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MED POL I : BASELINE STUDIES AND MONITORING OF OIL AND PETROLEUM

HYDROCARBONS IN MARINE WATERS (Prepared by IOC)

1. INTRODUCTION
This report is based on the following material:

a) A compilation of the individual reports of the Principal
Investigators of MED POL I (UNEP/IG.18/INf.3) presented to the
UNEP Intergovernmental Review Meeting of Mediterranean Coastal
States on the Mediterranean Action Plan (Barcelona, 11-13 February 1980).

b) An ad hoc I0C document entitled "Summary report eon the scientific
.‘ data of the Pilot Project Baseline Studies and Monitoring of
0il and Petroleum Hydrocarbons in Marine Waters - MED POL I."

c) The fipal reports from the Principal Investigators in the following
countries: Cyprus, E£qypt, France (Montpellier), Greece (Athens,
Demokritos and Thessaloniki), Malta, Spain (Cadiz), Turkey and
Yugoslavia (Zagreb), cavering the period up to March 1980.

II. AREAS STUDIED

Most of the areas covered so far by the participating Research Centres are
rather limited; indeed, some of them are very local. The reasons for this
are mainly logistical; e.g., availability of suitable ships and adequate
manpawer to carry out the MED POL projects. Nevertheless, the Israel
Oceanographic and Limnological Research Co. Litd., in Haifa, conducted
several cruises covering most of the Levantine Basin, and the Demokritocs

Nuclear Research Institute in Athens was able to sample regularly various
. sites in the Aegean Sea and, at a later stage, a part of the Ionian Sea as
well.

Although UV fluoroscence data are now available from 10 institutes the
southern coast is still insufficiently covered. Several important coastal
regions with fisheries, tourism and industrial activities ars covered by
the Pilot Project. When more results and experience have been gained from
MED POL VI (coastal transport of pollutants) the results from these areas
may become valid for parts of the coast not yet included in the studies.

III. MATERIAL AND METHODS

Qil Sticks: The procedure recommended in the I06C Manuals and Guides Ng.7
was generally followed by participants in MED POL I.

. Floating tar balls: The Manual leaves considerable freedom to the
. participating institutes as far as choice of eguipment and frequency of
abservations are concerned.




Tar on beaches: Various techniques had been favoured by the Principal
Investigators, although the Manual calls for sampling of a few lm-wide
strips on each beach and with a frequency of at least every two weeks. All
Principal Investigators used stria sampling in one way or the other. One
of them also used sampling of l-m”~ quadrats for complementary

information (with an accompanying uncertainty in the reporting as to which
data came from the use of which method). Some of the reports reflected
sampling every 15 days, end some others, sampling apparently every %9th and
10th day. One institute reported a variant of this with sampling every 9th
and 10th day in each month.

Dissolved/dispersed hydrocarbons: Most of the Principal Investigators!
reports indicated that they adhered to the Manual. Most reports contain
data for the lm depth and the sampling seems to have been carried out
according to the Manual in most cases. However, most investigators seem to
take one sample at each occasion and only few practiced multiple sampling
or reported data from multiple samples.

Two different analytical techniques have boesn employed: infra-red
spectrophotometry and ultraviolet fluorescence spectrophotometry. Most of
the Principal Investigators seem to have followed the procedure in the
Manual or at least something rather similar.

One of the Principal Investigators reported data from sediment analysis.

So far several of the participating Research Centres have not participated
in the intercomparison exercise which was only partly successful. The
shape of the chrysene emission spectrum, and the fact that, for some of the
samples, the emission maxima appeared at wrong wavelengths, suggest that
the intercomparison exercise did not show the true comparibility between
the participating laboratories.

IV. RESULTS

0il Slicks: The data reported within MED POL I are very few. The
observations are only qualitative or at best semi-quantitative.

Floating tar balls: This companent of MED POL I provide a simple
guantitative method of monitoring one of the results of petroleum
hydrocarbon pollution: the quantity of weathered oil in the form of tar
balls. Since tar balls come mainly from tanker operations, other shipping
and accidental spills, monitoring of tar-ball concentrations over a
reasonable time period should provide information on the effectiveness of
measures that have been introduced toc reduce o0il pollution from these
sources.

Data are reported from only a few of the Research Centres, making a
temporal and spatial evaluation of the floating tar balls premature.
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Tar on beaches: It is apparent from the differences in values obtained at

different beaches that some are strongly susceptible to contamination by
tar balls whereas others are almost completely free. The concentration of
tar balls appears to depend upon the exposure of the beach to prevailing
onshore winds (and sometimes currents) with a fairly long stretch of open
water. Examples from Cyprus and Malta illustrate this point. A beach on
the south-western coast of Cyprus exposed to the onshore prevailing wind
has a far higher concentration than a beach on the south coast sheltered
from the prevailing winds by a headland. Similarly a beach on the western
coast of Malta exposed to the prevailing westerly winds has a higher
concentration than one on the eastern coast that is effectively free from
tar.

Information from Greece shows that a beach in Patraikos Gulf, which is
exposed to the westerly winds, has some tar, whersas a beach in Messiniakos
Guif, which opens to the south, is clean, as are the beaches monitored on
the islands of Lesbos and Crete. The seasonal variation also seems to
depend on the strength and direction of the preveiling winds. O0On the coast
of Cyprus, concentrations are higher in winter than summer, correlating
with wind strength and direction. A similar seasonal variation is apparent
for the western coast of Malta, whereas a beach in 3 bay on the south coast
of Malta showed some contamination during the period of the sirocco in
1977. Similar correlation between tar concentration and wind strength and
duration was reported from Egypt.

Apart from these general conclusions, the interpretation of the data is
difficult. Where values have been determined on the 9th and 10th days, the
concentration after the first day is usually far higher than the value
after 9 days divided by 9, but not equal to the value after 9 days. In
other words the beach sorts itself out fairly quickly but needs more than
one day to reach equilibrium. Thus the concentration should not be
considered as an accumulation but should be regarded as an instantaneous
value of the mean tar concentration on the beach.

The concentration recorded on any one beach will also depend on the
character of the beach, including its slope and tidal range; consequently,

any regional assessment is extremely difficult.

Dissolved/dispersed hydrocarbons: The data for dissclved/dispersed

petroleum hydrocarbons may be divided into twe groups depending on the
analytical techniques used:

Aromatic hydrocarbons

The technique adopted for MED POL I, UV specirofluorimetry, is sensitive
(but not specific) to those aromatic hydrocarbons that are considered to be
the more hazardous components of petroleum oils in the marine environment.
If the type of o0il is known and samples are available (as may be the case
in a tanker accident), then it is possible to use this technique to
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determine the concentration of the oil in the seawater samples. However,
in a monitoring programme, the type of o0il is not usually known and
comparison against some standard is necessary. The standard chosen for MED
POL I was chrysens, but not all the results were reported in concentrations
referred to chrysene., The gravimetric concentration of the pollutant oil
may be from 2 to 20 times the value in chrysene units, depending upon the
type of o0il and the proportion of aromatic hydrocarbons it contains. The
oil is often not strictly dissolved in the sea-water, some of the
hydrocarbons being associated with particulate matter; hence the sea-water
cannot be considered homogeneous. In sampling such a heterogensous medium
the concentration in the sample may depart considerably from the mean
concentration in the sea-water. The concentration also varies with depth.

Total extractable organics

Some institutes where U.V. spectrofiuorimeters were not available have
submitted data obtained by infra-red spectrometry. The methods used, .
although not identical, are sufficiently similar for a comparison to be

mada. The methods are sensitive to the organic compounds in the sea-water

sample that are extracted by the solvent used (normally CCl&) and so the

value presented may be regarded as the concentration of total extractable

organics, which, however, is well below the concetration of all organic

material in the water. The values are useful inasmuch as the petroleum

hydrocarbon contant cannot exceed the total extractable organics.




MED POL II : BASELINE STUDIES AND MCNITORING OF METALS, PARTICULARLY

MERCURY AND CADMIUM, IN MARINE ORGANISMS (prepared by FAO)

1. INTRODUCTION

The evaluation contained in this document is based on the final scientific
reports submitted by the participating research centres, as well as on data
provided on LOG FORMS for computer treatment. As at 1 July 1980, 25 of the
32 participating research centres had submitted their final reports. Of
the remaining seven centres five had submitted the latest scientific report
during 1979 as part of the normel reporting routine of the pilot project.

During the first half of the pilot phase the number of analyses reported
was rather limited; this made possible the evaluation of results from all
participants without the use of computer fecilities. A preliminary
evaluation on a Mediterranean basis was also presented and discussed at the
Mid-term Expert Consultation, Dubrovnik, 2 - 13 May 1977. As the
participating centres improved their analyticael capabilities during the
second half of the pilot phase, the number of analyses performed increased
considerably. It was, therefore, apparent that, for the preparation of the
final report, the use of computer facilities for data treatment would be
necessary.

The LOG FORMS, which serve as the basis for entering the data into &
computer system, were completed and provided in a usable form by 29
centres. A total of more than 13,000 data lines, each giving one
analytical velue, as well as information on location and bioleogical
parameters, was reported.

A common system for analysis, storege and presentation of all MED POL data
is envisaged but is, at the time of preparation of this report, only at the
early stage of implementation. FAD therefore maede use of an existing
computer system designed essentially for the Fisheries Commodities Data
Base, with supplementary print programmes to generaste tables in order to
meet the requirements of the pilot project.

The results presented in this report are mainly based on tables giving
concentrations by species and elements for different sampling stations and
MED POL aress, which were produced by the FAQ Fisheries Information Data
and Statistics Service. It is, however, envisaged that the data will be
transferred to, and utilized by, the Mediterranean datea processing system
in Geneva, as and when operational.



2. METHODCLOGICAL CONSIDERATIONS

2.1 Selection of the species

The marine organisms selected in the Operastional Document as mandatory
species are Mytilus galloprovincialis (Mediterranean mussel) and/or M.
edulis, Mullus barbatus (striped mullet), Thunnus thynnus thynnus (bluefin
tuna) end/or Xiphias gladius (broadbill swordfish). These species were
selected as being representatives of different ecotypes. They are also of
considerable economic importance and are common almost everywhere in the
Mediterranean.

Results on Mytilus galloprovincialis and Mullus barbatus were reported by
the 22 and 27 centres participating in the pilot project.

Mullus barbatus was sampled by all institutes with two exceptions; the .
Centre de Recherches océanographiques et des Pé&ches in Algiers and the ~
Institut scientifique des Péches maritimes in Casablanca. These two
centres had selected another member of the Mullidase family, Mullus
surmuletus (red mullet), as an slternative species. It can therefore be
concluded that Mullus barbatus, as far as availability is concerned, is s
very useful organism for monitoring purposes.

Mytilus gaelleprovincialis has been reported as being unavailable in some
areas of the Lastern Mediterranean, e.g. Israel and Cyprus. No information
regarding its availability was received from the other centres that did not
sample Mytilus. It can nevertheless be concluded that Mytilus .
galloprovincialis is sufficiently common in the Mediterrasnean coastal areas
to make it, from this point of view, a suitable organism for a maonitering
exercise.

Thunnus thynnus thynnus wes sampled only by 11 centres. As Thunnus ’
migrates over great distances it is not so much the number of sampling ’
areas as the number of samples that is determinant for the evaluation of

results. The same alsc aepplies to Xiphas gladius which, being the

alternative to Thunnus, was sampled by six centres.

The total number of additional species that were sampled is close to 70,
but the number of samples and the frequency of sampling, though veriable,
are generally low. Table 1 and 2 shows all the additional species and the
number of centres that have collected samples.

Only species for which the full scientific names were given have been

included in the list. Most of the species have only been sampled by cne

centre. Some, however, have been used more frequently and the following

species have been sampled by three or more centres: Engraulis

encrasicolus, Mullus surmuletus, Trechurus mediterraneus, Merluccius

merluccius, Boops boops, Pagellus acarne, Pagellus erythrinus, Carcinus .
mediterraneus and Penaeus kerathurus.

Some of the additional species are alsoc sampled for analysis of chlorinated
hydrocarbons (MED POL I111) but not necessarily by the same research centre.
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Table 2.. Additional species sampled.

Sampled

Species sampled Humber of centres also in MED ITT
Arca noae 1 X
Aristeus antennatus 1

Belone belone 1 X
Boops boops 4 X
Carcinus mediterransus 3 X
Clupesa vilchardus 1

Creni labrus tinca 1

Conger conger 2 X
Dentex filosus 1

Dentex macrophitalmus 1 X
Divlodus annularis 2

Eneranlis spnerasicolus . 3 X
Eohinephelus suaza 1

Lithovhags lithovohaga 2 )4
Loligo vulgaris 1 X
Maena maena 1 x
Maena smaris 1

Merlangiug merlangsus 2 £
Herlucecius merluccius 4 X
Microcosmus sulcatus 1

Mugil auratus 1l Z
Mugil capito 1 X
Mugzil cephalus ‘ 1

Vgl chelo 1

Mugil saliens 1 X
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Table 2. Additional species sampled {continued-2)

Sampled
Svnecies sampled Number of centres also in MED ITI
Mllus surmuietus- .. 8 X
Fevohrops norvesgicus 4 X
- Oblata melanura 1 X
Octo_pus vulgaris 2
Ophiotrix fragilis 1
Ostres edulis 1 b4
9 Pagellus acarne 5 X
Pagellus ervihrinus 4 X
‘Pams ehrenbergii 1
Parapenaeus longirostiris 4 X
Patella coerulea 2 X
Pepgusa lascaris 1
Penseung _kerathurus 5 X
Perna perna 1
Phveis blennocides 1
9 Pomgtomus saltator 2
Portunug depurator 1
Raja asterias 1
Raja zlaueta 1
Sards sarda 1
Sardine pilchardus 1 X
Sazléi_;:_a_.. vulgaris 1
Sardinella maderensis 1
Saurida undosguamis 1 X
. Scomber javonicus 1

Scombexr scombrus 1 X
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Table 2, Additional species sampled (continued=3)

Sampled

_Species sampled Number of centres algo in MED III
Scorpaena porcus 1

Scorpaens scrofa 2

Sepia officinalis 2

Serranus cabrilla 1

Serranus scriba 1

Solea vulgaris 1

Squilla mantis 1

Synodus sanrus 1

forpedo marmorata 1l

Trachinus drace 1-

Trachurus mediterraneus 4 X
Trachurus trachurus 1 x °
Uvenens molluccensis 2 ‘ X
Upogebia littoralis 1 X

Uranoncomas scaber 1
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An evalustion, on a Mediterranean basis, of the levels of conteminetion in
all the additional species is impossible because of the limited number of
samples. The results can, however, be useful for the assessment of local
pollution and te provide beseline information. Furthermore, many of the
species sampled sre of local commercial importance. For some migratory
species the data may alsc give an indication of body burdens in the
Mediterranean.

In a few cases, results of analyses of zooplankton, sediments asnd water
have also been reported.

2.2 Pollutents anslysed

Results on mercury were reported by 25 centres and on cadmium by 21
centres. Analysis of cadmium was apparently rether difficult, requiring
the use of graphite furnace techniques together with the atomic sbsarption
spectrophotometer. It was clear, therefore, that several of the centres
that did not report resulis on cadmium had only recently bequn analysis of
heavy metals, and it may be assumed that, when their analytical capability
is further improved, cadmium will be one of the elements to be anslysed.

Among the additional elements in the Operatianal Dacument, copper and zinc
received most attention, botfr being reported on by 15 centres.

An appreciable number of results were also received for lead and manganese,
while selenium was only reported on by four centres,

The interrelation between mercury and selenium concentrations in organisms
makes this latter element especially interesting. Methyl-mercury, the most
common organic form of mercury in organisms, was, unfortunately, only
reported on by one centre.

Besides these mandatory end additienal elements, many others were also
monitored but only by a limited number of centres. Among them special
mention should be made of arsenic, antimony, cobalt, chromium, iron, nickel
and silver.

2.3 Areas studied

The baseline studies and menitoring were to be carried out primarily in
coastal waters. furthermore, the sampling stations were to be selected by
the participating research centres so that the results obtained could be
used to characterize the level of pollutants in certain areas. The
sampling frequency was to be seasonal.

The number of sampling stations selected by the different centres varies
considerably, from two stations to over 30. In the latter case, the
samples were, however, collected only occasioneally, which makes statistical
treatment of the data from one particular station impossible. In fact very
few centres have strictly followed the agreed sampling frequency with
regard to seasonal sampling. Figure I shows the different areas that have
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been monitored or where monitoring is planned but dsta have not been
reported. The whole Mediterranean is quite well covered by sampling areas
and in all MED POL areas there is at least one centre that has reported
results. The number of sampling stations is more than 300, but as
previously mentioned, many of them have only been sampled once or twice for
perhaps one species. This makes the number of stations for which
time-trends could possibly be calculated sbout 100. Table 3 shows for each
MED POL area the number of research centres that have reported results.

Teble 3 - Number of research centres by MED POL aress

MED POL I I1 III Iv v vl VII VIII IX X XI XII
AREA

Research 1 9 1 4 4 1 1 7 2 3 1 1
centres

"2.4 Methodology

Sampling and sample preparation were generally carried out in accordance
with the recommendations given in the Manual of Methods in Aquatic
Environment Research, Part 3 - Sampling and Analysis of Biological
Material; FAQ Fisheries Technical Paper No. 158. In some cases, however,
the samples were obtained from the market. But as this was generally done
only for tuna or swordfish an appropriate subsempling should prevent the
risks of contamination.

For destruction of the organic materisl, wet combustion was generally used.
The pressure decomposition vessels, which many centres were provided with
through the project, constituted the equipment most commonly used. In some
cases low temperature ashing was utilized.

For the snelysis, atomic absarption spectrophotometers (AAS) were employed.
The determinetion of mercury was carried out by the cold vapour technique,
while the other metals were generally determined by air acetylene flame at
higher concentrations, or graphite furnace at lower concentrations. With
the comparatively low concentrations of cadmium, in particular, graphite
furnace techniques had to be used. This technique apparently causes
initial difficulties for those centres that are just embarking on metal
analysis with AAS.

Other methods that were used were: neutron activetion analysis (NAA},
electroanalytical techniques (polarographic and voltametric) and X-ray
fluorescence.

3. INTERCALIBRATION EXERCISE

An extensive evaluation of the intercalibration exercise (MED POL XI) is



presented in document UNEP/WG/46/3 Part II.

The following evaluation is restricted only to questions directly related
to treatment of the monitoring data.

The participating centres were provided with three or four different
intercalibration samples depending on the stage of the pilot project at
which they commenced the analyses. Results far three or four samples were
reported by 26 centres, while two centres analysed only cne sample. The
remaining centres did not participate in the intercalibration, although two
of them reported monitoring results (table 4). However, as these two
centres were jusi recently in a position to perform the analysis, it can be
expected that they will carry out the intercalibration, this being an
obligatory part of the pilot project.

The intercalibration exercise is a world-wide one with not only
Mediterranean research centres reporting results. for each sample and
compound, the arithmetric mean and standard deviation (SD) of the results
reported by the participating centres have been calculated.

In order to exclude "outliers, Dixon's fest was used. As a basis for
estimating the reliability of the data end their fitness for inclusion in
the evaluation of the monitoring exercise, the following criteria were
used:

{i) results within one standard deviation from the mean (after Dixon's
test) to be considered as "good";

{i1) results within two standard devistions to be considered as
"acceptable”;

(iii) results deviating more than two standard deviations from the mean to
be considered as "not acceptable®.

For the overall evaluation of three intercalibration samples, the average
of two "good" or "acceptable" results and one "not acceptable” was
considered as acceptable. With two "not acceptsble” end one '"good" or
"acceptable" the average was considered .as "not ecceptable". In the cases
where four samples were reported on and two results were "not acceptable”,
the judgement was based on how much the values deviated from the mean.

When considering these principles for accepting the data for eveluation of
the monitoring results it was revealed thet, in general, only data from a
limited number of centres would have to be deleted. One centre for
mercury, and two for cadmium would have to be eliminated. In the case of
copper one, and for zinc, two centres did not have acceptable
intercalibration results. For lead the situation was somewhat different as
five of the 14 centres that reported results for this metal would have to
be excluded. ’

It can, hence, be concluded that, with the exception of lead, an evaluation
of the baseline studies and monitoring without rejecting data could be made



Tabvle 4. Participation in zntercala.'b tion of samples MA-N=1 (Oyster), SPuMal

(sea plant), MA~A-1 (copepod) and MA-A-2 (fish)

Regearch Centre

_Centre de Recherches océanographicues et des péches, Alger

Figheries Devartment, Nicosia

* Ive | MA-M-.1

> jrd | SP-M-1

>4 Ip4 | MA-A-]

b4 14 | MA-A-2

Institute of Oceanography and Fisheries, Alexandria

Centre for Post-graduate Studies and Research, Alexandria

*

>

4

leboratoire Central 4 Hysiéne alimentaire, Paris

4

>

>4

laboratoire de Chimie analytique et Toxicologie, Momtpellier

Institute scientificuve ot technicue des piches maritimes, Sdte

| _Inetitute of Océanographic and Fisheries Research, Athens

Fuclear Research Centre "Demokritos™, Athens

General. Chemi cal State Ilaboratory, &thens

Department of Food Hveiene, Universitv of Thessaloniki

lavoratory of Analvitical Chemistrv, University of Thessaloniki

Tarae)l Cceanographnic and limnological Research Itd., Heife

levoratory of Hvdrobiolozy and Figh Oulture, Siens

Yarine Contamination laboratory - (NEN, Flascherino

bd fod {04 f5q [od 154 P54 |54 {54 I5¢ {04 ¢ [q 14 ¢ | Date reported

P4 Ipd 104 fPd 154 fpd 104 104 14

Centre for Radiochemisirv and Activation Analvses -~ (iN'R, Pavia

Group for Cceanographic Research, University of Genova

!

»d

Station for Marine Biology, University of Messina

4

P {bd Iod o P4 {2 B4 [ed [Rd FPd P4 (04

IR Lo B Lo B L B E B o B B £ B e B R o B ]

P Idd [od §2d o fed 124 IR IR IRd B4 |24

|

Centre de Recherche marine, Beyrouth

The Universitv of Malta, Msida

Institut scientifique des P8ches maritimes, Casablanca
Instituto de Investigaciones Pesgqueras, Earcelons

™

bd

Laboratorio Oceanogrdfico del Mar Menor, San Pedro del Pinataer

vt

Instituto Quimico de Sarria, Barcelene

BdOIbd Ihd b4 104

* |74 §0d4 | ¥ { %

4

I EC I o o B ]

Institut netional scientifique et technique d”océanographie et
de P8che, Salammbd

_Hydrobiological Research Institute, Istanbul

4

Marine Science Department (METU), Erdemli-Igel

Institute of Hydrobiolozy, Ere University, Izmir

4 ied [

laboratery for Trace Element Analvyses, Bijeks

Institvte for Oceanogravhy and Fisheries, Svlit

4

YRudjer Bogkovi&" Institute, Zagreb

>

Marine Biological Station, Portorod

R RN EE RN ENE

LB L Eo B i o B 1O i

P rd I e B4 [P e i

P4 g 04 104 104

* sample not sent.
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without introducing unacceptable errors. However, consideration has, in
this case, to be given to the variation relsted to the analytical
performance. Nevertheless, for the evaluation, data from those centres
with “not acceptaeble” values or with no intercalibration performed, have
been deleted in order to improve the comparability of the results.

For the other metals. analysed an eveluation of the performance of the
individual laboratories was not possible due to the limited number of
results reported.

A comparison of the results in this intercalibration exercise with those

that have been reported in the International Council for the Exploration of

the Sea (ICES), North Ses and North Atlantic baseline studies, shows that

the coefficient of variation between the laboratories is larger in the

Mediterranean than in the ICES area, ICES (1978). This is, however,

expected as ell laboratories in the ICES study sre well established, while ‘
many centres in the Mediterranean have recently started with analysis of

heavy metals. As wes pointed ocut for the ICES studies, a regular

repetition of the exercise will certainly further improve the gquality of

the date.

4. RESULTS OF THE BASELINE STUDIES AND MCNITORING

4,1 Introduction

-

The levels of contamination presented in this section are based only on
data reported on LOG FORMS received before 15 June 1980. Data from the
very first phase of the pilot project, before the LOG FORMS were developed,
have not been key-entered unless these date have been transferred to LOG
FORMS by tnhe reporting research centre.

Data presented for the different pollutants and organisms are mean values S.
of all results reported for the various stations in the relevant MED PQOL

area, with due consideration given to the intercalibration results. They

do not take into account the differences between the conditions prevailing

at the individual sampling stations (i.e. levels of pollution). Bearing in

mind the wide extent of heterogeneous conditions within each MED POL area,

it is obvious that the overall averages of the levels reported should not

be interpreted as mean values for an area. References to (author, final

References to (author, final) report) refer to the individuel summary

reports prepared by the principal investigators and presented in deocument
UNEP/WG.46/1Inf .6,

4.2 Mercury

Levels of total mercury in the obligatory species, by area, are reported in .
figure 2.

4.2.1 Mytilus galleoprovincialis

The highest levels are reported in samples from srea V {Adriatic),
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collected in rather polluted sites (Gomiscek and Stegnar, final report)
(table 5). Also values from area IV (Tyrrhenian) are rather high with an
average concentration of 524 ug/kg.

Table 5 ~ Average levels of mercuyry in Mytilus galloprovincislis

sampling no. of no. of mean conc. standeard average®
srea centres samples ug/kg FW deviation range length
sampling {(n) {mm)
1I 4 232 94 108 9 - 780 47 (226)
Iv 2 1g9 524 602 24 - 2500 38 (108)
v 2 28 1112 2329 26 - BO40 51 (28)
VI 1 12 77 37 35 - 146 49 (12)
VIII 5 163 102 158 & - 919 35 (98)
IX 1 4 37 13 20 - 50 63 (&)
X1 1 3 181 120 22 - 2%0 -~
X11 1 3 158 16 138 - 169 72 (3)

*Number of specimens in brackets

All other results are below 200 ug/kg FW. The variation between the
individual samples are considerable as can be seen from the standard
deviation (SD) which in many cases is more than 100 per cent of the mean.

The highest values reported were in several cases in areas IV and V above
1000 ug/kg. A statistical comparison of the average concentrations in
areas II, 1V and VIII, which are based on a sufficient number of samples,
shows significantly higher concentretions in area 1I.

The lower averages are similar to the levels reported for Mytilus edulis in
the North Sea by ICES as part of the baseline survey of 1972 (ICES, 1974).
Levels reported from the Canadian coast in the ICES North Atlentic baseline
study are however lower with concentrations between 10 and 100 ug/kg with
an overall averege of 50 ug/kg, ICES (1980).

4.2.2 Mullus barbatus

The concentrations of mercury in Mullus barbatus sre generslly around 200

ug/%&g or less. In areas II, IV and V however, samples from the Tyrrhenian
Sea and Adriatic have elevated averages (table 6).

e

ol
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Table 6 - Average levels of mercury in Mullus barbatus

sampling no. of no. of mean conc. standard average* average*
area centres samples ug/kg FW deviation range length weight
sampling (n) {mm) (g)
II 4 492 595 964 17 - 7900 133 (478) 45 (487)
v 3 405 1304 1059 60 - 7050 140 (405) 46 (4CS)
) 2 '14‘ 513 486 98 - 1670 154 (14) 38 (14)
VI 1 13 188 82 47 - 330 129 (13} 23 (13)
Vil 1 11 166 . 86 32 - 280 135 ﬂll) 39 (11)
VIII 5 115 155 169 14 - 1400 134 (99) -
IX 1 6 55 28 2 - 90 183 (&) 64 (8)
X 2 168 . " 141 73 28 - 475 148 (168) 34 (168)
X1I 1 3 217 8§ 210 - 228 148 (3) af (3)

*Number of specimens in brackets

Along the Italian coast in area IV is the Mount Amiatza region with
cinnabar-rich bedrock and mercury-extracting industries. Bacci et al.
(198G) have reported an increase in levels of mercury in Mullus barbatus
from this reqion with increasing depth and distance from the coast. The
average of data reported from sampling stations in area IV were 1,304 ug/kg
with a range of 60-7,050 ug/kg. The average concentration in this area is
significantly higher than in areas II and VIII.

4,2.3 Thunnus thynnus thynnus

The levels of mercury in Thunnus thynnus thynnus are generally high,
especially in specimens of large size. The sverage concentration in 176
specimens caught in area II was 1,096 ug/kg with a range of 20-6,290 (table
7)l
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Table 7 -~ Average levels of mercury in Thunnus thynnus thynnus

sampling no. of no. of mean conc. standard average* average¥*
area centres samples ug/kg fW  deviation range length weight
sampling (n) {mm) (q)
II 1 176 1096 937 20 - 62590 1219 (89) -
Iv 1 26 497 545 80 - 1850 - -
v 1 2 1485 625 860 - 2110 650 (2) -
VIII 2 é 300 331 50 - 890 €34 (6) -
XI 2 12 715 181 550 -~ 1150 - -

* Number of specimens in brackets

Cumont et al. (1972 and 1975) and Renzoni et al. (1979) have shown that
levels of mercury in tuna from the Mediterrenean are higher than levels in
tuna from the Atlantic. As tuna migrates over greaf distances the velues
reported are not only valid for one area but can be considered as
Mediterranesn levels.

4.2.4 Other species

Several additional species have also been analysed for mercury, although
most aof them only in one or two areas. The average concentrations based on
three or more samples for each Species are shown in table 8. Nephrops
norvegicus have higher values in areas II and IV with average
concentrations of 967 and 962 ug/kg respectively.

The correlation between mercury concentration, body weight and sex has been
discussed in the final report of Renzoni. The levels in Sarda sarda are
also somewhat higher in grea II with an average concentration of 1,002
ug/kg. Ffor Merluccius merluccius. the levels are higher in samples from
area XII (Sea of Marmara) but the small number of samples makes the results
quite uncertain.

In the ICES baseline study in the North Atléntic, the mean concentrations
in samples of Merluccius were between 30 and 130 ug/kg, (ICES, 1977b).

Averags levels in Trachurus mediterraneus, which are between 93 and 345
ug/kg, are similar to the measn values between 170 end 330 ug/kg reported
for Trachurus trachurus in the North Sea ICES (1977). The anchovy
Engraulis encrasicolus, a plankton feeder, generally shows levels below or
near 150 ug/kg.
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Tahle 8. Overall averages of levels of mercury in samples of non-obligatory species,
sampling no, of mean oonc. standard
areas species sa?rxﬁes /ug/kg F.u, deviation range
II Boops boos 8 127 70 23-250
Engraulis encrasicolus 114 179 107 21=425
) Maens smaris 5 188 55 150.-280
Mullus surmuletus 9 211 148 §0-510
Nephrops norvegicus 345 957 850 3503000
Sards sards 14 1002 641 2502300
Sardine pilchardns 46 247 70 150=390
Scomber, sgcmbrus 16 335 i21 125-510
Scorpaenz pcrofa 5 o0 42 40=160
Solez vulearis 13 65 64 20-220
Souilla mantis 20 151 86 65-455
Trechurus irachurus 3 705 397 330-1255
Trisopterns mimutiis. -
capelanus 5 308 304 60-840
IZ1 ¥ullos surmeletus 210 %0 43 30--280
Perna perna 192 76 50 20-370
Iv Engrezulis encrasicolus 98 162 64 64380
Nephrops norvesicusg 18¢% 961 507 55=2000
Thunnus alalunga 8 215 85 90=1336
vI Bngraunliz ghcorasicolns 1 144 T4 53.270
Nevhrops nervesicus 7 251 52 190..360
Thunnps glalunse 8 276 124 60-399
VIX lithophaga lithophaga 5 163 76 79290
Trachurus mediterraneus 5 345 AT 80-955
VIII Merluccius merluccius 10 317 337 62-8138
Pagellus erythrims 3 219 6 213-228
Parapenaens longirosiris 42 339 225 110-1195
Trachurus mediterraneus 3 338 19 320365
Xiphias gladius 8 279 281 84755
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Table 8. (continmed 2)
sampling no, of mean CONGC. standard
areas species ea.mg]).es j:g/kg F.H. deviation ratge
IX | Zocos salm 3 8 7 =17
¥ugil suratus 39 170 881 1-5600
Mullus surmaletus 13 35 23 1.78
Penaeus kerethurus T 20 12 848
Upeneuns molluccensis T 199 118 110-43C
Z Boovs boovs 5 134 149 4C-432
Dentex dentex & 385 g2 220-480
Zentex cihbosusg 12 139 19 99178
Jonmax  trunculatus a2 209 220 35-09
Tpinenralus azeneus 4 252 120 90-357
Yerluccius merluccius 6 152 102 11258
Pagellus acarne . .7 1% 8o 71337
Pasellug ervihrinug 112 204 115 53305
Sanrida undoscuaris 143 137 93 42-649
Sohsragna sonvroana 7 164 45 81-245
Trechurus medifsrreneus 48 93 107 &.417
Uaeneus mollucensis 120 439 292 8.1122
X1 ¥alius suprmuletus 5 147 129 15-18C
I Yerluccinsg merluccius 3 817 ‘30 778-350
Parellug ervthrinus 3 219 & 210225
Parapenzeus lonsirestris 3 259 18 260=152
Trachurus mediterraneus 3 346 b3 340352
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Concentrations of methyl-mercury are only reported for a small number of
samples of Sarda sarda and Nephrops norvegicus (Capelli, final report).

4.3 Cadmium

Concentrations of cadmium in the obligatory species, by area, are reported
in figure 3.

4.3.1 Mytilus galloprovincialis

Average levels in Mytilus galloprovincialis asre approximately 100 to 250
ug/kg in all areas, except area VI (Ionian Sea) where the mean of the
samples is below 50 ug/kg (table 9).

Table 9 -~ Average levels of cadmium in Mytilus gelloprovincialis

sampling no. of no. of mean conc. standard Average*
area centres samples ug/kg F¥ devigtion range length
] sampling (n) {mm)
11 4 148 169 111 40 - 1060 46(147)
1v 1 70 169 ' 118 70 - 1000 33 (87)
v 2 72 157 100 38 - 475 S0 (14)
VI 1 12 36 8 27 - s2 49 (12)
VIII 2 73 97 122 5-403 7 33 (71)
IX 1 3 237 135 70 - 400 72 (3)

* Number of specimens in brackets

The highest meximum values which were around 1000 ug/kg were reported from
areas II and IV. In the ICES North Sea Baseline Study, 1972, mean vslues
reported for Mytilus edulis ranged from 100 to 500 ug/kg, (ICES, 1974). In
the subsequent monitoring exercises of 1974 and 1975, mean values were
between 30 and 390 ug/kg, (ICES 1977a and 1977¢c). Values from the Canadian
coast in the ICES North Atlantic baseline study were between 90 and 330
ug/kg, ICES (1980).

4.3.2 Mullus barbatus

The levels of cadmium in Mullus barbatus are lower than in Mytilus, with
averages in semples from the different areas of between 17 and 69 ug/kg
(table 10).
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Teble 10 ~ Average levels of cadmium in Mullus barbatus

sampling no. of no. of mean conc. standard average* average¥*

area centres samples ug/kg FW deviation range length weight
sampling (n) (mm) (g)

11 5 259 31 71 2.5-590 140 (247) 57 (254)
1V 2 214 4 5 2.5~ 51 141 (214) 48 (214)
v 2 7 49 75 8-234 155 (7) 41 (7)
VI 1 13 25 14 9- 50 129 (13) 23 (13)
Vil 1 11 17 15 7- 49 135 (11) 39 (11)
VIII 2 54 69 55 20-205 122 (54) 41 (41)
1X 1 5 26 8 20- 40 lé4 (&) 73 (4)

X 1 21 39 14 la- 65 140 (21) 33 (21)

* Number of specimens in brackets

From an analytical point of view, determinations at such low levels are
very difficult, which may render the resulis somewhat uncertain. It is
therefore advisable that the intercalibration exercises in the future
should include samples with cadmium levels below 100 ug/kg. The analytical
methodology may also have to be improved in order to enhance the
reliability of the data. Nevertheless it can be concluded that the
concentrations of cadmium in Mullus barbatus are generally low, with only a
few high values reported in the range of about 200 to 500 ug/kg.

4.3.3 Thunnus thynnus thynnus

Data on cadmium in Thunnus are only available from three centres sampling in
areas II, V end VIII (Aegean Sea). The levels are rather low as for Mullus
barbatus (table 11).
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Table 11 -~ Average levels of cadmium in Thunnus thynnus thynnus
sampling no. of no. of mean conc. standard average®
area centres samples ug/kg FW deviation range length
sampling (n) ()
I1 1 100 53 88 5 - 590 1 225 (88)
Vi1l 1 4 196 61 119 - 283 772 (4)

* Number of specimens in brackets

The mean concentration of 100 samples in area II was 53 ug/kg with a range
of 5-590 ug/kg.

4.3.4 Qther species

The overall averages of levels of cadmium based on three or more samples of
non-obligatory species are shown in table 12. Contrary to the results for
mercury, the levels of cadmium in Nephrops norvegicus are very low with
mean velues of between 5 and 26 ug/kg. The molluscs Mytilus edulis and
Perna (Mytilus) perna show about the saeme or slightly lower averages than
Mytilus galloprovincialis. The mean congentration in another mollusc
Lithophaga lithophaga sampled in area VII is over 600 ug/kg. This value is
however based on only five samples which were actually collected in the
harbour of Valetta in Malta. Average values of samples of fish are
generally low (less than 50 ug/kg).

4.4 Copper and zinc

Levels of copper and zinc in Mytilus galloprovincialis, Mullus barbetus and
Mullus surmuletus are reported in figures 4 and 5 respectively.

4.4.1 Mytilus galloprovincialis

Average values for copper in Mytilus galloprovincialis (see table 13) vary
between 1002 to 1730 ug/kg with the highest concentrations in areas II,
VIII and 1V.
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Table 12. Overall averages of levels of cadmium in samples of non-obligatory species.

sampling ‘ no, of me?}ré corc. standard ]
area species sag%es perke ¥, . devietion range ;
1T Boops boops 7 11 3 10-20 |
Fneranlis encrasicolus 83 18 3l 2.5-160 i
Meena smaris 5 12 a 10-.20
Iullus surmuletus 5 40 - -
Mrtilus edulis 10 85 36 20-140 |
Nenhrons norvesicus 249 11 27 2.5-200 ;
Sarda sarda 14 40 - -
Scorpaena gerofa 5 220 40 20030
Solea vulraris 11 10 - - }
Trigopterus minutus l
canelanus 4 12 4 10=20 3
11T Tullvs surrmletus 203 151 79 3 g
Perna perna 192 126 67 3C=357 E
|
Iv Eneraulis encrasicelus 91 5 7 24540 ;
Yenhrens norversicus 117 5 12 2.5-111
Thennus alalunsa 8 18 3 14-22 g
;
vI Eroranlis encrasicolus 11 20 7 13.3%
Hephroons norvesicus 7 26 14 1348
Thunnue alalunca 8 16 5 226
vIT Lithonha~a lithovhars 5 666 451 311-15%0 )
Trachurus mediterraneus g 46 57 -160
VIII Paranenaeus lonrirostrig 14 26 12 250
Xinhias pgladius 2 112 - 7318
IX il auratus 10 47 85 B.oa
il saliens 3 17 16 Y
Mullue surmletus 9 20 41 3>13%
Peraeus kerathurus 6 28 18 10-47
Unenens molluccensia 4 19 . 13 gaaC %
{
i
X Danax_trunenlatug 16 80 26 41=138
Parellus erythrinus 3 30 17 17 3-53
Savrida undosmanmis 5 15 8 =23 ¢
Trashnris meditarraneus 3 49 o &6,
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Table 13 -~ Average levels of copper in Mytilus gelloprovincialis
sampling no. of no. of mean conc. standard average*
area centres samples ug/kg W deviation range length

sampling (n) (mm)
11 3 71 1730 1224 504-6000 42 (71)
Iv 1 71 1659 773 650-4300 34 (68)
v 2 63 1002 855 190-4400 53 (5)
VIII 1 5 1686 596 10802800 49 (3)
IX 1 7 1466 600 750-2650 64 (7)
XI 1 3 1300 356 1000-1800 -~

* Number of specimens in brackets

Taking into consideration the limited number of samples from each area and
the relastively high standard deviations, it can nevertheless be conecluded
that these differences are not significant.

A "typical" concentration of copper in Mytilus galloprovincialis in the
Mediterranean seems from these data to be about 1,200 to 1,400 ug/kg. The
variations between the samples from the ICES North See and North Atlantic
studies of Mytilus edulis are slightly higher. The concentrations seem
also in many cases to be somewhat higher.

In the 1972 baseline study in the North Sea, the sample means reported
varied between 1,600 and 13,000 ug/kg (ICES, 1974). In the subsequent
monitoring exercises of 1974, 1975 and 1976 the values varied between 600
and 9,400 ug/kg, (ICES, 1977a and 1977c).

Also for zinc, the number of samples of Mytilus galloprovincialis is too
limited to allow any conclusion about differences between areas (table 14).
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Teble 14 - Average levels of zinc in Mytilus gelloprovincielis

sampling no. of no. of mean conc. standard Average*
area centres samples ug/kg FW devietion range length
sampling (n) (mm)
11 2 69 27768 9528 13000-60200 41 (69)
Iv 1 70 34032 11133 3150-63000 34 (67)
v 2 62 17752 13195 2500-65200 53 (5)
VIII 1 6 29300 16183 11900-62500 51 {5)
IX 1 3 14567 6491 9200-23700 62 (3)

* Number of specimens in brackets

The averages of samples from the different areas are between 14,567 (area
IX, North Levantine) and 34032 (erea IV). A "typical" value for the
Mediterranean based on these samples seems to be around 20,000 to 30,000
ug/kg. The variation between individual samples is, however, considerable
with a lowest concentration of 2,500 ug/kg and the highest 63,000 ug/kg.
Zinc values from the North Sea bhaseline studies and monitoring show an
equal scatter of data with concentrations of the same levels as in the
Mediterranean, (ICES 1974, 1977a, 1977b and 1977c¢).

4.4.,2 Mullus barbatus and Mullus surmuletus
The average concentration of copper in Mullus barbastus and Mullus

surmuletus are all below 1,000 ug/kg varying between 150 and 926 ug/kg
(table 15).
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Table 15 - Average levels of copper in Mullus barbatus and Mullus surmuletus

sampling no. of no. of mean conc. standard average* average*
ares centres samples ug/kq FW deviation range length weight
sampling {n) {mm) (q)
Mullus barbatus
11 3 173 436 259 200-2450 137 (173) 46 (173)
v 1 205 384 126 100-1000 146 (205) 52 (205)
v 1 2 150 - 140- 160 148 (2) 45 (2)
viI 1 10 926 684 360-2700 134 (10) 38 (10)
VIII 2 46 548 250 220-1470 140 (45) 49 (33)
IX 1 7 453 198 222- 691 171 (5) 80 (5)
X 1 23 797 563 69-2550 141 (23) 33 (23)
Mullus surmuletus
11 1 5 705 412 390-1520 164 (5) 67 (5)
IX 1 9 731 698 323-2680 139 (9) 55 (9)
X1 1 5 318 50 250~ 400 216 (5) 240 (5)

* Number of specimens in brackets

A "typical" concentration of copper in these species is about 500 ug/kg.
The variastion is, however, quite high, which may not only reflect
variations between specimens but also variations due to the analyticel
procedure.

The average levels of zinc in Mullus barbatus and Mullus surmuletus vary
between 3,065 and 5,067 ug/kg (table 16).
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. Table 16

- Average levels of zipc in Mullus barbatus and Mullus surmuletus

sampling no. of no. of mean conc. standard average* average®
area centres samples ug/kg FW deviation range length weight
sampling (n) . (mm) (g)

Mullus barbatus

i1 3 170 4248 1264 100-9500 137 (170) 46 (170)
1V 1 218 3869 988 400-7000 146 (218)  S1 (218)
0 v 1 2 3065 - 2900-3230 148 (2) 45 (2)
VII 1 11 4332 864  2700-5800 135 (11) 39 (11)
VIII 1 40 3499 804  2570-6890 145 (39) -
IX 1 12 5067 1042  3660-7400 167 (10) 74 (10)
X 1 23 4370 651 3060-5870 141 (23) 33 (23)

Mullus surmuletus
11 1 5 4222 580 3560-5300 164 (5) 67 (5)

IX 1 16 3897 1101 702-5200 158 (18} 78 (16)

. * Number of specimens in brackets

The averages from the different aress are very similar and the standard
devietions are comparatively small. This indicates a rather uniform body
burden which, however, may reflect the actual environmental concentrations.

4.4.3 QOther species

Overall averages of levels of copper in non-obligatory species are shown in
table 17 and for zinc in non-obligatory species in table 18. Only averages
based on three or more samples are presented.

4.5 0Other elements

As was discussed in section 3 (Intercalibration exercise), the results for
lead highlighted the difficulties with the analyses of this metal in

. biological material. In fact, results from five of the 14 research centres
had to be deleted on the basis of the intercalibration exercise.
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Table 17. Overall averages of levels of copper in samples of non-obligatory species,
sampling no, of mean gstandard
area species samples conec. deviation range
(n) ug/kz F.H.
Iz Pngraulis encrasicolus 65 384 495 150~1800
Nevhrovs norvesicus 209 6283 2816 1250-24400
Sarda gardas 12 1347 877 370-3500
v Tneraunlis encrasicolus 32 1223 613 4002200
¥ephroms norvecicus 110 2867 1599 2150~11350
vIT Lithovhaes lithovhace 5 3892 754 3140-5140
VIIiI Paravenzeus longirostrig 9 12508 10826 457035400
X Mugil auratus 31 697 564 200-5700
Papil saliens 3 48% 245 150-730
Pagellus acerne 3 450 42 390480
Penaeus keratimrus 12 5253 2727 1770~11400
Pomatomus saltator 3 760Q 178 510910
Sardinella medersnsis 4 728 357 350-16%0
Uveneus molluccensis 4 466 149 166723
X Donax irunculatus 19 3478 1810 14547742
Pagellus ervihrinus 4 835 179 5701040
Saurids undosquamis é 452 136 310570
Trachurus mediterransus 3 713 232 530-1040
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Table 18, Overall averagesg of levels of zinc in samples of non-obligatory species.
sampling no. of mean standard
arees species samples conc. deviation range
n )ug/kg F.W,
1T Eneraulis encrasicolus 63 17122 6213 £§500-41650
Nephrops norvesicus 217 15676 4460 650035600
Sarda sarda 14 4793 1312 26007500
v Eneraulis encrasicolus 36 20393 5580 9600-29400
Hephrons norvegicus 110 14662 2057 10700.20700
ViT lithophess lithoohasa 5 25070 36059 12096000
VIIT Merluceiug merlucciug 4 2615 1001 10003740
Parzpenaeus longirostris 19 10834 3419 3810-16700
IX Boong saloa 9 6559 1157 2620-8220
il auratus 50 4780 1474 2700~5633
el saliens 3 2833 249 25003100
Parellus acarne 3 4770 308 £100-6050
Pevreusg kerathurus 12 13546 2653 Go50-1EG50
Pomztormus saliator 3 10400 6433 560019500
Saprdinells rederensis 5 9338 4241 442014440
Unenens molluccensis 12 2553 195 2200.2950
X Dorax  trunculatus 17 21420 16697 9172-82144
Parelluns  ervthrinus 4 5820 1324 3760=720C
Saurida undostnamis 6 3910 700 2610=4500
Trachurug mediterraneus 3 6027 682 51406800
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gatory species.

38

Overall averages of levels of lead in samples of obligatory and non-obli-

sampling no., of mean standard
areas species samples conc. deviation range
(n) pefkg F.H
1T Boops boops 7 314 485 100-1500
Bngraunlis encrasicolus 59 50 - -
Maena smaris 5 360 355 100-.1000
Mllns baratus 163 55 17 33169
Mytilus galloprovincialis 110 1 1050 506800
Nephrovs norvegicus 214 50 - -
Iv Bngraulis encrasicolus 91 74 €6 50m 391
Mullus bertatus 214 56 26 50-200
Mytilus gallovrovincialis 71 1634 2606 5C=16100
fephroos norvegicus 117 68 104 50-865
Thunnus alalunza 8 195 79 45256
v ¥ytilus galloprovincialis 77 960 1340 50-7825
Vi Pnrraulis encrasicolus 11 149 75 43-236
mllus berbatus 13 135 &7 302133
¥rtilus salloorovincialis 12 503 237 165-960
¥evhrovs norvericus T 604 253 186500
Thurnus alalunea 8 202 91 40 =250
Vil Mullus baratus 29 286 189 41861
Mitilus sollonrovincialis 83 1070 1492 558260
Paravenaens lonesirostris 3 300 - -
Thunrus thynnus 6 317 156 159=560
Xivhias gladius 2 242 - 126 358
X tTueil aurctus 7 243 278 50=T750
Mu~il saliens 3 210 226 50-530
mllus barbatus 5 64 28 50=120
Yawtilus salloorovincialis 4 550 47 480610
Uneneus molluccensis 3 50 —- -

X Domax trunculatus 19 1200 647 357-2957
Tullus varhratus 22 371 1231 124~ 610
Parellus ervihrinus 4 393 158 166=73C
Saurida undogsonamis 6 510 144 2%2-732
Trzcinyug pediferranens, 3 401 113 290=- 556

@
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The remaining results should also be considered with caution when
interpreting the levels of lead. Overall averages for all species, where
there are more than three samples have been collected in esch area, are
shown in table 19. The average levels in Mytilus galloprovincialis in
areas II, IV, V and VII! are between 201 and 1634 ug/kg with a considerable
variation between individuel samples. Values from the Canadian coast in
the ICES North Atlantic baseline study show a similar variation with an
overall sverage of 330 ug/kg, ICES (1980).

Another additional element that was recommended in the Operational Document
was selenium. The limited number of centres reporting and of samples
analysed does not permit any evaluation of levels on a Mediterranean basis.
The results, which should be considered only as indicative until more data
are available, are presented in table 20.

Teble 20 - Overall average of levels of selenium in sambles of obligatory
and non-cbligatory species

sampling no. af mean conc. standard
area species samples ug/kg FW deviation range
(n)
I1 Mullus barbatus 14 575 i30 350~ 850
Nephrops norvegicus 16 634 254 310-1250
Iv Mullus barbatus 65 686 281 150-1500
Nephrops norvegicus 16 1007 586 490-3050
v Mytilus gellopro- 9 845 464 123-1750
vincialis
VIill Merluccius merluccius & 261 94 171~ 416
Mullus barbatus 38 468 111 290- 723
Mytilus gallopro- 6 331 137 101- 550
vincialis
Parapenaeus longiro- 19 1 247 556 525-2500
stris

Among other elements that have been analysed are chromium, nickel, iron and
menganese but the scarcity of deata does not permit an evaluation even on an
area basis. Results for chromium and nickel are however presented in table

21. Reference is also made to the final reports by the participating
research centres presented in document UNEP/WG.46/Inf.6.

4.6 Discussion

The results presented in this evaluation and in the final reports of the
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Table 21, Overall averages of levels of chromium and nickel in samples of obliga-
tory and non-obligatory
sampling no. of mean conc. standard
ares. species sar(np%.es /ag/kg F.W. deviation range
n
chromium
v Mytilus gallovrovineialis 19 260 140 89-558
VIII Merluceius merluccius 4 91 66 21-156
¥llus barbatus 38 88 151 24~981
Mrtilus galloorovincialis 5 237 194 113-530
Paravenasus longirostris 18 111 64 64300
X Mueil auratus 15 115 206 12.350
Mugil saliens 3 346 17 250140
Mllve surmulebus 5 T4 49 40-170
Penzaeus kerathurus 4 140 110 70-330
nickel
v Wrtilus galloprovinecialis 18 409 300 125-1216
X Mogil auratus 7 240 153 30540
Mugil saliens 3 263 57 190-330
Mullus surmletus 4 1147 474 6501800
Penaeus kerathurus 3 1610 927 910~.2920
X Donax irunculatus 4 641 80 560=766
M:ilus barbatus 17 246 76 122-455%
Pagellus ervthrinus 4 209 22 177=231
Saurids uwndogauemis 6 276 T0 200=423
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research centres should primarily be considered as baseline information on
the levels of heavy metals in marine organisms in the Mediterranean. These
results may be used to evaluate health hazards from the consumption of
seafood and possible adverse effects on the marine ecosystem. It is for
example clear that some migratory species such as Thunnus thunnus thynnus
have high body burdens of mercury which often exceed the naticnal
standards. Mytilus galloprovincialis and Mullus barbatus show high average
concentrations in samples from the Tyrrhenian See, the North-West
Mediterranean and the Adriatic. Althought the high levels of mercury in
tuna were expected it is maybe more surprising that the crustacea Nephrops
norvegicus sampled in the Tyrrhenian Sea and the North-West Mediterranean
has the same average concentration {around 1000 ug/kg). For the other
areas and species the average concentrations are generally lower and of the
same size as those found in the ICES North Sea studies. The range and the
standsrd deviation indicate however that organisms in certain aress also
may have high body burdens.

For cadmium and the the other heavy metals studied the situation is
somewhat different as there is no pronounced difference between the areas.
Mytilus galloprovincialis and other molluscs seem to have higher average
concentrations than teleosts. -

The information is also an important basis for the planning of future
long~term monitoring activities using marine orgenisms. It is certainly
neither feasible nor desirable to include such & variety of arganisms and
pollutants, as has been studied in this pilot phase, in any long-term
monitoring exercise. The fellowing brief discussion of the combinations of
species and pollutants used may therefore be useful for future activities.

4.6.1 Mercury

Mytilus galloprovincialis and/or M. edulis and Perna {Mytilus) perna have a
wide distribution in the Mediterranean, being unavailable only in a few
regions. They are able to accumulate and release mercury in proportion to
the environmental levels. As they are sessile organisms feeding on
plankton and particulate matter, the concentrations of pollutants should
primarily be considered as indications of levels in relatively small areas
{i.e. harbours or river mouths).

From the final reperts by the principal investigators it seems that factors
like sex, body size, temperature, salinity and depth (i.e. taken in the
intertidal zone or not) are more important than the sampling season.

Mullus barbatus and/or Mullus surmuletus sre availeble all over the
Mediterranean and are suitable indicators of environmental levels of
mercury, as mercury is not regulated in the axial muscle of finfish. These
species can be very useful for monitoring of continental shelves. Thunnus
thynnus thynnus, as a migratory predator at the top of the food-chain, seems
to be suitable for the monitoring of the levels of mercury on a
Mediterranean basis and for the assessment of the eventual risks to human
health from mercury. For Mullus, sex and particularly sge and size, are

the principal factors affecting mercury levels at the same environmentel
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concentrations. Attention should be paid to the possibility of variation
of the bioavailability of mercury due to the sempling depth. Also, for
Thunnus, the size or age appears to be an important parameter affecting the
mercury levels. The possibilities of different body burdens of tuna of
Atlentic and Mediterranean origin would, however, have to be taken into
account.

4.6.2 Other metals

The soft parts of mulluscs, especislly Mytilus, are recognized as good
indicators of environmentsl levels of cadmium, zinc, lead and probably
copper. For teleosts and probebly crustaceans the situation is somewhat
different, as these organisms seem to regulate metabolically the
concentration of certain metals irrespective of the degree of ambient
contamination. Phillips (1977) in a review of the use of biological
indicators to moniter trace metal pollution, concluded that several
elements ere strictly regulsted in the muscle of finfish. The results
obtained during the pilot phase are, however, most useful as baseline data
for the assessment of the human intake of trace metals through seafood.
Cther organs like the kidney or liver in the teleosts are also suitable for
monitoring the envirenmental levels of trace metals which are regulated in
the muscle.
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MED PGL III : BASELINE STUDIES AND MONITORING OF DDT, PCBs and OTHER

CHLORINATED HYDROCARBONS IN MARINE ORGANISMS (prepared by FAQ)

1.  INTRCDUCTION

The evaluation contained in this document is based on the final scientific
reports submitted by the participating research centres, as well as on data
provided on LOG FORMs for computer treatment. As at 1 July 1980, 16 of the
participating 24 research centres had submitted their final reports. Of
the remaining nine centres tnree had submitted the latest scientific report
during 1979 as part of the normal reporting routine of the pilot project.

During the first half of the pilot phase the number of analyses carried out
was rather limited; this made possible the evaluation of results from all
participants without the use of computer facilities. A preliminary
evaluation on a Mediterransan basis was also presentad and discussed at the
Mid-term Expert Consultation, Dubrovnik, 2-13 May 1977. As the
participating centres improved their analytical capabilities during the
second half of the pilot phase, the number of analyses performed increased
considerably. It was, therefore, apparent that, for the preparation of the
Final report, the use of computar facilities for data treatment would be
necessary.

The LOG FORMS, which serve as the basis for entering the data into a
computer system, were complsted and provided in a usable farm by 16
centres. A total of about 700C data lines, esach giving one analytical
value as well as information on location and biological parameters, was
reported.

A common system for analysis, storage and presentation of all MED POL data
is envisaged but is, at the time of preparation of this report, enly at the
early stage of implementation. FAOD therefore made use of an existing
computer system designed essentially for the Fisheries Commodities Data
Base, with supplementary print programmes to genesrate tables in order to
meet the requirements of the pilot praject.

The results presented in this report are mainly based on tables giving
concentrations by species and compounds for different sampling stations and
MED POL aresas which were produced by the FAO Fisheries Information Data
and Statistics Service. It is, however, envisagad that the data will be
transferred to, and utilized by, the Mediterranean data processing system
in Geneva, as and when operational.



®

45

2. METHODOLOGICAL CONSIDERATIONS

2.1 Selection of the species

The marine organisms selected in the Operational Document as mandatory
species are Mytilus galloprovincialis (Mediterransan mussel) and/or M.
adulis, Mullus barbatus (striped mullet), Parapenaeus longirostris
(deep-water pink shrimp) and/or Carcinus mediterraneus (Mediterranean shore
crab). The basis for this selection was that these organisms are
representatives of different ecotypes, they are of considerable ecunomic
importance and they are common in almost the wiole of the Mediterranean.

As can be seen from table 1, results on Mytilus gallopraovincialis and
Mullus barbatus were reported by 15 and 16 centres, respectively. Howaver,
in some areas of the Eastern Mediterranean, e.g. Israel and Cyprus, Mytilus
was reported as being unavailable. In Turkey, only one of the two
participating centres reported results on Mytilus, while the other centre
did so only for the pilot project MED 1I. As regards the centres which
have not yet reported results, it seems likely that they will be able to
collact samples of Mytilus. With this slight reservation, it can be
concluded that this species has proved, as far as availability is
concerned, to be a useful organism for monitoring purposes.

Mullus barbatus was sampled by all centres with one exception, the
Biological Institute in Dubrovnik, which had selected anocther member of the
Mullidas family, Mullus surmuletus (red mullet) as an alternative species.
The conclusion on the usefulness of Mytilus for monitoring is therefore
undoubtedly valid for Mullus barbatus as well.

As regards Parapenaeus longirostris, this species was sampled by only four
centres, thus rendering the results less useful for the evaluation of
levels of contamination on a Mediterranean basis. The rsason for this
limited sampling could be that Parapenaeus requires more sophisticated
fishing techniques than the previously mentioned species. This was
possibly also the reason why the alternative species Carcinus mediterraneus
was sampled by more centres (eight) than Parapenaeus.

The total number of additional species that were sampled is close to 40,
but the number of samples and the frequency of sampling is, thougn
variable, generally low. Table 1 and 2 show all the species and the number
of centres that have collected samples. Only species whose full scientific
names have been given are included. Most of the species have besen sampled
by only one centre. Some, however, have besn chosen more frequently, and
Engraulis encrasicolus, Sardina pilchardus, Merluccius merluccius, Mullus
surmuletus, Muyil auratus, Patella coerulea and Pagellus erythrinus have
been sampled by three or more centres.

Of these Sardina, Merluccius, Mugil and Patella were recommended as
additional or alternative species in the Operational Document and at the

Mid-term Expert Consultation. Most of the additional species (about 40)
are also sampled for analysis of heavy metals (MED II) but not necessarily

by the same research centre.
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Table 2. Additional species sampled.

Sampled

Species sampled Number of centres algo in MED II
Arca noae 1 X
Belone belone 1 X
Boovs boops 2 X
Boops salpa 2

Callinectes _sapidus 1

Carcinus maenas 1

Conger conger 1 X
Dentex macrovhitalmus 1 X
Engraulis encrasicholus 3 X
Lithovhaera lithovhaza 1 X
Ioligo valzaris 1 X
iaena maens 1 X
Merlangins merlansus 1 X
Merluccius merlucciug 5 X
Horcdonta tuchinata 1

Mugil auratus 3 X
Mugil capito 1 X
Mugil saliens 1 X
tnllus surmuletus 5 X
Nenhrops norvegicus 1 X
Oblada melanura 1 X
Ostrea edulis 2 X
Pagellus goarne 1 X
Pagellug ervthrinus 3 X
Patella coerulea 3 X
Penaeus kerathurus 1 X




Table 2, Additionmal species sampled(continued-£)

Species sampled
Sar

dins pilchardus
Sardinella gurits

Sgurida undosquamis
Scomber scombrus
Sclea wvulgaris
Thuntng FNveRGE Shynmas

Traclurns mediterraneus

Trachurus trechurns

Tri gopterus minutus capelanus

Number of cenires

Upeneus moluccensis

Upogebie littoralis
Venerunis aureus

Xantho hydrophilus
Xiphias gzladius

[\ I o

N

Sampled

-also in MED IT

X
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An evaluation on a Mediterranean basis of the levels of contamination in
all the additional species is impossible because of the limited number of
samples. Nevertheless, the results can be useful for the assegsment of
local pollution and provide baseline informatiocn. For some migratory
species the data may also give an indication of body burdens in the
Mediterranean.

In a few cases results of analysis of zooplankton, sediments and water have
also been reported.

2.2 Pollutants analysed

All research centres, with one exception, that have reported data, have
made analyses of PCBs.

For DDT, DDE and DDD, results were received from all centres (table 1). As
regards dieldrin, this pollutant was analysed by only 11 centres, which may
be due to the fact that the analytical procedurz for dieldrin is somewhat
different from that for PCBs and DDT. As dieldrin is related to aldrin,
being its epoxide, some centres have analysed both compounds, or aldrin as
an alternative to dieldrin. Endrin, which is also derived from aldrin, was
analysed by two centres. Lindane, the Y-isomer of hexachlorcyclohexane
(BHC or HCH) has bsen analysed by five centres, some of them also analysing
thed -, Q-, and a’- isomers of BHC (HCH).

While only one centre analysed the pesticide heptachlor, five centres made
analyses of its conversion product heptachlorespoxide.

2.3 Areas studied

According to the Operational Document, the baseline studies and monitoring
were to be carried out primarily in the coastal waters. Furthermore, the
sampling stations were to be selected by the participating research centres
so that the results obtained could be used to characterize the level of
pollutants in certain areas. The sampling frequency was to be seasonal.

The number of sampling stations selected by the different centres varies
considerably, from two stations to over 20. 1In the latter case, however,
the samples were collected only occasionally. In fact very few centres
have strictly followed the agreed sampling frequency with regard to
scasonal sampling. Figure I shows the different areas that have been
monitored or whare monitoring is planned but data have not been reported.

The northern Mediterranesn coast is relatively well covered by a number of
research centres, but those from the southern Mediterranean cover only a
small part of the coast and some of them have not bzen able to produce any
data. Table 3 shows the number of research centres and sampling stations
for the different MED POL areas.

¢
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Table 3. Number of research centres and sampling stations.

MED POL area Research centre Sampling stations
I 1 8
11 3 16
111 - -
Iv 1 8
Y 5 >31%*
V1 - -
VI - -
Viil 4 28
X 1 8
X 1 18
XI 1 3
X11 1 2
Total 1B >122

* One centre did not indicate the co~ordinates for the sampling stations.

No data were reported for areas I1I {South-Western), VI (Ionian) and VII
(Central) while three or more centres reported results from areas Il
{North- Western), V (Adriatic) and VIII (Aegean). For the remaining areas
results were reported by one centre in each area.

2.4 Methodology

Sampling and sample preparation were generally carried out in accordance
with the recommendations given in the Manual of Methods in Aquatic
Environment Research, Part 3 - Sampling and Analysis of Biological
Material; FAD Fisheries Technical Paper No. 158. In a few cases however,
samples were obtained from the market. These samples, if not handled with
special care, risked contamination before arrival at the laboratcory.

The samples were either homogenized with anhydrous Na,S3, or, as in
most cases, lyophilized before extraction. Extraction of the samples was
carried out either with a blender or Soxhlet. The solvents used were also
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different, i.e. n-hexane or petroleum ether, but in most cases Soxhlet
extraction with n-~hexane was used. Since the extractable organic matter
(EOM) is dependent on the solvent used, the different solvents usad may
affect the results, at least for some organcchlorine residues.

Several different clean-up procedures were used of which the most common
were:

(i) Partitioning with either hexane-acetonitrile or pstroleum-ether;

(ii) Clean-up with sulphuric acid which, however, destroys dieldrin as this
pesticide is not acid stable;

(iii) Elution on florisil or alumina.

Although all these methods are generally accepted as clean-up procedures,
they may not necessarily give the same results for all chlorinated
hydrocarbons. Therefore the participating research centres have made
evaluations of the loss of chlerinated hydrocarbons due to pretreatment.

For the separation of some chlorinated insecticides from PCBs, many
research centres used silica-gel chromatography with different eluents. In
the subsequent gas-chromatographic analyses with electron capture
detectors, columns containing various types of supports and stationary
phases were used.

Sometimes the samples were analysed on two types of columns for control of
the identification.

for confirmation many centres have used the alcoholic saponification with
KOH, while the perchlorination of PCBs to decachlorohiphenyl (DCB) was not
reported by any centre.

The guantification of the PCBs was generally carried out by matching the
chromatograms of the samples with those of known quantities of Aroclor 1254
or 1260. Sometimes other commercially available PCBs such as DP5 and DP6
were used.

3. INTERCALIBRATION EXERCISE

An extensive evaluation of the intercalibration exercise (MED POL XI) is
presented in document UNEP /WG.46/3 Part II.

The following evaluation is therafore restricted only to questions directly
related to treatment of the monitoring data.

The participating centres were provided with three different
intercalibration samples as well as standards for the most common
organochlorine residues. Analyses of all threes samples were reported by 10
of the 1B centres that have reported data, Of the remaining eight centres
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six reportad results for one or two samples, while the other two did not
carry out any intercalibration (table 4). To allow for a sufficiently
reliable evaluation of the results from ths individual centres, preferably
two or three intercalibration samples should have been reported.

For each sample and compound, the arithmetic mean and standard deviation
(SD) of the results reported by the participating centres have been
calculated.

In order to excluda "outliers™ Dixon's test was used. As a basis for
estimating the reliability of the data and their fitness for inclusion in
the evaluation of the monitoring exercise the following criteria were used:

(1) results within one standard deviation from the mean {after Dixon's test)

to be considered as "acceptable'; .
(ii) results deviating more than one standard deviation from the mean to

be considered as "not acceptable".

For the overall evaluation of the three intercalibration samples, the
average of two "acceptable" results and one "not acceptable™ was considered
as acceptable. With two "not acceptable"” and one "acceptable™ the average
was considered as "not acceptable". In the cases where only two samples
were reported on and one result was "not acceptable" the judgement was
based on how much the values deviated from the mean. ‘

When considering these principles for accepting the data for evaluation it
became evident that the quantity of data would be noticeably reduced.
Howesver, for an evaluation of the levels of contamination on a
Mediterranean basis, it is preferable to have a smaller number of data that
are reasongbly comparable. Out of a total of 17 research centres the
results on PCBs and DDT and its derivates from five centres were deleted ii'
due to unacceptable values or lack of intercalibration results. As a
consequence, only results from areas I1I, IV, V, VIII, IX and X could be
used. Due to the limited number of reports, results for dieldrin and
aldrin could be used only from areas 1I, IV, V, X and II, IV, IX, X,
respectively. For the other contaminants an evaluation of the
intercalibration results was not possible.

A comparison of the results in this intercalibration exercise with those

that have been reported in the International Council for the Exploration of

the Sea (ICES) North Sea baseline studies, shows that the coefficient of

variation between the laboratories is larger in the Mediterranean than in

the ICES area (ICES, 1978). This was to be expected however, as all

laboratories in the ICES study are well established, while many centres in

the Mediterranean have only recently begun gas-chromatographic analysis of
chlorinated hydrocarbons. As was pointed out for the ICES studies, a

regular repstition of the exercises will certainly further improve the .
quality of the data.
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Table 4., Participation in intercalibration of samples MA-M.1 (oyster),

MA-A-1 (copepod) and MA-A=2 (fish).

o
£
Research Centre §.
a (41119
R E R
| Fisheries Nevartment, Nicosia X
Institute of Oceanography and Fisheries, Alexandris
Centre for Pogt-sraduate Studies and Research, Alexandria
laboratoire de chimie applicuée & 1l’exvertise, Montpellier X X X IX
Institut scientifioue et technicue des pZches maritimes, Sste X X X X
Institute of Oceanosravhic and Figheries Research, Athens X X X tX
Department cof Food Hygiene, Universitv of Thessaloniki X X X
Ieboratorv of Analvtical Chemistry, University of Theesaloniki
Renaki Institute of Phvtopatholosr, Athens X X X
Israel Oceanogravhic and Limnological Research Lid., Haifa X X X
laboratorv of Hvdrobiology and Fish Culture, Siena X X
Institute of Marine Biolopv — CNR, Venice X X X 1X
Centre de Recherche marine, Bevrouth
The Universitv of IMalta, Msida
Institut scientificue des P&ches maritimes, Casablanca X
Instituto de Investi@cioz{es Pesqueras, Barcelona X X X
Instituto Quimico de Sarria, Rercelona X X X iX
Institut national scientifigue et technique d“océanographie et
de P8che, Salambd
Hvdrobiological Research Institunte, Istanbul X X
¥Yarine Science Devartment (MPIU), Erdemli=Icel X X X IX
Institute for Oceanoeraphy and Fisheriesg, Solit X X X (X
The Biolorical Institute, Dubrowmik X X X 1X
"Rudjer Bokkovig" Institute, Zacrebd x | x |x ix
Marine Biological Station, Portorol X1 X | X X
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4. RESULTS OF THE BASELINE STUDIES AND MONITORING

4.1 Introduction

The levels of contamination presented in this section are, based only on
data reported on LOG FORMS received before 15 July 1980. Data from the
very first phase of the pilot project, before the LOG FORMS were developed,
have not been key-entered unless these data have been transferred to LOG
FORMS by the reparting centre.

Data presented for the different contaminants and organisms are mean values
of all results reported for the various stations in the relevant MED POL
area, with due consideration given to the intercalibration results. They
do not take into account the differences between the conditions prevailing
at the individual sampling stations (i.e. levels of pollution). Bearing in
mind the wide extent of heterogeneous conditions within each MED POL area,
it is obvious that the overall averages of the levels reported should not
be interpreted as mean values for an area. References to (author, final
report) refer to the individual summary reports prepared by the principal
investigators, and presented in document UNEP/WG.46/Inf.6.

The reporting centres have used different detection limits depending on the
conditions under which the analyses wnere carried out. For the purpose aof
reporting in the present document, intermediate detection limits have been
selected arbitrarily and may not be the same as the ones reported by the
individual centres. Sufficiently high detection limits have been given to
ensure the best reliability for evalustion of the data.

4.2 PCBs
Levels of PCBs in the obligatory species, by area, are reported in Figure
2. The highest average values for Mytilus galloprovincialis were reported

in samples from stations in area II (North-Western) (table 5).

Table 5. Average levels of PCB8s in Mytilus galloprovincialis

no. of average*

no. of samples mean conc. standard length

area centres (n) ug/kg FW deviation range (mm)
II 2 17 307 256 22-1 200 53 (17)
IV 1 13 95 114 2.5~ 420 32 (13)
v 4 159 84 221 2.5-2 622 48 (159)
VIII 2 12 61 12 40~ 80 48 (11)

* Number of specimens in brackets.
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As the number of samples is quite small and the data are scattered, a
comparison between the different areas is not possible.

The levels are similar to those reported for Mytilus edulis in the North
Sea by ICES as part of the baseline survey of 1972 (ICES, 1974). The
highest mean value reported in this study was 390 ug/kg in samples
collected off the coast of the Netherlands. Similar values were also
reported in the monitoring exercises during 1974, 1975 and 1976,with the
highest mean values about 300 ug/kg, which is of the same order as the
value for area Il in the Meditarreanean (ICES, 1977a and 1977c).

Levels reported from the Canadian coast in the ICES North Atlantic baseline
study were however much lower with concentrations between 3 and 17 ug/kg,
ICES (1980). :

The highest average values in Mullus barbatus were reported in samples from

stations in areas Il and IV (Tyrrhenian Sea), Table 6.

Table 6. Average levels of PCBs in Mullus barbatus.

no. of average¥ average¥
no., of samples mean conc. standard length weight
area centres (n) ug/kg FW deviation range () (g)
11 2 33 814 1 496 30-8 000 144 (33) 56 (33)
Iv i 33 477 770 50-3 950 142 (33) 62 (33)
v 4 B6 234 473  0.5-3 117 134 (84) 33 (84)
VIII 2 51 113 204 0-1 1180 138 (51) 42 (43)
IX 1 6 9 19 0.4~ 52 187 (&) -
X 1 42 69 75 0- 284 143 {42) 31(42)

* Number of speciments in brackeis.

There is a considerable variation between the values with an overall range
from 0-8000 ug/kg, the latter value reported from area 1I.
between the averages is also quite pronounced, with the mean value in area
II being two orders of magnitude higher than in area IX {North Levantine).
A statistical evaluation shows that the average level in area II is

significantly higher than the averages in all other areas except area IV.

The difference

Area IV shows a significantly higher average than areas V, VIII, IX and X.
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The concentrations in Parapeneus longirostris are very low in all three

areas studied, while samples of Carcinus mediterraneus collected in area 11

have a mean concentration as high as 1,448 ug/kg (table 7).

Table 7. Average levels of PCBs in Parapenaeus longirostris and
Carcinus mediterransus

no. of average¥* average*
no. of samples mean conc.  standard length weight
area centres {n) ug/kg FW deviation range {mm) (g)
Parapenaeus longirostris
VIII 2 30 12 12 O~ 51 133 (27) 13 (27)
IX 1 3 1.5 1 0- 2.5 177 (3) 26 (3)
X 1 11 31 57 0- 157 102 (11) 4 (11)

Carcinus mediterraneus
11 1 10 1 448 1 295 300-3 6800 41 (10)

v 2 31 87 93 0.5~ 540 45 (31)

* Number of specimens in brackets

Due to the low concentrations in Parapenaesus the scale in Figure 2Z is an
order of magnitude lower than for the other species. As the chlorinated
hydrocarbons being essentially non-polar, have a high affinity to lipids,
organisms with a higher fat content like Mullus barbaktus normally show a
higher concentration than, for instance, i.e. Mytilus galleoprovincialis and
Parapenaeus longirostris. In particular Parapenaeus, ussd for the
analysis, has a very low fat content in the abdomen. '

Although not all arzas have been covered and the number of samples is quite
small, the results from the cbligatory species give clear indication that
the concentration of PCBs is higher in area II than in the eastern
Mediterranean particularly.

Several additional species have 4also been analysed for PCBs although most
of them in only one or two arsas. The average concentrations based on
three or more samples for each species are shown in table 8.

The highest values were reported for Engraulis encrasicolus in area II with
a mean concentration of 385 ug/kg. The concentraticns in Merluccius
merluccius sampled in areas V (Adriatic) and X (South Levanting) are
similar to, or lower than, those from the ICES North Atlantic baseline
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Table 8. Overall averages of levels of PCB in non-obligatory species.
Sampling No, of Mean Standard
areas Species samples conc. deviation Range
: (n) /u.gfkg F.H.
iT Bngranlis encrasicolus 6 385 151 140 - 160
v Engranlis encrasicolus 10 153 63 40 ~ 260
¥allus surmmletus 6 87 . 17 60 -« 110
Yeohroos norvegicus 28 25 17 8~ S0
v Eneraulis encrasicolus 8 106 98 21 - 325
Loligzo wylaaris 4 128 17 30 ~ 235
Herlnccing merluccius 6 26 20 5 - 52
thgil suratus 1 330 4122 64~ 1060
rmllus surmaletus 9 101 130 5 - 441
Ostrea edulis 3 13 8 5« 30
Pagellus ervthrinms 4 44 35 2.5~ 95
Patella coernla 4 10 4 2,5« 14
“Penzeus kerathurus 7 45 31 20 - 118
Sardina oilchardus 8 303 153 129~ 802
Trachurus trachurs 4, 15] 92 34 - 287
Venerupis aureus 15 7 8 0.5 30
“Zantho hydrovhilus 10 93 TL T = 242
= Yugil saliens 5 18 29 0.5~ 77
S Boovs boops 4 44 22 19~ 55
" Taens meena 5 T o1 T = 254
Merinceius merluccius 5 29 23 0~ 70
Pagellus eryihrinus 12 231 287 36 - 994
Saurids undosmuanis 15 190 297 11 - 1120
Sohyraena sphyraens BE 275 167 80 ~ 487
Trachurus mediterraneus 3 72 33 27 - 100
Upeneus molluccensis 14 145 187 3 ~ 800

C )
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study of 1975 (mean concentrations from 20-390 ug/kg), ICES (1977b).
Samples of Merluccius merluccius from the Portuquese coast calllected in
1976 had hawever mean concentrations of only 9 to 19 ug/kg, ICES (1980).

As regards the forms of PCBs present in the organisms, it appears from the
final reports of the principal investigators and the LOG FORMS that PCBs
are usuvally present as mixtures of highly chlorinated compounds. Most
results have been reported as Aroclor 1254 or Aroclor 1260 or a mixture of
the two. This is to be expected, however, as the PCBs with lawer chlorine
content are more easily eliminated from the organism (WHO, 1976).

4,3 DDT and its derivatives

Overall averages of levels of p.p'-DDT, p.p'-DDE and p.p'-~DDD based on
three or more samples of cbligatory and non-obligatory species are shown in
tables 9, 10 and 11. The values are considerably less scattered than for
PCBs. In Mytilus galloprovincialis the mean values of p.p'-DDT in samples
from the different areas vary between 2.3 and 22 ug/kg. The mean
concentrations of p.p'-DDD and p.p'-DDE are of the same order, varying
between 7 to 49 and 5 to 18 ug/kg, respectively. Concentrations of the
same order or slightly lower were reportad for Mytilus edulis from the ICES
North Sea baseline study of 1972 (ICES, 1974). In the subsequent
monitoring exercises of 1974, 1975 and 1976 the concentrations of both
p.p'-DDT and p.p'-DDE were generally lower than 10 ug/kg (ICES, 1977a,
1977b and 1977c).

For Mullus barbatus it can be seen from figure 3 that almost all the mean
concentrations of p.p'-DDT, p.p'-DOE and p.p'-DDD are of the same order.

In particular, the levels of p.p'-DDT and p.p'-DDE are very similar. But
the varistion between the individual samples is considerable as can be seen
from the standard deviations which are usually of the same order as, or
higher than, the mean. No difference betwsen the areas can be
distinguished on the basis of these results.

For the other species the major concentrations are generally less than 30
ug/kg. One exception is Thunnus thypnus thynnus which shows average
concentrations for p.p'-DDT and p.p'-DDE of 343 and 352 ug/kg,
respectively. The concentration of p.p'-DDD is somewhat lower (107 ug/kg)
but still one order of magnitude higher than for the other species. This
can be expected considering the role of tuna as predator, its high level in
the food-chain, its long life and its relatively high fat content in the
muscle.

4.5 Qther chlorinated hydrocarbons

As was mentioned in section 2.2 many centres did not report data on
dieldrin. The results reported show however that the concentration of
dieldrin is generally low in all organisms analysed with the highest mean
values around 6 ug/kg (table 12). Many of the individual values were below
1 ug/kg.



Table 9. Overall averages of levels of 63?,9 ~ DDT in obligatory and non-obligatory

species,
maritne oty | | |
(25’ /ug/kg F, W,

T1 Boops boovs T 21 20 5 - 69
Maena smaris 5 33 13 13 = 49
Engraulig encrasicolug 6 45 22 13 - 72
Mliug harbtetus 27 28 35 8 =170
Mytilus galloprovincialis 113 22 23 3 =150
Solea vulgaris 10 10 7 1 -18
Thurnus thvinus 21 343 32 25-1401
Triscoterus minutis
capelanus 4 5 2 2.5- 17

I Eneraulis encrasicolus 10 22 12 2.5« 40
Mullus berbatus 33 23 17 6 - 89
Mullus surmiletus ] 3 2 - 13
Wrtilus gnlloorovineialis 12 T 5 l.2= 17
Nephroos norvesicus 23 1.8 1.6 0.5~ 5

v Boovs booos 3 8 7 1-1
Carcinus mediterraneus 31 1.7 1.4 C.2- 5§
Pneraulis encrasicolus 14 & 3.7-2.4
Loligo vulgaris 4 12 1 T =24
Merluccius merluccius 8 5 4 0,6 12
Mgl auraius 4 39 20 23~ 73
imllus barbatus 102 17 26 0,2-205
allns surmuletus 11 9 11 0,5-40
Mytilus sallovrovincialis 180 15 77 01014
Ogtrea edulis 10 2 2 0,3~ 6
Pasellus ervthrinus 4 8 6 2-18
ratella cocernla 4 0.8 0.4 0,3-1,3
Penaens kerathurusg 7 1.5 .8 0,3-2.8
Sardina uilchardus 8 36 18 7~ 67
Trachurus trachurus 4 25 23 1~ 56
Veneruois aureus 15 0.5 0.8 0,2-3.,8
Xanto hydrovhilus 10 1.7 l.4 0, 8.8

L
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Table 9, Cverall averages of levels of p,p = DDT in obligatory and non-obligatory
gpecies (Gontinued—Q)
sampling no. of mean standard
areas gpecies samples conec. deviation range
(n) ):g/‘kg ¥ A
VIIZ Mallus barbatus 51 23 25 4 - 110
Mytilus galloprovincialig 12 2.3 1.7 0~ 5
Parapenseus longirostris 29 0.9 1.4 0~ 6
X Carcinus mediterraneus 6 1.6 C.7 0.2~ 2.6
Mugil auratus 15 10 g 0.8. 2.7
Mugil saliens 11 34 20 B, B 6.8
Millvs barbatus 17 38 29 0,5 92
Parapenasus longirostris 4 4.2 3.5 0.3-9
Penaeus kerathurus 10 4.8 0.9 3.5« 6
X Boops boops 4 0.9 1.3 0.4~ 3.1
Moenz meens 5 T 4.4 0-13
Merluccius merluccius 5 6 5 0~ 14
Mallus barbatus a4 8 9 0« 37
Pagellus erythrinus 12 & 6 0 - 15
Paravenaeus longirostris 10 0.1 .2 00,8
Saurida undoscuamis 15 4.2 4.9 0 - 16
Sphyraena sphyraena 3 37 38 0~ 89
Trachurus mediterrancus 4 4.7 1 3~ 6
Upeneus molluccensis 16 7 9 0~ 32
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Table 10, Overall averages of levels of p,p— DDP in obligatory and non-obligatory

species.
sampling no. of mean standard
areas species samples conc. deviation Tange
n Pg/kg .Y,

iT Boops boops 7 9 8 6 - 26
Carcinus mediterraneus 10 10 9 1.2 -« 26

Yaenz smaris 5 19 14 T - 44

Muzllug barbvatus 12 38 52 0 -180

Mytilus galloprovincialis 108 15 13 B =125

Solea vulegaris 10 12 10 1= 24

Thunnug thynms 2l 107 o8 5 =117

Trisopterus minutis

capelanus A 5 4 2 - 10

v Engraulis encrasicolus 3 10 5 5 =117
Lolico vulearis 4 11 1l 3=-29

Mullus barbatus 5 28 40 2.2 - 107

Mullug surmuletus 3 T 6 2~15

Mytilns galloprovincialis 11 49 124 0 - 440
Pagellus ervthrinus 3 1.1 0.5 0.4 ~1.5

Sardina pilchardus 4 21 16 4~ 46
Trachurus trachurus 4 11 1l 0 - 30

VIIZ Merlucciug merluccius 6 10 3.5 3.6 = 15
Mullus barbatusg 78 14 25 0 - 120
ivtilus zallovrovinejalis 0 7 7 0~ 145
Paravenaecus longirostris 29 0.8 1.4 0= 7
Thunnus thynnus A 323 422 26 -1052

IX Carcinugs mediterrancus A.2 3.7 0~ 10
Iugil auratus 8 7 1,5~ 22

Mugil saliens 11 24 12 T - A7

*hallus barbatus 17 18 14 0 - 44
Paravenasus lonzirosiris 4 2.2 1.3 0,5-4,2

Penaeusg kerathurus 3 2.2 1.0 1,0=3,4

X iaena maens 5 7 6 0 - 17
ilarluccins merluccius 5 1.4 2.1 0~ 5

M1llug barbatus 44 1.6 3.8 021
Pagellug ervihrinus 12 2,2 3.4 011
Parapenaeus lonegirosiris 11 0.4 0.8 0~ 2.7

Saurida undosouamis 15 3.5 6 Q=24
Sohvraena sphyraena 3 17 19 0 - 44
Trachurus mediterraneus 4 2 2 C - 4.3

Upenens mollugeensis 16 1.7 2.3 0- 7
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Table 11. Overall averages of levels of p,p' DIE in obligatory and non obligatory

species.
sampling no. of mean standard
areas gpecies samples COnC. deviation range
n }ug/l-:g F.H.

II Boops boops 7 6.7 2 3-10
Carcinus mediterraneus 10 36 24 14 - T2
Enpraulis encrasicolus 47 19 16 - 66
Mzena smaris 5 28 8 14 = 40
¥Mullus barbatus 34 29 14 11 - 70
Mvtilus g=lloprovincialis 114 13 9 2.2 = 42
Solea vulgaris 10 T 4 1,2 - 12
Thunnus thynnus 21 352 415 23 - 1582
Trigopterns minutis A 3.7 O.7 3 - 4,6
capelanus

Iv Bneraulis encrasicolus 10 24 13 5 - 50
Mullus barbatus 33 33 18 7~ 93
mllue surmaletus 6 11 3 6 - 15
Mytilus galloprovincialis 13 6 4 2 - 17
Hephrovs norvesicus 28 3.8 1.8 1.1~ 8

v Carcinus mediterraneus 4 2.5 3.0 0.1 - 6.2
Engraulis encragicolus 4 22 12 6 - 40
Lolipo vulearis 4 33 25 6 ~ 61
Herluccins merluecius 8 Sed 5.4 C.3 - 20
Mugil suratus 4 17 8 5= 25
Millus berbatus 43 8 12 C,l = 75
¥Mullue surmuletus 10 12 12 0.1 - 33
Mrtilus sellovrovincialis 145 5 13 0,1 -118
Ostrea edulis 10 1.2 0.8 0.1 -2.8
Pagellus ervthrinus 4 7.2 4.3 0.6 « 13
Patells coeruls 4 10 5 2,3« 17
Sardina pilchardus 4 133 49 8C 211
Trachurus trachurus 4 35 23 15 - 70
Venerupis aureus 15 0.2 0,2 0.1 -0.8
Xantho hydrophilug 10 T 8 3.3 24




66
Table 11, Owverall averages of levels of p,p! DIE in obligatory and non obligatory

species (Continued ~ 2

sampling no, of mean standard
areas species samples CONC. deviation range
(n) )Ig/kg F.W.
VIIT Carcinug mediterranens 3 23 3 20 - 26
Merlucoius merluccius 4 18 4.5 12 - 26
Mallus barbatus 88 a3 39 1 - 255
Myvtilug galloprovincialis 59 10 12 1-175
Pagellus ervthrinus 3 46 25 28 -~ 82
Paranenaens longirosiris 31 1.6 5 0 - 25
Thonmis thynnus 4 601 659 161-1737
IX Carcinus mediterraneus T 22 15 G.3 - 4.5
Yugil auratus 17 16 11 1.4~ 45
Magil galiens 11 70 30 33-115
Mrllug barbatus 16 53 42 0.9 - 117
Paranenzeus longirostris 4 3.1 1,6 1,0 - 5.4
Penaeus keratburus 10 36 11 23 - 82
X Boops boovs 4 0.9 0.8 0~ 2.0
Cercinus mediterransus 4 3.1 3.5 .7~ 8
HMaena maena 5 6 3 2,3 - 10
Wlerluccins merluceius 5 15 9 T - 32
Mallug barbatus 44 15 12 2 - 67
Pazellus ervihrinusg 11 14 10 4,9 - 39
Parapenaeus longirostris 11 1.5 2.6 0~ 9
Saurida undosquamis 15 13 8 4.6 - 30
Schvraena svhvraena 3 21 5 16 -~ 28
Trachurus mediterraneus a4 10 4.4 2.2~ 15
Upeneus molluccensis 16 40 35 5 - 106

@
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Table 12. Over.all averages of levels of dieldrirn in obligatory and non~obligatory
species.
sampling no., of mean standard
areas species samples conc. deviation range
n ugfke B,

Ix ¥ullug arbatug 11 6.2 5.3 0.5 = 19
livtilus galloprovincialis 2 3.5 - l- 6

v Engraulis encrasicolus 4 5 2.6 1.2 =« 7
Mellus tarbatus 9 6 3.5 0,5 ~ 12
Intilus mlloprovincialis 6 2.8 2.6 0.5~ 6
Nephrops norveg cus 1 0.9 0.5 0.5 =1,8

v Carcinue mediterraneus 31 0.5 0.6 0 .2,4
Ensraulig encrasicolus 4 1.1 0.6 0.5 =-1.9
Merluccius merluccius 8 0.3 0.2 ¢ 0,7
¥ullus barbstus 67 1.7 4.1 ¢.,1 -17
Mullus surmletus 8 0.4 0.2 00,7
Mytilus gallovrovincizlis 145 0.8 4.4 0,1 - 55
Ogtrea edulis 8 0.4 Q.5 0.1 =2.0
Patella coerula 5 1.1 1,0 0,1 =2.,4
Penaeus kerathurus T 0.3 0.1 0.2 ~0.5
Sardina vilchardus 4 0.8 0.5 0-1.4

b ¢ Meilus barbatus 35 0.4 1.1 0~ 5.5
Carcinus mediterraneus .} 3.1 4.5 0.4 - 10
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Aldrin has only been analysed in samples from four areas but the results
available indicate that the concentrations in marine organisms in the
Mediterranean are generally low (table 13).

For the other compounds analysed it has not been possible to take into
account the intercalibration exercise when evaluating the data, but the
concentrations are generally low. For heptachlor and heptachlorepoxide
almost all values are lower than 1 ug/kg. For hexachlorcyclohexane and its
-isomer lindane some results are presented in tables 14 and 15.
Considerrng the analytical difficulties when analysing at these low levels,
these data should only be regarded as indications of orders of magnitude.

4.6 Discussion

The results presented in this evaluation and in the final reports of the
resaarch centres should primarily be considered as baseline information on
the levels of chlorinatad hydrocarbons in marine organisms in the
Mediterranean. These results may be used to evaluate health hazards from
consumption of seafood and possible adverses effects on the marine
ecosystem. The information is also an important basis for the plapning of
future long-term monitoring activities using marine arganisms.

From the data presented it can be concluded that a distinction can be drawn
between PCBs on the one hand and chlorinated insecticides on the other.

For PCBs there is a considerable scatter of the data with ranges of seaveral
orders of magnitude. There is also a clear tendency towards high values
especially in the Tyrrhenian Sea and the North West Mediterranean. For
most of the chlorinated insecticides the concentrations are quite low and
close to, or below, detection limits. ODT and its derivatives, which
usually have concentrations above detection limits, show an even
distribution in the obligatory organisms over the whole Mediterranean. A
possible explanation for this difference between the compounds may be that
PCBs, being of industrial origin, enter the Mediterranean to a large extent
through point sources, while chlorinated insecticides enter the sea through
run~of f or atmospheric fall-gut. PCBs have only been used in considerable
quantitites for the last 20 years or less, and are still in use, while the
utilization of BDT in particular is prohibited or restricted in many
countries around the Mediterranean. DDT and other chlorinated insecticides
therefore have a tendency towards a more uniform distribution in the
Mediterranecan compared to PCBs, for which the results indicate very high
levels in some industrialized areas. ’

Concerning the use of organisms for monitoring chlorinated hydrocarbons
there is, in contrast to trace metals, very little evidence to show the
existence of metabolic regulation of these compounds. In general,
chlorinated hydrocarbons are taken up in direct relation to their
environmental abundance, and are stored in the body lipids of all
organisms. The selection of organisms for monitoring chlorinated
hydrocarbos may thus take into account other factors, such as availability
and the time integration capacity.
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Table 13. Overé.lll averages of levels of Hdmn in samples of obligatory and nen-obligatory
species,
Sampling No. of Yean Standard
areas Species sa.msales conc, deviation Range
n }lg/kg F. 9,

IT Millus barbatus 9 0.5 - 0,5-0,5

v Fneraulis encrasicolus 4 0,6 0,2 0,5-1,0
Pullvs barbatus 9 1,5 1.9 0,5-5,0
¥ytilus galloprovinecialis 6 2,0 2.1 0,5=5,0
Hevhrops norvegsicus 7 0.6 g,2 C,5.1.0 .

X iugil auratus i4 1.2 0.6 0.2-2.3
Mugil saliens 6 1.8 0.7 0,9-2,7
Yullus barvatus 5 0.5 0.4 0,0-1.0
Paranenseus longircstrig 4 1.4 1.0 0.0~2 8

X Mzena maena 5 4.2 3.9 0,0.10

Merluccius merluccius 5 0,1 0,2 0,0-0,.4
Mullus barbatus 44 1,5 4,7 0,0-28
Parellus ervihrinus 12 2.9 6.4 0,022
Parapenasus longirosiris 11 0,2 0,6 0.0-2.2
Sanrida undosquamig 15 1.6 4.7 0.0-19,
Trachurug mediterraneus 4 0,1 0,1 0,0-0,3
Uvenens moluccensis 16 0.1 0,4 0,0-1.9 ,
Corcinus mediterranens 5 1.6 2.8 0,0-6.5 .
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Teble 14, Overall averages of levels of hexachlor cyclohexane in obhligatory and non-
obligatory species.
Sampling Ho. of M.ean Standard
areas Species samples conc. deviation Range
(n) |pefke P.W.
v Carcinus mediterraneus 27 0.9 - 0 - 8
Engranlis encrasicolus T 0.4 0,4 0 = 10
.Lolizo vulgaris 3 0.6 @G.5 0 - 1.3
Mallus barbetus 63 2.6 2.8 0.2 « 12
¥uillus surmuietus 4 1.2 1.7 0 « 4.0
Myrtilus galloprovincialis 43 1.1 1.0 0 = 5,0
Penaeus kerathurus 7 0.2 - 0 ~ 0.4
Sgrdina pilchardus 7 2.5 2.1 0.2 - 6.0
VIII Merluccius merluccius 6 1.5 0.6 0.8 = 2.5
Tullug barvatus 5 ) 0.8 ~ 50
. Mytilus gelloprovincialis 55 1.9 1.5 .4 - 5§
“Parapenasus lonsirostris 7 0.7 C.3 0.2 - L.l
X Carcimae mediterraneus 6 20 - 12 -~ 324
Virgil saliens T - 13 6 5 = 22
m:llus barbatus 5 3.9 2.9 1.0 - 11
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Table 15. Overall averages of levels of lindane in obligatory and nonwotlisatory species.
3 "
Sampling Ho,of tlean Standard
areas Species samples oonec. deviation Range
() | pake w
II Carcinus mediterransus a4 10 14 2 - 36
llus barbatus 17 3,0 A4 0.5~ 20
TPl malloprovincisiis 7 7.8 3 0.5 = 20
v Ingraylis encrasicolus 4 6.7 3.4 4.2 - 12
Hullus barbatus 9 1.5 1.4 0,5 = 5
ivtilug gelloprovincialis 6 1.7 0.9 0.5 - 3
Henhrovs norvegicus T 0.5 - -
v Carcinug mediterraneus 27 0.2 - -
Engrenlis encraesicolus a 0.1 - -
iuling varbatus 52 0.7 G.3 ¢ - 3.3
iortilus szllonrovincialis 36 O.d 0.4 - 2,0
Sgrdina »ilchardus a 0.7 0.9 C.2= 2.3
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MED POL IV : RESEARCH ON THE EFFECTS OF POLLUTANTS ON MARINE ORGANISMS

AND THEIR POPULATIONS (prepared by FAG)

1. INTRODUCTION

The purpose of pilot project MED POL IV was to study the effects of pollutants

on marine organisms and their populations, giving priority to determining

toxicity levels by "bicassay" methods. The project also provided data on .
the dynamics of pollutants and their synergistic and antagonistic effects.

In addition, research was done on morphological and anatomical changss and

changes 1in reproduction and behaviour. Physiological studies were carried

out to elucidate the functional responses of organisms to pollutants, and

analyses were made to show possible genstic changes in stressed

populations.

The results described in this report on MED POL IV are based on the eleven
final reports submitted by participants in the project.

2.  METHODOLGGY

2.1 Selection of species

It was agreed that the experiments should be made on a small number of

species previously recommended for use in pilot projects MED II and MED .
I1I1. These species, which may be described as "mandatory", were the

following: Mullus barbatus, Mytilus galloprovincialis and/or M. edulis,

Parapenasus longirostris and Carcinus mediterraneus. In the end, only

Mytilus gallioprovincialis was used by three lsbaratories.

It had also been recommended that a number of other organisms should be
studied, and 18 of them had been designated. Of these "alternative"
species, the following 13 were chosen: Phaeodactylum tricornutum, the
sponge Gecdia cydonium; the polychaetes Capitella capitata, Scolelepis
fuliginosa; the echinoderms Paracentrotus Lividus, Arabacia lixula; the
arthropods Acartia clausi, Idotea balthica basteri, Penseus kerathurus; and
the fishes Mugil cephalus, Sparus auratus, Dicentrarchus labrax,
Scyliorhinus canicula.

In fact, thz lzboratories chose a much larger number of species, which had

not been contemplated. It may even be said that some of these "additional"

species were chosen by a larger number of laboratories than the preceding .
ones. In all, the following 42 additional species wers selectad: Nereis

caudata, Nereis succinea, Nereis diversicolor, Cardium glaucum, Venerupis

aureus, Abra ovata, Patella lusitanica, MHurex trunculus, Murex brandaras,

Monodonta turbinata, Monodonta articulata, Cerithium scabridum, Sepia
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officinalis, Artemia salina, Acartia tomsi, Tisbe holothuriae, Tisbe
bulbisetosa, Sphaeroma serratum, Jassa falcata, Hyale spp., Orchestia
mediterransa, Echinogammarus stocki, Leptomysis mediterraneus, Pagurus sp.,
Palzemon sp., Palaemon elegans, Palzemon serratus, Palaemonetes varians,
Xantho hydrophilus, Microcosmus sulcatus, Mugil auratus, Mugil capaito,
Mugil (Lyza) saliens, Maena maena, Maena smaris, Boops boops, Bocps salpa,
Halobatrachus didactylus, Coryphaenz hippuris, Sardina pilchardus, Blennius
pavo and Trachurus trachurus. Thus, in all, 56 species were selected.

2.2 Pollutants analysed

Generally speaking, the substances recommended for study were used. Some
laboratories specialized in the study of heavy metals and others in the
study of chlorinated hydrocarbons and organophosphorus compounds, The
following pollutants were selacted:- Heavy metals: mercury (sulfate,
chloride, acetate, methylate); copper (sulfste, chloride, acetate,
nitrate); cadmium (chloride, sulfate, acetate, nitrate); chromium
(hexavalent and travalent); zinc; aluminium; selenium; thallium.
Polychlorinated biphenyls (including Arocior 1254), organophosphates and
carbamates, aldrin, dieldrin, permehtrin, DDT, various herbicides and
insectides. Petroleum from various sources, anionic, non-ionic and
cationic detergents., Miscellaneaus substances: 3,&4-benzopyrene,
20-methylcheolanthrene, 9,10-dimethyl 1,2-benzanthracene, &-phenolbarbital,
cyanides and, in a few cases, sea-water polluted by various sources.

2.3 HMethodology

The research methods used were very varied. They may be said to range, in
increasing order of technicality, from research on short-term lethality in
a static environment to sophisticated biochemical studies. This
calssification is no criterion for either the quality or the value of the
research carried out.

Among the methods most commonly used were: Short-term static tests and,
less frequently, tests with various "continuous flow" systems for the
measurement of lethal concentrations or minimum lethal times (50%, 100%);
Long-term static or "continuous flow" tests for the observation or
guantitative assessment of longevity, mating egg production, larval
development, duration of larva stages, instar periods and more
physiological phenomena such as respiration and food assimilation.

Behaviour was taken into account and sometimes recorded by chemography.
Histological and cytological methods were used to study external and
internal malformations and organ deterioration. The absorption of
pollutants by various organs was shown by atomic absorption
spectrophotometry or, after the marking of the pollutants, by
autoraaiography and liquid scaintillation spectrometry.

Biochemical techniques, sometimes the most effective, were applied. Use

was made of electrophoresis (particularly in genetics) and various methods
of measuring cholinesterase inhibition, protein synthesis, ATP and numerous
enzyme activities, such as pyruvate kinase, malate dehydrogenases, benzo (a)



pyrene dehydrogenase (BPMO), S5-aminclevulinic acid dehydrogenase (ALA-D),
lactic dehydrogenase (LDH), alkalin acide phosphatase (AP and AC),
glutamate oxalate transaminase (GOT) and glutamate pyruvate transaminase
(GPT). Liver esterases were studied by slectrophaorstic and histochemical
methods. The usual haematological characteristics were studied and
measured, particularly in fishes. The methods used appear to be
conventional.

3. INTERCALIBRATION EXERCISE
There was no intercalibration properly so called. Moreover, none was
planned., Two laboraztories did, however, have analyses of pollutants in

organs made by labgratories which are taking part in projects MED II and
III and which have carried out intercalibration exercises.

4. RESULTS

4.1 Mandatory species: Mytilus galloprovincialis

Heavy metals: it was shown that the combined effects of mercuy chloride
and temperaturs caused an increase 1n the toxicity of mercury when the
temperaturs rose (synergism), while tests on the combined effects of
mercury chloride and salinity levels showed that decreases in salinity (by
up to 25%) caused a reduction of mercury toxacity (antaggnism).

Studies on copper salts showed a rapid accumulation of copper in tissues
(up to 40 ug/g in the fills in 7 days), a reduced rate of protein synthesis
(from 5% to 70% in 7 days), a fall in ATP and a considerable concentration
of proteins of molecular weight 11,000 - 12,600 (similar to thioneins and
chelatins) in the gills.

Exposure to cu?* (0.CC8 ppm)

Tissues
3> days 7 days
Gills 0.89 0.81 (-9 % 0.64 (-28%
Digestive gland 1.41 1.23 (-13 % 0.99  (-30%)
Mantle 2.60 2.10 (-20 % 1.77 (=32 %)

The ATP contzsnt of the tissues examined is sxpressed in u moles ATP/g of
wet weight. The values obtained ars thz mean of at least 4 rasults.

One pesticide (Slimicide C30), at a concentrz2tion of G.02 mg/l, has harmful
effects on the development of the =ggs of M. gailoprovincialis; in 956
hours, the 50% effective concentration (EC 5C) 1s 0.C7 mg/l.
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4,2 Alternative specaes

Phasodactylum tricornutum

Heavy metals: Mercury caused a substantial decrease in chlorophyl
production st concentrations as low as 0.0l ppm after 24 hours.

Cagmium 1n concentrations of between 5 and 75 ppm impasdes growth and cell
multiplication. This is clearly apparent after 48 hours; at more than 25
ppm, the number of cells decreases. It does not seem to make much
difference which salts of these metals are used (chloride, acetate,
sulfate, nitrate).

Capitella capitata

Detergents: Research carried out before MED IV showed that expesure of C.
capitata larvee to detergents caused deaths at concentrations as low as

0.01 mg/l. Teratological phenomsna were also observed. Since then, it has
been found that the toxicity of detergents is definitely increased
(synergism) when salinity levels are much lower (18 to 22%/o6) or higher (44
to 50%/0c) than normal (37 to 38°/ce). Conversely, toxicity is reduced
(antagonism) when salinity levels are nearer te normal; this was observed
more especially in the case of detergents of medium toxicity.

Scolelepis fuliginosa

D=tergents: Data entirely similar to those on the preceding species were
found 1n the case of S, Fuliginosa though no malformed larvae were
observed.

Paracentrotus lividus

Heavy metals: Mercury salts were found to be acutely toxic. The 24h LC 5C
was between 0.5 and 1.5 ppm and the 48h LC 50 between 0.4 and 0.8 ppm.
Mercury chloride was the most toxic; it had particularly toxic effects on
different larval stages of P. lividus. For example, a 0,16 mg/1
cocnentration of HgCl, prevents formation of thes fertilization membrane

in 2% of cases, and the first division in 9% of cases, but stops
gastrulation in 70% and metazmorphosis to the pluteus stage in 100% of
cases. Cadmium 1s markedly less toxic than mercury (48h LC 50 is between
2.2 and 3.5 ppm).

Arbacia lixuls

Heavy metals: The 50% lethal concentration of mercury sulfate is 1.5 ppm
in 24 hours, 0.5 ppm in 48 hours and 0.35 in 78 hours. At concentrations
of between C.1 and 0.5 ppm of Hg, pigments are discharged into the
environment.

Acartia clausi

Heavy metals: Copper, cadmium and chromium are highly toxic, in descending
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order, for A. clausi. Very low concentrations of metals (fractions of
mg/l) affect its physiological processes. A. clausi populations from
polluted areas are dastinctly less affected than those from areas with
clean (or little polluted) water. For example, the cell ingestion rate in
24 hours for clean-water populations is 25,550 for the control and 3,065
with 0.C05 mg/l of copper, whereas for polluted-water populations it is
25,600 and 122,290 respectively.

Idotea balthica basteri

Detergents: Detergents systematically disturb all phases of the growth and
life cycles of this species (number of eggs and young, length of the instar
period, longevity, feeding, etc). These disturbances do not always take
the form of reduced numbers of eggs, for example, or longer instar periods;
there may be a speeding up. Serious histological and cytclogical changes
in various internal organs are also observed, including stoppage of the
prophase and the maturation of germinal cells in males, and sbnormalities
in external organs (gills, antennae, etc.).

Penaeus kerathurus

Heavy metals: The study of the effects of heavy metals on the various
larvasl stages of P. kerathurus showed that, generally, the most sensitive
stages weres those closest to the nauplius; the protozoea stages were
particularly sensitive. Thus, the 24h LC 50s for the nauplius, protozoza
IT and P, and P6 post-larval stages were 0.C054 mg/l, 0.0095 mg/l

and 0.8&%9 mg/l, respectively, with mercury methylate; 0.937 mg/1l, 1.270
mg/l and 4.890 mg/l with cadmium chloride; and 0.103 mg/l, 0.107 mg/l and
1.470 mg/1l with copper sulfate. The accumulation of cadmium in the
hepatopancreas was 319.64 mg/kg, and 15 times less in the muscles. The
tissues of the hepatopancreas showed deterioration.

Mugil cephalus

Chlorinated hydrocarbons and organophosphorus compounds: in concentrations
of less than 1 ppm, the toxicity of paraquat is not particularly scute.

But although the LT 50 at 1 ppm is 16 days, at 10 ppm it is only 1 hour.

At a concentration in the environment of 1 ppm, over a period of 15 days
paraquat accumulates mainly in the skin (4 ug/g) and the digestive tract
(6.083 ug/g).

It was demonstrated that, ain vitro, DDT stimulated liver lactate
dehydrogenase and fumarase and inhibited liver -hydrogenase. The results
obtained were slightly different. DDT generally slows down the working of
the citric cycle and the respiratory chain, and the catabolism of fatty
acids and glycolysis in the liver whereas 1t intensifies lactate
dehydrogenase activity. Permethrin increases pyruvate kinase and mzlate
dehydrogenase activity in the muscle. On the other hand, change was noted-
as regards lactate dehydrogenase or zacetylcholinesterase. As
organophosphorus compounds accumulate, they inhibit brain cholinesterase in
M. cephalus.



Sparus auratus

eavy metals: After 41 days at a concentration of 0.) ppm of mercury
chloride, the accumulation of mercury in the liver was 323.6 mg/kg (wet
weight); after 80 days at 0.008 ppm, the accumulation of mercury methylate
was 21.35 mg/kg. Substantisl histological and haematopoietic deterioration
of various internal organs were observed in each case.

In the case of cadmium, after 94 hours at 25 ppm, an accumulation of 74.76
mg/kg (wet waight) was found in the liver; after 60 days at 2.0 ppm, 140.07
mg/kg had accumulated. Substantial histopathological deterioration
occurred in the gills, liver, pancreas, intestine and kidneys.

At a concentration of C.20 mg/l of Cu, after 77 days 20 mg/kg (wet weight)
of copper had accumulated in the liver. Deterioration of the epithelium of

the intestine was considerable.

Dicentrachus labrax

Heavy metals: Up to 329.25 mg/kg (wet weight) of mercury accumulate 1n the
liver after 62 days at (0.1 mg/l; about half as much accumulates in the
kidney and spleen. Serious cytohaematological and histopathological
deterioration follows. The same occurs with cadmium, which may accumulats
in various organs, especially the kidney (12.79 mg/kg after 96h at 5C
mg/1) .

Scyliorninus canicula

Heavy metals: The action of lead on 5-aminoclevulinic acid dehydrogenase
activity in erythrocytes was measurad. In vitro this activity decresased
steadily to 64% of normal at a concentration of 0.1350 mg of lead per ml of
blood. In vive, it decreased to 61.8% of normal at a dose of 43 mg/kg of
lead. At a concentration of (.25 mg/l of lead, the activity was reduced to
40-44% of normal and, at a cocnentration of 1 mg/l, 10-25% or normal.

4.3 Additional species

Venerupis aureus (Tapes aursus)

Heavy metals: With mercury chloride, an increase in tempsrature produces
synergistic phenomena, while a decrease in salinity (from 37 to 25%/00) has an
antagonistic effect, mercury being less toxic if the salinity of the
environment is lower.

Detergents: It was found that without the addition of detergents theres was

no mortality if salinity was lowered to 250/00, lethal salinity being 20%/00.  If
detergents are added, their toxicity is reduced when salinity is lowered,

but shortly before the lethal salinity level is reached, the toxicity of

the detergent produces synergistic phenomena and mortality is greatly

increased.
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Patella lusitanica

Heavy metals: In terms of acute toxicity, mercury is slightly more toxic
than cadmium.

Hg Cd
LC S0 24 h 38-48 ppm 39-60 ppm
LC 50 48 h 20-28.5 ppm 21.5-29 ppm

Mercury acetate is the most toxic of the mercury salts, while cadmium
acetate is less toxic than cadmium sulfate.

Murex trunculus

Pesticides: With paraquat, mortality occurs only at concentrations of more
than 0.1 ppm. At 1 ppm, the LT 50 1s 18 days, but at 10 ppm, it is only 1C
hours. Up to 5 ppm, aldrin and dieldrin have no apparent effect on the
various properties of haemccyanin.

Murex brandaris

Pesticides: The scute toxicity of paraquat is the same as for the
preceding species. Its accumulation in M. brandaris is proportional to the
concentration of paragquat in the test enviromment.

Monodonta turbinatsa

Crude o1l: At a concentration of 20,C00 ppm, the LT 50 of surface and
mixed oil is 68 hours, wheresas for floating o1l at the same concentration,
it is 120 hours. Sublethal effects include: loss of gregarious instinct,
increase (tenfold) in the time spent at the water-air interface and a
considerable reduction in emersion time. the "interface period" seems to
depend on the propertion of fractions with a high boiling point
(experiments conducted with crude oil distillates).

Mongdonta articulata

Heavy metals: The 24h LC 50s of mercury sulfate, chloride and acetate are
8 ppm; the 48h LC 50 of mercury sulfate is &6 ppm. With regard to
behaviour, it was found that emersion time increased after 24 hours and
that the period of activity at the interface decreased when the mercury
concentration reached 0.03 ppm. Oxygen consumption decreases at a
concentration of 0.01 ppm of mercury. The acute toxicity of cadmium 1s
less than that of mercury. At concentrations between C.Cl and 1.0 ppm,
thers is an increase in emersion time and the period of activity at the
interface; oxygen consumption does not seem to be affected.
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Sepia officinalis

Heavy metals: The 24h LC 50s are: HgCl,, 23.7-28 ug/1; CH,HgCl,

17-19 ug/1; CdC1,H,0, 6-8 mg/l; and CuS0,5H,0, 0.17 mg/l.

Artemia salina

Heavy metals: Starting at 0.1 ppm, mercury salts reduce egg fertilization.
The reduction reachss 50 to 95% at 1 ppm. While there is no mortalaity of
adults up to 0.7 ppm, the same is not true of larvae. With cadmium,
fertilization is reduced by 20 to 60% at 1.0 ppm. The growth of larvae is
slowed down and their mortality rate is high. The LT 50s vary betwsen 50
and 12C hours for cadmium concentrations betwsen 1.0 and 0.025 ppm. A
copper concentration of 5 ppm reduces fertilization by 85%. It was also
found that the growth rate of larvae is restricted by a2 copper
concentration of 0.025 ppm; the LT 50s range from 1C to 35 hours at
concentrations of 10 to 1 ppm. Acclimatization of larvae increases their
tolerance.

Anti-petroleum products: For 13 of thess products, the 24h LC 50s are
between 1 and 500 ppm znd the 48h LC 50s, between 0.5 and 250 ppm.

Petroleum: The toxic water-soluble fractions cause 20 to 40% mortality.

Tisbe bulbisetosa

Polychlorinated biphenyl (Aroclor 1254): Aroclor is toxic only in
concentrations of more than 10 ug/l; at 500 ug/l, males are more sensitive
to it than females. No particular phenomena related to acclimatization
were observed. At 10 ug/l, fertility and the formation of nauplii do not
seem to be affected, but the duration of the biclogical cycle is extended.
The survivial pericd of nauplii is definitely affected. The number of
nauplii 1s ultimstely reduced.

Concentration Control 1.6 ug/1 16 ug/1 80 ug/1
of Aroclor 1254

% Survivors 63.33 38.33 19.58 11.67

Sex ratioc 1.85 1.14 1.47 1.33

Subsequent mating and offspring do not seem to be affected. There may be
some prior selesction of breeders which have become resistant to PCBs.
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Orchestia mediterranea

Dispersants: The 2th LC 50s are between 25 and 7,200 ppm and the 48h LC
50s, between 15 and 200 ppm.

Echinogammarus stocki

Heavy metals: The influence of tank-storage time appears to be
considerable.

Detergents: The test temperature affects the toxicity of the detergent
appreciably.

Leptomysis mediterraneus

Pesticides: The 96h LC 50 of slimicide C30 is 0.11 mg/1.
Cyanides: The 96h LC 50 is very low: 45 ug CN /1.

Palaemon sp.
Pesticides: The LT 50 of paraquat is 10 days at 1 ppm and 36 hours at 1C
ppm. Of three herbicides, propanil 1s the most toxic and mecoprop the
least: at 8 ppm, propanil kills 78.8% of specimens in 96 hours; at 1C ppm,
molinate kills 72% of specimens in 96 hours; a concentration of 100 ppm of

mecoprop 1s needed to kill 88.5% of specimens in the same time.

Palaemon serratus

Heavy metals: The interaction between mercury and selenium showed some
notable effects. When P. serratus exposed to a concentration of 4 mg/l of
mercury was treated with selenium for 4 days, the LT 50 increased
considarably. In addition, the loss of Se and Hg by the Palaemon is less
when they are subjected to the simultaneous action of the two metals.

Petroleum: The AP and AC activity of the hepatopancreas is affected by the
water-soluble fractions.

Palaemon elegans

Heavy metals: For young P. elegans larvae, the 24h LC 50 of mercury salts
is between 0.6 and 1.5 ppm and the 48h LC 50 between G.3 and 0.5 ppm;
mercury acetate is the most toxic. There 1s a close correlation between
the moralaty rate and the concentration of mercury chloride. Homozygotes
are more resistant than heterozygotes to low (0.02-C.08 ppm) and high
(0.26-0.40 ppm) concentrations.

For P. elegans larvae, the 24h LC 50 of copper citrate decreases as
temperature rises (86 ppm at 209C and 46 ppm at 23°C); but the same is not
true of the 48h LC 58, which is 25 ppm at 20°C and at 23°C.
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Pagurus sp.

Pesticides: At 1 ppm, the LT 50 for paraquat 1s 3 days and, at 10 ppm, 36
hours. Heavy accumulations of paraquat were found after 3 days of exposure
to various concentrations:

Concentration of paragquat Amount of paraquat
in water in body (ug/q)
5.0 14.63
2.5 92.21
1.C 3.16

Xantho hydrophilus

Petroleum: The soluble fractions affect AP and AC activity in the blood
plasma,

Mugil auratus

Heavy metals: Cadmium 1s toxic for the young of M. asuratus: in 96 hours,
the mortality rate is 33.3% at 18 mg/l and 4C% at 32 mg/l; the mortality
rate is 100% after only 24 hours at a concentration of 56 mg/l. The
inhibition of ALA-D activity is proportional to the concentration of lead.
It was found that the zinc had = strong restorative effect on ALA-D
activity affected by other metals (mercury, copper, cadmium and aluminium).

Phenol: High concentrations of phenol cause neurotoxic symptoms,
haemorrhaging, tissue oedema and various forms of liver deterioration,
which are confirmed by increased LDH, GOT and GPT activity in the blood, in
which proteins are also affected.

Mugil capito

Heavy metals: Thalium does not affect the metabolism of K+, but causes
a significant increase in Na* and C1~ exchange through the gills.

Lyza saliens (Mugil saliens)

Anti-petroleum products: Juvenile L. saliens die in 48 hours at a
concentration of about 1,000 ppm. For 3 out of 4 products, the LT 50 is
between 5.5 and 7.2 hours at 5,000 ppm, and for the fourth, 13 hours.

Maena maensa

Pesticides: For this species, slimicide C30 has a 96h LC 50 of 0.34 mg/l.
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Maena smaris

Pesticides: Organophosphorus compounds caused cholinesterase activity of
2,500 in the brain of M. smaris after only 2 hours exposure.

Boops boops
Pesticide: Permethrin increases the maximum rate of pyruvate kinase,
malate dehydrogenase, succinate dehydrogenase and cytochrome oxidase; it

does not affect lactate dehydrogenase in the muscles of this fish.

Halobatrachus didactylus

Heavy metals: There is s substantial accumulation of the salts of various
metals.

Accumulation rate (mg/kg of wet weight):

Organs Mercury Cadmium
(0.1 mg/1 for 35 days) (50 mg/l for 94 hours)

Liver 70.86 5.21
Kidney 39.84 12.79
Spleen 37.50

Blood 3.60 1.20
Intestine 39.G65
Muscle 0.15

Substantial cytohaematoleogical and histological deteriorations occur,
particularly of the blood, liver and kidney.

Coryphaena hippuris

Pesticides: Permethrin has the same effects on C. hippuris as on B. boops.

Sardina pilchardus

Pesticides (organophosphates and carbsmates) have various inhibiting
effects. All liver esterases are completely inhibited by pars-oxon, but
not by phosalone.
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Blennius pavo

Petroleum: As the result of an oil spill, the BPMO levels of B. pavo
populations increased eight times. This was confirmed by an experimental
test with No. 2 diesel oil at a concentration of 170 ppm.

5. DISCUSSIGN AND CONCLUSION

It is, first of all, interesting to summarize the various approaches
adopted and the biological phenomena considered by the different
laboratories. A certain selection must, of course, be made. It cannot and
will not be determined by the extent or evidence of the results obtained by
the laboratories; special account will, of course, be taken of the studies
which, by the species and pollutants selected and the bicassays carried
out, come closest to the most clearly defined objectives of pilat project
MED IV.

5.1 Toxicity tests

The tests used may be divided into short-term and long-term tests, but most
of the laboratories carried out research on short-term toxicity. It
appears that in most ceses the object of this research was to determine the
limits of the toxicity of pollutants used for other studies on organisms
which were available to the laborateries, or which they wished to use as
test organisms in other studies. Consequently, the researches varied very
widely.

For instance, a great deal of attention was given to the effects of
detergents produced by the petrochemical industry on various marine
invertebrates, polychastes and molluscs (Mytilus and Tapes) with sudden or
gradual changes in salinity. These studies dealt with synergistic and
antagonistic action (3510).

Studies of the toxic effects of heavy metals on populations of the copepod
Acartia clausi (3602) revealed differences in their resistance to
pollutants. Some of these populations were from s very polluted ares,
while others were from an area which may be described as "clean®. The
differences are certainly connected with genetic data.

One laboratory (3609) found very significant differences in the short-term
resistance of Murex, Pagurus and Mugil to paraquat (herbicide).

Another laboratory (MAOLl) made a long study of the short-term toxic effects
of heavy metals on various invertebrates (gasteropods, sea urchins and
shrimps), making a special effort to determine the toxicity of the various
salts of these metals.

Attention was also given to the synergistic effects of an oil (diesel No.
2D) and a polychlorinated biphenyl on the benthic isopod Eurydice truncata,
whase nychthemeral activity is particularly well known (9503).



86

While much research was carried out on adult specimens, some was also done
on juveniles. For example, the effect of cadmium chloride on young Mugil
auratus and the short-term action of anti-petroleum products on Mugil
saliens (9502) were determined.

This brings us toc the research on larval stages. The effects of detergents
and heavy metals on the growth cycle of the sea urchin Paracentrotus
lividus was studied. The mortality at different stages was noted, together
with the lengthening of the normal duration of the different phases of the
growth cycle (3510).

One laboratory studied the effects of various salts of heavy metals on 9
larval stages of the shrimp Penaeus kerathurus. It supplemented its
research by using, for the same purpose and with the same pollutants,
larval stages of the cephalopod Sepia officinalis and the fish Sparus
auratus (2901).

Studzes were made of the survival of Tisbe bulbisetose nauplii in an
environment polluted by Aroclor (PCB) (4804) and of the effects of metals
on the fertilization of Artemia salina esggs (MAOl).

It seems permissible to believe that, biologically speaking, these
"short-term" researches on larval stages are really "long-term", because of
the rapid succession of the various stages observed. In any esvent, such
data must also be taken into account in the studies on development.

The idea of "short-term" and "long-term" rzsearch was thus found to be
rather ambiguous. It will also be noted that rather little research was
done to determine the long-term toxic effects of pollutants on organisms.

Generally speaking, ressarch on long-term toxicity served rather as support
for other studies - physiological, behavioural, histopathological, genetic

studies, ete. - which will be considered later.

5.2 Pollutant dynamics

Some attention was devoted to accumulation phenomena, bubt, generally
speaking, their study does not seem to have generated much enthusiasm. The
studies were carried out by a small number of laboratories and covered
heavy metals and pesiicides.

Studies by two laboratories (3409 and 9503) showed that organochlorinated
compeunds are extremely unstable in the experimental environment and are
able to attach themselves to all substrates present. Onz laboratory (3609)
expressed concern about the accumulation of heavy metals, which is greater
in specimens living in polluted environments. Attention was also given to
the accumulation of salts of mercury and cadmium in various organs (muscle,
blood, intestine, liver, spleen, kidney) of three species of fish and one
cephalopod (2901).
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The accumulation of detergents marked with tritium was clearly shown in
most of the internal organs of the isopod Idotea balthica (3510). There is
clear evidence that these accumulations, whaich are sometimes substantial,
cause damage to the organs in which they are present, as will be seen
below. It would be interesting, but certainly hazardous and difficult, to
try to establish an objective correlation betwsen the levels of pollutant
accumulations and the extent of organ deterioration.

5.3 Physiological and behavioural effects

Particular attention was devoted to these effects and tc enzymatic problems
and most of the laboratories made a significant contribution to their
study. It may even be thought that the work carried out in this field by
one laboratory (9504) goes beyond the normal activities of MED IV.

General physiology

One laboratory (MAQLl) studied the growth and chlorophyll production of the
alga Phaeodactylum tricornutum in the presence of heavy metal salts, and
the consumption of oxygen by gasteropods.

The number of erythrocytes, the quantities of haemoglebin and the
haematocrit value in Halobatrachus didactylum subjected to the effects of
mercury were also measured (9502).

It is assumed that oil droplets blocking the anterior part of the digestive
tract of Eurydice truncatas affect the digestion process (9503).

Behaviour

One laboratory (3602) studied the nutritional activity of copepods, while
much of the work of another (MAOl) was devoted to the study of the reaction
of Monodonta gasteropods te mercury and cadmium salts, and to crude oil.
The studies dealt more specifically with the phenomena of withdrawal of the
animal into 1its shell and gregarious behaviour, and the limits of
impairment of such behaviour were determined. Reduction of mobility of the
sea urchin Strongylocentrotus lividus when treated with crude o0il was also
studied.

5.4 Changes in enzyme activity

Enzymes

Much research on enzymes was carried out, and most of the laboratories
devoted at least a small proportion of their work to it. Such biochemical
research even constituted the main activity of some centres (3609, 9502 and
9504). The approach differed very widely, not only as to the species,
which comprised both invertebrates and fishes, and the pollutants which
were mostly heavy metals or organcchlorinated compounds, but also to the
enzymes, since changes in the activity of several dozen enzymes were
studied 1n both respiratory and digestive organs.
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Particular attention was given to the action of organochlorinated
compaunds. Thus results were obtained on the anti-cholinesterase activity
of phosphorated esters in the brain and blood of Mugil cephalus (3609).
One laboratory (MADl) studied the action of permethrin on various enzymes
(pyruvate kinase, malate dehydrogenase, succinate dehydrogenasa and
cytochrome oxidase) of three species of fishes, Boops, Coryphaena and
Mugil, and another (9502) studied the action of DDT and aldrin on six
enzymes in Mugil cephalus (particularly in the liver).

Thea action of lead on S-aminolevulinic acid dehydrogenase in the blood of
Scyliorhinus was also studied.

Enzyme studies served as a bsis for some genetic research (4706).

5.5 Morphology and histology

One laboratory (351C) had previously studied the teratolegical effects of
detergents on the morpnhology of larvae of the polychaete Capitella capitats
and thz isopod Idotea balthica. It found histological deteraoration in
varipus internal organs of Idotea, particularly the gonads, and
demonstrated the lethal teratological effects of detergents and heavy
metals on Parzcentrotus lividus larvae.

Many cytchaematologicsl and histological deteriorations were found in the
digestive and excretory crgans of fish subjected to the action of heavy

metals (2901).

5.6 Development: reproduction and population genetics

Under this heading may be considered the studies of the larval stages of
Paracentrotus lividus, which showed an i1ncrease in the duration of the
development stages. Studies of Idotea balthica basteri showed simalar
phenomena, with either lengthening or shortening of the instar period,
which was always diffasrent from that of the control specimens (351C).

Other studies (3602, 2901) showad that the reproductive patential of
species of crustsceans was severely affected (by hypermortality of the
larvae).

One laboratory (3402) which carried cut genetic research considers that the
differences phbserved in the effects of pollutants on two populations of the
copepod Tishe acartia, one living in a polluted environment and the aother
in a non-polluted environment, may be of genetic (phenotypic) origin. The
study of 2C loci of Palaemon elegans showed that phosphate glucomatase was
highly polymorpic, whereas in three others it was slightly so (4708).

6.  CONCLUSION AND RECCMHENDATIGNS

In general, it may be noted that, within each research centre and at ths
overall level, some selection was made in regard to pollutants, organisms
and the studies themselves.
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Pollutants

It may be noted that most of the centres used heavy metals and/or
pesticides (or herbicides), i.e. the pollutants studied more specifically
as part of MED POL II and MED POL I1Il; this 1s quite normal, since many of
the MED POL IV centres are also taking part in MED POL II and MED PGL III.
Some laboratories used hydrocarbons, but it was entirely exceptional for a
laboratory to choose petrochemical detergents.

An effort was made by some laboratories to use the different physical and
chemical forms in which pollutants may be present (particularly in the case
of heavy metals). Such research and observation of absorption (primarily
of chlorinated hydrocarbons) should be encouraged, with a view to
evaluating the effective concentrations and toxicity of the pollutants to
which animals are exposed.

Organisms

The species selected were very rarely those which had been designated as
mandatory. It may even be considered that the alternative species did not
receive the attention that might have been expected, since five of thenm
were not used at all. On the other hand, 41 of the "additional" species
were chosen.

It szems necessary to try to understand why the laboratories proceeded in
this way.

The explanation is not difficult as regards the mandatory species which, it
must be emphasized, were particularly ill-chosen for this pilot project.
That point had, moreover, already been stressed by the participants in the
meeting of principal investigators (Dubrovnik, May 1977). Parapenasus
longirostris is a fairly deep water species. Its laboratory
acclimatization and, a fortiori, 1its use as a test species raises
difficulties which have not yet been overcome and may not be in the near
future. Moreover, although it is a species that is said to be present all
over the Mediterranean, its real distribution is localized, and its
geographical and seasonal abundance varies widely. The requirements for
catching it are not easy to mest.

Similar, though less complex, problems arise with regard to Mullus
barbatus. Carcinus mediterraneus seems to be sbundant. It is easy to
gather, provided laboratories are situated near lagoons or estuaries, where
it usually lives. It is precisely this preferred bictope which raises
problems; in the Mediterranean, C. mediterraneus is not normally a true
marine species.

Nene of these three species was used.

The fourth species (omitting at the ocutset Mytilus edulis, about which the
least than can be said is that it is rare in the Mediterranean) 1s Mytilus



20

galloprovincialis. This species is fairly abundant (especially in polluted
waters) in the northern part of the Mediterranean, but rare along the
African coast, where Perna perna (sometimes included in the genus Mytilus)
is found in some places.

It seems to be totslly absent from the south eastern part of the
Mediterranean, approximately south of a line from Izmir to Tunisia.
Moreover, it raises many problems for thoss using it for experimental
purposes. Three laboratories used it, but not very intensively.

Of the 18 "alternative" species, 13 were used. Since these species were

originally proposed by those who had already worked on them or planned to
do so, it is not surprising that a fair proportion of the species finally
chosen were in this category.

The additional species were varied, but were in fact often closely related
to, if not of the same genus as, the "alternative" species. In this
connection, it is perhaps to be regretted that the laboratories did not
make more systematic efforts to show "resemblances" and/or "differences" in
the results obtained with those (zoologically speaking) allied species.

Effects studied

Acute toxicity was studied extensively, both in adults and in larvae. A
broad range of continuing bicassays was developed for the study of
sublethal effects. Most of this research was based on the study of enzyme
activity. Many laboratories seem to have been keenly interested in
enzymology, and some of their research goes well beyond the framework of
project MED IV.

Frem a brief survey of what has been done, it may, of course, be concluded
that the results are perhaps nct what was requested in the report of the
FAO(GFCM) /UNEP Expert Consultation held at Rome from 23 June to 4 July
1975.

The species recommended first were hardly used at all. It may well be that
they were difficult to use and in appropriate (sven if the centres were
able to obtain them and keep them alive in the laboratory). The list of
additional species, which was rather long, was used extensively and,
ultimately, considerably lengthened. It would be useful to resview the
tests, so that species may be better selected in the light of the
experience gained.

Too little research has been done on heterctrophic micro-organisms and
phytoplankton, and more attention should be devoted to them. Similarly,
little use is made of zooplankton (real), whereas zoobenthos and nekton
{especially fish) are widely usad.

With regard to the effects studied, interest was shown in the direct
toxicity and enzymology. Research on the physiology of nutrition and
repiration generated little interest (except in so far as i1t relates to
enzymology) .
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As the programme expanded, 1t became clean that more attention was being
devoted to the frequently lethal effects of pollutants on the morphology of
larvae and adults, since reproductive phenamena {changes in the development
cycle, reductions in the number of larvae, asbortions, etc.) directly affect
populations, either by enabling them to increase or by gradually reducing
them, which in time will affect ecosystems.

Too few laboratories studied the problem in terms of "populations™. They
experimented with populaticns of the same species, but of different origins
(for example, populations taken from clean wter and populations taken from
polluted water) or with similar species living in different environments.

Thus it may fairly be said that few centres stressed the value of their
research for the marine environment. Most of the research did not take
special account of the marine environment, as has already been clearly
shown. Not only were organisms studied more than their populations, but
little seems to have been done to investigate species which are
representative of particular aspects of the pslluted or unpolluted natural
environment. The same seems to apply to pollutants, whose presence or
abundance in, and have potential danger teo, the environment does not sse
to have been considered as a criterion for selection.

An effort should therefore be made to establish a more rational and
effective correlation between laboratory results and cbservations -
experimental, if possible - which can be made in the natural environment.

It is obvious that, in the natural environment, pollutants are not only
generally numercus in their jeoint action on populations, but do not act
independently of one another. It 1s therefore regrettable that so few
studies wers carried out on interactions (synergism and/or antagonism),
however difficult and perhaps scmewhat "unrealistic" such studiss may be;
though their lack of realism is, after all, not necessarily any greater
than that of other in vitro research.

It is also be be regretted that so few studies were carried out on problems
of accumulation, particularly through food chains. Due allowance must,
however, be made for the difficulty of developing such chains with some
semblance of realism and for the delicate problems invelved in measuring
accumulations at the different levels of the chain. This might, perhaps,
be made easier by the use of tracer molecules.

In conclusion, it may be said that, although the laboratories used
classical methodological principles and, on the whole, took the usual
experimental precuations, there was, nevertheless, a regrettably wide
variety not only in the choice of species and pollutants but also in the
choice of methods, so that it 1s rather difficult to attempt any rigorous
and detailed comparison of the results obtained.
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MED POL V : RESEARCH ON THE EFFECTS OF POLLUTANTS ON MARINE COMMUNITIES

AND ECOSYSTEMS (prepared by FAQ)

1.  INTRODUCTIGCN

This pilot project has focused its research programme on pollution-induced
modifications of marine communities, usually in comparison with biocoenotic
conditions in similar but non-polluted habitats. Whenever possible and
practical, the studies of communities were accompanisd by simultaneous
measurements of basic physico-chemical environmental conditicns and
detections of the presence of pollutants, both in sea-waler and on the sza
bed,

The account of the results obtained through the pilot project is based on
the results reported from the fourteen participants in the project.

2.  AREAS INVESTIGATED

Since pollution mostly affects marine ecosystems in neritic zones, and also
for practical reasons, the investigstions were limited, with few
exceptions, to coastal marine environments as indicated in figure 1.

Unfortunately the project was not asble fop cover all areas of the
Hediterranean. However, many polluted areas of the Mediterranean
influenced by big rivers (Nile, Po and Rhone), large cities (Alexandria,
Algiers, Athens, Izmir, Marseille) and and adjacent industrial
agglomerations were quite effectively investigated, as well as reference
“clean" and insignificantly polluted areas for useful comparisons.

3. COMMUNITIES STUDIED

Practically all the investigations within this project weres carried cut in
neritic zones of the Mediterranean Sea, and by far the greater part of the
research, with few exceptions (Gulf of Marseilles, Adriatic), was
concentrated on inshore waters. About half the national programmes focused
their reszarch on pelagic communities and half on benthic. The
above-mentioned exceptional programmes organized their investigations as a
complex ecosystem approach which included both pelagic and benthic
communities, The same approsch was also used for studies of the effects of
artificial pollution on an experimental lagoonasry ccosystem (Strunjan,
Adriatic).
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Among benthic communities the greatest attention was paid to soft bottom
communities of the infralittoral and circalittoral zones. Only three
national programmes included investigations intc hard-bottom communities,
these usually being made in transects from intertidal to circalittoral
2ones.

In' addtion some rather elamentary research was done on lagoonary
ecosystems. One programme was devoted entirely to studies of "fouling
communities” on experimentally exposed substrata (Gulf of Athens).

Investigations into pelagic communities were focused mainly on
phytoplankton, its structure, standing crops and productivity, while some
programmes included zooplanktological research as wzll, and only one
programme was entirely invelved in zooplanktonic communities.

As previously mentioned, most of the community studies were accompanied by
more or less systematic measurements of environmmental conditians in the
areas investigated.

4. POLLUTION OF INVESTIGATED AREAS

A summary of the types of pollution and the areas studied is given in table
1. As a rule, almost all the areas investigated represent coastal marine
environments under the influence of large inputs of pollutants, the origins
of which are rather big cities (Alexandria, Algiers, Athens, Izmir,
Marseilles, Rijeka, Split and Thessaloniki), their harbours, maritime
traffic and importent industrial activitiss. Although biodegradsble
municipal sewage usually makes up the main consituent of effluents, these
discharges also contain z large variety of industrial pollutants. The
identification of the types and composition of pollutants responsible for
observed ecosystem modifications, in the sense of their physico-chemical
and toxorcological properties, was therefore not possible. The nature of
the pollutants was even more difficult to identify in cases where, in
addition to the above-mentioned sources, the arsas investigated also
receive discharges of big and heavily polluted rivers such as the Rhone and
the Po. The only areas found to be polluted by effluents that could be
identified were the coastal waters of Cyprus (discharges from the beverages
industry) and experimental lagoons in Strunjan, Adriatic (domestic sewage
of known rate and compasition).

5. METHODS

5.1 Environmental measurements and analysis

The majority of the collaborating research centres used standard
oceanographic procedures and more or less systematic year-round frequency
of observations for the following parameters:
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- temperature - dissolved oxygen
- salinity - BOD

- turbidity (Secchi disc) - nutrients (N.P)
- pH - total seston

Some centres applied in situ measurzments of temperature, turbidity,
salinity and dissolved oxygen.

Sediments were analysed by a number of research centres for granulometric
composition and some geochemical determinations such as carbon content
etc., by sppropriate standard methods, but usually the sampling of
sediments was performed by gear designed for benthos, which is not quite
adequate for that purpose.

Some research centres made efforts to monitor specific pollutants such as
faecal coliforms (bacteriological tests as recommended by MED VII), trace
elements (polarographic and AAS determinations), anionic detergents
(colorimetrically), organic carbon (IR analyses) and phenols
(colorimetrically).

5.2 Pelagic investigations

In general, all research centres used methods that were at least
comparable, usually the same as those recommended by UNESCO - IBP for both
phytoplankton and zooplankton sampling, as well as for the determinations
of standing crops and biomass.

Phytoplankton was collected by large inert-plastic samplers, biomass as
chlorophylls determined fluorometrically or by trichromatic
spectrophotometry, and density and community structures were studied by the
Uttermohl technique or by regular microscopy of concetrates made by
membranic filtration. The functional primary productivity was measurad
according to Cl4 assimilation or by diurnal oxygen dynamics,

Zooplankton was sampled by IBP - recommended nets, usually as vertical
hauls. Biomass was determined gravimetrically as total dry weight and/or
its organic fraction after ashing. Abundance and faunistic structure of
the zooplankton was studied by well-known procedures of sorting,
identification and counting zcoplankton samples, usually at species level.

One research centres alsc measursd total pelagic bicpotential as
adenilphosphates (ATP, ADP, AMP) by the Holm-Hansen bioluminiscent method.

5.3 Benthic investigations

Due to important differences between the benthic habitats investigated, and
also taking into account the unequal techniczl means and facilities at the
disposal of the collaborating research centres, the methods used for
investigating the benthos, and in particular the sampling, were not as
comparable as for the pelagic studies.
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However, at least the sampling of soft bottom communities was performed by
a fairly similar technique i.e, with two types of grab samplers: Van Veen
and "Orange-peel”, delivering 5-40 1 of sediment. In addition, a newly
developed gquantitative benthos-nektoncorer for the sampling of shallow
lagoonary communities and a number of dredges such as "Charcot-Picard" and
“"Spatanque" were used,

Hard bottom communities were sampled only orientatively by rock-dredges,
while quantitative sampling was peEFormed as a rule by divers. Samples
were usually cocllected from 400 cm™ of substrate surface.

Samples were always sieved through 0.5-2.0 mesh, preserved in formalin or
ethanol and processed later on in a laboratory by well~known procedures of
sorting, identificstion and quantitative analyses of taxonomic structures
of communities. Biomass was determined quite variably: as wet weight,
total dry weight or ash- free dry weight.

Bzsed upon data on the guantitative taxonomic structure of communities, the
results were evaluated according to dominance, affinity and diversity
indices, using a number of different mathematical expressions such as those
of Sorrensen, largsleff and Shannon~Weaver.

5.4 Experimental research

Two participating resesarch centres devoted their programmes entirely to
experimantal investigations, one on the modifications of the whole
lagoonary scosystem caused by artificial discharges of sewage, the other an
successions of fouling communities at artificial substrate exposed to
variably polluted environmants. The methodological details on the
performance of experiments are described in the relevant reports, but most
of the methods applied for experimental measurement and sampling of
communities were about the same as those described above.

6. RESULTS

A summarized inventory of subjects investigated is given in tables 1 and 2.
The majority of the results obtained can be considered within the following
four typical approaches.

6.1 Complex ecosystem investigations

This approach means that polluted ecosystems were studied simultansously
from the aspacts of physico-chemical environmental conditions and pelagic
as well as benthic communities. Heavily polluted areas of the whole North
Adriatic and of the Gulf of Marseilles were studied in this way. Results
are comparable mutually as well as with other approaches and particularly
with the results of artificially polluted experimental lagoons, and are
reported below as conclusions.
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6.2 Investigations into pelagic communities

Results obtained by pelagic investigations made in coastal waters of, e.g.
the Middle and South Adriatic, are fully comparable with those of the above
ecosystem approach and lead to mutual conclusions as reported below. Due
to specific envirommental and biogeographic conditions, results cbtained in
coastal waters of Alexandria cannot be correlated as above. The meodified
dynamics of phytoplankton blooms, the frequency of which is increasing, are
reported and explained by the changed hydrology of the Nile as well as by
increasing pollution.

6.3 Investigations into soft bottom benthic communities

Since practically all the national programmes that focused their work on
benthic communities used about the same sampling technique, their results
are comparable mutually as well as with the results of complex ecosystem
investigations as outlined above. There are, of course, quite important
differences between observed communities dus to the veariety of habitats and
biogeographic zones, yet a number of trends and phenomena in common were
observed, as reported in the conclusions.

6.4 Experimental research

There is no methodological connection between the following two
experimental programmes executzd by this project:

- Studies of recruitment and successions of fouling communities on
experimentally exposed artificial substrata in the Harbour of Piraeus
(polluted by domestic sewage) and in the Harbour of Lavrion
(industrially polluted by elemental phosphorus etc.) demonstrated strong
inhibitions in the latter environment, since developed communitiszs were
significantly less diverse than in the first case, although here too the
environment was heavily polluted, by sewage in this instance. These
specific observations are, of course, not comparable with other
programmes of this pilot project.

- t&xperiments of long-term artificisl discharges of domestic sewage
(300 1l/day) into the lagoonary ecosystem of Strunjan gave results on
pollution-induced environmental, pelagic and benthic modifications,
which are fully comparable with those obtained by the particular complex
ecosystem approaches of this project reported above.

Environment:

Investigated marine environments receiving significant inputs of pollutants
in the form of a mixture of domestic sewage, urban run-off and some
industrial effluents show some obvious deviations from natural conditions
in the shape of fluctuating and decreasing salinity, increasing turbidity,
higher concentrations of organic matter and nutrients, particularly
nitrogen and silicium compounds, silting of bottom substrata etc. All the
modifications mentioned can be considered more or less as the primary
effects of the input of pollutants.
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However, more important environmental stresses appear as the secondary
consequences of modified trophic conditions which can, in most cases, be
considered arbitary as eutrophication. As a rule, an incease in

amounts of dead organic matter mainly deposited on the ses bed was
observed, the decomposition of which leads to decreased oxygenation or even
to anoxic conditions, with an obvious formation of H,S in the

bottom layers of the sea-water and a remarkably incrzased content of black
sulphides even on thes surface of sediments.

Anoxic conditions appear in very shallow inner parts of bays or in
lagoons which are heavily polluted. They are usually periodic phenomena,

In eutrophicated environments, during the periods of active primary
productivity, there were extremely sharp diurnal oscillations of the
oxygen, CC, and pH values observed, e.g. up to 10 ml/1 02 at noon

and less than 2 ml/l during the night, while pH fluctusted from 8.0 to 8.7
and total CO, from 1.5 to 2.6 mmol/l (national programme 4). The
remarkable consequences of an extraordinary bloom in North Adriatic
phytoplankton were observed in early summer 1977 (naticnal programme 14),
with oxygenation decreased in the bottom layers (only 13 per cent
saturation) and pH 7.8, while in surface layers it reached the extremely
high value of 8.8.

Although there are obvious modifications in the concentrations and dynamics
of nutrients, they are clearly recognizable only in rather localized sites
of pollution sources, while for larger arzas significant differences were
not proved. As was shown, e.g. by pollution experiments in the lagoons of
Strunjan, pollution-born nutrients are rapidly taken up by plant consumers,
absorbed by sediments and dispersed. Therefore, data on cocnentrations and
distribution of nutrients cannot be considered as a measure of
eutrophicated conditions, unless they are accompanied by informetion on
populations of primary producers, etc.

Pelagic communities:

Considering eutrophication processes as observed in the areas investigated,
it is evident that, in large areas such as the North Adriatic and the Gulf
of Marseille, combined pollution and riverborne enrichment increase

overall primary productivity as expressed in terms of biomass
(chlorophylls), density of phytoplankton populations and functional
assimilation rates (Cl4). Trends indicate a fairly steady increase in
productivity. There also seems to be an increase in the intensity and
frequency of bloom outbreaks which are no longer in line with the previous
spring and autumn maxima and also sppear during the summer period. Similar
observetions have also been made in more restrained areas such as the
inshore and lagoonary formations of Alexandria, the Saronikos Bay (Aegean
Sea) and the Bay of Kastela (Mid-Adriatic).

Quite different seems to be an immediate influence of pollutants on
phytoplanktonic communities as was observed in dischargs areas of municipel
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effluents of Marseille (Cortiou) and as was found also by pollution
experiments in Lagoons. Although pelagic biomass, in terms of
chlorophylls, was guite high, this was not the case with phytoplankton
densities, which were even lower than those found in comparable, natural
or slightly polluted, environments. The high biomass might be due to
allochtonous pigments (debris of terrestrial vegetation in effluents:
national programme 6) or to specifically increased populations of
microflagellates which escape routine phytaplankton counts (national
programme 4). There is, however, little doubt about the fact that mixed
municipal effluents in the "immediate contact zones" inhibit conventional
phytoplankton communities. In such environments both density and diversity
of species are very low and, apart from microflagellates, there are very
few highly resistant species that can survive in them, These are the
euglenoid Cutreptia spp., dinoflagellates Prorocenirum sp., Gymnodinium
spp., diatoms Nitzschia spp. and tychopelagic naviculoids, etc.

Typical "bloom species™ which have been reported as the major causes of the
eutrophication phenomena in pollution-enriched zreas are actually guite
common neritic species of the diatoms Skeletonema costatum, Leptocylindrus
danicus, Nitzschia seriata and Chastoceros. Blooms (red tides) ars caused,
however, by a number of dinoflagellats species, a still unidentified
chrysophyte species and heterotrophic Noctiluca.

Zooplankton communities seem to be less affected than phytoplankton
communities except under an immediate pollution stress which drastically
reduces species diversity as well as sbundancy and standing crops. Larger
enriched areas alsc show relatively decreased diversity, although standing
crops and abundance of some tolerant neritic species may significantly
increase. Such arbitrarily "indicative species" the copepods Acartia
clausi, Qithona nana, Euterpina acutifrons and the cladoceran Penilia
avirostris were found in almost all investigated areas.

Benthic communities:

(2) Herd-bottom communitiecs wers investigated only in the Adriatic and in
the Gulf of Marseillas. Although it is quite difficult to compare
situations found in these biogeographically different zones some
phenomena are common to both:

- Habitats within the immediate influence of effluent discharges are
practically free of any macrobenthic fauna except some barnacles,
Balanus spp.

-~ Moderately polluted habitats are characterized by rich nitrophylic
vegetation composasd usually of green algae Enteromorpha spp. and
Ulva rigida. As a rule such substrata are also covered by dsposits
of organic detritus and mineral particles inhabited by a number of
highly resistant species of polychaetes, e.g. Platynereis dumerili
and amphipods; in one case alsao dense populations of the ophiurocid
Ophiocomina nigra was reported., Mediolittoral and upper
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infralittoral zones are often densely covered by a number of
euryvalent filtrator organisms such as the mussel Mytilus
galloprovincialis, the ascadian Pyura spp. and the recently
introduced exotic oyster Crassostrea gigas (North Adriatic).

- Slightly polluted habitats may show higher values of standing crops
and aoverall productivity combined with decreased diversity and a
general simplification of communities. However, significant
scientific evidence is rarely obtained.

{b) Soft bottom communities were at the centre of investigations, and from
quite comparable results some general conclusions can be drawn.

Regarding inshore benthic communities of sedimentary bottoms affected
by important amounts of mixed domestic-industrial pollutants, the
following three levels of biocoenotic degradation wers found in common:

- Azoic zone where no living benthic organisms are found. Such
zones were observed in the immediate vicinity of sewage outlets and
in the most polluted harbours. Azoic refers to the absence of
macrofauna although such areas might be inhabited by highly
resistant species of meiefaunal nematods, harpacticeids and
oligochasetes.

- Heavily polluted zones are characterized by communities composed of
highly resistant organisms which can survive in an environment
where practically all environmental factors sharply oscillate,
waters are turbid, sedimentation rates and silting are very
intensive, oxygenation is low and bottom layers arz often anoxic.
The main components are those species of polychaetes which can be
considered to some degree as "pollution indicators”, such as
Capitella capitata and Scololepis fuliginosa in all cbserved areas,
and Notomastus latericeus in Aegean areas and Dorvillea rudelphi,
Nereis caudata in the North-Western area were found as well.

- Moderately or slightly polluted zones can be considered as
subnormal and usually eutrophicated environments, inhabited by
communities compgsed of a great number of species known to be
ecologically quite resistant. Due to the high trophic potential of
such environments, standing crops ars abundant and the productivity
of benthic communities is high, mainly on the part of molluscs,
polychaetes, echinoderms and crustaceans. For these reasons, and
since those sensitive species, which would in natural conditions
form part of those communities, have disappeared, the diversity of
such communities 1s rather low, as was proved by the results of
this pilot project. The taxonemical structures of such communities
were found, however, to be very different from site {o site - for
obvious reasons of different habitats and bicgeographical
situations.
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With regard to sea~grass communities, mainly the dominant vegetations of
Posidonia oceanica or Cymodocea nodosa, the reports made clear that in many
localities of the Mediterranean these communities are degraded or are
totally disappearing in areas of important urbanistic and industrial
development. Not only pollution effects, but also man-made modifications
of hydrolegic and sedimentation conditions are blamed for this phenomenon,
and the overall ecological consequences might be responsible for one of the
most negative impacts on coastal and lagoonary environments of the
Mediterranean. Artificial discharges of purely domestic sewage (300 1/day)
into the experimental lagoons of Strunjan, dominated by the vegetation of
Cymodocea nodosa, demonstrated how easily and quickly this community could
be totally destroyed: within one year all sea-grass was replaced by
nitrophyllic green algae, and two years after the experiment was
discontinued none of the sea-~grass vegetation bad reappearesd.

7. CONCLUSIONS AND RECCMMENDATIONS

The research carried out under the pilot project has certainly contributed
towards a better understanding of the impact of pollution on Mediterranean
marine ecosystems., The results pointed out a number of extremely degraded
coastal environments in focal sub~areas in immediate contact with
pollutants, where communities of macro-organisms are almost totally
exterminated, and regressively modified in large sub-areas where pollution
effacts are traceable. Examples of such local ecological disasters are
found in the inshore waters of Alexandria, Athens, Izmir, Marseilles and
Thessaloniki. Results also indicate that massive combined loads of coastal
and river-borne pollution are causing considerable modifications of whole
ecosystems in the North Adriatic and possibly in the Gelfe du Lyon, showing
clear trends towards a general eutrophication and consequent ecological
disequilibria, Man-made modifications of sea-grass communities were
pointed cut as being an expanding phenomencn of general importance.

These above conclusions, of course, cannct be generalized for obvicus
reasons, and particularly because the investigations of this pilot project
did not cover as many Meditzrranean areas as would be desirable.
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MED POL VI : PROBLEMS OF COASTAL TRANSPCRT OF POLLUTANTS
(prepared by IOC)

I. INTRODUCTION

The main aim of the pilot project is the investigation of water circulation

in coastal areas, and the exchange of water between the coastal and

offshore regions, so as to provide the necessary information on one of the .
main physical processes contributing to the coastal transport of pollutants

in the Mediterranean Sea. Special attention is paid to the movement of the

surface layer since this contributes to the rapid spread of certain

pollutants. Many pollutants are often discharged in a body of relatively

low-density water (e.g., effluent outfalls and river outflows) into this

surface layer.

The main procblems associated with the coastal transport of pollutants ariss
from the relatively high concentrations that may occur because of either

the flow of pollutants from localized coastal sources and the subsequent
transport and dispersion in the coastal region, or the transport into, and
along, the coastal region, from open waters, of pollutants that are still in
a relatively concentrated form {usually petrolsum products, but cargoes of
vessels carrying other hazardous substances may pose equally serious

threats in the case of accidents).

This evaluation is based on the Progrsss and Final Reports of the
participating Research Centres submitted to IOC. Some results prasented by
MED POL VI participants at the joint ICSEM/UNEP Workshop on Pollution

of the Mediterranean, Anatalya, 24-27 November 1978, are also taken into
account. No attempt has been made to look at the very large amount of
previous and present research relevant to the problems of coastal transport
of pollutants in the Mediterranean conducted by non-participants in the

MED POL VI project.

Since the studies made by the participating Research Centres are
extremely limited 1in area, it is inappropriate, at this stage, to make a
region-wide synthesis of the results submitted.

II. AREAS STUDIED

The arcas studied by the Research Centres are generally highly localized and .
usually those in the vicinity of each Centre. To understand the exchange

of water betwsen the coastal and offshore regions, some Research Centres

are also conducting work in the offshore as well as the coastal region.
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Such studies should be greatly expanded. Also, the number of coastal areas
should be increased to include important industrial sites, important
fishing or fish reproduction areas and other areas of importance; e.g.,
those given over to tourism.

ITI. MATERIAL AND METHODS

The basic paramcters monitored are:

currents, above and below the thermocline if this exists;
- salinity and tempesrature, to provide datz on the water
stratification (these parameters have also been used by

some institutions for geostrophic current calculations);

- surface wind, which is a major driving force in many coastal
circulation systems;

- bathymetry, when not already availzble, since this has a
major influence on coastal circulation;

- river discharge, where applicable.

Other complementary data (e.g., dissolved oxygen, nutrients) were collected
by some institutions.

The techniques used for current measurements included:

driftcards or drifters;

droguss;

tracers and dyes (e.g., rhodamine);

current meters.

IV. RESULTS AND THEIR INTERPRETATION

The bulk of the observations was made using recording current meters near
the sea surface or at moderate depths, sometimes near the bottom.
Observations using drifters of driftcards were often made in conjunction
with recording-current-meter readings.

Many of the Research Centres encountered difficulties in mooring the
current meters, particularly for extended periods, so that there were
occasional losses; and there were some logistical problems in meter
maintenance. Likewise, several countries encountered difficulties in
reducing the data stored on the recording tapes of the meters., A
reliable, possibly centralized, tape-reading and data-analysis service
would greatly improve the yield of results from the recording current
meters.
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To assess current patterns in a given area, an appropriately large array of
meters is required; many Research Centres were not in a position to set up
such an array, not having a sufficient number of meters, or the means of
servicing it.

The use of floating drift-cards or sea-surface drifters is a particularly
useful method of observing sea-surface currents, with a low cost/bensfit
ratioy but it is important to incorporate wind data covering the same time
and place of a drift-card experiment (DRIFTEX) in the assessment of the
returns. A thorough computer programme to analyse DRIFTEX data was
developed by the Instituto de Investigaciones Pesqueras, in Barcelona, under
contract to the IOC, and applied to data from the Ligurian Sea and the
Eastern Mediterranean.

Drogues, requiring greater logistical support, but otherwise as useful as
drifters, were deployed by only two Research Centres.

Only two Centres used more than two methods to measure surface currents;
their studies wers more detziled and localized, therefore more intensive.
It would seem to be necessary to do this to deal properly with pollutant
transport problems in the present context.

It seems very doubtful that calculated (geostrophic) currents based on
temperature-salinity distributions are reliable in the Mediterranean
where the boundary conditions (coastline and bottom) and the vigorous
vertical mixing in certain ssasons and areas compromise such calculations.

The Prancipal Investigators have, gensrally, stretched their
interpretations and conclusions somewhat beyond what their data justify.
It is recommended that each Research Centre be encouraged to produce a
comprehensive review covering its own observations of coastal water
circulation and stratification, and using the published results of other
research workers on the exchange of water between their coastal region and
the offshore regions.

Little work has been reported on the mors complex problem of dispersion and
diffusion of pollutants within the water mass.

Coastal transport is only one state in the cycle from pollutant source teo
sink. Within the long-term programme consideration should be given to
other stages, including possible pollutant transfer between the various
basins within the Mediterranean, and between the Meditasrranean and the
Atlantic, as well as the transfer across the boundaries of the marine
environment (e.g., land-sez, air-sea and sediment-sea).

Two questions, among others, that need to be answered are:

Do pollutants entering the surface water ever leave the Msditzrranean in
the intermediate water?
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Does the water leaving the Adriatic Sea flow into the deep Ionian waters to
be held in the eastern basin, or into the intermediate layer and thence
eventually into the western basin and finally into the Atlantie?

The correct analysis of all these factors governing the transport of
pollutants in the Mediterranean will require the development of
hydrodynamic and mathematical models of the Mediterranean Sea.
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MED POL VI1 : COASTAL WATER QUALITY CONTROL
(prepared by WHO)
1. INTRODUCTION

The main objective of MED POL VII is the assessment of the potentizl health
hazards connected with the coastal waters of the Mediterranean, neesded for

the rational design and efficient implementation of national programmes for
the conirol of coastal pollution from land-based scurces in the area.

The elements of the programme of work are as follows:
a. The monitoring of selected coastal areas;

b. The initiation and promotion of scientific studies on the
epidemiological evidence of health effects caused by
poliution in coastal areas;

e. Principles and guidelines for coastal water pellution
management ;

d. The development and propagation of relevant technical
documentation;

e. Training and technical assistance.

The present chapter is intended to analyse, evaluate and discuss the
practical and thegretical scientific results of the work carried out and
implemented since the actual initiation of the Pilot Project in July 1976
up to Octobar 1979. Spacial attention is given to the monitoring programme
which constitutes the larger and main scientific activity of the Pilot
Project.

2. THE MONITORING OF SELECTED COASTAL AREAS
2.1 Areas monitored

The monitoring included two aspects: (z) the surveillance of beaches and
bathing waters; and (b) the surveillance of shellfish culture waters and
shellfish flesh.

The collaborating laboratoriss represent 14 Mediterranean countries out of
a total of 18, Moreover, the distribution of the collaborating

institutions did not represent a well balanced representation of all the
coastal areas.
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2.2 Methods and material used

For the monitoring of the selected coastal areas standard methods agreed by
the principal investigators were used, (Report of WHO/UNEP Expert
Consultation on Coastal Water Quality Control Programme in the
Mediterranean (Geneva, 15 - 19 December 1975). EHE/76.1. WHD 19763
Guidelines for Health Related Monitering of Coastal Water Quality. Report
of a meeting of WHO/UNEP joint group of experts (Rovinj, Yugoslavia, 23 -
25 February 1977) WHO 1977; Health Criteria and Epidemiological Studies
Related to Coastal Water Pollution. Report of a meeting of WHO/UNEP joint
group of experts (Athens, 1 - 4 March 1977) WHD 1977; Mid-term Review of
the Joint WHO/UNEP Co-ordinated Pilot Project on Coastal Water Quality
Control in the Mediterranean. Report of the meeting of principal
investigators of collaborating laboratories {Rome, 30 May - 1 June 1977)
WHO 1977; Coastal Water Pollution Control. Report of a joint WHO/UNEP
Workshop (Athens, 27 June - 1 July 1977) WHG 1977; Monitoring of
Recreational Coastal Water Quality and Shellfish Culture Areas. Report of
a joint WHO/UNEP Seminar (Rome, &4 - 7 April 1978) WHO 1978; Second Report
on Coastal Quality Monitoring of Recreational and Shellfish Areas (MED VII)
- Report of a Workshop jointly convened by WHO and UNEP (Rome, 17 - 19
January 1979) WHO 1979; and Third Report on Coastal Quality Monitoring of
Recreational and Shellfish Areas (MED VII) - Report of a Meeting of
Principal Investigators jointly convened by WHO and UNEP (Rome, 20 - 23
November 1979) WHO 198C).

2.3 Results and their interpretation
2.3.1 Parameters investigated
a. Recreational waters

The great majority of collaborating laboratories used the three
bacterioclogical indicatcrs specified: i.e., total coliforms, faecal
coliforms and faecal streptococci included in the minimum compulscry
programme .

Similarly, but to a lesser extent, the collaborating laboratories
monitored, in addition to the bacteriological data, air, sea and sample
temperatures during transport, and salinity.

However, only a relatively small number of laboratories monitored some of
the parameters describing general conditions in the monitoring area at the
time of sampling. These parameters concerned meteorological, hydrographic
and dynamic conditions and visual observations on pollution traces.

Few collaborating laboratories monitored additional parameters with a view
to collecting more specific information or to developing new parameters
more sensitive and more representative of the pollution by faecal material.
In these laboratories pathogens, like salmonella, shigella, Vibrio
cholerae, enteric viruses and other micro-organisms such as bacteriophages,
bacteria that grow on nutrient agar, total bacterial count, V.
parahaemoliticus, dinoflagellates, ars being investigated (table 1).
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Table 1 - Optional parameters, carried out by some of the institutes

collaborating in

MED VIZ

Code Microbiological Chemical Biological
27,02
35.04
35.08 Nutrients(occasionally)
36.06 V. parshaemolyticus,Salmonella DO
36.07 V. parahaemolyticus,Salmonella PH
Shigella, fungi, Sulphite
reducer, clostridia, Coagulase-
positive staphylococei
36.11 Total and faecal coliforms, faecal
streptococci in the sediments, fung:
in the sand - V¥, para hasmoliticus
Salmonella, Shigella, Vibrio
cholerae
47.02 Enterovirus -
47.03 Salmonella, enterovairus, bacterl?l
count
47.04 V. parahaemolyticus, Salmonella
47.G5 V. parahacmolyticus, V. chalerae;, COD,pH
Salmonella, Shigella
48,01
4806/48.12
4g8.09 Saimonella NHQ, NUZ’ N03, P, MBAS
Salmonella Nutrients phytoplankton
48.11 Virus Nutrients-pH chiorophyle
48,15 Yirus
52.01 Vibrio - Salmonella pH
MA.Q3
M0.01 Salmonella Nutrients
56.03
29.05
29.06
88.03 Sulphite reducer, clostridia,
total bacteria, Pseudomonas
asramonas
89,05
95.02 Nutrients phytoplankton
95.04 pH
95.05
Nutrients phytoplankton
chlorophyll

Collaborating laboratories 56.01 and AL.Dl joined the Pilet Project only recently
and are not included in this table.
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From the results so far cbtained it appears that higher counts have been
experienced for total coliforms than for faecal coliforms and enterococci.
But the enterococci count was =21so reported to invariably give the lowest
count values with respect to the other two compulsory parameters.

Although the concentration of total coliforms might not be the best
indicator of contamination of ssa-water with faecal material, some results
obtained show a close correlation with the location of outfalls which
discharge faecal material into the sea, or material which seems to enhance
the survival and reproduction of micro-organisms in the sea.

From the experience so far acquired it appears that the faecal coliform test
may largely replace the traditional total coliform parameter for water
quality measurements in recreational waters.

However, saome results show that faecal streptococci are a good indicator of
pollution. Their survival and frequency of discovery is samilar to thase
of enteroviruses with r = 0.9113 and peaks of r = 8.%4. It was alsc noted
that when warm, industrial, alkaline wastes are present, large numbers of
enterococci may be isolated while coliforms may be absent.

In one of the studies, the correlation analysis between the various
bacteria and the enteroviruses was carried out. The results with the
details of the regressing line are given in figures I, Il and III. A
significant correlation was found between the ratios of total coliforms to
fascal coli, total coliforms to faecal streptococci and faecal coli to
faecal streptococci.

Considering that the selected indicators of pollution are relatively
sensitive to the marine environment, it appears advisashle to investigate
and eventually to use a more suitable organism. To this end, some studies
are being carried gut on salmonella, E. coli, bacteriophages and enteric
viruses. No definite results are yet available.

While in some studies it appeared that the microbial concentration level in
the sea was low in the summer as compared to other seasons, the contrary
was observed for sediments. This is apparently due to increased daylight
and splar radiation which may not reach sediments.

However, in other studies, higher mean values were noted during the summer
season. This was attributed to the increase in coastal pollution due to
the number of summer tourists accommodated along the coast.

The operational document proposed the following as compulsory parameters
for the identification of effluents or outfalls in a minimum programme as

mentioned in section 2.2: biochemical oxygen demand, BDD5; settleable
solids (5S5); and the volume of the discharge.
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These parameters were not widely applied, owing to the fact that in some of
the monitored areas there were no effluents or outfslls of importance
nearby. However, it was considersd by some of the collaborating
laboratories that the above parameters were insufficient for the assessment
of the pollution in rivers and outfalls. They proposed to include pH, COD
and TSS (total suspended solids) as well.

b. Shellfish areas

Here again the great majority of collaborating laboratories used the four
bactericlogical indicators, i.e. total coliforms, E. coli, Streptocoecus
faecalis and total heterotrophic bacteria, included in the minimum
compulsory programme.

To a lesser degree, the collaborating lasboratories included physical and
chemical parameters such as temperature, dissolved oxygen and
meteorological factors in the parameters monitored. Once more, this was
mainly due to the absence of the necessary facilities, equipment and
personnel.

In the results of one of the collaborating laboratories it was found that
tne possitivity of V. parahaemoliticus in shellfish increased during the
warmer months and decreased markedly during the cold ones. This seems to
confirm the well-established view that V. parahaemoliticus is a natural
inhabitant of sea-water and does not correlate with pollution.

From the experience gsined during the Pilaot Project, it appears that the
most important parameters in shellfish monitoring are faeczl coliforms and
faecal streptococei. Their importance is related to the hygienic and
sanitary aspects of the control of shellfish. However, it has been found
that although faecal streptococci and faecal coliforms are both indicators
of faecal pollution, the value of their analyses cannct always be
correlated. Thus, high values of enterococci were found in shellfish with
less than few E£. coli per gram aof flesh.

The testing of Salmaonella in shellfish flesh is receiving some attention,
and consideration is under way to include it among the compulsory
parameters.

The following parameters: temperature of the sea-water, salinity, rainfall
with reference toc date of sampling, are considered to be the most important
accompanying parameters and should be included in the compulsory
parameters.
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c, Fish

Although not specifically referrred toc in the "Operational Document" some
investigations are being carried out on fish. In polluted waters, fish
might concentrate bacteria and viruses from the water in their organs and
muscles and become a public health hazard. The result of a preliminary
study carried out by one of the cellaborating laboratories indicated that
when the concentration of coliforms in the water was 10°/100 ml and the
total bacteria count was 1.x10°/ml, colifeorm bacteria were recovered from
all the organs of fish as well as the muscles. The bacterial concentration
in the organs was higher than in the water in which the fish lived. 1In
view of the correlation between the concentration of bacteria in water and
the recovery of bacteria from fish organs, the guestion arises as to
whether fish grown in recommended concentrations of faecal coliforms might
not constitute a public health hazard.

2.3.2 Methodology
a. Recreational waters

Realizing the importance of developing and applying similar methodologies
and materials for the analysis of the various parameters, the Pilot Project
included in its first activities the preparation and distribution of a
document entitled "Guidelines for Health Related Monitoring of Coastal
Water Quality.*

In addition to these "Guidelines", the collaborating laboratories agreed to
apply a more specific methodology for each of the compulsory
microbiological parameter.

In ane study it =zppeared that the MPN and MF methods did not differ
significantly. However, in other studies, the MPN results were giving
higher counts, In yet another study, the comparison of the MPN with ths MF
method showed a fairly good correlation (r = 0.8). Table 2 lists the
collaborating laboratories that run the MPN and the MF methods in parallel.
Further investigation and results are necessary before any accurate
appraisal of one or the other method can be mads.
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The suitability of the proposed nutrients for the microbiological
parameters was studied. From the experience gathered during the Project it
appeared that the adopted m-FC medium incubated at 35°C for the
determination of total coliforms was not giving satisfactory results. 1In
this connection it was suggested that the M-Endo broth maght be used.

In the "Operational Document" it is specified that the samples should be
taken at a distance of 10m from the low tide mark. However, this presented
some difficulties, especially to those laboratories usually concerned only
with microbiolecgical parameters and which did not have an appropriate boat
for sampling.,

b. Shellfish areas

Here toao, in order to strengthen harmonization and comparability of results
it was agreed by the collaborating laboratories to utilize the same
methodology and the same nutrients more specifically for the analysis of
the compulsory parameters.

The adherence to the above standardization and methodology has
unfortunately not been applied by the majority of the collaborating
Institutes and any comparison of the results obtained is weakened by this
deficiency.

The sampling networks lacked uniformity. Density, direction, the number of
sampling points did not follow some of the gensral guidelines.

2.3.3 Quality criteria

As part of the project the first drafts of environmental qualaty criteria
were formulated for:

a. recreational waters, and
b. shellfish groing waters.

They are presented in Section 2 and 3 of the document UNEP/WG.46/7.

2.4 Qualaty Control Pilot Programme

The execution of the Pilot Project progressively increased the need to
develop a Quality Control Programme with the aim of identifying a variety
of laboratory variables and specifying essential quality control practices
to assure the present and continued productions of reliable data. The
programme is described as chapter 19.3 in document UNEP/WG.46/5.

3. INITIATION AND PROMOTION OF EPIDEMIOLOGICAL STUDIES

The hazards to human health from bathing waters arise primarily from the swallowing

of polluted waters and from direct contact with the skin. There is
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circumstantial evidence of association between disease and bathing in
polluted water. However, additional epidemiological studies are required
in order to better ascertain and establish the relationship of cause and
effect. These studies should aim at providing the necessary data base for
evaluating health effects and developing water quality criteria for the
recreational use of coastal waters in the Mediterranean.

Te this end a programme was developed through.the pilot project and is presented
as chapter 10 in the document UNEP/WG.46/5.

4. PRINCIPLES AND GUIDELINES FDR COASTAL WATER POLLUTION CONTROL

The operational document of the MED VII Pilot Project recognized the
importance, complexity and need of coastal water pollution control.
Effective marine pollution control will ultimately depend on modifiecation,
reduction and dispersion of wastes discharged and dumped into the sea. 1t
will be necessary to institute and execute a series of local and regional
pollution abatement programmes covering the major population and industrial
centres around the Mediterranean. Such programmes should aim at the
development of long-range plans covering large geographical areas.

In response to the priority needs of the Mediterranean countries, the
development of principles and guidelines for coastal water quality
management has _been included in this Pilot Project as one of its main
objectives.

A workshop as convened by WHO/UNEP on Coastal Water Pollution Control,
Athens, 27 June to 1 July 1977, in order to examine the methodology for
marine pollution control planning and te outline 2 plan of action leading
to the development of a model Code of Practice for the disposal of liquid
wastes into the Mediterranean.

The workshop, among other proposals, suggested an "Outline of Contents of a
Code of Practice for Coastal Pollution Control in the Mediterranean®,
intended as a guide to the preparation of the different sections of the
Code.

Considering the priority importance of pollution from land-based sources,
UNEP, in collaboration with the World Health Organization and with the
assistance of national Mediterranean experts, developed a Protocol for the
Protection of the Mediterranean Sea Against Pollution from Land-Based
Sources, which was agreed and signed at the meeting of Plenipotentiary
Ministers of the Mediterranean States in Athens, 12-17 May 1980.

To assist responsible national authorities in the negotiation and eventual
implementation of this protocol, a publication on "Principles and
Guidelines for the Discharge of Wastes into the Marine Environment" was
prepared and published under the joint sponsorship of UNEP and WHO.
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5, DISCUSSION AND CONCLUSIONS
5.1 The monitoring of selected coastal areas

The nomination by the Mediterranean States of collaborating institutes and
the subsequent selection of coastal areas to be monitored, did not provide
a balanced representation of either the Mediterranean countries or their
surrounding coastal areas. These deficiencies should be remedied for any
planned follow-up to moniteoring activity in any future programme.

Any proposed monitoring of quality of coastal areas should not be limited
to bacteriological quality, as in the case of MED POL VII, but should cover
all relevant and necessary physical, chemical, bacteriological and other
parameters of quality.

In proposing a future monitoring programme of qualty of coastal areas, due
attention should be given to including monitoring of rivers, outfalls from
major municipal sewage discharges, outfalls from industrial units and any

others which may affect substantially the selected monitoring area.

5.2 Methods and materials

While it was agreed by the Principal Investigators that the compulsory
parameters utilized up to now for recreational coastal waters should be
maintained, they suggested that the total number of coliforms should be
discontinued in the future for routine monitoring. Notwithstanding, total
coliforms might be used as an indicator for cleaner waters. Thus,
basically faecal coliforms and faecal streptococci should be retained as
compulsory bacteriological parameters.

As far as shellfish monitoring is concerned, it is considered that the four
compulsory bactericlogical parameters, namely total coliforms, faecal
coliforms, faecal streptococci and heterotrophic bacteria, could be reduced
to two: faecal coliforms and faecal streptococei.

As far as shellfish culture areas are concerned, physical and chemical
parameters may not be of great importance for routine monitoring.

However, this view requires additional investigation as it is not

shared by all the collaborating institutes. The importance of testing
salmonella in shellfish and its inclusion in the minimum programme is being
considered. However, further study is still needed before recommending it
for inclusion in the minimum compulsory programme.

The results of the comparison of the compulsory membrane filtration method
with the MPN (most probable number), now being undertaken by a number of
laboratories, will elarify this issue. From preliminary readings, results
appear to be comparable.



125

As far as media are concerned, there is some evidence that the m~FC broth
for the detection of total coliforms in sea-water presents some
difficulties in interpreting the results. A comparative study using m-Endo
broth or agar is under way in order to resolve this controversy.

The Pilot Project was not a "one-shot" exercise intended to provide rigid
rules and procedures for the establishment and management of a monitoring
network, or required as an assessment of pollution and for providing
information and data necessary for its appraisal and control. On the
contrary, it was intended to develep a dynamic and at the same time,
elastic approach that would permit improved efficiency and quality, and
expansion of the work carried out,

5.3 Criteria and epidemiclogical studies

The Pilot Project did not go further than to establish two interim criteria,
one for recreational water and the other on shellfish (cultures areas and
shellfish flesh). These should be translated into guidelines and

standards. To this end, a decision as to "acceptable risk" of symptoms of
varying degrees of severity or of specific diseases should be made. Such
decisions on the pollution control programmes to achieve these standards
are essentially political. However, the interim criteria should be
consolidated or amended, following epidemiological studies, which should
give the dose-response type relationship between illness and water quality.

5.4 Pranciples and guidelines for coastal water pollution
management and control

Following the progress made in the monitoring and assessment of pollution
the tame has come to proceed from monitoring to pollution control. The
protocol for the Protection of the Mediterranean Sea Against Pollution from
Land-Based Sources, as already mentioned, provides the legal basis for the
development and implementation of a pollution control programme.

5.5 Training

Although successful, the training compcnent was too small. This should be
enlarged substantially, considering also that the Protocol referred to
above will undoubtedly require the training of a great number of technical
personnel at various levels and belonging to various disciplines.

The substantizl results and the successful multiple role that the
occasional meetings achieved, advocate their continuation in the future.
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MED POL VIII : BIOGEOCHEMICAL STUDIES QF SELECTED POLLUTANTS IN

THE OPEN WATERS OF THE MEDITERRANEAN (prepared by IAEA)

1. INTRODUCTION

For the past several years the International Laboratory of Marine
Radicactivity (ILMR) has been charged with co-ordinating the MED POL VIII
Pilot Project in the overall framework of the UNEP-sponsorad editerranean
Action Plan. The principal purpose of MED POL VIII is to obtain baselins
data on levels of pollutants in sea-water, organisms, particulate matter
and sediments from the open Mediterranean Sea. These measurements are to
be comparad with those being made in the coastal zone as part of several
other ongoing UNEP-sponsored Meditsrranean pollution pilot projects.

Tha overall philosopny of MED POL VIII has been twofold. First, to gathar
as much information as possibls on inputs, levels and fluxes of pallutants
in all major components of the dediterranean in order that a general model
of the bio-geochemical cycles of these substances can be slaboratsd. These
steps are considerad to be essential in any attempt to assess pollutant
mass balance in oceanic systems. Second, these data are intended to
supplement and =snhancs thoses presently being gathered on levsls in sslected
marina speciss in the coastal arsas. Pollutants in water and sediment are
not being measured in the four UNEP Monitoring Pilot Projects and without
such information, any future att=mpt to calculate mass balances for
pollutant inputs to ths Mediterranzan, or to sxplain abnormally high
concentrations of thsse substances in the marine organisms being monitored,
would be impossible.

The marine bioge=ochemical cyclzs of a given pollutant can be conceptualizzd
as outlined diagramatically in figure 1. Briefly, contaminants sntering
the marine environment either from natural or anthropogzsnic sources may
remain in the aqueous phase, become involved in biological cycles or
precipitate out by biological and physico-chemical procsssas. Most of the
pollutants which become associated with biotic or abiotic particulates sink
under the influsncz of gravity and eventually reach the sadiments. Once
incorporatad in sediments, thase substancss may be rsleased back to the
watsr column by both biotic and sbiotic processes. Some pollutants such as
metals and certain organic compounds may be released back into the
atmosphere as volatile sea salts.

The approach used in the MED POL VIII Pilot Project has been to measurs a
suite of heavy metals and organochlorine compounds in the prime components



shown in figure I. To complete the picture, flux measurements of
pollutants in certain matrices have also been made. This has involved
studying biokinetic behaviour of certain peollutants in important marine
species and assessing the vertical transport potential of biogenic detritus
by collecting sinking particulates in sediment traps moored at different
depths.

In order to effect the baseline measurement programme the ILMR undertook
the following oceanographic cruises during the period 1975-79:

R/V Chain 3-19 May 1975 (Istanbul-Cadiz)

USNS Kane 10-14 April 1975 (Piraeus-Monaco)
Atlantis II 14-23 April 1977 (Suez-Malta)

USNS Hayes 13-23 June (Piraeus-Corsica)
Shikmona 5-12 July 1977 (Haifa-Crete) (under

subcontract with the Israel Ocesanographic
and Limnological Rssearch, Ltd.)

Cornide de Saavedra 15-26 July 1977 (Civitsvecchia-Barcelona)
Calypso 10-20 November 1977 (Piraeus-Sicily)
Researcher 18-22 June 1979 (Port Said-Piraeus)

Sea-water, sadiments and pelagic biota wers sampled during these series of
cruises which covered almost all of the principal geographical regions of
the Mediterranean Sea (figure II). Samples were analysed for sslected
trace elements and chlorinated hydrocarbon compounds sither at the ILMR or
by the "Dzmokritos™ Nuclsar Research Centre in Grzzce under subcontract to
the HED POL VIII project. In addition to these baseline measurements,
determination of trace elements in marine aerosols and particulats matter
in sea-water were carried out by the Centre des Faibles Radioactivites,
CNRS, France, in order to study the flux of pollutants through the air-sea
interface of the Mediterranean.

The biokinetic behaviour of arszsnic, vanadium, nickel and PCBs in various
marine organisms was examined in order to gain information on the fluxes of
these substances once they enter biclogical cycles. These contaminants
were chosen for study on the basis of both their recognized potential as
marine pellutants and the fact that little information is known about their
transfer rates through the biosphere. This information is instrumental in
establishing flux rates for materials in the biotic component of the
biogeochemical cycle and in supplying fundamental data for future studies
on the effects of these pollutants on aquatic species. The laboratory
studies on biokinetics were conducted at the ILMR in Monaco and also under
subcentract at the Royal University of Malta, Msida, Malta, and the
Instituto de Investigacionss Pesqueras, Barcelons, Spain.
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Vertical flux studies of pollutanis were undertaken by utilizing both in
situ measurements and analyses of freshly produced biogenic particulates
which account for a large fraction of the particulates trapped at depth.
Sediment traps were deployed for periods of up to two weesks at various
depths of f Monaco. The material was quantified for mass flux calculations
and analysed for several heavy metals and organochlorine compounds. At the
same time shipbound collections of frashly produced biogenic particulates
were made, using pelagic organisms which were residing in the water column
directly over the traps. Pollutant concentrations in this "source"
material were compared with those in material trapped at depth in order to
estimate the rate at which certain poliutants are remineralized from
biogenic particles as they sink.

All the above data are used as input parametars for models which are
intended to delineate the biogeochemical flux of pollutants through the
open Mediterranean Sea. In addition, thes information on pollutant
concentrations in the various components of the Mediterransan will serve as
a valuable baseline for judging possible changes in theses levels in futurz
years.

2. 0OPEN MEDITERRANEAN BASELINE MEASUREMENTS
2.1 Heavy metals in sea-watesr and sediments

Buring the period 1975-1979, a number of sea-wabter samples were collectead
throughout various zones of the Mediterranzan and analyssd for selected
heavy metals such as Cu, In, Cd and Hg (Huynh-Ngoc and Fukai, 1979). In
order to understand the atmospheric transport of trace elements from land
to the Mediterranean, particulate Al, Fe, Cu, Zn, Pb, Cd and As were
determined in marine azrosols collected at 3 m over the sea surface, and in
suspendad matter collected at various depths in the region between the
south coast of France and Corsica. These studies on marine asroscls and
suspended matter were carried out by the Centre des Faibles Radioactivites
at Gif-Sur-Yvettz, France (Chesselet et al., 1979). In addition to these
measurements a few deep sadiments and a number of coastal sedimznis were
collected and analyssd for salected heavy metals.

The results of the measursments of hzavy metals on open Mediterranean
surface waters were grouped according to ths different zones of ths
Mediterranean, which were defined for establishing the inputs of pollutant
into various parts aof the Mediterranean Sea (UNEP et al., 1977). Th=
average surface concentrations for Cu, Zn, Cd and Hg were computed on the
basis of the groupsd results for each of these zones and are given in table
1. To compute average concentrations, the sample collection date was
disragarded as it appearzd that spatial differences were more significant
than those with time. Since the represantativeness of average
concentrations preszntad in table 1 depends on the amount of data
available, the significance of average values is different from ona value
to another. Despitz the limited resoressntativeness of these average values
presentad, the tabls gives some idea of the overall distribution of trace
metals in the Meditsrransan S=a.
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Table 1. Average concentrations of copper, zine, cadmium
and mercury in various zones of the Mediterranean
5€3
Zone Cu . % o0 wk x Cd Rk x lg Rk
7 pe/l n pgfl n ps/l n ng/l
Iz N.W. Med, 34, <0.440.2 34 2.740.4 33 <0.1540.03 7 20+ 3
(<0.04=5.8) (0.02-20) (<0.02-0.70) (8-32)
111 S.W. Med. 13 <0.104+0.04 13 1.240.5 13 <0.1140.04 14 1442
: (<0.04-0.60) {0.02-6.0) (<0.02~0.51) (5 - 30}
v Tyrrhenian 9 <0.18+0.08 9 0.9%0.3 9 <0.11+0.04 10 26+4
{<0.04-0.62) (0.02-2.3) (<0.62-0.33) - (10 - 40)
Vi-V1I JYonian- 6 < 0.740.4 6 3.840.9 6 <0.15+0.09 6 30+10
Cenrxal (<0.04~2.5) (0.025.7) (<0.02-0.57) (5~ 80)
VIII  “Aegean 4 <0301 4 3+1 4 <0.0740.02 3 40+20
(<0.04-0.54) (0.9-5.8) (<0.02-0.12) (15-50)
. X S.evantio 4 <0.04+0.01 4~ 0.940.2 4  <0,04+0.03 4 16 + 2
(<0,04) . 10.3-1.3) (<0.02~0.11} (12-20)
Grand averdge 70 <0.33+0.09 70 . 2.040.2 63 <0.13+0,02 44 va 2243
) (<0.04~5,8) {0.02-10) (<0.02-0.70) ( 5-80)

*
n=

** = Uncertainties are expressed in terms of standard errors.

in brackets.

No. of samples measured, |

.

Ranges are given
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Since far more than half of the samples were below the detection limit for
Cu measuremsnts and approximately half of thoss were below the detection
limit for Cd measurements, the average values for these metals raspresent
only the upper limits of the average concentrations. In these cases
comparisons between different zones in the Msditerransan are less
meaningful. However, the grand averages for the Mediterransan of these
metals, < 0.33 ug/l for Cu and < 0.13 ug/l for Cd, appsar to be similar to
those values given for oceanic waters by Goldberg et al. (1971), Brewer
(1975) and Robertson and Carpenter (1976). There was no correlation
between the appearance of high Cu values and high Cd values.

The average concentration of Zn tend to differ from one zone to another;
values are higher in the north-western Mediterransan and Asgean basins and
lower in the Tyrrhenian and south Levantine basins, despite the large
associated uncertainties. The grand average for the Mediterranean of Zn
tends to be lower than the values given in the referencss cited abova.

The zonal differences in ths distribution of Hg are not clear from the
average concentrations praesented in table 1 due to large associated
uncertainties. It appears, however, that average concentrations are lower
in the southern Mediterranean such as the south-western Mediterranean and
south Levantine basins. The grand average of Hg is lower than the values
given in the references cited above, as well as in other valuss obtained for
the Atlantic and Pacific by various investigators, but similar to or
slightly higher than those given by Gardener (1975) for various parts of
oceans and definitely higher than those abtained by Matsunaga et al. {1975)
for the western Pacifie.

The results of the trace slsment measursments on marine aerosols collzsctad
in June 1978 from the coastal zone of the north-wastern lMediterranean show
that concentrations of Al and Fe, which are closely associated with
almino-silicatz brought from land, are found to bz relatively low compared
Wwith those observed over oceanic regions. Considering that collections
were made 3 m from tha water surface, these rslatively low Al and Fe
concentrations suggest that an effective cleaning process of aesrosols is
taking place in the marine atmosphere at a very low altitude. Wnils Cu
concentration in Mediterransan aeroscls is 10 times higher than those of
general average for the oceanic aerosols, the concentrations of Zn are 5 to
10 times lower than the minimum value ohserved in the region of Fos-Etang
de Berre by Viala et al, (1978). The avsrage concentration of Pb in the
Mediterranean appears to be closz to the values observed over various
regions in the North Atlantic.

The average concentrations of trace elements such as Al, Fs, Cu, Zn, Pb, Cd
and As in suspended matter collected between the south coast of France and
Corsica are, in general, similar to those measured in the Atlantic, exaspt
for Cu. No increass or decrease in these concentrations was observed with
increasing depth.

Taking Al as a reference element, the enrichment of trace elements in
marine suspended matter relative to terrestrial crustal matter has been
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studied. It was found that enrichment facters for Cu, Cd and Pb are
slightly higher than those observed in the Atlantic. It seems that among
the trace elements in marine aerosol and in suspendsd particulate matter
collected in the Mediterranean region, Pb is the only element the origin of
which can be exclusively attributed to the influence of industrial
pollution. While the concentrations of Cu in particulate matter are
definitely higher in the Mediterranean than thoss observed in the Atlantic,
it is not certain that the atmospheric transport of Cu is exclusively due
to industrial origins. It should be emphasized that atmospheric transport
fiux of volcanic origin such as that coming from Etna for heavy metals like
Cu is comparable with the flux from industrial activities in Mediterranean
countries.

The results of trace metal measurements on suspended particulate matter in
Mediterranzan sea-water demonstrate that enrichment anomalies exist for Cu,
Pb, Cd, Zn and possibly for Fe in this region. Nevertheless, the
concentrations and degree of snrichment are of the same order of magnitude
as those found in the Atlantic and Pacific oceans. This indicates that the
chemical behaviour of trace metals in the Mediterranean is governed by laws
similar to those controlling the distribution of these elements in thz
waorld oceans.

The vertical distribution of selected trace metals in offshore
Mediterranean bottom sedimenis has been studied on two core samples taken
from 500 m and 1,000 m depth in an area located off Villefranche in 1978.
The cores of approximately 30 cm were divided into several vertical
sections and selected trace metals such as Mn, Cu, Zn, Pb, etec. were
measured on each section. For the Pb measurements, various procedures of
sediment pretreatment were applied to differentiate between the different
chemical forms of Pb associated with sediment particles. Depending on the
treatment applied, acid-extractable Pb, EDTA-exchangeable Pb, total organic
Pb, alkyl Pb, etc. were distinguishad. The vertical distribution on these
different chemical forms of Pb within the sadiments demonstrates that some
fractions of Pb in the upper parts of the sediment cores are introduced
anthropologically; the Pb concentration decreases from the surface of the
sediments to 6-8 cm depths for both sediment corss and the concentration of
Pb at the surface in the shallower cors (500 m) is always higher than that
in the deeper core (1,000 m). Considering the expected sedimentation rate
in the area under study, the vertiecal distribution of Pb within the
sediments suggests the downward migration of certain forms of Pb in the
sediments.

2.2 Trace elements in biota

During the period 1975-1977, pelagic arganisms ranging in size from
plankton to tuna wers sampled throughout the Mediterranzan and analysed for
selected heavy metals (Fowler et al. 1979a). Large zooplankton and small
nekton from both western and =astern basins were sortad according to
individual species, thus allowing realistic comparisons to be made bestween
the levels in similar. species inhabiting different areas. In some cases,
organisms were dissected to examine inter-tissus distribuion of certain
pollutants. In general, although occasional high concentrations were
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noted, the levels encountered in the majority of the organisms were not too
unlike those reported for pelagic species from other oceanic regions.

To date, mixed plankton sampled in 1977 have been analysed only for Hg and
V (table 2). Mercury levels were generally low, averaging approximately 46
ppb dry (rangs 15-116 ppb) for the entire Mediterranean. Thers was a
slight tendency towards lower values (X = 28 ppb) in the Levantine basin,
although the differences between arsas were not statistically significant
(P < 0.05). In general, overall Hg levels in mixed plankton werz in the
same range 238 those measured in similar samplas collected throughout the
open Mediterranean on the chain cruise in 1975 (Fowler et al. 1978).
Vanadium concentrations in plankton were considerably higher than mercury,
with levels averaging about 0.9 ppm dry (range 0.2 to 1.7 ppm).

Euphausiids were usually the most prevalent group found at each station.
Results of the hesavy metal analyses of these peslagic crustaceans are given
in table 3. Mercury levels averaged 138 ppb dry and were notably higher
than the concentrations in the mixed plankton upon which euphausiids feed.
Interstation variation in the concentration of most elements in euphausiids
was less than one order of magnitude except in the case of Sc and Ag.

Several other individual zooplankton and micronzkton species wsre analysed
for selected trace elements and, in general, for any one species no
striking differences or similarities in element concentration were obszrved
(tables 4-7). In the case of Hg, for which we have the most comprshensive
data, it appears that, along with mixed plankton, the smaller forms with
high water content (e2.g. Pyrosoma atlanticum, Abylopsis tetragona and
leptocephali of eels) displaysd the lowest levels. Although there were
some exceptions, a trend towards higher concentrations ( 0.1 to 0.2 pom Hg
dry) was noted in peslagic crustaceans and molluscs, with the highest lavels
genarally found in pelagic fish. As was ths case with =uphausiids, in
general, relatively little variation in slement concentration was noted
among individual so=cies from different stations. One notable exception
was cobalt, which was consistently higher in ths mesopelagic fish,
Myctophum glaciale, from the eastern basin comparad to the othar r=zgiocns
(table 5).

Size may also be a factor to consider concerning the concentration of
certain trace zlements in pelagic arganisms. For examole, vanadium
concentration in Myctophum glaciale collected at 2 single station was
inversely related to size (table 5). Howsver, the same trend was not
evident with all the slements examined, and analyszs of more individuals
representing a wider range in weight will be necessary in order to evaluate
which elsment shows variation in concentration with sizs.

An analysis of food-chain relaticnshops of elsmental concentrations was
oftan hampsrsd by lack of samplses of complete food-chains at a given
station. For this resason, several spscies comprising a compl=sts, multiple
food-chain wers sampled from a single net haul and analysed for As and V.
The data in table 8 show that in passing along the food-chain from
microplankton to euphausiids to carnivorous decapods and fish,
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Table 2. Total mercury and vanadium in mixed plankton from

the Mediterranean Sea. Samples were collected during May -

August, 1877,

Region Station Net Hyg/g dry
mesh size
(um) Hg \
A-1 60 0.036 0.37
Eastern A-3a 280 - 1.45
S-1 280 0.020
S~2 280 0.031
s-3 280 0.034
S=-4 280 0.018
Jonian H-4 60 0.063 i.52
B4 280 0.039 1.04
H-14 60 0.116 0.86
H-14 280 0.048 0.91
Tyrrhenian H-23 60 0.066 6,32
H-23 280 0.036 6.29
H-37 60 0.050 1.54
H-37 280 0.041 *1.67
North~western cs-39 500 0.024
CS~42 500 0.015 0.22
Cs-44 500 0.021
Cs=49 500 0.026
cs-51 500 0.078

Cs-51 333 0.116
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“Pable 4. Trace matals in pelagic =2l leptocephali (Anguilla sp.)

from the eascarn basin of the !ledicerrvanean Sea.

ug/g dry
Stacion  As v in Co Cs Ag Se So Rb Hg*
A=3a  32.1 0.3 71 0.22 0.21 1.6 4.1 0.033 0.054
a~8a  37.3 25 0.067 0.03 2.9 0.22  0.064
5=l 7.1 25  0.073 0.70 4.3 0.17  0.039
§-2 26.9 0.15 26 0.086 0.09 4.2 0.18  0.048
5~4 22,0 2.3 20 0.47  0.35 0.8¢6 3.6 0.050 0.14

»

zmalysed by AAS
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znadiuvm in pelagic organisms from che

ean., Samples wera collectad durzin

Mareh 1877 off villefranche—sur-Mer, Franca.

Organism weight ug/g dry
ratio
dry/wet As v

Microplankton 11 12.2 1.43
Maganvetiphanes norveeica 21 35.8 0.23
Moults .22 2.4 10.3

fdecal pellats 14 35.¢ -
2hronimz sedanraria A0 27.2 0,43
Pasisnaea sivado .24 114 3.07
Myezoohim glzagiale .28 2.7 <0.02

* Prinecipaily covpepeds, unidanti

soytoplankeon znd dezIricuas,

N.A. = not aralyséed
i
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concentrations of As displayed no noticeable trend, whereas V levels
clearly dacresased.

Food-chains consisting of microplankton, macroplankton and pelagic fish

were also sampled in the Aegean Sea (Papadopoulou, 1979). No trend of
"food-chain magnification” was notsd: As, Zn, Cs and V concentrations
decreased at high trophic levels, whersas Se levels remained fairly

constant (table 9). Dissection of fish tissues showed that As, Zn, Co and Se
accumulate preferentially in liver, whereas Cs and Rb concentrations are
roughly the same in muscle and liver (Papadopaulou, 1979). Similarly, V
concentrations have been found to be five times higher in pelagic shrimp
hepatopancreas than in muscle.

Tissues of bluefin tuna (Thunnus thynnus/thynnus) have alsc been analysed

for heavy metals to gain insight into the intricats food-chain

relationships involved in the transfer of pollutants to top-level pelagic .
predators. Levels of vanadium in tuna are given in table 180. Gut contents

are normally higher than esither liver or muscle indicating that vanadium

does not show a biomagnification effect in passing from prsy to predator.

Mercury has also been analysed in muscle, and valuazs ranging betwesn 0.6

and 1.2 ppm wet appear similar to those which have bean previocusly rsported

for Meditarranean tuna (Renzoni st al. 1979}.

2.3 Vertical transport flux of frace elements

Heavy metals were also analysed in sinking particulates, which were
collected in sediment traps moored at 100 m depth szveral kilometres off
the coast of Monaco. Preliminary results for selectsd trace elements in
particulatzss sampled during the summer-autumn period 1978 are given in
table 11. It is immediately evident that trace metal concesntrations in
this material ars relatively high. Much of the matsrial trapped at 100 m
was in the form of zooplankton faecal pezllets. M=tal levels in pure .
copepod faecal pellets collected near the traps are also high and are
similar to concentrations found in the trapped particulates. In gensral,
mekal levels in thesz particulates are much higher than these in the
organisms oroducing them (table 11). The data clearly illustrate the
variation in trace element vertical flux that occurs seasonally.

2.4 Chlorinatsd hydrocarbons in ssa-water, air and sediments

To establish the baseline lsvels of organo-chlorine compounds in the apen
Meditzrranean Sea, as well as to understand major geochemical processes
involved in distributing these compounds in the open Me=diterranzan
environment, the measurements of PCBs have been carrisd out in sea-water,
air and sediments collected during s=sveral cruisss conductad in 1977-7%.
The collections of thesa samples wers made on board Atlantis I1I, Haynes,
Cornide de Saavedra, Shikmona, Calypso and Researcher (figure 11).

During these cruises, 75 surfacs and subsurfacs sza-water samplas were .
collected, and various organic constituents were preconcentrated on X-AD-2

resin on board. The resin columns were brought back to the laboratory at

Hortaco and chlorinatsd hydrocarbons wars analysed by gas chromatagraphy
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TABLE 9

Trace elcment concentrations in plankton and

Trachurus mediterransus (pz/g, dry+ standard deviation )

SAMPIZ  4s(2) Zn Co Se Cs Rb Vv(3)
e0¥ net 18 - - - - - -
szrple
250V net 18 16245  0.06040.002  2.G+0.3 0.99+0,035 0.32+0,08 11.1+0.4
sample
. 500u net 7.7 11944  0.3630.01% 2.240.3 0.37+0.013 - 5.65+0.2
sampie
Euphaus:z ¢ . 9943 9.1740.07 1.840.3 0.55+0.020 0.1740.08 1.6246.03
kproninidl — —-— -— — -— ——
Irachurus B g4 1949 0.03040.018  2.940.7 0.067+6.012 0.22£0.05 0.085+0.02"
(£flesh)(1)
(1) For Zn, Co, Se, Cs and Rbmean of it specimens analysed, for &s znd V mean of

(2)
(3)

8 spscimens.

Analytical standard deviations for As are up to 10%.

Overail standard error of the counting technigue.



Table 10, Vanadium concentration (ppb) in tissues and stomach contents
of Mediterranean Bluefin tuna (Thunnus thynnus thvnnus) caught
off the Cdte d4'Azur
. ng V/g dxy * lg
Fish No. igﬁiﬁf Date Lpfzg))ch WT;gl;t Muscle Liver . Stomach
g g contents
1 Nice 21/7/77 82 10.2 18.7 £ 1.9 158 + 18 469 % B4
Menton 7/8/77 84 11.0 39.2 £ 5,0 139 % 18 397 * 34
Cannes 13/8/77 88 11.0 14.9 * 1.4 73 9 130 % 14
Antibes 21/8/77 83 12.8 9.3 +* 0.7 26 + 2.4 136 = 12
Monaco a/9/77 116 27.8 26.6 * 4,0 H6 * 8 31 £ 2

Y/

Composed principally of euphausiids.



143

Table 11. Trace elements in blogenic particulates from the Ligurian Sea

Mass flux cd Cu Fa Mz Zn

Sample Date g m=2 q-1 (ug g 1 ary)
Sediment trap 6/78 0.77 1.3 82 27000 812 402
particulates 7/78 0.64 N.D. 21 24100 247 125
10/78 0.77 N.D. 23 2B7¢0 583 a9
Copepod faecal pellets N.D. 9250 15400 277 815

Copepods 0.9 10.1 129 5.5 71
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after the separation and cleaning procedures. Due to low levels of
concentrations of organo-chlorine compounds, it was only possible to
determine the PC8s. A summary of the results obtained on the PCB concentrations in
Mediterranean sea-water is given in table 1Z. The results show that,
although higher concentrations of PCBs at the surface were observed at some
stations, no systematic vertical variation is generally observed. The
levels of PCBs in near-surfacs layers are not very much different from
those in desep layers beyond 2,000 m. PCB concentrations measured on thesse
sea-water samples range from 0.1 to 2.5 ng/l with an average of 0.7 ng/l.
This average value is found to be significantly different statistically
from the average PCB concentration 2.0 ug/l obtained for sea-water samples
collected in the same regions during 1975 (Elder and Villensuve, 1977).
This indicates that the concentration of PCBs in open Mediterranzan waters
decreased slightly from 1975 to 1977-79.

Since 1975 the ILMR has alse undertaken the measurements of PCBs in air samplszs .
collected during the cruises as well as in those collected from a fixed
station in Monaco.

The concentration of PCBs measured in six open Mediterranean air samples
collected from the western Mediterranean during September 1975 rangsd from
0.1 to 0.3 ng/m”. While two samples collegted from a similar region in
July 1977 show a range of 0.05 - 0.08 ng/m”, the data obtained for the
Adriatic sea during November 13977 range from 0.04 to 0.1 ng/m”. It appsars
that the concentration of PC3s in the air masses lying above the
Mediterranean decreased slightly from 1975. to 1977, as has besen indicated
for the sea-water concentration. It has been observed, however, that the
gffects of climatic conditions upon the PCB concentraticn in air are
substantial. Thirty-six measurements of air samples collected from a fixed
station at Monaco show that thz PCB concentration in air varies within a
wide range of 0.03 - 1.0 ng/m”, tending to decrease from summsr to wintsr
by a factor of 10. .

The results of the PC3 measuremzsnts carried out on sediment core samples
collected during several cruises in the Mediterranean are summarizsd in
table 13. PCBs were abserved in all samples analysed, with considerably
high concentrations in the top czntimetrs of some core samplas. In most
core samples, it is generally notad that a substantial dscresasz in PCB
concentration occurs from the first to the second centimetre below the
sediment surface, and also that a subsurface maximum of PCB concentration
appears about 3 cm from the sediment surface. Although machanisms for the
appearancz of these subsurface maxima in marine sediment cores have not
yet been understood, thair fraquent occurrence only in offshore cores
indicates that they are not likely to bz artefacts reslated to the sampling
procedure. It is considersd that they are related to the behaviour of PCBs
in sadiment layers.

2.5 Chlorinatad hydrocarbons in biota .
Pelagic species from the central and eastsrn basins of the ilediterranean

Sea were surveyed for PCBs and DDT. Residues levels in mixad microplankton
from two cruises Atlantis II and Shikmona, (figure 1I), show some clesar
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differences. PCBs were significantly higher in samples from St. 3a and 6a
taken aboard the Atlantis II (table 14). A careful examination of possible
sources of contaminztion suggssted that the observed differences might be
real, although PCB concentrations in water from these two stations were not
significantly higher than at other stations. The high DDT/PC8 ratio found
in plankton from St. 2 sampled by the Shikmona may also reflect a
relatively recent input of DDT to this region.

The range of residue concentrations in euphausiids (9.8 to 110 ppb dry for
PCB and 2.5 to 115 ppb for DDT) were similar to those measured in mixed
plankton. Euphausiids from the eastern basin had higher DDT/PCB ratios
that those of the central region. This is due to a greater relative
decrease in DDT levels compared to PCB concentrations in going from the
central to the eastarn region.

Residue data in macrozooplankton and micronekton are too sparse te discsrn
regional patterns adequately; however, som2 interesting observations can be
made (table 15). The pelagic tunicate, P. atlanticum, sampled at ons
station in the lonian Sea, contained far less PCB and DDT than
similar~sized individuals from the Levantine basin. Different-sized
mesopelagic fish, M. glaciale, sampled from a single population, displayed
a trend towards increasing DDT/PCB and DDE/PCB ratios with increasing size
of fish., Finally, the relatively high levels of chlorinated hydrocarbons
(PC3 = 550 ppb; DODT = 127 ppb) found in the amphipod, Anchylomara
blossevillei, may be typical for this group of organisms. It is
interesting to note that amphipods arz also known to accumulate certain
heavy metals to very high levels (Fowler et al. 1975).

Tuna muscle contained concentrations of PC3 and DDT ranging from 34 to 331

ng/q dry and 9 to 184 ng/g dry, respectively. Gut contents, which were

primarily composed of suphausiids, contained lsvels (PC8 = 67 - 383 ng/g;
BOT = 57 - 198 ng/g) which corresponded to those in tuna muscle.

Lavels of organochlorine compounds in seslected macrozooplankton and nekton,
as well as mixed microzooplankton have been compared with thoses in similar
species from other oceanic areas (table 15). Although the data are sparse,
PCBs in macrozooplankton and nekton do not appear to differ significantly
from concentrations in similar species measurzd slsewhere. In the case of
microzooplankton there was a trend towards slightly lower values in
Mediterranean samples. PCB production has decreased since the

time most of the previous surveys were made. Since no informatiocn exists
on PCB concentration in plankton or water from the open Mediterranean
during the early 1970s, it is impossible to ascertain whether levels may
have been higher prior to our 1977 survey. Far more data need to be
collected over a longer time span in order to resclve whether these lower
levels in plankton ars due to a global dzcrease in PCB input with time, or
actually represent real-time gzographical differences in existing PC8
concentrations.

2.6 Vertical transport flux of chlorinated hydrocarbons

The flux of organochlorine compounds via vzrtical transport of contaminated
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Table 14. Chlorinated hydxocarbon residues in microplankiton
callacted in the eastarn Maditerrazncan during Twe

cruises in 1577,

»
ug/Xg dxy
2 IDDT
Czuise Station (DP=-5) oo 'DBT go 'DED pp ' DDE »C3
Atlantis IT 1 30 7.1 2.4 2,7 0.40
(&/77)
3a 100 8.7 1.1 3.8 Q.13
da 23G 20 3.1 3.2 Q.14
Shil=ons 1 i3 8,3 2 i3.8 0,92
/77
2 13 17 53 9.¢ 4,57
3 =2 2.4 2.7 2.5 Q.88
s 15 5.2 5.2 8.3 1.25

* dry weight averaged 11 per cent of wet weight



Table 15.Chlorinated hydrocarbon residues in zooplankton and

micronekton from the open Mediterranesan,

149

Zach sample

was a composite sample of several individuals collected

during the Eayes and the Atlantis II cruises in 1977,

wg/Kg dry
. FCB IDDT
Organism Region  Station' (DP-5) pp'DDT pr'DDD ppR'DDE PCB
SIPHONOPHORA
Abylopsis tetragona Tyrrhenian 37 22 4.8 0.8 2.3 0.36
" 23 41 15 22 4.3 1.00
Eastern 3a 37 9.4 5.9 3.0 0.50
POLYCHAETA
Alciopa cantrainii Ionian 14 96 35 5.9 19 0.63
AMPHIPODA
Anchylomera blossevilliei  Tyrrhenian 23 660 37 Tfls 52 0,1%
DECAPODA
*Sergestes arctaicus Tyrrhenian 37 41 4.2 4, 27 0.89
" 23 56 2z . 13 0.65
*Sergestes corniculum Ionian 4 21 4.5 .2 9.7 0.74
Palinarus (larva) " 14 71 35 d.D. 17 0.71
TUNICATA
Pyrosoma Aatlanticum Ionian 4 6.0 1.4 0.4 1.0 0.47
Eastern 3a 49 5.6 1.7 4.5 0.31
» Ga 150 16 &.8 10 0.23
PISCES
aAnguilla {leptocephales) Eastern 3a 35 €.8 3.0 6.6 0.47
" 6a 3] 3.9 5.2 15 0.50
**Myctopnum glacizle ?yrrhenian 23 29 63 1é 47 1.45
" 37{6=8cm) 27 20 4.5 13 .38
" 37(4~5¢cm) 83 52 6.9 28 1,05
" 37{2-3cm) 50 20 10 9.6 0.81
Eastern 6a 41 11 4,8 20 0.88

+ Stations refer to those in Fig.ll

++ Exrer is + 50%

* Dry weighz is 23% of wet weight
** Dry weight is 27% of wet weight



Table 16,

PCS residues in mixesd planktsn from diffex

L5G

= oceanic areas

Region Dats Net mesh Mean (range) Refarence
gize (um) ug/kg wet

H.¥. Atlantic shelf 1969,1571 239 *31.2 (7.1-3090) Risebrougn EE.E&: (1872,
Nozth Arlantic 1870 » 380 (300-450) "
South Atlantic 1571 » 200 { 18-640) "
N.& §. Atlantic 1970-1972 " ¢ (= 10-1000} HBazvey et al. (1374a)
N.E. Azlan:ti 13971 - 60 ( 10=-110) Holden (1972)
Pizwh of Clyde 1871 - 485 ( 40-222Q) *

Jiockhols azchipeliago la7y 1co - **( 3-330) Jensan gt al., (1873)
Gals of st. Lawrence 1872 73 1390 ( 90-3CsQ) Waxs & Addiscn {1373}

" 1972 239 700 (M.>-1g8Q) " "

S.W. coast ¢f Tinland L97Z«1573 135G 18¢ { 4C-73Q) Limko gh al. (2874)
Gulf of ¥exico - 23¢ or

¥. Car:ztbean 1971 750 95 ( <3-10S3)  Giam ap al. (L973)
Guls cf Mexico 173 333 a4 { 40-137) Baixd er al. (L373)

.2, Pacific 1873-1973 333 40 (= 1-180) Claytsn et 2l. (1%77)
Zastarn Meditersanean 1577 239 7 ( 2-2%5) Fresant study

* Converzad at

**  Convertsd at

Zat/wetr weight

dry/wat waight = 103

15
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particulate from the upper layers to the ssdiments has been assessed by
analysing freshly produced biogenic particulates released from zoaplankton
and those collected, at depth with moored sediment traps (Fowler et al.
1979).

Sediment trap samples were composed almost entirely of intact faecal
pellets and grey-green, amorphous organic matter which closely resembled
the contents of faecal pellets. The latter material was categorized as
faecal material. Two distinct types of faecal pellets were evident; small
ovoid and cylindrical copepod pellets and longer, more fragile, cylindrical
pellets presumably from larger zooplankton such as euphausiids or salps.
Intact faecal pellets, sorted from a known volume of the sample, were found
to comprise approximately 10 per cent of the total dry particulate trapped.
Ory weight of the total particulate sample averaged about 30 per cent of
the wet weight.

Total mass flux estimates at 100 m during four months, as well as PCB
concentration in the particulates are given in table 17. Tha decrease in
particulate flux during the summer months correlates well with the decrease
of phytoplankton biomass and organic aggregates that are known to occur in
this region. Using PCB concentrations and ths mass flux values, it can be
cg%cgiated that PCB deposition ratess averaged approximately 100 ug PCB

m 'y Independent estimates of PCB deposition rates calculated fﬁom_ECB
levels measured in Ligurian Sea sediment range from 80 to 125 ug m “yr
(Elder and Harvey, in prep.) and agrese very closely with the measured
values.

Freshly released copepod faecal pesllets typically contained about 1,300 ug
PC3 kg ~ dry (table 18). These levels were a factor of 10 higher than PCB
concentrations (180 ppb dry) in the copepods that produced the pellets.

The general similarity betwzen PCB concentration in copepod pellets and the
trapped material was not unexpected, in that faecal pellets and faecal
material comprised the bulk of the particulates collected at depth. It is
noteworthy that in all cases, particulates collected at 100 m contained
rather less PCB than was pressnt in faecal pellets released from
surface-dwelling copepods. This observation suggests a partial release of
PCBs from fascal matter as it sinks.

The presence of ralatively high levels of PCBs in both freshly producsad
copapod fazcal pellets and sinking fascal matter collected in situ indicated
that zooplankton defecation contributes significantly to the downward
vertical transport of thess compounds in the Mediterranean Sea. WMeasured
fascal pellet sinking rates suggest that copepod pellets have the potential
to reach the bottom in areas of shallow depth such as most coastal regions.
However, in desp waters it is probabls that only rapidly sinking, large
pellets from bigger forms (e.g. large copepods and euphausiids) will prove
to be the principal particulate conveyor or pollutants to depth. In this
case smaller pellets would play an inportant role in the cycling of these
compounds in the upper water layers. The fact that faecal pellets
collected in traps at 2,000 m correspend in size to those of the large
copepods, A. patersoni, used in our study, lends support to this
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Table 17. Estimates of PCB vertical flux in the Ligurian Sea .
Date Particulate PCB Mass Flux PCBE Flux
gm d ug m y
6/78 650 0.77 183
7/78 300 0.64 70
8/78 710 0.40 104
10/78 200 C.77 56
X = 103
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Table 18. PCB CONCENTRATIONS (AS DP~5) IN SURFACED PRODUCED
BIOGENIC PARTICULATE AND THOSE TRAPPED AT DEPTH.

Sample ug/kh dry

NATURAL, FECAL PELLETS (SURFACE)

Copepods 1300

TRAPPED PARTICULATES (10Cm)

June 1978 650
July " 300
August " 710 *
October " 200
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contzntion. Further analyses of particle trap samples from several depths
in the Mediterranean will be instrumental in testing this hypothesis.

3. BIOKINETIC STUDIES
3.1 Tracs element kinetics

information on the flux of trace elements through marine organisms is vital
for a complete understanding of ambient element levels measured in spescies
which are being used in Mediterranean monitoring programmes. For this
reason, the behaviour and fate of arsenic, vanadium and nickel in a varisty
of Mediterranean species were examined in controlled laboratory experiments
utilizing both radiotracers and stable slement techniques.

Bioaccumulation, tissue distribution and depuration of arsenic wers studizd
in Mediterranzan mussels (Mytilus gallcprinciaiis) and shrimp (Lysmata
seticaudata) with the aid of the radiotracer " “As (Fowler and Unlu 1978;
Unlu and Fowler 1979). Over a concentration range from approximately 2 to
100 g As/1l, uptake was dependant upon the arsenic concentration in
sea-water. Most of the arsenic accumulated was locatzsd in muscle tissue.
Arsenic was taken up by mussels more rapidly at higher tempasratures; a
temperature effect of arsenic accumulation in shrimp was more difficult to
discern due to an increased rate of moulting at higher temperatures.
Arsenic uptake was inverssly related to salinity ig,both species. Animal
sizez also affzcted arssnic accumulation patterns; *As concentrations on a
whole-body weight basis wers higher in smaller than in larger individuals.

Arsenic elimination from both spacies appeared to follow a double
exponential function. Increased tamperature enhanced the rate of
depuration; however, changes in salinity had little effect on the loss
rate. In addition, depuration was strongly dependent on whether arsenic
was accumulatad with food or directly from water (figure III). Mussels
living in their natural environment lost arszsnic at a much greater rate
than did individuals maintained in the laboratory. Increasasd arsenic loss
from these individuals was correlated with increassd byssus production and
it appears that rapid turnover of arsenic in byssus is one mechanism by
which contaminated musels can rid themszlves of excess arsenic.

Preliminary studiess with the phytoplankton Dunaliella marina have shown
that arsenate is rapidly metabolized to a form extractable with the lipids.
Using Dunaliella as the primary producer in a three component food-chain it
has been shown that this lipid arsenic is transferred efficisntly to a
herbivore (Artemia salina), and subsequently to a carnivorous shrimp
(Lysmata seticaudata). It also appears that Artemia and Lysmata cannot
mobilize inorganic arsenic into the lipid fraction; arsenate absorbed
directly from sea-water by these organisms is converted largely to arsenite
(Wrench et al. 1379).

Vanadium-48 and stable vanadium were used to study the uptake from water
and elimination of vanadium in four benthic invertebrates - mussels
(Mytilus galloprovincialis and 4. edulis), worms (Nerasis diversicolor),
shrimp (Lysmata seticaudata) and crabs (Carcinus maenas). The highest
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concentration factor (= 30) was noted in mussels after three wesk's
exposure. Ovear a concentraticn range from avproximately 2 to 100 ug V/1,
uptake in mussels and shrimp was dependent upon the vanadium concentration
in ssa-water. Uptaks in mussels and shrimp appeared to be independent of
temperature over a range of 132 to 24°C but was slightly increased at low
salinity (19 o/®9. Vanadium bshaves differently from arsenic in that the
majority of vanadium (> 90 per cent) bzscomes fixed to she=lls of mussels and
crustaceans suggesting that surface adsorption plays a strong role in the
bicaccumulation of this element (Ballester, 1979; Miramaud et al. in prep).
Bath radiotracer experiments and stable slament data showed that byssus
rapidly accumulated vanadium to high levels (figure IV). Becuase of the
remarkabls ability of byssal threads to take up this elsment, some
consideration might be given to using this tissue as a biological monitor
for measuring changes in vanadium levels in the natural environment.

Elimination of 48V from mussels, shrimo and crabs was biphasic and could
be best fittad to a double exponential excrestion model. Contaminated
worms, on the other hand, lost the isotope from their tissues at a2 rate
which was best described by a single exponent. Crustacean moulting was
found to play an important role in vanadium despuration as well as in ths
overall biogeochsmical cycle of this metal in the marine snvironment.

In similar experiments with the mussel Mytilus edulis, it has been shown
that Ni is assimilated to a much great degree than V (Ballester, 1979).
Enhanced bioavailability of Ni compared to vanadium was also noted in
bisaccumulation experimenis using bacteria and phytoplankton. Other
studies in which fish and shrimp ingested food contaminated with V have
demonstrated the gensrally low assimilation efficisncy of this element in
marine biota (Ballestsr, 1979).

3.2 Chlorinated hydrocarben biocycling

Several different experiments were dzsigned to assess the bioaccumulation
potential, tissue distribution and depuration of PCB available from water,
food and sediments (Polikarpov et al. 1979). In ord=sr to test the
bioavailability of sediment-bound PCB, comparisons were made of the
accumulation of a PCB mixture from sediments and from water by the benthic
worm Nersis diversicolor (Fowler et al. 1978; Elder et al. 1979). Uptake
from sediments was dose-dependent, attaining equilibrium concentration
factors of approximatsly 3 to 4 after two months (figure V). Subsequent
PC3 elimination rates were concentration-dependent, with higher initial
loss rates evident in the worms containing higher levels of PCBs.
Accumulation of PCBs from water was much more rapid: concentration factors
reached approximately 800 after only two weeks. Estimates were made of the
relative importance of sediments and water as a source of -PCBs tgs worms
exposed to theses contaminants in the natural environment. Calculations
based on experimentally derived PCB concesntration factors and ambient PCB
levels in sediments and watar suggest that, compared to water, sediments
contribute the bulk of thesse compounds to the worms.

Using the typical filter-feeding mussel Mytilus galloprincialis, the
influence of natural off-shore water and laboratory (running sea-water
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system) conditions on PCB loss from mussel tissues was studied. Bafors
beginning the depuration phase, mussels had resached 160 T 67 ppm PC3
following a long-term accumulation from running ssa-water. During
depuration, the ratio of PC3 in laboratory musszsls Lo those maintained in
situ increased from 1.0 at the start to 10 at 71 days, indicating a much
more rapid loss of PCBs from mussels maintained under natural conditions.
These results suggested that mussels living in the natural environment turn
over PCB compounds at much more rapid rates than thosz maintained undar
laboratory conditions; however, the significance of this finding was
guestionable, since the PCB concentrations in offshore waters ( 1.3 ng/l)
and laboratory sea-water ( 20 ng/l) varied by approximately a factor of 15.
Therefore a controlled experiment was designed in which PCB-spiksd mussels
were allowed fo dspurate in two laboratory sea-waters with PCO
concentrations averaging 40 and 190 ng/l. The results in figure VI show
that musssls do indsed depurate PCBs more rapidly in water of lower PCB
concentration. This effect partially explains the observations noted in
the laboratory-field experiment and, thus, it is evident that PCB flux
comparisons betwesn organisms living in the environment and these living
under conditions simulating the environment must take into account the
effect of ambient PCB concentration even when it varies by as little as a
factor of five. WNevertheless, some increass in PCB depuration rate might
be expectad in healthy, growing mussels living under natural conditions,
but this will be difficult to determine experimentally unless PC3
concentrations in laboratory sea-water and in the ssza arz similar.

The influence of uptake pathway on PCB accumulation and tissue distribution
was examined by allowing shrimp to accumulate DP-5 from either food or
sea-water and analysing their tissues during a period of one month.
Regardlsss of the uptake pathway, the relative tissue distribution was
similar (figure VII). The viscera which include the hepatopancreas teached
the highest levels. Concentrations of PCB in viscera were over an order of
magnitude higher than these in exosksleton and muscle, suggesting that
surface sorption plays a minor role in the accumulation of PCB from water
by shrimp. Despits the fact that PCBs were rapidly absorbed into internal
tissues, moulted exoskesletons contained significant amoungs of these
compounds. Concentration factors in moults as high as 107 to 10 clearly
illustrate the importance of crustacean moulting as z process for
redistributing PCBs in the marine environmsnt. Thesas experiments
demonstrate the ease with which PCBs are transfarred from the environment
to benthic shrimp.

.
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FIGURE CAPTIONS

Fig. I Schematic diagram of the oceanic biogeochemical cycle,
Fig. II Sampling stations during the open Mediterranean cruises
(1977-1979).

Fig. III Loss of As from Mediterranean shrimp (Lysmata seticaudata)

at two different temperatures following uptake either from
water or food.

Fig. IV  Accumulation of 4BV in the tissues of Mediterranean mussels
(Mytilus galloprovincialis) following uptake from water,
Byssus ( ), shell ( ), viscera ( )}, gill ( ), mantle ( ),
muscle ( ) and whole soft parts ( ).

Fig. V Accumulation of PCB by benthic worm Nereis diversicolor
from sediment spiked with 0.65 ppm ( 2 )}, 2.3 ppm ( 3 )
and éO ppon ( 4 ) dry weight. PCB levels in worms living
in unspiked Mediterranean sediments is given in cuxve (l).
Wet weight to dry weight ratios were 5.6 for worms and 2.2
for sedinments,

Fig. VI Loss of PCB (DP-5) from mussels {(Mytilus galloprovincialis)

in laboratory sea-water containing two different concentrations
of PCB,

Fig. VII PCB (DP-5) in shrimp tissues (Lysmata seticaudata) following

long-term uptake from food and from water.
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