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PREFACE

The Regional Seas Programme was initisted by UNEP in 1974, Since then the Governing Council of
UNEPF has repeatedly endorsed a regional spproach (o the control of wanng polletion and the management of
maring and cgastal resources aod has roquested Lhe development of regwmal aciion plans. The Regiond Scas
Programme at present includes ten regions snd has over 140 coastal Stawes participating incit {13,(2).

Ome of the basic components of the action plans sponsared by UMEP in the framework of the Hepional
Seas Programme i the assessment of the siale of the marine environmend and of its resousces, and of the sources
and trends of the pollution, and the impagt of pollution on human health, marine ecosystems and amenitics, In
order to assist 1hose parlicipating in this aclivity and 1o ensure (Lt the data oblained through this assessment can
be compared on a world-wide basis and thus cantribute 1o the Global Envirorment Monitoning System (GEMS) ol
UNEF, a sl of Reference Methods and Guidelines for maring pollution studics is being developed as pant of a
prograntunc of comprehensive techuical supporl which includes the provision of cxpert advize, reference melhods
and malerials, training and data quality assorance {3). The Methods arc recommended o be adopied by
Governtnends padicipating  the Regional Scas Propranme.

The methods ard foidelines ame prepared in ce-operation with the refovaint specialized bodies of (he
United Nations system as well as other organizations and are tesied by a number of experts competent in the ficld
relevant to the methods described.

In the description of the methods and guidelines the stvle uscd by e Inlemalionsl COrganization for
Standardization (1540 is felluwed as closely as possible.

'The motheds and gnidelings, as pullished in UNEP's scrics of Reletence Mcothods for Marine Pollution
Studies, are not considered as final.  They arc planned w0 be periedically revised taking infe account the
devclopment of cur understanding of the problems, of analytical instrumentaton and the actual need of the users.
In ooder o Bagilitate these revisions the users ane soviled to convey their comrngnts and sugpestions to;

Marins Eovironmential Studics Laboratory
{ATA Mariuc Environment Laboratory
P, No. 804

M 9EQ 12, MONACO

which is responsibic for the technical co-ordination of the development, tesling und intercalibration of Reference
Methods. ’

(n LMEF: Achievernents aod planned developrucnt of the UMEM: Repiona] Sew: Programmc s curnpambls progrmmes sponsored by other
bodizs. USEF Regional Seas Repons Al Studies Mo, L UNMLE, 19382

i P HLULM: A Steatepy for the Sess The Hogional Rzas Prograttutie: Fast and Futors, [E9FR 1983

{3) UNEFIAEANOC: Holngwe Mathods wnd Malenals: A Programme of campreenstve support for regional and glabhal manmne pollution

reasmends LUHEP 193,



The presenl Relerenee Mothod is desigoned o provide: i sel of guidelines to assist specialists in poliution
and public health to design and imploment monioring programmes based upon the measurement of chemical
contaminanis in marine biota. It is strongly recommended as essential reading material prior to organizing a
mnonitoring programme. It forms the basis of the strategy currently emploved by UNEP's Regional Seas
Programme, the GIFME programme (Global [nvestipations of Marine Pollution, jointly sponsored by K3 and
TINEP) and of several programmes organized by FAC (particolarly in their coniribation to the MEDFPOL
PIOTENIING).

The production of this method was coordimated by FAOQ (at (be Coordinating Unit for the Mediterranean
Action Plan). The original draft was prepared by Di. Graham Topping, The Scottisly (flicc Apricollure and
Fishcrics Depariment Marine Laboraeory, Aberdeen, Scotland, iogeiher with snbsianiial contdindtions from D,
Tack Uthe, Marine Chemistry Division, Physical 3nd Chemical Sciences Branch, Depariment of Fisherics and
Ocreans, Halifax, Capada. The excellent work of these authors is gratelully ackoowledged. The maneal was
reviewed and revised by the IOC/UNEP Group of Experis on Methods, Standards and Iniercalibration, GEMAL
Final editing was performed at MESL, Monaco.
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GUIDELINES FOR MONITORING CHEMICAL CONTAMINANTS
IN TIIE SEA USING MARINE ORGANISMS

1. SCOPE AND FIELD OF APPLICATION

This manizal provides guidelines on the usc of chemical contaminant measurements
in marine organisms for envirommental irend monitoring programmes and public health
monitoring programmes: 11 describes the steps required for planning and implementing
these monitoring, programines from a strategic and practical point of view. Information in
this manual ¢orresponds to the basic strategy currently applied in the regional monitoring
programmes of the United Nations badies responsible for the production of this document,

2. REFERENCES

The f{allowing are useful publications to consult in relation to the design, planning,
and conduct of marine pollution moniloring progranines using marine QrANISms:

Brvan, G.W., Landgston, W) and LG, Hurrunerstone, 1980 The uss of biglegical indicalors of
heavy metal contamination in estuarics. Mirine Biological Association of the United
Kingdom, Occasional publication Numbaer 1, Tune 1984, 73 p.

Bumns, KA., and T T. Smith, 1981, Riological rmomitaring of ambient water quality: the casc for
using seiline] organisims for monitoring petroleun pollution in coasial waters, Es_tuar_CﬂastaL
Shelf 8ci., 13:453-433

Builer, P.A., I.. Andren, .. Bonde, &. Jerneliv, and DL, Relsch, 1971, Monitoring organisms,
in: Food and Agriceltural Orgagisation Technical Conference on Marine Pollution and its
FEffects on Living Resources and Fishing, Rome. 1970, Supplement 1: Methods of detection,
mzazurcment, and monitoring of pollutants 10 the manns envirenment. M. Ruivo (ed)
London, Fishing Nows (Booksy Lid, pp. 101-112.

Davies, LM, and 1M, Pine, 1980, Evaluation of a "Mussel Watch" project for heavy mtals in
Scottizh Coastal waters. Maz Biol | 57:87-%3

EAQ, 1989, Food safety regulations applied to fish by major importing countrics, FAQ Fisheries
Circular Moo 825, FINUACE25. Food and Apriculture Organisgion of the United Nations,
Rome, November, 1989,

Goldberg, ED., V.T. Bowen, IW. Famington, ‘G, Harvey, LIL Marin, FL. Parker, RW.
Risehorough, W. Robertson, E. Schoelder, aml E. Gamble, 1978, The "ussel Watch"
Environ. Conscry,, 5,101-125

Gordon, M., G.A: Knaver, and Ji1 Murlin, 1980, ddptifus califoenianys a5 a bio-indicator of
trace mctal pollution: variability and staiistical considerations. Mar Poliut Bull | 11;195-198



Haug, A, 5. Melsom, and 5. Omang, 1974, Lstimation of heavy metal pollution in two
Morwegian fjord areas by analysis of the brown alga (Ascopfullum rodosur). Envicon Pollut.
7179192,

International Council for the Exploration of the Sca (MCHS), 1941 Statistical analysis of Ihe 1CES
Cooperative Monitoring Progranune data on contaminants in fish liver tissue and Mfpsfhus
edilis (1978-19%8) fyr the determination of temporal rends. Coop Bes Rep. No, 176, 189 P
Copenhagen, Denmark,

Intcmabional Council for the Exploration of the Sea (ICES), 1989, Statistical analysiz of the [CES
Cooperative Monitoring Progrumme data on contaminants in fish muscle tissue {1978-1985)
for the delermination of temporal trends.  Coop Res.Rep. No, 162, 147 p., Copenhagen,
Bonmark

[SOMEMCD, 1993 Limiis of mepsurcment: Reporting  low-level mosulis.  Inlernational
OCrganization for Standardization/Council Committee on Reference Materials, Goneva,
Switzerland, Document ISOREMCO N 272, 82 p, (dradl).

McDonald, JH., and R K. Koehn, 1988, The nussels Mytifus gallopravineialis and M. irossulus
on the Pacific coasl of Month Amcrica. Mar.Diol., 9%:111-11%

Misra, RE, IF. Uie, CL. Chou, T0.P. Scott and C.J. Musial, 1993, Trend analysis using a
mulivariate procedurs [or data with unegual residual covarlance and regression coefficient

matrices: Application o Canadian Atlaotic cod coutaminant data, MarFollut.Bull., 26{2y.73-
79

National Rescarch Counizl, 1990 Managing tsoubled waters: The role of maring enviconmental
monioring Naional Academy Press, Washington, DC. 103 p.

Fhillips, .LH., 1980, Quantitative aquatic bielogical indicators: Their wse 1o monitor trace mctal
and organwchloring pollotion. Pollotion Monitoring  Series. London, Applied Science
Publishers Lid, 488 p.

Phiilips, G.IH, and DA, Scpar, 1986, Use of big-indicators in monitoring consérvative
contaminants: Programig desigy imperatives. Mar Follut Boll., §7{13:10-17

Phillips, D.JH., T. Balkas, 4. Ballgsler, K K. Berting, C.R. Boyden, M, Brancia, [, Cossa, DV
Dale, B Estublicr, T-C. Hung, I Martin, M.). Orren, D K. Phelps, LE. Portniann, J. Ros, IF.
inhe, 2ad D. Young, 1980. Trace Metals, I The luiemnational Musscl Watch, MNabonal
Acadeny of Sciences, Washinpon, DC. pp. 78-132,

Segar, DA, and E. Stamman, 1986, Fundamentals of marine pollution monitwiing programme
design. Mar Pollut Bull., 17(55:194-200

Topping, G., 1983, Guidelines for e ose of bielogical material in the first order pollution
assecsment and trend monitoring.  Dept of Agriculiure and Fisheries for Scotland, Marice
Laboratory, Scottish Fisherigs Research Report No 28, TSSN 0308 8022, 28 p.

Usthe IF_ C.L. Chou, R, Mizra, P.A. Yeats, D H_ Loring, C.J Musial, and W. Cofine, 1991a
Ternpora! trend monitoring: Inlroduction to the study of contaminant levels in marine bisia.
Techniques in Marine Epvironmental Sciences, 14, 18 p. Imternztional Comcil for the
Exploration of the Sea, Copephagen, Denmark.,




..............

Uthe, 1F., RK. Misra, £1, Chou, D P Scotf, and C.J], Musial, 199ib. Temporal trend
montitaring; Conlaminant fevels in fisspes of Afblantic cod. Tochnigques in Maone
Envirgnmentat Sciences, 15, 11 p. International Coungil for the Explotation of the Sea,
Copenhagen, Deomark,

Uthe, IF,, and C.L. Chow, 1988. Factors affecting the measurement of trace metals in marine
biological tissoe. Bci Total Envie., T1:67-84

Uthe, IF, and €.L. Chop, 1987, Cadmium in sea scallop {Macopecien magsiianicus) lissues
Irom clean and contaminated arcas. Can I Fish Aquat. Sci., 44{1):91-08

Thhe, IF, 3P, Scott, and CL. Chon, 1937 Cadmiom contamination in American lohstcr,
Haomarus gmericanus, near 4 coastal lead siticlier; Use of multiple lincar repiession lur
management. Bull. Environ Confam, Toxicel. | 36:087-694

van der Meer, J, 1990, Pooling may cconomize a sampling progeam: TFa 2. Anngx 5 o the
Report of the Working Group oo Blatistical Aspects of Trend Monitordng, Internarional
Council for the Exploration of the Sca, Copenhagen, Denmark. pp. 2937,

van der Meer, J, 1982 Pooling may coonemize a sampling program. Annegx 10 1o (he Report of
the Woddng Group on Statisical Aspeots of Trend Monitaring, Intemational Cowucil for the
Explozation of the Sez, Copenbiagen, Denmark. pp. 94-100,

3 INTRODUCTTON

Organisms accumulate many contaminants from their environment (ie, from
seawater, suspended particulate matter, sediments, and food). Field and laboratory studies
have shown that contatninant copcenltations in some mariné plants and animals reflect
concentrations in their environmenl. Scientists use Lhis process (lermed bio-accumulation)
to assess manne contamination resulting from human activity (e.g., pipeline discharges,
dumping from shps),

There are problems with using biota as bic-accumulators (bio-indicators). For
example, Individuals of 4 specics exposed to the same contaminant concentration contain
different conteminynt concentrations after the same exposure time. These deviations
reflect individual differences in {actors such as age, sex, size, and physiological and
nutritional states. Also, wvarious species show different conlaminant cotcentrations
following identical exposure: diffcrences in elimination rates may partially account for this.

These factors must be considered when planning a monitoring programme in order
to control their effects on contaminant concentrations {reduce the vanances). Variance
reduction is nccessary to detect smaller diflerences in mean contaminant concentrations in
montoring programmes,

Many other problems affect the success of moniloring programumes (NAS 1990,
Uthe et al. 1991). Uthe et al. described a monitoring programme as a series of operational
steps: from planning and design; through sample collection, measurement, data handling,



and data analysis; to interpretation (travslating daia into information for managers).
Problems at any step can drastically affect the success of the progpramme.  Each step of a
monitoring programme requires quality management to ensure production of high quality
data {Uthe and Chou {1988] give examples of problems at various steps in monitoring
programmes for frace metals}.

Uthe et al. (1991} also noted: 1. (nce a protocol (u xet of rules for a procedire)
is selected, it nust be rigorously followed, and, 2. Programmes must be designed jor
efficient statistical analysis.

This document provides guidance on programme design to scientists who manape
marine pollution monitoring programmes, specifically those supported by the UNEP, [OC,
and FAO. NAS (1990) discusscs marnine environmental monitoring in depth and is
recommended to the readers of this text.

The guidelines in this report cover the following aspects with rospect to
Environmeniad Trend Monitoring Programmes and Public Health Monitoring
Programaes:

Aims of monitoring programmes, preparatory information, and fraining;
Pilot studics, planning, execution, and interpretation;

Designing a monitoring programme from the pilot study,

Selection of contaminans;

Sclection of species,

Location of sampling sites;

Period and frequency of sampling;

Size of sample;

Selection of tissue; and,

0.  Storage and preparation of tissue homogenates for analysis.

oSN SRR

Although measurement, in particular the measurement of contaminants, is
important, it will not be addressed here because other UNEP Reference Methods For
Marine Pollution Studies deal with it. Readers should read relevant analytical documents
(e, UNEPAOCAAEA 1990 "Coolaminani Monitonng Programmes Using Marine
Organisms: Quality Assurance and Good Laboratory Practice” Relerence Method No 57,
Uthe et 2l 1991a), which deal with all aspects of work that influence data guality.



4 DEFINITIONS

Before discussing the programmes {or which these puidelines may be used, it is
nece3sary to define some terms used n this report.

TERM

DEFINITION

Accuraey, precision,
fimeil of detection

Anthropogenic

Bio-indicator,
Bio-accumulator

Compliance

Contamination

Depuration

Hot spot

Monitoring

See definitions in Appendix 2 of Reference Method
No a7,

Derivied fiom human activity,

A species that accurnulates a contaminant in its

Lissues in amounts propertional Lo the concentrations of the
comaminaal m the local environment (j.e., in s waler,
sediment, and food).

A rudgement of acceptability related to regulatdons (c.g., of
a fishery preduct with regpect to its confaminant coalcnt)
using data collected by surveillance programmes.  For
cxample, 10 statistical terms, compliance may be judged
against the value where a 5% probability is allowed of baing
wrong (i.c., accepting a lot with a true value above the
regulated limit - see ISOYREMCO [1903]).

In the marine environment, a situation where cither the
concentrations of some natural substances (e.g., metals) are
clearly above normal values, or the concentrations of man-
made substances (8., p,p-I0T) arc found, but which do
not  mecessarily  comse  deleterious  effects  fralled
"pollution”, see definition below).

Holding living specimens in clean water to remove
unwanied material from  them (eg, pseudofaeces in
mussels).

An arca of the sea where there is a sigmficantly clevated
level of contamination.

A programme of repeated measurcments of contaminants n
maring samples to determine  spatial  distributions or
temporal trends in contaminant coneentrations.



Pilot Study

Paollution

Quality Assurance

Sample

Specimen

Surveillance

Measurement of contaminants in maring samples from an
area not previously studied to investigate the curreat levels
of contamination. This is a prerequisite to a monitoring
programine because the information ¢ollected enables the
investigator to design a sampling programme suited to the
specific aims of the programme. Without such information
the investigator may be unable to judge which contaminants,
specics, and locations to select [or the monitoring
programme,

The Group of Experts on Scientific Aspects of Marine
Pollution defines pollution as "the introduction by man,
directly or indirectly, of substances or energy imo the
marine environment (including estuaries) which resulits in
such deleterious elfects as harm to living resources, hazards
to human health, hindrance to marine activities including
fishing, impairment of quality for use of seawater and
reduction of amenities."”

All procedures that a laboratory carries out to cnsure that it
produces data of the appropriate qualilty 1o mect the defined
aims of its monitoring programme. Quality Assurance
casentially has two clements - quahly control and quality
assessment. These last two torms are defined in UNEP
Reterence Method No 57.

A collection of a predetermined number of specimens of the
same species simultaneously from one site.

One unit (individual, tissue) selected to fullil a sample
requirement,

A programme designed to  survey  contaminant
coencentrations in edible fish tissues upon which to judge
compliance related to national standards. Certain
surveillance programs are also momtonng programines.

—




5. ENVIRONMENTAL TREND MONITORING PROGRAMS

5.1 AIMS OF MONITORING PROGRAMMES, INCLUDING
PREPARATORY INFORMATION AND TRAINING

The two principal aims of environmental monitoring programmes mvolving the
colfection and analysis of marinc organisms ate to;

1. Measure contaminant concenirations over tire af selected Jocations to deaide if
they are changing in ruiation 10 their inputs (1e, Trend Monitoring).  Such
measurctients help to assess the officiency of podlution gontrods; and,

2. Compare contanunant concventrations in differeni geographical areas (Spatial
Monitoring).  Such measirements help determine 1if eurrent waste disgharges are
producing unaccepiable comaminetion concentralions (Lo, they are causing, or
likely to cause, marine pollution problems).

investigators must write down specific aims [or each monitoring programme before
starting ficld studics. These aims help Finit the number of parameters, spocies, and sites to
be investigated. They also determing the rescuress required for the programme.  There
are two distinct aspeets of aims: '

Envirenmenial management - Are standards cornplied with? What is the spatial
area of contamination? What are the changes of concenirations with time in relation to
ghanges in contaminant inputs?

Enviropmental sciepce - Statistical significance of differences in conlaminant
concentrations - representative sampling of the population -selection of anaiytical methods
with the required accuracy and precision,

The importance of developing realistic and specific aims {goals) for a monitoring
programme cannot be stressed too highly. For example, a trend monitoring pragramme
that can only detect a linear trend of 2084 a year is pointless in an area where the expected
rate is well below this. All goals must be defined within a statistically sound {famework.

The first steps in developing aims are to selecl contaminants and species of interest
it the study area and to find ut what s known about them in the literature, (Sce Item 4.
Pilot Study.) The Project Manger must cheose all required biclogcsl and chemical
measurements, train the individuals making these measurements, and develop a thorough
quality management framework to ensure comprehensive quality assurance for all steps in
the programing, This may require traisung in other procedures besides chemical analysis
{e.r., preparing adequate and clear sample site descriptions, species identification
biclogical tneasurements [eg., length, weighi, sex], frozen sample handhng, number
handling, statistical analysis), glong with quality cuntrol tor each.



52 PILOTSTUDY

A pilot study is simply an initial study desipned to pive the head investigator
enough information with which to develop environmental monitoring programmes.
Usuzlly, the initial pilot study will survev contaminants of concern within the study area
(coumtry) using 2 common species. Mollusca, in particular bivalves, are species of choice,
This study may be combined with other pilot studies {e.z, estimate specimen-to-specimen
variances for the contaminants, identify sample handling and storage problems, measvure
contaminant concentrations in different tissues). These help the investigator design
specific aims and develop an efficient monitoring programme. An efficient pilot study (gee
Appendix 1 for guidance) can provide the following inlormation:

1. K canidentify contaminared areas in the marine environment requiring menitoring;

2. It can estimate the varigtion in contaminant concentrations in specimens of the same
species from the same Incation (population). Planning a trend monitoring programme
requires this information. This requires a special sampling project at one or more
sample sites {e.g., & coutrol and contaminated area). Without if, the statistician
cannot judge whether the sampling and analytical work will be able to detect changes
in conlaminant concentrations with time against this natural variation:

3. It can identify the best tissue to use in monitoring progranmumes. Usually all tissues do
nol reflect changes in envircnmenial contaminant conceniralions, ard,

4. It may idcntify local arcas of elevated contamination in the study arca (hot spots).
This will help the investigator rank areas and contaminants for action and study.

A pilot study also might include some biclogical effect measurements. This may be
as simple as recording certain weights (e p., whole animal, soft tissue weights), or as
complicated as determuning changes in community structure and populatiens. Linking
contaminant concentrations with biological effecizs is an imporiant step m a complete
pollution assessment. Such a linkage makes a strong case for incorporating these
contaminants within a monitoring progranunc and for taking tmmediate mcasures to
regulate discharges. The Reference Method Series (see UNEPAOC/TAEA, 1990)
descrbes some biological eflect procedures.

After the pilot study, the investigator must prepare detailed instructions for
specimen collection, storage, and analysis for each montormg programme. Thesc will
define the information required to meet each specific aim (including its statistical
requireraents). Time spent on planning specific, efficient programmes will ensure the best
use of a laboratory's resources and the highest chance of success. Priorities must be
decided. It is usually better to conduct a small programme with a specifie, high priority
focus, specific aims, and clear goals {benchmarks). Goals arc required for regularly
assessing the monitoring programme and deciding its future. This may result in a



recommendation (o cancel the programine, reduce its cffort, or increase its funding and
effort.

5.3

DESIGNING A MONITORING PROGRAMME

There are several ifems to be considered in the detailed placring of an

environmental monitoring programme:

1

2

Which contaminants are {o be measured?

Which specics are to be selected?

Where are the samples 1o be collected!

When is sampling to be dune and how frequently?

How many specimens (of what size) are Lo be taken for each sample?
Which tissue(s) are to be faken for analysis?

The head investigator, field biologist, analytical chemisi, and stafistician must

consider each question during the detailed designing and planning of the monitodng
programme (&.g., prepare sampling instructions, estimate workload, prepare {he necessary
instruction sheets for the field staff, develop safeguards to ensure sample integrity, develop
analytical quality conlrol needs and data handling methods).  All participants in the study
must be fully trained in their roles within the programme and recognize how their ¢fforts
umite with those of the other parlicipants. The investigator st

1.

Design a sampling programme. sedect sufficient aumbers of specimens with the
required biological attribute {usuafly size, but ollers, e.g., sex may be used); define
sample sites; specify sampling frequency and period; and design sample handling
methods. This 18 based on the results of the pilot study and any other relevant
information. A statislically sound base is required for sample design. Onecc ihe
sampling programme design is complete, instruction sheets (sampling instructions)
must be issued to field stalll Training is probably required ar this peint to ensure
consistent sample collection and handling:

See that samples are collected, stored, and transported in 2 way that ensures sample
integrity (i.c., sample continvity [see point 4], ne loss and gain of contaminants before
analysis}. Advice on this can be found in the UNEP Refercnce Meihods series.
Apain it will be necessary to prepare instruction sheets for field and laboratory stalf.

Arrange for sample processing and storage (Uthe and Chou [1988) have described
problemns encountered in sample handling} and arrange for sample analysis by methods
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with the required accuracy, precisior, and lower limits of detection. Collaboration
between the head investigator and all participants is essential for success. The
investipator and the analyst should consult UNEP Reference Method No 57, which
gives directions on Quality Assurance, if they are in doubt how to achieve and
maintain analytical data quality; and,

4. Ensurc that there is a proper documentation system for tracing (tracking) samples
from sampling to final dafa recording. The invesligator must make sure that all team
members are aware of, and comply with, the documentation system (see Appendix 2
for more details on this matter).

5.4 SELECTION OF CONTAMINANTS

The contaminants to be studied are determined by: 1. The aims of the monitoring
programme; 2. The findings of the pilot study; and, 3. The analyst's ability t0 measure
these contaminants with the required accuracy and precision. In practice the last factor
dictates which contaminanis can be mcluded.

Tt is necessary that the statistician specify the accuracy, precision, and limits of
detection for gll measurements. This deflines the necessary standards of analysis needed to
detect changes in contaminant concentrations. It is pointless t¢ consider monitoring
contaminant concentrafions using an analyvtical method with an inadequate level of
precision, accuracy, or lower limit of detection.

If the analytical methods do not meet the required standards, the analyst must
either set up methods that meet these standards or abandon the programme to prevent
waste. Howcver, an analytical method that has the theoretical performance to meet the
aims does not guarantee success. It must be proven within the analyst's laboratory.  Also,
other factors have to be considered in obtaining the required analytical data quality. These
are discussed in "Quality Assurance and Good Laboratory Practuice in Relation to Marine
Poliution  Monitoring Programmes,” UNEP Reference Method No 57, Again
investigators shondd ohtain a copy for analysts at the start of the work.

It is obvious that the principal wnvestigator also must ensure that all other
techniques associated with analysis are of the required quality {e.g., species selection and
other biological measurcments, sample handling, including dissection and storage) to yield
high quality. They must be proven along with the analytical methods discussed above.

it may be appropriate to measure other contaminants that meet regional and
international needs. This should be considered only if addilional data are usefu! to the
laboratory or part of Regional Studies, and does not impede the laboratory's main aims.
Appendix 3 lists contaminants, identificd by the International Council for the Exploration
of the Seas an! the Joint Monitefdng Group of the Oslo and Pans Commissian, for
monitoring work in the Nerth Sea and adjacent waters, or recommended for the MED
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POL. programme {Category I and II substances). Also, certain chenwucal methods and
instruments measure additional contarsinants at small incremental cost.

The final selection of core contaminants shonld be related 1o knowledve of their
sourees and mputs o the study area and their trapsport and persistence,  Two examples:
L An extensive wonitoring programme for pesticides along o deseri coastline would be
wewarrarited; and, 2. Mamy orgarophosphorus pesticldes persisé in sedimerts, but are
rapidly meiabolized by orgavisms. I would be pointless t megsure them in biota, but
important fo aralyse sediments when siudyitig polf ntion fhiological effecis) by them.

3.5 SPECIES SELECTION

55.1  Spatial and trend moniloring

Sampling species with the following aluibutes yields the most reliable data on
contaminant teends in organisms (Butler et al. 1971, Haug et al. 1974):

1. A simple relationship exists between contaminant concentrations in the species
and gverage concentlrations in the surrounding envircnmenl;

2, The species accumulates the contaminant without being affected by the
concentrations cncountered i s envirenment (other than in peliuled areas);

3. The species is sedentary and, thus, represents the collection area;

4. The species is widespread and «bundant in 1he study region, to allow
comparisong among different arcas,

5. The speeies lives long enough so that more than one year-class ¢an be sampled, it
desired;

6. The species is large cnough to yield sufficient tissue for analysis,

7. The specics 15 easy to collect and hardy enough to survive unfavourable
conditions {e.g., harbours) or within the Igboratory {(e.g., [or depuraion before
analysis, tor studies of contaminant dynamics).

8. The species exhibits high bio-accumulation factors, fo allow analysis without
preconcentration.

9, The species tolcrates brackish water, to allow comparisons between estuaring and
offshore sites. Huowever, offshore animals may show  surposingly high
contaminant concentrations and burdens (total amount of contaminant in the
animal of tissucy, and,
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13.  The species must be easy to identify with certainty (Philhips et al. 1980). This
was a problem in some early programmes where Mytilus trossulus was an
unrecognized species in sample collections (McDonald and Koehn 1088),

These attributes tend (o limit the useful species to a group of moderately large,
abundant, widespread, well-siudied, mter-ndal species, mainly mollusca.  Filter-feeding
mollusca tend to reflect contaminants in the water column: deposit feeders are also
influenced by sedimentary contamination. Sediment working both by organisms and water
currents will average short-term variations in contaminant leading.  Appendix 4 lists
species that some scientists sugmest for use in monitoring various metallic and
~ organcchlorine contaminants in rocky and muddy intertidal areas in United Kingdom
waters.

In practice, availabality, scientific knowledge, and an understanding of the ability of
a species to reflect environmental contanneant concentrations, determines which species
are uscful as monitors. If the latter information is unknown, 1t must be obtained either
from the scicntific literature {e.g., Phillips 1980) ar by a pilot stedy. Final selection should
be made in consultation with a knowledgeable biclegist. Common mussels, (Mydilus
edulis, M. trossufus, M. califormianus, and M. galloprovincialis) are generally suitable for
spatial and trend monitoring programmes in temperate coastal waters, Oysters have been
suggested in Lropical waters, but their speciation may be a problem (Phillips et al. 1980).

Other species can be used for emvironmental monitoning purposes, provided they
accomulate contaminants in relation to environmental contaminant  concenirations.

Several studies have employed fin fish {e.g, Misra et al. 1993, ICES, 1939, 1991).
Aquatic plants have also been used.

56  LOCATION OF SAMPLING SITES

5.6.1 Spata! Environmental Monitaring

Hot spots usually cxist in cstuarine and coastal areas where anthropogenic wastes
are discharged. The offshore arcas where hot spots are most likely to occur are waste
dumping sites and oil platforms. However, Uthe and Chou (1987} found higher cadmium
concentrations and burdens in scallops (Placopecten magellanicus) collected oflshore
compared with concentrations in equivalently-sized nearshore scaliops, including ones
from a cadmium-contaminated area. They suggested nutrition and growth fhctors
accounted for this. Therefore, cantion is needed when comparing inshore and oflshore
populations.
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A decision to monitor contaminanl concentrations in hot spots should be taken
only after consideration of the discharges te them. If the pilot study leads to action 1o
reduce inputs, it is approprate to monitor o sce 1f the new controls result I lower
contaminant concentralions in organisms. If no regulation of inputs is considered,
monitoring is justified only to updaie the results of the piot sludy, or where there is
knowledge that discharges might increase in the future, Olher sampling sites may be
inchuded in the programme to include clean and moderately contaminated areas. All
sampling should be done by scientific personnel using research er chartered boats instead
of fishermen, {0 ensurc sample continuity and integrily.

Precise sampling locations must be recorded, because small spatial changes
(resulting in large biological or emviromneniul churge) may strongly infinence the final
data fie., "mussels from the harbowr wall” must specify the exact point on the harbour
wall). It is esseniial to record details identifving the sample site, including a mep and a
photograph (with identifying marks and scee).

5.6.2 Trend Monitoring

In hot spots, once conlamninani inputs are reduced, contaminant concentrations in
monitaring organisms should decrease over a tairly shorl interval, One can employ a
simple technique (e.g., the use of pooled samples), if a large decrease is capected. In
situations (e.g., more distunt arcag), where smaller changes are expected, more complex
methods are required to detect them with stabistical confidence (ie., the variance must be
reduced). Methods are available for reducing variance by using measured biological
fuctors {e.g., length, weight, sex, fat content) and contaminant concentrations in mdividual
specimens (Misra et al. 1993; Uthe et al. 1991a&b). These techniques are much more
gxpensive to employ; therefore, moniloring [or small magnitude changes must be carcfully
justified before using them. Usually, it is belter to use a single pool, remembering that
only very large changes wili be detected,

5.7  PERIOD AND FREQUENCY OF SAMPLING

5.7.1 Spatial &) d monitoring

Tor spatial wmonitoring, all samples should be collected during a shont period
{within 1-4 weeks) 10 vield an averview of contaminant concentrations in the study area.
This also helps to ensure that all specimens are 1n a similar physiological state. [f one
expects large annwal changes in the gquantity and compaosition of inputs, annual or bieanial
samplings are appropnate, Experience bas shown that changes in conlaminant inpuls
oftcn affcets only the immediate discharge area {hot spot). Tt s these areas where more
frequent monitoring should be conducted.
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For trend monitoring, the fraquency of sampling must reflect: 1. The time scales
over which the changes must be detected; 2. The degree of confidence required in the
measurement of these changes; and, 3. The available laboratory resources. A monitoring,
programme in which the proposed work s less than that needed 10 detect the desired
changes in contaminant concentrations is frustrating and wastes resources.  Also, if the
original programme arms cannot be met with the available resources, they must be
replaced with oncs that can be.

It 1s sensible to sample an arca once every Hve years of 50 il no change in inputs is
expected. More frequent sumpling can be jusified if more data is requircd for other
purposes (g.g., to reassure the public that contaminant concentrations are not changing).

Seasonal varigtions in food supply, reproduction, behaviour, and oiher
physiological functions cause changes in tissue weights, fat content and compesition, and
water content. These influsnce tissuc contaminant concentrations. Sampling should be
during Lhe pre-spawning petiod to minitze these variations. The timing of the spawring
period varies with specics and location. A knowledgeable biologist shonfd be consulted.

58 SIZE OF SAMPLE

5.%.1 Spatial and trend monitorine

IF cither the analytical resource or the amount of sample material is Emited, all
specimens in a sample are often pooled for analysis. If the specimens were not soricd
{e.g., selecting a small size range), no information will be obtained on the efect of animal
dize On contaminant concentrations. Site-to-site diffcrences can still be assessed with
some level of confidence by pooling enough specimens to reduce the pool-fo-pocl
variance and analvsing cach pool several times. This mintmal technique (Single Paol
Techuique) pools sullicient specimens (c.g., 20-25) to justify an assumption that the
analytical variance is now the maor variance. (Sec Appendix 5 for further puidance). If
contaminant concentration 18 significantly related to animal size (i.e., size explaing much of
the animal-to-anital variation in conlaminant concentrations), scleel a small size range to
reduce number of animals requircd.

For monitoring, to cslimate the pool-te-pool vaniance, it 1s betler (Van der Meer
1989, 1990) 1o use 4 few equivalent pools at each sile, instead of one large pool. The
number of specimens per pool and the mumber of pools per sample site will be determined
by the size of the change considered significant (Maltiple Pool Tecknigue).

Analysis of individual animals (fndividual Specimen Technigue) is costly and
recommended only for studies in which it s essential to detect small changes {e.g. of the
order of 10-23%) in contamination. Samphng a small size range mav reduce the
contaminant variance; howcver the effects of the other biological and physiciogical factors



cannot be easily conirolied or considered.  Techniques and measurements that enable the
statistician to reduce the effects of these factors on the variance can be employed (Misra et
al. 1993, Uthe et al. 1991a&b), if it is cssential to reduce the variance furiher,

Selection of one of these three lechniques for an environmental monitoring
programme must be made with great carc, in consultation with a statistician who can
weight the costs and benefits of each with respecr to the specific situation beiny studied.
The basic rule 13, "The smaller the change in mean contaminant concentration that one
wishes to detect with a fixed level of statistical confidence, the greater the costs in both
time and resources.” It is our opinion that the Single Pool Technique is sufficient for
environmental monitering in most areas, with the others needed only in specific, critical
arcas.

5.9 SELECTION OF TISSUE

5.8.1 Spatial and irend monitornng

For mollusca, usually the whole soft tissue is analysed, in large crustaceans, the
digestive gland {hepatopancreas) is often used because it concentrates both metallic and
organic contaminants. Ththe and Chou {1987) noted the importance of removing this
gland immediately {within 1 minute} after death to prevent antolysis and cadmium loss
from the tissue. It 13 essential that investigators determine the effect of their post-mortem
procedures on 1issue contaminant concentrations. Procedures may have to be modified to
prevent such changes (e.g, frecze dryving tissue can only be used if the laboratory has
shown that freeze drying does not cause loss ol volatile contaminants, such as
organochlarine pesticides).

For {ish, muscle 1s usually the tissue of choice {(e.g, 1ICES 1989), probably because
of its public health concern. However, the laboratory must vse storape and handling
procedures that do not alter contaminant concentrations {e g | the problem of "drp" | i.e.
the loss of fluid from thawing rissue, which can be as great as 40% of the tissue mass,
from frozen [fish muscle tissue [Uthe and Chou, 1988]). Sampling muscle tissue must be
carefully defined (e.g., take: 1. The cntire musculature comprising the red and white
muscle from both sides of the fish, 2. Ouly the white muscle; or, 3. A portion of the white
muscle fiom a defined site within the musculature). Liver and kidney tissues have alse
been used (ICES 1921) because most toxic trace metals accumulate in them, Fatty tissues
aceumulate the organcchlorines and hydrocarbons of concern.
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5.9 2 Nonnglization procedurcs

Tissue contaminant data can be reported on a dry weight basis (i.e., pgg! dry
wi.} or a wet {undried) weight base {e.g , pg-g'l wet wt., generally used for public health
data). Because drying is a common part of many analytical protecols (see RM. No. 7
"Sampling of Selected Marine Organisms and Sample Preparation for Trace Metal
Analysis" and BRM. No. 12 "Sampling of Selccted Marine Orpanisms and Sample
Preparation for the Analysis of Chlorinated Hydrocarbons™), the reader should record wet
weight:dry weight ratios.

For lipophilic organic coniaminanis {e.g, organochlorine pesticides)
concentrations are often expressed in pg-g‘I tat wt. {where the fat content is measured or
estimated, €.z, as Hexane-Extractable Organic Matter).  This results in some
nomalization for seasonal or spatial differences in the fat content of the orpamisms. Both
dry and fat weight measurements also must be subject to guality control.
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6. PUBLIC HEALTII MONITORING PROGRAMMES

Most of the preceding sections alsa apply to public health monitoring, Therefore,
the following will discuss only specific wtems of public health momtoring,

6.1  AIMS OF MONITORING PROGRAMMES

The aims of public health monitoring programmes are; 1. To compare contaminant
concentrations in the edible fish tissues with national and foreign regulations {detenmnine
compliance); and, 2. To estimate the exposure of fish consumers to contaminants.

A pilet study 13 needed in places where likle is known aboul contaminant
concentrations in local fishery products. Based on knowledge gathered from published
information, it measures selected contaminant concentrations in pooled samples of edible
fish tissue. The pools are prepared from specimens collected at the "near-consimer” level
{e.g., sarapling off fishery vessels when they return to port, sampling in fish plants). Based
on 2 cembination of published information, hisheries statistics, coastal maps showing arcas
receiving conlaminant wputs and nearby fisheries, and a hstfing of contaminant regulations
{e.g., FAQ 1989), the head investigator sclects conlamunmants and 1-2 commercial fish
species (to use as "surveillance” species) for the pilat study.

6.2 PIOYT STUDY
The pilot study can:

1. Provide information on contaminart concentrgtions in edible tissues of the
surveiliance species and the need for continuing surveillance,

2. Identity marine areas sufficiently contaminated to require fishery controls and,
possibly, a monitoring programme 10 assist management of contaminated
cominercial fisheries; and,

3. Suggest the need for determining contaminant concentrations in  other
commercial species.

Once a pilol study has been evaluated, the investigator must prepare protocols for
future public health monitoring programmes,  Each protocol will specily the information
needed to meet the specific aims, and the criteria to obtain the required data guantity and
quality.
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6.3 DESIGNIRG A MONITORING 'ROGRAMME

Similar factors must be vonsidered in the planning of a public heath monttoring
programme as were considered in the design of environmental monitoring pregrammes.
The investigator must:

I Design g sampling programme for commercral species of inferest; selecting encugh
specimens of various sizes for each pooled sample 10 ensure the sample represents
the population of the commercial catch. Satnpling must be designed to provide a
statistically sound basis on which 0 judze conianunant concentrations in the
sample against national regulations {determine compliance), Instruction sheets
must be prepared and issued fo the field staffl A slatistician most be consulted,
Bany countrics have alrcady developed sampling protocols as part of their public
healih monitoring programmes.  ‘The pringipal tnvestigator must be aware of all
public health monitoring protecols of counires whese the fish are (o be marketed.

!;xJ

Ensure that samples are collected, stored, and transported to the laboratory in a
way that minimizes losses and gains of contaminainls before analysis,  Advice on
this is found in the 1INEP Reference Methods series,  Apain it is essential ko
prepare instruction sheets for field and laboratory staff,

3. Aarange for the samples to be processed and analvsed using methods that have the
required accuracy and precision.

4. Ensure there is an suitable system of sample documeniation and continuity from
specimen collection to recording analytical data.

6.4 SELECIION OF CONTAMINANTS

The selection of contaminants for study will b detenmined by: 1. The findings of
the pilot study (i.e., which areas and species required further study); 2. The need to meet
national and foreign regulations; and, 3. The need to inspect other commercial fish species.

Because regulated limits for many contaminants (e.g., cadmium, dieldrin) in fishery
products are low, the analytical methods must provide the required daia quality. The head
investigator, the stalistician, and the analyst must agree to the degrees of accuracy and
precision required and the limits of detection to ensure compliance of the product.
However, lcss than values {(a bane of most enviconmental trend studies) that are
significantly lower than regulated coneentrations are acceptable in compliance gudies. In
practice, measured conceniations are often simply judeed against regulaled values and
rapid analylical methods wath detection limits one-tenth the reputated values may be
acceptable (e.g, a detection fimit of 0.01-0.1 pg Hgg'! may be acceptable for
determining compliance with a regulation specifying 1.0 pgg-1). A system of quality
assurance framed within national legal requirements must be operational.
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6.5 SELECTION OF QORGANISMS

The results of the pilet study can be used to suggest ather fishery products for
sudy. If the pilot study has identified het spols, olher commercial fish specics from these
arcas may require study. Shellfish species, in which the visceral tissues are commonly
eaten, warrant special attention becauvse visceral fissucs generally accumulate toxic metal
and organic contaminants.

6.6 LOCATION OF SAMPLING SITES

6.6.1 Comnmercial Fish Stock Studies

Wilh the fishing industry and local fishery experts, it should be easy to develop a
programme for surveying the major stocks of commercial fisheries. Fish and shellfish
samples can be obtained from the fish markels or from fishing vesscls or research ships
that are opcrating in commercial fishing areas. The hasic requirement is to take a
represeniative sample of the commercial catch from each siie and analyse the usual edible
tigsuies.  Bome counlries may specify the exact sampling procedures for public health
moniterng,

Usually, fishermen do not take precautions during handling and storage other than
to ensure catches are fit for salc. The [ish merchant and the consumer usually do not use
crreful dissection procedures, ether than from a public health viewpoint, The scientist will
usc carcful sampling and pretreatment procedures to mimmize inadvertent contamination,
This may result in some difference between contaminarl concentrations in scientific and
commercial samples.

6.6.2 Contaminated lishery Monitoring

A commercial fishery may be stopped because the concentration of a contaminant
gxceeds national regulations, Alternately, the fishery may continue with the product being
exported o countrnies with a less stringent regulation.  Sometimes fishing s controlled
only in smalf arcas of the fishery (i.e, hot spots). Based on the worth of the affected
fishery, varicus monitoring programumes may be set up, ranging from a simple, infrequent
surveillance sampting of the hot spots for less waluzble specics, to full monitoring
programmes that are used in extremely vaiuable fisheres: 1. To complement pollution
conlrol activity; 2. To minimize greas of impact; and, 3. To reepen fisheries at the earlicst
possible moment {e.g., Uithe et al. 1987)
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6.7 PERIOD AND FREQUENCY OF SAMPLING

Unless there is & seasonal fishing pattern for some species, samples may be taken at
any time of the year. However, biclogy and behaviour {e.g., reproduction and migration)
may require sampling in predetermined periods {e.g., when one expects highest seasonal
contaminant concentralions), A typical menitoring progranune in offshore fish stocks
might be a survey every 5 years. A more frequent sampling prograinme (€.8., annyal) may
be needed in hot spots or where concentrations approach or exceed regulations. Increased
sampling should be limited to the species and contaminants that cansed the concern.

6.8 SIZE OF SAMCLE

The size(s) of crganisms taken for a sample must be based on catch information
and markcting patterns. In the simplest case, sullicient numbers of specimens from the
commercial fishery (representing the usual size distribution in the commercial fish) are
taken for one pooled sample. If a rangre of sizes is sold, then these dillerent sizes might be
analysed {e. g, small, medium, and large). The number of specimans per sample must be
sufficient to minimize variation (e.g.. 25 for the single pool, 5-10 individuals from each
size range of fish and large shelifish [crabs, lobsters], 50 for small shelllish [mussels,
shrimps]).

6.9 SCELECTION OF TISSUE
Cuoly edible tissue are analysed for contaminanis, however, their selection is

dependent upon consumplion customs, which can be expected to difler among countries.
National regulations will frequently specify the tissues to be analysed,



Appendix 1
GUIDANCE ON THE PLANNING OF A PLLOT STUDY

Desk Study

[t is impodiant to find out what is known about contaminants in the proposed species and
study area before starting any field work.  Some of this information can be found by reviewing
relevant scientific articles and other published material {¢.p., books, confercnce proccodings).

Anmnal repords of other marine institutes, local and central governmental institules, and
industrial research laboratorics are also usefi] sourecs of data, as are unpublished scientific reports
from these orpanisations.  IF these sources provide uscful data, it is pood practics to contact
scientists from the relevant organisations to identify whether there are other unpublished data or
inforation that might be usciil to the investigator,

This review can often provide data on (he corrent contamimant concentrationy m water,
sediments, and biota and, occasionally, information on mmputs of contamimants to the area wva
rivers, pipelings, and dumping from ships. It also may roveal the type of industry and agficultures
iocated in the coastal remon, the range and scale of potentially toxic substances used by them, and,
possibly, information on their discharges to rivers and the sea. These Tatter data should be venified
by contacting the local or mational authority that has responsibility for regulating discharges
nvers and coastal waters. “This authority also should be approached for infommalion on the past
and present discharpes to the area.

For publiv healh work, the investigator must identify the fish and shellfish species that are
caught for human consumption and the relevant national and foreign regulated limits for
contaminants m marine foodstufls. Information on ¢ommercial catches can be obtained from sther
lgcal fishermen or their reprosmmiative organisations, or local or cential povernmental fishenies
departments, Tnfurmation on fowd regulations can be obtained from intemnational agencies (FAQ,
1985}, local enviromment=! health departments, or the national govemment department responsible
for food zafety.

Thia revicw should enable the principal ovestigator to identify the sutic of contaminants
and the fish and shellfish species that must be given priority in the pilot study for public hcalth
purposes. It also will give sorng seneral puidance on the species to be sclected for spatial and trend
monitoring  purposes.  Howgver, before the principal mvestigator can plan this lafter work,
additional study is needed to identify the locations whers samples will be collested.

Identifying Sampling Sites

The pilot study must cover all areas that are likely to be contaminated and others that,
from 2 hydrographic and input viewpoint, are unlikely to b significantly affocted (e, sites located
far from industrighized areas or those located in inshore arcas next to less populatcd and
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industrialized areas). Comparisons between inghore and offshore samplcs of certain specics (cg |
shellfish) must be carmed out with caution.

The concentrations and exient of contamination in coastal and estyatine waters ig
determined by:

- the rate of input of contarminants;
- the location of the individual inputs;

- the compasition of the waste - whether the contaminants are in solution, attached to solids,
ot associated with mixtures of solid and liguid; '

- the ditution and dispersion of wastes following discharge; and for discharges containing
solids, the settlement of solid matenal 1o the seabed sediments; and,

- the physical and chemical processss in the sea (1., adsorption and desomtion of
substances between dissolved and particulate phases of seawater).

Unless the principal invesigator has a good working knewledpe of hydrogmaphy of the
tocal area, it will bonecessary to seck the help of a hydrographic expert o decide the hest locations
For sampling in relation to known inpuis.

Assuming the prmcipal investigator can provide the hydrographor with the relevant
information on wnputs, and that the hydroprapher has a good understanding of the hydrographic
characteristics of the arca (ditection, specd, and variabilily of currents, salioity, and temperalure of
the water masses, and the freshwater flows o the sea), it shonld be possibie to caleulate the
theorctical dilutton and probable dispersion of wastes at estuarine and coastal sites.  Thig
information can then be uwsed to identily the locations where organisms are exposed to
contamination and the adjacent arcas where they probably will not be sebject 1o conlamination
(i.e., clean or ¢conlrol areas).

If expert hydrographic advice is not avalable, the prancipal investigator should establish a
samphtg grid along the Likely gradient of conlamination; with sampling sites al progressively
n¢roasing distances from the input (100n, 300m, 1000m, 3000m ctc.). Tf a river is the proncipal
source of contamination 1o the study area, the imvestigasor can estabhsh a sampling grid along the
salinity gradient. [ is ensy to calculate the dilution of river water, and the corresponding dilution
of contaminants, by measuring the salimty at locations m an estuary and comparing these
measurements with the salinity valies of the water entering the estuary, For this caleulation, the
investigator assumes that river water has zero salinity and that the contaminants behave
conservatively during mixing of freshwater and seawater.

Specimen Size

The concentration of some contaminants can vary with sizc in many specigs. It is
important in spatial and trend monitoring to reduce this source of variability in Lhe data to dedect
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differences m mean contaminant concentrations hetween sites and with time (zee Appendix 3). If
this relationship is unknown before starting monitoring, it nst be cstablished by the pilot study.

Ta do this, the investipator must collect a representative sample of each population of
specics at selected sampling sites. This sample musl nclude sufficient numbery of specimens to
cover the size mnge of the species usually captured.  The investipator should consull a
knowledgeable biologist for guidance on the size ranges a statisticlan for an approprate Jength-
stratified sampling plan.

Selection of Tissue

Therc is considerable scicntific likeraturs on the accumulation of contaminants by varous
tissues of Jifferent specics {(e.o., Phillips, 1980). It is advisable for the investigator to check thas
aspict for the species to be examined in the pilal study. It i8 also advisable 1o consult a
knowledgable biochemist or bologst to deeide the best procedure for tissue dissection, to ensure
that there is no possibility of one tissue contaminating another.

The investigator shoubd investigate the relationship between the contaminant concentration,
tissue, and size of organism by analysing tizsue from different-sized specimens, mther than by
analysing pooled samples; even if the latter consist of several mdinduals of a small mize range.
However, if analvtical resources arc limited, 11 may be nocgssary for him 1o cstablish this
relationship by anulysing pooled sampdes. A statistician's advice should be soughit.
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Appendix 2
DOCUMENTATION OF DATA

Use of the following guidclincs should provide adeguate documentation o zllow a
laboratory to track samples from sample collection to the project compietion by recording the
appropriate data in loghooks or in compuler files.

Documentation

1. Descriptions of the sampling strategy, methods of sampie collection, sample codings,
procederes For storage, and pre-treatment and anzlytical procedurcs, plus a list of ancillary
observations for each stte;

2. Sample documentation (description of species, numbers of specimens collected for each
sample, weights of tissuc taken for analysis [individoal tissue or homogenate|, plus
angillary data on orpaniems [e.e., length, weisht, and agee, as required]);

3. Description of analytical procedures, including details of accuracy, procision, and limit of
detection for cach measurement;

4, Descnption of working standards used on each occasion, salculations of results, and data
handling,

5. Description of quality control and quality asscssiment and evidence that these procedures
have heen applicd at all steps and have provided aeceptable data;

6. A secure system for the long temm storage of data either in loghooks or electronically is
easential. Duplicate records should be kept sepuralely in case ong sct is lost,

Advice should be sought on storing electronic media (eg., computer tapes and disos) to
ensure long-tenm stability of data files.

Data Storape

Even expenenced persommel mauke simple anthmetic ¢rrors m calculating resnlts or
transiation and transcription errors {g.g., the retyping of data sets). Thus, a check must be made for
ariflunetic errors before compiling tables of results. All tahkes, cte. also must be checked carefilly.
Once this has been done, it is appropriate to carry out a preliminary assessment of the quality of
the data, before its evaluation and publication, to ensure that no crronsous results are included.
Thiz agscssment can include a companson of the tosults with existing data (ic., data for the study
area either previonsly collected by the laboratory or data published in the literature).  Before
gonsigning data to long-term storage, a final check must be made (o ensure that no crrors have been
made in data handimg, from the first sample codmg, through all measurcments, translations, and
transcription to the final report. Mcthods for controlhing data handling errors are given in Uthe ot
al. (19%1a).
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Appendix 3

EXAMPLES OF CHEMICAL SUBSTANCES MEASURED IN MARINE
ORGANISMS FOR MONTTORING PURPOSES

Trace hMetals

Arsesic (As), Cadmiwn (), Chromium (Cr}, Copper (Cu), Lzad (Fb), Morcury (112), Nickel (Ni), Tin
(S, and Zing (2.

DOTs snud Thaeir beraboliles
p.p-DDT, p,p"-DDL, p,p'-000 (pp'-TDE), 0.p-0DT, 0,p-DDE, and o,p=D00.

Other Clilorimaied Pestivides other dhan DDT

Aldrin, a—Chlordane, Trans-Monachler, Dieldrin, Hepiachlor, Heptachlor epoxide, Hexachlorobenzene,
Lindane {v-fIC11), aad Mirex {possibly Fndosulfan [Thiodan| I and 1T and Endosulfan solfale, Evdon, o-
HCH, Toxaphene [Strobane]}

Polychlorinated Biphenyls (PUBg)

Measurenznts ave wsually restricted either to a small munber ol individua! chlorobipBenyls (koown as
PCE congeners) ot 1o cslimates of the total PCE coment based on the use of technical anxtures as
slandards.

Palyinclear Arotatic Hyd rocarbons (PAHS) Thest can include:

2-nipg compounds  Naphihalene, L-Mcthylnaphthalene, I Methylnaphthalene, and 2,6-
Dimzihlnaphthalens,

3-ving compounds  Fluorene, Phenanthrene, -Methylphenantheene, and Anthracene, Acenaphibicne.
4-ring compounds  Flugranthrene, Pyrene, and Beng|a|anthrucene
S-ring compounds  Chiryseng, Benzo[#lpyrene, Benzofe]pyiene, and Dibenz|a Alanthracens.

For the purposes of the long-lerm programme for pollution moniledng and rescarch in the
Mediterranean sca (MED POL - Phase II), the following chemical contaminants were identilied for
MSARUTSIEnL i pEAnne organisms,

citepory | {mandatory) - total and orgatic mercury, cadmium, and halogenated hydeocarbons.

caiegory I [optional) -  total arsenic, radionuclides, and TATTS,
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Appendix 4

A. LIST OF MED-POL SPECIES

For the purposes of lhe long-term programuw: for pollution monitoring and research in the
Moditcrrancan sca (MED POL - Phase II), the following species (pearly all edible), representing differem
cootypes, e vecommended or (he monitoring of chemical contaminanis in manne orgznisms.

1. Bivalves
Adytitus gafloprovincialis, ar
Avritus edulis v

Perny pern, o
Blewrax truncufus

AL edhatis, P pera, of D frumenfus can only be tnonitored as alternative specics if A
gidlopravincialis dogs nok Gocut in the area.

2. Bemersal fish
Mullus bovbatas, of
Adullus sirsindetus, 01

Lipeneus molluccensis

M swrmuletus or U7, molisccensiz com anly be monitored as alternative specics if A barbatus doss nol
occur in (he area.

3. Pelagic carnivore fish
Thunnus thimnes, ot
Thunnus afalunga, or
Xiphias gladius

4. Pelugic pltanktos fecding fivh

Sarding pilchordus

Other clupeids shonld enly be monitored 35 slternative species iIF ¥, pilcherdes docs aof vocur m e
a3,

5, Crustaceans
FParapenaens longirostris, or
MNephrops nervegicus, of

Peraeus keratitarus

N morvegicus of P. kerathuras can only be monilored #5 altcrnative specics if P, Jongirastris does not
Goour in the area,
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B, LIST OF POSSIBLE ORGANISMS FOR THE ASSESSMFENT OF
CONTAMINATION IN THE NORTH ATLANTIC REGION

Cd Hg Cu Cr Pb Zn HH PIC
Rocky substrate

Mytilus edulis + + T o+ o+ o+ o+ +
{commen mussel)

Livtorina lifforea + S T T
(gastropod})
Patella vilyei + + + =

(limpet, gastropod)
Muddy substrate

Scrobicidaria plana (da Costa) { T
(peppery furrow bivalve)

Macoma balthica + + T+ o+ o+
(bivalve)

Mereis diversicolor + : \- + + +
{annelid)

Key: += appears to act as good indicator
?= doubt about use as indicator
HH = halogenated bydrocarbons
PHC = petrolewn hydrocarbons

NOTES: The orgamsms lisicd for muddy subsiralcs are all deposil oders, whilst (hase for rocky
subsirates are filter feeders or herbivores. It is onlikely that contaminan corcenmations in (he
tissues of the iwo groups will reflect contaminant concentrations in the same part of (he
manne cuvirotmenl.
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Appendix 5

DETECTION OF DIFFERENCES IN MEAN CONTAMINANT
CONCENTRATIONS IN MARINE QRGANISMS IN RELATION TO SPATIAL
AND TREND MONITOGRING PROGRAMMES

Natura! variabtlity in confaminant concentratinns in maringe organisms within and behween
populations of a species is an important factor W be considered when designing a programme to
detect sigruficant differences in mean ¢contarminant concentrations over time or space, The ability
to determing whether differences in mean contaminant concentrations are slatistically sipnificant is
dependent on the difference bulbween the estimated mean contaminant concgntrations in the fwo
populations and their respective variances.  “The investipator must determine the desien of the
sampling programme to minimise and estunate these vanances, the precautions taken to ensore that
sample handling vanability 15 mininised {cclicction, storage, and dissection of samples before
analvsis), and the ability of the amalyst to minimise the measurement variability (i.c., good
analytical precision), and all other sources of ecror. In practice, iU iy the first of these factors that
often determines the suceess ot otherwise of montoring programmes, Considerable progeess has
been made in improving both analviical performance and sample handiing 1o the point where they
may no longer be limiting featurcs in monitaring programmes,

[t is noecssary, therefore, 1o examine and quantify this natural vanability for the species
and contaminant{s) to be tnonitored, either during the pilot study or by carrying out & apcesal
invgstigation before starting the monitoring programme,  Individual specrmens, spanning the size
range, should be collzeted from oue or more (if suificient analvtical resources are availabley spevics
at onc or morc sites, analysed for the contamisants in question, and wntra- and intersite variances
estimated. Dascd on this work it is possible to seleet the appropriate number and size (or range of
gizcg) of organisms to minimise the between-sample variance. These future samples can either
consist of scvetal individuals that can be analysed separately, or ndividuals that can be pooled for
examination. Before making any Mnal decision on this matter the investigator should discuss the
results of this study {and proposals for future sample composition) with a statistician,

This problem was studied by Gordon st al. {1980}, who investigated varability 1 trace
metal concentrations in two populations of Afuy coliformianns, theough the analysis of randomly
selected individual orgamisms on two separate occasions. They found coefficients of variation of
18-40% =nd concluded thal 20-100 specimens a site {population) was required to detect a mean
concentration difference of 20% between sites. Differences of 40% could be detected by analysing
only one-third this number of specimens per site. These results may be compared to those obtained
by Bryan et al. {1980) lov Serobicularia plana {da Costa), which indicated that a difference of
30-40"% in metal concentration could be detected between sites by amalysing three pools per site,
¢ach pool containing six animals.

See also Topping {(1933) for statisiical appreach to the selection of numbers and sizes of
fish in relation to trend studies, .
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