g. EC WED-
EQS or OSPAR EAC) in the calculation of CRs based on chemical concentration levels
can confuse the uniform interpretation of the meaning of CRs. It will not be fully clear
if CR>1 reflect concentration levels above natural background levels or concentration
levels that pose a risk for marine organisms. This will also have importance for the
interpretation for the overall contamination sum used in the integrated assessment
for the theme "Contaminants close to natural levels".

It appeared possible that different assessment thresholds for the same parameter
could be used in different countries or assessment areas. This raised concerns for the
comparability of the overall assessment across the Baltic area.

The use of contamination ratios (CRs) without any normalization could lead to distor-
tions in the assessment. For example the scale of variation found in different biologi-
cal effects measurements, which are included in the CHASE theme healthy wildlife, is
known to differ greatly and in some case up to order of magnitudes for induction for
some biomarkers. This will be reflected in the calculated CRs and subsequently also
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the final score (i.e. sum of CRs) and thereby the overall assessment by the contamina-
tion sum. It was recommended to normalize the data in some way, so that the rela-
tive weightings of the various parameters are more equalised. This would lead to
more comparable CRs between parameters, which then can be better combined to an
overall contamination sum.

A consequence of using a square root function in the calculation of the Contamina-
tion Sum is that, all other things being equal, the more data (more parameters) that
are available, the worse the final Contamination Sum and assessment. SGIMC recog-
nizes that this is precautionary, but further documentation is needed to show that the
square root functions is the best way to counter the sum of CRs increase with the
number of data assessed compared with the "dilution" of higher CRs by adding more
(low CR) data.

SGIMC looked forward to the publication of the final report, as a contribution to-
wards the widespread efforts to develop robust multivariate environmental assess-
ments.

Data integration initiatives in OSPAR
a) Traffic lights and integrated assessment

Ian Davies opened this agenda item by describing the process that had been devel-
oped by OSPAR MON for the aggregation and presentation of chemical data on the
concentrations of contaminants in sediment and biota for the QSR 2010. The purpose
of the work had been to present the monitoring data in relation to the OSPAR objec-
tives for hazardous substances, i.e. that concentrations should be at or close to back-
ground, and that there should be no unexpected/unacceptable biological effects
arising from hazardous substances.

The fundamental elements of the process are a coherent and consistent set of assess-
ment criteria for hazardous substances in the monitoring matrices, tools for the statis-
tical analysis of data, including normalization of concentrations and temporal trends
assessments.

The assessment criteria (BACs and EACs) were used as the thresholds in a three col-
our traffic light system. Concentrations of each contaminant at each station in each
matrix were compared with the thresholds and converted into assessments expressed
as colours.

The OSPAR area was divided into a series of subareas for data integration, in which
offshore areas were assessed separately from inshore areas (within 12 miles of the
coast). Within each assessment area, the assessments for each contaminant, ex-
pressed as colours, were combined to give an overall assessment for each contami-
nant. This was expressed as a bar containing appropriate proportions of the three
colours, so that as much information as possible was retained through to the final
presentation. The information used at underlying stages was also retained to enable
full traceability from the final assessment back to the original data.

An example of the final presentation is shown in Figure below.
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Ian Davies also presented the approach to integration developed at the WKIMC
meeting in Aberdeen in October 2009. This approach was also based around a three
colour traffic light scheme, and assessment criteria corresponding to background lev-
els of response of biological effects measurements (analogous to BACs) and to levels
of biological response that represent harm to organisms (analogous to EACs). The
WKIMC scheme had recognized biomarkers of exposure for which background re-
sponses could be defined but upper assessment thresholds could not, and biomarkers
of effect for which both types of thresholds would be appropriate.

The WKIMC scheme had been discussed by WGBEC who had provided various
comments. The WGBEC draft Report also included a proposal for an alternative ap-
proach.

There was extensive discussion of the WKIMC approach. The main points agreed
were:

e Assessment schemes for biological effects based on two assessment thresh-
olds (as described by WKIMC) seemed the best way forward at this time to
address the objectives of the OSPAR hazardous substances strategy.

e Biological effects could be integrated with the MON assessment output as
additional variables, i.e. presented in the same way as individual contami-
nants. This might become unwieldy if data were available for a large num-
ber of effects measurements.

e Alternative presentations were discussed, based upon either the integrated
schemes for fish and shellfish, or integrated schemes for particular catego-
ries of contaminants. For example, a presentation based upon the PAH
theme could be developed, or one based upon the metals theme. This ap-
proach would have the advantage of limiting the number of parameters to
display, while presenting a coherent thematic assessment.

It was felt that the majority of the WGBEC comments were addressed by the conclu-
sions above. Other relevant comments were:

Red responses (i.e. values above EACs for chemicals and above an upper assessment
threshold for effects) were equivalent in the context of the OSPAR objectives. Differ-
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ent approaches might be appropriate in assessments for other purposes, for example
to derive expressions of ecosystem health.

Differences in the significance of expressions of effect at molecular/ cellular/ tissue/
organism levels were to a degree addressed through the two threshold assessment
scheme. Other approaches might be appropriate to other purposes.

The use of statistical approaches such as PRIMER E does not assist in meeting OSPAR
objectives.

The Study Group considered the level of significance that should be given to ex-
ceedence of BAC and EAC for different biological effects measurements in an inte-
grated assessment:

Biomarkers for environmental pollution are assessed at different levels of biological
organization. They range from biochemical parameters as indicators for specific con-
taminant exposure to pathological endpoints at subcellular and tissue level up to res-
ponses at the levels of behaviour, reproduction, health, and biodiversity. This
approach has been developed to obtain information on the status of environmental
deterioration due to pollution as well as on the progress of damage on the biological
system scale (Broeg et al., 2005; Dagnino et al., 2007). To finally extract this additional
information from the dataset, one measure is the weighting of the various biomarkers
according to their level of biological organization and their relevance for the main-
tenance animals’ health, for the population structure, and finally the community. This
course of action is aimed in giving biomarkers of exposure, early-, and late biological
effects different weights for the final integrated assessment, considering that not all
biomarker responses are of the same relevance for the maintenance of environmental
integrity.

Based on the heuristic model of “syntropic ecotoxicology”, Downs and Ambrose,
2001 showed that effects of contaminants proceed from the lower biological levels to
the next higher one, if physiological responses of the organism to pollutant impacts
are not able to handle the stress at lower levels, or to repair damage that already had
occurred (Figure 10.1).

SGIMC included all biomarker which are mentioned in the fish and mussel schemes
for an integrated assessment, core biomarker as well as promising ones (see above in
this report). Proposed is a two dimensional grading: the first dimension is based on
the assessment criteria (BAC, EAC) of each single biomarker, the second dimension
represents the location of each biomarker on the scale of its relevance for the ecosys-
tem health. This is shown in the Figure below.
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Figure 10.1. Draft integration/weighting of biological effects data in an integrated assessment
framework. Methods in italics still require development of relevant assessment criteria, but these
are in progress. There is some uncertainty over the validity of applying EAC equivalent assess-
ment criteria for PAH bile metabolites (due to inhibition at highly contaminated field sites) and
whether suitable EAC equivalent assessment criteria for whole organism bioassays can be de-
rived in a manner that would allow them to be given equal weighting in an integrated assessment
framework as other methods.
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Recommendations and proposals for OSPAR for adopting
changes in BG documents, Technical Annexes and Assessment
Criteria

SGIMC recommended that the following documents be recommended to OSPAR for

chemical and biological effects monitoring

adoption:
DOCUMENT LocATION STATUS

Background document on Cytochrome P4501A activity Annex 4 Recommended for adoption by OSPAR

(EROD) - Chapter 3

Background document on Lysosomal stability as a global Annex 5 Recommended for adoption by OSPAR

health status indicator in biomonitoring (Chapter 4)

Background document on DNA adducts (Chapter 11) Annex 6 Recommended for adoption by OSPAR

Background document on PAH metabolites in bile Annex 7 Recommended for adoption by OSPAR

(Chapter 5)

Background document on Externally visible fish diseases, Annex 8 Recommended for adoption by OSPAR

macroscopic liver neoplasms and liver histopathology

(Chapter 6)

Background document on Water Bioassays Annex9 Recommended for adoption by OSPAR

Background document on Acetylcholinesterase as a Annex 10 Recommended for adoption by OSPAR

method for assessing neurotoxic effects in aquatic

organisms

Background document on Comet assay as a method for Annex 12 Recommended for adoption by OSPAR,

assessing DNA damage in aquatic organisms noting further technical development
requirements

Background document on Assessment criteria for d- Current document considered

aminolevulinic acid dehydratase (ALA-D) measured in fish satisfactory. Assessment criteria need to

blood be reviewed using 90% iles and
threshold statistics.

Background document on hepatic metallothionein in fish Current text satisfactory, but only refers
to fish.
Document should be extended to cover
metallothionein in shellfish

Background document on reproductive success in Annex 13 Recommended for adoption by OSPAR

eelpout (Zoarces viviparus)

Background document on Stress on Stress (SoS) in Annex 15 Recommended for adoption by OSPAR

bivalve molluscs

Technical Annex on sampling and analysis for integrated Annex 16 Recommended for adoption by OSPAR.

chemical and biological effects monitoring in fish and

shellfish

Technical Annex for Mussel (Mytilus sp.) OSPAR Annex 17 Recommended for adoption by OSPAR.

Integrated Monitoring

Technical annex on recommended packages of chemical Annex 18 Recommended for adoption by OSPAR.

and biological methods for monitoring on a contaminant

basis

Discussion document on survey design for integrated Annex 19 Recommended for adoption by OSPAR.

Note: The discussion document on survey design for integrated chemical and bio-
logical effects monitoring included as Annex 19, is considered by SGIMC to be the
best advice currently available on the subject, recognizing that it has not been possi-
ble to develop a full solution to the task. A full and statistically robust solution re-
quires information regarding assessment thresholds, integrated assessment methods
etc that have not yet been developed.
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12 Update of Workplan for 2010/2011

Proposed Work Programme for SGIMC from January 2009 to January 2011.

RESPONSIBLE REPORT
EFFECT Task MEMBER WHEN T0 STATUS JANUARY 2010
SGIMC Completed
EROD Organising Workshop lan Davies For Oct 2009 2010
Update Background Completed
Document and develop
improved approach to
Background Response lan Davies SGIMC
EROD assessment criteria and others 0ct2009 2010
Dick Vethaak Completed
Update Background and Ketil WGBEC
PAH bile metabolites Document Hylland Mar 09 2009
To develop Background Ketil Hylland Completed
Response assessment (and lan SGIMC
PAH bile metabolites criteria Davies) 0ct2009 2010
Brett Lyons Completed
Update Background (and lan SGIMC
DNA adducts Document Davies) 0ct2009 2010
To develop Background To be reviewed by SGIMC 2011
Response and EAC- Brett Lyons
equivalent assessment (and lan SGIMC
DNA adducts criteria Davies) 2011
Prepare Background September SGIMC In progress; to be reviewed at
DR-CALUX Document Dick Vethaak 2010 2011 SGIMC 2011
To develop Background Preliminary AC available but
Response and EAC- need refinement. To be reviewed
equivalent assessment SGIMC atSGIMC 2011
DR-CALUX criteria Dick Vethaak 0ct2009 2011
Complete TIMES series March SGIMC In progress; will be send to editor

DR-CALUX method document Dick Vethaak 2010 2010 March 2010
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RESPONSIBLE REPORT
EFFECT TAsK MEMBER WHEN TO STATUS JANUARY 2010
To develop Background Completed
Response and EAC- Thomas Lang
equivalent assessment and Dick SGIMC
Liver nodules (neoplasm) criteria Vethaak Oct 2009 2010
Complete TIMES series Dick Vethaak WGBEC In progress, to be reviewed at
Extraction procedures for bioassay methods method document + John Thain Imminent 2011 SGIMC 2011
lan Davies
Establish BAC in and Dick For SGIMC SGIMC Completed
VTG monitoring species Vethaak 2010 2010
lan Davies
Develop EAC equivalent and Dick SGIMC To be developed at SGIMC 2011
VTG for monitoring species Vethaak SGIMC 2011 2011
Review Background SGIMC To be reviewed at SGIMC 2011
Intersex in fish document Steve Feist WGBEC2011 2011
To develop Background
Response and EAC- Steve Feist To be reviewed by SGIMC 2011
equivalent assessment (and lan SGIMC
Intersex in fish criteria Davies) SGIMC 2010 2011
No action required by No action required by SGIMC
Fish Disease Index. SGIMC
Review BG document and SGIMC Completed
Reproductive success (eelpout). TA SGIMC 2010 2010
John Thain, SGIMC SGIMC 2011
Background document on Supporting parameters in fish: condition indices, SLI and SGI develop BD Dick Vethaak WGBEC 2011 2011
Organising training Plans developed for joint
workshop MEDPOL/OSPAR/ICES training
Draft proposal Concepcion Workshop to be held in
Permission from Martinez- SGIMC Alexandria Sept 2010. Draft
Lysosomal stability (Neutral Red) ICES/OSPAR Gomez June 2010 2011 proposal completed
Update Background Thierry SGIMC Completed
Acetyl cholinesterase Document Burgeot WGBEC2011 2010
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RESPONSIBLE REPORT
EFFECT TAsK MEMBER WHEN TO STATUS JANUARY 2010
To develop Background in progress
Response assessment Thierry SGIMC
Acetyl cholinesterase criteria Burgeot WGBEC 2011 2011
ICES Times manuscript Steve Feist + WGBEC 2011, will be send to SGICM 2011
incl uding BAC in Miren WGPDMO SGIMC
Mussel histopathology preparation Cajaraville 2011 2011
Background document SGIMC Comet assay completed;
Micronucleus assay + comet assay and draft BAC Brett Lyon WGBEC2011 2011 micronucl. assay completed
Needs expanded to cover
Develop BC using recent SGIMC mussels. Need assessment
MT & ALA-D data Ketil Hylland Feb 2011 2011 criteria for MT and ALA-D
In vitros YES/YAS, ER in progress
New Chapter CALUX JT/DV WGBEC 2011 SGIMC
Add Sed & SW elutriate To be reviewed at SGIMC 2011
bioassays for invert
embryos. Further validate
others as more data Ricardo WGBEC
Chapter 8 becomes available Beiras 2010 2011
WGBEC To be reviewed at SGIMC 2011
Chapter9 As above with copepods As above As above 2011
Update BG and ass cri for WGBEC To be reviewed at SGIMC 2011
Whole sediments with 2011
amphipods as more data
Chapter 10 becomes available As above As above
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13 Adoption of Report and closure of meeting

SGIMC agreed that the Report could be adopted, subject to circulation of full draft by
the Co-chairs.
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14 Any other business

There was no significant other business.
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15 Closure of the meeting

It was agreed that the Co-chairs would lead on completion of the Meeting Report.

The meeting was closed at 1300 h on 29 January 2010.
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Draft Agenda and tentative timetable SGIMC 25-29 January 2010.

APPROX

AGENDA
DATE TIME ITEM

ISSUE

LEAD

Monday 25
Jan

09:30 1

Introduction by Co-chairs, tour de table

ID, DV

" 09.45 2

Adoption of agenda

ID, DV

Review progress made by Aberdeen WKIMC report and
to receive Background Documents and draft
assessment criteria from SGIMC Aberdeen Workshop
planned for October 2009 on:

EROD

Bile metabolites

DNA adducts

DR-CALUX

Contaminant-linked fish disease

(liver neoplasm) and to assess their usefulness in
integrated assessments.

ID, DV

To receive Background Documents and draft
assessment criteria from ICES WGBEC on:

Acetyl cholinesterase

Mussel histopathology
Micronucleus and Comet assay
MT and ALA-D

Intersex in fish

JT/MG

Recap of integrated monitoring framework: are we on
the right track?; are the right biomarkers and bioassays
included?

JT,DV

Status on JRC/ICES GES 8 TG report

ID

To elaborate plans for the SGIMC Workshop proposed
to be held in Spain in summer/autumn 2010.

CMG

Discussion and further work on integrating/
aggregating data assessment strategies (including
feedback from WGBEC).

ID,JT

To continue towards the completion of the draft
merged Guidelines for the Integrated Monitoring and
Assessment of Contaminants and their effects and
drafting the necessary Technical Annexes, including an
annex on survey design, in the light of advice and work
packages developed intersessionally by the co-chairs,
and emerging requirements in other fora, for example
implementation of WFD and MSFD (OSPAR request
(2008/8).

DV, MG TM, etc

26-28Jan plenary

reporting

to
SG

Sub-group sessionss

Subgroup(s) working on assessment criteria for
specific methods

Sub-group on finalizing the merged OSPAR guidelines.

WW, etc

DV, MG, TM, JT,
etc

29 Jan 12

Recommendations and proposals for OSPAR for
adopting changes in BG documents and AC.

ID, All

13

Any other business.

ID, DV

28 Jan 15.00 14

Adoption of the Report and closure of the meeting.

ID, DV

SGIMC will report by 1 March 2010 for the attention of
ACOM.
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Annex 3a: SGIMC draft Terms of Reference for the 2011 meeting

2010/2/ACOM30 The Study Group on Integrated Monitoring of Contaminants
and Biological Effects (SGIMC) (Co-chairs: Dr lan M Davies, UK and Dick Vethaak,
NL will meet at ICES Headquarters late January 2011 to:

a) To receive such new and revised Background Documents and draft as-
sessment criteria as have been prepared intersessionally by ICES SGIMC
and WGBEC and to assess their usefulness in integrated assessments;

b) To review comments on Background Documents and draft assessment cri-
teria from OSPAR and ICES groups and to revised documents as neces-
sary;

c¢) To complete the outstanding tasks in the SGIMC Work programme (Sec-
tion 12 of the 2010 Report);

d) To complete the draft merged Guidelines for the Integrated Monitoring
and Assessment of Contaminants and their effects and drafting the neces-
sary Technical Annexes, in the light of advice and work packages devel-
oped intersessionally by the Co-chairs, and emerging requirements in
other fora, for example implementation of WFD and MSFD;

e) To bring the work of SGIMC to a conclusion and to recommend how any
outstanding tasks should be addressed.

Material and data relevant to the meeting must be available to the group no later than
14 days prior to the starting date.

SGIMC will report by 1 March 2011 for the attention of ACOM.
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Supporting Information

Priority:

The current activities of this joint ICES/OSPAR Study Group are firmly directed at meeting the
needs of both organizations for integration of chemical and biological effects measurements. The
output also has strong application to the development of moinitoring stratgies and assessment
criteria for Descriptor 8 of Good Environmental Status under Marine Strategy Framework Directive.

Scientific
justification and
relation to action
plan:

Term of Reference a)

Various outputs are expected to be delivered through the WGBEC and SGIMC processes in 2010,
either through agenda items or TIMES series documents. SGIMC will take these outputs and
consider how the proposed assessment criteria could be used in integrated assessment.

Term of Reference b)

SGIMC 2010 recommended a large number of dicuments for adoption by OSPAR. This task is to
review the repsonse of ICES and OSPAR to this recommendation and to revise documents as
necessary.

Term of Reference c)

Considerable progress has been made with the detailed work programme items. Outstanding
items will be completed in 2011.

Term of Reference d)

This is an OSPAR request (2008/8).

The details of this task witll be elaborated by the co-chairs intersessionally. The completion of the
Guidelines and associated technical Annexes is an important step in the implementation of
integrated monitoring.

Term of Reference €)

The 2011 meeting will be the third meeting of SGIMC. The SG should complete all outstanding
tasks, and if this is not possible recommend how they should be addressed, with a view to
recommending that the SG be terminated.

Resource
requirements:

The research and monitoring programmes which provide the main input to this group are already
underway. Additional activities are proposed through a series of Workshops. The additional
resource required to undertake activities in the through meetings of SGIMC is negligible.

Participants:

Anticipated attendance is approximately 20 people. The developments under MSFD may attract
visitors from outside the ICES.

Secretariat facilities:

None.

Financial:

No financial implications.

Linkages to advisory
committees:

The output from this SG is directly linked to the needs of OSPAR (and probably the EU) for advice
on assessment methods and criteria, and integration of chemical and biological monitring.

Linkages to other
committees or
groups:

There is valuable working relationship between SGIMC and other environmental expert groups,
particualrly WGBEC, WGMS and MCWG. The collaboration is partly effected through joint
memberships.

Linkages to other
organizations:

The work of this group is closely aligned with the work of OSPAR (ASMO) and HELCOM, for
example data assessments by OSPAR MON. It is likely that MSFD will lead to linkages with other
regional Conventions.
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SGIMC recommended that the following documents be recommended to OSPAR for

chemical and biological effects monitoring

adoption:
DOCUMENT LOCATION STATUS

Background document on Cytochrome P4501A activity Annex 4 Recommended for adoption by OSPAR

(EROD) - Chapter 3

Background document on Lysosomal stability as a global Annex 5 Recommended for adoption by OSPAR

health status indicator in biomonitoring (Chapter 4)

Background document on DNA adducts (Chapter 11) Annex 6 Recommended for adoption by OSPAR

Background document on PAH metabolites in bile Annex 7 Recommended for adoption by OSPAR

(Chapter 5)

Background document on Externally visible fish diseases, Annex 8 Recommended for adoption by OSPAR

macroscopic liver neoplasms and liver histopathology

(Chapter 6)

Background document on Water Bioassays Annex 9 Recommended for adoption by OSPAR

Background document on Acetylcholinesterase as a Annex 10 Recommended for adoption by OSPAR

method for assessing neurotoxic effects in aquatic

organisms

Background document on Comet assay as a method for Annex 12 Recommended for adoption by OSPAR,

assessing DNA damage in aquatic organisms noting further technical development
requirements

Background document on Assessment criteria for d- Current document considered

aminolevulinic acid dehydratase (ALA-D) measured in fish satisfactory. Assessment criteria need to

blood be reviewed using 90% iles and
threshold statistics.

Background document on hepatic metallothionein in fish Current text satisfactory, but only refers
to fish.
Document should be extended to cover
metallothionein in shellfish

Background document on reproductive success in Annex 13 Recommended for adoption by OSPAR

eelpout (Zoarces viviparus)

Background document on Stress on Stress (SoS) in Annex 15 Recommended for adoption by OSPAR

bivalve molluscs

Technical Annex on sampling and analysis for integrated Annex 16 Recommended for adoption by OSPAR.

chemical and biological effects monitoring in fish and

shellfish

Technical Annex for Mussel (Mytilus sp.) OSPAR Annex 17 Recommended for adoption by OSPAR.

Integrated Monitoring

Technical annex on recommended packages of chemical Annex 18 Recommended for adoption by OSPAR.

and biological methods for monitoring on a contaminant

basis

Discussion document on survey design for integrated Annex 19 Recommended for adoption by OSPAR.

Note: The discussion document on survey design for integrated chemical and bio-
logical effects monitoring included as Annex 19, is considered by SGIMC to be the
best advice currently available on the subject, recognizing that it has not been possi-
ble to develop a full solution to the task. A full and statistically robust solution re-
quires information regarding assessment thresholds, integrated assessment methods,

etc. that have not yet been developed.

That Annex 20 concerning a training Workshop on Lysosomal Stability quality and
data interpretation proposed to be held in association with MEDPOL in Italy in 2010
be forwarded to appropriate ICES and OSPAR Groups for support.
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Annex 4: Background Document on Cytochrome P4501A activity
(EROD)

Version date: 29 January 2010

Introduction

The cytochrome P450 1A family of enzymes are responsible for the primary metabo-
lism of planar polyaromatic hydrocarbons and PCBs and activate several procarcino-
gens such as benzo(a)pyrene. 7-ethoxyresorufin is a convenient artificial substratum
which was developed as a safe sensitive assay by Burke and Meyer (1974). Thus the
term “EROD” has been adopted as a measure of CYP1A activity in aquatic organisms
(Stagg and McIntosh, 1998).

In addition to being substrata for biotransformation, planar compounds, such as
PAHs, PCBs and Dioxins also induce synthesis of cytochrome P450 1A by binding to
the cytosolic Ah (aryl hydrocarbon)-receptor/ARNT complex. Measurement of EROD
activity is the tool used currently to quantify this induction. The induction of cyto-
chrome P450 enzymes in fish liver was first suggested as an indicator of environ-
mental contamination in the 1970s by Payne (1976) which has now gained
widespread use (see e.g. Forlin et al., 1990; George et al., 1995; Gokseyr et al., 1991;
Whyte et al., 2000) and standardized by ring testing (BEQUALM).

Dose-response

In a review Whyte et al. (2000) rank chemicals according to the level of EROD activity
they induce in treated or exposed fish when compared with untreated or control fish.
Contaminants that induce EROD less than tenfold above control levels are considered
“weak” inducers, 10- to 100-fold are “moderate” inducers, and chemicals that elicit
>100-fold induction are considered “strong” inducers. Dioxins, planar PCBs and
PAHs (benzo[a]pyrene) are categorized as “strong” inducers. Over 25 studies have
observed induction of hepatic EROD by benzo[a]pyrene in 15 species of fish (Whyte
et al., 2000).

Relevance of other factors

Several endogenous and exogenous factors have been shown to affect hepatic EROD.
The most important endogenous factors for most fish species are, gender, reproduc-
tive status and season, all of which can be controlled through sampling design. In
addition, environmental temperature has been shown to affect EROD (Sleiderink et
al., 1995; Lange et al., 1999). Seasonal cycles in EROD induction have been observed
for i.e. rainbow trout (Forlin and Haux, 1990), flounder (Van Westernhagen et al.,
1981; Hylland et al., 1998), plaice (George and Young, 1986) and salmon (Larsen et al.,
1992), most likely due to both to changes in water temperature and reproductive cy-
cles (which it is not really possible to separate in the field). The main age-related fac-
tors are time of exposure/accumulation, food selection and reproductive stage.

Several species have baseline EROD activities within the same order of magnitude
among different studies/measurements and also show greater than tenfold EROD
induction after contaminant exposure (Whyte et al., 2000). These are, however, mostly
fresh-water species.
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CYP1A expression is suppressed in spawning females due to interference of 17B-
estradiol (E2) (or xenoestrogen) with transcription of the gene. This may also lead to
an underestimation of a PAH-type response of EROD activity, however, this hor-
mone also controls the induction of vitellogenin (VIG; egg yolk protein) which is
produced by the liver during gonadal recrudescene. Therefore interference of envi-
ronmental estrogens on CYP1A induction can be assessed.

Dietary factors can be potentially important for the induction of CYP1A. Firstly, of
course, AhR ligands can be presented to the organism through the food. Secondly,
proper nutrition is a prerequisite for enzyme systems to function properly. Hylland et
al., (1996) reported an elimination of EROD response (i.e. to control levels) in BaP-
treated flounder deprived of food for one month.

Background responses

Baseline levels of EROD in seven marine species have been estimated from results
derived from the joint ICES/OSPAR WKIMON III meeting (2007) and recent data
submitted to ICES database (Table 1). The fish were from sites which contracting par-
ties consider being reference stations (i.e. no known local sources of contamination or
those areas which were not considered unequivocally as reference sites but as those
less influenced from human and industrial activity. The datasets from which these
values have been derived are described in Table 2. Further information on the base-
line levels and dose response of EROD activity in experimental systems and field
studies is given in Tables 3 and 4.

Assessment criteria

Background response ranges have been developed as described above and 90th per-
centiles of values from reference sites can be used to distinguish between ‘back-
ground” and ‘elevated’ responses. As many factors are known to influence EROD
activity (see above) and it is difficult to correct for all in the assessment of data, it is
advisable to include an appropriate reference group in studies that include EROD as
an endpoint. The information provided in Table 2 will also allow data to be assessed
against the appropriate assessment criteria for fish species, gender, size, sampling
season and bottom-water temperature.

Quality assurance

Cytochrome P4501A is possibly the most widely used biomarker. There have been
three international intercalibrations for the method, both within BEQUALM. The in-
tercalibrations have pinpointed variability relating to most steps in the analytical
process, excepting possibly the enzyme kinetic analysis itself. It is imperative that
laboratories have internal quality assurance procedures, e.g. use internal references
samples with all batches of analyses.

Acknowledgement
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Tablel. EROD Assessment criteria in fish target species used in biomonitoring programmes around European waters. EROD BRs established are restricted to the sampling condi-
tions and the size length of the specimens used. The values of the assessment criteria must be considered as provisional and should be updated and revised when more data comes

available.
BACKGROUND RESPONSE RANGE ~ ELEVATED RESPONSE RANGE
BOTTOM WATER EROD ACTIVITY EROD AcTIVITY
EROD ASSESSMENT CRITERIA TEMPERATURE SIZE LENGTH (PMOL/MIN/MG PROT) (PMOL/MIN/MG PROT)
S9 FRACTION SAMPLING SEASON RANGE [ SEX 90P 90P N
Dab (Limanda limanda) August-November [10-18 °C] 12-25 Females <178 >178 556
Males <147 >147 571
European flounder (Platichtys flesus) August-November [10-18 °C] 20-25 Females <24 >24 65
and/or
males
Plaice (Pleuronectes platessa) January [5-10°C] 18.5-22.5 Males <10 >10 116
EROD Assessment Criteria Sampling season Bottom water Size length Sex Background Response Range Elevated Response Range
Microsomal fraction temperaturerange  cm EROD activity EROD activity
(pmol/min/mg prot) (pmol/min/mg prot)
90P 90P
Dab (Limanda limanda) August-November [10-18 °C] 20-30 Females <780 >780 53
and/or
males
Cod (Gadus morhua) August-November [10-18 °C] 30-45 Females <145 >145 198
and/or
males
Plaice (Pleuronectes platessa) September [7-10°C] 40-60 Females <255 >255 64
and/or
males
Four spotted megrim (Lepidorhombus boscil) September-0ctober [11.7-12.7 °C] 18-22 Females <13 >13 317
and/or

males
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BACKGROUND RESPONSE RANGE

ELEVATED RESPONSE RANGE

BoOTTOM WATER EROD AcTiviTY EROD AcTIVITY
EROD ASSESSMENT CRITERIA TEMPERATURE SIZE LENGTH (PMOL/MIN/MG PROT) (PMOL/MIN/MG PROT)
S9 FRACTION SAMPLING SEASON RANGE cm SEX 90P 90P N
Dragonet (Callionymus lyra) September-0ctober [12.0-12.8 °C] 15-22 Females <202 >202 159
and/or
males
Red mullet (Mullus barbatus) April [13.3-15.3°C] 12-18 Males <208 >208 40
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EROD ASSESSMENT CRITERIA

BOTTOM WATER

EROD BR AcCTIVITY

UPPER LIMIT OF
EROD BR AcCTIVITY

1 suB-FRACTION S9 TEMPERATURE Median (pmol/min/mg prot) P90 (pmol/min/mg
* MICROSOMES SUB-FRACTION SAMPLING SEASON RANGE SIZE LENGTH SEX prot) N
°C cm

Dab (Limanda limanda) August-November [10-18] 12-25 Females and/or males <30t <152t 1034
European flounder (Platichthys flesus) August-November [10-18] 20-25 Females and/or males <14t <24t 30
Cod (Gadus morhua) August-November [10-18] 30-45 Females and/or males <78* <151* 74
Four spotted megrim (Lepidorhombus boscii) September-0ctober [11.7-12.7] 18-22 Females and/or males <12* <13* 317
Dragonet (Callionymus lyra) September-0ctober [12.0-12.8] 15-22 Females and/or males <144* <202* 159
Red mullet (Mullus barbatus) April [13.3-15.3] 12-18 Males <85* <208* 40
Plaice (Pleuronectes platessa) January [18.5-22.5] 7-10 Males <3.71t <9.49% 116
Haddock (Melanogrammus aeglefinus) August [5-10] 33-55 Females and/or males <72t/<215* <162t /<421* 20/23
Saithe (Pollachius virens) September [5-10] 40-100 Females and/or males <57t <142t 21
Herring (Clupea harengus) November [5-10] 22-33 Females and/or males <10t <23t 24
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Table 3. Dose-response, background response and sensitivity in experimental studies with gadoid

fish.
LOWEST-
HIGHEST  EXPOSURE  BASELINE/CONTROL
SPECIES SUBSTANCE(S) CONCS TIME (LEVEL/ACTIVITY)  INDUCTION (FOLD)  REFERENCE
Polar cod Crude oil ~200 10and21 ~30pmol/min/mg  ~8and~2.5 (George et al.,
Boreogadus  (Oseberg C) mg/kg d postinj. (245 and 80 1995)
saida (i.p. inj.) pmol/min/mg)
juvenile
Polar cod Crude oil ~200 21d 28 pmol/min/mg ~5 (George et al.,
Boreogadus  (Oseberg C) mg/kg post +6(n=12) (132+ 14 1995)
salda (oral) exposure pmol/min/mg)
Male
Polar cod Crude oil ~200 21d 8 pmol/min/mg ~5 (George et al.,
Boreogadus  (Oseberg C) mg/kg post +2(n=14) 42+6 1995)
saida (oral) exposure pmol/min/mg)
female
Polar cod B-naphthoflavone 50 mg/kg 21dpost ~30pmol/min/mg  ~12.5 (George et al.,
Boreogadus @i.p.inj.)  ini. (380 1995)
saida pmol/min/mg)
juvenile
Cod, Gadus  2,3,7,8-TCDD 0.008 9and17d 55.4 (d9)and ~4 and ~3 (Hektoen et
morhua mg/kg post 91.4(d17) (230and 277 al., 1994)
oral dose  €xposure  pmol/min/mg pmol/min/mg)
Juvenile twice,d 0
andd4
Cod, Gadus  PCB-105 10 mg/kg measureat 55.4 (d9)and 1.5and 1.2 (Bernhoft et
morhua oraldose d9andd 91.4(d17) al, 1994)
twice,d0 17 pmol/min/mg
Juvenile andd4
Cod, Gadus  B-naphthoflavone 100 measure at 84 pmol/min/mg ~13 (Goksoyr et al.,
morhua mg/kg a7 +8(n=5) (1074 + 340 1987)
(i.p. inj. at pmol/min/mg)
Juvenile dOandd
4)
Cod, Gadus  B-naphthoflavone 100 measure 40 pmol/min/mg ~72 (Goksoyr et al.,
morhua mg/kg 3-4 d after (2870 1991)
(2i.p.inj) last pmol/min/mg)
injection
Cod, Gadus  Crude oil (North 0.06-1 30days  ~2pmol/min/mg ~2-5.5 (Aas et al.,
morhua Sea) ppm (~4-11 2000)

juvenile

pmol/min/mg)
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Table 4. Dose-response, background response and sensitivity in field studies with gadoid fish.

LOWEST-

HIGHEST EXPOSURE

BASELINE/ CONTROL

SPECIES SUBSTANCE(S)  CONCS TIME (LEVEL/ACTIVITY)  INDUCTION (FOLD)  REFERENCE
Rockling, Ciliata  Crude oil 85000 3months  ~160 pmol/min/mg  ~9 (George et al.,
mustella (Gullfaks; M.V, tonsspill afterspill . gq (1480 1995)

Braer spill, pmol/min/mg)
Shetland) 129 + 38
ng/gdry
wt. of
PAHs
(selected
2-and 3-
ring)
detected
in muscle.
Roundnose i.a. PAHs and 260 + 20 (Male) ~2 (Lindesjoo et
z‘i{e“a‘;"eﬂ y PCBs ~170 (Female) (530+ 70 (male) ¥ 1996)
o/yptgenw 6s pmol/min/mg and ~350
rupestis (female)
pmol/min/mg)
Hake, Urophycis Pollution 10.9+ 6.4 and <1 (McDonald et
SPp. (':At"f') from ol 11.7+10.5 (10.6+3.8and 4 1996)
?G"’l“ If"(:;“s pmol/min/mg 105+7.1
Mexico) (>3000 m from pmol/min/mg)
<100m from platforms)

platforms
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Annex 5: Lysosomal stability as a global health status indicator in
biomonitoring

Version date: 29 January 2010.

Background

Lysosomal functional integrity is a generic common target for environmental stress-
ors in all eukaryotic organisms from yeast and protozoans to humans (Cuervo, 2004),
that is evolutionarily highly conserved, and lysosomal membrane stability is a good
diagnostic biomarker of individual health status (Allen and Moore, 2004; Bayne and
Moore, 1998; Burlando et al., 2002; Cajaraville et al., 1995, 2000; Dondero et al., 2006b;
Galloway et al., 2002; 2004; Hankard et al., 2004; Klionsky and Emr, 2000; Kohler et al.,
1992; 2002; Lekube ef al., 2000; Lowe, 1988; Lowe et al., 1982; 1992; 1995; 2006; Mari-
gomez and Baybay-Villacorta, 2003; Moore, 1976; 1985; 1988; 1990; 2002; Moore et al.,
2004a; Moore et al., 2006a,b,c; Nicholson and Lam, 2005; Svendsen and Weeks, 1995;
Svendsen et al., 2004; Winston et al., 2002). Dysfunction of lysosomal processes has
been mechanistically linked with many aspects of pathology associated with toxicity
and degenerative diseases (Cuervo, 2004; Kohler, 2004; Kohler ef al., 2002; Moore et
al., 2006a, b). Recent studies have shown that lysosomal autophagy provides a second
line of defence against oxidative stress (Cuervo, 2004; Moore et al., 2006c), and the
capability to effectively up-regulate this process is probably a significant factor con-
tributing to the ability of some organisms to tolerate stressful and polluted environ-
ments.

Lysosomal membrane stability has recently been adopted by UNEP as part of the first
tier of techniques for assessing harmful impact in the Mediterranean Pollution pro-
gramme (MEDPOL Phase IV). Other lysosomal biomarkers including lipofuscin in
molluscs (age/stress pigment), and lysosomal neutral lipid (chemically induced lipi-
dosis) in molluscs and fish have been adopted as part of the second tier assessment
methods (Krishnakumar et al., 1994; Moore, 1988; Moore et al., 2004b).

This biomarker can also be used prognostically to predict liver damage and tumour
progression in the liver of various fish species (Broeg et al., 1999a, b; Kohler et al.,
2002; Kohler, 2004), and hepatopancreatic degeneration in molluscs (e.g. blue and
green mussels, fresh-water bivalves and snails, periwinkles, oysters), coelomocyte
damage in earthworms, as well as enhanced protein turnover (i.e. lysosomal auto-
phagy) as a result of radical attack on proteins; and energetic status (i.e. scope for
growth) as a predictive indicator of fitness of individuals within a population (Allen
and Moore, 2004; Kirchin et al., 1992; Kohler et al., 2002; Moore et al., 2004a; 2006a;
Nicholson and Lam, 2005; Svendsen and Weeks, 1995; Svendsen et al., 2004).

Lysosomes are known to accumulate many metals and organic xenobiotics. Adverse
lysosomal reactions to xenobiotic pollutants include swelling, lipidosis (pathological
accumulation of lipid), lipofuscinosis (pathological accumulation of age/stress pig-
ment) in molluscs but not fish, and loss of membrane integrity (Kohler et al., 2002;
Moore, 1988; Moore et al., 2006a, b; Viarengo et al., 1985a). Metals such as copper,
cadmium and mercury will also induce lysosomal destabilization in mussels (Vi-
arengo et al., 1981; 1985a, b), and if oxyradicals are generated then lipofuscinosis can
also occur (1985Db).

Lysosomal membrane integrity or stability in blue mussels is correlated with oxygen
and nitrogen radical scavenging capacity (TOSC), protein synthesis, scope for growth
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and larval viability (oysters Crassostrea gigas); and inversely correlated with DNA
damage (incidence of micronuclei), lysosomal swelling, lipidosis and lipofuscinosis,
which are characteristic of failed or incomplete autophagy (Dailianis et al., 2003; Kal-
paxis et al., 2004; Krishnakumar et al., 1994; Moore et al., 2004a, b; 2006a; Regoli, 2000;
Ringwood et al., 2004). In fish liver, lysosomal membrane stability is strongly corre-
lated with a suppression of the activity of macrophage aggregates (Broeg, 2003; Broeg
et al., 2005), lipidosis and lipofuscinosis (Broeg et al., 1999 a,b; Broeg et al., in prepara-
tion; Kohler, 2004).

Lysosomal stability and other lysosomal biomarkers such as lipofuscin are strongly
correlated with mussel tissue concentration of PAHs, which are ubiquitous contami-
nants (Cajaraville et al., 2000; Krishnakumar et al., 1994; Moore, 1990; Moore et al.,
2006a, b, c; Viarengo et al., 1992), as well as organochlorines and PCB congeners in
liver of fish (Kohler et al., 2002). Lysosomal stability of various species of mussel and
fish from different climate zones clearly reflects gradients of complex mixtures of
chemicals in water and sediments (da Ros et al., 2002; Pisoni et al, 2004; Schiedek et al.,
2006, Barsiene et al., 2006; Sturve et al., 2005), single pollution events and accidents
(Einsporn et al., 2005; Broeg et al., 2002, Nicholson and Lam, 2005) and also serves for
the discovery of new “Hot Spots” of pollution (Bressling, 2006; Moore et al., 1997,
1998a,b; 2004).

A conceptual mechanistic model has been developed linking lysosomal damage and
autophagic dysfunction with injury to cells, tissues and the whole animal; and the
complementary use of cell-based bioenergetic computational model of molluscan
hepatopancreatic cells that simulates lysosomal and cellular reactions to pollutants
has also been demonstrated (Allen and McVeigh, 2004; McVeigh et al., 2006; Lowe,
1988; Moore et al., 2006a, b, c). The integration of biomarker data can be achieved us-
ing multivariate statistics and then mapped onto a two dimensional representation of
“health status space” (see below) by using lysosomal membrane stability as a meas-
ure of cellular well-being (Allen and Moore, 2004; Clarke, 1999; Dagnino et al., 2007;
Dondero et al., 2006a; Lowe, 1988; Moore, 1988; Moore et al., 2006a). This is viewed as
a crucial step towards the derivation of explanatory frameworks for prediction of pol-
lutant impact on animal health.

Health status space is analogue to phase space in physics. For a system of n first-
order ordinary differential equations, the 2n-dimensional space consisting of the pos-
sible values of x is known as its phase space. In its simplest form it is a two dimen-
sional graph where any point can be described in terms of two numbers the x and y
coordinates. The dimensions of multidimensional health status space are multiple
contaminant and biomarker data, environmental variability, space and time. Princi-
pal component analysis (PCA) has been used to reduce the dimensionality of the
problem to a simple two-dimensional representation (Allen and Moore, 2004; Lowe et
al., 2006; Moore et al., 2006a).

Confounding factors

Lysosomal stability is an indicator of health status and will be affected by non-
contaminant factors such as severe nutritional deprivation, severe hyperthermia and
prolonged hypoxia (Moore et al., 1980; Moore et al., 2007). Processing for neutral red
retention (NRR) in samples of molluscs adapted to low salinity environments should
use either physiological saline adjusted to the equivalent ionic strength or else use
ambient filtered seawater. The major confounding factor in respect of biomonitoring
is the adverse effect of the final stage of gametogenesis and spawning in mussel,
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which is a naturally stressful process (Bayne et al., 1978). In general, this period
should be avoided any way for sampling purposes, as most physiological processes
and related biomarkers are adversely affected (Moore et al., 2004b). However, for fish,
spawning has only a minimal effect on lysosomal stability and does not mask harm-
ful chemical induced damage to lysosomal membrane stability (Kohler, 1991).

Ecological relevance

Lysosomal integrity is directly correlated with physiological scope for growth (SFG)
and is also mechanistically linked in terms of the processes of protein turnover (Allen
and Moore, 2004; Moore et al., 2006a), and Ringwood et al. (2004) have also shown
that lysosomal stability in parent oysters is directly correlated with larval viability.
Finally, lysosomal stability is also directly correlated with diversity of macrobenthic
organisms in an investigation in Langesund Fjord in Norway (Moore et al., 2006b).

Quality assurance

Intercalibration exercises for lysosomal stability techniques have been carried out in
the ICES/UNESCO-IOC-GEEP Bremerhaven Research Workshop and UNEP-
MEDPOL programme, and for the neutral red retention method in the GEF Black Sea
Environment Programme (Kohler et al., 1992; Lowe et al., 1992; Moore et al., 1997;
1998a, b; Viarengo et al., 2000). The results from these operations indicated that both
techniques could be used in the participating laboratories in an effective manner with
insignificant inter-laboratory variability.

The standards used in this intercalibration involved digestive glands from marine
mussels prepared at the University of Genoa/University of Eastern Piedmont, Ales-
sandria (Italy). Comparisons of the cytochemical and the neutral red retention tech-
niques have been performed in fish liver (ICES-IOC Bremerhaven Workshop, 1990)
and in mussels experimentally exposed to PAHs (Lowe et al., 1995).

Background responses and assessment criteria

Health status thresholds for NRR and cytochemical methods for lysosomal stability
have been determined from data based on numerous studies (Cajaraville et al., 2000;
Moore et al., 2006a).

Lysosomal stability is a biophysical property of the bounding membrane of secon-
dary lysosomes and appears to be largely independent of taxa. In all organisms tested
to date, which includes protozoans, annelids (terrestrial and marine), molluscs (fresh-
water and marine), crustaceans (terrestrial and aquatic), echinoderms and fish, the
absolute values for measurement of lysosomal stability (NRR and cytochemical
method) are directly comparable. Furthermore, measurements of this biomarker in
animals from climatically and physically diverse terrestrial and aquatic ecosystems
also indicate that it is potentially a universal indicator of health status. For the cyto-
chemical method animals are considered to be healthy if the lysosomal stability is >20
minutes; stressed but compensating if <20 but >10 minutes and severely stressed and
probably exhibiting pathology if <10 minutes (Moore et al., 2006a). Similarly for the
NRR method, animals are considered to be healthy if NRR is >120 minutes; stressed
but compensating if <120 but >50 minutes and severely stressed and probably exhibit-
ing pathology if <50 minutes (Moore et al., 2006a).
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Annex 6: DNA adducts

Version date: 29 January 2010.

Background

In the chemical carcinogenesis model the initiating step is the covalent modification
of DNA by a carcinogen (Miller and Miller, 1981). The measurement of covalent
structures formed between genotoxic compounds and DNA, termed DNA adducts,
can be utilized as a biological marker of exposure to genotoxic contaminants. DNA
adducts can be removed by cellular repair processes or by cell death, but during
chronic exposures they often reach steady state concentrations. DNA adducts have
several important features which make them suitable as biomarkers of genotoxic ex-
posure:

a) Itis a quantifiable measurement of the biologically effective dose of a con-
taminant reaching a critical cellular target and therefore a useful epidemi-
ological biomarker for detecting exposure to environmental genotoxins.

b) DNA adduct levels integrate multiple toxicokinetic factors such as uptake,
metabolism, detoxification, excretion and DNA repair in target tissues.

c) DNA adducts are relatively persistent once formed (may last several
months) and therefore they provide an assessment of chronic exposure ac-
cumulated over many weeks rather than a few days, as afforded by other
PAH biomarkers such as EROD induction or the presence of bile metabo-
lites.

d) Studies from North America have shown that risk factors for certain le-
sions can be generated by correlating the level of DNA damage with lesion
occurrence, thus allowing the use of a relatively simple biomarker in pre-
dicting risk.

Polycyclic aromatic hydrocarbons (PAHs) are a ubiquitous and large group of envi-
ronmental contaminants, some of which are known to cause genetic toxicity through
the formation of DNA adducts. Over the past 25 years a growing body of research
has investigated the uptake, bioaccumulation and metabolism of PAHs and there is
now extensive experimental and field based evidence supporting their role in the ini-
tiation and progression of chemical carcinogenesis. Numerous field studies in both
North America and Europe have established a correlation between PAH sediment
concentrations and the prevalence of hepatic tumours in fish (Malins ef al., 1985;
Myers et al., 1991; Baumann, 1998). For example, liver and skin neoplasia in brown
bullheads (Ictaluvus nebulosus) from the Black River, Ohio (USA) have been shown to
be strongly correlated with PAH sediment contamination (Baumann, 1998). Further
work carried out in Puget Sound (USA) has also found positive correlations between
hepatic lesions including neoplasia (hepatocellular carcinomas and cholangiocellular
carcinomas) and foci of cellular alteration (pre-neoplastic lesions) in English sole
(Parophrys vetulus) and sediment PAH contamination (Malins et al., 1985). Therefore,
the measurement of DNA adduct levels in marine organisms is an important step in
assessing risk from exposure to environmental carcinogens and mutagens.

Of the techniques currently available for the detection of DNA adducts the most sen-
sitive method for the detection of a wide range of compounds chemically bound to
DNA is the 32P-postlabelling assay (Gupta et al., 1982). The method possesses a num-
ber of advantages that make it suitable for the assessment of DNA adduct induced by



66 | ICES/OSPAR SGIMC REPORT 2010

environmental genotoxins (for a review see Beach and Gupta, 1992; Phillips, 1997;
Phillips, 2005). The technique is applicable to any tissue sample from which DNA can
be isolated and is also extremely sensitive, capable of detecting one adducted nucleo-
tide in 10°-10" undamaged nucleotides from 5-10 pg DNA. In addition, providing
the adduct is amenable to the labelling reaction and subsequent thin layer chroma-
tography, its prior characterization is not required. It is this last feature that makes
the assay particularly appropriate to aquatic biomonitoring, because it is suitable for
the analysis of the diverse array of adducts induced by complex mixtures of envi-
ronmental chemicals. It is important to note that 32P-postlabelling is only semi-
quantitative as not all DNA adducts are labelled with the same efficiency and the
various enrichment and chromatograph steps involved will preferentially select cer-
tain adducts. However, the assays sensitivity, coupled with the assays ability to de-
tect a wide range of genotoxic compounds (e.g. PAHs), has led to its wide spread use
in environmental biomonitoring programmes using both vertebrate and invertebrate
sentinel organisms (van der Oost et al., 1994; Ericson et al., 1998; Lyons et al., 1999;
Akcha et al., 2004; Lyons et al., 2004b; Balk ef al., 2006), following exposure to specific
environmental genotoxins (Ericson et al., 1999; Lyons et al., 1999) and to compounds
present in organic extracts from PAH contaminated sediments (Stein ef al., 1990;
French et al., 1996).

Ecological relevance and validation for use in the field

The field validation of a biomarker of exposure, such as DNA adducts is essential in
establishing their credentials when used in routine monitoring programmes. In North
America the technique has been widely used (>30 marine and fresh-water species)
and guidelines for implementation are published in an ICES Times technical docu-
ment (Reichert et al., 1999). Across the OSPAR maritime area the assay has been used
in several biological effects monitoring programmes using a range of indicator spe-
cies including blue mussels, Mytilus sp, perch (Perca fluviatilis), dab (Limanda limanda),
European flounder (Platichthys flesus), eelpout (Zoarces viviparous) and cod (Gadus
morhua) (Ericson et al., 1998; Lyons et al., 1999; Lyons et al., 2000; Ericson et al., 2002;
Aas et al., 2003; Akcha et al., 2004; Lyons et al., 2004a,b Balk et al., 2006). Studies from
both North America and Europe have clearly demonstrated that when using non-
migratory fish the levels of DNA adducts strongly correlate with the concentration of
PAH sediment contamination (van der Oost et al., 1994; Ericson et al., 1999; Lyons et
al., 1999). For example, studies using the eel (Anguilla anguillz) demonstrated a sig-
nificant relationship between the level of DNA adducts and PAH contamination of
the sediment (Van der Oost ef al., 1994). Laboratory studies have demonstrated that
fish exposed to PAHs accumulate hepatic DNA adducts in both a time- and a dose-
dependent manner (French et al., 1996). It is known from experimental studies using
both fish and shellfish that such DNA adducts may persist for many months once
formed and are therefore particularly suited to monitoring chronic exposure to
genotoxic contaminants (Stein ef al., 1990; French et al., 1996; Harvey and Parry, 1998).
Significantly, field based studies have investigated the relationship between DNA
adduct formation and neoplastic liver disease and it has been shown that at certain
contaminated sites the prevalence of DNA adducts are associated with the prevalence
of toxicopathetic lesions including foci of cellular alteration and neoplasia (for review
see Reichert et al., 1998).

Studies from North America and Europe suggest that DNA adduct levels in fish are
not markedly influenced by factors such as age, sex, season or dietary status, which
are known to confound the interpretation of other biomarkers (e.g. EROD). However,
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validation of any biomarker, including DNA adducts in a species of interest is essen-
tial to ensure against any unforeseen species-specific responses (Reichert et al., 1999).
While there is no evidence to suggest that environmental factors such as salinity and
temperature significantly affect the formation of DNA adducts these factors should
always be considered, as it is known that cellular detoxification systems (e.g. CyplA)
are influenced by changes in environmental variables (Sleiderink et al., 1995).

Species selection and target tissue

The majority of hydrophobic genotoxins, such as PAHs, released into the marine en-
vironment quickly adhere or organic particular matter and settle into the sediment.
Therefore, the majority of fish species used in PAH contaminant-monitoring pro-
grammes are benthic feeders, such as the marine flatfish. A particular advantage of
the 32P-postblabelling assay is that it is not species-specific and therefore can be util-
ized on any organism deemed fit for purpose. As such it has been used widely in a
range of species (both vertebrate and invertebrate), ranging from filter-feeders to
high-order predators. It should be noted that DNA adducts are known to accumulate
and persist over time (Stein et al., 1990; French et al., 1996) and consequently should
be considered a cumulative index integrating both past and present genotoxic expo-
sure. Therefore, care needs to be taken when undertaking studies in migratory fish
species as the detectable levels of DNA adducts may not be a true representation of
the genotoxic contaminants at the site of capture. It has been suggested by Reichert et
al, (1999) that in such situations biomarkers, such as bile metabolite analysis, should
be employed in parallel as this would provide a relatively accurate index of recent
PAH exposure and would therefore indicate whether the levels of DNA adducts were
due to exposure at the site of capture.

Of the affected organs, liver is the most commonly studied when fish are used as sen-
tinel organisms. Field data infers a chemical aetiology for many of the commonly ob-
served hepatic lesions seen in wild fish collected from contaminated areas.
Laboratory data supporting this association stems from biochemical and molecular
studies which have shown the liver to be the major site for contaminant detoxification
pathways (e.g. cytochrome P-450-mediated biotransformation enzyme systems). Fur-
thermore, contaminant metabolism studies have shown fish liver microsomes are
capable of producing the ultimate carcinogenic forms of common environmentally
relevant PAHs, including benzo[a]pyrene, which bind to DNA to form adducts
(Sikka et al., 1991). As mentioned previously, a major strength of the 32P-postabelling
assay is that it is not tissue specific and assuming sufficient DNA can be extracted it
can be applied in a fit-for-purpose manner in any tissue of choice. To this end it has
been used successfully in a range of tissues (both invertebrate and vertebrate), includ-
ing liver, intestine, gill, brain, gonad and digestive gland (Ericson et al., 1999; French
et al., 1996; Lyons et al., 1997; Harvey and Parry, 1998).

Methodology and technical considerations

32P-postlabelling

In the 32P-postlabeling method, DNA isolated from tissue is first hydrolysed enzy-
matically to 3’-monophosphates. The proportion of adducts in the enzyme hydrolys-
ate are enriched by selective removal of unmodified nucleotides by enzymatic
methods (Reddy and Randerath, 1986) or by extracting the adducts into n-butanol
(Gupta, 1985) before labelling the mononucleotides with 32P-ATP. For hydrophobic
aromatic DNA adducts, such as PAH-DNA adducts, the enrichment steps can en-
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hance the sensitivity of the assay to detect 1 adduct in 10°-10' bases (Reichert et al.,
1999). Following the adduct enrichment step, the 3’-monophosphates are radio-
labelled at the 5-hydroxyl using 32P-ATP and T4-polynucleotide kinase to form 3’,
(2P)5’-bisphosphates. Separation of the 3?P-labeled adducts is accomplished by mul-
tidimensional high-resolution anion exchange thin-layer chromatography. Autora-
diography is then used to locate the radio-labelled adducts on the chromatogram and
the radioactivity is measured by either liquid scintillation spectroscopy or storage
phosphor imaging (IARC, 1993, Phillips and Castegnaro, 1999). Detailed methodolo-
gies have which have been through appropriate Quality Assurance (QA) pro-
grammes are now published by ICES and IARC (Phillips and Castegnaro, 1999;
Reichert et al., 1999).

Radiation safety

The 32P-postlabelling assay uses large amounts of 32P, which is an energetic beta emit-
ter (1.7 MeV) with a half-life of 14.3 days. Researchers using this isotope must receive
detailed instruction before handling 32P and must be frequently monitored for expo-
sure to ?P. In the UK the use of 3P in scientific procedures is governed by Environ-
ment Agency. Institutes need to have an appointed Radiation Protection Supervisor
(RPS) and follow designated licence consent criteria. Institutes wishing to conduct
32P-postlabelling outside the UK must contact their own national licensing organiza-
tion to clarify the legislative procedures required.

Main considerations to help minimize and monitor 3P exposure:

e All researchers who handle %P must wear a whole body film badge and a
finger dosimeter on the inside of each hand where there is the highest po-
tential for radiation exposure. These badges should be monitored regu-
larly.

e All laboratory operations are planned to minimize the time spent handling
radioactivity, the use of tongs and forceps to minimize handling of tubes
and vials is recommended.

e Double latex gloves are worn while handling 32P and they should be regu-
larly checked for radioactivity by passing them under a radiation monitor.
Gloves should immediately be changed and discarded if contaminated.

e Laboratory working surfaces are checked frequently with the radiation
monitor when handling 3?P. The monitor probe should be covered with a
thin vinyl wrap to prevent contamination of the detector.

e After completion of work with radioactivity, the workers are to check
themselves and their equipment with the radiation monitor. If any radioac-
tivity is detected then they are to wash themselves and/or the equipment
until free of radioactivity.

Equipment for handling and storage of 32P

All #P is handled behind 1 cm Perspex/Plexiglas shielding. In addition, samples are
kept in Perspex/Plexiglas containers that are at least 1 cm thick. Where possible all
manipulations of eppendorfs and vials should be conducted using long armed tongs.
It is recommended that radioactive waste is temporarily stored in a 1 cm thick Per-
spex/Plexiglas boxes. Such radiation specific safety equipment is available from most
large scientific suppliers. Researchers should ensure that all safety procedures com-
ply implicitly with their local radiation protection regulations. Detailed laboratory
safety procedures are discussed in further in Castegnaro et al. (1993).
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Status of quality control procedures and standardized assays

There are currently no active QA programmes running for the detection of DNA ad-
ducts using the ¥P-postlabeling method. Previous QA programmes have been con-
ducted under the auspices of the EU funded Biological Effects Quality Assurance In
Monitoring Programme (BEQUALM) and the International Agency for Research on
Cancer (IARC). The IARC QA trial of the ¥P-postlabelling assay was conducted be-
tween 1994-1997 and involved 25 participants in Europe and the USA. The primary
objectives of this project were to standardize the 3P-postlabelling assay and improve
inter-laboratory reproducibility. The IARC QA programme for 32P-postlabelling led
to a series of publications, which detailed a standardized protocol for the detection of
bulky aromatic DNA adducts by the 3P-postlabelling assay (IARC, 1993; Phillips and
Castegnaro, 1999). The standardized protocol has now been adopted by the Interna-
tional Programme on Chemical Safety (IPCS) ! and recommended for use in their
guidelines for monitoring genotoxic carcinogens in humans (Richard et al., 2000). Es-
sentially the same protocol is also published in an ICES Times technical document
(Reichert et al., 1999).

Assessment criteria

It is recognized that setting baseline/background response levels have an important
role in integrating biological effect parameters into environmental impact assess-
ments of the marine environment. The general philosophy is that an elevated level of
a particular biomarker, when compared with a background response, indicates that a
hazardous substance has caused an unintended or unacceptable level of biological
effect. Therefore, in order to understand and apply DNA adducts as a biomarker of
genotoxic exposure it is of fundamental importance to gain information on the natu-
ral background levels in non-contaminated organisms. A number of studies have
now examined fish collected from pristine areas (as supported by chemical and bio-
marker analyses) and the typical 32P-postlaballing generated DNA adduct profiles
either exhibited no detectable adducts or very faint diagonal radioactive zones
(DRZs) (Figure 1A), suggesting minimal PAH exposure (Ericson et al., 1998; Reichert
et al., 1998; Lyons et al., 2000; Aas, et al., 2003; Balk et al., 2006). In contrast, DNA ad-
duct profiles in fish exposed to a complex mixture of PAHs will form DRZs on the
chromatogram (Figl1B), which is a composite of multiple overlapping PAH-DNA ad-
ducts.

! International Programme on Chemical Safety (IPCS) was established in 1980 under
the WHO, for more information visit: http://www.who.int/ipcs/en/
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Figure 1. Representative hepatic DNA adducts profiles produced following 32P-postlabelling. (A)
DNA adduct profile obtained from a site with a low level of PAH contamination. A faint DRZ is
visible, indicating a low level of DNA adducts representative of a clean reference location. (B)
DNA adduct profile displaying a clear DRZ of **P-labelled DNA adducts indicating the fish has
been exposed to a complex mixture of genotoxins. (C) Positive control consisting of BaP labelled
DNA (115 nucleotides per 10® undamaged nucleotides) run with each batch (kindly provided by
Professor David Phillips and Dr Alan Hewer, Cancer Research Institute, Sutton UK). Figure
adapted from Lyons et al., 2004b).

Determination of threshold level of significant effects (EAC) for DNA adducts in
cod

The determined 90 percentile background level for DNA adducts in cod can be used
to express the elevated-above-background level, however this level is not associated
with significant effects on fitness in whole organisms. Therefore we have also defined
a threshold value of significant effects. This is achieved by combining fitness effect
data with DNA adduct data at corresponding oil concentrations.

Dose:reponse relationships between exposure concentrations of oil and DNA adducts
in cod have been established in laboratory studies. We have used data from Skad-
sheim (2004), Skadsheim et al. (2009). Determination of significant whole organism
effects on fitness is more uncertain. We have here assumed that this threshold level is
found between 0,5 and 1,0 ppm of oil. We base this on reproduction effect data in
model fish species Cyprinodon variegatus exposed to oil (Anderson et al., 1977). This
data has later been included in generic species sensitivity distribution for chronic
whole organism effects (Scholten et al., 1993; Smit et al., 2009). This corresponds to
mortality levels found in larval studies with the North East Atlantic relevant species
cod, herring and halibut exposed to oil (Morton et al., in submission; Ingvarsdottir et
al., in prep.).

Within the concentration range from 0,5 to 1,0 ppm oil, DNA adduct formation tends
to increase strongly (Skadsheim, op.cit). The interpolated DNA adduct value at mid-
range (0,75 ppm oil) was 6 nmol adducts pr. mol nucleotides. A similar value has also
been found for flatfish (turbot) at this oil concentration (Jonsson et al., in prep.). How-
ever, species differences exists, and in sprat (Sprattus sprattus), belonging to the her-
ring family, the corresponding DNA adduct value is 1,4 nmol adducts pr. mol
nucleotides (Bjerkblom et al., in prep.).

The following issues are important and require consideration:
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e 32P-postlabelling studies should be conducted using internationally agreed
protocols incorporating appropriate positive and negative control samples
(Phillips and Castegnaro, 1999; Reichert et al., 1999).

e All studies need to include supporting environmental data to confirm the
contaminant load at the reference location and where possible supporting
biomarker and histopathological data to confirm health status of the indi-
vidual.

e While the assay 32P-postlabelling can be applied to any species deemed fit
for purpose, it should only be applied to those species where there is suffi-
cient background information available on life-history traits and behaviour
(e.g. migration).

Derivation of assessment criteria

The UK has monitored DNA adducts in dab at offshore locations at 15 sites and for
flounder in eight estuaries. Using these studies it has been possible to define refer-
ence locations and develop background response ranges. The approach used is simi-
lar to that adopted by the US EPA on Effect Range(ER) values. The ER-Low (ERL)
value is defined as the lower tenth percentile of the effect. Data were available from
Norway (IRIS and NIVA) for other species (IRIS database; BioSea project — Total E&P
Norge & Eni Norge); data were reported as nmol adducts/mol DNA. The UK ex-
pressed results as adducted nucleotides per 108 normal nucleotides, which was con-
verted to nmol adducts/mol DNA by dividing by 10.

Levels below 1 nmol adducts/mol normal nucleotides are considered too low to con-
firm genotoxic exposure. The derived ER-Low values for dab and flounder were 1.0
(background), and for Atlantic cod it was 1.6 (background) and for Haddock (Barents
Sea) it was 3.0 (subtracting a species-specific spot). Threshold value assigned for sig-
nificant effects (EAC) in Atlantic cod was 6 (see Assessment criteria (above) for
method of estimation).This value is also indicative for flatfish (to be verified), but for
herrings a considerably lower EAC threshold value of 1.4 has been determined.

Concluding remarks

e DNA adducts as biomarkers of genotoxic exposure. DNA adducts provide a
measure of biologically active contaminant to have reached a critical cellu-
lar target (DNA). They are persistent and therefore considered a ‘cumula-
tive index’ of exposure to genotoxins and a significant body of research
demonstrates their importance in the initiation and progression of carcino-
genesis induced by important environmental contaminants (e.g.
PAHs).Safety considerations when conducting the 32p-postlabelling assay. The
32P-postlabeling assay uses large amounts of 3P, which is an energetic beta
emitter. This requires specialist laboratories may limit the use of the assay
to a few appropriately equipped research groups.Applicability across
OSPAR maritime area. DNA adducts have been applied in a wide range of
species across the whole OSPAR maritime area including blue mussels,
Muytilus sp, perch (Perca fluviatilis), dab (Limanda limanda), European floun-
der (Platichthys flesus), eelpout (Zoarces viviparous) and cod (Gadus morhua).
A particular advantage of the 32P-postblabelling assay is that it is not spe-
cies-specific and therefore can be utilized on any organism deemed fit for
purpose.

e  Status of quality assurance. There are currently no active QA programmes
running for the detection of DNA adducts using the 32P-postlabeling
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method. However, inter laboratory QA programmes have previously been
conducted under the auspices of BEQUALM and IARC and standardized
protocols are available in the form of an ICES Times technical document
and TARC publications.

o  Assessment criteria. Provisional assessment criteria have been derived for
flounder, dab and Atlantic cod. In addition, background criteria have been
set for haddock and long rough dab. These have been derived from data-
sets from national monitoring programmes within the OSPAR maritime
area. It is recommended that further work to refine these values is taken
forward as and when new data becomes available through national moni-
toring programmes and through the activities of ICES WGBEC.
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Annex 7: PAH metabolites in bile

Version date: 29 January 2010.

Background

Analyses of PAH metabolites in fish bile have been used as a biomarker of exposure
to PAH contamination since the early 1980s. The presence of metabolites in bile (and
in urine) is the final stage of the biotransformation process whereby lipophilic com-
pounds are transformed to a more soluble form and then passed from the organism
in bile or urine.

As a biomarker of exposure, measuring PAH metabolites in bile has many advantag-
es over other techniques that require sophisticated tissue preparation protocols. The
pretreatment of bile samples requires relatively simple dilution steps prior to analysis
by direct fluorescence measurement. The bile is diluted in methanol:distilled water
(1:1) and fluorescence is measured with a fluorometer. Fixed wavelength fluorescence
is a suitable screening method for samples while HPLC/F or GC-MS SIM is utilized
for qualitative and quantitative measures (Ariese et al., 2005; Jonsson et al., 2003; Lin et
al., 2006; Aas et al., 2000a; 2000b).

Bile is generally stored in the gall bladder prior to episodic release into the esophagus
where bile salts have a function to perform as part of the digestive process. This pe-
riod of storage permits a degree of accumulation of metabolites and hence an increase
in their concentration. The periodic release of bile does however introduce a variable
into the technique, which must be accounted for. The feeding status of fish has been
shown to influence both the volume and the density of the bile (Collier and Varanasi,
1991).

The ability of fish to biotransform PAHs into less lipophilic derivatives means that
reliance on the detection of parent PAHs alone may lead to an underestimation of the
in vivo exposure level of PAH in the fish. PAH metabolite detection, on the other
hand, represents a quantification of the flux of PAHs streaming through the fish’s
body. From a toxicological point of view, flux information is more relevant to esti-
mating the actual biotic stress due to PAH exposure, than the body burden data of
the unmetabolised parent PAH compounds in tissues (most often liver). Despite this,
body burden measurements are still more commonly used within monitoring studies
than metabolite determination.

Dose-response (species-specific)

The PAH compounds are metabolised rapidly in the organisms and it is the endpoint
of this metabolisms that is measured in the bile. The compounds are measured using
chemical analysis. A consistent dose-response relationship has been demonstrated in
laboratory studies between PAH exposure and the subsequent presence of metabo-
lites in bile (Beyer et al., 1997; Aas et al., 2000). To establish a good dose-response rela-
tionship in field studies it is necessary to focus on aspects that influence the excretion
of bile.

The method requires that bile is available in the gall bladder. Because the fish renew
bile as part of normal metabolism and excrete it during digestion, it is important to
know about the dietary status of the organism to establish a dose- response relation-
ship. If the fish feed just before sampling, the gall bladder may become more or less
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empty. After the gall bladder has been emptied, it will fill up and metabolites will be
concentrated up to a plateau level corresponding to the exposure regime. Conse-
quently the time since last digestion is important for the dose-response relationship.
Fish generally have a very efficient metabolic excretion of most PAHs and it has been
shown that most of the PAH will excreted after 2-8 days following exposure. This
means that the PAH metabolites determined in bile will represent exposures on the
scale of days and, at most, two weeks.

It has been shown in several field and laboratory studies that there is a good correla-
tion between PAH exposure and bile metabolites. Because of the rapid metabolism
and the correlation between bile content and digestive status it is difficult to make a
dose-response relationship that can be used to quantify the exposure. Work has been
done to try to correlate bile metabolite concentration to digestive status, by correlat-
ing it to the amount of protein or biliverdin in the bile. Absorbance at 380 nm is also
used (similar to biliverdin) (Hylland, unpublished). This normalization is not stan-
dardized because it has been shown to only explain parts of the variability, but it is
recommended to be part of the explaining factors in the interpretation of results. In
laboratory studies it is normal to stop the feeding some days before sampling to en-
sure the bile quality. In field sampling this can be taken into account by letting the
fish go some days in tanks before sampling, but this has some logistical challenges.

Species sensitivity

The background level differs between species so it is important to establish good
baseline before using new species. It may be expected that species with fatty livers,
i.e. most gadiids, may metabolise PAHs more slowly as more will partition into fat,
but this has not been documented experimentally. Species differences have in general
to be considered when calculating BACs and EACs, though in some cases the result-
ing ACs are so similar that a combined AC for several species is justified (Table 3 be-
low gives an example).

Relevance of other factors

As mentioned above, food availability will affect the concentration of PAH metabo-
lites in bile. In an assessment of data for more than 500 individual cod sampled
through five years of national monitoring, variables such as size/age and sex ex-
plained some variability of multiple regression models (Ruus et al., 2003). This could
be due to different feeding preferences, but also endogenous processes. In addition,
the fat-content of the liver (measured as liver-somatic index, LSI) came out as signifi-
cant, presumably because fat decreases the availability of PAH to the cellular com-
partments of liver cells. There are indications for seasonal differences between
summer and winter values of PAH metabolites in dab (Kammann, 2007).

Background responses

Baseline levels of PAH metabolites have been established for many of the species
relevant to monitoring in Norwegian coastal and offshore waters. From Ruus et al.
(2003) values for the relevant species are: (all values standardized to absorbance at
380 nm) Atlantic cod: 0.6-4 ug/kg bile, flounder 27-89 pg/kg bile, dab 3.1-34 ug/kg
bile, plaice 0.4-3 ug/kg bile (all quantified using HPLC separation and fluorescence
detection and quantification). Standardisation at 380 nm is used to remove variability
due to bile salts.
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Assessment criteria

Assessment Criteria for PAH metabolites such as BAC (Background Assessment Cri-
teria) have been derived from reference sites (Table 3). EAC (Environmental Assess-
ment Criteria) can be derived from toxicological experiment data by linking oil
exposure and PAH metabolites in fish with DNA-adducts and fitness data (Morton et
al., subm; Skadsheim et al., 2004; Skadsheim et al., 2009), where the latter serves as the
effect quantity for the calculation of the EAC presented in Table 3. Some variation in
PAH metabolites in bile appear to be related to sex and size/age (Ruus et al., 2003),
knowledge of which should be included in the sampling design.

Quality assurance

A general protocol outlining analytical strategies and their strengths as well as weak-
nesses has recently become available (Ariese et al., 2005). There have been interna-
tional intercalibration exercises for the determination of PAH-metabolites in fish bile,
arranged in collaboration between an EU-project and QUASIMEME 2 Reference bile
samples were generated as part of the aforementioned EU project and are now avail-
able through IRMM, JRC, Geel, Belgium
(http://www.irmm.jrc.be/html/homepage.html). An intercalibration for PAH metabo-
lites is taking place in the framework of the EU funded BONUS project “BEAST” in
2010.
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Table 1. Overview of field and laboratory studies - PAH metabolites measured by fixed fluorescence.

SPECIES SUBSTANCE TEST EXPOSURE TIME METABOLITE BASELINE CONTROL OR EXPOSED REFERENCE/COMMENTS
(LAB/FIELD) CONCENTRATIONS/AREA REFERENCE / CONTROL
Cod Feral fish Barents Sea Baseline Aas et al., 2003

(Gadus morhua)

Cod Feral fish Egersund Baseline  non Naph type 5.3 ug/ml Klungseyr et al., 2003
lluted
(Gadus morhua) polutec area Pyren type 0.8 ug/ml
BaP type 0.4 ug/ml
Cod Feral fish Sleipner Baseline  pol- Naph type 6.1 ug/ml Klungseyr et al. 2003
luted area?
(Gadus morhua) Pyren type 1.0 ug/ml
BaP type 0.5 ug/ml
Cod Feral fish Statfjord Baseline  pol- Naph type 5.9 ug/ml Klungseyr et al., 2003
luted area?
(Gadus morhua) Pyren type 0.9 ug/ml

BaP type 0.3 ug/ml
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SPECIES SUBSTANCE TEST EXPOSURE TIME METABOLITE BASELINE CONTROL OR EXPOSED REFERENCE/COMMENTS
(LAB/FIELD) CONCENTRATIONS/AREA REFERENCE / CONTROL
Cod Feral fish Froy, ceased installation Baseline  pol- Naph type 3.9 ug/ml 1.1-1.1 Beyer et al., 2003
10000 m (ref) 2000 m— luted area?
(Gadus morhua) Pyren type 0.6 ug/ml 1.1-0.9
200 m
BaP type 0.3 ug/ml 0.9-0.9
Cod Feral fish Barents sea Baseline Naph type 2,15 ug/g Sundt, 2002
(Gadus morhua) Pyren type 1,63 ug/g
BaP type 0,69 ug/g
Cod Feral fish Barents sea Baseline Naph type 5,8 ug/g Aas and Berseth, 2002
(Gadus morhua) Pyren type 1,7 ug/g
BaP type 0,8 ug/g
Cod Laboratory 1 ppm crude oil Statfjord 14 days Aas et al., 2002
B
(Gadus morhua)
Cod Laboratory 0.06-0.25-1 ppm Oil average 3, 7, 14, Naph type 39 ug/g 7,5-23,7-314 Skadsheim ef al., 2004
24d
(Gadus morhua) as Pyren type 2,6 ug/g 3,6-10, 6-13
BaP type 1,0 ug/g 1,7-2,4-2,2
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SPECIES SUBSTANCE TEST EXPOSURE TIME METABOLITE BASELINE CONTROL OR EXPOSED REFERENCE/COMMENTS
(LAB/FIELD) CONCENTRATIONS/AREA REFERENCE / CONTROL
Cod Laboratory 0.06-0.25-1 ppm Oil average 3,17,31 Naph type 53.1ug/g 0.7-2.3-2.9 Skadsheim et al., 2004
d
(Gadus morhua) il Pyren type 7.0 ug/g 1-2.9-3.3
BaP type 1.0 ug/g 1.1-1.5-1.5
Cod Laboratory 0il 0.06-0.25-1 ppm 30 days Naph type 7.11i 5.1-9.5-227.5 Aas et al., 2000
(Gadus morhua) Pyren type 2 fi 6.4-12.7-43.3
BaP type 0.8 fi 2.3-3.6-9.6
Cod Laboratory PW Oseberg, 1:1000- 15 days Naph type 12.6 ug/ml 1.3-2.5-3.6-5.4 Sundt, 2004
1:200-0.2 ppm 0il-0.2
(Gadus morhua) ppm oil + PAHmix Pyren type, 4 ug/ml 1.7-3.7-41-17.8
BaP type, 1.8 ug/ml 1.3-1.8-1.5-24
Cod Field, Caged North Sea - Statfjord, 5.5 weeks Naph type 7.5 ug/ml 0,7 1.7-1.9-2.1 Aas et al., in press
Gadus mor 10000 m-2000 m=500 m Pyren t 3.1 ug/ml 07 12-15-16
(Gadus morhua) German bight G yren type .1 ug/m 2 2-1.5-1.
BaP type 1.2 ug/ml 0,8 1.2-1.1-1.2
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SPECIES SUBSTANCE TEST EXPOSURE TIME METABOLITE BASELINE CONTROL OR EXPOSED REFERENCE/COMMENTS
(LAB/FIELD) CONCENTRATIONS/AREA REFERENCE / CONTROL
Cod Field, Caged German bight G4 (Ref) 5.5 weeks Naph type 7.5 ug/ml 04 0.9-0.9-1.6 Aas et al., in press
Gl1-G2-G3
(Gadus morhua) Pyren type 3.1 ug/ml 0,5 0.8-0.9-1.7
BaP type 1.2 ug/ml 0,7 0.8-1-1.3
Cod Field, Caged North Sea - Troll, 1000 6 weeks Naph type 4.6 ug/ml 1,4 1.7-2.5 Borseth et al., 2004
m-500 m
(Gadus morhua) Pyren type 2.4 ug/ml 0,9 1.1-1.3
BaP type 0.9 ug/ml 1,1 1.1-13
Cod Field, Caged North Sea - Tampen, 6 weeks Naph type 8.8 ug/ml 1.0-1.5-1.2-12  Hylland et al., 2005
10 000-2500-1000-500
(Gadus morhua) Pyren type
BaP type 1.4 ug/ml 0.9-0.7-0.8-0.9
Haddock Feral fish Egersund Baseline  non Naph type 5.1 ug/ml Klungseyr et al., 2003
(Melanogrammus polluted area
aeglefinus) Pyren type 1.4 ug/ml
BaP type 0.7 ug/ml
Haddock Feral fish Sleipner Baseline  pol- Naph type 6.8 ug/ml Klungseyr et al. 2003
(Melanogrammus luted area?
aeglefinus) Pyren type 1.9 ug/ml
BaP type 0.8 ug/ml
Haddock Feral fish Statfjord Baseline  pol- Naph type 11.2 ug/ml Klungsayr et al., 2003
(Melanogrammus luted area? Pyren type 2.5 ug/ml

aeglefinus)
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SPECIES SUBSTANCE TEST EXPOSURE TIME METABOLITE BASELINE CONTROL OR EXPOSED REFERENCE/COMMENTS
(LAB/FIELD) CONCENTRATIONS/AREA REFERENCE / CONTROL

BaP type 0.7 ug/ml
Haddock Feral fish Barents sea Naph type 2.52 ug/g Sundt, 2004
(Melanogrammus p " 169 ug/
aeglefinus) yrentype ©7use

BaP type 0.77 ug/g
Haddock Feral fish Barents sea Naph type 2.0 ug/g Aas and Berseth, 2004
(Melanogrammus p " 13 ug)
aeglefinus) yrentype > usls

BaP type 0.6 ug/g
Haddock Feral fish Froy, ceased installation Baseline  pol- Naph type 5.6 ug/ml 13-22 Beyer et al., 2003
(Melanogrammus 10000 m (ref) 2000 m— luted area? p " 1.4 ug/ml 14-07
aeglefinus) 200 m yrentype ASugim s

BaP type 0.75 ug/ml 1.8-0.6
Sheepshead min- Laboratory North sea oil A 0.1-04- 5 weeks Naph type 6916 2.3-6.2-9.3 Bechmann ef al., 2004
now 0.7 ppm

Pyren type 569 2.5-5-6.3

BaP type 107 4-13.1-19.2
Sheepshead min- Laboratory North sea oil B 0.1-0.9— 6 weeks Naph type 18 164 1.8-4.3-125 Bechmann ef al., 2004
now 5.6 ppm

Pyren type 438 5.6-12.6-30.8

BaP type 110 12.6-42.7-123.9
Sheepshead min- Laboratory 2-14-214 ppb 5 weeks Naph type 267 280 0.9-2.2-18.6 Bechmann ef al., 2004
now

Pyren type 9926 0.9-1.5-9.6

BaP type 5152.7 3-17.4-207
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SPECIES SUBSTANCE TEST EXPOSURE TIME METABOLITE BASELINE CONTROL OR EXPOSED REFERENCE/COMMENTS
(LAB/FIELD) CONCENTRATIONS/AREA REFERENCE / CONTROL
Polar cod (Boreo- Laboratory, feral 1.5 ppm StatfjA oil , 14 days Naph type 16.0 ug/g 2 16,9 Sundt and Bechmann,
gadus saida) fish 2001, 2002 baseline, control 2004
Pyren type 09 ug/g 55 74,4
BaP type Oug/g 0 18
Table 2. PAH-metabolites in marine fish; measured by GC-MS.
SPECIES SUBSTANCE TesT EXPOSURE TIME METABOLITE BASELINE CONTROL OR EXPOSED/ CONTROL REFERENCE
(LAB/FIELD) CONCENTRATIONS REFERENCE
Cod (Gadus mor- Feral fish Barents sea baseline Naph sum 150,6 ng/g Aas and Beorseth,
hua) 2002
Phen sum 61,2 ng/g
Pyren 4,6 ng/g
Cod (Gadus mor- Feral fish Barents sea baseline Naph sum 1285 ng/g Sundt, 2004
hua)
Phen sum 220 ng/g
Pyren 3.5ng/g
Cod (Gadus mor- Feral fish Egersund Baseline non Naphsum 2005.1 ng/g Klungseyr et al.,
hua) polluted area 2003
Phen sum 230.2 ng/g
Pyren 3.9 ng/g
Cod (Gadus mor- Feral fish Sleipner Baseline polluted ~ Naph sum 1296.1 ng/g Klungseyr et al.,
hua) area? 2003
Phen sum 197.8 ng/g
Pyren 0 ng/g
Cod (Gadus mor- Feral fish Statfjord Baseline polluted ~ Naph sum 1361.7 ng/g Klungseyr et al.,
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SPECIES SUBSTANCE TEST EXPOSURE TIME METABOLITE BASELINE CONTROL OR EXPOSED/ CONTROL REFERENCE
(LAB/FIELD) CONCENTRATIONS REFERENCE
hua) area? Phen sum 351.1 ng/g 2003
Pyren 4.0ng/g
Cod (Gadus mor- Laboratory 0.06-0.25-1 ppm average 3, 7, 14, Naphsum 2549 ng/g 4.6-13.4-23.6 Skadsheim et al.,
hua) Oil 24 days 2004
Phen sum 691 ng/g 7.7-22.9-34.9
Pyren 27 ng/g 7.3-16.2-25.1
Cod (Gadus mor- Laboratory 0.06-0.25-1 ppm average 3, 17, 31 Naph sum 5702 ng/g 4-13.3-12,7 Skadsheim et al.,
hua) Oil day 2004
Phen sum 377 ng/g 10,5-40,3-48,7
Pyren 5ng/g 8,6-63-88,4
Cod (Gadus mor- Field, Caged North Sea - Stat- Naph sum 1150 ng/g 3.0-2.0-1.3 Aas et al., in press
hua) fijord, 500-2000- Ph 340 35.27-95
10 000 m en sum ng/g 5-2.7-2.
Pyren - -
Cod (Gadus mor- Field, Caged North Sea - Troll, 6 weeks Naph sum 1515.1 ng/g 1,1 1.1-1.2 Borseth et al,
hua) 1000 m-500 m 2004
Phen sum 327.2ng/g 1,6 2.1-2.0
Pyren 173.2 ng/g 12 0.9-12
Cod (Gadus mor- Field, Caged North  Sea - 6 weeks Naph sum 965.3 ng/g 0.9-1.7-0.9-1 Hylland et al,
hua) Tampen, 10 000- Ph 0345 14-318-15 2005
2500-1000-500 en sum S ngle e
Pyren 3.7 ng/g 0-0-0.5-0.0
Cod (Gadus mor- Field, Caged North Sea - Stat- 5.5 weeks Naph sum 228 ng/g 0,2 0.9-1.1-0.9 Aas et al., in press
hua) fijord, 10000 m-
Phen sum 482 ng/g 2,0 3-4.5-6.7
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SPECIES SUBSTANCE TEST EXPOSURE TIME METABOLITE BASELINE CONTROL OR EXPOSED/ CONTROL REFERENCE
(LAB/FIELD) CONCENTRATIONS REFERENCE
2000 m-500 m Pyren 28 ng/g 10,2 29.5-31.141.5
Cod (Gadus mor- Field, Caged German bight G4 5.5 weeks Naph sum 228 ng/g 0,8 1-1-1.9 Aas et al., in press
hua) (Ref) G1-G2-G3
Phen sum 482 ng/g 1,0 0.7-0.8-0.8
Pyren 28 ng/g 0,0 0-0-0
Haddock Feral fish Egersund Baseline non Naphsum 1346.9 ng/g Klungseyr et al.,
(Melanogrammus polluted area 2003
. Phen sum 526.8 ng/g
aeglefinus)
Pyren 5.7 ng/g
Haddock Feral fish Sleipner Baseline polluted ~ Naph sum 1111.5 ng/g Klungseyr et al.,
(Melanogrammus area? Ph 3315 ng/ 2003
aeglefinus) en sum P nes
Pyren 10.4 ng/g
Haddock Feral fish Statfjord Baseline polluted =~ Naph sum 1279.7 ng/g Klungseyr et al.,
(Melanogrammus area? Ph 331.9 ng/ 2003
aeglefinus) en sum I nels
Pyren 3.1ng/g
Haddock Feral fish Barents sea Naph sum 1474 ng/g Sundt, 2004
(Melanogrammus Ph 165 g/
aeglefinus) en sum ne/s
Pyren 0
Polar cod (Boreo- Laboratory, feral 1.5 ppm StatfjA oil 14 days Naph sum 1330 ng/g 1,3 114 Sundt and
gadus saida) fish 2001, 2002 , baseline, control Bechmann, 2004
Phen sum 538 ng/g 0,9 90
Pyren 52 ng/g 14,6 60
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Table 3. Biological assessment criteria (BAC) and Environmental assessment criteria (EAC) for
two PAH metabolites, different fish species and methods. Data partly taken from WKIMC 2009.

BAC [NG/ML] EAC [NG/G]
BloLoGICAL EFFECT FISH SPECIES HPLC-F GC/MS
Bile metabolit 1-hydroxypyrene dab 16
cod 21 483
flounder 16 4)
haddock 13
dab, cod, haddock 17
turbot 909
halibut 745
Bile metabolit 1-hydroxyphenanthrene dab 3,7
cod 2.7 518
flounder 3.74)
haddock 0.8
dab, cod, haddock 2.4
turbot 1832
halibut 262
BAC [uG/MmL] EAC [pG/ML]
SYNCRONUOS FIXED FLUOR.
BioLoGICAL EFFECT FISH SPECIES FLUOR. 341/383 341/383
Bile metabolites of pyrene-type dab 0.15 221)
cod 1.1 35
flounder 1.3 292)
haddock 1.9 353)
turbot 29
halibut 22
herring/sprat 16

AC based on 1)halibut, 2)turbot, 3)cod and 4)dab



ICES/OSPAR SGIMC REPORT 2010 | 89

Annex 8: Externally visible fish diseases, macroscopic liver neo-
plasms and liver histopathology

Version date : 29 January 2010.

Compiled by S W Feist? and T Lang4

Summary

Applicability across OSPAR maritime area. Externally visible fish diseases have been
used internationally for many years as an integrative response for general biological
effects monitoring, measuring the general health status at the individual and popula-
tion level. The method is used for a variety of fish species, including dab (Limanda
limanda), flounder (Platichthys flesus) and cod (Gadus morhua) and is easily adaptable
for other species such as whiting (Merlangius merlangus) and haddock (Melanogram-
mus aeglefinus). Methodologies and diagnostic criteria involved in the monitoring of
contaminant-specific macroscopic liver neoplasms (= liver nodules) and liver histopa-
thology have largely been developed based on experiences with flatfish species (in
Europe mainly dab and flounder) but can also be adapted to other flatfish species and
also to bottom-dwelling roundfish species.

Status of quality assurance. Quality assurance procedures for externally visible fish dis-
eases, macroscopic liver neoplasms and liver histopathology are in place and opera-
tional through ICES activities and under BEQUALM. Largely through activities of the
International Council for the Exploration of the Sea (ICES), standardized methodolo-
gies for surveys on the occurrence of diseases of flatfish species from the North Sea
and adjacent areas have been developed and intercalibrated repeatedly. Practical
guidelines have been established for all methodologies involved, including sampling
of fish, diagnosis of diseases, reporting of data to ICES and statistical data analysis.
As part of the work carried out in BEQUALM, these guidelines were reviewed and,
where necessary, additional details and methodologies for the collection, diagnosis
and reporting of fish disease data are provided. Under BEQUALM, a number of ring-
tests and intercalibration workshops were held. ICES TIMES series publications have
been published (nos. 19 and 38).

Influence of environmental variables. Justification is provided that externally visible dis-
eases provide an appropriate indicator of the general health of individuals and popu-
lations. The factors that affect disease are multifactorial and include endogenous and
exogenous effects on the immune response of the fish as well as specific and non-
specific contaminant-related effects at differing biological levels of organization. Cer-
tain types of non-neoplastic and neoplastic liver lesions (as specified in the guidelines
for the JAMP/CEMP) are known to be associated with prior exposure to carcinogenic
contaminants such as PAHs.

Assessment of thresholds. For externally visible diseases and non-specific liver histopa-
thology, absolute threshold or background levels have not been defined due to the

3 Centre for Environment, Fisheries and Aquaculture Science, Weymouth Laboratory,
Barrack Road, The Nothe, Weymouth, Dorset. DT4 S8UB. UK.

4 Federal Research Centre for Fisheries, Institute of Fishery Ecology, Deichstrasse 12,
D-27472 Cuxhaven, Germany.
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natural variability of disease prevalences between regions. However, significant
changes in disease prevalence levels and trends are a basis for threshold assessments.
For macroscopic liver neoplasms and contaminant-specific liver histopathology, as-
sessment criteria have been proposed by the 2009 ICES/OSPAR Workshop on As-
sessment Criteria for Biological Effects Measurements (WKIMC).

Proposals for assessment tools. The WGPDMO developed a Fish Disease Index (FDI) to
be used for the analysis and assessment of fish disease data. At the 2009 ICES/OSPAR
Workshop on Assessment Criteria for Biological Effects Measurements (WKIMC),
assessment criteria for macroscopic liver neoplasms and for contaminant-specific
liver histopathology were proposed.

Final remarks. Some amendments should be made to the JAMPGuidelines for PAH-
specific biological effects monitoring related to liver histopathology.

Assessment of the applicability of fish disease and liver pathology
techniques across the OSPAR maritime area

Diseases of wild marine fish have been studied on a regular basis by many ICES
Member Countries for more than two decades. Disease surveys are often integrated
with other types of biological and chemical investigations as part of national monitor-
ing programmes aiming at an assessment of the health of the marine environment, in
particular in relation to the impact of human activities (Lang, 2002).

On an international level, fish disease data have been used for environmental assess-
ments in the framework of the North Sea Task Force and its Quality Status Report
(North Sea Task Force, 1993), the OSPAR Quality Status Report 2000 (OSPAR Com-
mission, 2000) and in the 3rd and 4th HELCOM assessments (HELCOM, 1996, 2002).
Studies on externally visible diseases, macroscopic liver neoplasms (= liver nodules)
and liver histopathology are on the list of techniques for general and contaminant-
specific biological effects monitoring as part of the OSPAR pre-CEMP (see Tables 1
and 4).

At present, annual or biannual fish disease surveys in the North Sea are carried out
by Germany (vTI, Inst. of Fishery Ecology, Cuxhaven), The Netherlands (RIKZ) and
the UK (Cefas, Weymouth; Marine Scotland, Aberdeen). However, more data are
available from monitoring programmes that were terminated in the 1990s or early
2000s (e.g. carried out by Belgium, Denmark and Sweden).

The following environmental monitoring programmes incorporating pathology and
diseases of marine organisms are routinely performed in the OSPAR area:

Germany: Surveys are carried out twice a year in offshore areas of the North Sea
and the southwestern Baltic Sea. The major target fish species in the
North Sea is dab (Limanda limanda), in the Baltic Sea flounder (Platichthys
flesus) and cod (Gadus morhua). Externally visible diseases/parasites and
liver anomalies (macroscopic and histopathological) are recorded accord-
ing to ICES guidelines. The data are submitted to the ICES Data Centre.

The Netherlands: Diseases surveys are done annually in three North Sea offshore
areas, sites in the western Wadden Sea and in coastal zone of the Eastern
Scheldt with dab and flounder as target species. Externally visible dis-
eases/parasites and liver anomalies (macroscopic and histopathological)
are recorded according to ICES guidelines. The data are submitted to the
ICES Data Centre.
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UK: The UK National Marine Monitoring Programme (NMMP) was established
to detect long-term trends in physical, biological and chemical variables
at selected estuarine and coastal sites in the North Sea, Irish Sea and the
English Channel. 10-15 offshore areas are included. The biological effect
component of this programme includes assessment of the disease status
of target flatfish species (dab and flounder). In addition, data on diseases
and parasites in commercial species are also collected. Estuarine monitor-
ing activities have been undertaken more recently using flounder and vi-
viparous blenny (Zoarces viviparus) as the target species. In Scotland,
externally visible diseases/parasites and liver anomalies of dab, cod and
haddock (Melanogrammus aeglefinus) are monitored at sampling sites in
the Firth of Forth, east of Orkney and in the Moray Firth. Diseases are re-
corded according to ICES guidelines and the data are submitted to the
ICES Data Centre.

Many of these national programmes have increasingly evolved into integrated moni-
toring programmes, including studies on chemical contamination and on biological
effects of contaminants.

Externally visible disease studies are being conducted in a variety of fish species, in-
cluding dab (Limanda limanda), flounder (Platichthys flesus) and cod (Gadus morhua)
and methodologies are easily adaptable for other species such as whiting (Merlangius
merlangus) and haddock (Melanogrammus aeglefinus). Methodologies and diagnostic
criteria involved in the monitoring of contaminant-specific liver neoplasms and liver
histopathology have largely been developed based on studies with flatfish species, in
Europe mainly dab and flounder, but can also be adapted to other flatfish species
(e.g. plaice (Pleuronectes platessa) or long rough dab (Hippoglossoides platessoides)) and
possibly also to bottom-dwelling roundfish species, such as dragonet species (Callio-
nymus spp.) or viviparous blenny (Zoarces viviparus).

In conclusion it can be stated that fish disease and liver histopathology techniques are
applicable across the OSPAR maritime area. The application of the Fish Disease Index
(FDI) facilitates a comparison of disease data over larger geographical areas and be-
tween species (see Chapter ‘Proposals for assessment tools’).

Status of quality assurance techniques for fish diseases and liver pa-
thology

Since the early 1980s, ICES has played a leading role in the initiation and coordina-
tion of fish disease surveys and has contributed considerably to the development of
standardized methodologies. Through the work of the ICES Working Group on Pa-
thology and Diseases of Marine Organisms (WGPDMO), its offspring, the Sub-
Group/Study Group on Statistical Analysis of Fish Disease Data in Marine Stocks
(SGFDDS) (1992-1994) and the ICES Secretariat, quality assurance procedures have
been implemented at all stages, from sampling of fish to submission of data to the
ICES Data Centre and to data assessment.

A number of practical ICES sea-going workshops on board research vessels were or-
ganized by WGPDMO in 1984 (southern North Sea), 1988 (Kattegat), 1994 (Baltic Sea,
co-sponsored by the Baltic Marine Biologists, BMB) and 2005 (Baltic Sea) in order to
intercalibrate and standardize methodologies for fish disease surveys (Dethlefsen et
al., 1986; ICES, 1989, 2006a; Lang and Mellergaard, 1999) and to prepare guidelines.
Whilst first guidelines were focused on externally visible diseases and parasites,
WGPDMO developed guidelines for macroscopic and microscopic inspection of flat-
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fish livers for the occurrence of neoplastic lesions at a later stage. Further intercalibra-
tion and standardization of methodologies used for studies on liver pathology of flat-
fish were a major issue of the 1996 ICES Special Meeting on the Use of Liver
Pathology of Flatfish for Monitoring Biological Effects of Contaminants (ICES, 1997).
This formed the basis from which the BEQUALM programme developed for the ap-
plication of liver pathology in biological effects monitoring (Feist et al., 2004) (Table
2).

A fish disease database has been established within the ICES Data Centre, consisting
of disease prevalence data of key fish species and accompanying information, submit-
ted by ICES Member Countries. Submission of fish disease data to the ICES Marine
Data Centre has been formalized by the introduction of the ICES Environmental Re-
porting Format designed specifically for the purpose. This is used for fish disease,
contaminant and biological effects data. The programme includes internal screening
procedures for the validation of the data submitted providing further quality assur-
ance.

The ICES fish disease database is extended on an annual basis to include data from
other species and areas within the OPSPAR maritime area as well as data on studies
into other types of diseases, e.g. macroscopic liver neoplasms and liver histopathol-
ogy. To date, the data comprise mainly information from studies on the occurrence of
externally visible diseases and macroscopic liver lesions in the common dab (Limanda
limanda) and the European flounder (Platichthys flesus) from the North Sea and adja-
cent areas, including the Baltic Sea, Irish Sea, and the English Channel. In addition,
reference data are available from pristine areas, such as waters around Iceland. In
total, data on length, sex, and health status of more than 700 000 individual speci-
mens, some from as early as 1981, have been submitted to ICES, as well as informa-
tion on sampling characteristics (Wosniok ef al., 1999, Lang and Wosniok, 2008).

Current ICES WGPDMO activities have focused on the development and application
of statistical techniques for an assessment of disease data with regard to the presence
of spatial and temporal trends in the North Sea and western Baltic Sea (Wosniok et al.,
1999; Lang and Wosniok, 2008). An output of WGPDMO'’s activities is the ICES web-
based report on wild fish diseases, consisting of trend maps and associated informa-
tion. In a more holistic approach, pilot analyses have been carried out combining the
disease data with oceanographic, nutrient, contaminant and fishery data extracted
from the ICES DataCentre in order to improve the knowledge of the complex cause—
effect relationships between environmental factors and fish diseases (Lang and Wos-
niok, 2000; Wosniok et al., 2000). These analyses constituted one of the first attempts
to combine and analyses ICES data from various sources and can, therefore, be con-
sidered as a step towards a more comprehensive integrated assessment.

Quality assurance is in place for externally visible diseases, macroscopic liver neo-
plasms and liver histopathology via the ongoing BEQUALM programme (additional
information under ‘Assessment of thresholds’ below). Regular intercalibration and
ring-test exercises are conducted. The basis for QA procedures are provided in two
key publications in the ICES TIMES series (Bucke et al., 1996, Feist et al., 2004) and a
BEQUALM CD ROM of protocols and diagnostic criteria and reporting requirements
for submission of data to ICES.
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Review of the environmental variables that influence fish diseases and
liver pathology

The multifactorial aetiology of diseases, in this context in particular of externally visi-
ble diseases, is generally accepted. Therefore, externally visible diseases have cor-
rectly been placed into the General biological effect component of the OSPAR CEMP.
Most wild fish diseases monitored in past decades are caused by pathogens (viruses,
bacteria). However, other endogenous or exogenous factors may be required before
the disease develops. One of these factors can be environmental pollution, which may
either affect the immune system of the fish in a way that increases its susceptibility to
disease, or may alter the number and virulence of pathogens. In addition, contami-
nants may also cause specific and/or non-specific changes at various levels of biologi-
cal organization (molecule, subcellular units, cells, tissues, organs) leading to disease
without involving pathogens.

The occurrence of significant changes in the prevalence of externally visible fish dis-
eases can be considered a non-specific and more general indicator of chronic rather
than acute (environmental) stress, and it has been speculated that they might, there-
fore, be an integrative indicator of the complex changes typically occurring under
field conditions rather than a specific marker of effects of single factors. Because of
the multifactorial causes of externally visible diseases, the identification of single fac-
tors responsible for observed changes in disease prevalence is difficult, and scientific
proof of a link between contaminants and externally visible fish diseases is hard to
achieve. Nevertheless, there is a consensus that fish disease surveys should continue
to be part of national and international environmental monitoring programmes be-
cause they can provide valuable information on changes in ecosystem health and
may act as an “alarm bell” potentially initiating further more specific studies on cause
and effect relationships.

In the statistical analysis of ICES data on externally visible diseases (lymphocystis,
epidermal hyperplasia/papilloma, acute/healing skin ulceration) of dab from different
North Sea regions, it could be demonstrated that there were significant spatial differ-
ences, both in terms of absolute levels and the temporal changes in disease preva-
lence in the North Sea. While data from the 1990s revealed stable or decreasing
disease prevalences in the majority of sampling sites, some areas in the North Sea
showed increasing trends for some of the diseases, indicating a change in environ-
mental conditions adversely affecting the health status of dab (Wosniok ef al., 1999).
The results from the subsequent multivariate analysis on the relationship between the
prevalence of the diseases with potentially explanatory environmental and host-
specific factors (also extracted from the ICES fishery, oceanography and environ-
mental databases) clearly highlighted the multifactorial aetiology of the diseases un-
der study. A number of natural and anthropogenic factors (stock composition, water
temperature, salinity, nutrients, contaminants in water, sediments and biota) were
significantly related to the temporal changes in disease prevalence. However, de-
pending on area, time range and data availability, different sets of factors were identi-
fied. This reflects the multifactorial aetiology of the diseases covered, but was also
attributed to some high correlations between the explaining quantities (Lang and
Wosniok, 2000; Wosniok et al., 2000).

The presence of macroscopic liver neoplasms and of certain types of histopathological
liver lesions is a more direct indicator of contaminant effect and has been used for
many years in environmental monitoring programmes around the world. Liver neo-
plasms (either detected macroscopically or by histopathological analysis) are likely to
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be associated to exposure to carcinogenic contaminants, including PAHs, and are
therefore considered appropriate indicators for General and for PAH-specific biologi-
cal effects monitoring. Therefore, monitoring of macroscopic liver neoplasms in the
CEMP should not only be part of the CEMP general biological effects monitoring but
also of the CEMP PAH-specific biological effects monitoring. The study of liver
histopathology (comprises the detection of more lesion categories (non-specific, neo-
plastic and non-neoplastic toxicopathic lesions), reflecting responses to a wider range
of contaminants (including PAHs) but also to other environmental stressors and is,
therefore, considered an appropriate indicator for both General and PAH-specific
biological effects monitoring.

The liver is the main organ involved in the detoxification of xenobiotics and several
categories of hepatocellular pathology are now regarded as reliable biomarkers of
toxic injury and representative of biological endpoints of contaminant exposure
(Myers et al., 1987; 1992; 1998; Stein et al., 1990; Vethaak and Wester, 1996; Stentiford
et al., 2003; Feist et al., 2004). The majority of lesions observed in field collected ani-
mals have also been induced experimentally in a variety of fish species exposed to
carcinogenic compounds, PAHs in particular, providing strong supporting evidence
that wild fish exhibiting these lesions could have been exposed to such environ-
mental contaminants.

Assessment of the thresholds when the response (prevalence and inci-
dence of fish disease) can be considered to be of concern and/or re-
quire a response

As indicated above, ICES has developed requirements for the international reporting
of fish diseases over many years in order to minimize variation between laboratories
regarding the accuracy and reproducibility of data generated. These have been re-
viewed by BEQUALM and produced in CD-ROM format. Each grossly visible dis-
ease  (lymphocystis, acute and healing skin ulcerations, epidermal
hyperplasia/papilloma and liver nodules etc.) has a minimum requirement for report-
ing and severity is assessed according to criteria allocated to three stages (lymphocys-
tis, ulcerations and epidermal hyperplasia/papilloma only). Macroscopic liver
neoplasms are only recorded if the minimum diameter exceeds two mm. Each case
has to be verified histologically to exclude the possibility that the macroscopic lesion
is the response to parasites, cysts, necrotic or inflammatory foci. As such the accept-
able limits of variation for disease recording are well established.

With regard to the application of liver histopathology as a tool in biological effects
monitoring, the activities undertaken in ICES and within BEQUALM have been suc-
cessful in the establishment of the methodology and diagnostic criteria. The diagnos-
tic key (see below) provides clear criteria to discriminate between the lesion types,
thus minimizing the possibility of mis-diagnosis. Ring tests and other intercalibration
exercises are regularly undertaken in order to minimize inter-observer variation and
to establish acceptable limits of variation. These are carried out as an ongoing process
in order to ensure continuous quality assurance of data obtained.

These quality assurance procedures implemented are a crucial prerequisite for the
establishment of assessment criteria (see below) and reference or threshold values
applied by all institutions involved in fish disease monitoring in order to take deci-
sions on further actions. The ICES WGPDMO and the 2009 ICES/OSPAR Workshop
on Assessment Criteria for Biological Effects Measurements (WKIMC) addressed the
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question of establishing background/reference levels of disease and criteria for their
assessment (see Chapter ‘Proposals for assessment tools”).

Proposals for assessment tools

The development of assessment tools for externally visible diseases, macroscopic
neoplasms and liver histopathology has been carried out by the ICES Working Group
on Pathology and Diseases of Marine Organisms (WGPDMO) (ICES 2006b, 2007,
2008, 2009) and additions were proposed at the 2009 ICES/OSPAR Workshop on As-
sessment Criteria for Biological Effects Measurements (WKIMC).

The ICES WGPDMO developed a Fish Disease Index (FDI) using data on diseases of
the common dab (Limanda limanda) as a model, the aim of which is to summarize in-
formation on the disease status of individual fish into one robust and easy-to-
understand and easy-to-communicate numeric figure. By applying defined assess-
ment criteria and appropriate statistics, the FDI can be used to assess temporal
changes in the health status of fish populations and can, thus, serve as a tool for the
assessment of the ecosystem health of the marine environment, e.g. related to the ef-
fects of anthropogenic and natural stressors. Its design principle allows the FDI to be
applied to other species with other sets of diseases. Therefore, the FDI approach is
applicable for wider geographical areas, e.g. as part of the convention-wide OSPAR
monitoring and assessment programme.

For the calculation of the FDI, the following components are required:

e Data on diseases of the common dab (Limanda limanda) (can be adapted to
other fish species, provided that sufficient appropriate data are available);

e Information on the presence or absence of a range of diseases monitored
on a regular basis, categorized as externally visible diseases (EVD: 9 key
diseases, incl. 3 parasites), macroscopic liver neoplasms (MLN: 2 key dis-
eases) and liver histopathology (LH: 5 key diseases) (see Table 1);

e For most diseases, data on three severity grades (reflecting a light, medium
or severe disease status) are included;

e Disease-specific weighting factors, reflecting the impact of the diseases on
the host (assigned based on expert judgements);

e Adjustment factors for effects of size and sex of the fish as well as for sea-
son effects;

Table 1. Disease categories and key diseases to be used for calculating the Fish Disease Index for
dab (Limanda limanda) (ICES 2009).

MAcCRoOScCOPIC

EXTERNALLY VISIBLE DISEASES LIVER NEOPLASMS LIVER HISTOPATHOLOGY
Lymphocystis Benign neoplasms Non-specific lesions
Epidermal hyperplasia/papilloma Malignant neoplasms Early non-neoplastic toxicopathic lesions
Acute/healing skin ulceration Pre-neoplastic lesions (FCA)
X-cell gill disease Benign neoplasms
Hyperpigmentation Malignant neoplasms

Acute/healing fin rot/erosion
Stephanostomum baccatum
Acanthochondria comuta
Lepeophtheirus pectoralis

The result of the calculation is a FDI value for individual fish which is scaled in a way
that values can range from 0 to 100, with low values representing healthy and high
values representing diseased fish. The maximum value of 100 can only be reached in



96 |

ICES/OSPAR SGIMC REPORT 2010

the (purely theoretical and unrealistic) case that a fish is affected by all diseases at
their highest severity grades. From the individual FDIs, mean FDIs for a sample from
a fish population in a given sampling area can be calculated. All assessment is based
on mean FDI values calculated from samples. Depending on the data available, FDIs
can be calculated either for single disease categories or for combinations thereof.

The assessment of the FDI data generated is done on a region-wide basis, considering
(a) FDI levels and (b) FDI trends in geographical units, e.g. ICES statistical rectangles.
The assessment approach developed does not apply any global background or refer-
ence values or assessment criteria as is often done for chemical contaminants or for
biochemical biomarkers. Instead, the assessment of the FDI values is based on the
development of the mean FDI within the geographical units over a given period of
time, based on which region-specific assessment criteria are defined. The reason for
choosing this approach is the known natural regional variability of the disease preva-
lence (even in areas considered to be pristine), making it impossible to define gener-
ally applicable background/reference values that can uniformly be used for all
geographical units to be assessed. This approach is based on the availability of dis-
ease data over a longer period of time (ideally ten observations, e.g. in the case of bi-
annual monitoring over a period of five years) for every geographical area to be
assessed. However, the FDI can also be used for exploratory monitoring in areas not
studied before or for newly installed fish disease monitoring programmes after some
modification.

The final products of the assessment procedure are:

e graphs showing the temporal changes in mean FDI values in geographical
units over the entire observation period and

e maps in which the geographical units assessed are marked with green, yel-
low or red smiley faces, indicating current changes (e.g. within the past
five years) in health status of the fish population (green: improvement of
the health status; yellow, indifferent change; red: worsening of the health
status, reason for concern and motivation for further research on causes)
(see Figures 3 and 4).

The ICES WGPDMO applied the FDI approach and the assessment for the common
dab from the North Sea using ICES fish disease data extracted from the ICES Envi-
ronmental Data Centre twice in 2008 and, using an extended dataset, in 2009 (ICES
2008, 2009). The results will be included in the OSPAR QSR 2010 as a case study.

At the 2009 ICES/OSPAR Workshop on Assessment Criteria for Biological Effects
Measurements (WKIMC), additional assessment criteria for macroscopic liver neo-
plasms and for the contaminant-specific components of liver histopathology were
proposed. These are provided in Table 3 together with information on the use of as-
sessment criteria for externally visible diseases and for the non-specific component of
liver histopathology. The latter two are identical with the assessment strategy of the
original FDI approach developed by the WGPDMO.

Final remarks

Some amendments still need to be made by OSPAR in the JAMP Guidelines for Gen-
eral and for PAH-specific biological effects monitoring and the terminology used
therein:

e In the JAMP Guidelines for PAH-specific biological effects monitoring,
Chapter 4.1 and 5, the term ‘Liver pathology” should be changed to ‘Liver
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histopathology’ and the term ‘external diseases’ should be changed to ‘ex-
ternally visible diseases” because these terms more correctly describe the
technique to be applied.

e In the table of contents of the JAMP Guidelines for PAH-specific biological
effects monitoring, the terms ‘histopathology’ and ‘liver pathology’ should
be replaced by ‘liver histopathology’ because this term more correctly de-
scribes the technique to be applied.
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Table 2. BEQUALM categories of histopathological liver lesions in fish that should be used for
the CEMP General and PAH-specific Biological Effects Monitoring.

HISTOPATHOLOGY CATEGORIES HISTOPATHOLOGICAL LESIONS
Non-specific lesions Coagulative necrosis
Apoptosis
Lipoidosis

Haemosiderosis

Variable glycogen content

Increased numbers and size of macrophage aggregates
Lymphocytic/monocytic infiltration

Granuloma

Fibrosis

Regeneration
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Early toxicopathic non-neoplastic lesions Phospholipidosis
Fibrillar inclusion
Hepatocellular and nuclear polymorphism
Hydropic degeneration
Spongiosis hepatis

Foci of cellular alteration Clear cell foci
Vacuolated foci
Eosinophilic foci
Basophilic foci
Mixed cell foci

Benign neoplasms Hepatocellular adenoma
Cholangioma
Haemangioma
Pancreatic acinar cell adenoma

Malignant neoplasms Hepatocellular carcinoma
Cholangiocarcinoma
Pancreatic acinar cell carcinoma
Mixed hepatobiliary carcinoma
Haemangiosarcoma
Haemangiopericytic sarcoma
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Table 3. Assessment criteria proposed for the assessment of contaminant-specific effects on fish
health (Note: the colour ‘red’ should be used for graphical representations of the categories ‘ele-
vated response/above background’ as well as for ‘significant response/unacceptable effects” in

maps or similar illustrations).

DISEASE CATEGORY -

ELEVATED RESPONSE/ ABOVE
BACKGROUND

Extemally visible Not Statistically significant increase in Statistically significant increase in

diseases applicable mean FDI level in the assessment mean FDI level in the assessment
period compared with a prior period compared with a prior

(to be used as observation period observation period

additional

information for the or or

assessment)
Statistically significant upward trend Statistically significant upward trend in
in mean FDI level in the assessment mean FDI level in the assessment
period period

Liver Not Statistically significant increase in Statistically significant increase in

histopathology: applicable mean FDI level in the assessment mean FDI level in the assessment

non-specific period compared with a prior period compared with a prior
observation period observation period

(to be used as

additional or or

information for the

assessment) Statistically significant upward trend Statistically significant upward trend in
in mean FDI level in the assessment mean FDI level in the assessment
period period

Liver Mean FDI<2  Mean FDI22 Mean FDI 22

histopathology:

contaminant- Avalue of FDI = 2 is, e. g., reached if Avalue of FDI = 2 is, e. g., reached if the

specific the prevalence of livertumoursis2%  prevalence of liver tumours is 2 % (e. g.,
(e. g., one specimen out of a sample of  one specimen out of a sample of 50
50 specimens is affected by a liver specimens is affected by a liver
tumour). Levels of FDI 2 2 can be tumour). Levels of FDI 2 2 can be
reached if more fish are affected or if reached if more fish are affected or if
combinations of other toxicopathic combinations of other toxicopathic
lesions occur. lesions occur.

Macroscopic liver Mean FDI <2  Mean FDI 22 Mean FDI 22

neoplasms

Avalue of FDI = 2 is reached if the
prevalence of liver tumours (benign or
malignant) is 2 % (e. g., one specimen
out of a sample of 50 specimens is
affected by a liver tumour). If more fish
are affected, the value is FDI > 2.

Avalue of FDI = 2 is reached if the
prevalence of liver tumours (benign or
malignant) is 2 % (e. g., one specimen
out of a sample of 50 specimens is
affected by a liver tumour). If more fish
are affected, the value is FDI > 2.
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Table 4. Fish disease monitoring in the OSPAR Coordinated Environmental Monitoring Programme (CEMP) reflecting ICES advice (ICES 2005).
TABLE A: PAH-SPECIFIC BIOLOGICAL EFFECTS MONITORING
SPECIES DISEASES NUMBERS GUIDELINES
- > : - :
Dab (1st priority) S.|2e grou;? 2 25.cm. 59 - JAMP Guidelines based on: . . .
(Limanda limands) (if not available in sufficient numbers, Bucke etal. 1996. Common diseases and parasites of fish in the North
include size group 20-24 cm) Atlantic: Training guide for identification. ICES TIMES No. 19.
- Macroscopic liver nodules >2 mm in Relevant in addition:
Macroscopic liver . e L
neoplasms diameter, subsequent quantification of Size groub > 30 cm: 50 ICES 1989. Methodology of fish disease surveys. ICES Coop. Res. Rep. 166.
Flounder histologically identified liver neoplasms i g p'l_bl o fhici b Feist et al. 2004. Biological effects of contaminants: Use of liver pathology of
(Platichthys flesus) .(' rllo(tjavz.u ablein ZUS 'Z'g"t NUMDELS;  the European flatfish dab (Limanda limanda L.) and flounder (Platichthys
include size group 25-29 cm) flesus L.) for monitoring. ICES TIMES 38, 42 pp.
BEQUALM
Dab (1st priority) . . JAMP Guidelines based on:
(Limanda limanda) Size group 20-24 cm : 50 ICES 1997. Report of the Special Meeting on the Use of Liver Pathology of
Flatfish for Monitoring Biological Effects of Contaminants. ICES CM 1997/F:2.
Relevant in addition:
Flounder Non-specific lesions Size group 25-29 cm : 50 Feist et al. 2004. Biological effects of contaminants: Use of liver pathology of
(Platichthys flesus) Early toxicopathic non-neoplastic lesions the European flatfish dab (Limanda limanda L.) and flounder (Platichthys
Liver histopathology Foci of cellular alteration flesus L.) for monitoring. ICES TIMES 38, 42 pp.
Benign neoplasms BEQUALM
Malignant neoplasms No JAMP guidelines so far
Dragonet Size group 10-15 cm : 50 e iologi i i
(Callionymus spp.) group : Feist et al., 2004. Biological effects of contaminants: Use of liver pathology of

the European flatfish dab (Limanda limandal.) and flounder (Platichthys
flesusL.) for monitoring. ICES TIMES 38, 42 pp.
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TABLE B: GENERAL BIOLOGICAL EFFECTS MONITORING

SPECIES DISEASES NUMBERS GUIDELINES
Lymphocystis
Dab (1t priority) Epidermal h.yperp.lasm/papllloma S!ze group 15-19 cm: 100
(Limanda limanda) Acute/healing skin ulcers Size group 20-24 cm: 100 o
X-cell gill disease Size group =25 cm: 50 JAMP Guidelines based on:
Hyperpigmentation Bucke et al. 1996. Common diseases and parasites of fish in the North
- Atlantic: Training guide for identification. ICES TIMES No. 19.
. Size group 20-24 cm: 100
Flounder Lymphocystis Size groun 25-29 cm: 100
o (Platichthys flesus) Acute/healing skin ulcers Si group >30 em: 5'0 Relevant in addition:
5)_(terna|ly visible fish Ize group = 30 cm: ICES 1989. Methodology of fish disease surveys. ICES Coop. Res. Rep. 166.
iseases i i
Acute/healing s.k!n ulcers Size group < 29 cm: 100 BEQUALM
Cod Skeletal deformities .
. . Size group 30-44 cm: 100
(Gadus morhua) Pseudobranchial swelling .
Size group =45 cm: 50
Cryptocotylesp.
- Epidermal hyperplas!a/'papllloma Size group 15-19: 100 No JAMP guidelines so far
Whiting Lemaeocera branchialis Size group 20-29: 100 Relevant:
(Merlangius merlangus) Diclidophora merlangi si P >30: 5'0 Bucke et al., 1996. Common diseases and parasites of fish in the North
Clavella adunca 1ze group 2 30: Atlantic: Training guide for identification. ICES TIMES No. 19.
JAMP Guidelines based on:
Bucke et al, 1996. Common diseases and parasites of fish in the North
Atlantic: Training guide for identification. ICES TIMES No. 19.
. > . . e
Dab (1t priority) S.|2e grou;? 2 25.cm. 59 - Relevant in addition: o
(Limanda limanda) Macrosconic liver nodules > 2 mm in (if not available in sufficient numbers,  ICES 1989. Methodology of fish disease surveys. ICES Coop. Res. Rep. 166.
Macroscopic liver . P S include size group 20-24 cm) Feist et al, 2004. Biological effects of contaminants: Use of liver pathology
diameter, subsequent quantification of ¥ . . ,
neoplasms histologically identified liver neoplasms of the European flatfish dab (Limanda limanda.) and flounder (Platichthys
gically P flesusLL.) for monitoring. ICES TIMES 38, 42 pp.
BEQUALM
- > :
Flounder ?;ze }iroupll_:IO .cm. ?fO tent b
i if not available in sufficient numbers,
(Platichthys flests) include size group 25-29 cm)
Liver histopathology Dab (1st priority) Non-specific lesions Size group 20-24 cm: 50 JAMP Guidelines based

(Limanda limanda)

Early toxicopathic non-neoplastic lesions

on:
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TABLE B: GENERAL BIOLOGICAL EFFECTS MONITORING
SPECIES DISEASES NUMBERS GUIDELINES
Foci of cellular alteration Bucke et al, 1996. Common diseases and parasites of fish in the North
Benign neoplasms Atlantic: Training guide for identification. ICES TIMES No. 19.
Malignant neoplasms

Flounder Relevant in addition:

(Platichthys flesus) Size group 25-29 cm: 50 ICES 1989. Methodology of fish disease surveys. ICES Coop. Res. Rep. 166.
Feist et al,, 2004. Biological effects of contaminants: Use of liver pathology
of the European flatfish dab (Limanda limandaL.) and flounder (Platichthys
flesusL.) for monitoring. ICES TIMES 38, 42 pp.

BEQUALM

No JAMP guidelines so far for Dragonet
Dragonet Size group 10-15 cm : 50 e iologi i :
(Callionymus spp.) group : Feist et al,, 2004. Biological effects of contaminants: Use of liver pathology

of the European flatfish dab (Limanda limandaL.) and flounder (Platichthys
flesusL.) for monitoring. ICES TIMES 38, 42 pp.
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Annex 9: Water /jn vivo bioassays

Executive summary

Applicability across the OSPAR maritime area. Water in vivo bioassays are available for
immediate deployment within the OSPAR JAMP CEMP. These bioassays have been
recommended by ICES and are of sufficient standing in terms of methodological de-
velopment, ease of use and application for uptake across the whole OSPAR area. The
preferred method is short-term tests on concentrates of water. This includes both
broad-spectrum (acute and short-term chronic) bioassays, (and can be combined with
specific in vitro bioassays), which can be applied to salt water, brackish water and
fresh water, allowing all types of water to be assessed in the same way, and thereby
giving a comprehensive picture of an entire area. If the focus is also on specific
groups of substances or a specific toxicity, such as hormone-disrupting effects or neu-
rotoxicity, in vitro bioassays can be used, on concentrates or otherwise. Chronic (long-
term) in vivo bioassays would appear to be most suited to site-specific assessment and
comparison with the field situation (e.g. to provide sufficient evidence to support the
conclusion that a problem no longer occurs). The long-term exposure without concen-
tration of the sample means these tests give the most realistic estimate of the possible
effects in the field. Relevant acute bioassays can be a quick and cheap alternative, as
can in vitro tests.

Water bioassays should be deployed as a “battery of tests” and should include a
minimum basic set, possibly of three or more. However, the composition of what the
set needs to comprise of requires further work. The range of bioassays needs to be
expanded to include all trophic levels and phyla such as echinoderms.

Quality assurance. QA procedures are in place for most of the (water) bioassays and is
provided for by BEQUALM (www.bequalm.org), therefore bioassay data can be
submitted to the ICES database for subsequent assessment as appropriate by
ICES/OSPAR. A standardized protocol for bioassay extractions is required to ensure
consistency of application between laboratories and member states and comparability
of reported data for assessment purposes. A protocol for extraction methods for bio-
assays will become available as ICES TIMES series document in 2010.

Influence of environmental variables. Abiotic testing conditions, such as temperature,
salinity, solids and especially dissolved oxygen and pH, can dramatically influence
test variability. The same is true for the condition and age of test organisms and stor-
age conditions of test samples. In general, these factors are standardized in the test
procedures and controlled during the test period by the use of positive and negative
controls. The use of extracts/concentrates will further reduce any disturbing factors.

Thresholds and assessment tools. Three assessment classes were derived for water bioas-
says; a background response, a warning level and a level of serious concern. For the
water bioassays (Tisbe sp., Acartia sp., sea urchin and bivalve larvae) the background
responses were 10%, 10%, 10% and 20% mortality (or deformity as appropriate) re-
spectively; the level of serious concern was 100% mortality, and the warning level
between these values. These figures however need to be defined and further estab-
lished.

In this document we describe and propose an ecotoxicological metric for acute and
chronic in vivo bioassays. An acute/chronic ratio of 10 is used to convert the acute
data to chronic data. If data are available from three bioassays, a preliminary effect
assessment can be performed. If at least four chronic values are available for different
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taxonomic groups, a refined effect assessment can be carried out whereby the poten-
tially affected fraction (PAF) approach is used to calculate the percentage of affected
species in the ecosystem in question. With its ‘negligible effect’, ‘maximum permissi-
ble effect’ and ‘serious effect’ classification, this method assessment is consistent with
the current Dutch standard framework and terminology (environmental risk limits).
It is however equally suited to the current OSPAR and EU-WFD assessment frame-
works.

Synergism between CEMP and WFD. There are clear opportunities for synergism be-
tween the CEMP and WFD for water bioassay applications in coastal and estuarine
areas, but further work and agreement is needed.

Recommendations. The sampling strategy and design of water quality monitoring for
spatial and temporal monitoring purposes needs to be clearly defined and in particu-
lar the role of water concentrates. In this respect there is an important need to de-
velop and validate appropriate protocols for extraction methods and subsequent in
vivo (and in vitro) testing. More research is also needed to link bioassay responses to
actual impacts on the aquatic system. The application of passive samplers for bioas-
say assessment of water also warrants special attention. It is recommended that a pi-
lot study be carried out to test the practical application of the proposed metric (or any
other available tool) for water in the OSPAR maritime area.

Assessment of the applicability of water /7 vivo bioassays across the
OSPAR maritime area

Most existing bioassays have been used for reporting to regulatory commissions on
individual hazardous substances and the determination of environmental quality
standards (den Besten and Munawar, 2005). Over the past few decades, bioassays
have also been used for the risk assessment and management of saline and fresh wa-
ter whole effluents (e.g. Oris and Klaine, 2000; Power, 2004), and for dredged material
(e.g. Stronkhorst et al., 2003).

To date, there are numerous studies illustrating the application of bioassays to assess
the toxicity of environmental samples from marine and inland surface water (e.g.
Karbe, 1992; Hill et al., 1993; Matthiesen et al., 1993; Hendriks et al., 1994; Thomas et
al.,, 1999; Kirby et al., 1998; Peters et al., 2002; Akerman and Smit, 2003; Derksen et al.,
2004). For example, bioassay assessment of fresh surface water has been used success-
fully for many years in the Netherlands in the context of the surveillance monitoring
of the Meuse, Scheldt and Rhine river basins (Maas ef al., 2003). This assessment used
acute bioassays (or in vitro bioassays) (including CALUX systems, Microtox®, Daph-
nia and whole sediment, pore water) on XAD concentrates of the water (e.g.
Hendriks et al., 1998; Maas et al. 2003). The ICES/IOC Bremerhaven Workshop on bio-
logical effects of contaminants in the North Sea and the ICES BECPELAG Workshop
on biological effects in pelagic ecosystems have clearly demonstrated the potential
applicability of a variety of in vivo bioassays to coastal and offshore water column
and micro surface layer monitoring (Stebbing et al., 1992; Hylland et al., 2002, 2006).

Water bioassays recommended for use in different monitoring strategies are well de-
scribed in OECD, ASTM, ISO, SETAC and ICES test protocols (see also USEPA, 1995;
Tonkes et al., 2005). Bioassays are widely recognized within Europe to be an efficient
way to assess water quality. Bioassays are also applied on national level by several
countries (ICES, 2004). The uptake of water bioassays, such as the oyster embryo as-
say (Thain ef al., 1991), in monitoring programmes across the OSPAR maritime area is
however still poor (so far, only UK; see ICES, 2004). In vivo bioassays and in vitro tests
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with micro-organisms are now also frequently used as tools in estimating the poten-
tial risk of contaminants of estuarine and marine waters (e.g. Thomas et al., 2002;
Murk et al., 2002; Klamer ef al., 2003; Akerman et al., 2004).

Introduction of water /n vivo bioassays to the CEMP and status of
quality assurance

ICES agreed on the following revised criteria for recommended monitoring methods:

a) A recommended method needs to be an established technique that is
available as a published method in the TIMES series or elsewhere. This
applies to both the bioassay itself and the preparation phase (such as the
sampling and extraction methods).

b) A recommended method (or combination of methods) must have been
shown to respond to contaminant exposure in the field.

¢) A recommended method (or combination of methods) must be able to dif-
ferentiate the effects of contaminants from natural background variability.

The OSPAR JAMP CEMP lists water bioassays as Category-Il-rated. The correspond-
ing Technical Annex 2, 3 and 4 of the JAMP Guidelines for General Biological Effects
Monitoring relate to the following bioassay methods: Tisbe battagliai, oyster embryo,
Nitocra and Dinophilus. However, other species are now also appropriate and have
been recommended by ICES and include the methods; turbot juvenile acute, Daphnia
acute and chronic, Acartia acute, Skeletonema 72-h growth).

Quality assurance through BEQUALM is in place or currently running (JAMP, 1998;
ASMO, 2003; ICES, 2005). So far, uptake of water bioassays in BEQUALM has been
slow but is increasing. Protocols exist for water extracts, but they have not been
agreed, standardized and “transcribed” into OSPAR guidelines. A standardized pro-
tocol for bioassay extractions is required to ensure consistency of application between
laboratories and member states and comparability of reported data for assessment
purposes. Also these protocols are used as standard procedures for BEQUALM inter-
calibrations. The Protocol for Extraction Methods for Bioassays will be published in
the ICES Techniques in Marine Environmental Sciences series on Biological Effects of
Contaminants.

Synergism between CEMP, MSFD and WFD

Though bioassays are not included as ecological quality elements in the monitoring
for the Water Framework Directive (WED) (CIS, 2003), it is generally accepted that
they will be able to contribute to the Pressures and Impacts/Risk Assessment process
(this is especially true of chronic water and sediment bioassays). This process, being
carried out by national authorities, is designed to identify water bodies at risk of fail-
ing to achieve good ecological status during the later classification exercise. Further
chemical analysis can be combined with water bioassays at smaller interval time
points for the purposes of trend monitoring. In this way bioassays can be used as a
partial replacement for chemical analysis of priority and/or other relevant substances
and prioritizing locations for further chemical analysis. This “bioanalysis approach”
can lead to more cost-efficient and cost-effective monitoring and would put the pre-
cautionary principle called for in the WED into practice. Pilot studies carried out in
the Netherlands to explore these possibilities have had promising results (van de
Heuvel et al., 2005; Maas et al., 2005). It can be concluded that clear opportunities exist
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for synergism between the CEMP or the MSFD and WFD for bioassay applications in
coastal and estuarine areas, but that further work and agreement are needed.

Thresholds and assessment tools

General

Thresholds for water bioassays are available. Effects measured include acute (e.g.
mortality) or chronic endpoints (sub lethal endpoint such as growth, development
and reproduction) and hence are generic indicators of toxicity of the water. Values of
ECx, LCxy, NOEC and LOEC are usually used where appropriate to evaluate the test
responses and to estimate toxicity. Results of bioassays from a contaminated area can
be compared with a reference area, in a dose-response relationship between sites or
by using time-series analysis, multivariate analysis such as principal component
analysis (PCA), and toxicological risk ranking methods (e.g. Hartwell, 1998; Péry et
al., 2002). Ecotoxicological assessment criteria for in vivo bioassays ((water and sedi-
ment (whole sediment and pore water)) and in vitro bioassays are described in the
next section. Assessment tools will also need to be developed for data derived from
bioassay directed water extract testing.

Water in vivo bioassays include techniques that use specific testing regimes and spe-
cies. Therefore for the purposes of developing background responses and assessment
values each technique will require separate review.

Methods for water in vivo bioassays currently in JAMP

Water /n vivo bioassays
The species recommended for water in vivo bioassays are:

o Copepod (Tisbe battaglii and Acartia sp); 48 h exposure using mortality as
the endpoint.

e Bivalves (Crassostrea gigas, Mytilus spp) embryos: 24 h exposure using Per-
cent Net Response as the endpoint.

e Sea urchin (Paracentrotus lividus): 24 h embryo exposure using percent
normal development and larval length as the endpoints.

The methodology for water bioassays is well developed and available through ICES
TIMES and/or OECD. Quality Assurance is provided via BEQUALM for the bivalve
tests and Tisbe assay.

In all water bioassays a control and positive control is used. The control is a “pristine
water” of known water quality and characteristic i.e. no contamination, full salinity,
appropriate pH and dissolved oxygen e.g. natural seawater from the Atlantic from
ICES reference station or Cape Wrath. The control water is used in all tests and test
animal response in all field and test samples are compared with the test animal re-
sponse in the control water. A positive control is always used in each experimental
design to assess the performance of the testing procedures, including the sensitivity
of the test organism. The positive control consists of the control water spiked with a
reference compound (usually Zn). A reference water may also be included for site-
specific programmes and may be considered as the control water for the sampling
area or region under investigation and ideally should give the same response as the
control water.
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The methodology for the extraction or concentration generally requires sample ma-
nipulation and/or concentration techniques, and clean-up using extraction proce-
dures analogous to those used in chemical analysis. These procedures and QA are
currently being developed and documents for ICES and OSPAR are being prepared
by the UK and NL. When they are fully in place it will be appropriate to develop the
background responses and assessment criteria for these techniques. This may be
progressed through the current ICES OSPAR framework.

Assessing the data

The data for water bioassays can be considered in much the same way as for sedi-
ment bioassays and the background response is defined as the upper level of natural
variation and can be determined as a percentile (for instance 90%) of the individual
responses (mortality or malformation) of the control water.

From experience in the UK, Netherlands and Spain the max background level re-
sponse is of the order of 10% for Tisbe sp and Acartia sp bioassays, 10% for sea urchin
and 15% for the bivalve embryo bioassay. These figures however need to be defined
and further established when further data becomes available (see also Table 3 below).
Above two times these values and up to 100% the bioassay response is categorized at
a level of serious concern (i.e. malformation and mortality is regarded as a serious
high level individual population response). Data in this response range should trig-
ger immediate follow up investigations. Responses between background and two
times background should be categorized as a cause for concern and prompting fur-
ther sampling in terms geographical spread and frequency of sampling (possibly
time-integrated water sampling). Responses at the serious concern level would initi-
ate further assay of the water test samples using a dilution series in order to quantify
the toxicity using a ECx (percent dilution causing a x% reduction in the endpoint) or
toxic units (TU=100/ECx) approach. A phased Toxicity Identification Evaluation (TIE)
can be conducted to further describe the nature of the toxicity or potential toxicants
present.

Preliminary assessment of background response level of available data
for water bioassays

A preliminary derivation of background response levels was attempted at the meet-
ing for the water bioassays using Tisbe bataglii, bivalve embryo and echinoderm em-
bryo. However, it should be noted that the raw data available at the meeting was
limited and only tentative background responses could be calculated. The data were
entered into a template (Table 2) and the following calculations made. Data from con-
trols were collected for several tests from different sources. When individual datasets
were obtained these were averaged per sample and listed in a databases with stan-
dard deviation. From resulting samples the averaged per lab/country was calculated
together with the 0.1, 0.5 (median) and 0.9 percentile. In case more datasets were
available the same was done with lab/countries datasets (Table 3).
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Table 2. Template of data available during the meeting used for calculations of background re-
sponses for water and whole sediment bioassays (Median, Min and max are optional).

TeST NAME OF THE TEST

reference Reference to the origin of the data
year Year of production
Country
lab Laboratory that performed the analyses
type Is it a control or other type of sample
Endpoint Type of measurement
unit
idnr Sample number within a dataset
Replicates Number of replicates
Result Average value of the control

MEDIAN MEDIAN OF THE INDIVIDUAL DATA
Min Minimum of the individual data
Max Maximum of the individual data
Stdv Standard deviation fthe individual exposures
Sed-ino Information about sediment properties

Table 3. Preliminary results of background response levels for water bioassays.

TEST LAB AVERAGE 0.1 PERC 0.5 PERC 0.9 PERC N
Mussel embryolEQV Control 14.1 12.0 13.5 16.5 3
TEST LAB AVERAGE 0.1 PERC 0.5 PERC 0.9 PERC N
Copepods
Tishe Cefas Control 1.3 0.0 0.0 5.0 28

Ecotoxicological assessment criteria for bioassays

Introduction and definitions

The standard for bioassays described and proposed is based on a recent internal re-
port produced by the Dutch Ministry of Transport, Public Works and Water Man-
agement/RWS (Maas et al., 2003) and is primarily intended as a step towards the
incorporation of biological effect assessment (bioassays in this case) into the CEMP,
as desired within OSPAR.

The following definitions and terminology are used.

Bioassays can be divided into in vivo and in vitro bioassays. A distinction can also be
drawn between broad-spectrum bioassays and bioassays based on a specific action
mechanism.

In in vivo bioassays, whole living organisms (including bacteria) are exposed to envi-
ronmental samples, or extracts of samples. The tests may be of short duration (lasting
several hours to several days), and designed to identify acute effects, or of longer du-
ration (days or months), to determine chronic effects. They can be carried out in a
laboratory or in the field (in situ). The effects noted, known as ‘endpoints’, are com-
pared with the endpoints of a control test. In vivo bioassays have been developed so
as to provide broad-spectrum analysis.
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In vitro bioassays are laboratory tests using prepared cells or sub cellular fractions
isolated from organisms or modified bacteria. These tests are mechanism-based. They
are of short duration (lasting from several minutes to several days), quick to perform
and small-scale.

Acute tests provide an initial screening, are of short duration and identify ‘crude’ ef-
fects, such as the death of the test organism. They simulate a ‘realistic worst-case’
scenario: a one-off, short-term exposure to relatively high concentrations of pollut-
ants.

Chronic tests are designed to emulate the actual situation more closely: longer expo-
sure (i.e. for a substantial proportion of the lifetime of the test organism) to lower
concentrations. Endpoints include reduced reproduction or growth in the test organ-
ism. Chronic tests are generally more sensitive, but they are also more expensive and
more complex in practice than acute tests.

The decision as to whether to perform an acute or chronic test will depend on the de-
gree of pollution in the compartment. In surface waters, for instance, acute effects can
be observed near point sources and after incidental adverse events; however, in salt
water and fresh water it is usually only possible to observe chronic effects. In cases
where neither chronic nor acute effects have been measured, but there is a need to
identify trends in toxicity or show the current level of toxicity, acute tests can be per-
formed on concentrates of surface water. However, it must be remembered that not
all substances can be concentrated to the same degree using the techniques available
(see also 5.3).

The advantages of acute tests are that several tests can be performed simultaneously,
that they produce rapid results, that a smaller sample volume is needed and that they
are generally cheaper. Water samples are also more constant in acute tests than in
chronic tests.

In vivo and in vitro bioassays each have their own specific strengths and weaknesses.
In vivo assays use the entire organism. The exposure situation in such tests is more
consistent with the actual situation than in tests where only parts of organisms are
used. Processes that play a role in toxicity, such as biological availability, metabolism
and bioaccumulation, can therefore be included.

The advantage of chronic in vivo bioassays is that they indicate potential longer term
effects. However, some chronic tests take a great deal of time, space, manpower and,
therefore, money. This applies particularly for larger, longer-lived organisms such as
fish. However, some chronic tests can be completed within a fairly short time and
cost little more than acute tests. They include growth inhibition tests on bacteria.

Preconditions and criteria for bioassays

To ensure their application and acceptance it is important that bioassays conform to
certain criteria and include factors such as relevance and reliability, for example.

The requirements for recommending a bioassay for JAMP purposes have been pro-
posed by ICES and are described above (Section 2) and must include inter and intra
laboratory Quality Assurance procedures. These are provided using agreed interna-
tional procedures and through BEQUALM and intercalibration exercises. Several fur-
ther requirements are listed and discussed below. The basic principle is that these
tools should allow the ecosystem to be protected as much as possible. The ideal set of
bioassays would be representative of all organisms and trophic levels in the ecosys-
tem in question and that the most sensitive species are used. The idea being that the
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ecosystem as a whole will be protected if a number of ‘trigger species’ from several
taxonomic groups are protected. Furthermore, in such an ideal situation, the response
from the set of bioassays should enable all possible substances to be covered, at both
the acute and the chronic level. The set should therefore also have the following
qualities:

Ecologically and/or toxicologically relevant

Relevance refers to the guarantee that the bioassay will measure the toxic and eco-
logical effect one is actually interested in. Relevance is determined, among other
things, by the test’s sensitivity, specificity and discriminatory capacity. Ideally the
measured effect should be ecologically relevant and if it is a species that is of ecologi-
cal/commercial importance then this would be an additional advantage. Bioassays are
‘merely’ a model of reality. The ecological relevance, in particular, of in vitro assays is
the subject of debate. We also know too little about how to link the effects at bioassay
level with real impacts on the aquatic system. Results from a combined set of bioas-
says (both in vivo and in vitro) might, however, provide a weight of evidence as to the
ecological relevance of the observed effects.

Representative of all organisms and trophic levels in the ecosystem in question

There is currently no bioassay that is representative of all organisms and trophic lev-
els. This means that a set of bioassays is always needed, to cover the ecosystem as
fully as possible. Ideally, this set would consist of bioassays for every class of organ-
ism: algae, bacteria, crustacea, mollusca, pisces, aves, etc. In line with the guidelines
used in chemical standard-setting — at least three or four different taxonomic groups,
at least one of which must be vertebrate — a set of at least three or four in vivo bioas-
says would be needed, one of which used fish.

Covering all effects of all possible substances and action mechanisms, both acute and chronic

In vivo bioassays are whole organism tests and therefore by definition respond in an
integrated manner to all the contaminants that are present in a test sample (i.e. tests
lack specificity but have high relevance). At the moment, there is no one in vivo bioas-
say that could be used to detect all possible mechanisms of toxicity and indeed no in
vitro bioassay that is capable of detecting all substances or possible action mecha-
nisms. The best way to address this issue is to use a set of in vivo and in vitro bioas-
says that cover as many different action mechanisms as possible (see also de Zwart
and Sterkenburg, 2002). However, some action mechanisms are not covered fully by
in vivo bioassays, either because the tests are less sensitive, or because the effect oc-
curs only after long-term exposure. This applies particularly to genotoxicity, immu-
notoxicity, hormone-disrupting effects and dioxin-like toxicity, as well as the initial
signs of neurotoxicity. Effects via these mechanisms are more likely to be detected
with in vitro bioassays.

Sufficiently sensitive, specific and discriminatory to predict effects

Some bioassays are very sensitive to very small quantities of contaminants in the
tested material. This is particularly true of in vitro tests, which can respond specifi-
cally to a particular contaminant or have specific modes of action. Sometimes, an ef-
fect found in an in vitro test cannot be replicated in an in vivo bioassay. In such cases,
the in vitro assay is probably too unspecific, so that it also responds to non-active sub-
stances present either naturally or otherwise in the matrix. The reverse also occurs: no
response in vitro, response in vivo. In this case, it might be that the in vitro bioassay is
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too insensitive, or that there has been a loss of compounds during the exposure or
processing of the environmental sample. In conclusion, all scenarios can be obviated
by using a battery of test methods, or, targeted bioassay use when prior knowledge of
the presence of a contaminant is suspected. The bioassay methods described above
(see 2) are well tried and intercalibrated and as such the inherent variability of the
endpoints of each assay is well documented. Therefore, it is possible to design sam-
pling and test strategies with adequate replication to provide good discriminatory
power between test samples.

Reliable and reproducible

The reliability or precision of a bioassay relies on its reproducibility within the same
laboratory, or in other laboratories (intra- and inter-laboratory reproducibility). Re-
producibility is determined by the stability of the bioassay. A standardized method
laid down in a protocol with validity criteria and control for modifying factors is es-
sential to a stable bioassay. All bioassay tests now use positive controls; this consists
of a standardized reference material, which is run alongside the test samples and en-
sures that the response of the assay organism and the conditions are valid for the test.

Availability of test species

For the widespread use and acceptance of a bioassay it is essential that the test organ-
ism is widely available geographically and that the species can either be collected
easily and cheaply from the wild or is easily cultured in the laboratory. Care also
needs to be taken to ensure that too much inbreeding in cultured organisms or sea-
sonality in wild collected organisms does not affect the response of the assay, but this
should be taken account of if positive controls are employed.

Clearly, when compiling a set of bioassays for assessing the quality of water one must
also take into account other financial and practical considerations. Further conditions
therefore include:

Financial

In general bioassays are not expensive (relative to other methodologies) and their
incorporation into the CEMP should not entail excessive cost. However it is not pos-
sible to specify any particular sum, but it is realized that expensive bioassay packages
that could include long-term exposure with chronic endpoints will have little chance
of successful introduction and should be confined to targeted and site-specific prob-
lems.

Laboratory availability

The introduction of bioassays into the CEMP will place major demands on the avail-
able laboratory capacity. This capacity should therefore ideally be expanded. There
should preferably be more contract laboratories that can routinely perform bioassays.
The bioassays recommended in the JAMP CEMP have well documented protocols
and the procedures are easy to learn and in most cases do not require expensive or
sophisticated equipment or capital expenditure. Current methods tend to be micro-
scale in operation, which by definition require less space and are more cost-effective.

Use of test animals

Society across Europe wishes to reduce the use of test animals, particularly verte-
brates like fish. This trend is only likely to strengthen in future. This automatically



ICES/OSPAR SGIMC REPORT 2010 [ 113

means that in vivo bioassays with invertebrate organisms are preferable, and that
more effort must be focused on the development of in vitro bioassays.

Availability of test and incorporation into metric

By no means all of the promising tests have been worked out to the extent that they
can be included in a set of biological effect instruments. The results of the CEMP bio-
assays in the set must of course be consistent with the proposed metrics.

Taking account of these extra conditions will allow a pragmatic set of bioassays to be
selected from the ideal, scientifically sound set of bioassays. Ideally this set should
include a minimum of three acute or chronic in vivo bioassays on at least three differ-
ent taxonomic groups, preferably not using vertebrates, and one or more in vitro bio-
assays.

Towards a normative framework for bioassays

The proposed framework for bioassays should preferably be generic, tying in readily
with existing policy frameworks and with national and international criteria. An en-
tirely new and unknown system would not be desirable. On the other hand, however,
it must be possible to estimate location-specific risks.

It is usually necessary, when conducting in vitro tests and rapid, acute in vivo tests on
surface waters, to produce a concentrate of the surface water. This is necessary be-
cause the concentration of contaminants in the bulk water is not acutely toxic, excep-
tions may be samples taken in estuaries or close to discharge points. Typically, a
seawater concentrate is a method whereby contaminants are selectively extracted
from a surface water sample (e.g. 100 litres) onto a medium; the medium is eluted
with an appropriate solvent, evaporated to a small volume which is subsequently
taken back up in seawater (e.g. 100 ml). In this example, a 1000 fold concentration of
extractable contaminants and dilutions of this concentrate are bioassayed. Working
with concentrates has a number of important advantages:

All kinds of disturbing factors are automatically removed from the test sample dur-
ing the extraction procedure. They include a high ammonium content, salinity, a high
or low pH value, any ion imbalance and hardness. The great advantage is that all wa-
ter types — fresh water, salt water or brackish water — can be tested using the same
(fresh-water or salt-water) methods. This allows one to obtain a picture of the entire
OSPAR Convention area, for example, and to compare all locations. Concentrates can
be diluted again, so it is almost always possible to obtain a quantitative measure of
the toxicity. Using a selective extraction method allows one to determine the cumula-
tive effect of an entire group of substances with the same action mechanism, such as
substances with an estrogenic effect.

Bioassays conducted on surface water samples generally use a small sample volume,
typically 20-100ml taken from a discrete water sample of say two litres. Water extrac-
tion procedures require a larger sample volume (e.g. 100 litres) which can be re-
garded as a more representative and integrated sample. Furthermore, a greater
integration can be achieved by taking samples over time, and subsequently bulking
the water samples prior to extraction.

A major advantage of water extraction techniques is that a positive bioassay response
can be followed up by bioassay led TIE (Toxicity Identification Evaluation; USEPA
1991 and 1993) procedures. This is a procedure whereby a targeted bioassay response
and targeted analytical chemistry can be used to identify the type or, in some cases
the specific compound causing the reduced water quality.
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There are also drawbacks, however. Usually only a proportion of the substances are
extracted and the efficiency of the extraction process will depend on the medium and
solvent used. Metals, in particular, tend to get left behind in the current procedures.
This restricts our view of the total toxicity of the surface water, forcing us to overlook
the combined effects of several substance groups with different action mechanisms,
such as metals and organic micro pollutants. The current extraction methods would
appear to be broad enough for organic micro pollutants. If not, two extracts can be
mixed together, broadening the range of extracted substances. Passive samplers
should be considered for the assessment of contaminant concentrations in water (re-
placing water samples); extracts from passive samplers could then be used for acute
in vivo bioassays and in vitro bioassays. This approach could be used to detect the
presence of new chemicals in areas selected for such monitoring. For more discussion
of extraction methods, see ICES 2005.

Chronic in vivo bioassays would seem to be most suited to site-specific assessment
and comparison with the field situation. Long-term exposure without concentration
gives the most ecological realistic estimate of possible effects in the field. Appropriate
acute bioassays, such as fertilization and embryo development tests, can be a quick,
cheap alternative, as can in vitro tests.

Availability of test and incorporation into metrics

Not all of the promising bioassays have been established to the extent that they can
be included in a set of biological effect instruments. The results from the CEMP bioas-
says in the set must of course be consistent with the proposed metrics. Taking ac-
count of these extra conditions will allow a pragmatic set of bioassays to be selected
from the ideal, scientifically sound set of bioassays. Ideally, this set should include a
minimum of three acute or chronic in vivo bioassays on at least three different taxo-
nomic groups, preferably not using vertebrates, and one or more in vitro bioassays.

Assessment framework: metric and criteria

Experience in the Netherlands

The premise of the effects-oriented track for water and sediments is that exposure to
substances should not result in “adverse” effects on humans and ecosystems. The
metric should therefore be consistent with the environmental risk limits (ERLs) for
individual substances. Initially, the ERLs applying in the Netherlands were selected:
serious risk (SR), maximum permissible risk (MPR) and negligible risk (NR). How-
ever, the term ‘risk’ is too strongly associated with the derivation of risk limits for
single substances based on simple toxicity tests. The following new terms are there-
fore proposed:

e negligible effect (NE)
e maximum permissible effect (MPE)
e serious effect (SE)
The criteria for water and sediment (i.e. the details of the metric) are set out below,

for both in vivo and in vitro bioassays. A schematic representation of the metrics is
shown in Figure 1.
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Proposed metric and criteria for use of /n vivo bioassays

For the scaling of the results of these bioassays, a metric consistent with the NR-MPR-
SR concept has been chosen: the NE-MPE-SE metric. Two points should however be
noted regarding consistency with standards for individual substances:

a) Concerning the method: the same methods have been used for the metric
as for substance standards, as described in the RIVM report ‘Guidance
Document on Deriving Environmental Risk Limits (Traas, 2001):

i) if NOEC values are present for four or more taxonomic groups, refined
effect assessment is used. This uses species sensitivity distributions
(SSDs) based on the method according to Aldenberg and Jaworska
(2000). The criterion for the MPR (or MPE in this case) is the 95% pro-
tection level, or PAFs (PAF = potentially affected fraction);

ii) if this condition is not met, preliminary effect assessment is performed,
using ‘assessment factors’. These factors range from 10 to 1000, de-
pending on the nature of the study-acute or chronic-and the number of
ecotoxicity data.

The same methods are thus used in the metric for bioassays proposed here,
the actual choice of method depending on the number of chronic data avail-
able. It should be noted that the assessment factors for the preliminary effect
assessment are applied differently in the metric, though the principle is the
same.

b) As regards the factor for MPE/SE: a factor 100 is used to derive the SR for
individual substances from the MPR. This factor was chosen because many
substances are often found together in the environment, and it takes ac-
count of the possible effects of combined toxicity (INS Steering Group,
1999). In bioassays, where samples from the field are used, this effect has
already been taken into account, and a factor 10 can be used for converting
MPE to SE.

There are also a number of essential differences between in vivo bioassays with
aquatic organisms and with sediment dwellers, which have implications for the met-
ric:

e insediment, unlike in fresh water, it is virtually only possible to use chronic
tests;

e itis possible to use dilutions for both surface water and sediment, based on
the undiluted or untreated sample (the ‘as is” sample). However, unlike
sediment, a water sample can be concentrated, for example with a 1:1 mix
of XAD-4 and XAD-8 (de Zwart and Sterkenburg, 2002). Using this tech-
nique on water samples makes it easier to scale up the results of in vivo
bioassays using aquatic organisms to the ‘full’ metric NE-MPE-SE (so in-
cluding SE).

Standard for in vivo bioassays for surface water

Method 1. Standard with ‘preliminary effect assessment’ (Cf = concentration factor
compared with the untreated sample (original water sample); this can be seen as the
‘assessment factor’ applied in the case of three acute or chronic tests from different
taxonomic groups).

The table below details the metrics for surface water.
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ACUTE TESTS

NE (negligible effect) in 3 acute tests effect = 0 (in practice < EC50), Cf = 100
MPE (maximum permissible effect) in 3 acute tests effect = 0 (in practice < EC50), Cf = 10
SE (serious effect) in 1 acute test effect> EC50, Cf = 10

or
in 2 acute tests EC20< effect < EC50, Cf= 10

CHRONIC TESTS

NE (negligible effect) in 3 chronic tests effect = 0, Cf = 10
MPE (maximum permissible effect) in 3 chronic tests effect=0,Cf=1
SE (serious effect) in 1 chronic test effect=> EC50, Cf= 1

or
in 2 chronic tests NOEC < effect < EC50, Cf=1

EC50 = Mean effective concentration, produces a 50% effect in the bioassay

NOEC = no-observed-effect concentration

Method 2. Standard with ‘refined effect assessment’ (PAF approach; see Figure 2)
The method works as follows:

e At least 4 chronic values for different taxonomic groups must be available.

e Both acute and chronic bioassays can be used.

e Results of acute tests are expressed as the concentration factor necessary to
reach a 50% effect in the bioassay. These results are transformed into a
chronic value by applying an acute-chronic ratio (ACR) of 10. (de Zwart
(2002)).

e For chronic values a species sensitivity distribution is assessed following a
log-logistic distribution (Traas (2000).

e The extent to which the PAF5 (for the MPE) and PAF50 (for the SE) are ex-
ceeded in the undiluted Cf=1 sample is determined.

In order to determine the NE, the Cf (associated with the MPE (PAF5)) is defined and
divided by 10. This gives the concentration factor at which the NE acts. This result is
compared with the results of the undiluted sample in order to determine whether this
conforms to the MPE or the NE.

Standard for /n vivo bioassays for sediment (whole sediment/pore water)

The standard is as follows:

e Only MPE and SE levels are inferred. This is due to practical issues associ-
ated with concentrating sediments.

e To determine the MPE at least three chronic tests must be available, includ-
ing at least two ‘whole sediment’ tests.

e As for surface water, the MPE is: in three chronic tests effect = 0. If a nega-
tive effect is measured in at least one of three chronic tests, the MPE is ex-
ceeded

e The SE level is reached when an effeceEC 50 is measured in one chronic
test (on the ‘as is” sample), or an effect between NOEC and ECso in two
chronic tests.
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The MPE on the metric for both surface water and sediment thus corresponds to the
level at which no effect is measured in three chronic tests with different taxonomic
groups on the ‘as is’” sample (Cf = 1). On the basis of three acute tests the MPE corre-
sponds to the level at which no effect (in practice<ECso) is measured when the sample
is concentrated by a factor 10 (Cf = 10) relative to the “as is” sample. This factor 10 is
based on the ACR of 10 (see above). The SE has been derived only for surface water
and not for sediment, as it is not possible to concentrate the sediment sample.

The above presentation of a metric for in vivo bioassays in surface water states no
preference for the use of acute or chronic bioassays. A metric has been developed for
both types. The choice of chronic or acute will depend partly on the specific circum-
stances at the locations studied: the compartment to be assessed, knowledge of the
degree of pollution, etc. A choice will therefore have to be made for each type of
study and compartment. In this choice, the advantages of acute tests will often out-
weigh the drawbacks. For instance, chronic effects are sometimes difficult to observe
even in concentrates. It is easier to conduct several acute tests simultaneously. Fur-
thermore, the shorter duration of acute tests means the composition of the matrix
(water) is more constant, an issue that has proven problematic in chronic tests. If the
choice of more acute tests or more chronic tests depends on cost, in our experience
the first option is generally preferred (more acute tests, with other organisms or other
taxonomic groups).

It is possible to illustrate how the metric for surface waters works in practice on the
basis of a 1996 study of the toxicity of surface water in Dutch waters at 15 locations
(de Zwart and Sterkenburg, 2002). Acute toxicity tests were performed with five in
vivo bioassays: the Microtox assay, an algal photosynthesis test using Selenastrum ca-
pricornutum, the Rotox test, the Thanmotox test and the Daphnia IQ test. A PAF curve
was fitted after the acute EC50 values were extrapolated to chronic NOEC values
with a factor 10. Although de Zwart and Sterkenburg (2002) estimated the toxicity of
the original water sample using the pT method (pT: toxic potency, or the PAF of the
undiluted water sample), it is also possible to deduce from their results whether the
MPE or SE was exceeded.

Another example of toxicity-based assessment is illustrated in Table 1. Water samples
from the surface water monitoring programme of the Western Scheldt estuary (NL)
in the period 2000-2005 were extracted using XAD extraction method (de Zwart and
Sterkenburg, 2002). This is necessary to achieve an extract in which acute toxicity can
be measured. The matrix of the samples is displaced by a standardized medium.
Noise effects from for instance nutrients or salt concentrations are removed in order
to decrease the number of false positive effects. The extracts were assayed with three
different bioassays. To interpret the test results it is important to set criteria for ac-
ceptable effects in the undisturbed sample, as explained in $5.4. Table 1 shows the
results of a preliminary effect assessment using the test results of the three bioassays.

Table 1. Indication of toxicity in surface water of the Western Scheldt estuary on basis of three
different bioassay responses allowing a preliminary effect assessment as proposed in Maas et al.,

2003).
LOCATION DATE CF (ECF50)* CF (MTE)
Daphnia Algae Microtox (from PAF5)
SvOD-1 12-2-00 42 20 19
SvOD-2 9-4-00 28 16 24
SvOD-3 11-6-00 54 2.4 23
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SvoD-4 2-8-00 56 3.5 35
SvOD-5 17-10-00 96 4.5 62
SvOD-6 15-12-00 87 9 31
SvOD-1 13-01-05 95 20 27
SvOD-2 9-03-05 87 30 29
SvOD-3 2-05-05 127 17 43
SvoD-4 27-6-05 197 14 44
SvOD-5 23-8-05 251 10 38
SvOD-6 19-10-05 94 12 70
W.Scheldt Vlissingen 4-6-03 416 52 15 2.0
W Scheldt Honte 4-6-03 180 56 38 3.2
W Scheldt Terneuzen 4-6-03 403 28 57 4.0
W Scheldt Hansweert 2-6-03 243 16 84 17.2
W Scheldt Boei s.v W03 2-6-03 271 15 97 3.2
Scheldt Bath 3-6-03 271 9 52 1.8
Schaar vo Doel (SvoD) 3-6-03 92 9 50 1.6
Scheldt Antwerpen 18-6-03 144 2 23 .

corrected for recovery
Expected chronic effect in surface water:
green = negligible effect (NE)

yellow = NE<effect< maximum permissible effect (MPE)

Proposed metric and criteria for use of in vitro bioassays

There are several ways of devising a metric for in vitro bioassays. Two approaches are
regarded as promising:

e Divide Dutch surface waters or sediment into ‘clean’ and polluted loca-
tions on the basis of existing measurements taken in in vitro bioassays. The
SE is then the average maximum found at locations assumed to be ‘clean’.
This by analogy with the CTT value for DR-CALUX for the distribution of
saline dredged material (Stronkhorst et al., 2001). This value (50 ng
TEQ/kg) has been derived from criteria for PCBs and dioxins applying in
other countries and observed effects in reference sediments in Dutch
coastal waters.

e Regard in vitro bioassays as exposure assays, with a response caused by a
substance (or group of substances) that triggers the assay. An MPE (or
TEQ-MPE) can be calculated via a link to substances on the basis of MPR
and SR values for this substance.

A combination of these two approaches would probably be the most realistic, with
the first serving to test the derived TEQ-MPE and TEQ-SE.

Another, more complex, approach to producing a metric would be to base it on levels
of substances in biological tissue. This is a particularly interesting approach for in
vitro bioassays that respond to compounds that accumulate in the food chain, such as
the dioxin-like compounds measured in the DR-CALUX test, as it takes into account
transfer in the food chain. Furthermore, the shifts that occur in the relative content
and significance of such substances in the water—sediment—organism—predator
chain are also taken into account. The advantage of this approach is that it is good at
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predicting the risks to groups of predators or organisms (it has high ecological rele-
vance). Building on this, a metric might also be developed for extrapolation to the
ecosystem, taking account of the shift in accumulation patterns at higher trophic lev-
els. Conclusions as to local risks at ecosystem level could be drawn on the basis of the
in vitro bioassay response in sediment. Such a metric could be established after long-
term research, but it would remain limited to a particular food chain in a single area.
Although we probably do not yet have the knowledge required to develop a metric in
this way, and it would probably not be feasible to apply such an approach to all the
different areas and food chains in the OSPAR maritime area, it should not be aban-
doned entirely. Given the ease of extrapolation to ecosystem level, it is important that
we retain this option for the future.

Experience in the UK

The oyster embryo bioassay has been used widely for the measurement of water
quality. Surveys in the early 1990s showed no adverse water quality offshore and oc-
casional instances of poor water quality in some UK estuaries. Recent surveys have
only been conducted in estuaries. The range of response measured is Percent Net Re-
sponse (PNR); values range from 0 to 100, where 100 indicates that no oyster embryos
developed. A value of 20 or more PNR is regarded as an adverse but negligible effect,
a value of between 50 and 80 cause for concern (maximum permissible effect) and in
excess of 80 a serious effect. PNR values of between 20-50 have been measured in
some UK estuaries but repeated sampling has shown the poor water quality to be
transitory.

Over the past six years trials have been conducted using water extraction techniques.
Initially these were conducted using a hexane liquid-liquid extraction technique
(Thain et al., 1996). More recently SPMD extraction procedures have been used suc-
cessfully (Thomas et al., 1999; 2000) and we have developed a battery of bioassay
tools to use which include; bivalve embryo development, Tisbe bioassay, echinoderm
larval development, fish embryo survival, phytoplankton growth and a number of in
vitro bioassays, YES and YAS oestrogen screen and the Ahr receptor-based assay. The
data has not yet been published but assessment of the water quality results show that
Contaminant Concentration Factors (CCF i.e. the concentration of the contaminants in
a water sample required to elicit an EC50) are generally;

e >1000 at distant offshore station such as the ICES Reference Stations;

e 500-1000 offshore stations such as the western English Channel;

e 200-500 intermediate stations;

e 50-200 inshore stations;

e 10-50 coastal stations and estuaries;

e >10 only observed in estuaries.
The use of these bioassays and water concentration techniques is in development and
therefore no assessment framework has been established. However, it is clear that the
procedures permit water quality to be assessed and mapped but that this has to be

interpreted within the limitations and restrictions of the chemical process (see 5.3
above).

Conclusions

e  Water in vivo bioassays are available for immediate deployment within the
OSPAR JAMP CEMP. These bioassays have been recommended by ICES
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and are of sufficient standing in terms of methodological development,
ease of use and application for uptake across the whole OSPAR area. Qual-
ity assurance procedures are in place for most of the bioassays and are
provided for by BEQUALM. Therefore bioassay data can be submitted to
the ICES database for subsequent assessment as appropriate by
ICES/OSPAR.

e Bioassays should be deployed as a “battery of tests” and should include a
minimum basic set, possibly of three or more. However, the composition
of what the set needs to comprise of requires further work. The range of
bioassays needs to be expanded to include all trophic levels and phyla
such as echinoderms.

e The sampling strategy and design of water quality monitoring for spatial
and temporal monitoring purposes needs to be clearly defined and in par-
ticular the role of water concentrates. In this respect there is an important
need to develop and validate appropriate protocols for extraction methods
and subsequent in vivo and in vitro testing.

e Background response levels and assessment criteria for water bioassays
currently in JAMP are available.
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Figure 1. Summary of the metrics based on in vivo bioassays for surface water and sediment, and
on in vitro bioassays (ACR: acute-chronic ratio; PAF: potentially affected fraction).
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Annex 10: Acetylcholinesterase as a method for assessing neurotoxic
effects in aquatic organisms

Version date: 29 January 2010.
Compiled by: Thierry Burgeot!, Joelle Forget-Leray? and Gilles Bocquené!

1Ifremer laboratory of ecotoxicology, BP 21105, 44311 Nantes, France
2LEMA, Le Havre University, Rue P. Lebon, 76, Le Havre, France

Background

The analysis of acetylcholinesterase (AChE; EC 3.1.1.7) activity in marine organisms
has been shown to be a highly suitable method for assessing exposure to neurotoxic
contaminants in aquatic environments. In general, the methods developed are sensi-
tive to detect neurotoxic effects of contaminant concentrations occurring in marine
waters. AChE activity method is applicable to a wide range of species and has the
advantage of detecting and quantifying exposure to neurotoxic substances without a
detailed knowledge of the contaminants present. As applied in human medicine,
AChE activity is a typical biomarker that can be used in in vitro bioassays and field
applications.

AChE is present in most animals and is responsible for the rapid hydrolytic degrada-
tion of the neurotransmitter acetylcholine (ACh) into the inactive products choline
and acetic acid. AChE has highest specificity for ACh of any other choline ester, while
butyrylcholinesterase has the highest specificity for butyrylcholine. The inhibition of
AChE leads to an accumulation of ACh which, in turn, over-stimulates sensitive neu-
rons at the neuromuscular junction which results in tonic spasm and tremors. The
presence of AChE has been demonstrated in a variety of tissues of marine organisms
including muscle and brain tissue of fish, adductor muscle, foot tissue, haemocytes
and gills of shellfish, and abdominal muscle of crustaceans (Bocquené and Galgani,
1998). The highest activities have been found in the brain and muscle of fish and in
the muscle of prawn. Molluscs in general show low activity (Bocquené et al., 1998). In
vertebrates, neurotoxic poisoning with hyperactivity, tremors, convulsions and para-
lysis may finally lead to death.

Being an indicator of neurotoxic effects, AChE has traditionally been used as a specif-
ic biomarker of exposure to organophosphate and carbamate pesticides (e.g. Coppage
and Braidech, 1976; Day and Scott, 1990; Bocquené and Galgani, 1998; Printes and
Callaghan, 2004; Hoguet and Key, 2007). More recently, its responsiveness has been
demonstrated to various other groups of chemicals present in the marine environ-
ment including heavy metals, detergents and hydrocarbons (Zinkl et al., 1991; Payne
et al., 1996, Guilhermino et al., 1998; Forget et al., 1999; Brown et al., 2004). Its useful-
ness as a general indicator of pollution stress in mussels from the Baltic Sea has re-
cently been suggested and it has been used for this purpose (Schiedek et al., 2006;
Kopecka et al., 2006, Barsiene et al., 2006).

The existence of extremely low thresholds for induction of inhibitory effects on AChE
suggests that detection is possible after exposure to low concentrations of insecticides
(0.1 to 1 pgl'; Habig et al., 1986).

Confounding factors

It is important to know the natural limits of variability of AChE activity in the species
of interest to assess the significance of the observed depression in activity. A number
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of factors are known to affect the level of AChE activity, knowledge of possible varia-
tions related to sex, size, state of gonadal maturation and the influence of seawater
temperature should be systematically determined. AChE activity of juveniles of Cal-
lionymus lyra in the Atlantic sea and in Serranus cabrilla in the Mediterranean Sea is
higher than that of adults but no differences were determined between males and
females in Limanda limanda in the Atlantic Ocean (Galgani and Bocquené, 1992).

Different biotic and abiotic factors are known to modulate AChE activity, including
trace metals (cadmium copper, mercury, zinc) and variation of natural factors, i.e.
seawater temperature and salinity (Pfeifer et al., 2005; Leini6 and Lehtonen, 2005;
Rank et al., 2007). In Mytilus edulis and Macoma balthica from the northern Baltic Sea,
mean values of AChE values vary ca. twofold depending on season, following closely
changes in temperature (Leinié and Lehtonen, 2005). Seasonal variability has also
been shown as different responses to natural factors in coastal areas compared with
offshore sites (Dizer et al., 2001; Burgeot et al., 2006; Bodin et al., 2003). The presence of
and exposure to biotoxins or cyanobacteria/cyanobacterial extracts (Nodularia spumi-
gena) in mussels has been demonstrated to affect AChE activity (Dailianis et al., 2003;
Lehtonen et al. ,2003; Frasco et al., 2005; Kankaanpaa et al., 2006). Anatoxins produced
by algal blooms of cyanobacteria such as Microcystiis aeruginosa, Anabaena flos-aquae
and Aphanizomenon flos-aquae have been reported to be strong AChE inhibitors. To
avoid confounding factors, it is recommended that the presence of any algal blooms
and their identity should be noted when the samples are collected.

The hormone 20-hydroxyecdysone is the primary mechanism controlling molting in
crustaceans and has been positively correlated with neurological activity (i.e. AChE)
e.g. in Artemia franciscana (Gagne and Blaise, 2004). Molting rate increases with the
development, specifically peaking at the juvenile stage. The subsequent decline in
AChE may also be explained by reduced molting frequencies in adults.

The process and mechanisms of biological response in each organism require further
investigation in specific habitats with specific chemical contamination. The mussel
Mytilus galloprovincialis shows a great heterogeneity of esterases and a particular sen-
sitivity to specific components such as paraoxon (Ozretic and Krajnovic-Ozretic, 1992;
Brown, 2004).

Enzymatic polymorphism has also been demonstrated in the oyster Crassostrea gigas,
and two forms of AChE with different sensitivity to paraoxon have been described
(Bocquené et al., 1997). Thus, extraction of the sensitive form now identified in some
organisms would provide greater precision for determination of AChE enzymatic
activity than would an overall measurement of acetylcholinesterases.

Exploration of genetic variability and the influence of environmental factors on spe-
cific habitats should lead to a better distinction between natural and pollutant effects.

Ecological relevance

AChE inhibition results in continuous and excessive stimulation of nerve and muscle
fibre, producing tetany, paralysis and death. Sublethal exposure affecting AChE can
alter the animal’s behaviour and locomotive abilities, potentially affecting reproduc-
tion, fitness and survival. Evidence of AChE activity modulation by organic chemi-
cals, including fuel oil, has been described in marine organisms including crustaceans
(Signa et al., 2008). The evaluation of the variations of AChE activity in different spe-
cies allows characterization of neurotoxic effects of a wide spectrum of organic and
inorganic contaminants in the marine environment.
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Quality assurance

The large experience acquired in conducting AChE measurements in the field makes
it possible today to evaluate the effects of diffuse contamination in some marine or-
ganisms sampled in the Atlantic Ocean, the Baltic Sea and the Mediterranean Sea.

A microplate assay technique established for in vitro detection of AChE inhibition
(Bocquené and Galgani, 1998) has been applied in the monitoring of coastal and off-
shore waters. This technique has a specific sensitivity comparable with chemical
analyses with a detection limit of 100 ng.L for carbamates and 10 ng.L-! for organo-
phosphates (Kirby et al., 2000).

Standardisation of the sampling strategy and regular intercalibration exercises on
specific organisms sampled in the Atlantic Ocean, Mediterranean and the Baltic Sea
are still necessary before using AChE in routine pollution monitoring.

No formal quality assurance programmes are currently run within the BEQUALM
programme but one major intercalibration exercise was carried out during the BEEP
project (Biological Effects of Environmental Pollution in marine coastal ecosystems,
EU project EVK3-2000-00543) in 2002.

Background responses and assessment criteria

Baseline levels of AChE in different marine species have been estimated from results
derived from French studies in the Atlantic Ocean, the Mediterranean and the Baltic
Sea (Table 1).

Therefore, in order to understand and apply the AChE enzymatic activity as a bio-
marker of neurotoxic exposure it is of fundamental importance to gain information
on the natural background levels in non-contaminated organisms during at least two
seasonal cycles. The baseline level (35 nmol.min' mg prot?) of the seasonal cycle of
the mussel Mytilus edulis studied during three years along the Atlantic coast demon-
strated a maximum of amplitude of 30% (Bocquené et al., 2004).

Generally it has been accepted that 20% reduction in AChE activity in fish and inver-
tebrates indicates exposure to neurotoxic compounds. Depression in AChE activity
more than 20% up to 50% indicates sublethal impact (Dizer et al., 2001). In the field,
several species have baseline AChE activities within the same order of magnitude
among different studies/measurements (Table 1). However, differences between sea
areas and seasons are obvious, with values activity values in Mytilus spp. varying
from 25 to 54 nmol min mg protein.
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Table 1. Assessment of acetylcholinesterase after in vivo exposure to commonly used biomonitor-
ing organisms. The table summaries a number of field studies that have utilized commonly de-
ployed species collected from reference locations.

ORGANISMS TISSUE REFERENCE EXPOSURE TEMPERATURE  BACKGROUND REF.
LOCATION OR TIME °C OR MONTH RESPONSE
CONTROL ACHE
CONDITIONS ACTIVITY
NMOL.MIN
MG PROT®
Hexaplex Digestive gland Field 60 Romeo et al.
trunculus Mediterranean (2006)
sea
Nereis diversicolor | Whole organism Field 20 Scaps and
Borot (2000)
Macoma balthica | Whole organism Field Baltic Sea 40 Lehtonen and
Leinio (2003)
M. edulis Gills Cagingin field 3 weeks 5 25 Burgeot et al.,
North Sea 2006
Myftilus Gills Caging in field September 28 Bodin etal,
Zalloprovincialis Mediterranean 2004
sea
Myftilus Gills Caging in field April 54 Bodin et al,
gallorpovincialis Mediterranean 2004
sea
Myftilus edulis Gills Wild mussels 35 Bocquené et
Atlantic ocean al, 2004
Maia verrucosa Whole organism 86 Talesa et al.
(1992)
Palinurus vulgaris | Whole organism 21 Talesa et al.
(1992)
Carcinu maenas Hemolymph 200 Lundebye et
al. (1997)
Chasmagnathus Thoracic ganglia 1750 Monserrat
granulata and Bianchini
(1998)
Palaemonetes Whole organism 57 Key and
pugio Fulton (2002)
Litopenaeus Muscle 6 Garcia-de la
vannamei Eyes 23 Parra et al.
(2006)
Crangon crangon Cephalothorax 50 Menezes et
al. (2006)
Squilla mantis Whole organism 34 Talesa et al.
(1990)
Artemia salina Whole organism 3 Varo et al.
(2002)
Artemia Whole organism 4 Varo et al.
parthenogenetica (2002)
Nunes et al.
(2006)
Paracentrotus Ambulacra 47 Cunha et al.
lividus (2005)
Polybius henslowii Field Spain In situ 45 Signa et al.,
2008
Trigriopus Whole organism Field France In situ 300 Forget et al.,
brevicornis 2001
Eurytemora affinis | Whole organism Field France In situ 750 Cailleaud et
estuary al. (2007)

Vertebrates
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ORGANISMS TISSUE REFERENCE EXPOSURE TEMPERATURE  BACKGROUND REF.
LOCATION OR TIME °C OR MONTH RESPONSE
CONTROL ACHE
CONDITIONS ACTIVITY
NMOL.MIN2
MG PROT
Plathichthys Muscle Field Baltic sea In situ 6.6 50 Kopecka J.
flesus and
PemkowiakJ.,
2008
Plathichthys Muscle Field Baltic sea In situ 22 103 Kopecka J.
flesus and
PemkowiakJ.,
2008
Serranus Cabrilla Field In situ 20 89 Diezer et al.,
Mediterranean 2001
sea
Acanthurus Field In situ 26 220 Galgani et al.,
Bahianus Caribbean and 1996
Atlantic ocean

Future work

Consensus is required on a standardized AChE measurement protocol for the main
species currently used in marine biomonitoring programmes (OSPAR, HELCOM,
MEDPOL and MSFD).

Further information should be gathered to confirm baseline activity levels in specific

habitats.

Assessment criteria (background activities need to take account of seasonal (tempera-

ture) patterns of Ache activity (See ICES/OSPAR SGIMC 2010 report).
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Annex 11: Micronucleus assay as a method for assessing DNA
damage in marine organisms

Version date: 29 January 2010.

Author: Brett Lyons

Background

Micronuclei are acentric fragments of chromosomes or whole chromosomes which
are not incorporated into daughter nuclei at anaphase (Al-Sabti and Metcalfe, 1995).
A micronucleus (MN) arises due to either spindle apparatus malfunction or chromo-
somal fragmentation. The lagging or whole/fragmented chromosome then form a
secondary small nucleus (MN) during the telophase stage of the cell cycle. Scoring
MN during interphase then provides a measure of genotoxicity. Due to the fact that
MN may arise from fragmented or whole chromosomes, their measurement can indi-
cate exposure to either clastogenic or aneupoidy inducing contaminants (Figure 1).

The MN assay was first developed as a routine in vivo mutagenicity assay for detect-
ing chromosomal mutations in mammalian studies (Heddle, 1973). Hooftman and de
Raat (1982) were the first to successfully apply the assay to aquatic species when they
demonstrated the induction of micronuclei in erythrocytes of the eastern mudmin-
now (Umbra pygmaea), following waterborne exposure to the known mutagen ethyl
methanosulphate (EMS). Since these initial experiments other studies have validated
the detection of micronuclei as a suitable biomarker of genotoxicity in a wide range of
both vertebrate and invertebrate species (for review see Chaudhary et al., 2006; Ud-
roiu et al., 2006). While most studies have utilized circulating erythrocytes, cells can
be sampled from a number of tissues, such as gill epithelium, liver (BarSiené et al.,
2006), digestive gland and kidney (ref).

The application of the assay to blood samples of fish is particularly attractive due to
the ease of sampling and the number of assessable cells present.

However recent studies have demonstrated that the frequencies of MN may differ
between tissues and species (BarSiené et al., 2006). The frequencies of micronucleated
erythrocytes sampled from peripheral blood and cephalic kidney differed and the
authors proposed the hypothesis that species such as cod and turbot remove micro-
nuclei from the peripheral circulation via their spleen. This phenomenon has also
been recognized in mammals and has led to the Organization for Economic Coopera-
tion & Economic Development (OECD) statement “any appropriate mammalian spe-
cies may be used provided it is a species in which the spleen does not remove
micronucleated erythrocytes” (OECD, 1997).

Scoring of micronuclei

When selecting a test species, consideration must be given to its karyotype as many
teleosts are characterized by an elevated number of small chromosomes (Udroiu et al.,
2006). Thus, in certain cases micronuclei formed after exposure to clastogenic con-
taminants will be very small and hard to detect by light microscopy. This can be ad-
dressed to a certain extent by using fluorescent staining. After selecting suitable
species, researchers should also ensure that other factors including age, sex, tempera-
ture and diet are similar between the sample groups. If conducting transplantation
studies, consideration needs to be given to the cellular turnover rate of the tissue be-
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ing examined to ensure sufficient cells have gone through cell division. For example,
if using blood the times of erythropoiesis should be known prior to sampling. After
sampling, slides should be coded and “blindly” scored. The area to be scored should
first be examined under low magnification to select the part of the slide showing the
highest quality (good staining, non overlapping cells). Scoring of micronucleated cells
should then be undertaken at 1000x magnification. Previous reviews have suggested
that when using fish erythrocytes at least 2000 cells should be scored per animal (Ud-
roiu et al., 2006).

Diagnostic criteria for micronuclei identification were developed for micronucleus
scoring according to several authors:

e The diameter of fish micronuclei varies between 1/10th and 1/30th of the
mean diameter of the main nuclei.

e Micronuclei are non-refractile and can therefore be distinguished from ar-
tefacts such as staining particles.

e  Micronuclei are not connected to the main nuclei.

e Micronuclei may touch but not overlap the main nuclei and the micronu-
clear boundary should be distinguishable from the nuclear boundary.

e Micronuclei usually have the same staining intensity as the main nuclei but
occasionally staining may be more or less intense.

Background responses and assessment criteria

MN frequency lower than 0.05%. (the Baltic Sea) and lower than 0.1%. (the North
Sea) could be suspected as a reference level in the peripheral blood erythrocytes of
flatfish (Rybakovas et al., 2009).

Background levels of micronuclei in marine species derived from field reference sites
or control laboratory conditions are summarized in Table 1.
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Table 1. Reported background (field reference sites or control laboratory conditions) levels of MN

in marine species.

SPECIES TISSUE ENDPOINT EXPOSURE RESPONSE REF.
M. edulis Haemolymph ~ MN/1000 Lab control <5 Canty etal.,, 2009
cells
M. Haemolymph  MN/1000 Field sites <5 Burgeot et al., 1996
galloprovincialis cells
M. Haemolymph  MN/1000 Field sites <2 Dailianis et al., 2003
galloprovincialis cells
M. Haemolymph ~ MN/1000 Field sites 1.43-15 Klobucar etal, 2008
galloprovincialis cells
M. Gill MN/1000 Field sites <3 Dailianis et al.,, 2003
galloprovincialis cells
M. Gill MN/1000 Lab control 290+ 1.24  Scarpato etal, 1990
galloprovincialis cells 6.75 +
1.97
M. Gill MN/1000 Field control 2.94-4.25 Magni etal., 2006
galloprovincialis cells
M. edulis Gill MN/1000 Field reference 1.2-2.72 Barsiené et al., 2006
cells
M. edulis Gill MN/1000 Field reference 1.42-5.75  lzquierdo et al, 2003
cells
M. Gill MN/1000 Field reference =5 Nigro et al., 2006
galloprovincialis cells
Dicentrarchus Erythrocytes MN/1000 Field reference 1.25+ Strunjak-Perovic et
labrax cells 1.97 al, 2009
Mugilspp. Erythrocytes MN/1000 Field reference 2:04 +
cells 4.41
P, flesus Erythrocytes MN/1000 Field reference (Swedish 0.04-0.05 Barsiené etal., 2006
cells West coast)
P, flesus Erythrocytes ~ MN/1000 Field reference (Baltic) 0.19-0.32  Rybakovas etal.,
cells 2009
Limanda limanda  Erythrocytes ~ MN/1000 Field reference (Baltic) 0.13-0.15
cells
L. limanda Erythrocytes MN/1000 Field reference (N.Sea) 0.02-0.44
cells
L. limanda Erythrocytes MN/1000 Field reference (R.Elbe) 0.12-0.21
cells
P, flesus Erythrocytes MN/1000 Lab Control 0.2-0.56 Lyons, unpublished
cells
Field reference 0.27-0.66

(UK estuaries)

Assessment criteria for MN in M. edulis have been proposed by Hagger et al. (2008;

2009).

They divided the data (a combination of previous laboratory and field studies) into
four categories: those that had slight alteration from baseline responses were as-

signed a numerical rank of four, moderate alterations were assigned a three, major

alterations a two and, finally, biological responses that were severely altered from

previously recorded baseline values were assigned a one.
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Table 2. Proposed assessment criteria for Mytilus edulis and Carcinus maenas (Hagger et al., 2008;

Hagger et al., 2009).
SPECIES TISSUE ENDPOINT SLIGHT MODERATE MAJOR SEVERE
M. edulis Haemolymph MN/1000 cells 0-1.9 2.0-3.9 4.0-5.9 6.0+
C. maenas Haemolymph MN/1000 cells 0-0.99 1.0-1.99 2.0-2.99 3.0+

Assessment criteria for MN fish require to be developed.
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Annex 12: Comet assay as a method for assessing DNA damage in
aquatic organisms

Version date: 29 January 2010.

Author: Brett Lyons

Background

The analysis of modified or damaged DNA has been shown to be a highly suitable
method for assessing exposure to genotoxic contaminants in aquatic environments. In
general, the methods developed are sensitive to a range of contaminant concentra-
tions, applicable to a wide range of species and have the advantage of detecting and
quantifying exposure to genotoxins without a detailed knowledge of the contami-
nants present. The Single Cell Gel Electrophoresis (SCGE) or comet assay was first
applied to ecotoxicology over 15 years ago, and has since become one of the most
widely used tests for detecting DNA strand breaks in aquatic animals'5. The comet
assay has many advantages over other methods commonly used to assess genotoxic
exposure, including (1) genotoxic damage can be detected in most eukaryotic cell
types at the single cell level; (2) only a small number of cells are required; (3) it is a
rapid and sensitive technique; (3) Due to the nature of DNA strand break formation it
provides an early warning response of genotoxic exposure.

As a consequence of the advantages listed above the comet assay has been used
widely in both laboratory and field based studies to assess genotoxic exposure in
many fresh water and marine organisms. However, unlike mammalian genotoxicol-
ogy, where the focus is limited to a small number of model species, efforts in the ag-
uatic field have generally lacked coordination and have used an extensive range of
sentinel species!35. While guidelines relating to the use of the comet assay have been
published for mammalian genotoxicology®’, no standard protocols currently exist for
environmental studies. Consequently, the variations in protocols can lead to major
differences in results and an inability to directly compare studies. Despite these ob-
vious limitations the comet assay provides a well-researched tool for studying geno-
toxicity in aquatic species.

Confounding factors: protocols, cell types and target organs

The majority of aquatic studies published to date have used circulating blood cells
(either haemocytes or erythrocytes), as target cells for comet assay analysis. This is
likely to be due to the practical advantage of processing tissues from a ready-made
supply of nucleated cells in suspension. Solid tissues such as gill or fish hepatocytes
require dissociation prior to analysis, with the potential for introducing damage
through enzymatic or mechanical processes. Studies have also demonstrated that dif-
ferent cell types responded with different sensitivities to contaminant exposure.
When comparing cells types it is usually reported that circulating cells are less sensi-
tive than hepatocytes or gill cells®3. Blood and to a lesser extent the haemolymph of
bivalve molluscs (e.g. mussels) are “buffered” tissues, in which contaminants arrive
having crossed numerous biological barriers. Gill cells appeared to be the most sensi-
tive following MNNG exposure, while liver and digestive gland were more sensitive
to B(a)P, suggesting that uptake routes and bioaccumulation mechanisms need to be
taken into account when designing experiment systems?2.



138 | ICES/OSPAR SGIMC REPORT 2010

Mammalian studies have demonstrated that certain tissue types may have higher
background levels of DNA damage due to presence of alkali sensitive sites in cells
with highly condensed chromatin’. Similar studies comparing basal levels of DNA
migration in mussel gill cells, haemocytes and fish erythrocytes under both mild alka-
line (pH 12.1) and alkaline versions (pH > 13) of comet assay have supported this as-
sumption'> 16, Indicating that the mild alkaline version of the assay should be
employed when dealing with certain cell types (e.g. fish erythrocytes), in order to
prevent higher background levels of DNA strand breaks inhibiting data interpreta-
tion. Indeed, this problem has been highlighted in other studies using fish species
where excessive DNA tail migration has inhibited the interpretation of results'.

In addition to the variation in response depending on cell type, it is also apparent a
range of comet assay protocols (differing in terms of agarose concentrations, lysing
and electrophoresis parameters) have been used in studies with aquatic organisms'-.
Therefore, effort is required to establish standardized protocols for the main species
and cell type commonly used in environmental studies. The production of standard
protocols, or the initiation of inter laboratory ring testing workshops focused on
aquatic species are essential if the comet assay is to develop further as an environ-
mental monitoring tool.

Ecological relevance

Marine invertebrates

Marine invertebrates have been widely used as sentinel species in environmental
monitoring programs. This is mainly due to their sessile nature, ability to bioaccumu-
late contaminants and general ease of capture'?. The majority of work has focused
on coastal and estuarine environments. For example, Hartl et al. used the clam (Tapes
semidecussatus) as an indicator species for the presence of potentially genotoxic sub-
stances in estuarine environments, demonstrating an increase in DNA damage in
haemocytes, gill and digestive gland cells of animals exposed to contaminated sedi-
ments®. The study also highlighted the differences in sensitivity between cell types,
with gill and digestive gland cells appearing to be the most sensitive target tissues for
detecting genotoxic exposure. The Mediterranean mussel (Mytilus galloprovincialis)
has also been extensively deployed as a sentinel organism to assess the genotoxic ef-
fects of crude oil spills?, Studies have demonstrated the sensitivity of mussels to oil
exposure and laboratory studies have clearly linked the total polycyclic aromatic hy-
drocarbon (TPAHSs) content of oils with the level of DNA damage observed?!. In
Northern European studies the Blue mussels (M. edulis) has also been used to diffe-
rentiate sites receiving waste treatment effluent, with positive correlations detected
between the presence of selected contaminants and the level of DNA damage?:.

Mussels have also been used extensively in the field as part of transplantation stud-
ies®?”. The use of indigenous organisms is often hampered by the absence of a suit-
able sentinel species, or if present, the genotoxic responses obtained may be
influenced by local physiological adaptations. Furthermore the use of transplanted
organisms also offers advantages over indigenous species, such as ensuring genetic
homogeneity, developmental/reproductive status and controlling the precise expo-
sure window. Validation studies have been under taken with the comet assay to as-
sess the time course variations in DNA damage following field transplantation
experiments? 2. [t was observed that within the first 7 days following transplantation
the level of DNA damage can fluctuate, which is likely to be caused by manipulation
disturbance, then after 2 weeks the level reaches a plateau. Such data suggests that
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transplantation experiments lasting less that 2 weeks may give spurious results, with
the levels of DNA damage detected attributable to artefacts associated with the sam-
pling procedure rather than genotoxic exposure. Studies conducted in a coastal area
of Denmark, impacted by a disused chemical site, have also highlighted that the lev-
els of DNA damage in mussels can be affected by seasonal variations in baseline lev-
els?. Such results are likely to be influenced by the seasonal variations, which are
known to exist for a range of physiological and reproductive processes in mussels? 2.

The sampling location has also been shown to influence the results of field-based
surveys. For example, mussels (M. edulis) sampled from the intertidal zone in Reykja-
vik harbour had higher levels of DNA damage when compared with mussels col-
lected from the sub tidal zone at the same site®. While the study supports the use of
DNA strand breaks as a measure of environmental pollution it also highlights the
high levels of intra site variability of DNA damage that can occur. As such the study
further serves to underline the importance of validating experimental protocols and
sampling procedures to ensure that non-contaminant related factors (e.g. physiologi-
cal and biochemical responses to variations in oxygen availability and temperature
stress) do not adversely affect biomarkers data.

Marine vertebrates

There are a limited number of comet assay studies utilizing marine fish species com-
pared with those using fresh water species (for detailed review see' 4 5). This is main-
ly due to the logistical problems associated with collecting fish at sea (e.g. need for a
research vessels) and technical problems inherent within the assay, such as the diffi-
culty of performing electrophoresis reproducibly at sea (e.g. dealing with adverse
weather conditions). To date those studies undertaken have mainly focused on flat-
fish and bottom-feeding species, which due to their close association with sediment
bound contaminants are widely used in marine monitoring programmes®- 3. In vivo
studies have been undertaken to investigate oxidative stress in the European eel (An-
quilla anguilla)®. The comet assay has also proven to be a useful tool for studying the
genotoxic effects of non bioaccumulating contaminants in the marine environment.
For example, the environmental effects of the known mutagen and potential carcino-
gen styrene has been studied in the mussel (M. edulis) and fish (Symphodus mellops)>.
Styrene hasn’t previously been considered to be harmful to marine fauna due to its
high volatility and low capacity to bioaccumulate. However, it was shown to cause a
statistically significant increase in DNA damage in blood cells, probably due to the
formation of a radical styrene metabolite, which is thought to have potent oxidative
capacity. Hatchery-reared turbot (Scophthalmus maximus L.) have been used success-
fully to investigate the genotoxic potential of PAH and heavy metal contaminated
sediment from sites in Cork Harbour (Ireland)?®. Eelpout (Zoarces viviparus) have been
used in site-specific investigative monitoring following a bunker oil spill in Goteborg
harbour, Sweden. The comet assay was deployed along site a battery of other bioas-
says and elevated levels of DNA damage were correlated with the presence of PAH
metabolites in the bile of fish%*. The marine flatfish dab (Limanda limanda) is a com-
monly used flatfish species in offshore monitoring programmes and it has been used
in a number of studies investigating the impacts of genotoxic contaminants in coastal
and estuarine waters¥-. Studies have shown that both sex and age of the fish have a
significant effect on the presence of DNA strand breaks, which again highlights the
influence other factors (i.e. reproductive status) may have on the extent of DNA dam-
age'37, 38,
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Quality assurance

No formal quality assurance programmes are currently run within the marine moni-
toring community. However, a series of comet assay workshops have taken place
with the aim of drafting a common regulatory strategy for industrial genotoxicology
screening®’. Final guidelines drafted after the 4th International Workgroup on
Genotoxicity testing: Results of the in vivo Comet assay workgroup” provide a useful
starting point for developing quality assurance programmes specifically focused on
protocols employed in marine species. These include consideration of 1) cell isolation
processes®; 2) cryopreservation processes; 3) concurrent measures of cytotoxicity; 4)
Image analysis and scoring method.

Currently data can be reported in a number of formats. % DNA in tail has been re-
ported to be the most linearly related to exposure dose’. However there is no clear
consensus of which measure of DNA migration should be used (% DNA in tail, Tail
moment, Tail length). This difference in scoring criteria hinders our ability to de-
velop a consensus background response and assessment criteria.

*if required

Background responses and assessment criteria

It is recognized that setting baseline/background response levels have an important
role in integrating biological effect parameters into environmental impact assess-
ments of the marine environment. The general philosophy is that an elevated level of
a particular biomarker, when compared with a background response, indicates that a
hazardous substance has caused an unintended or unacceptable level of biological
effect. Therefore, in order to understand and apply the Comet Assay as a biomarker
of genotoxic exposure it is of fundamental importance to gain information on the
natural background levels in non-contaminated organisms. Table 1 summaries a
number of studies that have utilized commonly deployed bio-indicator species col-
lected from reference locations (as supported by chemical and biomarker analyses) or
kept under control conditions in the laboratory. While these studies provide a start-
ing point for determining “background” levels of DNA damage they also serve to
highlight the number of different tissues, protocols and endpoints currently reported.
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exposure to com-

ORGANISM CELL TYPE AGENT EXPOSURE TIME PARAMETER CONTROL REF.
RESPONSE
Invertebrates
M. edulis Haemocytes MMS 0-4 days Tail Moment 2.08+3.43 [25]
2.96 +4.60
M. edulis Haemocytes Tritiated water 96 hrs % DNA Tail <10 [40]
M. edulis Haemocytes TBT 7 days % DNATail 5-10 [41]
M. edulis Haemocytes MMS 3-T7days % DNATail <10 [44]
M. edulis Gill cells Cd 10 days % DNA Tail <15 [42]
Cr 7 days
CrVi injection
M. edulis Gill cells MMS Tail Moment 1.87£2.23 [25]
0.60 + 1.05
3.84+3.61
1.22 +1.47
M. edulis Gill cells Field site In situ Tail Moment <15 [45]
M. edulis Gill cells Field site In situ Tail Moment <5 [46]
M. edulis Digestive gland | H202, BaP 1hr % DNA Tail <10 [43]
Vertebrates
L.limanda Erythrocytes Field In situ Tail Moment <5 [39]
L.limanda Erythrocytes Field In situ % DNA Tail* 4-6 [37]
P, olivaceus Erythrocytes Field In situ Tail length (um) <10 [47]
Z_ogrces Erythrocytes Field In situ % DNA Tail <15 [36]
viviparus

*Mean square root of percent tail DNA measured.

The requirement now is to establish a common set of protocols for those tis-
sues/species routinely used in biomonitoring programmes. Once established it will be
possible to define internationally accepted background levels of DNA damage and
from their establish assessment criteria.

Required steps

e Reach consensus on standardized protocol from main species currently
used in marine biomonitoring programmes (OSPAR, HELCOM, MEDPOL
and MSFD);

e [Establish minimum acceptable reporting criteria (cellular toxicity, +/- con-
trol, etc.);

e Agree data reporting format to allow cross study comparisons of data (Tail
moment, % DNA in Tail, Tail moment);

e Establish international quality assurance;

e Develop assessment criteria.
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Annex 13: Reproductive success in eelpout (Zoarces viviparus)

Version date: 29 January 2010.

Background

The eelpout (Zoarces viviparus), also called viviparous blenny, can be used as a bio-
indicator of the impact of hazardous substances on reproductive success of fish in the
marine environment. The reproductive success in fish is a generic “stress” indicator;
causal agents may, however, be identified through a combination of chemical analy-
ses of fish tissue, a knowledge of the history of contamination of the local environ-
ment to which the fish have been exposed and/or follow-up laboratory
experimentation (Jacobsson et al., 1986). Substances such as organochlorines, pesti-
cides, PAH, heavy metals and organometals can affect embryo and larval develop-
ment in fish (Bodammer, 1993). Several of these substances, which may induce
developmental, morphological and/or skeletal anomalies, have also been identified as
endocrine disrupting substances (Davis, 1997).

Figure 1. The eelpout is a viviparous fish and the pregnant female bears 20-300 living embryo and
larvae in the ovarian cavity (Photo: Jakob Strand).

The eelpout inhabits coastal waters from the White Sea to the southern North Sea.
However it is not equally abundant in all areas and it may therefore be difficult to
sample adequate numbers throughout the OSPAR area. Use in regional assessments
is more appropriate. However, studies of reproductive success in eelpout are recom-
mend by ICES, OSPAR and HELCOM for marine monitoring programmes of biologi-
cal effects (OSPAR 1997, HELCOM 2006, ICES 2004), and, for instance, Sweden and
Denmark have included this method in regional and national monitoring pro-
grammes in coastal waters of the Baltic Sea, the Kattegat and the Skagerrak.

It should be noted that eelpouts are protected in the pregnancy period in some areas
and an official sampling licence for monitoring activities should be obtained, where
necessary.

The methodology is well defined for studies in coastal waters and national guideline
exists (Jacobsson ef al., 1986; Neuman et al., 1999, Strand and Dahll6f, 2005). An inter-
national guideline is in preparation and to be published in the ICES TIMES series. As
method quality assurance, some international and national workshops have been
held in relation to the monitoring programmes (e.g. BEQUALM, 2000). A Baltic
workshop has been held in 2009 as part of BONUS+-projects BALCOFISH and
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BEAST. National workshops in relation to NOVANA monitoring activities have also
been held in Denmark (Strand, 2005a).

Elevated levels of adverse developmental effects of embryo and larvae in eelpout
broods have been found in populations living in contaminated areas with effluents
from cities and industry. In comparison, only low levels of such effects generally oc-
cur in populations living in areas regarded as reference sites (e.g. Vetemaa et al., 1997;
Adjers et al., 2001; Sjolin et al., 2003; Strand et al., 2004; Kalmarweb, 2005; Gercken et
al., 2006), however some year -to-year variations can occur (Figure 2). Acute larval
mortality has also been observed in eelpout exposed to pulp mill effluents (Jacobsson
et al., 1986). Other environmental stress factors like increased temperatures and oxy-
gen depletion events may however also affect eelpout reproduction (Veetema, 1999;
Fagerholm, 2002; Strand et al., 2004). Reproductive success in eelpout is regarded as a
general, i.e. non-specific, biological indicator of impaired fish reproduction.

Mean frequency (%) of late dead larvae A) Mean frequency (%) of malformed larvae
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Figure 2. Year-to-year variations in mean frequencies of A) late dead larvae and B) malformed
larvae at four Swedish monitoring stations regarded as reference sites.

According to the technical guidelines used in the Swedish and Danish monitoring
programmes (Neuman et al., 1999; Strand and Dahllof, 2005), supporting parameters
like water temperature and salinity together with general fish physiological and re-
productive parameters should be recorded when the reproductive success in eelpout
is examined.

For simplifying reasons and as a first step, only the occurrence of abnormal develop-
ment of embryo and larvae in the broods of pregnant eelpouts has been included in
the proposed assessment criteria for impaired reproduction. However, other relevant
fish physiological and reproductive parameters must been seen as supplementary
parameters and how they can be integrated should be further evaluated.

Abnormal development of embryo and larvae in eelpout broods can, according to the
Swedish and Danish guidelines (Neuman et al., 1999; Strand and Dahllof, 2005), be
characterized as;

e Malformed larvae: larvae with morphological and/or skeletal gross anoma-
lies. This includes yolk-sac or intestinal defects, bent spine or spiral shapes
of the spinal axis, eye defects including rudimentary or missing eye(s),
cranio-facial defects and conjoined/Siamese twins more or less separated.

e Late dead larvae: dead larvae without malformations and with a length
>15 mm (>10 mm in Denmark).

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
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e Growth retarded larvae: normal developed larvae which are smaller than
the three highest length classes in the broods.

Less visible aberrations including altered behavioural aspects are not included in this
analysis, although they can be highly ecological relevant effects.

Similar with studies on skewed sex ratio in eelpout broods, although it can be used as
an indicator of endocrine disruptions. For instance a Swedish study has found sig-
nificant male-biased sex ratios of eelpout embryos (53.9%-61.3% males) in an area
contaminated with paper mill effluents (Larsson and Forlin, 2002). In eelpout broods
the reference conditions are supposed to be 50:50 between females and males.

Proposal for assessment criteria of the reproductive success in eelpout

The approach for deriving the assessment criteria is based on statistical analyses,
which imply that the effect level must be significant different from the background
response, i.e. where the impact of environmental factors such as contaminants can be
regarded as close to zero.

52 datasets from 14 sampling stations regarded as reference sites and 41 datasets from
22 stations not regarded as reference sites in the Baltic Sea, the Kattegat and the
Skagerrak from the period 1994-2004 are available for the analyses. However, an im-
portant assumption is that adequate reference sites actually can be found in the Baltic
Sea, the Kattegat and the Skagerrak, although these waters are generally regarded to
be more polluted compared with the North Sea and the North Atlantic.

Both data related to frequencies (mean percents) of abnormal larvae per female and
frequencies of broods with >5% abnormal larvae (i.e. related to individual pregnant
females) are used in the analyses. However, data of >5% distributions are only avail-
able from 37 of the 93 datasets, and there is no information was found available of
broods with >5% growth retarded larvae.

Data on frequencies of females with (at least one) abnormal larvae present in the
brood is not included in this analysis, because the influence of brood size cannot be

discriminated.
PROPORTION OF ABNORMAL LARVAE PER FEMALE PROPORTION OF BROODS WITH ELEVATED LEVELS OF ABNORMAL
LARVAE
Mean frequency of late dead larvae. Frequency of broods containing >5% late dead larvae.
Mean frequency of malformed larvae. Frequency of broods containing >5% malformed larvae.
Mean frequency of growth retarded larvae. No data

In the assessment criteria the upper level of the background response (class I) is de-
termined by the 90% percentile of all datasets observed in areas regarded as reference
sites, i.e. in distance to larger cities and industry.

Assessment criteria related to mean frequencies of abnormal larvae in
broods

Most studies on development of eelpout embryo and larvae from the Baltic Sea, the
Kattegat and the Skagerrak studies have used mean frequencies of late dead, mal-
formed and growth retarded larvae in the broods as a measure of impaired reproduc-
tion in eelpout.
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In areas which were considered as reference sites only small frequencies of abnormal
larvae have been found, if any. Values of 90% percentiles have been found to be 1%
malformed larvae, 2% late dead larvae and 4% growth retarded larvae, respectively.

Table 1. Proposal for assessment criteria for the mean frequencies of malformed larvae, late dead
larvae and growth retarded larvae per station.

ASSESSMENT CLASS

Cuass |

BACKGROUND RESPONSE

Cuass 11

Mean frequency of malformed larvae 0-1% >1%
Mean frequency of late dead larvae 0-2% >2%
Mean frequency of growth retarded larvae 0-4% >4%

Background response.

Elevated effect levels

The upper limit is the 90%
percentile of response at reference
sites.

Comparisons of datasets shows that class 1I, i.e. elevated mean frequencies of mal-
formed larvae and late dead larvae, mainly have be found in areas which are not re-
garded as reference sites, i.e. suspected to be more polluted (Figure 3). However, only
one of the datasets shows significantly elevated levels of growth retarded larvae in
the broods.

Mean frequency (%) of abnormal larvae Max.-value
15 90% percentile
1 ---- Median
10% percentile
1 Min.-value
10
| ].
. D D D

Reference Not
sites reference
sites

t
Reference Not

sites reference
sites

Reference Not
sites reference
sites

Late dead larvae Malformed larvae Retarded larvae

Figure 3. Comparison of data distribution of data on mean frequencies of late dead, malformed
and growth retarded larvae in eelpout broods from reference sites and area not regarded as refer-
ence sites. The blue dotted line refers to the 90% percentile of data from the reference sites. The
red dotted line refers to significantly elevated levels compared with the 90% percentile of the
reference sites.

Assessment criteria related to individual broods with >5% abnormal
larvae

Some Swedish and Danish eelpout studies from the Baltic Sea, the Kattegat and the
Skagerrak studies have also used the frequency of pregnant eelpout containing ele-
vated proportions of late dead or malformed larvae in the broods (e.g. >5%) as a
measure of impaired reproduction in eelpout.

In areas which were considered as reference sites, only low frequencies have been
found if any (90% percentiles: 5%), of the pregnant eelpout containing elevated fre-
quencies of late dead and malformed larvae in the broods (i.e. >5%).
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Table 2. Proposed assessment criteria for the frequencies of pregnant eelpouts, which contain
more than 5% malformed larvae and late dead larvae in their broods.

ASSESSMENT CLASS CLass | CLass Il
BACKGROUND RESPONSE

Frequency of broods with >5% malformed larvae 0-5% >5%
Frequency of broods with >5% late dead larvae 0-5% >5%
Background response. Elevated effect levels.

The upper limit is the 90%
percentile of response at
reference sites.

Comparisons of the datasets show that class 1I, i.e. elevated frequencies of broods
containing >5% late dead larvae and malformed larvae can be found in several areas
which are not regarded as reference sites (Figure 4).

Frequency (%) of broods with >5% abnormal larvae Maxvalue
100 90% percentile
--- Median
10% percentile
75 Min.-value

50

A | _________
o no informations
0 ﬁml """ gyt ;

Reference Not Reference Not Reference Not
sites reference sites reference sites reference
sites sites sites
Late dead larvae Malformed larvae Retarded larvae

Figure 4. Comparison of data distribution of data on frequencies of broods containing >5% late
dead larvae and malformed larvae in from reference sites and area not regarded as reference sites.
The blue dotted line refers to the 90% percentile of data from the reference sites. The red dotted
line refers to significantly elevated levels compared with the 90% percentile of the reference sites.

The assessment criteria including the existing data material and the statistical analy-
ses will be evaluated and updated by 2011 as part of a BONUS+-project, called Bal-
cofish.

Conclusions

The use of reproductive success of eelpout with focus on the occurrence of abnormal
developed embryo and larvae in the broods seems to be a potential tool for assessing
environmental impact on fish reproduction, because differences have been shown
between areas regarded as reference sites and not.

Proposals for two assessment classes of effect levels (I and II) have been derived
based on the 90% percentile of the datasets of mean frequencies as well as broods
containing >5% of late dead larvae, malformed larvae and growth retarded larvae,
respectively.

These assessment criteria seem especially useful for the data consisting of occurrences
of late dead larvae and malformed larvae, where significantly elevated levels can be
found in several areas not regarded as reference sites, whereas the occurrence of
growth retarded larvae may be less useful.
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Annex 14: Measurement of supporting metrics for fish: condition
indices, GSI, HSI

Version date: 29 January 2010; draft version.

Remark: this BG document needs further work. there is confusion about the somatic
weight to be used in the various calculations. Total weight, gutted weight (only ex-
tracting stomach content? or removing guts completely in all cases), somatic weight
without all viscera?) We need to back to the original datasets to evaluate the most
appropriate method).

Background

For all biological effect techniques within the OSPAR JAMP there is a requirement to
report supporting parameters, and these include fish length, whole fish weight, liver
weight and gonad size. The measurement of gonad size and liver weight is used to
provide an indication of reproductive state and liver weight may also give an indica-
tion of general health and well-being. These measurements are used in indices relat-
ing gonad weight to whole body weight (GSI) and liver weight to whole body weight
(LSI or HIS), explanations of these are described below. Both gonad and liver weight
will change markedly throughout the year and for comparative purposes these sea-
sonal variations must be taken into account for the interpretation of biomarker re-
sponses such as EROD and VTG for example.

ICES WGBEC recently reviewed the measurement of these metrics and their role and
importance in fish monitoring programmes and this is described below.

General Overview: Orgah size and adjacent measurements as bio-
markers

Organ sizes constitute a very elementary biomarker. The measurements can be per-
formed with a minimum of equipment, and the procedures are easy to undertake. At
least for some species it is possible to analyse these variables on frozen material. With
minimum instruction these biomarkers can be performed among personnel not regu-
larly involved in biomarker analysis, although it is preferable to use personnel famil-
iar with handling fish and able to perform simple dissection of fish.

Data of this type may be of relevance either in their own right, indicating adverse
effects of various kinds where the toxic mechanisms are not fully understood as a
result of xenobiotic exposure and/or, partly as a supporting variable to biomarkers
conducted at the tissue, cellular and subcellular levels. As for all biomarkers in use
today there is a strong need for quality assurance when these measurements are car-
ried out. For instance abiotic factors of concern are the time of the year (photope-
riod), water temperature and fishing technique. Among the biotic factors there are
species, sub population, feeding, gender, size, age, developmental stage, natural
parasitic infections as well as other diseases.

One of the most important biomarker in this field may be the development of gonads
among female fish. This variable is best expressed as gonad size relative to the so-
matic body weight (Gonad Somatic Index - GSI) and expressed as a percentage value.
The best species to use are those where the gonads of juvenile and immature fish are
different from adult fish and where there are distinct differences in the genders. For
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example, it is much easier when the morphology of the female ovary is a single struc-
ture while the male testes are paired bilaterally.

This offers the opportunity to investigate when the fish in relation to size and/or age
are sexually immature or adult, or indeed have retarded gonad development (often
termed sexually immature-SIM) as compared with normal sexual development. This
can be expressed as a percentage of sexually immature females among the adult fe-
males, and represents the portion of fish with the extreme low value of the GSI value
(usually below ~1%) and they have therefore a gonad with no or neglected develop-
ment.

Analogous to the analysis of the gonad size is the liver size relative to the somatic
body weight (Liver Somatic Index-LSI, or sometimes referred to as Hepato Somatic
Index-HSI). It may be regarded as a biomarker in its own right and also as a support-
ing variable for other biomarkers such as EROD.

Furthermore, growth (e.g. gramme/year) as shown in Kiceniuk and Khan, 1986;
McMaster et al., 1991 and in Ericson et al., 1998, as well as the Condition Factor (CF),
are relatively straightforward to perform and may be used as biomarkers for adverse
effects due to xenobiotic exposure. The measurement of condition factor has not often
been used as a valuable biomarker in short exposure laboratory experiments, how-
ever, field observations over longer time periods indicate that it may be a valuable
biomarker (see review by van der Oost et al., 2003.)

Feeding status in fish may be reflected in the condition factor, and may be important
for a number of different biomarker responses, and as such can be included in bio-
monitoring investigations. Similarly visceral lipid stores are an additional variable
that has been suggested as having biomarker potential (McMaster et al., 1991). For the
calculation of the condition factor (CF) the following formula is used for dab, flound-
er and cod: 100 x (gutted somatic weight in milligrams) + (total length in cubic milli-
metres)] Other sentinel species may require slightly altered formula’s for the
calculation of CF.

Gonad size in fish-GSI

The reproductive process constitutes (one of) the most essential health signals for the
individual animal, and when missing or impaired indicates an obvious risk for ad-
verse effect both genetically and for population survival. Therefore, decreased sizes
of the gonad, of one or both of the genders, indicate an apparent risk for a reduced
reproductive potential.

Gonad size is measured as a percentage of somatic body weight, gonadosomatic in-
dex (GSI*), It has been demonstrated to be a variable that can be influenced by con-
taminants in a number of different polluted field studies. It should be underlined that
the toxicological response observed for this variable could have originated from a
number of different toxicological reasons such as, tissue or cell death to more sophis-
ticated regulatory endocrine mechanisms.

Measurement of GSI: record whole body weight of fish and gonad weight to two
decimal places.

*GSI = (gonad weight x 100)/(total body weight’-gonad weight)
*subtract, if any, stomach content when significant

Deviation in GSI levels could represent a permanent effect or impairment for the re-
productive cycle for one or more years (Janssen et al., 1997; Vallin et al., 1999). Both
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scenarios will seriously affect reproductive potential. Examples of different pollution
gradients were reduced gonads have been observed are in bleached kraft pulp mill
effluents (Andersson ef al., 1988; Sandstrom et al., 1988, McMaster et al., 1991; Balk et
al., 1993; Forlin et al., 1995), including using chlorine-free processes (Karels et al., 2001)
and general pollution (Johnson et al., 1988; Noaksson et al., 2001). Laboratory expo-
sure experiments where effect on the GSI value has been documented include petro-
leum mixtures (Truscott et al., 1983; Kiceniuk and Khan, 1986), specific PAHs
(Thomas, 1988; Singh, 1989; Thomas and Budiantara, 1995), PCB mixture (Thomas,
1988), pesticides (Ram et al., 1986; Singh, 1989), and cadmium (Singh, 1989; Pereira et
al., 1993).

There is no doubt that xenobiotics can affect gonad size through a number of differ-
ent toxicological mechanisms. However, as for most biomarkers, a variable that
shows a (annual) natural biological cycle it is essential that the normal background
values are well known, and that the appropriate control material is used for compari-
son. For the GSI value it should be pointed out that during certain time times of the
year the gonad development is very fast and that different GSI values are obtained
only within a period of a few days/weeks. Analysis of the GSI in these time periods
should be avoided. Baseline studies are important in order to evaluate suitable time
periods for this variable (Forlin and Haux, 1990; Larsen et al., 1992).

A state of complete disruption of sexual maturation reflects an extreme situation of
low GSI values, e.g. a state of condition when the adult (based on age and/or size)
fish are unable to develop from the prepubertal condition to the sexually mature
stage. Field observations demonstrating a delay or lack of gonad development has
been observed include the following species; burbot (Lota lota) in the north coast of
the Bothnian bay (Pulliainen et al., 1992), English sole (Parophrys vetulus) in generally
polluted areas in Puget sound, USA (Johnson et al., 1988), perch (Perca fluviatilis) in
the effluent water from pulp and paper mills in Baltic waters (Sandstrom et al., 1988;
Sandstrom et al., 1994) as well as white sucker (Catostomus commersoni) in correspond-
ing effluents in Ontario, Canada (McMaster ef al., 1991). Studies have also shown that
perch, roach (Rutilus rutilus), and brook trout (Salvelinus fontinalis) exposed to
leachate from a public refuse dump in a Swedish fresh-water system show corre-
sponding adverse effects (Noaksson et al., 2001; Noaksson et al., 2002). Although the
above cited field investigations are not all related suspected PAH contamination,
these kinds of disorders has been created in laboratory experiment using petroleum
products and a pure naphthalene (Thomas and Budiantara, 1995).

GSI confounding factors

Although the measurement is robust and easy to perform there is a need to character-
ize and avoid confounding factors. For example female perch populations, do not
naturally spawn every year and the spawning frequency are affected by water tem-
perature as indicated in Luksiene et al., 2000 and Sandstrom et al., 1995. Moreover, in
the closely related yellow perch (Perca flavescens) both photoperiod and temperature
been suggested to be of importance (Dabrowski et al., 1996). Therefore, for the inter-
pretation of GSI data it is important to have prior knowledge of the reproductive cy-
cle and triggers for gametogenesis for each species under investigation.

Liver size of female and/or male fish-LSI (HSI)

Liver size is measured in relation to somatic body weight, and is known as Liver So-
matic Index (LSI* or HSI (see above)).
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Measurement of LSI: record whole body weight of fish and gonad weight to two
decimal places.

*LSI = (liver weight x 100)/(total body weight*-gonad weight)
*subtract, if any, stomach content when significant

LSI may be regarded as a relevant biomarker because it has been documented to be
affected by contaminants in a number of different polluted field studies. For exam-
ple, in pollution gradients of paper and pulp mill effluents where increased LSI vales
were observed (Andersson et al.,, 1988; Lehtinen et al., 1990; Hodson et al., 1992;
Kloepper-Sams and Owens, 1993; Huuskonen and Lindstrom-Seppa, 1995; Forlin et
al., 1995), as well as decreased LSI levels as reported by Balk et al. (1993), and Forlin et
al. (1995). Other complex effluents shown to affect liver size in various fish species
are: leakage water from public refuse dumps (Noaksson et al., 2001; 2002) and effluent
from wastewater treatment plant (Kosmala et al., 1998).

Field situations where PAHs and/or organochlorines are suspected contaminants for
increased liver size in various fish species are documented by: Sloff et al. (1983);
Goksoyr et al. (1991); Kirby et al. (1999); Kirby et al. (1999); Beyer et al. (1996); Leadly et
al. (1998); Stephensen et al. 2000). Laboratory experiments shown to affect liver size
among different fish species from exposure to organochlorines have been docu-
mented by: Adams ef al. (1990); Newsted and Giesy (1993); Otto and Moon (1995);
Arnold et al. (1995); Gadagbui and Goksoyr (1996); Akerblom et al. (2000), and for
two-stroke outboard engine exhaust extract (Tjarnlund ef al., 1996) and PAHs
(Celander et al., 1994) as well as pesticides (Singh, 1989; Akerman et al., 2003) and
cadmium (Singh, 1989).

LSI Confounding factors

Although there is no doubt that xenobiotics could affect liver size as a result of differ-
ent toxicological mechanisms but it should be emphasized that, as for most bio-
markers, control/reference fish should be analysed in close/direct parallel with the
exposed site(s). In addition, seasonal variation is observed in different fish species
(Koivusaari et al., 1981; Forlin and Haux, 1990; Larsen, 1992), and must be taken into
account at all times. Besides the time of the year, factors (i.e. parameters) such as
feeding behaviour, gender, maturity, age, size, temperature (George et al., 1990), pho-
toperiod, parasites, among others, needs to be taken into considerations. Baseline
studies are an important strategy to finally evaluate confounding factors (Balk et al.,
1996).
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Annex 15: Stress on Stress (SoS) in bivalve molluscs

Version date: 29 January 2010.

Background

Stress on Stress (So0S) is defined as the reduction of survival of bivalves in air after
removal from the sea.

Contaminant exposure may alter the ability of organisms to survive environmental
stress (De Zwaan et al., 1995; Viarengo et al., 1995). Laboratory and field studies have
demonstrated the applicability of anoxic/aerial survival as an early warning indicator
of contaminant induced stress. The effects of xenobiotics, including heavy metals,
organometals and organics, as well as contaminated field sediments, on survival in
air in invertebrates have been demonstrated (De Zwaan et al., 1996). Bivalve molluscs
have been used in most studies, with marine mussel (Mytilus sp.) being the most
common organism (Viarengo et al., 1995; Eertman et al.,, 1995; Smaal et al., 1991;
Veldhuizen-Tsoerkan et al., 1991).

The reduction of survival in air, or Stress on Stress (SoS) is a simple and low cost
whole organism response and can show pollutant induced alterations in the organ-
ism’s physiology that render the animal more sensitive to further environmental
changes. The method for determining SoS of mussels is being applied routinely to
both toxicant-exposed mussels in laboratory studies and mussels collected in national
monitoring programmes from polluted environments and along pollution gradients.

Laboratory studies have been conducted to establish relationships between toxicant
concentrations in tissue and SoS. For example, it was demonstrated that short-term
exposure to sublethal concentrations (less than puM) of pollutants, such as Cu?,
DMBA (9,10-dimethyl 1,2 benzanthracene), Aroclor 1254, significantly reduced the
capacity of mussels to survive in air. This effect was markedly dose-dependent, and
was strongly increased by pollutant mixtures (Viarengo et al., 1995). The accuracy of
air exposure as a monitoring tool has been reported to reflect smaller differences be-
tween contaminant groups than other physiological measurements in mussels, such
as byssal thread production rate (Moles and Hale, 2003). The measurement of sur-
vival in air appeared also to be a sensitive and statistically significant parameter for
monitoring the effect of long-term exposure to crude oil (Thomas et al., 1999).

Short description of methodology

Bivalve molluscs can survive for a long time in air, but individuals stressed by pre-
exposure to pollutants show greater mortality than controls or individuals collected
from a reference location. Both caged and native mussels can be used to assess the
SoS response. The size of individuals for survival profiles must be selected from fre-
quency distributions of the whole population under study. The individuals must be
of a size approximating to the mean shell length for the population. When mussels
are collected from the intertidal zone, it is important to sample them when they are
submerged (i.e. just before they are uncovered as the tide recedes or conversely when
they are covered as the tide comes in).

For spatial/temporal studies, the same size range should be selected (ideally 4-5 cm).
Forty mussels (four replicates of ten) are used for each determination of SoS. The
mussels must be collected from the sampling site and immediately transported to the
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laboratory in insulated containers at a temperature of 5-10°C, in humid conditions
(e.g. damp paper or seaweed). Information that must be recorded includes:- the total
number of animals sampled; the date and time of sampling; sampling location and
position (e.g. Lat-Long); and seawater temperature.

Upon arrival at the laboratory, the 40 mussels are selected, placed on filter paper in a
humidity chamber with continuous humidity of approximately 100%, at a tempera-
ture of 15-18°C. Mortality is recorded daily, each 24 hour after the time of sampling,
until 100% of mortality is reached. This may take up to 25 days. Mussels are consid-
ered alive when closed individuals resist forcible valve separation. Dead mussels are
always removed from the chamber and the humidity chamber cleaned and refreshed
daily with clean filter paper. The Lethal Threshold for 50% mortality (LT50) and Time
To Maximum Mortality (TTM), both in days is reported.

Confounding factors

The water and air temperature at the time of sampling should not be extreme i.e. col-
lected when environmental temperatures are close to zero or above 25°C as this may
influence the measurement. As a supporting parameter, condition index (CI) should
be measured; spawned out mussels with a low CI tend to be weak and will die
quickly when measured for SoS. If information on spawning state is not known, then
do not undertake SoS at or immediately after the main spawning season. Tolerance
of small mussels to air exposure has been demonstrated to be significantly greater
than large mussels (Thomas et al., 1999). To date, there is no evidence to suggest that
there will be differences in SoS response for different species of mussels or hybrids.

Applicability across the OSPAR maritime area

The SoS was also successfully utilized as a biomarker of stress in biomonitoring pro-
grammes such as RAMOGE (Mediterranean sea). To date, SoS has not routinely been
applied in the OSPAR maritime area, except for some research activities (i.e. Labarta
et al., 2005) and the ICON ICES/OSPAR Demonstration Programme (currently in pro-
gress). However, mussels are available throughout the OSPAR area, and there are no
apparent significant constraints on its use. Several recent papers have emphasized
the importance of utilizing this simple biomarker to evaluate the effects of aromatic
polycyclic hydrocarbons, as for Exxon Valdez (Thomas, 1999) or in the Halifax Har-
bour biomonitoring (Hellou and Law, 2003), as well as in studying the effects of the
pollutants present in untreated sewage (Moles and Hale, 2003).

SoS has been adopted as general stress biomarker in the UNEP MAP Mediterranean
Biomonitoring Program UNEP/MAP (UNEP, 2003). However, it can easily and
equally be applied in the OSPAR maritime area as a whole organism biomarker.

The measurement does not require sophisticated equipment, is low cost in terms of
manpower to undertake the work. Mussels can be collected from the shoreline or
close to the shore, avoiding the high cost of research vessels. Therefore, the applica-
bility across the OSPAR maritime area is highly recommended. Most importantly, it
can be used as an index of a general stress syndrome within the integrated mussels
monitoring framework proposed by OSPAR. Furthermore, SoS shows a sensitivity
which is in the same range of other commonly used general stress indices at the cellu-
lar level (e.g. lysosomal membrane stability).

For the new organization of biological effects monitoring in Phase IV of the MEDPOL
Programme, a two-tier approach has been proposed. This approach considers Ly-
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sosomal Membrane Stability (LMS), stress on stress (SoS) and mortality as core bio-
markers to be applied in the first tier.

Ecological relevance

This extremely simple biomarker is able to provide evidence of effects of pollutants at
the whole organism response level.

The response of this biomarker shows a typical dose-response curve, characterized by
a continuous decrease of the parameter (LT50) with increasing pollutant concentra-
tions, although in some experiments in the presence of low concentrations of con-
taminants a slight increase was also observed, possibly due to an hormetic effect
(Eertman, 1995).

Quality assurance

LT50 values have been reported to show comparability with stress indices deter-
mined at the cellular level (Hellou and Law, 2003).

Because of the simplicity of the method, data quality assurance has not been tested by
national or international programmes and is not considered to be necessary (ICES
WGBEC 2010, pers com). However, an intercalibration/workshop exercise for other
mussel techniques has been proposed in 2010 and it is proposed to include SoS in this
initiative in order to harmonize the SOP and identify any AQC issues.

Background responses and assessment criteria

Background response times and response thresholds corresponding to unin-
tended/unacceptable levels of response have yet to be defined for SoS. Until more
data are available, then values should be interpreted from existing national datasets.
It should be noted that these values are provisional and require further validation.

e Animals may be considered healthy if SoS is higher than 10 days;

e Animals may be considered to be stressed but compensating if SoS is be-
tween 5 and 10 days;

e Animals may be considered as severely stressed if the SoS is less than five
days.

Background SoS responses may be as high as 18 days observed in M. galloprovincialis,
(Personal communication, C. Martinez-Gémez, ES) and 16 days Mytilus edulis (Per-
sonal communication, John Thain, UK).

The added value of SoS in mussels is that the response measures the overall impact of
multiple stressors on an organism, yet the response can be correlated quantitatively
to contaminant tissue concentrations, a “true” integrated biological effect — chemical
monitoring tool (see ecological relevance above).
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Annex 16: Technical Annex on sampling and analysis for integrated
chemical and biological effects monitoring in fish and shellfish

Version date: 29 January 2010.

Introduction

ICES/OSPAR WKIMON and associated groups have progressively developed an in-
tegrated approach to the use of biological effects and chemical measurements in envi-
ronmental monitoring and assessment to meet the objectives of the OSPAR Strategy
for Hazardous Substances. In relation to hazardous substances, the OSPAR Joint As-
sessment and Monitoring Programme seeks to addresses the following questions:

e  What are the concentrations in the marine environment, and the effects, of
the substances on the OSPAR List of Chemicals for Priority Action ("priori-
ty chemicals")? Are they at, or approaching, background levels for natural-
ly occurring substances and close to zero for manmade substances?

e Are there any problems emerging related to the presence of hazardous
substances in the marine environment? In particular, are any unin-
tended/unacceptable biological responses, or unintended/unacceptable le-
vels of such responses, being caused by exposure to hazardous substances?

Integration of chemical and biological effects measurements in OSPAR
CEMP

The primary means of addressing these questions on an OSPAR wide basis is the
Coordinated Environmental Monitoring Programme (CEMP; OSPAR Agreement
2005-5). Guidelines for the Integrated Monitoring and Assessment of Contaminants
and their Effects were presented to ASMO 2007 (ASMO 07/6/8).

The integrated approach described in the Guidelines is been based around recom-
mendations of sets of measurements that could be used to investigate the effects of
contaminants on either fish or shellfish (mussels). These reflect the wide experience
of the monitoring of the concentrations of priority contaminants in sediment and bi-
ota, and the benefits of combining this with the developing experience of the use of
biological effects measurements in monitoring programmes. The fish and shellfish
integrated monitoring schemes are reproduced below (Figures 1 and 2) from the
JAMP Guidelines for the Integrated Monitoring and Assessment of Contaminants
and their Effects (as revised at ICES/OSPAR SGIMC 2010).

As indicated in the Guidelines, the contribution made by an integrated programme,
involving both chemical and biological effects measurements, is primarily that the
combination of the different measurements increases the interpretive value of the
individual measurements. For example, biological effects measurements will assist in
the assessment of the significance of measured concentrations of contaminants in bi-
ota or sediments. When biological effects measurements are carried out in combina-
tion with chemical measurements (or additional effects measurements) this will
provide an improved assessment due to the possible identification of the substances
contributing to the observed effects.
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Figure 1. Overview of methods to be included in an integrated programme for selected fish spe-
cies. (Bold: included in CEMP; solid-line boxes: prioritized components (only applies to tissues
and subcellular responses); italics: ICES WGBEC promising method.
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Figure 2. Overview of methods to be included in an integrated programme for selected blue mus-
sel. (Bold: included in CEMP; solid-line boxes: prioritized components (only applies to tissues
and subcellular responses); italics: ICES WGBEC promising method.

The structure of each of the scherhes recognizes that a fully integrated assessment
requires the integration of a variety of chemical measurements (concentrations of
contaminants in the fish or mussels) and biological effects data.

It is well recognized that some particular contaminants or groups of contaminants
can have characteristic biological effects. The classic example of a highly specific re-
sponse to a contaminant is that of the effects of tributyltin (TBT) compounds in induc-
ing imposex or intersex in gastropod mollusc species. These responses have been
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widely used as an assessment of the environmental significance of tributyltin com-
pounds, and are the topic of an OSPAR EcoQO. While it is theoretically possible for
other substances to disrupt the hormonal systems of snails in a similar way, it is gen-
erally accepted that TBT is the primary marine contaminant responsible for the ef-
fects.

There is clearly great attraction in the recognition of a highly specific response to a
particular narrow class of contaminants, particularly if chemical analysis at concen-
trations known to be associated with the effects is difficult. However, generally such
close relationships are rare. For example, a range of effects measurements have been
applied to the effects of planar organic contaminants in the sea, i.e.

e the concentration of PAH-metabolites in fish bile;
e CYP1A/EROD induction;

e Indices of genotoxicity (e.g. DNA adducts of PAH, COMET assay, micro-
nucleus assay, etc.);

e liver (microscopic) neoplasms;

e liver histopathology.

However, these effects show varying degrees of specificity for PAH as opposed to
other planar organic contaminants such as planar CBs, or dioxins. The concentration
of PAH-metabolites in fish bile is clearly specific to the PAH compounds detected,
but CYP1A/EROD induction is a property of a range of groups of compounds.

In general, it is found that while subcellular responses can commonly be linked to
substances that have the potential to induce the response, measurements of whole
organism effects are much less contaminant-specific. However, they are often more
closely linked to the potential for cause effects at population level, through reduction
in survival or reproductive capacity. This gradation is reflected in the grouping of
the effects measurements in Figures 1 and 2 under the headings of subcellular re-
sponses, tissues responses and whole organism responses. Sub-cellular responses
such as EROD, bile metabolite concentrations and metallothionein are recognized as
biomarkers of exposure to contaminants, while whole organism and tissue level re-
sponses are more clearly markers of effect.

Sampling and analysis strategies for integrated fish and bivalve moni-
toring

The integration of contaminant and biological effects monitoring requires a strategy
for sampling and analysis that includes the

1) sampling and analyses of same tissues and individuals;

2) sampling of individuals for effects and chemical analyses from the same
population as that used for disease and/or population structure determina-
tion at a common time;

3) sampling of water, the water column and sediments at the same time and
location as collecting biota; and

4) more or less simultaneous sampling for and determination of primary and
support parameters (e.g. hydrographic parameters) at any given location.

Examples of sampling strategies for the integrated fish and shellfish schemes are
shown in Figures 3 and 4). The numbers of individual organisms required are driven
primarily by the assessment of external diseases and macroscopic liver nodules (fish)
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and histopathology (bivalves), because these require the largest number of individu-
als. A subsample of individuals within the primary sample is further sampled for
liver histopathology (fish) and biomarkers (fish and bivalves) to meet Requirements 1
and 2 above.

In the specified target species, further subsampling of the same individuals for chem-
ical analysis is often restricted by insufficient remaining tissue, e.g. liver in fish. In
order to meet Requirement 2, subsamples for chemical analysis are taken from the
same combined hauls/population as those for disease/biomarkers.

In order to integrate sediment, water chemistry and associated bioassay components,
with the fish and bivalve schemes, sediment and water samples should be collected at
the same time as fish/bivalve samples and from a site or sites that are representative
of the defined station/sampling area.

Additional integrated sampling opportunities may arise from trawl/grab contents, for
example, gastropods for imposex or benthos, and these should be exploited where
possible/practicable.

Integrated site ‘fish scheme’

L 3

Other integrated sampling opportunities
TBT-speciic bislogical efleds montonng (e 9. gastropods)
Benithic bio diversity

Sediment and water
samples taken from sites repres entative
of the station®

Target species (e.g. dab, flounder, whiting, dragonet, or
suggested akernatives). The sample will consist fish from
one or more combined hauls at the same station*.

1

External discuse sxscssment end mucroscopic liver nodulex
For guidance follow| CES published standard protocol (Bucke et af,
1998)% and BEQUALM fish disease measurement programmes.

]

Liwer histopethology axsczsment

i (JAMP 1 far
monitoring contam inarts in sediments OSPAR 2002-16)
Chemical determinantstas sppropriate)
Physical characteristics (e.g. sediment PSA)
Bioassays (e.g. CALUX, invertebrate embryo)
Water chemisiry

Sub sample S0 fish for liver
histopathology

Conteminent enehysis 25 fish in 23 an length range
(within the size range of ish sampled for biom arkers)

FollowICES TIMES published protocol
for liver histopathologye

dividled in S batches of5
Follow JAMP Guidelines for contaminarnts in biota
(OSPAR 1989-2) and Figure 1 to prioritise determinants

Salinty, nutrients, oxygen
Chemical determinants (as appropriate)
Passive samplers

Sub sample 20 fish (10 male:10 female)

for biomarkers studies ‘ FisH |

Sub-eellular bi driven by =i i ‘ ‘ |

factors and relevant integrated chemical package{=)
Follow JAMP Guidelines for contaminant-specific biological
effects monitoring (OSPAR —2003-10) and Figure 1 to prioritise
com ponentsideterminants

[ || b || oo || sissssem |

St 7 by B Bl rvagab ailoms. | e |Ir-.\ roviil, winila itk s
hea v nd g
Hii] ERCRAGY P14 S eraps L Vun =
d [ uepuean !
+ Note: A sition o B R Lysmsom al sfability | = —=========- b
: rmuy be site specific or u lurger defined ures [ LT
3 i
*Bucke, D., Vethaak, AD., Lang, T. and Mellergaard, S. 1996, Common diseasss fnnalzd sz ~lelagerin
and parasites of fish in the North Aflantic Training guide for identification. ICES It
Techniques in Marine Environmental Sciences, No.19. 27 T
WBEQUALM: (hitp: /fwwwybegqualm orgMishdisease.htm )
cFeist, S W, Lang, T, Stentiford, G and Kahler, A, 2004 The use of liver — Fioure 1
pathology ofthe European fatfish, dab (Limanda ImandaL ) and flounder T 1gure
( Piatichthys fiesus L) for monitoring biological effects of contaminants. ICES
Techniques in Marine Environmental Sciences, Mo, 25. 47pp

Figure 3. Sampling strategy for integrated fish monitoring.
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Figure 4. Sampling strategy for integrated bivalve monitoring.

Guidance on sampling and analysis for integrated monitoring of bio-
logical effects and chemical measurements

Some aspects of the details of fish and shellfish sampling and analysis are covered in
the OSPAR JAMP Guidelines. Integration of chemical and biological effects data in
coordinated monitoring programmes was not a primary consideration when the
components of these Guidelines were developed. Some revisions have therefore been
made to ensure that the information correctly covers the requirements for integrating
chemical and biological effects sampling.

The following tables address aspects of technical guidance on sampling design and
supporting parameters.

Tables 1-3 cover methods to be used for integrated fish, bivalve and gastropod moni-
toring, Tables 4 and 5 cover methods for monitoring of water and sediments.

A new scheme for organotin-related integrated monitoring using marine gastropods
is added Figure 7.2.
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Table 1. Overview of selected methods for integrated fish monitoring (2007 WKIMON Report,

revised).
SUBJECT PARAMETER COMMENT
Species Primary species: dab, flounder, Whiting, eelpout | Alternative species may be used if primary
i . i i species are not available.
Alternative species: plaice, cod, herring, eelpout,
hake, dragonet or other
Sex females and/or males For certain biomarkers or chemical

measurements, only females or only males are
used (see relevant JAMP guidelines)

Health condition

Specimens free of external visible diseases
should be used for chemical and biomarker
analysis.

Certain biomarkers are affected by disease
conditions.

Size ranges Dab: 2 15 cm (according to suggested new JAMP | For integrated monitoring encompassing
guidelines for externally visible diseases). chemistry, histopathology and biomarkers, the
Flounder: = 20 cm (according to suggested new | Mid size groups are preferable which are:
JAMP guidelines for externally visible diseases). 20-24 cm (dab) 20-29 cm (flounder)20-24
Whiting: 2 15 cm (according to suggested new cm (whiting) 10-15 cm (dragonet).
JAMP guidelines for externally visible diseases).
Dragonet: 2 10 cm (according to suggested new
JAMP guidelines for liver histopathology)
Eelpout: Pregnant females 15-30 cm , 50 fish
per station.

Sample size Depending on the parameter measured, Sample sizes have to fulfill statistical

according to JAMP Guidelines.

requirements for spatial and/or temporal trend
monitoring.

Preferably, all measurements should be done
in individual fish and pooling should be
avoided (with the possible exception of
contaminant measurements).

Sampling time and
frequency

Sampling for all parameters should be carried
out at the same time, outside the spawning
season, and at least once a year in the same time
window

Justification is provided in the OSPAR JAMP
Guidelines

Sampling location

Sampling for all parameters should be carried
out at the same site

The location, size and number of sampling
sites depend on the purpose of the monitoring.
For offshore sampling targeted at fish, it is
recommended to use ICES statistical
rectangles as sampling sites. A number of
repeated samplings (= hauls) (replicates)
should be carried out in each of these
rectangles. For coastal and estuarine waters,
sites should be selected based on existing
WEFD and other chemical/biological monitoring
sites, taking account of potential hot-spot
areas or areas at risk. The number of sampling
sites should be sufficient to reflect the
environmental conditions ij the survey area,
and meet the purposes of the monitoring
programme.

Chemical
determinands

Metals: Hg, Cd, Pb, Cu, Zn

CBs: ICES 7 CBs + CB77,CB81,CB126, CB169
+CB105,CB114,CB123, CB156, CB157,
CB167,CB189.

Brominated flame retardants: congeners of the
penta mix, octa mixand deca mix PBDE
formulations; hexabromocyclododecane,
tetrabromobisphenol A.

Lindane.

TBT

In addition, in situ PAH measurements (e.g..,
using UV fluorescence spectrometry) may be
employed under specific circumstances (e.g.
after oil spill or PAH related point source
discharges). Besides the contaminants already
covered by the OSPAR CEMP, there are a
number of other compounds from the OSPAR
List of Chemicals for priority action that should
be monitored because of their toxicity and
environmental relevance. The list provided is,
therefore, not complete.
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SUBJECT PARAMETER COMMENT
Biological effects Biological effect techniques as specified in the Additional opportunities for the inclusion of
measurements OSPAR Guidelines for the Integrated Monitoring new methods is likely to emerge through the
and Assessment of Contaminants and their implementation of MSFD and as science
Effects, as in Figures 1 and 2 above develops. Potential examples include
indicators ofimmunocompetence, and
embryo-malformation.
Supporting Length, weight, gender, age, somatic indices, In the list, parameters are provided that are
parameters stage of gonadal maturation, grossly visible known to affect both the biological effects

anomalies, lesions, parasites, hydrography
(temperature, salinity, oxygen content)

responses and the concentration of
contaminants. The data can be of assistance in
data interpretation.

Haul duration

Haul durations should be harmonized between
monitoring authorities. An appropriate value
would be 30 minutes, but may be less than this if
conditions require.

The purpose is to standardize the stress
experienced by fish during capture

Duration and
conditions of
storage of live fish
prior to dissection

Fish should be maintained alive in flowing
seawater on the sampling vessel for periods not
exceeding 8 hours.

Storage for longer periods or under poor
conditions can stress the fish and alter some
biomarker responses.




170 |

ICES/OSPAR SGIMC REPORT 2010

Table 2. Overview of selected methods for integrated shellfish monitoring (2007 WKIMON Re-

port, revised).

SUBIJECT PARAMETER COMMENT
Species Primary species: Mytilus edulis The first choice shellfish species is not
i . 3 L available in all parts of the OSPAR area. In
Alternative spe:mes. Mytilus ga/{apravmma//s, such cases, other species should be
Crassostrea gigas, Ostrea edulis selected, such as oysters.
For Mytilus sp., speciation studies are
recommended in order to confirm species
identity.

Sex Females and/or males For certain biomarkers or chemical
measurements, only females or only males
are used (see relevant JAMP guidelines)

Size range Mussel: >=40 mm, ideally in the range Based on JAMP Guidelines for chemical

between 40-55mm. monitoring
Pacific oyster: 9-14 cm
Sample size Depending on the parameter measured, Sample sizes have to fulfil statistical

according to JAMP Guidelines.

requirements for spatial and/or temporal
trend monitoring.

For some parameters, sample size has still
to be defined.

Preferably, all measurements should be
done in individual mussels and pooling
should be avoided (except where
recommended, for example for the
measurement of contaminant
concentrations).

Sampling time and
frequency

Sampling for all parameters should be
carried out at the same time, outside the
spawning season, and at least once a year in
the same time window

Justification is provided in the OSPAR JAMP
Guidelines

Sampling location

Sampling for all parameters should be
carried out at the same site.

The location, size and number of sampling
sites depend on the purpose of the
monitoring. For coastal and estuarine
waters, sites should be selected based on
existing sites used for WFD or other
purposes, taking account of hot-spot areas
and areas at potential risk. The number of
sampling sites should be sufficient to
reflect the environmental conditions ij the
survey area, and meet the purposes of the
monitoring programme. For coastal and
offshore studies, caging of mussels should
be considered.

Chemical determinands

Metals: Hg, Cd, Pb, Cu

PAHs: EPA 16 + NPD

CBs: ICES 7 +CB 77,81,126,169 + CB
105,114,123,156,157, 167,189
Brominated flame retardants: congeners of
the penta mix, octa mix and deca mix PBDE
formulations; hexabromocyclododecane,
tetrabromobisphenol A.

Lindane

Organotin compounds

In addition, total hydrocarbon
measurements (e.g.., using

UV fluorescence spectrometry) may be
employed under specific circumstances
(e.g. after oil spill or PAH related point
source discharges). Besides the
contaminants already covered by the
OSPAR CEMP, there are a number of other
compounds from the OSPAR List of
Chemicals for priority action that should be
monitored because of their toxicity and
environmental relevance. The list provided
is not complete.

Biological effects
measurements

Biological effect techniques as specified in
the OSPAR Guidelines for the Integrated
Monitoring and Assessment of Contaminants
and their Effects, as in Figures 1 and 2 above

Additional opportunities for the inclusion of
new methods is likely to emerge through the
implementation of MSFD and as science
develops. Potential examples include
indicators of immuno-competence, and
embryo-malformation.




ICES/OSPAR SGIMC REPORT 2010

| 171

Supporting parameters

Shell length, shell and soft body weight,
gender, stage of gonadal maturation, grossly
visible anomalies, lesions, parasites,
sampling depth, hydrography (temperature,
salinity, oxygen content, turbidity),
nutrients/eutrophication

In the list, parameters are provided that are
known to affect both the biological effects
responses and the concentration of
contaminants. The data can be of use for
normalization.

Sampling depth

Subtidal or intertidal mussels can be used.
Deployed mussels offshore can be
positioned at depths 0-8m

Intertidal specimens may be subject to
greater biomarker variability. Subtidal
specimens are less robust post-sampling
and effects measurements may be more
susceptible to post-sampling stress.

Storage and transport of
bivalves

Transport of bivalves should be completed
within than 24 hours. They should be
transported in an insulated container at 4°C
in a damp atmosphere maintained by
absorbent materials (such as seaweed
and/or paper towel) wetted with seawater.
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Table 3. Overview of methods and species for integrated gastropod/organotin monitoring (2007
WKIMON Report, revised).

SUBIJECT PARAMETER COMMENT

Species Intertidal species:
Nucella lapillus
Nassarius reticulata
Littorina littorea

Offshore species:

Buccinum undatum
Neptunea antiqua
Sex Females and/or males
Size range Size ranges are to be selected in accordance with the JAMP Guidelines
Sample size Depending on the parameter measured, All measurements should be
according to JAMP Guidelines. done in individual gastropods
and pooling should be avoided.
Sampling time and frequency Sampling for all parameters should be

carried out at the same time. Sampling
frequency according to JAMP Guidelines.

Sampling location Sampling for all parameters should be For coastal and estuarine
carried out at the same site. waters, sites should be selected
based on existing WFD sites

(where they are established) and
TBT hot-spot areas like harbours
and major shipping routes (see
relevant JAMP guidelines).

Chemical determinands Organotin compounds in tissue Guidelines for chemical
measurements in biota will be
published shortly in ICES TIMES
series, and in a Technical Annex
to the JAMP Guidelines.

Biological effects measurements Imposex or intersex (species dependent endpoints, as in the JAMP Guideline)
ICES TIMES document on intersex in Littorina provides methodological advice.

Supporting parameters Shell length, organotin compounds in sediment.
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Table 4. Environmental parameters for inclusion in monitoring programmes (water) (2007 WKI-

MON Report, revised).

SUBJECT

PARAMETER \

COMMENT

Chemistry

Salinity, nutrients, oxygen

Chemical determinands

Metals: Hg, Cd, Pb, Cu, Zn
PAHs: EPA 16 +
Naphthalene,
phenanthrene,
dibenzothiophene and their
alkylated derivatives

CBs: ICES 7 CBs
Brominated flame
retardants: congeners of the
penta mix, octa mixand
deca mix PBDE
formulations;
hexabromocyclododecane,
tetrabromobisphenol A.
Lindane

Organotin compounds

Consideration should be
given to bioavailability. To
answer the JAMP question
relating to concentrations
approaching background or
zero, there may be a
requirement to measure a
broader range of chemicals.

Physical

Temperature, content of suspe

nded matter

Biology

Phyto and zooplankton

Information might be useful
for specific events, such as
blooms affecting fish health
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Table 5. Environmental parameters for inclusion in monitoring programmes (sediment) (2007

WKIMON Report, revised).

SUBJECT

PARAMETER

COMMENT

Chemistry

TOC, water content, Al, Li

Al and Li (or other elements
as appropriate to the
sediment type) are used for
normalization of
contaminant
concentrations.

Chemical determinands

Metals: Hg, Cd, Pb, Cu, Zn
PAHs: EPA 16 +
Naphthalene,
phenanthrene,
dibenzothiophene and their
alkylated derivatives CBs:
ICES 7 CBs+ CB77, CB81,
CB126,CB169 + CB105,
CB114,CB123, CB156,
CB157,CB167, CB189.
Brominated flame
retardants: congeners of the
penta mix, octa mixand
deca mix PBDE
formulations;
hexabromocyclododecane,
tetrabromobisphenol A.
Lindane Organotin
compounds

Consideration should be
given to bioavailability. To
answer the JAMP question
relating to concentrations
approaching background or
zero, there may be a
requirement to measure a
broader range of chemicals.

Physical

Sediment type, particle size,
colour index, information on
anthropogenic
disturbances,
sedimentation rates, current
flow rates

Anthropogenic disturbance
such as trawling or sand and
gravel extraction may affect
the sediment structure.
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Annex 17: Technical Annex for Mussel (Mytilus sp.) OSPAR Integrated
Monitoring

Version date: 29 January 2010.

Background

The basis for the technical annex is the mussel integrated monitoring strategy incor-
porating biological effect techniques at the subcellular, tissue and whole organism
responses and tissue chemistry. This is outlined below (Figurel).

Mussels
Tissue Subcellular Tissue Whole
Chemistry response response organism
Cd, Hg, Pb Lysosomal Histopathology Stress on
Cu, Zn stability Stress
PCBs Sametogenesis -
AchE Condition
Index
PAHs Micranuclei e
farmation 1 ScopeFor
: Growth |
BFRs=
| Fluorinated |
| compounds |

Figure 1. Overview of methods to be included in a programme for blue mussel; solid-lined boxes
— core components. Bold text — included in CEMP; italics — recommended but additional support-
ing documentation required.

In any mussel integrated monitoring programme the core components as indicated
should be included as a bare minimum.

Purpose of work
The integrated approach described above can be used for:

e Status and trend monitoring; contaminant and biological effect responses are
measured over geographic areas and repeated over time. The purpose
here may be to compare biological effect responses between sites, to com-
pare changes in response with time and to observe if the “health status” is
improving, at a steady state or declining.
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e Investigative monitoring; most frequently used as a screening step to assess
if biological effects are occurring in relation to a suspected contaminant
gradient, pollution event or if biological effects are suspected for any rea-
son (e.g. tissue chemical residues have been observed to be high).

e  Hot spot — site-specific monitoring; usually in relation to risk assessment at
pollution sites e.g. oil platform investigations.

Offshore and coastal

Mussels (Mytilus species) are infrequently found in the sub littoral zone. But popula-
tions do exist in shallow waters and are found on the seabed, usually close to the
coastline, in general within the 12 mile limit. They may also be found offshore at-
tached to navigation buoys, chains, and oil and gas platforms. For monitoring pur-
poses these mussels can be used but care needs to be exercised in sampling the
organisms, to ensure that they are not damaged during sampling and that the correct
size range can be obtained. For offshore monitoring purposes it is usually more ap-
plicable to use in situ caging methods (see below). Advantages of using caged organ-
isms are; choice of site deployment (including reference sites), selection of depth of
deployment (e.g. may be critical for oil platform studies, but generally within 8 m of
the sea surface); standardization of origin (same source/supply), size and species.
Disadvantages are: cost of deployment in respect of mooring systems and ship time
for deployment and retrieval; in addition some techniques require immediate sam-
pling and analysis which may not be feasible on a research vessel offshore.

If caging is used then hydrographical conditions must be considered with special at-
tention given to water currents and stratification.

Shoreline

Mussels may be regarded as ubiquitous on rocky shore coastlines and therefore, ideal
for monitoring purposes. Sampling sites can be selected easily, organisms collected
with little cost and reference sites located without difficulty. In addition, if mussels
are not present at a site of interest then organisms can be caged on the sea shore or in
estuaries on piers or similar structures.

Sampling Information

Details required

e Date, time and location on the shoreline (if applicable e.g. low water) and
exposure (e.g. highly exposed Atlantic rocky shore or enclosed sheltered
bay).

e DPosition in Lat. Long.

e Type of site; reference, pollution gradient, status or trend.

e At caging sites information on water temperature, depth of deployment,
time of immersion, water column depth and information on currents and
stratification if available, water temperature and salinity.

e Source of mussels for caging studies; for any caging study it is important
that the mussels are sourced from a clean site, and that day 0 values are de-
termined for tissue contaminant chemistry and biological effect responses.

e For shoreline monitoring, ideally the mussels must be sampled in a uni-
form manner between sites i.e. tidal height and similar salinity profile.
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Confounding factors

For in situ transplants/caging the mussels must be deployed for at least three weeks
in order to allow sufficient time for contaminants to accumulate in the tissues and
reach a state of equilibrium. Failure to do this may produce spurious data. Also of
note is that in many countries there are regulations controlling the movement and
deposit of shellfish and these must be observed (i.e. prevention of transfer of disease).

Reproductive state and gametogenic cycle; Mussels generally spawn in early spring,
with spawning occurring later in more northern populations. At spawning there is a
major loss in body lipid and a subsequent fall in condition; therefore sampling in or
shortly after this period should be avoided for all aspects of tissue chemistry analysis
and biological effect determinations.

Salinity; be aware that low salinities affect the biomarker response, of particular im-
portance for caging work in estuaries.

Temperature; Mussels on the shoreline can be subject to extremes of temperature,
cold in winter and extreme heat in summer. Avoid sampling when extremes are
likely to occur as this may compromise the biological effects response.

Parasites; Mussels with severe parasite infections should not be used.

Algal blooms; in spring and late summer and autumn intense algal blooms may oc-
cur and sampling of mussels at such times should be avoided.

Species; on some coastlines mussels are solely of one species whereas at other loca-
tions they are mixed or hybrids. It is unclear whether species difference will affect
interpretation of data but wherever possible attempts should be made to determine
the species under observation.

In caging studies (shoreline or offshore) care should be taken in sourcing mussels
from a “clean site”. If rope grown mussels are chosen then particular attention must
be given to transporting the mussels as they tend to have weak adductor muscles and
easily gape and become stressed during transportation which may give rise to initial
mortalities or erroneous biological effect responses. Therefore, the source of mussels
should be taken account of in the experimental design.

Supporting measurements

e Condition index; dry meat relative to whole live weight or internal shell
volume.

e Gonad state; index of reproductive state.

e Lipid content; usually a determined and measured along with tissue chem-
istry and useful for interpretation of biomarker responses.

e Real growth; if available measured using growth of marked intervals over
time, usually months.

e Water quality measurements; salinity, temperature are recommended, and
where possible suspended solids or turbidity, DO, and chlorophyll.

e Chemical analysis of tissues; this is essential to interpretation of biological
effects data and for the implementation of the integrated chemical biologi-
cal effect strategy as outlined above. Prioritised contaminants are Cd, Cu,
Hg, Zn, Cd, PAHs and PCBs. As a minimum 50 mussels (>40 mm in
length) should be collected, taken to the laboratory and held in running
seawater for 24 h to eliminate gut contents (e.g. sediment, etc.). The tissues
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should then be extracted from the mussel and placed in acid washed hex-
ane rinsed glass/plastic/metal containers (as appropriate to the particular
analysis), stored at -20°C for subsequent chemical analysis using ICES or
appropriate protocols.

Sampling for bio-effects

For some methods the samples require immediate processing at the time of sampling
whereas for other techniques processing is undertaken in the laboratory. An over-
view of this is shown in the table below (Table 1), and also includes the number of
animals typically sampled for each method. Ideally the size of individual mussels for
all methods is >40 mm.

Table 1. Overview of sampling procedures for mussels.

Method and minimum When analytical Acclimation Comments and
numbers of animals sampling Is undertaken aspects that are
usually sampled per site cruclal
In brackets
SFG (10) 24h Cal0h Crucial
Ache (10) Immediate in field Not applicable Stored immediately in
liquid nitrogen
Mt (10) Any time within 24 hon live | Notapplicable Take tissue sample -
mussel freeze in liquid nitrogen
COMET Within 24 h Store forno more than24 h | Do as quickly as possible
in cool damp conditions.
Must be consistant in
startegy
Micronuclei (20) Within 3 days None Mussels can be kept out
of water but cool
NRR (10) Within 24 h Store forno more than24 h | Do as quickly as possible

in cool damp conditions.
Must be consistantin
startegy

Lysosomal histochemical
method (10)

Freeze immediately

Not applicable

In liquid nitrogen

Stress on stress (40)

Not applicable

Transport at low
temperatures for no more
than24 h

Analysis done at 18°C

Histopathology and
gametogenesis(30-50)

Sample immediately if
possible

Anything more than 6 h
delay in sampling place in
water for 48 h acclimation

Dessication must be
avoided, correct
dissection to incude all
organs

Condition (20) Within 24 h If >24 h place in water and
do sample within 48 hrs
Growth (25) Within 24 h If >24 h place in water and

do sample within 48 hrs

Tissue chemistry (50)

Place in 24 h clean running
seawater

Not applicable

Depuration of sediment is
crucial

Mussels are attached to each other or to a substratum by a byssal thread. When mus-
sels are sampled care should be used not to pull the mussels and byssal threads too
vigorously as this can damage and stress the mussels. If mussels have to be trans-
ported this should be kept to a minimum and they should be kept damp and cool and
if possible the temperature logged during the transport.

For some techniques such as SFG the mussels will need to be carefully cleaned. It
should be noted that there are limitations of analysis for some methods e.g. for SFG
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and NRR where time-wise it may be difficult to process more than two samples in a
single day.
For histological sampling it is essential that the dissection is conducted in a precise

manner and this is described below.

The technical procedure essential to correct mussel sampling for histology (taken
from draft TIMES doc. under preparation, provided by ] Bignell, UK, Cefas.

e Insert scalpel into ventral byssal cavity and move knife down so it cuts the
posterior adductor muscle.

¢ Open shell and remove byssal thread.

e Remove mussel from one shell half. Repeat for remaining half.

e Analyse tissue for presence of parasites, pearls or other abnormalities.

e Obtain a standardized section as shown in photographs 1-8 in order to in-
clude all organs of interest in one section and place into histo-cassette.

e Samples should be preserved for a minimum of 24 hours in Bakers Formal
Calcium, and subsequently transferred to 70% alcohol until processed.

e The correct ratio of mussels to fixative is 30 samples per 800 ml (approx.) of
fixative. This is the recommended volume of fixative to ensure adequate
fixation.

e Samples should be agitated periodically to ensure thorough fixation. A
rocker plate facilitates this perfectly.

Methods to be used

These are listed in the mussel integrated strategy above. An overview of the methods
is given in the table below (Table 8.2) with references to the analytical procedures.
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Table 2. Overview of methods and reference to analytical procedure.
Method Issue addressed Blologlcal significance References
AChE inhibition Organophosphates and Measures exposure to a wide range | 1-2
carbamates or similar of compounds and a marker of
molecules stress.
Possibly algal toxins
Metallothionein induction Measures induction of Measures exposure and 3-4
metallothionein protein by disturbance of copper and zinc
certain metals (e.g. Zn, Cu, metabolism.
Cd, Hg)
Lysosomal stability Not contaminant-specific, but | Measures cellular damage and is 5-19
(including NRR) responds to a wide variety of a good predictor of pathology.
xenobiotic contaminants and Provides a link between exposure
metals and pathological endpoints.
Possibly, a tool for
immunosuppression studies in
white blood cells.
Scope for growth Responds to a wide variety of | Integrative response, a sensitive 20-21
contaminants sublethal measure of energy
available for growth.
Stress on stress Responds to a wide variety of | |ntegrative response, a 26
contaminants and other measurew of stress,
environmental conditions condition, health and well-
being.
Micronuclei Exposure to aneugenic and Exposure to aneugenic and 22-23
clastogenic clastogenic
Histopathology and Not contaminant-specific General responses 24-25++
gametogenesis
COMET Genotoxic compounds DNA strand breaks See OSPAR
Background
Document
Condition Index Quality of tissue Health status and stress See OSPAR
Background
Document
Growth Conditions of water quality Health status and stress OSPARBackground
including food availability Documentin
preparation

Quality assurance

Wherever possible all analytical methods must be supported with quality assurance
procedures. These should be through international intercalibration exercises where

they exist and through internal quality controls.

The current position with quality assurance is:

¢ NRR - currently being developed across OPSAR, exists in MEDPOL, for
internal QA a dual assessment with a colleague on the same samples is

recommended.

e Ache - not yet developed but include internal standard

e Mt - MEDPOL have intercalibration exercises, elsewhere there have been

ad hoc intercalibrations and additionally an internal standard should be in-

cluded.

e SFG -none at present.

e Stress on Stress — none at present but will be addressed by MEDPOL/ICES

workshop in 2010.
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e Histology and gametogenesis — TIMES doc and circulation of reference
material.

e Lysosomal histochemical procedures — none currently available but in-
clude an internal standard. In addition will be addressed by MED-
POL/ICES workshop in 2010.

e Micronuclei formation — currently being addressed through MEDPOL and
may be extended to include a wider participation.

e COMET - none at present but being addressed through ICES WGBEC.

Reporting requirements

Biological effect responses; these should be reported in-line with requirements detailed
in each analytical method. When different biological effect measurements are made
on the same individual mussel then the data should be identified in the reporting and
data assessment.

Contaminants: reported in line with standard analytical procedures.
Supporting parameters:

Essential; date and time of sampling, Lat. Long. position, organism length, whole
weight, site characterization (e.g. position on shore, or caging, DO, salinity etc); for
caged studies the source of organisms and duration of exposure.

Desirable; identification of species particularly if in a hybrid zone.
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Annex 18: Technical annex on recommended packages of chemical
and biological methods for monitoring on a determinant basis

Version date 29 January 2010.

Review of CEMP requirements

This agenda item was addressed by reviewing the chemical determinants listed in the
OSPAR CEMP and pre-CEMP (ASMO, 2007a) and considering the most appropriate
chemical analyses and biological effects techniques that could be applied in an inte-
grated fashion to monitor for these compounds in the marine environment.

Some general points concerning integrated monitoring were noted during this proc-
ess:

a) In some cases the list of contaminants that should be reported under the
CEMP (and pre-CEMP) may be insufficient for an integrated approach. In
order to aid interpretation of biological effects measurements, an inte-
grated assessment may require data on related contaminants which would
elicit a response on the biological effects components of the methods pack-
ages. Determinants additional to those required under the CEMP have
therefore been added to the packages below.

b) It was felt that a fully ‘integrated” approach to monitoring should include
passive sampling of contaminants as part of the package of methods. This
will provide information on availability of contaminants in sediments and
allows for temporally integrated sampling of contaminants in water.
(Guidelines for the application of passive samplers are available from ICES
WGMS).

¢) The biological effects techniques applied to these packages of methods are
listed either in the ICES WGBEC recommended techniques list (WGBEC,
2007) or form part of the fish and shellfish methods packages proposed in
the draft JAMP guidelines for integrated monitoring and assessment of
contaminants and their effects (ASMO 2007b). The biological effects meth-
ods included here are separated into those appropriate to monitoring se-
lected fish species, shellfish (mussels) and bioassays (sediment, water and
in vitro tests).

d) It should be noted that the biological effects methods listed here are those
which may form part of an overall integrated monitoring package and are
likely to be affected by the OSPAR priority contaminants in question.
Many of the effects measurements listed are ‘general’ biological effects
which are indicative of stress or health status of marine organisms or gen-
eral toxicity in the sediments and water column. These may be affected by
a wide range of contaminants and are not specific to the contaminants in
question. Therefore, for each group of substances the most specific and
relevant biological effects techniques have also been highlighted.

e) These packages of methods should be considered supplemental to the ex-
isting JAMP guidelines for contaminant specific (OSPAR-2003-10) and
general (1997-7) biological effects monitoring and the JAMP Guidelines on
contaminants in biota (OSPAR 1999-2) and sediment (OSPAR 2002-16).
The JAMP guidelines provide more detailed background on the biological
effects and chemical analysis methods referred to here and the necessary
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cofactors that should be recorded for these techniques. The packages of
methods presented here combine contaminant-specific effects with the
general biological effects methods that are likely to respond to the con-
taminants. They also deal with groups of contaminants not addressed by
the contaminant specific guidelines and propose further integration of
techniques such as passive sampling and invertebrate methods for metals.

The priority chemical determinants from the OSPAR CEMP and pre-CEMP are as
follows (taken from ASMO, 2007a). The Appendices referred to are CEMP appendi-
ces.

The following components of the CEMP are to be measured on a mandatory basis:

e the heavy metals cadmium, mercury and lead in biota and sediment (Ap-
pendix 2);

e the PCB congeners CB 28, CB 52, CB 101, CB 118, CB 138, CB 153, and CB
180 in biota and sediment (Appendix 3);

e the PAHs anthracene, benz[a]anthracene, benzo[ghi]perylene,
benzo[a]pyrene, chrysene, fluoranthene, ideno[1, 2, 3-cd]pyrene, pyrene
and phenanthrene in biota and sediment (Appendix 4);

e TBT in sediment (biota voluntary/pre-CEMP) (Appendix 5).

The following components are currently part of the pre-CEMP and are to be meas-
ured on a voluntary basis:

e the brominated flame retardants HBCD and PBDEs 28, 47, 66, 85, 99, 100,
153, 154 and 183 in biota and sediment, and BDE 209 in sediment (Appen-
dix 8);

e the planar PCB congeners CB 77, 126 and 169 in biota. Monitoring of those
congeners in sediment should be undertaken only if levels of marker PCBs
are e.g. 100 times higher than the Background Assessment Concentration
(Appendix 9);

e the alkylated PAHs C1-, C2-, and C3-naphthalenes, C1-, C2- and C3-
phenanthrenes, and C1-, C2- and C3-dibenzothiophenes and the parent
compound dibenzothiophene in biota and sediment (Appendix 10);

e PFOS in sediment, biota and water (Appendix 12);

e Polychlorinated dibenzodioxins and furans in biota and sediment (Appen-
dix 13);

Methods package for metals

Although cadmium, mercury and lead are the only mandatory metal determinants
under the CEMP, other metal species are needed to interpret the biological effects
data as part of an integrated package. Additional metal species needed include cop-
per and zinc. Metals analysis should be performed on sediments and biota collected
from the same times and locations where possible. Cofactors for sediment analysis
are also required including aluminium and lithium. DGTs present the opportunity to
undertake passive sampling for metal species to allow temporally integrated sam-
pling of water and measure availability of metals in sediments.

Metal-'specific’ biological effects measurements include metallothionein, ALA-D and
oxidative stress, although both metallothionein and oxidative stress responses are
known to be affected by other contaminants. ALA-D is lead-specific and can be
measured in fish blood, although it has limited use/expertise across the ICES/OSPAR
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community and it is recommended that it is applied only in areas where lead con-
tamination is perceived to be a problem or where chemical monitoring indicates that
concentrations are e.g. significantly above background.

ALA-D is relevant to fish only. Metallothionein can be applied to fish liver and mus-
sel digestive glands although best results are obtained from mussels. There are a
number of oxidative stress measurements that can be made in both fish and mussels
which could add value to an integrated package of metals methods, but due to the
lack of standardized methods, QA and assessment criteria it is suggested that this
method is not an essential part of the metals package.

A number of ‘general’ biological effects measurements in fish and shellfish will be
affected by environmental metal contamination and these are shown in Figure 8.1
below. In vivo bioassays are also relevant measurements for the effects of metals.

Metallothionein in mussels and ALA-D in fish are considered the most spe-
cific/relevant biological effects methods for metals.

| Metals

| Chemistry | | B‘ological effects techniques

Sediments [ORCET TR
ﬂ'ﬁ ste 25 Dotz Shellfish Bioassays
#4080t S0 shorelne
Iwehen EesT) —

Wore metal 0. TN Bodls
by ‘CEMP should be
amalysed o Interpet 3 T Toxketty tacts
pologal  efects [dgesfive gandz) al vl bhassays
:?a I%sﬁl I1ug (dgesive gands) poteniialy relaant

L c0rs for hood

chemistty). Copper. ALA-D (lood) Tawcty igentrcation
nc, Ledd Hg Ol Winzs armeiseas Oidative strees. TR e

Bilota chemEAry. Same metals
5 abve

a General biol ogical General biological
Fassie samping devioss |-
0GTs I wagrefects i
f-%é"”'a"_' b Lysesomalssoiy Lysosomal stanlity
cadinent R — s Inkstogetnalogy
=TEL =] it

Figure 8.1. Package of chemical and biological effects methods relevant to monitoring for metals.
The most specific/relevant biological effects methods are highlighted.

Methods package for PCBs, polychlorinated dibenzodioxins and furans

Due to the similarity of their toxicological effects, a single methods package was pro-
posed for both PCBs and polychlorinated dibenzodioxins and furans. In addition to
the OSPAR CEMP required determinants, additional CBs may cause biological effects
and their analysis should be included in an integrated monitoring approach. These
include co-planar CBs CB105 and CB 156. A variety of passive sampling devices (e.g.
silicone rubber) offer the potential for temporally integrated sampling of these com-
pounds from water and investigation of their availability in sediments and these
should be employed where possible.

There are no truly specific biological effects measurements available for PCBs, poly-
chlorinated dibenzodioxins and furans. The most relevant are considered to be induc-
tion of CYP1A/EROD activity in fish liver and application of the dioxin receptor
based in vitro test, DR-CALUX.

Several other general biological effects measurements in fish and shellfish may re-
spond to exposure to these compounds and are given below in Figure 8.2. DR-Calux
is considered the most useful in vitro bioassay technique although chronic in vivo bio-
assays may also be relevant.
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Figure 8.2. Package of chemical and biological effects methods relevant to monitoring for PCBs
polychlorinated dibenzodioxins and furans. The most specific/relevant biological effects methods
are highlighted.

Methods package for PAH and alkylated PAH

Due to similar toxicological effects, a single package of methods is proposed for PAH
and alkylated PAH. The package of methods is similar to Figure 8.2 above although
chemical determinants should be analysed in sediment and shellfish for biota only.
Due to rapid metabolism in finfish, PAH should be analysed as metabolites in bile
rather than parent compounds in liver or flesh. As above, passive sampling should
also be applied where possible.

Additional specific biological effects are applicable for PAH/alkylated PAH. These
include PAH metabolites in fish bile and DNA adducts in fish liver. The most rele-
vant/specific biological effects techniques are highlighted as induction of hepatic
CYP1A/EROD, DNA adducts and the DR-CALUX in vitro bioassay.

General biological effects measurements will also respond to exposure to these com-
pounds and are given in Figure 8.3 below.
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Figure 8.3. Package of chemical and biological effects methods relevant to monitoring for PAH
and alkylated PAH. The most specific / relevant biological effects methods are highlighted.

Organotins

It was felt that the package of methods appropriate to organotin monitoring was al-
ready very well described by the JAMP guidelines on organotin-specific monitoring
and included a suite of parameters relevant to imposex/intersex in gastropods, TBT,
DBT, MBT, TPhT, DPhT, MPhT in sediments (for offshore monitoring) and in biota
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where appropriate (voluntary). It was noted that passive sampling for organotins
may become an option for integrated monitoring of organotins in future. It was also
noted that bivalve embryo bioassays are sensitive to dissolved TBT at ng/L level.

BFRs

It was noted that there are currently very few biological effects methods available and
tested in a monitoring context for measuring the effects of these compounds. The de-
terminants required for CEMP are HBCD and PBDEs 28, 47, 66, 85, 99, 100, 153, 154
and 183 in biota and sediment, and BDE 209 in sediment. Passive sampling is also
relevant as described above in Section 8.2.

There are no specific biological effects techniques available. Thyroid hormone recep-
tor assays in fish blood are relevant but have not been well field tested, nor is this an
ICES recommended technique. Recent studies on the toxicological properties of these
compounds in fish suggest that there are limited overt effects that can be detected by
existing techniques.

PFOS

PFOS analysis in sediment, biota and water is included in the list of pre-CEMP de-
terminants, however no specific biological effects techniques are recommended here.
It was noted that the compound may have endocrine disrupting effects and that some
ED-relevant endpoints may be appropriate along with general biological effect meas-
urements such as reproductive success. A battery of short-term low volume bioassays
(in vitro and in vivo) using extracts can be used to perform a first screen-
ing/assessment of unintended impacts and novel contaminants (see background
document on water bioassays). These extracts can be derived from water, sediment,
biota and/or passive samplers. Information obtained from bio-analysis can also be
used as input for the design of future monitoring programmes and the development
of appropriate higher-level biological effects techniques biomarkers. However, a
package of methods relevant to PFOS would require further consideration.
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Annex 19: Discussion document on survey design for integrated

chemical and biological effects monitoring

Version date: 29 January 2010.

Background

OSPAR requested that the joint OSPAR/ICES WKIMON group should develop a
draft technical annex on the survey design for integrated chemical and biological ef-
fects monitoring be prepared, based on work anticipated to be carried out by ICES
WGSAEM. The purpose of the technical annex would be to provide guidance on the
selection of representative stations, taking into account requirements under the Water
Framework Directive and the proposed Marine Strategy Framework Directive.

In particular, OSPAR recommended that this work should build on work by
WGSAEM 2007 relating to the spatial design of monitoring programmes and should
take into account the approach taken by the UK in re-designing their station network.

Sampling for a single parameter or for integrated monitoring both require definition
of sampling positions, sampling times and the number of cases per sampling. The
strategy to do this is essentially the same for both cases, so the general procedure for
planning integrated monitoring can follow that for planning single parameter moni-
toring. Considerations on these steps are detailed in Section 3.

Discussions at ICES/OSPAR SGIMC 2010

The WKIMON Group was discontinued in 2008, and was replaced by the
ICES/OSPAR SGIMC. SGIMC 2010 therefore reviewed the opportunities to progress
the task to develop a technical annex on survey design.

Following WKIMON 1V, SGIMC 2010 noted that survey design had been discussed
only briefly by WGSAEM 2007, but it had concluded that it was not possible to take
this item forward during the meeting. WGSAEM had not returned to this topic since
2007, and it was not clear that they would be able to do so in 2010. However, effec-
tive survey design is heavily dependent on statistical analysis and advice.

SGIMC 2010 discussed the opportunities for further development of advice on survey
design. The UK approach to redesign involved the definition of monitoring and as-
sessment regions, and the application of a stratified random sampling scheme within
the regions (see Section 3.4 below). Since 2007, there has been an increased interest in
assessment of monitoring data on regional bases, for example the presentation of con-
taminant (CEMP) monitoring data in the OSPAR QSR 2010 documents. The EU Ma-
rine Strategy Framework Directive has assessment regions (and subregions) as a core
element of its assessment system. In anticipation of this, the Regional Conventions
(OSPAR, HELCOM, MEDPOL, etc) are developing proposals for the definition of
subregions within their areas.

SGIMC considered therefore, that the development of survey design, including
subregions for monitoring and assessment was a considerably wider tissue than just
integrated chemical and biological effects monitoring in the context of the OSPAR
Hazardous Substances Strategy. For MSFD, it will be necessary to develop coherent
and efficient monitoring programmes for a wide range of Descriptors of Good Envi-
ronmental Status. SGIMC therefore agreed that the overall task was too large for
them to address, but that it was possible for the group to offer comment and advice
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on aspects of the statistical considerations that will be part of the wider programme
of OSPAR to assist in the implementation of MSFD, specifically in the North East At-
lantic.

In the light of the current implementation for MSFD and the availability of statistical
advice from the relevant environmental WGs in ICES, SGIMC are of the opinion that
it is not possible for them to progress this question of survey design further at this
time. SGIMC recommend that this discussion document be forward to OSPAR as a
contribution to the wider survey design task in relation to harmonization of OSPAR
and MSFD programmes.

Some statistical considerations in integrated monitoring

The choice of sampling positions aims at obtaining a sample which reflects the varia-
tion of a parameter in the area of interest, i.e. to establish geographic representative-
ness. Section 3 describes two alternative sampling strategies, adopting either fixed
sampling positions or a stratified random position sampling. The stratified random
sampling scheme starts from the assumption that there are homogeneous regions,
from which samples may be taken at random positions. Fixed position sampling
avoids problems that could arise from inhomogeneity that was not anticipated, which
could be a problem for stratified random sampling schemes. On the other hand, a
fixed station may, by bad luck, be located at an inappropriate position, but will be
reused as long as the monitoring programme continues. With random sampling, such
a continuously bad positioning is unlikely, instead it can be expected that “good” and
“bad” positions compensate another in the long run. These considerations apply to
selecting positions for monitoring for a single quantity as well as for an integrated
plan. They apply similarly to the choice of sampling times, though the latter is also
driven by other considerations (inside / outside the spawning period, etc).

Survey design: general

Survey design is driven by the objectives of the sampling, which are (WKIMON III
Report, p. 170).

e to assess status (existing level of marine contamination and its effect) and
trends across the OSPAR maritime area;

e to assess the effectiveness of measures taken for the reduction of marine
contamination;

e to assess harm (unintended/unacceptable biological responses) to living re-
sources and marine life;

e to identify areas of serious concern/hot spots and elucidate their underly-
ing causes;
e to identify unforeseen impacts and new areas of concern;

e to create the background to develop prediction of expected effects and the
verification thereof (hindcasting); and

e to direct future monitoring programmes.
Of course, each choice of sampling points and sample sizes for a survey leads to some

data on marine contamination and possible effects (as long as anything at all is meas-
ured). However, if the survey is expected to generate statements like:

e an assessment of an absolute level (“level at position A is below/above a
critical value”) or
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e a spatial comparison (“level at position A is lower than/comparable
with/higher than at position B) or

e a temporal comparison (“level at position A at time T1 was lower
than/comparable with/higher than the level at this position at time T2)

e the level of a parameter has changed in part X of the OSPAR maritime
area.

with a defined precision, it is necessary to appropriately organize the survey with
respect to sample sizes and sampling positions. The aim is to find a survey design,
which is optimal in the sense that with a prespecified effort the most precise map of
the spatial parameter distribution is obtained or that a prespecified precision is
achieved with the smallest possible effort. To this end, various specifications are
needed as input to the survey design, as given in Table 7.2.1 at the beginning of the
next section. If the required specifications cannot be given, no a priori statement about
the quality of the sampling can be made. In this case, a pragmatic way of designing
the survey has to be followed as indicated in the last section. Then, however, an a pos-
teriori determination of the power of the monitoring scheme should be performed to
obtain a quantification of the monitoring quality. This should also be done if the op-
timal design were formally determined, but could not be followed in reality due to
practical restrictions.

Survey design: optimal design for fixed stations

Table 1. Specifications needed as input to the derivation of an optimal survey design.

d, the change of biological interest numerical specification of the changein  no standard
parameter level that, if present, is to be
detected with safety 8. Must be
specified for each parameter.

B3, the power of test procedures probability that an existing change at 90% or 95%
least as large as d is detected
Sa, the analytical error of the obtained from analytical experience, e. no standard
biological/chemical analysis procedure g. multiple measurements of the same
sample
sb, the biological variation obtained from earlier investigation no standard
D, the geographical area of interest no standard
F, an initial guess of the spatial distribution of may be taken from pilot investigations or | if no other information,
the parameter of interest derived as educated guess. assume uniform spatial
distribution.

An optimal survey design can only be developed in an iterative fashion. Prior to each
campaign, an optimal design for that campaign is found by the procedure below. The
results obtained from this campaign serve as input information for the optimization
of the subsequent campaign.

Assuming that monitoring in a large area is intended, and that a priori information on
the geographical distribution of the quantity under study is available, the following
procedure can be used to derive an initial survey design (size and positions) for a
monitoring according to the first part of the first bullet point.

Step 1: Define D, the geographical area of interest (for which the assessment
shall be valid) (See 7.1 above).
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Step 2: Determine the necessary number of replicates per sampling location
(needs knowledge of the sampling variability (analytical + biological, e.g. sa,
sb), precision requirement plus standard statistics).

Step 3: Take the existing information F about the parameter of interest in this
area and generate a map of the parameter level over the area of interest (use a
standard geostatistical technique). Subdivide the range of the parameter in
“iso-concentration” ranges. Find the corresponding “iso-concentration” areas
on the map. If an iso-concentration area is ring-shaped, subdivide the ring
into at least 4 sections (e.g. according to compass directions). Ring sections
and the non-ring iso-concentration areas define the “sampling cells” ad-
dressed below.

Step 4: Define samplings points that are of basic interest or required for for-
mal reasons. These points will not be changed by the following steps.

Step 5: Define an initial number of sampling points (a guess), additional to
those from Step 4.

Step 6: Allocate sampling points from Step 5 to initial positions, starting with
the geographical means of the sampling cells from Step 3. Define a grid of
further candidate positions.

Step 7: For all present sampling points (initially those from Steps 4 and 5),
calculate the estimated parameter value from the map of Step 3.

Step 8: Compare the map predictions from Step 3 and Step 7, e.g. by comput-
ing the Integrated means square error to characterize the present survey de-
sign. Record the IMSE.

Step 9: If there still are unvisited candidate grid locations, change the geo-
graphic locations of the free sampling positions to the next grid position (one
change per step) and continue with Step 7. Otherwise finish.

The optimal survey design will then be the design that produced the smallest IMSE,
e.g. the predictions that best reproduce the initial information. If this IMSE is consid-
ered too large, the number of sampling positions has to be increased and Steps 4-9,
possibly 3-9, are repeated until a satisfactory result is achieved.

Survey design: a first approach for a fixed stations design

The procedure above may, for various reasons, not be acceptable when designing a
monitoring scheme. As an alternative, a simple rule is proposed below.

e Determine the necessary sampling size per sampling position according to
precision requirements as above.

e Use at least three sampling positions. Select these such that they include an
unimpacted, a heavily impacted and an intermediate situation.

e If more than three sample positions are used, their positions should again
cover the whole range of parameter values, preferably along a gradient.

The rationale behind this proposal is that it is necessary to obtain information about
the best and the worst situations. The extremes are more likely to exhibit changes in
future monitoring campaigns than sampling positions with a mean level.

No attempt should be made to generalize the findings from as few as three sampling
positions to a large map. The quality achieved by the chosen design should be inves-
tigated by an a posteriori power analysis.
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UK approach to survey redesign

The UK approach to redesigning its station network moves away from site-specific
monitoring of hazardous substances to a more regional approach and uses random
stratified sediment sampling to inform on status and trends supplemented by a
minimum of one fish sampling site per region (contained within one stratum) to in-
form on status and to provide supporting information for biological effects monitor-
ing.

Regions and strata have been defined covering the UK continental Shelf. Figure A1.1
shows an example of this, for the Region defined as Humber/Wash. The region con-
sists several strata, which include Water Framework Directive water bodies in the 0-
1 nm limit, an intermediate stratum 1-12 nm and two open sea strata, NE open sea
and S open sea.

Collecting all samples at the same time and place may be considered to be the ‘ideal’
survey/sampling strategy for integrated monitoring, however this is usually not
achievable in practice due to the seasonal limitations of some parameters, mobility of
fish, unsuitable sediment types, etc. and such “snap-shot sampling often fails to con-
trol local temporal and spatial variation in contaminant concentrations.

A regional approach generates more useful management information and can im-
prove the power of the programme to detect trends by controlling local spatial varia-
tion.

»  Humber/\Wash

Figure A1.1. An example of the UK regional approach to redesigning the national monitoring
station network.

Sample size for integrated monitoring

JAMP Guidelines specify sample sizes for each parameter, though without explicit
justification in terms of error probabilities and detectable effects. The sizes given by
JAMP seem mainly to be guided by practical considerations (get enough material for
analysis and considering the time available to collect it). Additional to these consid-
erations, a formal sample size calculation for single parameters could be done by us-
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ing BACs, EACs, knowledge of analytical errors and standard specifications for ac-
ceptable error probabilities, in order to ensure that categorizations of parameters in
e.g. a traffic light scheme are made with defined precision.

Sample size calculation for integrated assessment starts from the integrative assess-
ment criterion, the value of which is to be determined with a specified precision. To
calculate the necessary sample size needed for this precision, the mathematical form
by which information on single parameters is accumulated into the integrative crite-
rion is exploited, as the statistical distribution of the integrative criterion is deter-
mined by the random variation in the single parameters. As an example, the
probability of a single parameter in a reference area exceeding its BAC is by defini-
tion 10%. In practice, real world observations from a reference area will not show an
exact 10% rate of exceeding values (false positive rate) due to random biological
variation and analytical imprecision. In an integrated assessment, each contributing
single parameter also contributes a random error, which propagates to the integrative
quantity according to the mathematical form by which the integrative quantity is cal-
culated. The distribution of errors in the integrative quantity induced by the single
parameters errors would be used for sample size calculation in the usual way. How-
ever, at present such a mathematical form is not yet available.
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Annex 20: Proposed Terms of Reference for an ICES/OSPAR Workshop
on the lysosomal stability data quality and interpretation to be
held in association with a MEDPOL training course

Version date: 29 January 2010.

Background

The Hazardous Substances Strategy of the OSPAR Convention seeks to protect the
maritime area from unexpected or unacceptable biological effects of contaminants.
For some time, this objective has been approached through the development of stan-
dard suites of measurements, including both chemical analyses and biological effects
assays.

The activity has been progressed through a series of meetings of the ICES/OSPAR
Workshop on Integrated Monitoring of Contaminants and their Effects in Coastal and
Open-Sea Areas (WKIMON). This process has developed schemes for the integrated
monitoring of biological effects and concentrations of contaminants in fish and shell-
fish. This has been accompanied by the development of supporting documentation
on methodology for a range of biological effects measurements.

WKIMON was discontinued in 2008. A new joint ICES/OSPAR Study Group on In-
tegrated Monitoring of Contaminants and Biological Effects (SGIMC) was formed,
and held its initial meeting in January 2009. SGIMC identified the need for the im-
provement of data quality and the further elaboration of data interpretation for some
effects measurements to enable greater confidence in the data submitted for interna-
tional and national programmes as contributions to monitoring programmes and en-
vironmental quality assessments.

In order to progress the development of integrated chemical and biological effects
monitoring and assessment expeditiously it is necessary that the use of each method
is clearly understood by participating laboratories, and that laboratories move to-
wards harmonization of both analytical methods and data interpretation. Lysosomal
membrane stability is a central parameter in integrated monitoring schemes devel-
oped for both fish and shellfish. It is a general, but sensitive, response to environ-
mental stress which has widespread acceptance in marine and other environmental
fields. In addition to its application in ICES/OSPAR programmes, it is likely that ly-
sosomal membrane stability measurements will be required as part of the assessment
of Good Environmental Status under the Marine Strategy Framework Directive (par-
ticularly Descriptor 8, that contaminant concentrations should not give rise to pollu-
tion effects).

SGIMC 2009 included a training Workshop on lysosomal stability in its forward work
programme (SGIMC 2009 Report, page 12). SGIMC 2010 confirmed this recommenda-
tion and recommended that emphasis should be placed on data quality and interpre-
tation. This workshop will contribute to the timely completion of the SGIMC task,
and assist in answering OSPAR request 8/2008 on integrated monitoring and assess-
ment.

It has come to the attention of SGIMC that MEDPOL is planning to hold a methodo-
logical training workshop in Alessandria, Italy from 13-17 September 2010. The
training workshop would include practical training in cytochemical tests include the
neutral red retention assay for lysosomal membrane stability, lipofuscin accumula-
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tion, and in the use of micronuclei frequencies as a genotoxicity biomarker. SGIMC
2010 considered that there was an opportunity to link the MEDPOL and ICES/OSPAR
workshops together and increase the overall value of the work.

It is proposed that an ICES/OSPAR Workshop on lysosomal stability data quality and
interpretation be held on 18 September in association with the MEDPOL training
event in Alessandria. This will enable participants to take advantage of the facilities
and training being provided through the MEDPOL event. It will also encourage
stronger links between ICES, OSPAR and MEDPOL countries, in keeping with the
closer relationships that can be anticipated to be required for the implementation of
the Marine Strategy Framework Directive. The purpose of the ICES/OSPAR Work-
shop is to improve the harmonization of the interpretation criteria (e.g. for samples
with lysosomal abnormalities, etc.), to elaborate analytical method descriptions ac-
cordingly, and to develop procedures and proposals for international quality assur-
ance activities for lysosomal stability.

There is no formal link between the workshop and the MSFD working groups al-
though they deal with similar issues. The results of the workshop should provide
science in support of MSFD implementation. The workshop is intended to bring sci-
ence forward in response to the needs of OSPAR and MSFD groups.

The results are intended to bring the science forward and because there is no OSPAR
request there is no review process or ACOM approval of the report involved. In es-
tablishing the workshop, ICES and OSPAR support improving ICES’s advisory capa-
bilities in this field. The report will be forwarded to ACOM and OSPAR.
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Terms of Reference for an ICES/OSPAR Workshop on 18 September on
the lysosomal stability data quality and interpretation, in asso-
ciation with a MEDPOL training workshop to be held in Universita
del Piemonte Orientale "Amedeo Avogadro”, Alessandria, Italy on
13-17 September 2010, and convened by Concepcion Martinez
Gomez (Spain)

Objectives
The objectives of the joint MEDPOL and ICES/OSPAR workshops are:

MEDPOL

i)  provide training in the measurement of lysosomal membrane stability in
mussel samples.

ii) provide training in other biological effects measurement techniques for
marine samples relevant to OSPAR and to MSFD, including of lipofuscin
accumulation, micronuclei enumeration and Stress on Stress.

ICES/OSPAR

iii) develop guidance on the interpretation of the results by using neutral red
retention assay for lysosomal membrane stability in marine samples, giv-
ing particular attention to the variation in sample characteristics experi-
enced through the ICES/OSPAR area.

iv) develop written and graphical material to elaborate, harmonize and clar-
ify criteria of interpretation and the standard analytical method for the
neutral red retention assay of lysosomal membrane stability
(ICES/OSPAR).

v) develop proposals for effective and repeatable external quality assurance
programmes for the measurement of lysosomal membrane stability
(ICES/OSPAR).

Activities

The ICES/OSPAR element of the workshop will be organized around the following
activities, building on the activities of SGIMC (and WKIMON):

Presentation and discussion of the background information

a) existing experience of the use of the neutral red retention assay for ly-
sosomal membrane stability in mussel samples will be presented, re-
viewed, and collated.

b) the information will be reviewed in the light of experience during the
training elements of the MEDPOL Workshop.

Output from the Workshop

¢) enhanced methodological guidance for the neutral red retention assay for
lysosomal membrane stability in mussel samples.
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d) proposals for effective and repeatable external quality assurance pro-
grammes for the measurement of lysosomal membrane stability by the
neutral red retention assay.

Organisation

The workshop will be coordinated by Aldo Viarengo (Italy) for MEDPOL and by
Concepcion Martinez Gomez (Spain) for ICES/OSPAR.

Participants: the ICES/OSPAR component of the workshops should be attended by
scientists with experience of the application of the neutral red retention assay for ly-
sosomal membrane stability in marine samples and in the assessment of data, and in
the development of QA schemes to ensure that the resulting report to ICES/OSPAR is
of high quality.

Preparatory work

The following existing documents are relevant to the Workshop and will be collated
and distributed prior to the Workshop
a) Background documents in the OSPAR Strategy for Hazardous Substances;

b) OSPAR Background Documents concerning lysosomal membrane stability,
relevant biological effects;

c¢) ICES TIMES and MEDPOL documents on the measurement of lysosomal
membrane stability by the neutral red retention assay in marine samples.
Reports of relevant meetings of ICES/OSPAR WKIMON and SGIMC
groups, and of ICES WGBEC.

d) Assessment criteria for biological effects currently adopted by OSPAR and
MEDPOL

Location

The Workshop will be held at Universita del Piemonte Orientale "Amedeo
Avogadro", Alessandria, Italy.

Time schedule

Feb-June 2010 Workshop organizer Develop effective working relations with the MEDPOL organizer and
develop programme for the Workshop
July-August 2010 Workshop organizer Collate and distribute background material
and host
organization
13-18 September Workshops
2010
November 2010 Report of the Workshop finalized and made available to ICES and
OSPAR Secretariats
Early 2011 SGIMC 2011 Output from Workshop provide input to SGIMC.
Early 2011 ACOM ACOM to review Workshop output as a contribution to the further
development of guidance on integrated monitoring of chemicals and
biological effects (OSPAR request 8/2008).
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PRIORITY:

The purpose of this Workshop is to provide a dedicated opportunity to focus on
improving the quality of data for a specific biological effects measurement and
technique - lysosomal membrane stability by using neutral red retention assay.
This will allow the measurement to play a more reliable role in OSPAR
assessment processes, and also in the implementation of MSFD GES Descriptor
8 concerning contaminants and pollution effects.

SCIENTIFIC JUSTIFICATION AND
RELATION TO ACTION PLAN:

The objectives of the joint MEDPOL/ICES/OSPAR workshops are to:

provide training in the measurement of lysosomal membrane stability in mussel
samples (MEDPOL).

provide training in other biological effects measurement techniques for mussel
samples relevant to OSPAR and to MSFD, including of lipofuscin accumulation
and micronuclei enumeration (MEDPOL).

develop guidance on the interpretation of the neutral red retention assay for
lysosomal membrane stability in marine samples, giving particular attention to
the variation in sample characteristics experienced through the ICES/OSPAR
area.

develop written and graphical material to elaborate, harmonize and clarify
criteria of interpretation and clarify the standard analytical method for
lysosomal membrane stability ICES/OSPAR).

develop proposals for effective and repeatable external quality assurance
programmes for the measurement of lysosomal membrane stability
(ICES/OSPAR).

RESOURCE REQUIREMENTS:

The research programmes which provide the main input to this Workshop are
already underway, and resources are committed. The additional resource
required to undertake additional activities in the framework of this event is
negligible.

PARTICIPANTS:

The Workshop is expected to attract 8- 15 members, in addition to participants
from the MEDPOL area. In the light of current and future work related to the
Marine Strategy Framework Directive and involvement of the Regional Seas
Conventions it is the intention to invite participants from the HELCOM area.

SECRETARIAT FACILITIES:

SharePoint

FINANCIAL:

No financial implications.

LINKAGES TO ADVISORY COMMITTEES:

The Workshop will report to ACOM and OSPAR.

LINKAGES TO OTHER COMMITTEES OR
GROUPS:

The report of the Workshop will be of interest to ICES Science Programme and
various WGs including MCWG, WGBEC and WGMS.

LINKAGES TO OTHER ORGANIZATIONS:

The Workshop will be a joint ICES/OSPAR group reporting to both bodies, and
will meet in association with a MEDPOL training event.
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Annex 21: Technical Minutes from the Review Group of the Inte-
grated Monitoring of Contaminants and Biological Effects 2

e (RGMON2)
e By correspondence: deadline 16 April 2010

e Participants: Ellen Kenchington, Canada (Chair), Pekka J. Vuorinen, Fin-
land and Claus Hagebro and Michala Ovens (both from ICES Secretariat)

e  Working Group: SGIMC

RGMON2 meeting and remit

RGMON2 met through correspondence during the week of April 12th 2010 to review
the work done by the Joint ICES/OSPAR Study Group in Integrated Monitoring of
Contaminants and Biological Effects (SGIMC) pertaining to the OSPAR Request OS-
PAR2008/8:

Further development of guidance on integrated monitoring and assessment of
chemicals and biological effects

To complete the development of JAMP guidance for integrated monitoring of chemi-
cals and their biological effects through preparing Technical Annexes on:

i)  Survey design. The purpose is to provide guidance on the selection of
representative stations, taking into account requirements under the Wa-
ter Framework Directive and the proposed Marine Strategy Directive,
and for the selection of stations for integrated monitoring. This work
should build on work by WGSAEM 2007 relating to the spatial design of
monitoring programmes and should take into account the approach
taken by the UK in re-designing their station network;

ii) Groups of biological effects methods to be deployed to address specific
questions. This should provide guidance on recommended packages of
chemical and biological effects for monitoring on determinand basis to
ensure that chemical and biological methods were well matched and that
chemical analysis underpinned biological effects monitoring.

SGIMC began their work on this request in 2009 and will continue through to 2011. In
2010, SGIMC prepared twelve Technical Annexes that provide background material
for a suite of biological effects, (i.e., EROD, lysosomal stability, PAH bile metabolites,
DNA adducts, liver neoplasms, acetyl cholinesterase levels, DNA damage, reproduc-
tive success in eelpout, stress in bivalve molluscs) as well as water bioassays. Four
Technical Annexes were produced related to integrated monitoring:

e Annex 16: Technical Annex on Sampling and Analysis for Integrated
Chemical and Biological Effects Monitoring in Fish and Shellfish;

e Annex 17: Technical Annex for Mussel (Mytilus sp.) OSPAR Integrated
Monitoring;

e Annex 18: Technical Annex on Recommended Packages of Chemical and
Biological Methods for Monitoring on a Contaminant Basis;

¢ Annex 19: Discussion Document on Survey Design for Integrated Chemical
and Biological Effects Monitoring.
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Annex 19 relates directly to Request OSPAR2008/8(i), while Annex 18 relates directly
to Request OSPAR2008/8(ii). However, all of the Technical Annexes are being put
forward by SGIMC as required background material needed before Request OS-
PAR2008/8 can be fully addressed in 2011.

The role of RGMON?2 was to provide an independent review of the technical text of
the SGIMC Report related to Request OSPAR2008/8. Specifically RGMON2 reviewed
the SGIMC Report to determine:

e Isit technically correct?

e Is the scope and depth of the science appropriate to the request?

e Does it answer the request (OSPAR2008/8)?



1

.
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Review of Technical Annexes

General comments on assessment criteria

1.1.1 Clarifying the objectives

The Technical Annexes all provide guidance on Background Response and Assess-
ment Criteria; however, it is unclear what the higher level objectives for setting these
criteria are. Annex 10 of the 2009 SGIMC Report indicates that the policy drivers for
this request are the Water Framework Directive (WFD) and the Marine Strategy
Framework Directive (MSFD).

The general objective of the WED is to achieve the ‘good status’ of surface waters by
2015 in all Member States. ‘Good status’ is defined as the status achieved by a surface
water body when both its ecological status (i.e., an expression of the quality of the
structure and functioning of aquatic ecosystems, classified in accordance with Annex
V of the WFD) and its chemical status (concentrations of pollutants compared with
the environmental quality standards established in Annex IX and under Article 16(7)
of the WFD, and under other environmental quality standards at Community level)
are at least ‘good’.

Different prescriptions apply to artificial and heavily modified water bodies where
the target is to achieve the ‘good ecological potential’ (as defined in Annex V of the
Directive) and good surface water chemical status at the latest 15 years from the entry
into force of the WEFD.

The WFD classification scheme for water quality includes five status classes: high,
good, moderate, poor and bad. ‘High status’ is defined as the biological, chemical and
morphological conditions associated with no or very low human pressure. This is
also called the ‘reference condition’ as it is the best status achievable - the benchmark.
These reference conditions are type-specific, so they are different for different types
of rivers, lakes or coastal waters so as to take into account the broad diversity of eco-
logical regions in Europe. Assessment of quality is based on the extent of deviation
from these reference conditions, following the definitions in the Directive. ‘Good
status’ means ‘slight’ deviation, ‘moderate status’ means ‘moderate” deviation, and so
on.

The overall goal of the MSFD is the application of an ecosystem-based approach to
the management of human activities. This ensures that the collective pressure of such
activities is kept within levels compatible with the achievement of “good environ-
mental status”, and that the capacity of marine ecosystems to respond to human-
induced changes is not compromised, while enabling the sustainable use of marine
goods and services by present and future generations. Thus priority should be given
to achieving or maintaining good environmental status in the Community’s marine
environment, to continuing its protection and preservation, and to preventing subse-
quent deterioration.

While ecological and pressure-related descriptors of good environmental status are
provided, the MSFD does not provide indicators or reference levels at present. It
states that when devising them, Member States shall take into account the application
of relevant existing national, Community or international level environmental targets,
ensuring they are mutually compatible and address any transboundary impacts.
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The MSFD recognises that due to the transboundary nature of the marine environ-
ment, Member States should cooperate to ensure the coordinated development of
marine strategies for each marine region or subregion and a subsequent standardized
assessment. For this reason the ecological standards which relate to the sustainable
use of the sea need to be assessed in a consistent and scientifically sound way.

The first step in setting a reference level for an indicator is to decide what ecological
or chemical property the reference level has to represent. This is rooted in the policy
objective that the indicator is supposed to serve. It is often the case that the policy
objective is not explicit enough about the state intended to be achieved by the objec-
tive to make the choice of a reference quantitatively straightforward. In the cases of
the WFD and MSFD those objectives are “achieve good status” and “achieve good
environmental status” respectively, and both will require substantial interpretation to
select a corresponding reference level on an indicator used to measure progress to-
wards the objective. For water quality indicators as those proposed here, an indicator
may be applied over wide spatial scales where ecological and physical conditions
differ enough that a single absolute or relative value may not capture the desired wa-
ter quality or ecological conditions in every place. Hence the science advisory process
will have to apply sound and systematic reasoning to translate the water quality or
ecological status intended by a policy directive into the properties that should be cap-
tured by the corresponding reference level on an indicator.

The SGIMC Report delivers a suite of indirect indicators. That is, they are measured
in living organisms (mostly fish and shellfish) and are selected to measure in vivo
physiological responses to in situ water chemistry, namely pollutants. They are indi-
rect in the sense that they measure water quality through its response in the fish and
shellfish. In this sense the indicators most directly relate to the WFD. However, be-
cause they are measured in living organisms they could also be adapted to relate to
the MSED. To do this it would be necessary to link the physiological response of the
fish/shellfish more clearly to fish health. For example, the EROD (59 Fraction) as-
sessment level for Dab is 178 pmol/min/mg prot. The threshold is couched in terms of
unexposed/exposed, meaning that fish above the limit are exposed. What does it
mean to fish health to be above this limit? Does this have population consequences?

For all of the various indicators reported here there is a need to identify clearly the
objective(s), and to equate the assessment criteria (reference points) to the objectives
in the language of the policy directives for which they are aimed. This may involve
extending the current binary criteria into more categories and/or to provide guidance
on the interpretation of changes in the metrics. The excellent work done by SGIMC
thus far should allow for this extension to be considered when finalizing the request
for Advice in 2011.

1.1.2 Use of reference sites for determining baseline conditions for assess-
ing change

The SGIMC use reference sites to determine the appropriate indicator level for the
unexposed or non-responding state. For most species these reference sites were geo-
graphically restricted compared to the range of the species, a circumstance that was
determined by available data. RGMON?2 suggests that SGIMC clearly state whether
this is an issue in establishing these thresholds in the context of the indicators pre-
sented. This is particularly important when figures showing the proportion of fish
above and below the threshold are presented for broad geographic areas (e.g., Section
4.1.2, Figure 3). For the purposes of establishing assessment criteria it might be better
to determine the most suitable locations for reference sites for each species a priori
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and then to subsequently determine their EROD levels. This should include geo-
graphic variation consistent with the range area of the species.

It appears that the selection of sites for the reference baseline was determined as ei-
ther “no known local sources of contamination” or “less influenced from human and
industrial activity”, but it is not clear how these were handled in the Report. Were
data from the two classes combined? In order to align these classes to the WFD and
MSED it is necessary to clearly indicate the location and time frame used, in addition
to the endogenous factors that went into the production of the threshold. Note that
the WED has different requirements for heavily modified water bodies where the tar-
get is to achieve the ‘good ecological potential’.

1.1.3 Persistence of the effects

For each indicator (species/effect measure) it is important to know the persistence of
the effect after initial exposure. This is not consistently addressed in the Report but if
the indicators are to be used to measure water quality, then it will be important to
know how responsive they are to change. Additionally are the effects reversible?
Some clearly are reversible, while others perhaps are not (tumours?).

1.1.4 Use of percentiles to calculate threshold values

Most of the indicators appear to use the 90th percentile of the data as the threshold
separating response/no response. RGMON2 does not recommend this approach
when sample sizes are small and/or the median value is close to P90. Small sample
sizes (e.g., N=30 for European flounder EROD) do not provide very robust estimates
using percentile statistics. A few large records can widely change the P90 level. In
cases were the median is close to the P90 (Four spotted megrim for EROD) a single
data point can also widely change the threshold value and this is accentuated when
the sample size is small. Although P90 is widely used as a limit measure it should
only be applied when the underlying data are robust. Further, there is no biological
basis for choosing one threshold over another. Why not the 95th or even the median?
In other applications the point of maximum curvature of the cumulative distribution
is used to mark the transition from one phase to another (e.g., Stirling and Zakynthi-
naki, 2008). For DNA adducts the SGIMC state that the P90 “is not associated with
significant effects on fitness in whole organisms. There we have also defined a
threshold value of significant effects”. This approach is much more defensible and
should be considered for all of the indicators.

1.1.5 Selection of species to measure effects on

The selection of fish/shellfish to use in biological monitoring is critical and a funda-
mental knowledge of the physiology, population dynamics and most particularly the
migration behaviour of the species is required. Failure to understand the migration
behaviour of the species can lead to falsification and misinterpretation of the physio-
logical monitoring data. Some of the selected species, e.g., cod, can move large dis-
tances and the selection of species should be reviewed by fish biologists (WGFE?) to
determine whether they are appropriately selected and whether the recommended
sampling season, size and sex mitigate or compound this issue. When the indicator is
meant to be applied at large spatial scales (e.g., the whole of an OSPAR Maritime
area) then migration may not be an issue provided there is good geographic cover-
age, however, when the indicators are meant to represent local areas then the issue is
much more pertinent.
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1.2

1.3

1.1.5.1 Cryptic species

Any proposals involving using the mussel, Mytilus spp., should recognize that there
are at least three species living sympatrically in the OSPAR area: M. galloprovincialis,
M. edulis, and M. trossulus with widespread hybridization occurring among them
(e.g., McDonald et al., 1991 but many others). They are known to have different eco-
logical tolerances to salinity and so it can be expected that they exhibit other differen-
tial physical responses to the environment. Most protocols call for testing on M. edulis
but the diagnostic markers for species determination are usually not considered or
elaborated on, and involve nuclear and mitochondrial DNA markers, as external
morphology is highly plastic. Many studies assume that the mussel is M. edulis. For
example, in the SGIMC Report observations on background AChE activity in mussels
were derived from mussels collected in the northern Baltic Sea as “M. edulis” when
they were almost certainly the Baltic Blue Mussel M. trossulus or its hybrids (cf. Gard-
estrom et al., 2008). It would be far simpler to demonstrate that these congeners have
similar threshold levels and so can be used indiscriminately, however, this does not
appear to have been done and so it is possible that the species and their hybrids will
have differential responses. Some comments on this issue should be included.

1.1.6 Adaptation

Organisms have the capacity to adapt as individuals to their environment and over
time to adapt as a population through natural selection. For example, in an acidified
lake (due to acid rain) the plasma chloride concentration of whitefish was 90% of that
in whitefish from a neutral lake, but the whitefish in the acidified lake seemed to
manage; they had adapted (Rask et al., 1992). This was just a three-year observation,
and thus represented individual adaptation but over time the population as a whole
could also adapt. Genetic adaptation is very common and is discussed specifically in
Section 1.13 where concerns are raised over its influence on SoS in bivalves, but all of
the biomarkers represented have potential for both individual and genetic adaptation
which is not discussed in the SGIMC Report.

Annex 4 SGIMC Report: Cytochrome P4501A activity (EROD)

SGIMC have prepared a very good background document on EROD, building on
work done in their 2009 Report. EROD activity in fish is proposed as an indirect indi-
cator of environmental contamination with the strongest inducers of hepatic EROD
being dioxins, planar PCBs and PAHSs. Saborowski and Bucholz (1997) document
coastal migrations in dab and conclude that “the population of females in the Helgol-
and area was more constant than that of males. Accordingly, it is of advantage in
ecophysiological research to concentrate on investigations on female specimens,
which are available all through the year for field sampling”. They further describe the
results of tagging experiments in the southern North Sea which suggest migrations
during the recommended sampling season. There was insufficient time to adequately
review these issues for the other species but similar concerns were raised over cod,
which are known to migrate to feeding and spawning grounds (e.g., Turner et al.,
2002).

Annex 5 SGIMC Report: Lysosomal stability as a global health status
indicator

This section is well written and well referenced although this indicator does not ap-
pear to have been addressed in the body of the Report and therefore there is no back-
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ground material other than what is in Annex 5. The Annex explains how the indicator
can be applied to a wide range of organisms using the same set of thresholds but does
not suggest what species it should be used on in the OSPAR Maritime area.

Annex 6 SGIMC Report: DNA adducts

This section also is well written and well referenced but again this indicator does not
appear to have been addressed in the body of the Report and therefore there is no
background material other than what is in Annex 6. For this indicator the reference
condition is “pristine” as fish have been collected from such areas as supported by
chemical and biomarker analyses. It appears to be a good marker for PAH exposure
and is technically sound. Specific reference levels have not been set but provisional
levels for flounder, dab and Atlantic cod have been suggested. The presentation of
thresholds which produce significant fitness effects on the whole organism is very
valuable (see Section 1.1.4). As for other indicators the migration potential of the spe-
cies used for monitoring should be evaluated (e.g., Atlantic cod).

Annex 7 SGIMC Report: PAH metabolites in bile

This indicator is responsive on the scale of days or weeks as the compounds are me-
tabolised rapidly and excreted through digestion. It is therefore also well suited for
monitoring recovery from spills or other point sources. Assessment criteria have been
derived from reference sites in Iceland and the Barents Sea and follow the P90 crite-
ria. Regional differences are larger than species differences and the SGIMC recom-
mends combining data from all fish species when comparing data on a large scale.
The points discussed in Section 1.1 should be considered, and some link to significant
effects on whole organisms (as per Sectionl.4) should be made. A pertinent article
about biliary PAH metabolites was not cited. Vuorinen et al. (2006) compare stan-
dardisation methods and sex differences and this should be included in the reference
list.

Annex 8 SGIMC Report: fish diseases and liver neoplasms

This section is well written and addresses many of the concerns expressed by
RGMON?2 in Section 1.1. The Fish Disease Indicator and reference levels more accu-
rately reflect biological responses than the P90 used elsewhere. We are not sure about
the smiley faces though!

Annex 9 SGIMC Report: water /in vivo bioassays

No further comments.

Annex 10 SGIMC Report: AChE activity

See comments in 1.1.5.1 regarding cryptic species for Section on seasonality in mus-
sels in the main body of the Report (Section 5 SGIMC). The Annex itself is well writ-
ten, however it seems that assessment criteria can only be set for one species (Mytilus
edulis).

Annex 11 SGIMC Report: Micronucleus assay

This Annex is not complete. It is missing references and a number of track change
comments which were presumably made by SG members persist and have not been
addressed. Again this indicator does not appear to have been addressed in the body
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of the Report and therefore there is no background material other than what is in An-
nex. The general sense is that this method may be premature to present as in indica-
tor. It is unclear why SGIMC recommends that this Annex go forward at this time.

Annex 12 SGIMC Report: Comet assay

No specific technical comments. Again this indicator does not appear to have been
addressed in the body of the Report and therefore there is no background material
other than what is in Annex 12. This Annex is well written but the indicator is not
ready to “roll out”. Standardized protocols must be established and assessment crite-
ria have not been developed. It is unclear why SGIMC recommends that this Annex
go forward at this time.

Annex 13 SGIMC Report: Reproductive success in eelpout

Again this indicator does not appear to have been addressed in the body of the Re-
port and therefore there is no background material other than what is in the Annex.
The indicator shows potential as an indicator of eelpout health as well as water quali-
ty. The use of a percentage of dead larvae is valuable and could be considered as a
percent that would affect population growth (5% is probably low for that) extending
it use as an indicator of population health for an ecosystem context. The Annex pro-
poses it as an indicator of the “impact of hazardous substances on reproductive suc-
cess of fish in the marine environment,” however no evidence is presented to show
that it reflects reproductive success in species other than eelpout. Although reproduc-
tive success or embryonic development is convenient to study in eelpout, vivipary is
very rare and exceptional among fish and so RGMON?2 considers that it is not a good
indicator of fish health in general.

Annex 14 SGIMC Report: fish indices

This Annex was not ready for review. The SGIMC notes that it needs further work
and so it was not assessed further by RGMON2.

Annex 15 SGIMC Report: stress in bivalve mollusks

The evidence presented supporting the use of this indicator is less than compelling. It
does not address the many potential confounding effects on the ability of bivalves to
withstand exposure to air, not least of which is position on the shoreline relative to
EHWS tides. This indicator has parallels to the ability of clams to burrow when ex-
posed to toxic microalgae (Bricelj et al., 2005). Those studies show that natural selec-
tion takes place in areas that are repeatedly exposed to red tides, resulting in genetic
adaptation. This literature should be considered in this Annex as it is likely that mus-
sels will also show adaptation to chronic levels of contaminants. It is the opinion of
the RGMON?2 that this Annex not go forward to OSPAR as it requires more critical
evaluation.
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Review of Annexes pertaining to sampling and analyses, and
integrated monitoring

The integrated approach has been based around recommendations of sets of mea-
surements that could be used to investigate the effects of contaminants on fish and/or
shellfish (Annex 16). The suite of Technical Annexes described in Section 1 provides
indicators that affect individuals at the tissue chemistry, subcellular, tissue response
and whole organism levels. Some of these indicators may have relevance to human
health if the organisms are consumed and if that is the case then that should be clari-
fied. However for them to be useful as indicators in the context of the MSFD or WFD
the responses must be shown to affect fitness of the whole organism or populations
through disruption to reproductive processes (e.g., imposex). This is noted in Annex
16 but is not developed.

Further, collection of samples through existing resource assessment surveys will pro-
vide direct links to additional data on population and/or habitat. For example, many
assessment surveys collect information on sex ratio, age/size structure etc. which
could be used with the chemical and biological effects monitoring. They usually fol-
low stratified —random site selection procedures or other statistically sound survey
designs which could be used to give the same advantages to the effects monitoring.
Given the widespread prevalence of such surveys and the fact that many of the spe-
cies proposed for monitoring are commercial species or bycatch, it might be useful to
look at what aspects of biological effects monitoring could not be served by collecting
samples through resource assessment surveys. One issue could be spatial coverage or
time of year but these would need to be systematically reviewed. In general the steps
outlined in Annex 19 are sound and should be applied to each situation prior to look-
ing at the economies of using existing surveys to fulfill these needs.

Both Annexes 16 and 17 show that for both fish and mussels there are several choices
of indicators for each of the four response levels (tissue, subcellular, etc.). Annex 18
reverses the information and provides tables of indicators which measure chemistry
and biological effects in the water, fish and shellfish for groups of contaminants (e.g.,
metals, PCBs, etc.). The SGIMC should comment on whether all of these indicators
are needed to address the objectives and if not which indicators are recommended
and why?
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