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1 Introduction

The Norwegian Polar Institute (NP) is currently heading the development of two main monitoring programmes for Arctic area: 1) Environmental monitoring for Norwegian and Russian Arctic Seas (MONRA) and 2) Environmental Monitoring Programme for Svalbard and Jan-Mayen (MOSJ). 

MONRA is intended to be a long-term programme, and it will include monitoring of contamination, climate and biodiversity. The programme will be based on existing monitoring. 

Three elements are essential for the realisation of a good monitoring programme. These are:

· guidelines;

· quality assurance tools;

· assessment tools.

The best way to make sure that the data collected in a monitoring programme are valid and comparable with other monitoring programmes is to make sure that national and/or international procedures developed and agreed upon through i.e. JAMP, OSPAR, ICES, AMAP and offshore monitoring programmes, are followed. Within these programmes a substantial effort has been laid down in order to develop standards and procedures for monitoring, and detailed descriptions of sampling methods, sample sizes, sample storage, analyses and data treatment are given. 

The aim of the present project was to collect references to existing methods for monitoring of the contaminants and the media selected by NP for the MONRA-programme, and to point to any gaps of such guidelines. Further the project should evaluate which international guidelines for sampling and analyses are most relevant for the marine part of the MONRA programme. 

The work has been closely correlated with the Arctic Monitoring and Assessment Program, which are currently making an overview of guidelines that are relevant for AMAPs work. AMAP monitoring activities are based, to the greatest extent possible, on ongoing national and international monitoring and research; aiming to harmonise this work and where necessary promote new activities to fill identified gaps in order to meet the AMAP objectives. For comparison with other monitoring programs it is therefore an advantage that MONRA (and MOSJ) activities are performed after methods approved by AMAP.

In the following chapter an overview of international accepted guidelines for monitoring the marine environment is given, with the exception of radionuclides. The Norwegian Radiation Protection Authorities are currently working with suggestions for guidelines for monitoring of anthropogenic radionuclides in the marine environment. 

For some of the resources in question, no internationally accepted guidelines exist. For such resources international published literature, with method descriptions etc., has been included. 
2 Monitoring the marine environment: Guidelines and methodological references

The following pages give an overview of existing guidelines for monitoring of contaminants in the marine environment. For some contaminants and resources no internationally accepted guidelines exist, and for these literature that may be consulted during the development of procedures for monitoring programmes in Arctic areas, i.e. literature containing method descriptions, procedures etc., are listed. 

2.1 Contamination levels

Media / organisms, etc
Parameters
Methodology
Reference / source

Water


Metals
Sampling, storage, extraction, analyses
· Guidelines for the sampling and analysis of trace metals in sea water under the Joint Monitoring Programme.  Tenth Annual Report on the Activities of the Paris Commission (1989), Annex 24

· Yeats, P. A. 1987. Trace metals in seawater: Sampling and storage methods.  ICES Techniques in Marine Environmental Sciences, No. 2.

· Yeats, P.A. & Brügemann, L. 1990. Suspended particulate matter: Collection methods for gravimetric and trace metal analysis.  ICES Techniques in Marine Environmental Sciences, No. 7..

· Loring 1991. Normalization of heavy-metal data from the estuarine and coastal sediments. ICES J. Mar. Sci. 48: 101-115.

Water
Radio-nuclides
Analysis, sampling, QA
· Methodologies according to IAEA Guideline and Sampling according to ICES Guidelines.

Water
Hydrocarbons
Sampling, storage, analyses, QA
· Erhardt, M., Klungsøyr, J. & Law, R.J. 1991. Hydrocarbons: review of methods for analyses in seawater, biota and sediments. ICES Techniques in Marine Environmental Science no. 12.

· Yunker et al. 1989. Measurement of natural trace dissolved hydrocarbons by in situ column extraction: An intercomparision of two adsorbtion resins. Anal. Chem. 61: 1333-1343.

Water
POPs
Sampling, storage, analyses, QA
· Schultz-Bull, D.E., Petrick, G., Kannan, N. & Duuinker, J.C. 1995. Distribution of individual chlorobiphenyls (PCB) in solution and suspension in the Baltic Sea. Marine Chemistry 48:245-270. 

· Iwata, H., Tanabe, N. Sakai & Tatsukawa, R. 1993.  Distribution of persistent organochlorines in the oceanic air and surface seawater and the role of ocean on their global transport and fate. Environ. Sci. Technol. 27: 1080-1098, 1993.

· Erhardt, M. 1987. Lipophilic organic material: an apparatus for extracting solids used for their concentration from seawater. ICES Techniques in Marine Environmental Science no. 4

Media / organisms, etc
Parameters
Methodology
Reference / source

Suspended particulate matter
Metals
Sampling, analyses, narmalization, QA
· Loring, D. & Rantala, R.T.T. 1992. Manual for the geochemical analyses of marine sediments and suspended particulate matter. Earth Science Reviews 32: 235-283

Suspended particulate matter
Hydrocarbons
Sampling, storage, analyses, QA
· Broman et al. 1988. A multi sediment trap study on the temporal and spatial variablility for polycyclic aromatic hydrocarbons and lead in an anthropogenic influenced archipelago. Environ. Sci. Technol. 22: 1219-1228.

Sediment


Metals
Sampling, storage, extraction, analyses, statistics, QA
· JAMP Guidelines for Monitoring Contaminants in Sediments 1997. Oslo and Paris Commissions. Joint Assessment and Monitoring Programme.

· In prep. JAMP guidelines for environmental monitoring in the vicinity of offshore oil and gas installations. Oslo and Paris Commissions. Joint Assessment and Monitoring Programme.

· Loring , D. & Rantala, R.T.T. 1992. Manual for the geochemical analyses of marine sediments and suspended particulate matter. Earth Sci. Rev. 32: 235-283.

· Loring, D. 1991. Normalization of heavy-metal data from the estuarine and coastal sediments. ICES J. Mar. Sci. 48: 101-115.

Sediment
POPs, TBT
Sampling, storage, analyses, QA
· JAMP Guidelines for Monitoring Contaminants in Sediments 1997. Technical annex 2 – Determination of CBs. Oslo and Paris Commissions. Joint Assessment and Monitoring Programme.

· JAMP Guidelines for Monitoring Contaminants in Sediments 1997. Technical annex 4 – Determination of TBT. Oslo and Paris Commissions. Joint Assessment and Monitoring Programme.

· Smedes, F. & de Boer, J. 1998. Chlorobiphenyls in marine sediments: Guidelines for determination. ICES Techniques in Marine Environmental Sciences no 21.

Sediment
Oil hydrocarbons
Sampling, storage, analyses, QA
· JAMP Guidelines for Monitoring Contaminants in Sediments 1997. Technical annex 3 – Determination of PAH. Oslo and Paris Commissions. Joint Assessment and Monitoring Programme

· In prep. JAMP guidelines for environmental monitoring in the vicinity of offshore oil and gas installations. In prep. Oslo and Paris Commissions. Joint Assessment and Monitoring Programme.

· Erhardt, M., Klungsøyr, J. & Law, R.J. 1991. Hydrocarbons: review of methods for analyses in seawater, biota and sediments. ICES Techniques in Marine Environmental Science no. 12.

Media / organisms, etc
Parameters
Methodology
Reference / source

Benthos
Benthic communities - Biological effects -
Sampling, analysis, storage, statistics,  QA 
· JAMP guidelines for environmental monitoring in the vicinity of offshore oil and gas installations. In prep. Oslo and Paris Commissions. Joint Assessment and Monitoring Programme.

· Rumohr, H. 1999. Soft-bottom macrofauna: Collection, treatment, and quality assurance of samples. ICES Techniques in Marine Environmental Science no 27. 

· Rees, H.L., Heip, C., Vincx, M. & Parker, M.M. 1991. Benthic communities: Use in monitoring point source discharges. ICES Techniques in Marine Environmental Sciences, no. 16.

Fish and shellfish
All
Sampling, storage, pre-treatment, reporting, QA
· ICES Guidelines for Monitoring contaminants in fish and shellfish. Cooperative ICES monitoring Studies Programme (CMP) for Monitoring Contaminants in Fish and Shellfish.

Fish and shellfish
Heavy metals 


Sampling, storage, analyses, QA.
· JAMP Guidelines for Monitoring Contaminants in Biota 1997. Technical annex 2: Metals. Oslo and Paris Commissions 1997, Joint Assessment and Monitoring Programme.

Fish and shellfish
Persistent organic Pollutants
Sampling, storage, analyses, QA.
· JAMP Guidelines for Monitoring Contaminants in Biota 1997. Technical annex 1: Organic contaminants. Oslo and Paris Commissions 1997, Joint Assessment and Monitoring Programme.

Fish and shellfish
Hydrocarbons
Sampling, analyses, QA.
· JAMP Guidelines for Monitoring Contaminants in Biota 1997. Technical annex 3: PAHs in biological materials. Oslo and Paris Commissions 1997, Joint Assessment and Monitoring Programme.

· Erhardt, M., Klungsøyr, J. & Law, R.J. 1991. Hydrocarbons: review of methods for analyses in seawater, biota and sediments. ICES Techniques in Marine Environmental Science no. 12.

Seabirds
Metals
Sampling, storage, analyses, QA
· JAMP Guidelines for Monitoring Contaminants in Biota 1997. Technical annex 2: Metals. Oslo and Paris Commissions 1997, Joint Assessment and Monitoring Programme

Seabirds
Persistent organic pollutants
Sampling, storage, analyses, QA
· JAMP Guidelines for Monitoring Contaminants in Biota 1997. Technical annex 1: Organic contaminants. Oslo and Paris Commissions 1997, Joint Assessment and Monitoring Programme

· Henriksen, E., Derocher, A., Bustnes, J.O., Gabrielsen, G.W., Wiik, Ø. & Skaare, J.U. 2000. Monitoring persistent pollutants in Arctic top predators: lessons learned from recent data on polar bear and glaucous gull. Report to the Norwegian Transport and Effects Programme. Norwegian Polar Institute.

Seabirds
Hydrocarbons
Sampling, storage, analyses, QA
· JAMP Guidelines for Monitoring Contaminants in Biota 1997. Technical annex 3: PAHs in biological materials. Oslo and Paris Commissions 1997, Joint Assessment and Monitoring Programme.

Seabirds
Radionuclides
Analyses
· Anon. 1995. Radionuclide identification and assay by energy spectrometry. In: A handbook of radioactive Measurements Procedures. NCRP report 58. National Council on Radioation Protection and Measurements, Bethesda, Maryland. 592 p.

Media / organisms, etc
Parameters
Methodology
Reference / source

Mammals:

Seals
Heavy metals, POPs
Sampling, storage
· Shaughnessy, P.D. 1995. Collection of material for the determination of organochlorine and heavy metal levels. Chapter 10 in: Laws, R.M. (ed.) Antarctic seals. Research methods and Techniques. Cambridge University Press.

Mammals:

Seals
POPs
Sampling, analyses
· Wolkers, J., Burkow, I.C., Monshouwer, M., Lydersen, C., Dahle, S. & Witkamp, R.F. 1999. Cytochrome P450-mediated enzyme activities and polychlorinated biphenyl accumulation in harp seal (Phoca groenlandica). Mar Environ Res 48:59-72

· Wolkers, J., Burkow, I.C., Lydersen, C. & Witkamp, R.F. in press. Chlorinated pesticide concentrations with emphasis on the polychlorinated camphenes (toxaphenes), in relation to cytochrome P450 enzyme activities in harp seals from the Barents Sea. Environ. Toxicol. Chem. 

· Severinsen T., J.U. Skaare & C. Lydersen 2000. Spatial distribution of persistent organochlorines in ringed seal blubber. Mar. Environ. Res. 49: 291-302.

Mammals: Polar bears 
POPs
Sampling, Analyses
· Henriksen, E., A. Derocher, J.O. Bustnes, G.W. Gabrielsen, Ø. Wiik & J.U. Skaare 2000. Monitoring persistent pollutants in Arctic top predators: lessons learned from recent data on polar bear and glaucous gull. Report to the Norwegian Transport and Effects Programme. Norwegian Polar Institute.
· Muir, D.C.G., Norstrom, R.J. & Simon, M. 1988.  Organochlorine contaminants in Arctic marine food chains: accumulation of specific PCB congeners and chlorane-related compounds.  Envrion. Sci. Technol., 22:1071-1079.
· Norstrom, R:J. & Simon, M. 1991. Determination of specific polychlorinated dibenzo-p-dioxines and dibenzofurans in biological matrices by gel-permeation/carbyl chromatography and gas chromatography-mass-spectrometry. Pp. 281-297 in: ( Rappe, C., Buser, H.R., Dodet, B. & O’Neill, I.K. (eds). Environmental Carcinogens, Methods of Analyses and Exposure Measurements, Vol. 11. Polychlorinated dibenzo-p-dioxines and dibenzofurans. World Health Organisation, International Association for Research on Cancer, Lyon, France

Mammals
POPs
Sampling, Analyses
· Ford, C.A., Muir, D.C.G., Norstrom, R.J., Simon, M. & Mulvihill, M.J. 1993.  Development of a semi-automated method for non-ortho PCBs: application to Canadian Arctic marine mammal tissues. Chemosphere, 26:1981-1991

2.2  Biological effects monitoring – Guidelines and methodological references

Some guidelines and literature on biological effect techniques are given in the following table. For a more extensive overview of existing techniques for biological effect techniques the reader is referred to AMAPs Trend and Effects Programme: 1998 – 2003, section G, part C (http://www.amap.no/). 

Media / organisms, etc
Parameters/methods
Methodology
Reference / source

Several
- Whole sediment bioassays

- Sediment pore-water bioassays

 - Sediment seawater elutriates

- Water bioassays

- CYP1A*

- Lysosomal stability

- Liver neaplasia/hyperplasia

- Liver nodules

- Externally visible fish diseases

- Reproductive success in fish
Sampling, test procedures, QA
· JAMP Guidelines for general biological effects monitoring 1997. Oslo and Paris Commissions. Joint Assessment and Monitoring Programme. 

Several
Metals (metallothionein, (-amino levulinic acid dehydrase inhibition of blood (ALA-D), oxidative stress

PAHs (cytochrome P4501A activity, DNA adducts, PAH-metabolism in bile, liver (histo)pathology

TBT (imposex, intersex)
Sampling, test procedures, QA
· JAMP Guidelines for general biological effects monitoring 1997. Oslo and Paris Commisions. Joint Assessment and Monitoring Programme.

Sediment, pore water
Toxicity of the sedimentary environment; abnormal development

· Thain, J.E. 1991. Biological effects of contaminants: oyster embryo assay. ICES Techniques in Marine Environmental Sciences 11.

Media / organisms, etc
Parameters/methods
Methodology
Reference / source

Fish
Hepatotoxicity , cohesion of lysosomes

· Köhler, A. 1991. Lysosomal pertubations in fish liver as indicators for toxic effects of environmental pollution. Comp. Biochem. Physiol. 100C:123-127.

· Lowe, D.M., Moore, M.N. & Evans, B.M. 1992.  Contaminant impact on interactions of molecular probes with lysosomes in living hepatocytes from dab. Mar. Ecol. Progr. Ser. 91: 135-140.


· Moore, M.N. 1990. Lysosomal cytochemistry in marine monitoring. J. Histochem. 22: 187-191.

Fish
Environmental carcinogens 
Detecting degenerative changes
· 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.

Fish
Environmental carcinogens
Detection, identification
· Bucke, D., Vethaak, A.D., Lang, T. & 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.

Sediment
Sediment toxicity, marine invertebrates
Testing techniques, QA
· 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, pp 1-24.

· McGee, R.L., Schlekat C.E. & Reinhartz, E. 1993. Assessing sub-lethal levels of sediment contamination using the estuarine amphipod Leptocheirus plumulosus. Environ.Toxicol. Chem. 12: 577-587.

· OSPAR 1995. Protocols on methods for the testing of chemicals used in the offshore industry.

Dogwhelke/

periwinkle
TBT -Imposex
Sampling, analyses/measure-ments, QA
· JAMP Guidelines for contaminant-specific biological effects monitoring 1998. Technical annex 3. TBT-specific biological effects monitoring. Oslo and Paris Commissions, London, pp. 14-25.

· Gibbs, P:E. 1999. Biological effects of contaminants: Use of imposex in the dogwhelke (Nucella lapillus) as a bioindicator of tributyltin (TBT) pollution. ICES Techniques in Marine Environmental Science no. 24.

· Mensink, B.P., van Hattum, B., Ten Hallers-Tjabbes, C.C Everaarts, J.M. Kralt, H. Vethaak A.D. & Boon, J.P. 1997. Tributyltin causes imposex in the common whelk Buccinum undatum - mechanism and occurrence. - Netherlands Instituut voor Onderzoek de Zee, Rapport 1997-6. 

Media / organisms, etc
Parameters/methods
Methodology
Reference / source

Fish
Contaminant exposure (planar molecules) -EROD (CYP1A)
Sampling, analyses, reporting, QA
· Stagg, R. & McIntosh, A. 1998. Biological effects of contaminants: Determination of CYP1A-dependent mono-oxygenase activity in dab by fluorometric measurements of EROD activity. ICES Techniques in Marine Environmental Sciences no. 23.

· Galgani, F. & Payne, J.F. 1991. Biological effects of contaminants: Microplate method for measurement of ethoxyresorufin o-deethylase (EROD) in fish. ICES Techniques in Marine Environmental Sciences no. 13.

Fish
PAH exposure, PAH metabolite

determination
 Sampling, analyses
· Ariese, F., Kok, S.J., Verkaik, M., Gooijer, C., Velthorst, N,H. & Hofstraat, J.W. 1993. Synchronous fluorescene spectrometry of fish bile: a rapid screening method for the biomonitoring of PAH exposure. Aquat. Toxicol. 26: 273-286.

· Beyer, J., Sandvik, M., Hylland, K., Fjeld, E., Egaas, E., Aas, E., Skare, J.U. & Goksøyr, A. 1996. Contaminant accumulation and biomarker responses in flounder and atlantic cod exposed by caging to polluted sediments in Sorfjorden, Norway. Aquat. Toxicol. 36: 75-98. 

Fish
Metal exposure
Analyses metallothionein
· Hylland, K. 1999. Biological effects of contaminants: Quantification of metallothionein (MT) in fish liver tissue. ICES Techniques in Marine Environmental Science no. 26 .

Fish
PAH exposure and carcinogenic properties 
Analyses - DNA adducts
· Reichert, W.L., French, B.L. & Stein, J.E. 1999. Biological effects of contaminants: Measurement of DNA adducts in fish by 32P post-labelling. ICES Techniques in Marine Environmental Science no. 25.

· Stein, J.E., Reichert, W.L. & Varanasi, U. 1994. Molecular epizootiology: assessment of exposure to genotoxic compounds in teleosts. Environ. Health Perspect 102: 19-23

Seabirds
Metal exposure
Analyses – Metallothionein
· Eliott, J.E., Scheuhammer, A.M., Leighton, F.A. & Pearce, P.A. 1992. Heavy metal and metallothionein concentartions in Atlantic Canadian seabirds. Arch. Environ. Contam. Toxicol. 22: 63-73.

Seabirds
Contaminant exposure
Analyses - MFO
· Peakall, D.B., Norstrom, R.J., Rahimtula, A.D. & Butler, R.D. 1986. Characterisation of mixed-function oxidase systems of the nestling Herring gull and its implications for bioeffects monitoring. Environ. Toxicol. Chem. 5: 379-385.

Seabirds
Oil spills
Sampling, analyses, statistics
· JAMP Guidelines on standard methodology for the use of oiled birds as indicators of marine oil pollution. Oslo and Paris Commissions. Joint Assessment and Monitoring Programme.  

Media / organisms, etc
Parameters/methods
Methodology
Reference / source

Mammals:

seals
Biological effects - Contaminant exposure 
Sampling, analyses cytochrome P450
· Wolkers, J., Burkow, I.C., Lydersen, C., Dahle, S., Monshouwer, M. & Witkamp, R.F. 1998. Congener specific PCB and polychlorinated camphene (toxaphene) levels in Svalbard ringed seals (Phoca hispida) in relation to sex, age, condition, and cytochrome P450 enzyme activity. Sci Total Environ 216:1-11.

Mammals:

seals
Biological effects - Contaminant exposure (3-D molecules) 
Sampling, analyses - testosterone hydroxxylase
· Wolkers, J., Burkow, I.C., Lydersen, C., Dahle, S., Monshouwer, M. & Witkamp, R.F. 1998. Congener specific PCB and polychlorinated camphene (toxaphene) levels in Svalbard ringed seals (Phoca hispida) in relation to sex, age, condition, and cytochrome P450 enzyme activity. Sci Total Environ 216:1-11.

· Wolkers, J., Burkow, I.C., Monshouwer, M., Lydersen, C., Dahle, S. & Witkamp, R.F. 1999. Cytochrome P450-mediated enzyme activities and polychlorinated biphenyl accumulation in harp seal (Phoca groenlandica). Mar Environ Res 48:59-72

· Wolkers, J., Burkow, I.C., Lydersen, C. &  Witkamp, R.F. in press. Chlorinated pesticide concentrations with emphasis on the polychlorinated camphenes (toxaphenes), in relation to cytochrome P450 enzyme activities in harp seals from the Barents Sea. Environ. Toxicol. Chem. 

Mammals

Polar bears
Biological effects - POPs
Sampling, analyses
· Bernhoft, A.,  Utne Skaare, J., Wiig, Ø., Derocher, A. & Larsen, H.J. 2000. Possible immunotoxic effects of organochlorines in polar bears (Ursus maritimus) at Svalbard. Journal of Toxicological and Environmental Health, Part A, 59: 561-574.

Mammals

Polar bears
Biological effects – POPs (P450/EROD/PROD)
Sampling, analyses
· Letcher, R.J., Norstrom, R.J., Bandiera, S.M. & Ramsay, M.A. 1994. Polar bear hepatic cytochrome P4501A1 and 1A2: Immunoquantitation, EROD/PROD activity and PCB levels. Dioxin ’94. Dept. of Environ. Sanit. Eng., Kyoto University, Japan. Organohalogen compounds 20: 553-558.

Mammals

Polar bears
Biological effects – P450
Sampling, analyses
· Bandiera, S.M., Torok, Ramsay, M.A. & Norstrom, R.J. 1994. Catalytic and immunological caracterization of hepatic and lung cytochromes P450 in the polar bear. Biochem. Pharmacol. 

Guidelines and references on quality assurance

Media / organisms, etc
Parameters
Methodology
Reference / source

All
Various
Sampling, sample pretreatment
· Quevauviller, P. (ed). 1995. Quality Assurance in Environmental Monitoring. VCH Weinheim, New York, Basel, Cambridge, Tokyo.

All
All
Analyses, QA
· Vijveberg, F.A. J.M. & Cofino, W.P. 1987. Control procedures: good laboratory practise and quality assurance. ICES Techniques in Marine Environmental Science no. 6.

· HELCOM 2000. Manual for Marine Monitoring in the combine Programme of HELCOM. Part B: General guidelines on quality assurance for monitoring in the Baltic Sea.

All
All
Analyses, QA
· Turtle, R. & Norstrom, R.J. 1987. The CWS guideline to practical quality assurance for contracted chemical analyses. Technical Report Searies no. 21, Canadian Wildlife Service Headquarters., 25 p.

· CWS. QA for reference materials. CWS Tech. Rpt. (in prep.)

All
All
QA
· Anon. 1997. Quality Assurance of Fieldwork. Tema Nord Environment 1997:5950, Nordic Council of Ministers

All
All
QA
· Anon 1997. Qulity Assurance in Environmental Monitoring. A guidance document. Tema Nord Environment 1997:591. Nordic Council of Ministers.



Guidelines and references on general monitoring issues (monitoring strategies, storage, sampling pooling, temporal trend analyses, normalisation etc.) 

Media / organisms, etc
Parameters
Methodology
Reference / source

Biota
POPs, Hg
Storage
· deBoer, J. & Smedes, F. 1997. Effects of starage conditions of biological materials on the contents of organochlorine compounds and mercury. Mar. Poll. Bull. 35: 93-108.

Biota
All
Pooling,  analyses
· Nicholson, M.D. & Fryer, R.J.  1996. Contaminants in marine organisms: Pooling strategies for monitoring mean concentrations. ICES Techniques in Marine Environmental Sciences no. 18.

Seawater

Sediments

Biota
All
Temporal trends, sampling, storage, analyses, statistical analyses
· Uthe, J.F., Chou, C.L., Misra, R.K., Yeates, P.A., Loring, D.H., Musial, C.J. & Cofino, W. 1991. Temporal trend monitoring: Introduction to the study of contaminant levels in marine biota. ICES Techniques in Marine Environmental Sciences, No. 14.

Fish and shellfish
All
Temporal trends, statistical analyses
· Nicholson, M.D., Fryer, R.L. & Larsen, J.R. 1998. Temporal trend monitoring: Robust method for analysing contaminant trend monitoring data. ICES Techniques in Marine Environmental Science no. 20.

Fish
POPs

Metals 
Temporal trends, sampling, storage, analyses, statistical analyses 
· Uthe, J.F., Misra, R.K., Chou, C.L., Scott, D.P. & Musial, C.J. 1991. Temporal trend monitoring: Contaminant levels in tissues of Atlantic Cod. ICES Techniques in Marine Environmental Sciences, No. 15.



Sediments
Heavy metals
Normalization
· Loring, D. 1991. Normalization of heavy metal data from estuarine and coastal sediments. ICES. J. Mar. Sci. 48: 101-115.

Seawater, biota, sediments
Several
Assessment criteria
· Molvær, J., J. Knutsen, J. Magnusson, B. Rygg, J. Skei & J. Sørensen 1997. Klassifisering av miljøkvalitet i fjorder og kystfarvann. Veiledning. SFT veiledning 97:03, TA no. 1467. 36 p.

Sediment
POPs, PAH
Assessment criteria
· Long, E.R. 1995. Incidence of adverse biological effects within ranges of chemical concentrations in marine and estuarine sediments. Environmental Management 19: 81-97.

· Burton, G.A. 1992. Sediment toxicity assessment. Lewis Publishers.

Seawater

sediment, biota
POPs, metals, TBT,  PAH
Assessment criteria
· OSPAR 1997. Agreed Background/Reference Concentrations for Contaminants in Sea Water, Biota and Sediment

· OSPAR 1997. Agreed ecotoxicological assessment criteria for trace metals, PCBs, PAHs, TBT and some organochlorine pesticides.

Media / organisms, etc
Parameters
Methodology
Reference / source

Sediment
Metals
Assessment criteria
· Loring, D., Rantala, R.T.T. & Milligan, T.G. 1996. Metallic contaminants in the sediments of coastal embayments of Nova Scotia. Can. Tech. Rep. Fish. Aquat. Sci. 2111.

Several
Various
Biological effect – monitoring strategies
· Report of the workshop on Combined effects in the Marine Environment, Copenhagen, 16. – 17. November 1998. AMAP report 99:1.

2.3 Lack of guidelines

In recent years great efforts have been carried out on the standardisation of analytical methods for physical and chemical analyses of the samples within the laboratory. The biggest challenge now is standardisation of the work in the field: the sampling methods, preservation and transport of samples. These problems are recognised, and are on the top priority agenda for the development of international and national monitoring programmes. The range of the problem is from not having any guidelines at all, to competition between differing existing guidelines among countries and institutes. The result is that for a number of media/groups internationally accepted guidelines does not exist. 

The history of development of guidelines for studies and monitoring of contaminants in the abiotic environment is longer than for the biotic. It is also easier to agree on a given set of methods since the abiotic environment is object to less variation both in time and space as compared with the organisms. 

The problem can be illustrated by looking at analyses of concentration of contaminants in water. In the Arctic there are generally low concentrations, both in fresh water and the marine environment. For trace metals, JAMP and ICES have issued guidelines for water and suspended particulate matter, for POPs the story is more complicated. 

The volume of water needed to carry out precise analyses depends on the concentration of the given contaminant. For analyses of PCB and other POPs in Arctic water, there have been different sampling practices. Some studies have been using small volumes, typical in the range of 1-5 l.  This is the case for the Russian Hydrometereological Service and their programme for monitoring in the Arctic waters. (This impressing Russian programme went on unchanged for 2-3 decades, but is now mostly terminated.) In waters with low concentrations, this gives less precise and not reliable results. Monitoring with this method should not be used in time trend monitoring programmes. In later years there has been a growing understanding that one should recommended to use big samples (more than 100 l) and solid phase extraction. However, there is a number of sampling problems related to using big water samples, such as time consume, avoiding contamination if the samples are stored in tanks, avoiding contamination of the samples from the ship, what depth to sample etc. Some work is required before international accepted guidelines for this type of sampling are available.

For other groups, like seabirds and mammal, a number of methods have been used for scientific studies. These studies have mostly had specific scientific aims and not been aimed at monitoring as such. In order to use data that are collected in a monitoring context it is important to use standardised methods for sampling and analyses in all species that might be relevant for temporal trend or spatial variation studies. No internationally accepted guidelines for monitoring of marine mammals and seabirds exist, but several groups are working on standardising techniques for different future or ongoing studies. An expert meeting within the Arctic Monitoring and Assessment Programme (AMAP) on sampling and analyses of persistent toxic substances were held in St. Petersburg in May – June 2000. The experts that participated on this meeting came up with some recommendations for guidelines for monitoring of the following species of seabirds and marine mammals: black guillemot, kittiwake, glaucous gulls, ringed seal and harbour porpoise. These guidelines will be used in an AMAP-supported monitoring project in Russia initiated this year. 
Marine mammals and seabirds will be important in future monitoring in the Norwegian – Russian Arctic. In order to give some recommendation for marine mammal monitoring within MONRA, we have, based on the literature given in the tables above and some supplementary information, considered some important aspects with this kind of monitoring in Appendix 2. Most of the recommendations given are based on work that has been performed on seals, but most aspects are relevant also for other marine mammals.

For biological effects monitoring few guidelines exist. Effects are often species specific and different techniques needs to be applied to different species. Many of the methods used in scientific programs are well documented and generally accepted, while several other methods still are under development. The conclusion is therefore that some effect parameters can be monitored using internationally accepted methods, and these parameters (see e.g. chapter 2.2) should be the main focus of Arctic monitoring programmes. Poorer documented methods should be further developed/tested out in programmes of more scientific character (not monitoring). For an extensive overview of methods for biological effects techniques applicable to the marine environment the reader is referred to AMAP Trend and Effects Programme: 1998 – 2003, section G (http://www.amap.no/). 

Recommendations for MONRA 

2.4 Existing monitoring

A monitoring programme can have a number of purposes that in turn will decide its structure. A monitoring programme may be designed to a) reveal temporal trends, b) reveal spatial variations, c) trace a point source or a gradient, d) differentiate between local, regional and long range transport of contaminants, e) serve as a tool for remediation or other actions etc, or a combination of these. For monitoring of diffuse (no point source) contamination in the Arctic the most relevant ones are type a) and b) in the list above. 

The biggest challenge in all environmental monitoring is to achieve results from the monitoring programme that allow to differ between natural variation and anthropogenic impacts – on a statistical sound level.
Temporal trend and spatial variation monitoring programmes

These are continuous programmes to detect short and long-term trends in concentrations or effects of contaminants and their spatial distribution. Field data should be collected approximately every 3-5 years, although the frequency will depend on the more detailed goal for the monitoring and on how precise time scale for detecting of changes is needed. Generally the sampling frequency and the sampling grid should be given in accordance with the variation in time and space of the components monitored. Number of replicates needed, should be based on statistical analyses of the natural variation in the medium sampled. 

These programmes have to be conservative after they have been initiated. In order to detect changes over periods of years, the methods and procedures should be identical, and so well described that different institutes can carry out sampling, analyses and interpretation. Ideally a change of monitoring institute should not influence the results. 

Still, temporal trends monitoring programmes have to be open for revision, and based on the results of the assessment it can be decided to continue, discontinue or change the programme in terms of the parameters measured, the frequency of measurements or the sampling locations. If monitoring programmes are changed, the changes should always be done in such a way that “bridges“ can be built to earlier practise, so that the results can be compared. Elsewhere, the whole purpose of carrying out monitoring of temporal trends will be lost.

Example of an ongoing temporal trend programme is the monitoring of effects of offshore oil and gas activities in the Norwegian marine sector. This is the biggest monitoring programme in Norway, each year more than 2000 chemical and 1200 biological samples are analysed. The yearly cost including shiptime is approximately 25 mill NOK. The programme is carried out in accordance with international guidelines, and connected to a structure of QA. Basic components are:

· independence between consultant, contractors and control agency (SFT), 

· open competition for contracts between accredited consultants 

· independent expert evaluation of both the performance of the survey and the results.

Until now very little temporal trend monitoring has been performed/taken place in Russian-Norwegian Marine Arctic. Work in Arctic areas is very expensive, and lack of funding has often been the reason that many programmes that have intended to monitoring temporal trends have been ended after few years, with the result that almost no time-series exist. On the Russian side there are a number of time series of concentrations of contaminants in sediments, water, snow, ice and organisms. However, due to methodical and analytical problems, the results need to be evaluated and QA in each case. This is also the case for the few results existing on the Norwegian side.

2.5 MONRA and Russia

It is basic for initiating of all monitoring programmes that a calculation of its costs is carried out in beforehand. In many cases it is better to initiate a small-scale programme, and to have the funding to carry it through over years.

There is no reason to believe that the Russian State should have any more funding for environmental monitoring in the close future than to day. In given regions the situation may be better if an industrial development with western investments takes place.

In this situation we suggest a bottom-up approach rather than a top-down. We suggest supporting activities such as JAMP into Russian waters. To start with JAMP as a first step in MONRA has a number of advantages:

· Firstly, it produces results, not only meetings between bureaucrats

· JAMP is an international programme with well developed and international accepted guidelines

· Important discussions on harmonisation of methods can be connected to a monitoring exercise and thereby much more concrete.  

· JAMP is connected to an international co-operational structure (OSPAR), which it is an advantage that Russia becomes associated with

· Extension of JAMP with some stations on the Russian coast will develop the regional capacity for professional monitoring, and include the Russian experts and authorities in discussions on the common JAMP data and the yearly reporting of results within the  JAMP countries.

· It is an important issue for Norway to have reliable data from the Russian coastal areas. 

· Extension of JAMP with some stations is economical possible, both for Russia and Norway

· Extension of JAMP with some stations on Russian territory is political possible, given that the correct approach is taken

· Other sampling, which is of interest for both Russia and Norway, can be added on to the JAMP stations

· Chemical analyses of JAMP variables can through intercalibration and Quasimeme participation be carried out by Russian laboratories

The principle should be that monitoring in Russian waters in Russian responsibility, while Norway and other western countries may support with specific equipment and chemical reference material, information on international methods, QA of sampling, analyses, interpretation and reporting. 

Akvaplan-niva has been working according to these principles for many years in Russian waters. The baseline data from the Kola coast have been produced in this way, and these data are now used by the Murmansk Environmental Committee in their annual reports, and the results are integrated in the regional monitoring programme. 

Appendix 1 Some useful Internet addresses

Some of the guidelines referred to in the text and a table in the previous chapter are available on the Internet, and below is a listing of relevant Internet addresses:

Organisations

Arctic Monitoring and Assessment Programme: 
http://www.amap.no/
OSPAR:





http://www.ospar.org/
HELCOM: 





http://www.helcom.fi/
ICES: 






http://www.ices.dk/
List of guidelines

OSPAR guidelines (including JAMP:
http://www.ospar.org/asp/ospar/dra.asp?id=3
HELCOM guidelines: 


http://www.helcom.fi/manual2/contents.html
ICES Techniques in Marine Environmental Science: http://www.ices.dk/pubs/tmes.htm
ICES guidelines for monitoring fish and shellfish: http://www.ices.dk/env/index.htm
Appendix 2: Marine mammals as monitoring species 

Contaminant studies using marine mammals, such as seals, as indicators for contaminant exposure and accumulation are numerous, and marine mammals will also be important in future monitoring programmes. 

Monitoring studies have to deal with several confounding variables that may bias the final results. These variables, influencing tissue contaminant levels and accumulation patterns, are generally closely related to the life strategy and physiology of the animal.  In monitoring programs it is essential to be aware of these impacting factors. In the following some important factors, that must be considered when monitoring guidelines for marine mammals are to be developed, are discussed. Many of the considerations given in the text are also valid for seabirds (except the discussions concerning blubber layer).  

Factors influencing the contaminant measurements in marine mammals

The feeding habits of animals, their ability to metabolise contaminants, age and sex characteristics, and their nutritional condition are important factors influencing the final results of a monitoring study. 
Diet

In mammals contaminant exposure occurs mainly through the food. As a result the contamination of the target species will be strongly dependent on the diet composition and the trophic level where the animal feeds. Differences in diet within or between species will consequently have a large impact on the contaminant levels found. For example, walruses which specialise in seal predation show substantially higher contaminant levels as compared to individuals feeding mainly on molluscs (Muir et al. 1995). In monitoring it is therefore essential that the diet of the target species is known. Opportunistically feeding species with an undetermined diet are consequently unsuitable for monitoring purposes.
Metabolism

Animals exposed to environmental contaminants possess the ability to protect themselves against potential harmful effects of these substances by several mechanisms including elimination. Elimination processes involve metabolism and subsequent excretion processes. Many organs may contribute to the elimination of contaminants including the skin, the respiratory tract, the intestinal system, the kidneys and the liver. The liver possesses by far the largest capacity to eliminate contaminants and is usually considered as the major metabolism and detoxification unit in the body. Consequently, the metabolic capacity of the animal has a large impact on the contaminant level and accumulation pattern. However, there are large species-specific differences in the ability of animals to metabolise contaminants. This is directly reflected by large inter-species differences in both the contaminant levels and accumulation patterns, even between species with a similar diet (Boon et al. 1992, Wolkers et al. 2000). Consequently, interspecies comparisons have to be made with caution. Thus, to place the contaminant levels found into perspective, knowledge about contaminant metabolism is essential (Henriksen et al. 2000; Wolkers et al. 1999; 2000). 

Age and sex

Age and sex are other important factors impacting tissue contaminant concentrations and accumulation patterns (Norstrom & Muir 1994). Male mammals continue to increase their contaminant load with age (Norstrom & Muir 1994; Wolkers et al. 1998). Females however, may get rid of accumulated contaminants through lactation, resulting in a substantial reduction of their contaminant load. Consequently, females often show no age effect with respect to contaminant concentrations (Addison & Brodie 1987; Muir et al. 1988; Schweiger & Stobo 1994; Pomeroy et al. 1996).
Tissue distribution

Due to tissue specific accumulation of contaminants also the organ sampled determines the final outcome of the study. Therefore, knowledge about the contaminant distribution between and within organs or tissues is important to decide which tissues should be used for monitoring.

Differences in tissue distribution may result in large dissimilarities in contaminant concentration between organs (Muir et al. 1992). In addition, contaminant concentrations may vary within an organ. Blubber, a common tissue to study contamination in i.e. seals, has varying contaminant concentrations with changing blubber depth (Severinsen et al. 2000). 

Also blood has been sampled for contaminant analyses, although it is not known to what extent these contaminant blood levels reflect the total body burden of the animal. It may be expected though, that these blood levels show a better relation with contaminants in the previous meal than with the total body burden. 
Nutritional condition

Finally, the amount of blubber lipid, reflecting the nutritional condition of the animal, has a large impact on the tissue levels found. Arctic seals have particularly large seasonal lipid cycles. The total blubber amount has been shown to fluctuate substantially (Ryg et al. 1990a) and consequently pronounced fluctuations in the blubber contaminant concentrations occur. Animals sampled after the moulting and breeding season in spring, when their blubber reserves are at a minimum (Ryg et al. 1990a), show considerably higher blubber contaminant concentrations than animals sampled after an intensive feeding period in late autumn (Addison & Smith 1974; Reijnders 1988; Muir et al. 1988; Kleivane et al. 1995). 
All these confounding parameters influencing the outcome of contaminant measurements stress the need to standardise sampling procedures in order to reduce these sources of variation and to allow inter-study comparisons.   

Sampling procedures for marine mammals: recommendations for standardisation within MONRA
Preferred individuals 

Due to contaminant transfer from mother to pups contaminant concentrations in females are heavily influenced by their pupping history. Monitoring levels in females will of coarse have a scientific interest, but as funding is a problem in most monitoring programmes, the focus of attention should be on immature individuals of both sexes, indicating a relatively recent exposure as well as on adult males, signalling a more long-term exposure.

Preferred tissue

In most studies, marine mammal blubber, and sometimes liver, has been utilised as the preferred tissue for contaminant measurements. Blubber has the advantage over other tissues that it can be sampled non-destructively, which is a huge advantage when monitoring endangered species.  Further, in seals blubber contains more than 95 % of the accumulated organic contaminants (Stromberg et al. 1990). Consequently, the total contaminant body burden can be calculated using the total blubber content (Ryg et al. 1990b) and the blubber concentration (Wolkers et al. 1998; 1999). This allows the comparison between animals sampled in different seasons. 

Sample location

Depending on the anatomical location of the blubber sample, the results from the contaminant analyses may differ. Most studies of seals have been using blubber from the sternum, the belly, or the back. However, recent studies have shown that there are no significant differences in contaminant concentrations between the blubber from different locations in ringed seals (Cameron et al. 1997; Severinsen et al. 2000). So at least in seals, the anatomical location of the sample seems to be of little importance for the organic contaminant concentrations. However, a pronounced difference in contaminant concentration with blubber depth has been found; PCB and p,p-DDE concentrations near the skin were significantly higher than concentrations near the muscle (Severinsen et al. 2000). Although the contaminant concentrations in the blubber taken from the back, the belly, or the sternum are comparable in seals, care has to be taken that the full blubber core is sampled.     

Season

Due to large seasonal lipid cycles in marine mammals and the impact of these fluctuations on the contaminant concentrations (Kleivane et al. 1995) sampling should be standardised for season too. However, the best solution is to calculate total body burden, by first assessing the total blubber mass, using the length-mass-blubber thickness (LMD) index (Ryg et al. 1990b). Based on the contaminant blubber concentration the total burden per kg body weight can be calculated (Wolkers et al. 1998,1999) and inter-seasonal comparisons can easily be made. However, this method for calculating total blubber mass has only been developed/tested on a limited number of species.      
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