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JAMP Guidelines for general biological effects monitoring

1.
Introduction
Biological effects monitoring is an important element in programmes which aim to assess the quality of the marine environment since such monitoring can demonstrate links between contaminants and ecological responses. Biological effects monitoring can thus be used to indicate the presence of substances, or combinations of substances, not previously identified as being of concern and can also be used to identify regions of decreased environmental quality. Over the past few years, research has enabled the development of a broad range of techniques for measuring biological effects. These have been assessed by ICES and a suite of tests suitable for incorporation into monitoring programmes has now been identified. To date relatively few biological effects measurements have been undertaken in international programmes and those which have are largely independent of any chemical monitoring. It is now recognised that a coordinated chemical and biological effects programme is essential for identifying areas of concern.

The Joint Assessment and Monitoring Programme (JAMP) includes a substantial biological effects monitoring component and this should be fully integrated with the use of diagnostic chemical analysis. The broad objectives of the programme will be to identify where contaminants are causing biological effects, to predict the highest organisational levels at which these effects occur (i.e. cell, individual, community or ecosystem) and to determine whether these effects result in harm to living resources and/or marine ecosystems, or otherwise interfere with other legitimate uses of the sea.
2.
Purposes

Two broad purposes for general biological effects monitoring can be recognised:

a.
monitoring of general quality status;

b.
assessment of areas with known or suspected environmental impact from contaminants.
The measurements of biological effects for both of these purposes can be carried out:

a.
to establish the spatial distribution and extent of biological effects of contaminants; and/or

b.
to establish temporal trends in order to estimate the magnitude of changes in biological effects with time.

2.1
Monitoring of general quality status

This monitoring is targeted at a broad screening of the Maritime Area for the occurrence of biological effects. This monitoring does not concentrate on point-sources but is more concerned with the effects of diffuse sources of contaminants. Such effects can be due to exposure to contaminants acting alone or in combination. The ability of the effects measures deployed to detect synergistic and additive interactions of contaminants will be important as will the detection of the effects of unmeasured or unknown contaminants.

ADVANCE \D 6.02.2
Assessment of areas with known or suspected environmental impact from contaminants

These assessments are aimed at providing information on the extent and degree of response of the system in areas which are known or suspected to be impacted by contaminants. Targets for investigation are estuaries, disposal sites, long-term deposition areas and other areas of suspected impact. Biological effects measurements in this context are seen as tools to detect problems in more heavily polluted areas and thereby initiate a search for causative discharge sources. The results can trigger chemical tracing and/or more contaminant-specific biological effects monitoring.

3.
Statistical considerations

Monitoring activities are traditionally categorised into activities aimed at identifying variation in space (spatial monitoring) and those aimed at identifying variation in time (temporal monitoring). The same distinction is used in these guidelines, although there is nothing to prevent the two activities being carried out simultaneously, as long as this is incorporated into the design of the programme. For both types of monitoring it should be realised that objectives and sampling design are so closely related that they should be developed simultaneously. Moreover, to design a monitoring programme, some a priori knowledge of the system to be monitored is required. Alternatively, the objective of the monitoring activity can be to obtain such information, so that more focused monitoring can be done subsequently. In practice, this will always be an iterative process where information and experience obtained at a particular step will be used at the next. Three broad categories of objectives can be recognised; these are illustrated below with example objectives.

3.1
Exploratory sampling

The purpose of exploratory sampling is to estimate the level of a particular biological effect measurement at a particular time or place, to describe the normal range of values of the measurement and its spatial variability.
Example 1
To estimate the level of a particular biological effect at all points in an area, with a specified precision.

Example 2
To estimate a parameter or parameters (e.g. mean, median, 95 percentile) to describe a population of interest within an area, with specified precision.

Example 3
To estimate a gradient in a biological effect measurement from a point source, with a specified precision.

3.2
Areas of concern

The area of concern must be defined for each particular programme. The purpose of such monitoring would be to locate an area or areas of concern  and/or the measurement of the extent of such an area.

Example 4
To locate all areas of concern of a certain size in an area with a specified probability of success.

Example 5
To estimate the extent of a known area of concern with a specified precision.

3.3
Detection of change

Monitoring to detect either temporal or spatial changes over an area.

Example 6
To estimate the change in the level of a biological effect measurement (as described in Example 2) over a specified period of time, with a specified precision.

Example 7
To estimate the change in the spatial extent of an area of concern over a specified period of time, with a specified precision.

4.
Sampling strategy

4.1
Monitoring of general quality status

In areas where particular pollutant impacts are not suspected, it is nevertheless appropriate to deploy biological effect techniques which aim to monitor the general “health” of the marine ecosystem. Detecting significant biological effects would then trigger detailed biological and chemical investigations whose purpose would be to establish the severity of any impacts and their chemical causes. The programme proposed recognises two major functions in a biological effect programme aimed at the assessment of the general quality status of the marine environment:

a.
an “early warning” component which would focus on the identification of areas of concern at an early stage, based on information from biomarkers indicative of both exposure to contaminants as well as any deleterious effects;

b.
a programme to detect long term changes in the marine environment which could help to identify more subtle changes which may or may not be pollutant-related.

Early warning

The early warning programme should be aimed at detecting biological effects at the (sub)cellular and individual level, and multiple measures should be used which are collectively diagnostic of exposure and effects. The sampling strategy aims to detect non-specific effects of contaminants. Recommended biological effect techniques are:

•
cytochrome P4501A;

•
lysosomal stability;

•
liver pathology;

•
reproductive success in the viviparous blenny.

Long-term programme

The monitoring programme to detect long-term changes should be targeted at responses measured in the individual or at the community or population level, and that they should respond to non-specific stresses. Therefore the recommended biological effect techniques are any of the following: 

•
external fish diseases;

•
benthos community structure studies;

•
the occurrence of liver nodules. 

4.2
Monitoring of areas with suspected environmental impact from contaminants

In areas of suspected environmental impact, the purpose of a biological effect monitoring programme would be to detect changes in quality (e.g. in response to input control), to compare between areas, or to assess the effects of unknown/unmeasured chemicals. The methods used should be non-specific, and can often be relatively insensitive to contaminants. One important factor that will determine the sampling strategy is the scale of the area under consideration; most often the monitoring will be focusing on localised contaminated areas.

Bioassay tests can be used as broad screening tools to indicate water or sediment quality since they integrate the effects of all contaminants present and may also indicate the presence of substances which had not previously been identified as being of concern. Significant bioassay results may thus be seen as a trigger for initiating more detailed biological or chemical investigations. Biomarker tests will provide information on the degree of exposure to chemicals and/or their effects upon the organism; because of the scale of the area under consideration these tests will be carried out mostly with caged or sedentary organisms. In the future it is likely that a combination of biomatic measurements in combination with biomarker measurements will also be used.

5.
Methodological procedures

The techniques recommended for use in the monitoring programme are summarised below and details of the sampling and methodology to be used are as in Technical Annex 1.

	Effect measure
	Contaminant response

	Bioassays
	

	Whole sediment
	General toxicity

	Pore-water
	General toxicity

	Water-column
	General toxicity

	Biomarkers
	

	CYP1A(EROD)
	Planar molecules PAH PCB

	Lysosomal stability
	Organic contaminants

	Liver pathology
	General but can be diagnostic depending on the type of lesion

	Liver nodules
	Cancer inducing chemicals

	Population/community responses
	

	External fish diseases
	Not specific to contaminants

	Fish reproductive success
	Not specific to contaminants

	Macrobenthic fauna
	Not specific to contaminants


6.
Quality assurance

Quality assurance (QA) is recognised as an essential component of the biological effects monitoring programme which is currently absent, or only partially in place, for most of the recommended techniques. Quality assurance for chemical analysis is well documented and provides a framework for establishing such procedures in biological assessments. However, due to the variability of biological end-points, the details of the procedures will necessarily be different from those used for chemical analyses. Quality assurance is the total management scheme required to ensure the consistent delivery of quality controlled information. It should include periodic inspection of test facilities, QA documentation, inter-laboratory performance testing exercises and a scheme of analytical quality control (within laboratory analytical check) applied to each test method. It is unlikely that full QA procedures can be established in the short-term in laboratories conducting biological assessments for OSPAR’s purposes. Nevertheless, a minimum requirement, to ensure that comparable quality data is produced, must be established. This should include:

a.
the adoption of only those methods which are referenced and have both a standard operating procedure (SOP) and associated analytical quality control (AQC) preferably following internationally agreed protocols;

b.
staff trained to an agreed level of competence to conduct the test;

c.
regular internal (within laboratory) calibration, including where possible, the introduction of blind samples during normal analysis, and strict adherence to AQC procedures for each test method;

d.
inter-laboratory performance assessment with the periodic circulation of samples for analysis by participating laboratories;

e.
an action plan to respond to breaches of acceptable limits (limits established in AQC procedures or agreed for inter-laboratory performance assessment).

Full QA procedures require quality management plans and the appointment of independent quality assurance officers. This imposes strict procedures for verifying and authorising data with the production of QA reports. It is necessary to identify the level of quality that is required. The minimum scheme outlined could satisfy immediate requirements for reporting and for environmental quality status reports without further action. Where possible laboratories should adopt the same method and associated SOP/AQC procedures. Where this is not possible an exercise to demonstrate that the different methods are compatible and deliver the same end-point will be necessary if the reported data are to be compared. Quality assurance procedures can also be applied to sampling techniques although adoption of agreed procedures for sampling and their implementation by trained staff will be acceptable for immediate purposes. It is essential that all participating organisations agree a programme to introduce, at least, minimum QA procedures and make a commitment to their strict adherence.

7.
Reporting requirements

Data reporting should be in accordance with the requirements for National Comments and with the latest ICES reporting formats. Data requirements are as specified in the Technical Annexes.

Technical Annex 1

Whole sediment bioassays

	Target organism:
	A range of sediment-dwelling taxa may be used; examples include amphipod crustaceans such as Corophium, polychaete worms such as Arenicola and echinoderms such as Echinocardium. Corophium volutator is the species of choice because an internationally agreed protocol for toxicity testing of offshore chemicals has been published by OSPAR (OSPAR 1995).

	Effect measured:
	Lethal responses in laboratory cultures. It has not yet been possible to develop a chronic end-point.

	Means of interpretation:
	General sediment toxicity, which may be further refined through chemical analyses of contaminants.

	Methodology:
	Well documented in scientific papers (Swartz et al., 1985; Nipper et al., 1989; ASTM, 1990; McGee et al., 1993; PARCOM 1993) and employed in a recent ICES sea-going workshop; an international protocol for Corophium volutator appropriate to the Maritime Area has been agreed for offshore chemical testing and can be modified easily for use as a bioassay.

	Quality assurance/control:
	The Corophium method has been intercalibrated by OSPAR, but QA procedures require further development. There is, for example, a need for cultured test organisms.

	References:
	ASTM 1990. Standard guide for conducting solid phase 10-day static sediment toxicity tests with marine and estuarine infaunal amphipods. American Society for Testing and Materials. ASTM E 1367-90: 1‑24.

McGee, R.L., Schlekat, C.E. and Reinharz, E. 1993. Assessing sublethal levels of sediment contamination using the estuarine amphipod Leptocheirus plumulosus. Environ. Toxicol. and Chem. 12: 577–587.

Nipper, M.G., Greenstein, D.J. and Bay, S.M. 1989. Short- and long-term sediment toxicity test methods with the amphipod Grandidierella japonica. Environ. Toxicol. and Chem. 8: 1191–1200.

OSPAR 1995. Protocols on Methods for the Testing of Chemicals Used in the Offshore Industry.

PARCOM 1993. Report of the Paris Commission sediment reworker ring test. Oslo and Paris Commissions, London.

Swartz, R.C., DeBen, W.A., Jones, J.K.P., Lamberson, J.O. and Cole, F.A. 1985. Phoxocephalid amphipod bioassay for marine sediment toxicity. In: Aquatic Toxicology Hazard Assessment: Seventh Symposium, ASTM STP 854, pp. 284–307. Ed. by R.D. Cardwell, R. Purdy and R.C. Bahner. American Society for Testing and Materials, Philadelphia.

Thain, J., and Roddie, B. 2001. Biological effects of contaminants: Corophium sp. sediment bioassay and toxicity test. ICES Techniques in Marine Environmental Sciences Vol. 28. 21 pp.

Thain, J., and Bifield, S. 2001. Biological effects of contaminants: Sediment bioassay using the polychaete Arenicola marina. ICES Techniques in Marine Environmental Sciences Vol.29. 16 pp.


Technical Annex 2

Sediment pore-water bioassays

	Target organisms:
	The oyster embryo test (Thain, 1991) is recommended for general deployment, but other species e.g. the harpacticoid copepods Tisbe and Nitocra, and the polychaete Dinophilus may be required for specific applications (e.g. low salinities, chronic endpoints etc).

	Effect measured:
	Abnormal development in the case of oyster embryos; effects on mortality and reproduction in Tisbe; effects on life cycle in Dinophilus.

	Means of interpretation:
	A generic indicator of the toxicity of the sedimentary environment; causality may be further investigated through chemical analyses of pore-water samples. Impaired development at the embryo stage is a predictor for increased mortality. Recent American studies have provided good results for most contaminants except those strongly adsorbed onto sediment particles. In these studies, the responses paralleled those for sediment bioassays and estimates of the diversity of benthic communities. An advantage of pore-water studies compared with whole sediment tests is that a wider range of test organisms can be used, and chronic end-points are available.

	Methodology:
	Methodology is described by Carr et al., (1989), Carr and Chapman (1992; 1995), Long et al., (1990), Thain (1991) and Microbics Corporation (1992). No internationally agreed guidelines or protocols yet exist for the maritime area for the sampling of pore water, but the oyster embryo bioassay is described (Thain, 1991).

	Quality assurance/control:
	Procedures have yet to be developed.

	References:
	Carr, R.S. and Chapman, D.C. 1992. Comparison of whole sediment and pore-water toxicity tests for assessing the quality of estuarine sediments. Chem. Ecol. 7: 19–30.

Carr, R.S. and Chapman, D.C. 1995. Comparison of methods for conducting marine and estuarine sediment porewater toxicity tests. I. Extraction, storage and handling techniques. Arch. Environ. Contam. and Toxicol. 28: 69–77.

Carr, R.S., Williams, J.W. and Fragata, C.T.B. 1989. Evaluation of a novel marine sediment pore water toxicity test with the polychaete Dinophilus gyrociliatus. Environ. Toxicol. and Chem. 8: 533–543.


Long, E.R., Buchman, M.R., Bay, S.M., Breteler, R.J., Carr, R.S., Chapman, P.M., Hose, J.E., Lissner, A.L., Scott, J. and Wolfe, D.A. 1990. Comparative evaluation of five toxicity tests with sediments from San Francisco Bay and Tomales Bay, California. Environ. Toxicol. and Chem. 9: 1193–1214.

Microbics Corporation. 1992. Microtox® Manual. A Toxicity Testing Handbook, Vol. 2: Detailed protocols, and Vol. 3: Condensed protocols. Carsbad, AA.

Thain, J.E. 1991. Biological effects of contaminants: Oyster (Crassostrea gigas) embryo bioassay. ICES Techniques in Marine Environmental Sciences Vol. 11. 12.



Technical Annex 3

Sediment sea water elutriates

	Target organism:
	The oyster embryo test (Thain, 1991) is recommended for general deployment, but other species e.g. the harpacticoid copepods Tisbe and Nitocra, and the polychaete Dinophilus may be required for specific applications (e.g. low salinities, chronic endpoints etc.).

	Effect measured:
	Abnormal development in the case of oyster embryos.

	Means of interpretation:
	A generic indicator of the toxicity of the sedimentary environment; causality may be further investigated through chemical analyses of elutriate samples. Impaired development at the embryo stage may be assumed to be a predictor of lethal effect. In principle, the technique should provide good results for most contaminants except those strongly adsorbed onto sediment particles. In practice, there is a risk that the process of elutriation may mobilise contaminants that in nature do not pose a threat, e.g. those rendered inert in the reducing conditions of a sub-surface anoxic layer. An advantage of elutriate tests is that a wider range of test organisms can be used, and a chronic end-point may be devised.

	Methodology:
	Methodology is described by Carr et al., (1989), Carr and Chapman (1992; 1995), Long et al., (1990), Thain (1991) and Microbics Corporation (1992). No internationally agreed guidelines or protocols yet exist for the Maritime Area for the preparation of elutriates, but the oyster embryo method has been published (Thain, 1991).

	Quality assurance/control:
	Procedures have yet to be developed.

	References:
	Carr, R.S. and Chapman, D.C. 1992. Comparison of whole sediment and pore-water toxicity tests for assessing the quality of estuarine sediments. Chem. Ecol. 7: 19–30.

Carr, R.S. and Chapman, D.C. 1995. Comparison of methods for conducting marine and estuarine sediment porewater toxicity tests. I. Extraction, storage and handling techniques. Arch. Environ. Contam. and Toxicol. 28: 69–77.

Carr, R.S., Williams, J.W. and Fragata, C.T.B. 1989. Evaluation of a novel marine sediment pore water toxicity test with the polychaete Dinophilus gyrociliatus. Environ. Toxicol. and Chem., 8: 533–543.


Long, E.R., Buchman, M.R., Bay, S.M., Breteler, R.J., Carr, R.S., Chapman, P.M., Hose, J.E., Lissner, A.L., Scott, J. and Wolfe, D.A. 1990. Comparative evaluation of five toxicity tests with sediments from San Francisco Bay and Tomales Bay, California. Environ. Toxicol. and Chem. 9: 1193–1214.

Microbics Corporation. 1992. Microtox® Manual. A Toxicity Testing Handbook, Vol. 2: Detailed protocols, and Vol. 3: Condensed protocols. Carsbad, AA.

Thain, J.E. 1991. Biological effects of contaminants: Oyster (Crassostrea gigas) embryo bioassay. ICES Techniques in Marine Environmental Sciences Vol. 11. 12.




Technical Annex 4

Water Bioassays

	Target organism:
	The oyster embryo test (Thain, 1991) is recommended for general deployment, but other species e.g. the harpacticoid copepods Tisbe and Nitocra, may be required for specific applications (e.g. low salinities, chronic endpoints etc.).

	Effect measured:
	Mortality/abnormal development in laboratory cultures, but chronic endpoints may also be available.

	Means of interpretation:
	A generic response to contaminants which may be further evaluated through chemical analyses.

	Methodology:
	Methodology is described in Carr et al., (1989), Carr and Chapman (1992; 1995), Long et al., (1990), Thain (1991) and Microbics Corporation (1992). Internationally agreed protocols for the maritime area are available for testing offshore chemicals. Thain (1991) describes the oyster embryo method.

	Quality assurance/control:
	Procedures have yet to be developed.

	References:
	Carr, R.S. and Chapman, D.C. 1992. Comparison of whole sediment and pore-water toxicity tests for assessing the quality of estuarine sediments. Chem. Ecol. 7: 19–30.

Carr, R.S. and Chapman, D.C. 1995. Comparison of methods for conducting marine and estuarine sediment porewater toxicity tests. I. Extraction, storage and handling techniques. Arch. Environ. Contam. and Toxicol. 28: 69–77.

Carr, R.S., Williams, J.W. and Fragata, C.T.B. 1989. Evaluation of a novel marine sediment pore water toxicity test with the polychaete Dinophilus gyrociliatus. Environ. Toxicol. and Chem. 8: 533–543.


Long, E.R., Buchman, M.R., Bay, S.M., Breteler, R.J., Carr, R.S., Chapman, P.M., Hose, J.E., Lissner, A.L., Scott, J. and Wolfe, D.A. 1990. Comparative evaluation of five toxicity tests with sediments from San Francisco Bay and Tomales Bay, California. Environ. Toxicol. and Chem. 9: 1193–1214.

Microbics Corporation. 1992. Microtox® Manual. A Toxicity Testing Handbook, Vol. 2: Detailed protocols, and Vol. 3: Condensed protocols. Carsbad, AA.

Thain, J.E. 1991. Biological effects of contaminants: Oyster (Crassostrea gigas) embryo bioassay. ICES Techniques in Marine Environmental Sciences Vol. 11. 12.




Technical Annex 5

CYP1A

Information on this technique is given in Technical Annex 2 of the JAMP Guidelines for contaminant-specific biological effects monitoring (Reference number 2008-09) 

See also Stagg, R., and McIntosh, A. 1998. Biological effects of contaminants: Determination of CYP1A-dependent mono-oxygenase activity in dab by fluorimetric measurement of EROD activity. ICES Techniques in Marine Environmental Sciences Vol. 23. 16 pp.

Technical Annex 6

Lysosomal stability

	Application in monitoring
	Lysosomal membrane stability (LMS) is a sub-cellular general stress response, known to be responsive to contaminant exposure, that can be monitored in marine organisms collected from the field. Two types of techniques for the measurement of LMS are recommended for monitoring purposes. A cytochemical method for use on cryo- preserved tissues / organs of marine biota and an in vivo, neutral red retention (NRR) method that can be applied to live cells (mussel haemocytes). The cytochemical method can be applied to a range of species / tissue matrices, most often fish liver and mussel digestive gland. The NRR method is most suitable for use on mussel haemocytes (in a haemolymph sample). The results of the analysis are expressed in minutes, either as a lysosomal labilisation period for the cytochemical method or neutral red retention time for the NRR method. Full details on the background to this effect measurement are given in the OSPAR Background Document “Lysosomal membrane stability as a global health status indicator in biomonitoring” (OSPAR, 2007).

	Target organ/organism
	Fish
Liver in dab (Limanda limanda), accepting that other species (preferably those already used for contaminants monitoring) may need to be used beyond the normal geographical range of dab.

	
	Bivalves
Haemolymph and/or digestive gland in mussels (Mytilus spp.), accepting that other species of bivalves (preferably those already used for contaminants monitoring) may need to be used beyond the geographical range of mussels.

	Effect measured
	Subcellular cohesion of lysosomes. An OSPAR Background Document is available on lysosomal membrane stability as a global health status indicator in biomonitoring and describes this effect measurement in more detail (OSPAR, 2007).

	Means of interpretation
	For assessment purposes, neutral red retention time (min) or lysosomal labilisation period (min) should be assessed against the background (BAC) and environmental (EAC) assessment criteria developed for the technique (OSPAR, 2007). Retention times or labilisation periods shorter than the EAC level suggest that the marine organisms sampled are severely stressed and probably exhibiting pathology. Dysfunction of lysosomal processes has been mechanistically linked with many aspects of pathology associated with toxicity and degenerative diseases (Cuervo, 2004; Köhler et al., 2002; Moore et al., 2006). Retention times or labilisation periods shorter than the BAC level but longer than the EAC level are considered to represent stressed, but compensating organisms.

	
	Fish

Reduced LMS in cells from fish liver has been shown to relate to impaired liver function. It is therefore important to have an assessment of the disease status (incidence of external disease and liver pathologies) of each individual fish sampled. LMS provides useful supporting information for other physiological and molecular biomarkers in fish taken as part of an integrated contaminant and biological effects monitoring programme.

	
	

	
	Bivalves

Reduced LMS in bivalves is known to impact on digestive gland function, immune response, and capability to effectively up-regulate proteins involved in protection from oxidative stress. This can be a significant factor contributing to the ability of organisms to tolerate stressful and polluted environments.

	
	Additional biological effects measurements can aid the interpretation of the significance of destabilisation of lysosomal membranes in bivalves. These include: Stress on Stress, Scope for Growth (measurement of physiological status), and an assessment of the disease status of mussel sampled (histopathology).

	Methodology: Sampling and sample handling
	Where monitoring is being conducted for the purposes of integrated assessment of contaminants and biological effects, sampling should be conducted according to the integrated monitoring guidelines (ICES, 2011). For other purposes the guidance in the ICES TIMES No. 36 (Moore et al., 2004) and summarised below should be followed.

	
	Fish

Flatfish should be caught in short (30 min) hauls and transferred to aerated flow-

through holding tanks with seawater of ambient water temperature to minimize handling stress. Individual fish should be measured, weighed, dissected, and sexed. The livers of 25 fish (gender according to the monitoring programme) are removed and cut into pieces (5 mm × 5 mm × 5 mm) and rapidly placed on a cooled (4˚C) chuck. These are then quenched in n-hexane at −70˚C and prepared and stored as described by Köhler et al. (1992).

	
	Bivalves

Sampling should be avoided during the main spawning period. A minimum sample of 10 individuals from the same size class (small) should be taken from the sub-littoral (to avoid fluctuations due to aerial exposure) by cutting byssus threads to avoid damaging the internal organs of the mussel. Transportation should avoid rough handling and mussels should be packed in insulated containers containing absorbent material soaked in sea water. Transportation times should be kept to a minimum and for journeys of >4 hours ice packs should be added to the insulated boxes. For the in vivo NRR method no sample preservation is required and haemolymph should be removed from the mussels as described by Moore et al. (2004). For the cytochemical method digestive glands should be removed by dissection and cut transversely into 3 equal portions. The middle portion is used for analysis and the other portions are available for histopathology. Immediately after dissection this middle portion should be placed on a cooled chuck as described for fish liver and prepared and stored according to Moore (1988).

	Methodology: Analysis
	Samples should be analysed by either the cytochemical method or NRR assay according to Moore et al. (2004). At the time of writing (2012) this manuscript is under revision to improve clarity of the NRR method section.

	
	Cytochemical method
The method is described by Moore et al. (2004). Protocols also exist for national programmes (e.g. Germany) (Moore, 1990; Köhler, 1991; Lowe et al., 1992) and for cooperative studies in the Mediterranean and the Baltic Sea.

	
	Neutral red retention method
The analytical method is described in ICES TIMES No. 36 (Moore et al., 2004) which is currently in the process of being amended in light of methodological improvements identified during the ICES/OSPAR Workshop on Lysosomal Stability Data Quality and Interpretation (WKLYS) (ICES, 2010).

	Quality assurance/control
	Various activities can and have been used to conduct inter-laboratory quality assurance (QA) exercises, including workshops and ring tests. For the cytochemical technique frozen tissue samples can be used both for internal QA as laboratory reference materials (LRM) and distributed between laboratories for external QA purposes. For the NRR technique, live mussels from the same sources can be distributed for external QA, or for workshops involving multiple participants conducted to provide external QA data on the same samples. Examples of such activities are provided below.

	
	Cytochemical method
Intercalibration exercises for lysosomal stability techniques (in fish) have been carried out in the ICES/UNESCO–IOC–GEEP Bremerhaven Research Workshop (1990) and the UNEP–MED POL programme. A workshop was also held at the Plymouth Marine Laboratory in 1996 (organiser: Dr M. Moore) and again at Bremerhaven in 2008 aimed at harmonising methodology between participants.

	
	Neutral red retention method
Intercalibration for the NRR method was carried out for mussels in the GEF Black Sea Environment Programme (Köhler et al., 1992; Lowe et al., 1992; Moore et al., 1998; Viarengo et al., 2000). An intercomparison exercise on NRR in mussels was also conducted in the BEQUALM programme during 2001. MED POL and ICES joined forces in 2009 to carry out the first laboratory intercalibration exercise using the NRR assay, with sixteen laboratories participating. Results were presented at the Consultation Meeting to review MED POL in 2011 (UNEP/MAP, 2012). An ICES/OSPAR workshop on the quality and interpretation of lysosomal stability data (WKLYS) was conducted in 2010 (ICES, 2010).

	References
	Cuervo, A. M. 2004. Autophagy: in sickness and in health. TRENDS in Cell Biology, 14: 70–77.

ICES. 2010. Report of the ICES/OSPAR Workshop on Lysosomal Stability Data Quality and Interpretation (WKLYS), 13–17 September 2010, Alessandria, Italy. ICES CM 2010/ACOM:61. 57 pp.

ICES. 2011. Report of the ICES/OSPAR Study Group on Integrated Monitoring of Contaminants. ICES CM 2010/ACOM:30. 263 pp.

Köhler, A., Wahl, E. and Söffker, K. 2002. Functional and morphological changes of lysosomes as prognostic biomarkers of toxic liver injury in a marine flatfish (Platichthys flesus (L)). Environmental Toxicology and Chemistry, 21: 2434–2444.
Köhler, A. 1991. Lysosomal perturbations in fish liver as indicators for toxic effects of environmental pollution. Comparative Biochemistry and Physiology, 100C (1/2): 123–127.
Köhler, A., Diesemann, H., and Lauritzen, B. 1992. Histological and cytochemical indices of toxic injury in the liver of dab Limanda limanda. Marine Ecology Progress Series, 91: 414–453.
Lowe, D. M., Moore, M. N., and Evans, B. M. 1992. Contaminant impact on interactions of molecular probes with lysosomes in living hepatocytes from dab Limanda limanda. Marine Ecology Progress Series, 91: 135–140.
Moore, M. N. 1988. Cellular and histopathological effects of a contamination gradient: a summary. Marine Ecology Progress Series, 46: 109–110.
Moore, M. N. 1990. Lysosomal cytochemistry in marine environmental monitoring. Histochem. J. 22: 187–191.
Moore, M. N., Lowe, D. M., Wade, T., Wedderburn, R. J., Depledge, M. H., Balashov, G., et al. 1998. Black Sea pollution assessment. GEF Black Sea Environmental Programme. United Nations Publications; 1998: 279–292.
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Technical Annex 7

Liver histopathology

	Target organism:
	Dab (Limanda limanda)  (1st priority)

Flounder (Platichtys flesus)

Dragonet (Callionymus spp.)

The methodology can be adapted to other flatfish species and also to bottom-dwelling roundfish species. 

	Effect measured:
	· Non-specific lesions (coagulative necrosis, apoptosis, lipoidosis, haemosiderosis, variable glycogen content, increased numbers and size of macrophage aggregates, lymphocytic/monocytic infiltration, granuloma, fibrosis, regeneration)

· Early toxicopathic non-neoplastic lesions (phospholipidosis, fibrillar inclusion, hepatocellular and nuclear polymorphism, hydropic de​generation, spongiosis hepatis)

· Foci of cellular alteration (clear cell foci, vacuolated foci, eosino​philic foci, basophilic foci, mixed cell foci)

· Benign neoplasms (hepatocellular adenoma, cholangioma, haeman​gioma, pancreatic acinar cell adenoma)

· Malignant neoplasms (hepatocellular carcinoma, cholangio​carcinoma, pancreatic acinar cell carcinoma, mixed hepatobiliary carcinoma, haemangiosarcoma, haemangiopericytic sarcoma)

	Means of interpretation:
	Lesions recorded range from unspecific indicators of environmental stress to indicators of contaminant-related carcinogenesis. Data are of value for general biological effects monitoring and for subsequent temporal trend monitoring.

	Methodology:
	ICES has published a standard protocol for general sampling procedures (Bucke et al., 1996) and guidelines for liver histopathology (Feist et al., 2004). Further methodological guidelines are provided through the BEQUALM fish disease measurement programme. Initiatives have been taken that data are submitted by contracting parties using the latest version of the ICES Environmental Data Reporting Format and are stored in the ICES Environmental Data Centre. Standardised methodologies for data submission and statistical analysis have been developed by ICES.

Note: Liver histopathology is also a component of the JAMP Guidelines for PAH-specific Biological Effects Monitoring.

	Quality assurance/control:
	Procedures have been developed by ICES and as part of the BEQUALM fish disease measurement programme, including interlaboratory calibration exercises and quality control of data submitted to the ICES Environmental Data Centre.

	Assessment criteria:
	The development of assessment criteria is underway as part of the terms of reference of the ICES Working Group on Pathology and Disease of Marine Organisms (WGPDMO). 

	References:
	BEQUALM: (http://www.bequalm.org/fishdisease.htm)
Bucke, D., Vethaak, A.D., Lang, T. and Mellergaard, S. 1996. Common diseases and parasites of fish in the North Atlantic: Training guide for identification. ICES Techniques in Marine Environmental Sciences, No. 19. 27 pp.

Feist, S. W., Lang, T., Stentiford, G. D. and Köhler, A., 2004. The use of liver pathology of the European flatfish, dab (Limanda limanda L.) and flounder (Platichthys flesus L.) for monitoring biological effects of contaminants.  ICES Techniques in Marine Environmental Sciences, No. 28. 47pp. 


Technical Annex 8

Macroscopic liver neoplasms

	Target organism:
	Dab (Limanda limanda)  (1st priority)

Flounder (Platichtys flesus)

The methodology can be adapted to other flatfish species and also to bottom-dwelling roundfish species. 

	Effect measured:
	Sampling of macroscopic liver nodules > 2 mm in diameter and subsequent quantification of histologically confirmed cases of liver neoplasms (benign and malignant neoplasms; pre-neoplastic lesions, i.e. foci of cellular alteration, not included).

	Means of interpretation:
	Specifically related to contaminant-induced liver carcinogenesis. Data are of value for general biological effects monitoring and for subsequent temporal trend monitoring.

	Methodology:
	ICES has published a standard protocol for general sampling procedures (Bucke et al., 1996) and guidelines for liver histopathology (Feist et al., 2004). Further methodological guidelines are provided through the BEQUALM fish disease measurement programme. Data are submitted by contracting parties using the latest version of the ICES Environmental Data Reporting Format and are stored in the ICES Environmental Data Centre. Standardised methodologies for data submission and statistical analysis have been developed by ICES.

Note: Macroscopic liver neoplasms is also a component of the JAMP Guidelines for PAH-specific Biological Effects Monitoring.

	Quality assurance/control:
	Procedures have been developed by ICES and as part of the BEQUALM fish disease measurement programme and are well-established. They include sea-going workshops, interlaboratory calibration exercises, and quality control of data submitted to the ICES Environmental Data Centre.

	Assessment criteria:
	The development of assessment criteria is underway as part of the terms of reference of the ICES Working Group on Pathology and Disease of Marine Organisms (WGPDMO). 

	References:
	BEQUALM: (http://www.bequalm.org/fishdisease.htm)
Bucke, D., Vethaak, A.D., Lang, T. and Mellergaard, S. 1996. Common diseases and parasites of fish in the North Atlantic: Training guide for identification. ICES Techniques in Marine Environmental Sciences, No. 19. 27 pp.

Feist, S. W., Lang, T., Stentiford, G. D. and Köhler, A., 2004. The use of liver pathology of the European flatfish, dab (Limanda limanda L.) and flounder (Platichthys flesus L.) for monitoring biological effects of contaminants.  ICES Techniques in Marine Environmental Sciences, No. 28. 47pp.




Technical Annex 9

Externally visible fish diseases

	Target organisms:
	Dab (Limanda limanda) (1st priority)

Flounder (Platichthys flesus)

Cod (Gadus morhua)

Whiting (Merlangius merlangus)

	Effect measured:
	Dab:

The following 1st priority diseases/parasitoses are recorded:

· Lymphocystis 

· Epidermal hyperplasia/papilloma 

· Acute/healing skin ulcers 

· X-cell gill disease 

· Hyperpigmentation 

It is recommended to record the following 2nd priority diseases/ parasitoses in addition:

· Skeletal deformities 

· Acute/healing stages of fin rot/erosion

· Stephanostomum baccatum

· Acanthochondria cornuta

· Lepeophtheirus pectoralis
· Cryptocotyle sp.

	
	Flounder: 

The following 1st priority diseases/parasitoses are recorded:

· Lymphocystis

· Acute/healing skin ulcers

It is recommended to record the following 2nd priority diseases/ parasitoses in addition:

· Skeletal deformities 

· Acute/healing stages of fin rot/erosion

· Stephanostomum baccatum

· Acanthochondria cornuta

· Lepeophtheirus pectoralis

· Cryptocotyle sp.

	
	Cod:

The following 1st priority diseases/parsitoses are recorded:

· Acute/healing skin ulcers

· Skeletal deformities

· Pseudobranchial swelling (X-cell disease)

· Cryptocotyle sp.

It is recommended to record the following 2nd priority diseases/ parasitoses in addition:

· Acute/healing stages of fin rot/ersion

· Lernaeocera branchialis

· Clavella adunca

· Caligus sp.

	
	Whiting:

The following 1st priority diseases/parasitoses are recorded:

· Epidermal hyperplasia/papilloma

· Cryptocotyle sp.

· Lernaeocera branchialis

· Diclidophora merlangi

· Clavella adunca

It is recommended to record the following 2nd priority diseases/ parasitoses in addition: 

· Acute/healing skin ulcers

· Acute/healing stages of fin rot/erosion 

· Skeletal deformities

· Pseudobranchial swelling (X-cell disease)

	Means of interpretation:
	Unspecific indicator of environmental stress. Data are of value for general biological effects monitoring and for subsequent temporal trend monitoring.

	Methodology:
	ICES has published a standard protocol (Bucke et al., 1996) and further methodological guidelines are provided through the BEQUALM fish disease measurement programme. Data are submitted by contracting parties using the latest version of the ICES Environmental Data Reporting Format and are stored in the ICES Environmental Data Centre. Standardised methodologies for data submission and statistical analysis have been developed by ICES.

	Quality assurance/control:
	Procedures have been developed by ICES and as part of the BEQUALM fish disease measurement programme and are well-established. They include sea-going workshops, interlaboratory calibration exercises, and quality control of data submitted to the ICES Environmental Data Centre. 

	Assessment criteria:
	The development of assessment criteria is underway as part of the terms of reference of the ICES Working Group on Pathology and Disease of Marine Organisms (WGPDMO). 

	References:
	BEQUALM: (http://www.bequalm.org/fishdisease.htm)
Bucke, D., Vethaak, A.D., Lang, T. and Mellergaard, S. 1996. Common diseases and parasites of fish in the North Atlantic: Training guide for identification. ICES Techniques in Marine Environmental Sciences, No. 19. 27.


Technical Annex 10

Reproductive success in fish (updated 2007)

	Target organism:
	Zoarces viviparus (eelpout/viviparous blenny).

	Effect measured:
	Health of brooded young carried by females.

	Means of interpretation:
	A generic “stress” indicator; causal agents may, however, be identified through a combination of chemical analyses of fish tissue, a knowledge of the history of contamination of the local environment to which the fish have been exposed and/or follow-up laboratory experimentation (Jacobsson et al., 1986). Substances such as organochlorines, pesticides, PAH, heavy metals and organometals can affect embryo and larval development 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).

The eelpout is a widely distributed coastal/estuarine species, and is known to be narrowly territorial in North Sea and Baltic waters, although limited seasonal migration occurs in response to water temperature. Studies have shown low larval mortality, a very low frequency of larval malformations, relatively stable fecundity and low within-sample variability in contaminant concentrations and biomarkers at unpolluted sites. 

In comparison, elevated levels of adverse developmental effects of embryo and larvae in eelpout broods have been found in populations living in costal waters with inputs from effluents from cities and industry. In comparison, only low levels of such effects generally occur in populations living in areas regarded as reference sites (e.g. Vetemaa et al. 1997, Ådjers et al. 2001,  Fagerholm, 2002 , Strand et al. 2004, Gercken et al. 2006), however some year-to-year variations can occur. 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 oxygen depletion events may however also affect eelpout reproduction. Reproductive success in eelpout is regarded as a general, i.e. non-specific, biological indicator of impaired fish reproduction.

Assessment Criteria have been suggested by WKIMON II and III.

It should be noted that the eelpout inhabits coastal waters from the White Sea to Southern North Sea including the Baltic Sea. However, the eelpout is not equally abundant in all areas. It is most abundant and therefore most useful as an indicator species in the Baltic Sea region including the Skagerrak and the Kattegat and in some UK estuaries. The eelpout is therefore not applicable across the entire OSPAR maritime area and regional assessment is more warranted. It should be noted that eelpouts are protected in the pregnancy period in some areas and official sampling licence for monitoring activities should be obtained.




	Methodology:
	Well defined for studies in coastal waters and national guideline exists (Jacobsson et al., 1986; Neuman et al., 1999, Strand & Dahllöf, 2005), although no international guidelines or protocols exist yet.

Recommended sample sizes: 40 – 50 pregnant females per station.

Sampling period: October – December, i.e. in the pregnancy period.

The characterisations of abnormal development of embryo and larvae in eelpout broods include;

· Malformed larvae: larvae with morphological and/or skeletal gross anomalies. 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.

· Late dead larvae: dead larvae without malformations 

· Growth retarded larvae: normal developed larvae which are smaller than the three highest length classes in the broods.

In addition, other general fish physiological and reproductive variables should be recorded.



	Quality assurance/control:
	As method quality assurance, some international and national workshops have been held in relation to the monitoring programmes (e.g. BEQUALM 2000), but the activities should be updated.

	References:
	Jacobsson, A., Neuman, E. and Thoresson, G. 1986. The Viviparous blenny as an indicator of environmental effects of harmful substances. Ambio 15: 236–238.

BEQUALM (2000). Fish Reproductive Success – embryo development and survival in viviparous blenny Zoarces viviparus. Biological Effects Quality Assurance in Monitoring Programmes (BEQUALM). BEQUALM Newsletter 2000. http://www.uni-kiel.de/ftzwest/downloads/BQ-Newsletter2.pdf
Bodammer, J.E. (1993). The teratological and pathological effects of contaminants on embryonic and larvae fishes exposed as embryos: a brief review. Am. Fish Soc. Symp. 14: 77-84.

Davis, W.P. (1997). Evidence for developmental and skeletal responses as potential signals of endocrine disrupting compounds in fishes. In Chemically induced alterations in functional development and reproduction of fishes. Edited by Rolland, R.M., Gilbertson, M., Peterson, SETAC Press, Pensacola FL.

Fagerholm B (2002). Integrerad fiskövervakning i kustreferensområden, Fjällbacka. Årsrapport för 2001. Fiskeriverket, Kustlaboratoriet. Arbetsrapport. 10p. (In Swedish).

Gercken J., Förlin L., Andersson J. (2006). Developmental disorders in larvae of eelpout (Zoarces viviparus) from German and Swedish Baltic coastal waters.  Mar Pollut Bull. 53(8-9):497-507.

ICES (2004). Recommended techniques for biological monitoring programmes at the national or international level – methods for fish. Report of the Working Group on Biological Effects of Contaminants. WGBEC meeting 22–26 March 2004 Ostend, Belgium. www.ices.dk/reports
Larsson, D.G.J, Forlin, L. (2002). Male-biased sex ratios of fish embryos near a pulp mill: Temporary recovery after a short-term shutdown. Environmental Health Perspective 110(8): 739-742. 

Neuman, E., Sandström, O., Thoresson, G. (1999). Guidelines for coastal fish monitoring. National Board of Fisheries, Institute of Coastal Research, Ôregrund, Sweden, 44p
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