
UNITED 
NATIONS 

UNEP/MED WG.509/23 

30 August 2021 
Original: English 

Meeting of the MED POL Focal Points  

Teleconference, 27-28 May and 6-7 October 2021 

Agenda item 12: Harmonization and standardization of IMAP Pollution Cluster Monitoring 

Monitoring Guidelines/Protocols for Sampling and Sample Preservation of Marine Biota for IMAP Common 
Indicator 17: Heavy and Trace Elements and Organic Contaminants 

UNEP/MAP 
Athens, 2021

For environmental and cost-saving reasons, this document is printed in a limited number. Delegates are kindly requested to bring their 
copies to meetings and not to request additional copies. 



 

 

 

 

 

Table of Contents 

1 Introduction ....................................................................................................................................... 1 

2 Technical note for the sampling of marine biota for the analysis of heavy metals and organic 

contaminants ............................................................................................................................................. 2 

2.1 Protocol for the collection of fish for heavy metal and organic contaminants analysis ........... 3 

2.2 Protocol for the collection of bivalves for heavy metal and organic contaminants analysis .... 4 

2.3 Protocol for the dissection of fish to collect muscle and liver .................................................. 5 

2.4 Protocol for the dissection of bivalves ..................................................................................... 7 

3 Technical note for the sample preservation of marine biota for the analysis of heavy metals and 

organic  contaminants ............................................................................................................................... 8 

3.1 Protocol for the treatment of biota samples prior to analysis of heavy metals ......................... 8 

3.2 Protocol for the treatment of biota samples prior to analysis of organic contaminants............ 9 

 

 
 
 

Annexes 

 

Annex I: UNEP/FAO/IOC/IAEA (1987). Reference methods No 6 (Rev. 1): Guidelines for 

monitoring chemical contaminants in marine organisms (2.1.1); 

Annex II: UNEP/FAO/IOC/IAEA (1988). Reference methods No 7 (Rev. 2): Sampling of selected 

marine organisms and sample preparation for trace metal analysis (2.1.2); 

Annex III: HELCOM (2012). Annex B-12, Appendix 1. Technical note on biological material 

sampling and sample handling for the analysis of persistent organic pollutants (PAHs, PCBs and 

OCPs) and metallic trace elements (2.1.3);  

Annex IV: ICES/OSPAR (2018). CEMP Guidelines for Monitoring Contaminants in Biota (5.2.2); 

Annex V: References 

 



 

 

 

 

 

 

Note by the Secretariat 

 

In line with the Programme of Work 2020-2021 adopted by COP21 the MED POL Programme has 

prepared the Monitoring Guidelines related to IMAP Common Indicators 13, 14, 17 and 20 for 

consideration of the Integrated Meeting of the Ecosystem Approach Correspondence Groups on 

Monitoring (December 2020), whilst the Monitoring Guidelines for Common Indicator 18, along with 

the Monitoring Guidelines related to data quality assurance and reporting are under finalization for 

consideration of the Meeting on CorMon on Pollution Monitoring planned to be held in April 2021.  

These Monitoring Guidelines present coherent manuals to guide technical personnel of IMAP 

competent laboratories of the Contracting Parties  for the implementation of the standardized and 

harmonized monitoring practices related to a specific IMAP Common Indicator (i.e. sampling, sample 

preservation and transportation, sample preparation and analysis, along with quality assurance and 

reporting of monitoring data). For the first time, these guidelines present a summary of the best 

available known practices employed in marine monitoring by bringing integrated comprehensive 

analytical practices that can be applied in order to ensure the representativeness and accuracy of the 

analytical results needed for generation of quality assured monitoring data.  

The Monitoring Guidelines/Protocols build upon the knowledge and practices obtained over 40 years 

of MED POL monitoring implementation and recent publications, highlighting the current practices of 

the Contracting Parties’ marine laboratories, as well as other Regional Seas Conventions and the EU. 

A thorough analysis of presently available practices of UNEP/MAP, UNEP and IAEA, as well the 

HELCOM, OSPAR and European Commission Joint Research Centre was undertaken to assist an 

innovative approach for preparation of the IMAP Monitoring Guidelines/Protocols.  

The Monitoring Guidelines/Protocols also address the problems identified during realization of the 

Proficiency testing being organized by UNEP/MAP-MEDPOL and IAEA for two decades now, given 

that many unsatisfactory results within inter-laboratory testing may be connected to inadequate 

laboratory practices of the IMAP/MEDPOL competent laboratories.  

In order to support national efforts, this Monitoring Guidelines provides two Technical Note for 

sampling and sample preservation of marine biota for the analysis of IMAP Common Indicator 17: a) 

Technical Note for the sampling of marine biota for the analysis of heavy metals and organic 

contaminants which includes the following four IMAP Protocols: i) Protocol for the collection of fish 

for heavy metal and organic contaminants analysis; ii) Protocol for the collection of bivalves for heavy 

metal and organic contaminants analysis; iii) Protocol for the dissection of fish to collect muscle and 

liver; and iv) Protocol for the dissection of bivalves; and b) Technical Note for the sample preservation 

of marine biota for the analysis of heavy metals and organic contaminants which includes the 

following two IMAP Protocols: i) Protocol for the treatment of biota samples prior to analysis of 

heavy metals; and ii) Protocol for the treatment of biota samples prior to analysis of organic 

contaminants. 

The Monitoring Guidelines/Protocols, including this one related to sampling and sample preservation 

of marine biota for the analysis of IMAP Common Indicator 17 establish a sound ground for further 

regular update of monitoring practice for the purpose of successful IMAP implementation. 

In accordance with the Conclusions and Recommendations of the Integrated Meetings of the 

Ecosystem Approach Correspondence Groups on IMAP Implementation (CORMONs) 

(Videoconference, 1-3 Dec. 2020), and in particular paragraph 22, this Meeting requested the 

Secretariat to amend this Monitoring Guideline by addressing agreed technical proposals that were 

described in the Report of the Meeting in line with its agreement to proceed with submission of this 

document to the Meeting of MEDPOL Focal Points. Requested amendments included technical 

written suggestions that were provided by several Contracting Parties up to 10 days after the 



 

 

 

 

 

Integrated Meeting of CORMONs. The amended document was shared by the Secretariat on 19 

February 2021 for a period of 2 weeks for the non-objection by the Integrated Meetings of CORMONs 

on the introduced changes. Further to no objection from the Integrated Meeting of CORMONs, this 

Monitoring Guideline is submitted for consideration of present Meeting of MEDPOL Focal Points. 
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1 Introduction 

1. Heavy metals and organic contaminants are entering the Mediterranean marine environment 

discharged from land-based and sea-based pollution sources, as well as from atmospheric deposition. 

The UNEP/MAP Integrated Monitoring and Assessment Programme (IMAP) (UNEP/MAP, 2019a1; 

UNEP (2019b2) includes the analysis of specific sedentary marine sentinel organisms (bivalves and 

benthic feeding fish) in order to assess pollution impact on the marine organisms. The suggested 

species for monitoring contaminants are a benthic feeding fish (e.g. Mullus barbatus) and bivalves 

(e.g. Mytilus galloprovincialis, Donax trunculus). However, in case different species of fish and 

bivalves are used by the Contracting Parties to the Barcelona Convention for assessing marine 

pollution, explanation has to be provided to UNEP/MAP Secretariat on the reason behind the selection 

of a different sentinel species for CI17 monitoring. 

2. Standardize protocols for sampling and processing of marine biota samples is important in 

view of assuring comparable quality assurance of the data, as well as comparability between sampling 

areas and different national monitoring programmes. Also, sampling protocols provide guidance on the 

suitability of selected sampling sites, the number of required samples, the biometric indices to be 

recorded, the appropriate handling to avoid cross-contamination, and the storage conditions in view of 

maintaining the sample’s integrity during the transfer from the sampling site to the analytical 

laboratory. Furthermore, protocols are providing guidance on the procedures to dissect the organisms 

(fish and bivalves) in order to collect the appropriate tissue for analysis (muscle and liver of fish and 

whole body of bivalves), taking care to avoid cross-contamination by metals or organic contaminants, 

depending on the foreseen analysis. 

3. The Protocols on of this Guidelines, as provided here-below aim at streamlining sampling and 

processing of marine biota samples in view of assuring comparable quality assurance of the data, as 

well as comparability between sampling areas and different national monitoring programmes. They 

also provide the guidance on the suitability of selected sampling sites, the number of required samples, 

the biometric indices to be recorded, the appropriate handling to avoid cross-contamination, and the 

storage conditions in view of maintaining the sample’s integrity during the transfer from the sampling 

site to the analytical laboratory to ensure the representativeness and the integrity of the samples. 

Furthermore, they guide on the procedures to dissect the organisms (fish and bivalves) in order to 

collect the appropriate tissue for analysis (muscle and liver of fish and whole body of bivalves), taking 

care on a need to avoid cross-contamination by metals or organic contaminants, depending on the 

foreseen analysis. They are not intended to be analytical training manuals, but guidelines for 

Mediterranean laboratories, which should be tested and modified in order to validate their final results. 

4. In order to avoid unnecessary repetitions, reference is also made to the protocols already 

published and publicly accessible, which can also be used by the Contracting Parties’ competent 

laboratories participating in IMAP implementation. Namely, the six here-below elaborated IMAP 

Protocols build on previous UNEP/MAP - IAEA Recommended Methods, such as Reference Methods 

No 6 on sampling of selected marine organisms and sample preparation for trace metal analysis 

(UNEP/FAO/IOC/IAEA, 1987, Annex I) and Reference Methods No 7 (Rev. 2) on sampling and 

dissecting marine organisms (UNEP/FAO/IOC/IAEA, 1988, Annex II), which were prepared in the 

framework of the MED POL monitoring programme. IMAP Protocols are also streamlined with 

similar Guidelines/Protocols for marine biota sampling, sample processing and preservation, which 

were developed by other Regional Seas Organisations, such as HELCOM (20123) (Annex III) and 

ICES/OSPAR (20184) (Annex IV) as well as the European Commission’s guidance documents (EC 

20105 and 20146). Given the suitability of any of these Guidelines in the context of IMAP, they could 

 
1 UNEP/MAP (2019a). UNEP/MED WG.467/5. IMAP Guidance Factsheets: Update for Common Indicators 13, 14, 17, 18, 

20 and 21: New proposal for candidate indicators 26 and 27 
2 UNEP (2019b). UNEP/MED WG.463/6. Monitoring Protocols for IMAP Common Indicators related to pollution 
3 HELCOM (2012). Annex B-12, Appendix 1. Technical note on biological material sampling and sample handling for the 

analysis of persistent organic pollutants (PAHs, PCBs and OCPs) and metallic trace elements 
4 ICES/OSPAR (2018). CEMP Guidelines for Monitoring Contaminants in Biota 
5 EC (2010). Guidance Document No: 25 Guidance on chemical monitoring of sediment and biota under the Water 

Framework Directive 
6 EC (2014). Guidance Document No: 32 Guidance on biota monitoring under the Water Framework Directive 
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be further used by interested IMAP competent Mediterranean laboratories for developing their 

laboratory specific sampling and sample processing methodologies. 

5. The below flow diagram informs on the category of this Monitoring Guideline related to 

sample preparation and analysis of marine biota for IMAP Common Indicator 17 within the structure 

of all Monitoring Guidelines prepared for IMAP Common Indicators 13, 14, 17, 18 and 20. 

 
 

Flow Diagram: Monitoring Guidelines for IMAP Ecological Objectives 5 and 9 

 

 

2 Technical note for the sampling of marine biota for the analysis of heavy metals and organic 

contaminants 

6. Sampling is a very important step in the analysis of marine biota, since it affects the 

representatives of the sample, which is the basis of every Quality Assurance scheme. The fish and 

bivalves collected should reflect the condition of other organisms of the same species in the marine 

area under consideration. The sampling location and conditions (including seafloor nature, sampling 

depth, location of pollution sources) have to be chosen carefully, taking into consideration other 

oceanographic data (such as temperature, turbidity, trophic level) in the sampling area. The handling of 

biota after collection is also of primary importance, in order to follow appropriate procedures to avoid 

cross contamination of the samples from the ship’s environment and the storage of samples. Also, the 

appropriate preservation of samples during transportation from the sampling site to the laboratory for 

further analysis is crucial, in order to avoid the deterioration of the biota tissues that may result in loss 

of determinant or contamination from the packaging materials. Finally, once the biota samples arrive 

at the laboratory, additional processing is required to dry and homogenize the samples and to store the 

dried samples in appropriate conditions in order to avoid any alteration of the contaminants’ 

concentrations in the samples.  

7. Under this Technical Note, this Guidelines for Sampling and Sample Preservation of Marine 

Biota for IMAP Common Indicator 17 provides the following Protocols: 

­ Protocol for the collection of fish for heavy metal and organic contaminants analysis; 

­ Protocol for the collection of bivalves for heavy metal and organic contaminants analysis; 

­ Protocol for the dissection of fish to collect muscle and liver; 

­ Protocol for the dissection of bivalves. 
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2.1 Protocol for the collection of fish for heavy metal and organic contaminants analysis 

8. The most common fish species used for marine pollution monitoring in the Mediterranean 

region is the mullet (Mullus barbatus) (UNEP, 2019b). However, in different areas, according to local 

conditions, other benthic fish may be used for monitoring contaminants. A list of available reference 

species (Code list) for Data Dictionaries and Data Standards of the IMAP (Pilot) Info System for E09 

(CI17 and CI20) is presented in the document UNEP/MED WG.467/8 (UNEP, 2019c7).   

9. For fish sampling, in line with the IMAP Monitoring Protocols for CI17 (UNEP, 2019b), 3-5 

parallel composite samples (5-6 specimen for each fish sample) are collected from the same size class 

at each site. During the initial phase of the IMAP (identification of key sampling sites/stations) fish 

sampling should be done every 4 years and bivalves sampling yearly, while during the advanced phase 

(when it is a fully completed MED POL Phase IV implementation with the ongoing reporting of data 

sets) biota sampling should be done every 1 to 3 years, according the trends and levels assessed at the 

different stations/sites (UNEP, 2019a). EU requests Member States to determine the frequency of 

monitoring in sediment and/or biota so as to provide sufficient data for a reliable long-term trend 

analysis (2008/105/EC8). As a guideline, the Directive suggests a monitoring frequency of three years 

for sediment and biota, unless technical knowledge and expert judgment justify another interval. 

10. Fish having a length of 12-16 cm should be included if possible in the selected size classes, to 

be in line with the Protocol for fish collection for the CI18. Fish can be collected by gill net fishing or 

trawling using a square-meshed net of 40 mm or, if justified, by a diamond meshed net of 50 mm as 

required by the EU legislation (EC 1967/20069). Guidelines for collection of fish are presented in 

UNEP/FAO/IOC/IAEA (1987) (Annex I) and UNEP/FAO/IOC/IAEA (1988) (Annex II). Fish could 

be sampled from a research vessel or from a small fishing boat. Guidelines on sampling and 

processing of fish samples are also provided by HELCOM (2012) (Annex III.) and OSPAR (2018).  

11. It has to be underlined that concentrations of chemical pollutants in marine biota tissues can be 

influenced by many environmental factors (such as seasonal fluctuations of temperature, organic 

matter, nutrients) and biological factors (such as the phase of reproductive cycle, weight fluctuations, 

changes in relative tissue composition, the massive development of gonadic tissues during 

gametogenesis and the loss of weight during spawning). In order to avoid such variations, it is 

recommended that sampling take place in the off-spawning period (EC. 2010). Also, in order to 

evaluate the influence of common biological and environmental factors it is suggested to record the 

date, seawater temperature, salinity, phytoplankton development, at sampling time. 

12. Fish samples should be protected from contamination, which may occur during sampling, 

sample handling, storage and transfer to the laboratory for further analysis. In case fish are dissected 

on board, the work must be carried out by personnel capable of identifying and removing the desired 

organs according to the requirements of the investigation. Fish samples have to be handled with care to 

avoid any contact with metals (for heavy metal analysis) or possible sources of organic contaminants 

(for chlorinated hydrocarbons and PAHs analysis). Detailed procedures for fish dissection and the 

measures to be taken in order to avoid sample contamination during handling, are presented in 

Protocol for the fish dissection to collect muscle and liver. Upon fish collection additional information 

on length, wet weight and sex should be recorded. In case of pooling, number of specimens and length 

range should also be recorded.  

13. In case fish samples have to be transported to the laboratory for dissection, they have to be 

handled and stored in such a way, as to avoid sample deterioration or contamination. A ship has 

several potential metal contamination sources (metallic hull and superstructures, paint). To prevent 

metal contamination fish samples intended for heavy metal analysis should be handled in metal-free 

areas (working surfaces with plastic coatings or cover) and stored in plastic bags for transport to the 

laboratory. Regarding PAHs and chlorinated hydrocarbons, possible contamination sources in a ship 

 
7 UNEP (2019c) UNEP/MED WG.467/8. Data Standards and Data Dictionaries for Common Indicators related to pollution 

and marine litter. 
8 EC Directive 2008/105/EC (2008) on environmental quality standards in the field of water policy, amending and 

subsequently repealing Council Directives 82/176/EEC, 83/513/EEC, 84/156/EEC, 84/491/EEC, 86/280/EEC and amending 

Directive 2000/60/EC of the European Parliament and of the Council 
9 EC Council Regulation No 1967/2006 concerning management measures for the sustainable exploitation of fisheries 

resources in the Mediterranean Sea 
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include fuel and lubrication, as well as exhaust from the ship’s engines. Fish samples intended for 

organic contaminants analysis have to be stored in metal containers for their transport to a stainless 

steel of aluminium clean working surface in the ship’s laboratory. Before starting the handling of fish 

samples, it is important to identify possible contamination sources in the ship and the samples handling 

area, in order to take appropriate measures to avoid contamination.   

14. In case fish transport to the laboratory is done in less than 24 hours, samples can be stored on 

ice. However, for longer periods, fish samples have to be frozen (-20 oC) and transported frozen to the 

laboratory for further processing. Each sample should be labelled with the sample's identification 

number, the type of tissue, and the date and location of sampling.  

2.2 Protocol for the collection of bivalves for heavy metal and organic contaminants analysis 

15. Mytilus galloprovincialis and Donnax trunculus are the bivalve species suggested to be 

analysed for heavy metals and organic contaminants in the framework of CI17 (UNEP/MAP, 2019; 

UNEP/MAP 2019a). If the Contracting Party decides to analyse other bivalve species, it has to provide 

UNEP/MAP the rationale behind its decision. To facilitate reporting a list of available reference 

species (Code list) is provided in the document UNEP/MED WG.467/8 (UNEP, 2019c).   

16. In line with the IMAP Monitoring Protocols for CI17 (UNEP, 2019b), 3-5 parallel composite 

samples of bivalves (10 specimens for each bivalves sample) are collected yearly from the same size 

class at each trend monitoring. Minimum bivalves sampling is once per year, although twice per year 

may be applied if possible to be in line with CI18 sampling frequency. The most adequate sampling 

period is during the post winter months, but before the spawning period. Usually, in most 

Mediterranean coastal areas, April-June is an appropriate sampling period, but local climatic 

characteristics have to be taken into consideration for the fixing of the sampling period. 

17. The bivalves’ size to be collected should be 4-5 cm, to be in line with the sampling protocol 

for CI18. However, a length-stratified sampling could be applied, which is generating data that can 

also be used in monitoring programmes for temporal trends of contaminants in biota (HELCOM, 

2012). The HELCOM methodology requires that at least 20 mussels in the largest length interval can 

easily be found and the length stratification should be determined in such a way that it can be 

maintained over many years for the purposes of temporal trend monitoring. It is also requiring that the 

length interval shall be at least 5 mm in size. The length range should be split into at least three length 

intervals (small, medium, and large) which are of equal size after log transformation and the number of 

specimens selected for analysis depends on their length, e.g. 80-100 individuals are necessary to 

suffice material within the length range 4-5 cm (HELCOM, 2012).  

18. Bivalves sampling sites should host an abundant population of the targeted species in order to 

take appropriate size of sample and to be reasonably accessible in order to easily and rapidly transport 

biota samples to the laboratory. Bivalves growing on metal structures (i.e. underwater pipes) or 

substrates, which may be enriched in metals or organic contaminants, should be exempted from 

collection. Divers will collect manually the mussels living at a 4-5 m under the water surface. Mussel 

byssus threads should be cut from the substrate, since pulling the animals from the rocks (threading) 

can result in damage to internal tissues. Using mussels living at the water/air interface, the physical 

contamination by lipophilic contaminants present on the water surface may alter the evaluation of the 

chemical’s content in mussel soft tissues. 

19. Detailed guidelines for bivalves’ collection for analysis and samples processing are presented 

in the recommended methods developed by UNEP/FAO/IOC/IAEA (1987) (Annex I) and 

UNEP/FAO/IOC/IAEA (1988) (Annex II). Also, similar guidelines are published by HELCOM (2012) 

(Annex III) and OSPAR (2018) (Annex IV). 

20. In places were no wild bivalves populations are found, caged bivalves can be used as an 

alternative option for monitoring (UNEP, 2019b). Adult mussels (4-5 cm) are collected from a mussel 

farm, transported to the marine area under investigation and re-immersed for 10 days to permit them to 

re-cluster and reduce mortality risk during transplantation at the sampling site. Then cages with 

mussels are transported to the sampling site, where cages are suspended at 6m to 8m from the sea 

surface, anchored at the bottom with a 30 kg ballast, and exposed for 12 weeks. During recovery of 

cages, the biometric parameters shell height and wet weight (w.w.) of soft tissues are measured at least 
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in 15 mussels per each cage. Details on the protocol for using caged bivalves in monitoring heavy 

metals and organic contaminants in the marine environment are presented in Galgani et al. (2011)10 

and Galgani et al (2014)11. 

21. The undamaged bivalves are transported to the laboratory moist and alive in appropriate 

closed containers to avoid contamination (i.e. plastic containers for organisms to be analysed for heavy 

metals and metals containers for organisms to be analysed for chlorinated hydrocarbons and PAHs), at 

temperatures between 5 °C and 15 °C (24 hours is the maximum transport time in these conditions). 

Bivalves should be kept moist using clean seawater from the sampling site without submerging them. 

For a transportation time of more than 24 hours, bivalves should be placed in appropriate container 

and frozen. Frozen, samples can be stored in a deep freezer at temperatures of -20oC. Each sample 

should be labelled with the sample's identification number, the type of tissue, and the date and location 

of sampling. 

2.3 Protocol for the dissection of fish to collect muscle  

i) Dissection 

22. Muscle tissues of fish has to be dissected while the organism is in good condition, otherwise 

the decay of the tissues will affect the concentration of contaminants. Therefore, it is preferable to 

dissect collected fish on board, by experienced personnel able to perform the dissection and remove 

the fish tissues to be analysed (muscle and liver). The on-board dissection should be done in a clean 

area free from possible contamination of the sample by metals or organic contaminants respectively. If 

no on-board dissection capability is available (because of lack of experienced personnel and/or lack of 

adequate clean dissection area), collected fish should be transferred to the laboratory taking care to 

prevent tissue decay. If the laboratory is reachable within 24 hours, fish could be preserved on ice 

during the transfer. For longer periods, fish should be frozen immediately and transferred frozen to the 

laboratory, where they will be thawed before dissection.  

23. Detailed guidelines for the dissection of fish and collection of samples for further analysis is 

presented in the UNEP/FAO/IOC/IAEA Reference Method No 6 (1987) (Annex I.) and 

UNEP/FAO/IOC/IAEA Reference Method No 7 (1988) (Annex II). 

24. HELCOM (2012) and OSPAR (2018) propose a similar procedure for fish dissection and 

removal of muscle for further analysis. The method requires the removal of the epidermis and the 

collection of a sample from the right side dorso-lateral muscle in order to ensure uniformity of samples 

(Figure 1). It is also suggested to take the entire right dorsal lateral filet as a uniform sample, from 

which subsamples can be taken after homogenizing for replicate dry weight and contaminant 

determinations. If the amount of material obtained by this procedure is too large to be easily handled, a 

specific portion of the dorsal musculature should be chosen for the sample. It is recommended that the 

portion of the muscle lying directly under the first dorsal fin should be utilized in this case. It is 

important to obtain the same portion of the muscle tissue for each sample, because both fat and water 

content vary significantly in the muscle tissue from the anterior to the caudal muscle of the fish.  

25. In case fish samples are frozen for their transfer from the field to the laboratory, they have to 

rest until thawed. It is often suggested that the dissection of fish is easiest when the material, at least 

the surface layers of the muscle tissue, is half frozen. Extreme care has to be demonstrated during 

dissection because any loss of liquid or fat due to improper cutting or handling of the tissue makes the 

determinations of dry weight and fat content less accurate, which is also affecting the accuracy of the 

reported contaminants’ concentrations. 

26. In all cases fish dissections should be undertaken by trained personnel. 

 
10 Galgani, F., Martínez-Gómez, C., Giovanardi, F., Romanelli, G., Caixach, J., Cento, A., Scarpato, A., BenBrahim, S., 

Messaoudi, S., Deudero, S., Boulahdid, M., Benedicto, J., Andral, B. (2011). Assessment of polycyclic aromatic hydrocarbon 

concentrations in mussels (Mytilus galloprovincialis) from the western basin of the Mediterranean Sea. Environ. Monit. 

Assess. 172 (1–4), 301–317. https://doi.org/10.1007/s10661-010-1335-5. 
11 Galgani, F., Chiffoleau, J.F., Barrah, M., Drebika, U., Tomasino, C., Andral, B. (2014). Assessment of heavy metal and 

organic contaminants levels along the Libyan coast using transplanted mussels (Mytilus galloprovincialis). Environ. Sci. 

Pollut. Res. 21, 11331–11339. https://doi.org/10.1007/s11356-014-3079-1. 
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Figure 1. Fish filleting procedure (from US EPA, 200012 ) 

 

27. In case liver tissue is sampled for analysis (not a mandatory tissue in the framework of IMAP), 

HELCOM guidelines underline that “the liver must be identified in the presence of other organs such 

as the digestive system or gonads. After opening the body cavity with a scalpel, the connective tissue 

around the liver should be cut away and as much as possible of the liver is cut out in a single piece 

together with the gall bladder. The bile duct is then carefully clamped and the gall bladder dissected 

away from the liver.” 

b)  Avoiding contamination 

28. For metal analysis, handling of fish should be made on a metal-free bench, using plastic knives 

and tweezers for holding tissues during dissection. After each sample has been prepared, all tools and 

equipment (such as homogenizers) should be cleaned. 

29. For organic contaminants analysis, handling of fish should be made on a metallic (stainless 

steel or aluminium) bench, using stainless steel knives and tweezers for holding tissues during 

dissection. After each sample has been prepared, all tools and equipment (such as homogenizers) 

should be cleaned. 

30. After the removal of a tissue sample from a fish, the tools have to be cleaned before being 

used to remove another organ (i.e. liver) of the same individual or being used on a different individual.  

 
12US EPA (2000). Guidance for Assessing Chemical Contaminant Data for Use in Fish Advisories Volume 1 Fish Sampling 

and Analysis. Third Edition.  
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31. HELCOM (2012) recommends the following procedures for cleaning tools used for preparing 

samples:  

For analysis of heavy metals, tools should be:  

i) Washed in acetone or alcohol and high purity water.  

ii) Washed in HNO3 diluted (1+1) with high purity water. Tweezers and haemostates should be 

washed in diluted (1+6) acid.  

iii) Rinsed with high purity water.  

For analysis of organochlorine pesticides  

i) Washed in acetone or alcohol and rinse in high purity water.  

32. The glass plate used during dissection should be cleaned in the same manner. The tools must 

be stored in a dust-free area when not in use. Also, the dissection room should be kept clean and the air 

should be free from particles. If clean benches are not available on board the ship, the dissection of 

fish should be carried out in the land-based laboratory under conditions of maximum protection 

against contamination. 

2.4 Protocol for the dissection of bivalves 

a) Depuration 

33. Collected bivalves should be left to void the gut contents and any associated contaminants 

before freezing or sample preparation, because gut contents may contain significant quantities of 

contaminants associated with food and sediment particles which are not truly assimilated into the 

tissues of the mussels (HELCOM, 2012). Bivalve’s depuration over a period of 24 hours is usually 

sufficient and should be undertaken under controlled conditions and in filtered sea water in the 

laboratory. The aquarium should be aerated, and the temperature and salinity of the water should be 

similar to that from which the animals were removed. 

b) Bivalve dissection 

34. According to the UNEP (2019b) UNEP/MED WG.463/6. Monitoring Protocols for IMAP 

Common Indicators related to pollution, the whole soft tissue of bivalves has to be collected for 

analysis. Detailed guidelines for the dissection of fish and collection of samples for further analysis is 

presented in the UNEP/FAO/IOC/IAEA Reference Method No 6 (1987) (Annex I) and 

UNEP/FAO/IOC/IAEA Reference Method No 7 (1988) (Annex II). Guidelines for sampling and 

processing of bivalves is also prepared by HELCOM (2012) (Annex III) and OSPAR (2018) (Annex 

IV). 

35. In general, foreign materials attached to the outer surface of the shell have to be removed 

using a clean plastic/stainless steel knife and a strong plastic/metal brush. Handle the mussels as little 

as possible. Rinse each mussel with clean seawater and let the water drain off. Then pull out the byssus 

which extrudes from between the closed shells on the concave side of the shells; weigh the whole 

mussel and note the weight. 

36. For removing the soft tissue for analysis, bivalves should be shucked live and opened with 

minimal tissue damage. Insert a clean plastic/stainless steel knife into the opening from which the 

byssus extrudes and cut the adductor muscles. Avoid forcing the mussel to open, if the abductor 

muscle is cut, the bivalve will open easily (Figure 2). Rinse the soft part of the mussel in its shells with 

clean seawater. The soft tissues should be removed and homogenized as soon as possible, frozen and 

kept in plastic containers (for metal analysis) or in metal containers at -20°C until analysis. 

Homogenization can be done using stainless steel blades (for organic contaminants analysis) or using 

an agate mortar, following the drying of the sample.  
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Figure 2. Cutting the abductor muscle 

37. For metal analysis, the handling of bivalves should be made on a metal-free bench, using 

plastic knives and tweezers for holding tissues during dissection. After each sample has been prepared, 

all tools and equipment (such as homogenizers) should be cleaned with a tissue and rinsed with clean 

water. 

38. For organic contaminants analysis, the handling of bivalves should be made on a metallic 

(stainless steel or aluminium) bench, using stainless steel knives and tweezers for holding tissues 

during dissection. After each sample has been prepared, all tools and equipment (such as 

homogenizers) should be cleaned with tissue and rinsed with solvent 

39. In all cases bivalve dissection should be undertaken by trained personnel. 

3 Technical note for the sample preservation of marine biota for the analysis of heavy metals 

and organic contaminants 

40. Once the biota samples arrive at the laboratory, additional processing is required to dry and 

homogenize the samples and to store the dried samples in appropriate conditions. During the 

processing of the samples it is important to avoid any cross contamination (metal or organic 

contaminants) from the equipment and the containers used to store the dried samples. Analysis may be 

performed at a later stage, it is therefore important to avoid any alteration of the contaminants’ 

concentrations in the samples during storage.  

41. Under the Technical Note, this Guidelines for Sampling and Sample Preservation of Marine 

Biota for IMAP Common Indicator 17 provides the following Protocols:  

­ Protocol for the treatment of biota samples prior to analysis of heavy metals; 

­ Protocol for the treatment of biota samples prior to analysis of organic contaminants. 

3.1 Protocol for the treatment of biota samples prior to analysis of heavy metals 

a) Storage of wet samples on board 

42. Upon collection wet samples have to be stored on board in such a way as to preserve them 

from deterioration that will affect the subsequent analysis of contaminants. When the fish transport to 

the laboratory is done in less than 24 hours, samples can be stored on ice. However, for longer periods, 

fish samples have to be frozen (-20 oC) and transported frozen to the laboratory for further processing. 

Each sample should be labelled with the sample's identification number, the type of tissue (if already 

dissected), and the date and location of sampling.  

b) Drying of biota tissues 

43. Drying biota tissues is a procedure to establish the dry/wet weight (dw/ww) ratio of the tissues, 

in order to express metal concentrations accordingly enabling comparisons between different data sets. 

Dried biota tissues can then be digested for heavy metal analysis.  For metal (except volatile mercury) 

analysis, biota freeze-drying is the preferable procedure. Alternatively, the biota tissues may be dried 

at any temperature below 105°C until constant weight. For mercury analysis, to minimise losses due to 

evaporation, a biota tissue sub sample could be air dried at temperature <50°C (EC, 2010). 
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44. Frozen biota samples are placed in clean wide-mouth glass or plastic containers suitable for 

freeze-drying and are freeze-dried for 24 hours taking care to protect them from cross-contamination 

from particles and vapours. A possible way to protect samples from contamination is to cover the 

sample containers with a filter paper perforated with a small hole (HELCOM, 2012). Then the 

containers with the samples are weighted and freeze-dried again for another 24 hours and weighted. If 

the difference between the 2 weighing is less than 0.5%, drying is completed and the dw/ww ratio can 

be calculated. Otherwise the drying cycle can be repeated (24 hours) until the difference between 

successive weighing is less than 0.5%. 

45. Freeze dried biota tissues are then grinded and homogenized using a metal-free ball mill. 

46. Guidelines for processing biota samples for metal analysis are provided by OSPAR (2018) and 

HELCOM (2012).  

c) Storage of dried biota tissues 

47. Freeze-dried tissue samples can be stored in pre-cleaned wide-mouth bottles with a screw cap. 

Samples intended for the analysis of metals can be stored in plastic or glass containers. For mercury 

analysis, samples must be stored in acid-washed borosilicate glass or quartz containers, as mercury can 

move through the walls of plastic containers (EC, 2010).  

48. Containers with biota tissue samples should be archived and kept in storage after the 

completion of the analysis, in order to be used as a replicate sample in case crosschecking of the 

results are required or additional determinations are needed in the future. Freeze-dried biota tissues 

remaining after analyses could be stored in the original sample bottle, closed with an airtight lid to 

protect against moisture and stored in a cool, dark place. Under these conditions, samples may be 

archived and stored for 10-15 years. (EC, 2010). 

3.2 Protocol for the treatment of biota samples prior to analysis of organic contaminants 

a) Storage of wet samples on board 

49. Upon collection wet samples have to be stored on board in such a way as to preserve them 

from deterioration that will affect the subsequent analysis of contaminants. When the fish transport to 

the laboratory is done in less than 24 hours, samples can be stored on ice. However, for longer periods, 

fish samples have to be frozen (-20 oC) and transported frozen to the laboratory for further processing. 

Each sample should be labelled with the sample's identification number, the type of tissue, and the date 

and location of sampling.  

b) Drying of biota tissues 

50. For organic contaminants analysis drying procedures depends on the compounds to be 

analysed. For chlorinated hydrocarbons biota can be freeze-dried taking care to avoid determinant loss 

through evaporation by keeping the temperature in the evaporation chamber below 0°C. (OSPAR, 

2018). For PAH determination, freeze-drying of biota tissues may be a source of contamination due to 

the back-streaming of oil vapours from the rotary vacuum pumps. Furthermore, drying may result in 

losses of the lower molecular weight, more volatile PAHs through evaporation. A possible way to 

protect samples from contamination is to cover the sample containers with a filter paper perforated 

with a small hole (HELCOM, 2012). Frozen biota samples are placed in clean wide-mouth glass 

containers suitable for freeze-drying and are freeze-dried for 24 hours taking care to protect them from 

cross-contamination from particles and vapors. Then the containers with the samples are weighted and 

freeze-dried again for another 24 hours and weighted. If the difference between the 2 weighing is less 

than 0.5%, drying is completed and the dw/ww ratio can be calculated. Otherwise the drying cycle can 

be repeated (24 hours) until the difference between successive weighing is less than 0.5%.  

51. Freeze dried biota tissues are then grinded and homogenized using a plastic-free ball mill. 

c) Storage of dried biota tissues 

52. Freeze-dried tissue samples can be stored in pre-cleaned wide-mouth bottles with a screw cap. 

Samples intended for the analysis of organic contaminants should be stored in glass containers.  



UNEP/MED WG.509/23 
Page 10 

 

 

53. Containers with biota tissue samples should be archived and kept in storage after the 

completion of the analysis, in order to be used as a replicate sample in case crosschecking of the 

results are required or additional determinations are needed in the future. Freeze-dried biota tissues 

remaining after analyses could be stored in the original sample bottle, closed with an airtight lid to 

protect against moisture and stored in a cool, dark place. Under these conditions, samples may be 

archived and stored for 10-15 years. (EC, 2010).  
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Guidelines for monitoring chemical contaminants in the sea using marine organisms 
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Sampling of selected marine organisms and sample preparation for trace metal analysis 
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HELCOM 

Manual for marine monitoring in the COMBINE programme. 

 

ANNEX B-12 Technical note on the determination of heavy metals and persistent organic 
compounds in biota. 

 

 



Manual for marine monitoring 

in the COMBINE programme 

ANNEX B-12 TECHNICAL NOTE ON THE DETERMINATION OF HEAVY 
METALS AND PERSISTENT ORGANIC COMPOUNDS IN BIOTA 

• Appendix 1. Technical note on biological material sampling and sample handling for the
analysis of persistent organic pollutants (PAHs, PCBs and OCPs) and metallic trace elements

• Appendix 2. Technical note on the determination of polycyclic aromatic hydrocarbons in biota

• Appendix 3. Technical note on the determination of chloronated biphenyls and organochlorine
pesticides in biota

• Appendix 4. Technical note on the determination of trace metallic elements in biota

• Appendix 5. Technical note on the determination of total mercury in marine biota

ANNEX B-12, APPENDIX 1. TECHNICAL NOTE ON BIOLOGICAL MATERIAL 
SAMPLING AND SAMPLE HANDLING FOR THE ANALYSIS OF PERSISTENT ORGANIC 
POLLUTANTS (PAHS, PCBS AND OCPS) AND METALLIC TRACE ELEMENTS 

1. GENERAL PRINCIPLES

Muscle tissue or liver of fish have to be dissected while they are in good condition. If biological 
tissue deteriorates, uncontrollable losses of determinands or cross-contamination from other 
deteriorating tissues and organs may occur. To avoid this, individual fish specimens must be 
dissected at sea if adequate conditions prevail on board, or be frozen immediately after 
collection and transported frozen to the laboratory, where they are dissected later.  
If the option chosen is dissection on board the ship, two criteria must be met:  
1. The work must be carried out by personnel capable of identifying and removing the desired
organs according to the requirements of the investigations; and 2. There must be no risk of
contamination from working surfaces or other equipment.

2. TOOLS AND WORKING AREA

Crushed pieces of glass or quartz knives, and scalpels made of stainless steel or titanium are 
suitable dissection instruments. 

Colourless polyethylene tweezers are recommended as tools for holding tissues during the 
dissecton of biological tissue for metallic trace element analysis. Stainless steel tweezers are 
recommended if biological tissue is dissected for analysis of chlorinated biphenyls (PCBs), 
organochlorine pesticides (OCPs) and polunuclear aromatic hydrocarbons (PAHs).  
After each sample has been prepared, including the samples of different organs from the same 
individual, the tools should be changed and cleaned. 

The following procedures are recommended for cleaning tools used for preparing samples: 
1) for analysis of metallic trace elements

• a) Wash in acetone or alcohol and high purity water.
• b) Wash in HNO3 (p.a.) diluted (1+1) with high purity water. Tweezers and
haemostates in diluted (1+6) acid.
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• c) Rinse with high purity water.  
 
2) for analysis of CBs and OCPs  

• a) Wash in acetone or alcohol and rinse in high purity water.  
 
The glass plate used during dissection should be cleaned in the same manner. The tools must be 
stored dust-free when not in use. 
  
The dissection room should be kept clean and the air should be free from particles. If clean 
benches are not available on board the ship, the dissection of fish should be carried out in the 
land-based laboratory under conditions of maximum protection against contamination.  
 
3. FISH MUSCLE AND LIVER SAMPLES DISSECTION 
  
For fish analysis, commercial catches can be used if fish transport to the laboratory does not 
take longer than 24 hours. The fish must be transported on ice. The dissection then takes place 
at the laboratory. 
  
For analysis of fish muscle, the epidermis and subcutaneous tissue should be carefully removed 
from the fish. Samples should be taken under the red muscle layer. In order to ensure 
uniformity of samples, the right side dorso-lateral muscle should be taken as the sample. If 
possible, the entire right dorsal lateral filet should be used as a uniform sample, from which 
subsamples can be taken after homogenizing for replicate dry weight and contaminant 
determinations. If, however, the amount of material obtained by this procedure is too large to 
handle in practice, a specific portion of the dorsal musculature should be chosen for the sample. 
It is recommended that the portion of the muscle lying directly under the first dorsal fin should 
be utilised in this case. As both fat and water content vary significantly in the muscle tissue from 
the anterior to the caudal muscle of the fish (Oehlenschläger, 1994), it is important to obtain the 
same portion of the muscle tissue for each sample. 
  
To sample liver tissue, the liver must be identified in the presence of other organs such as the 
digestive system or gonads (Harms and Kanisch, 2000). The appearance of the gonads will vary 
according to the sex of the fish and the season. After opening the body cavity with a scalpel, the 
connective tissue around the liver should be cut away and as much as possible of the liver is cut 
out in a single piece together with the gall bladder. The bile duct is then carefully clamped and 
the gall bladder dissected away from the liver.  
 
When fish samples which have been frozen at sea are brought to the laboratory for analysis, 
they should be dissected as soon as the tissue has thawed sufficiently. The dissection of fish is 
easiest when the material, at least the surface layers of the muscle tissue, is half frozen. For 
dissection of other organs, the thawing must proceed further, but it is an advantage if, for 
example, the liver is still frozen. It must be noted that any loss of liquid or fat due to improper 
cutting or handling of the tissue makes the determinations of dry weight and fat content, and 
consequently the reported concentrations of determinands, less accurate.  
 
After muscle preparations, the liver should be completely and carefully removed while still 
partly frozen to avoid water and fat loss. Immediately after removing it from the fish, the liver 
should be returned to the freezer so that it will be completely frozen prior to further handling. 
This is particularly important for cod liver. 
  
4. SHELLFISH SAMPLING  
 
The blue mussel (Mytilus edulis) occurs in shallow waters along almost all coasts of the Baltic 
Sea. It is therefore suitable for monitoring in near shore waters. No distinction is made between 
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M. edulis, M. gallopovincialis, and M. trossulus because the latter species fills a similar ecological 
niche. A sampling size range of 20–70 mm shell length is specified to ensure availability 
throughout the whole maritime area. 
  
Two alternative sampling strategies can be used: sampling to minimise natural variability and 
length-stratified sampling. Only details of length-stratified sampling are described in this 
document, as this strategy is used in monitoring programmes for temporal trends of 
contaminants in biota.  
 
For shellfish, the upper limit of shell length should be chosen in such a way that at least 20 
mussels in the largest length interval can easily be found. The length stratification should be 
determined in such a way that it can be maintained over many years for the purposes of 
temporal trend monitoring. The length interval shall be at least 5 mm in size. The length range 
should be split into at least three length intervals (small, medium, and large) which are of equal 
size after log transformation. 
  
Mussels are collected by a bottom grab and selected onboard. The number of specimens 
selected for analysis depends on their length, e.g. 80-100 individuals are necessary to suffice 
material within the length range 4-5 cm. 
  
5. STORAGE OF FISH AND MUSSEL SAMPLES 
  
Material from single fish specimens should be packaged and stored individually.  

• Samples for analysis of metallic trace elements can be stored in polyethylene, 
polypropylene, polystyrene or glass containers.  

• Samples for analysis of CBs and OCPs should be packaged in precleaned aluminium foil 
or in precleaned glass containers.  

 
Liver tissue can deteriorate rather rapidly at room temperature. Consequently, samples should 
be frozen as soon as possible after packaging. They can be frozen rapidly by immersion in liquid 
nitrogen or blast freezing, but both these techniques need care. Whatever system is used, 
freezing a large bulk of closely packed material must be avoided. The samples in the centre will 
take longer to cool and will therefore deteriorate more than those in the outer layer.  
Once frozen, samples can be stored in a deep freezer at temperatures of -20oC or below.  
Frozen liver tissue should not be stored longer than six months, while lean muscle tissue can be 
stored up to two years. Each sample should be carefully and permanently labelled. The label 
should contain at least the sample's identification number, the type of tissue, and the date and 
location of sampling.  
 
Mussels should be shucked live and opened with minimal tissue damage by detaching the 
adductor muscles from the interior of at least one valve. The soft tissues should be removed and 
homogenised as soon as possible, and frozen in glass jars at -20 °C until analysis. Mussel tissue 
for trace metal determination is homogenised and decomposed in a wet state while for 
persistent organic pollutants determination it is homogenised and water is removed by freeze-
drying. Frozen liver tissue should not be stored longer than six months, while lean muscle tissue 
can be stored up to two years. Each sample should be carefully and permanently labelled. The 
label should contain at least the sample's identification number, the type of tissue, and the date 
and location of sampling. 
  
REFERENCES 
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CEMP Guidelines for Monitoring Contaminants in Biota 

 

 



CEMP Guidelines for Monitoring Contaminants in Biota 

(OSPAR Agreement 1999-02) 

1. Introduction

1. These guidelines concern the sampling and analysis of contaminants in fish, shellfish and seabird

eggs. They are suitable for hazardous substances: trace metals and organic compounds including

chlorinated compounds (such as chlorobiphenyls, DDT and metabolites, HCH isomers, HCB and

dieldrin), parent and alkylated PAHs, brominated flame retardants such as polybrominated diphenyl

ethers (PBDEs) and hexabromocyclododecane (HBCD), perfluorinated compounds (PFCs), organotin

compounds (TBT and its breakdown products), dioxins, furans and dioxin-like PCBs. Technical details

relating to sampling, analysis, QA and reporting are given in Technical Annexes 1 and 3-9 (organic

contaminants) and Technical Annex 2 (metals).

2. Purposes

2. Monitoring of contaminants in marine biota in the North-east Atlantic Ocean is performed

within the framework of OSPAR as the regional convention for the protection of the marine

environment of this area. The objectives of monitoring and assessment are described in the Joint

Assessment and Monitoring Programme (JAMP) under the Hazardous Substances Strategy, providing

the basis for the monitoring programme of chemicals for priority action, and hazardous substances in

general, and addressing the following issues (see JAMP Theme H):

a. What are the concentrations of hazardous substances in the marine environment? Are those
hazardous substances monitored at, or approaching, background levels for naturally occurring
substances and close to zero for man-made substances? How are the concentrations changing 
over time? Are the concentrations of either individual substances or mixture of substances 
such that they are not giving rise to pollution effects? 

b. What are the sources, what are the levels of discharges, emissions and losses and what are the
pathways to the marine environment for individual OSPAR chemicals for priority action and
other hazardous substances listed by e.g. the Stockholm Convention and the MSFD? Are the 

discharges, emissions and losses from sources of these substances to the marine environment 
continuously decreasing, and are they moving towards the target of cessation? 

3. The existing level of marine contamination in different parts of the convention area can be
assessed by spatial distribution monitoring. Monitoring contaminant concentrations in fish, shellfish

and seabird eggs can be used to indicate large-scale regional differences in contamination.

4. The measured levels can be compared to background or close to background reference
conditions as well as to levels describing the thresholds above which negative effects on living

resources and marine life are expected. OSPAR monitoring can assist member states of the European
Union to fulfil their obligations under relevant EU-directives, namely the Marine Strategy Framework
Directive (MSFD, 2008/56/EC) and the Water Framework Directive (WFD, 2000/60/EC) and related

directives like the WFD daughter directive on Environmental Quality Standards in the field of water
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policy (2008/105/EC), to assess whether certain regions or sub-regions, have reached or failed to reach 
Good Environmental Status.  

5. The effectiveness of measures taken for the reduction of marine contamination can be assessed 

by performing trend monitoring. Changes in contaminant inputs are reflected in the concentrations 

of contaminants in biota over time. The statistical assessment of a trend over a longer period also 

supplies a more reliable assessment for the status within a certain period or the last measured year 

and therefore also for the assessment of the actual status, as the within and between year variability 

is thereby taken into account. 

6. An integrated approach is needed to assess harm to living resources and marine life. The role 
of chemical measurements in integrated chemical and biological effects monitoring programmes is: 

i. to identify sites where contaminant-specific biological effects programmes should be 

applied;  

ii. to investigate the chemical cause of observed biological effects; 

iii. How to improve and extend OSPAR’s monitoring framework and better link it with the 

understanding of biological effects and ecological impacts of individual substances and 

the cumulative impacts of mixtures of substances. 

3. Quantitative objectives 

3.1 Temporal trends 

7. Before starting to interpret results from statistical time series analyses it is essential to know 

with what power temporal changes in concentration could be detected (i.e. the chances of revealing 

true trends in concentration within the matrices investigated). When no trend is found, it is essential 

to know whether this indicates a stable situation or that the sampling strategy is too poor to detect 

even major changes in the contaminant load to the environment. One approach for solving this 

problem would be to estimate the power of the time series based on the ‘random’ between-year 

variation. Alternatively the lowest detectable trend could be estimated at a fixed power to represent 

the sensitiveness of the time series. It should be stressed that the power estimate must be interpreted 

with great caution. A matrix showing a very high power is not necessarily a good matrix for monitoring. 

If the matrix analysed does not respond to the environmental changes being monitored, the between-

year variation would probably be low and consequently the power high. Another problem is that a 

single outlier could ruin an estimate of the between-year variation. Bearing these difficulties in mind, 

and as an example for the purpose of trend monitoring, the quantified objective could be stated, 

including the following information:  

 the annual change which the programme should be able to detect 

 the time period  

 the power at a set significance level () with a one-sided test. 

A typical example which has been used previously is the ability to detect an annual change of 5% 

within a period of 10 years at a power of 90% at a significance level () of 5% with a one-sided test. 

For many areas, however, due to the decline of contaminant concentrations which has been observed 

this approach is no longer realistic, so that the annual change to be detected should be lower and the 

time period longer, e.g. a 2% fall over a time period of 30 years. 
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8. The necessary or possible power of a monitoring programme will vary with the purpose of the 

investigation and with the contaminant, matrix and area being investigated. It is thus not possible to 

give fixed values for all situations. It is the duty of the programme manager to specify the size of the 

changes the monitoring programme is expected to identify and at what power, or for the programme 

executor to estimate what it is possible to achieve. It is, however, essential that the quantitative 

objectives are determined before any monitoring programme is started. 

9. Due to the decrease of concentrations of many substances in the last two decades, for certain 

substances and areas it is not any longer possible to detect significant changes which can be associated 

with a trend. Monitoring is serving in this case for the assessment of status and to detect any 

deterioration. Depending on the magnitude of natural variability, it may also be possible to reduce the 

monitoring effort and to change from annual sampling to longer intervals without loss of relevant 

information. 

3.2 Spatial distribution 

10. A spatial distribution monitoring programme should enable Contracting Parties to determine 

the representativeness of their monitoring stations with regard to spatial variability in contaminant 

concentrations. This would include a definition of the monitoring area and some understanding of the 

randomness of the monitoring programme. It can also deliver information useful to distinguish 

between areas of different character and to define water bodies or areas which should be assessed 

separately. The purpose and quantitative objectives could be expressed as follows, for example: 

 Purpose: to identify whether an area has elevated contaminant concentrations, possibly 

due to anthropogenic inputs. 

 Quantitative Objective: to detect a difference of 10 g/kg between the average 

contaminant concentrations in area A and the average contaminant concentrations in 

control area B with a power of 90%. 

or 

 Purpose: to map the spatial distribution of contaminants. 

 Quantitative Objective: for the precision of an interpolated point on the map to be at 

worst 10%. 

or 

 Purpose: to locate “hot spots”. 

 Quantitative Objective: for the probability of missing a circular “hot spot” of radius 0.5 

km to be no greater than 5%. 

11. For more detailed information about statistical analyses of monitoring data see Nicholson et al., 

(1997). 

12. Spatial distribution monitoring is supplying relevant information for assessing different water 

bodies and areas both for the purposes of the EU-MSFD and the EU-WFD. Following the sampling and 

analytical techniques as described in this guideline and its technical annexes will assist in avoiding 

significantly deviating monitoring results for neighbouring regions with comparable conditions, which 

consequently affects the assessment of the (good) environmental status. 

3.3  Qualitative objectives 

13. The quantitative results will be used to perform the assessment of the status of the marine 

environment with regard to hazardous substances. Further information on the assessment procedure, 
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the classification schemes and the threshold values used for distinguishing between the different 

classes from e.g. unacceptable to excellent or Good Environmental Status (WFD, MSFD) being 

achieved or not, can be found in the relevant OSPAR agreements and EC Directives and Decisions. 

4. Sampling strategy 

4.1 General 

14. The sampling strategy should take into account the specific objectives of the monitoring 
programme, including the quantitative objectives. Natural variability between the samples should be 
reduced by an appropriate sampling design and the performance of the analytical procedures (i.e. the 
accuracy and precision) must be adequate to meet the objectives. A preliminary/exploratory sampling 
programme will provide useful information prior to designing the final programme. Statistical 
procedures must be taken into account to estimate the number of samples and sampling sites 

required to achieve a satisfactory level of confidence. More guidance on this topic is given by Gilbert 
(1987). 

15. In more exploratory studies, data may be statistically analysed in several ways for several 
purposes. However there should still be a clear understanding of what must be measured from what 
population and how the samples are to be selected. The sampling strategy is an intrinsic component 
of the data, and may limit their use and interpretation. Quantitative objectives for a selected primary 
purpose should also be established for exploratory studies. 

16. When conducting an integrated chemical and biological effects sampling programme, the 
purpose of the chemical measurements is both to be assessed against limit values and to aid the 
interpretation of the biological effects measurements in terms of identifying the chemical causes of 
the biological effects and establishing concentration responses. In such cases, the sampling strategies 

used should comply with those in the biological effects monitoring guidelines and the monitoring 
guidelines for the relevant chemical determinands. The analytical methods used should be as specified 
in the relevant chemical guidelines. 

17. With regard to the choice of monitoring parameters, the sampling strategy should cover the 
demands of as many purposes as possible for both OSPAR and the EU-MFSD, and in particular the 
compounds determined should address the indicators under descriptor 8 of the MSFD, the species 
and tissues and, where possible, the selection of sampling sites in coastal areas should also meet the 
requirements of the EU Water Framework Directive. 

4.1.1 Species 

18. Prior to monitoring, it is important to be clear about: 

 the target population (e.g. cod from a specified length-range caught in a specified area at a 

specified time); 

 the sampled population, if this differs from the target population (e.g. if fishing is restricted 

within particular areas); 

 the sampling unit (e.g. an individual fish or pooled samples); 

 the observed variable (e.g. mercury concentration on a wet weight basis in a subsample of tissue 

from individual fish muscle). 

19. When selecting the species to be monitored for chemical contaminants, some basic 

prerequisites should be considered. Where possible the organisms should: 

 reflect changes in the concentration of contaminants in the surrounding environment; 

 for a given species, have similar bioconcentration factors throughout the Maritime Area; 
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 accumulate the contaminant without being seriously affected by the concentrations 

encountered in the marine environment; 

 be representative of the study area; 

 be abundant throughout the study area; 

 be of reasonable size, giving adequate amounts of tissue for chemical, biochemical and 

physiological analyses; restrictions to this may occur on different preconditions for performing 

the different tests and analytical methods; 

in particular for shellfish and for investigations exceeding the demands of “routine” monitoring: 

 be easy to sample and hardy enough to survive in the laboratory, thus allowing: 

- defecation before analysis (if desired); 

- laboratory studies of contaminant uptake; 

- studies verifying biological field observations. 

4.2 Sampling strategy for temporal trend monitoring 

4.2.1 Species and sampling 

20. The species of interest can only be selected in the light of information on the fish and shellfish 

stock and on the seabird population composition and migration pattern. 

21. For fish and shellfish, sampling to minimise natural variability is the preferred strategy, see table 

1. Length-stratified sampling may be maintained where it has been successfully applied in the past. 

Recommendations for species, size etc. are given in Table 2. Where conditions have changed such that 

length stratified sampling cannot be sustained any longer, or the indicator species has to be changed 

due to changing abundance, it will be appropriate to sample with a view to minimising natural 

variability within the sample. 

For shellfish, a sample should be collected with the number of individuals large enough to be divided 

into at least 3 equal pools with each pool consisting of at least 20 animals and enough soft tissue for 

all analyses. The length of the individuals collected should to the extent possible, be constant from 

year to year at each station, or should at least fall within a very narrow range, e.g. within 5 mm. To 

reflect recent levels of contamination, young individuals should be chosen. In selecting the sample, 

care should be taken that it is representative of the population and that it can be obtained annually. 

Recommendations for sampling to minimise natural variability are given in Table 1. If a Contracting 

Party decides to change its sampling strategy, data from the old and new programmes should not be 

compared without first checking the compatibility of the two approaches. More detailed information 

about length-stratified sampling and sampling to minimise natural variability is given in Technical 

Annexes 1 and 2 (Agreement 1999-2). 
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Table 1: Sampling to minimise natural variability 

Species Number Size1 Age Sex2 Tissue 

Shellfish      

Mussel    -  

Mytilus edulis or  
M. galloprovincialis 

3 pools of 
20 

Narrow length 
range 

1-2 years  Whole soft body 

Pacific oyster      

Crassostrea gigas  Narrow length 
range 

2 years - Whole soft body 

Flatfish      

Dab      

Limanda limanda At least 12 Narrow length 
range 

1-3 years Single sex, 
females* 

Muscle for Hg. 

Liver for all other 
determinands 

Flounder      

Platichthys flesus At least 12 Narrow length 
range 

1-3 years Single sex, 
females* 

Muscle for Hg. 

Liver for all other 
determinands 

Plaice      

Pleuronectes platessa At least 12 Narrow length 
range 

1-3 years Single sex, 
females* 

Muscle for Hg. 

Liver for all other 
determinands 

Roundfish      
Cod      

Gadus morhua At least 12 Narrow length 
range 

Preferably 
1-3years** 

 Muscle for Hg. 

Liver for all other 
determinands 

Whiting      

Merlangius merlangus 

 

At least 12 Narrow length 
range 

2-3 years Single sex, 
preferably 

females 

Muscle for Hg. 

Liver for all other 
determinands 

Hake      

Merluccius merluccius At least 12 Narrow length 
range 

2-3 years Single sex, 
preferably 

females 

Muscle for Hg. 

Liver for all other 
determinands 

Herring      

Clupea harengus At least 12 Narrow length 
range 

1-2 years  Muscle for organic 
contaminants and Hg.  

Liver for other trace 
metals. 

Eel pout      

Zoarces viviparus At least 12 Narrow length 
range 

2-3 years Single sex, 
preferably 

females 

Muscle for Hg. 

Liver for all other 
determinands 

Seabird eggs      

                                                           
1  “Narrow length range” means that the length of the individuals collected should be constant from year to year at each 

site or should at least fall within a very narrow range. The length range could however vary between sites and hence is 
not specified in the table. 

2  The same sex should be sampled each year. 
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Species Number Size1 Age Sex2 Tissue 

Common tern 

Sterna hirunda 

 

10 footnote 3 

 

- 

 

1-5 days 
incubation 

 

- 

 

Whole egg content 

Oyster catcher 

Haematopus 
ostralegus 

 

10 footnote 4  

 

- 

 

1-5 days 
incubation 

 

- 

 

Whole egg content 

Guillemot 

Uria aalge 

 

10 footnote 4 

 

- 

 

1-5 days 
incubation 

  

Whole egg content 

* As for flatfish sex can be determined easily. If possible, only females should be chosen, as males show higher variation in 
age distribution and contaminant concentrations at comparable length  

** Smaller fish should, if possible be selected to reflect recent influence and reduce the effects of sex, as age determination 
without dissection is not possible, When the amount of tissue(s) needed for all investigations within an integrated chemical 
and biological effects monitoring programme is not sufficient, selection of larger fish may be appropriate. 

Table 2: Length-stratified sampling 

Species Number Size (cm) Tissue 

Shellfish    

Mussel    

Mytilus edulis or  
M. galloprovincialis 

 

3 pools of 20 3-6 Whole soft body 

Pacific oyster    

Crassostrea gigas 10  10% 9-14 (2 years of age) Whole soft body 

Flatfish    

Dab    

Limanda limanda 25 to 20 individuals, or 
15 if justified, or 5 

batches of 5 individuals 

18-30 Muscle for Hg. Liver for all other 
determinands 

Plaice    

Pleuronectes platessa  25 to 20 individuals, or 
15 if justified, or 5 

batches of 5 individuals 

20-30 Muscle for Hg. Liver for all other 
determinands 

Flounder    

Platichthys flesus  25 to 20 individuals, or 
15 if justified, or 5 

batches of 5 individuals 

15-35 Muscle for Hg. Liver for all other 
determinands 

Roundfish    

Cod    

Gadus morhua  25 to 20 individuals, or 
15 if justified, or 5 

batches of 5 individuals 

25-40 Muscle for Hg. Liver for all other 
determinands 

Whiting    

Merlangius merlangus 

 

 25 to 20 individuals, or 
15 if justified, or 5 

batches of 5 individuals 

20-35 Muscle for Hg. Liver for all other 
determinands 

Hake    

Merluccius merluccius  25 to 20 individuals, or 
15 if justified, or 5 

batches of 5 individuals 

20-35 Muscle for Hg. Liver for all other 
determinands 

                                                           
3  One egg taken randomly from each of 10 clutches. 
4  The eggs should be collected as early as possible to avoid collecting replacement eggs. 
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4.2.2 Sampling area 

Fish 

22. To improve the power of the programme, samples should be collected from areas characterised 

by relatively low natural variability. The spatial representativeness of the area should be known. 

Shellfish 

23. The spatial representativeness of the area should be known. Samples should preferably be 

collected from sub-tidal regions, otherwise as near to the low water spring tide level as possible. They 

should be collected as near to the same depth and exposure (i.e. in terms of light and wave action) as 

possible in order to reduce variability in contaminant uptake. The boundary of the sampling site must 

be specified. At locations where suitable natural populations are not available, caged mussels may be 

used. 

Seabird eggs 

24. Sampling sites should reflect important breeding areas. To collect the necessary number of eggs 

over the period of the monitoring programme sampling sites should be chosen where sufficient 

numbers of pairs of birds can be expected to breed for the required number of years. 

4.2.3 Sampling frequency 

25. Sampling should be annual. In cases where no trend can still be observed, no local source is 

influencing the sampling site and natural variability is the dominant reason for variations in 

concentrations, it may also be possible to reduce the monitoring effort and to change from annual 

sampling to longer intervals. 

4.2.4 Sampling period 

Fish 

26. Sampling should take place when fish are in a stable physiological state and, in any case, outside 

the period of spawning. See Table 3 for further guidance. Sampling should take place within a fixed 

time span each year (e.g. mid August-mid October for fish in the southern North Sea). 

Shellfish 

27. Sampling should take place during late autumn/early winter, when mussels are in a more stable 

physiological status, and in any case during a period before spawning. Gametogenesis and spawning 

generally occur in late spring to early summer, when individuals may lose up to 50% of their soft tissue 

weight. Table 3 give guidance on spawning periods. 

Seabird eggs 

28. Eggs should be sampled during the species-specific, year-specific and site-specific peak of the 

first laying cycle within the year. This generally occurs in May/June. Only fresh eggs should be taken 

from full clutches. For each species, site and year, 10 eggs should be sampled with one egg taken 

randomly from each of 10 clutches from the first laying cycle within the year. 

4.3 Sampling strategy for spatial distribution monitoring 
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29. For each spatial distribution programme, the species and sampling strategy, including 

quantitative objectives, should be clearly defined to ensure that the purpose of the programme is 

fulfilled.  

4.3.1 Species and sampling 

30. Table 4 gives the recommended species and number of fish, shellfish and seabird eggs, the size 

of individual fish and shellfish and the tissue type. However, the number of fish and the number of 

stations as well as whether individuals or pooled samples should be analysed will depend on the 

specific objectives of the monitoring programme. In order to reduce the number of analyses which 

must be performed, pooled samples may be used. Additional, more specific, guidelines on the 

treatment of samples may need to be prepared by the programme managers. 

Table 3: Time of spawning season. Spawning season varies regionally due to climate conditions and in 

the case of fish it is recommended to use FishBase (http://www.fishbase.org/search.php) in order to 

find the specific spawning time for a particular sea area. 

 

Species Spawning season Reference 

Shellfish   

Mussel   

Mytilus edulis 

M. galloprovincialis 

Spawning throughout the 
year but normally peaks in 
springtime and autumn  

http://www.ukmarinesac.org.uk/communities/biogenic-reefs/br4_4.htm 

 

Pacific oyster Summer months (above 20 
°C) 

http://www.fao.org/fishery/culturedspecies/Crassostrea_gigas/en 

Crassostrea gigas   

Flatfish   

Dab   

Limanda limanda January-August http://www.fishbase.org/Reproduction/SpawningList.php?ID=695&Genus
Name=Limanda&SpeciesName=limanda&fc=440&StockCode=711 

Plaice   

Pleuronectes platessa January-June http://www.fishbase.org/Reproduction/SpawningList.php?ID=1342&Genu
sName=Pleuronectes&SpeciesName=platessa&fc=440&StockCode=1360 

Flounder   

Platichthys flesus January-June http://www.fishbase.org/Reproduction/SpawningList.php?ID=1341&Genu
sName=Platichthys&SpeciesName=flesus&fc=440&StockCode=1359 

Roundfish   

Cod   

Gadus morhua 5 http://www.fishbase.org/Reproduction/SpawningList.php?ID=69&GenusN
ame=Gadus&SpeciesName=morhua&fc=183&StockCode=79 

                                                           
5 Please use information on the actual timing of spawning in your sampling area. It is recommended to use 
Fishbase www.fishbase.org: 
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Whiting   

Merlangius merlangus January-September http://www.fishbase.org/Reproduction/SpawningList.php?ID=29&GenusN
ame=Merlangius&SpeciesName=merlangus&fc=183&StockCode=39 

Hake   

Merluccius merluccius December-August http://www.fishbase.org/Reproduction/SpawningList.php?ID=30&GenusN
ame=Merluccius&SpeciesName=merluccius&fc=184&StockCode=40 

 

Table 4: Spatial distribution sampling 

When monitoring for trends at various sites, refer to tables 1 and 2 

Species Recommended 

Number 

Size (cm) Tissue 

Shellfish    

First choice    

Mussel    

Mytilus edulis or  
M. galloprovincialis 

50 footnote 4  10% 3-6 Whole soft body 

Second choice1    

Pacific oyster    

Crassostrea gigas 10 footnote 4  10% 9-14 (2 years of age) Whole soft body 

Flatfish    

First choice    

Dab    

Limanda limanda  20 to 25 individuals, or 
15 if justified, or 5 

batches of 5 individuals 

18-30 Muscle for Hg. Liver for all 
other determinands 

Second choice1    

Flounder    

Platichthys flesus  20 to 25 individuals, or 
15 if justified, or 5 

batches of 5 individuals 

15-35 Muscle for Hg. Liver for all 
other determinands 

Roundfish    

First choice    

Cod 

Gadus morhua 

 

 

 20 to 25 individuals, or 
15 if justified, or 5 

batches of 5 individuals 

 

>20  

 

Muscle for Hg. Liver for all 
other determinands 

Second choice1    

Whiting 

Merlangius merlangus 

 

 20 to 25 individuals, or 
15 if justified, or 5 

batches of 5 individuals 

 

20-35 

 

Muscle for Hg. Liver for all 
other determinands 

Hake 

Merluccius merluccius 

 

 20 to 25 individuals, or 
15 if justified, or 5 

batches of 5 individuals 

 

20-35 

 

Muscle for Hg. Liver for all 
other determinands 

Seabird eggs    

Common tern 

Sterna hirunda 

 

10 footnote 2 

-  

Whole egg content 

                                                           
http://www.fishbase.org/Reproduction/SpawningList.php?ID=69&GenusName=Gadus&SpeciesName=morhua
&fc=183&StockCode=79  
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Oyster catcher 

Haematopus ostralegus 

 

10 footnote 2 

-  

Whole egg content 

Guillemot 

Uria aalge 

 

10 footnote 3 

-  

Whole egg content 

1 Where first choice species is not available. 
2 One egg taken randomly from each of 10 clutches. 
3 The eggs should be collected as early as possible to avoid collecting replacement eggs. 
4 The number of specimens can be adjusted upwards to assure ample sample material for the expected analysis, 
depending on the actual size class available. 

 

4.3.2 Sampling area 

Fish 

31. Samples should be collected from as many locations as necessary to fulfil the objectives of the 

programme, taking into account the representativeness of the area with regard to spatial variability 

in contaminant concentrations. 

Shellfish 

32. Samples should be collected from as many locations as necessary to fulfil the objectives of the 

programme, taking into account the representativeness of the area with regard to spatial variability 

in contaminant concentrations. Samples should preferably be collected from sub-tidal regions, 

otherwise as near to the low water spring tide level as possible. They should be collected as near to 

the same depth and exposure (i.e. in terms of light and wave action) as possible in order to reduce 

variability in contaminant uptake. The boundary of the sampling site must be specified. At those 

locations where suitable natural populations are not available, caged mussels may be used. 

Seabird eggs 

33. Sampling sites should reflect important breeding areas. To collect the necessary number of eggs 

over the period of the monitoring programme sampling sites should be chosen where sufficient 

numbers of pairs of birds can be expected to breed for the required number of years. Both coastal 

sites adjacent to the open sea and known “hot spots” such as estuaries should be included. 

4.3.3 Sampling period 

Fish 

34. Sampling should take place when fish are in a stable physiological state and, in any case, outside 

the period of spawning. See Table 3 for further guidance. 

Shellfish 

35. Sampling should take place during late autumn/early winter when mussels are in a more stable 

physiological state and, in any case, during a period before spawning. Gametogenesis and spawning 

generally occur in late spring to early summer, when individuals may lose up to 50% of their soft tissue 

weight. Table 3 give guidance on spawning periods. 

Seabird eggs 

36. Eggs should be sampled during the species-specific, year-specific and site-specific peak of the 

first laying cycle within the year. This generally occurs in May/June. Only fresh eggs should be taken 
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from full clutches. For each species, site and year, 10 eggs should be sampled with one egg taken 

randomly from each of 10 clutches from the first laying cycle within the year. 

4.4 Sampling strategy for biological effects monitoring 

37. The sampling strategy will, in all cases, depend on the biological effect(s) to be studied. No 

general guidelines can therefore be given. For more details see specific guidelines (References: OSPAR 

Guidelines for General Biological Effects Monitoring. OSPAR Ref. No. 1997-7 and Guidelines for 

contaminant specific biological effects monitoring. OSPAR Ref. No. 2008-9). 

 

5. Field sampling and sampling equipment 

5.1 Fish 

38. Fish can be sampled from either research vessels or commercial vessels. The former is the 

preferred option, since research vessels are likely to have better facilities for processing and storing 

scientific samples. In both cases, the following precautions must be taken when selecting samples 

from the trawl catch to ensure that contamination is kept to a minimum: 

 trained personnel must be present when a trawl comes on board to ensure that the 

sample can be isolated from possible sources of contamination during the release of fish 

from the net; 

 fish which are visibly damaged or in bad condition must not be selected; 

 clean containers should be available on deck to hold the samples temporarily before they 

are taken to the ship’s laboratory. Containers used for holding fish collected from the 

ship’s normal trawling operations must not be used; 

 personnel must wear clean gloves when the samples are taken from the net. The samples 

should be transferred to the ships laboratory as quickly as possible and rinsed with clean 

sea water to remove any material adhering to the surface; 

 equivalent precautions should be taken on modern fisheries research vessels, when the 

catch is released from the net directly into facilities below deck; 

 only material suitable for the subsequent analyses should be retained for storage (see 

Technical Annexes 1 and 2 for guidance on appropriate storage containers). 

39. Suitable fishing gear should be used to ensure that the catch reflects the target population. The 

trawling time should not exceed one hour and the trawling speed should be as slow as possible to 

reduce damage and stress to the fish. Details of the requirements for recording the relevant sampling 

parameters are given in Technical Annexes 1 and 2. 

5.2 Shellfish 

40. Only those individuals that are free of fouling and bored shells should be sampled. When 

collecting mussels by ship, a commercial mussel dredge can be used. When collecting mussels by hand, 

personnel should wear gloves. Clean containers consisting of material suitable for the subsequent 
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analyses should be used for transportation. Details of the requirements for recording the relevant 

sampling parameters and information on sampling methods are given in Technical Annexes 1 and 2. 

5.3 Seabird eggs 

41. The equipment required, details of the requirements for recording the relevant sampling 

parameters, and information on sampling methods are specified in Technical Annexes 1 and 2. 

6. Storage and pre-treatment 

42. Samples should be analysed as soon as practicable after sampling in order to obtain reliable 

results. Experience has shown that freezing will degrade soft tissues. Long-term storage and samples 

for biological effects studies therefore require special conditions. Further advice on archiving and 

storage techniques used in maintaining biological tissues and other environmental samples for future 

contaminant analyses can be found in Technical Annexes 1 and 2 and in Tema Nord (1995). Details of 

the requirements for recording the storage and pre-treatment parameters are given in Technical 

Annexes 1 and 2. 

6.1 Fish 

43. If conditions allow, samples should be dissected immediately after collection; sub-samples of 

particular tissue should be removed and deep-frozen. Freezing undissected fish, particularly large 

ones, may cause soft tissues to degrade and may result in uncontrollable losses of the determinands 

in the tissue or cross-contamination from other deteriorating tissues. When there are no shipboard 

laboratories suitable for processing work, warranting the necessary precautionary conditions or 

personnel on board are not trained for such work, samples of ungutted fish should be preserved by 

deep freezing, preferably shock freezing to -20°C or lower as soon as practicable after collection. Sub-

samples for enzymatic tests to be performed in parallel with contaminant analysis, must be stored in 

liquid nitrogen and analysed as soon as possible after the cruise. Only materials appropriate for the 

intended analytical techniques should be retained for storage (see Technical Annexes 1 and 2).  

44. When pooling samples, an equivalent quantity of tissue must be taken from each fish, e.g. a 

whole fillet from every fish. If the total quantity of tissue obtained would be too large to be handled 

conveniently, the tissue may be sub-sampled, but a fixed proportion of each tissue must then be taken, 

e.g. 10% of the whole fish for muscle or 10% of each whole liver. This may cause an increase in the 

inter-individual variability, as contaminants are not equally distributed across the entire tissue. So the 

sub-sample should be taken from the same part of the organ/muscle of each individual. 

6.2 Shellfish 

45. Mussels should be depurated prior to preservation and analysis. This is to facilitate the 

discharge of unassimilated particles in the mantle cavity or the gut that might contaminate the sample. 

This is especially important for mussels collected in water with high turbidity or on silt/clay bottoms. 

Whether or not the sample has been depurated prior to storage and analysis should be reported. 

Mussels should be shucked while still alive and opened with minimum tissue damage. The soft tissue 

samples should be analysed immediately or stored at temperatures below -20°C. 
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6.3 Seabird eggs 

46. To avoid deterioration, eggs should be frozen soon after collection and transported frozen to 

the laboratory. Details of the preparation of the eggs for subsequent chemical analysis are described 

in Technical Annexes 1 and 2. 

7. Analytical procedures 

47. Details of the requirements for recording the relevant parameters are given in Technical 

Annexes 1 and 2. 

7.1 Organic contaminants 

48. Procedures for the analysis of organic contaminants in biota include homogenisation, drying, 

extraction with organic solvents, removal of lipids, clean up, fractionation, followed by separation and 

detection of single compounds by means of gas chromatography with electron capture (GC-ECD) or 

mass-spectrometry (GC-MS, GC-MSn) or lipid chromatography coupled with mass-spectrometry (LC-

MS, LC-MSn). The total fat weight should be determined, where sufficient material is available. The 

extractable lipid weight should also be determined on the extract used for organohalogen compound 

analyses. For tissue containing more than 10-15% of lipids, the results of both total fat and extractable 

lipid weight are comparable within acceptable limits. Particularly for small amounts of tissue available 

for analysis, sharing the sample for separate fat determination may result in an insufficient amount 

for the determination of the analytes and so should be avoided.  

Results should be reported on a wet weight basis, along with the total fat and/or extractable lipid 

weight (in percentage). This will make it possible to recalculate values on both fat and lipid bases. 

Detailed information is given in Technical Annex 1. 

7.2 Metals 

49. Analysis of trace metals in biota generally includes homogenisation, drying, decomposition, 

dissolution, matrix separation and detection using element-specific spectrometric instrumental 

procedures (e.g. AAS, ICP-OES, ICP-MS, TXRF,). Recently developed spectrometric devices aim to 

reduce the often costly and time consuming sample preparation by applying direct methods without 

preceding matrix separation and decomposition steps. The results should be reported on a wet weight 

basis along with the dry weight percentage. Detailed information is given in Technical Annex 2. 

8. Quality assurance 

50. Quality assurance (QA) is the relevant part of the work related to all procedures from sampling 

to the final instrumental analytical measurement, within a quality management system required to 

ensure the consistent delivery of quality controlled information. All procedures must be evaluated and 

controlled on a regular basis. For this purpose a QA scheme must be established in each laboratory. 

This includes participation in inter laboratory proficiency testing schemes, preferably at an 

international level, to ensure the long-term stability of the laboratory’s performance, the use of 

reference materials and the maintenance of all required documentation. 

51. To minimise the risk of contamination or the loss of determinands during sampling, storage, 

pre-treatment or analysis (and so to avoid the generation of false data) QA measures should be applied 

to the sample from first contact to final measurement and data reporting. All detailed QA data should 
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be recorded in accordance with the QA procedures laid down in the relevant documents. Laboratories 

should work according to EN 17025. 

9. Data reporting 

52. Data reporting, including QA information, should be in accordance with the requirements set 

by the relevant OSPAR bodies to ensure that all information for the assessment procedure to be 

applied are available, and using the latest ICES reporting formats to ensure an efficient and controlled 

data storage and processing procedure. Information on the ICES data base is available via the ICES-

Website (see references). 
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