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INTRODUCTION

1. One of the primary aims of the Coordinated Mediterranean Pollution
Monitoring and Research Progamme (MED POL Phase I), launched in 1975 following
its adoption by the Coastal States of the region as the scientific component
of the Mediterranean Action Plan at the Intergovernmental Meeting on the
Protection of the Mediterranean Sea (Barcelona, 28 January - 4 February 1975},
was to compile the maximum possible amount of data on the gquality of the
Mediterranean marine environment. Within this framework, the pilot project on
baseline studies and monitoring of metals, particularly mercury and cadmium,
in marine organisms (MED II}, jointly coordinated by FAO and UNEP and
implemented from 1975 to 1980, was designed to commence investigations on the
concentrations of these metals in selected marine organisms on a regional
basis. The eventual evaluation of data collected was also designed te provide
an input on which to base the formulation of gelected environmental guality
c¢riteria applicable to the Mediterranean Sea.

2, In keeping with this principle on general lines, the Intergovernmental
Review Meeting of Mediterranean Coastal States and the First Meeting of the
Contracting Parties to the Convention for the Protection of the Mediterranean
Sea against Pollution and its related protocols (Geneva, 5-10 February 1979)
recommended (UNEP, 1979} that:

"Work should be continued on the development of the scientific¢ rationale
for the criteria applicable to the quality of recreational waters,
shellfish~growing waters used for aquaculture, and seafood. Based on
this rationale and taking into account existing agreements, the criteria
should be formulated on a scientific basis and submitted to the
Governments and the EEC for their consideration”.

3. Furthermore, the Protocel for the Protection of the Mediterranean Sea
against Pollution from Land-Based Sources, adopted at the Conference of
Plenipotentiaries of the Coastal States of the Mediterranean region for the
Protection of the Mediterranean Sea against Pollution from Land-Based Sources
(Athens, 12-17 May 1980) stipulates (UNEP, 1980) thatt

"l. The Parties shall progressively formulate and adopt, in cooperation
with the competent international organizations, common guidelines
and, as appropriate, standards or criteria dealing in particular
withs
(¢} the quality of seawater used for specific purposes that is

necessary for the protection of human health, living resources

and ecogystems;
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2. Without prejudice to the provisions of article 5 of this Protocol,

such common guidelines, standards or criteria shall take into
account local ecological, geographical and physical characteristics,
the economic capacity of the Parties and their need for development,
the level of existing pollution and the real abgorptive capacity of
the marine environment".
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4. The Bureau of the Contracting Parties, at its first meeting in Geneva on
26 and 27 June 1979, also considered the matter and urged the Secretariat to .
develop environmental quality criteria for bathing waters and for mercury in
seafood. Following this recommendation, interagency consultations were held
in November /December 1279 on the degign and implementation of a cocoperation
programme on health-related aspects of mercury levels in edible marine
organisms. The problem of mercury was alsc comprehensively reviewed by WHO in
a consultation meeting to re-examine the environmental health criteria for
mercury, held in Geneva from 21 to 25 April 1980 (WHO, 1980). The
UNEP/FBO/WHO Meeting of Experts on Environmental Quality Criteria for Mercury
in Mediterranean Seafood, held in Geneva from 3 to 8 November 1980 (UNEP,
1980), was also convened, in particular, to evaluate the hazards related to
the intake of mercury from geafood by populations in the Mediterranean region
and to develop recommendations on desirable environmental guality criteria for
mercury in Mediterranean seafood. The detailed findings and recommendations
of these meetings are contained in the appropriate sections of this document.

5. During the course of MED POL Phase I, tentative environmental quality

criteria for a selected number of parameters, including mercury in edible

seafood, were proposed on an interim basig (UNEP, 1981), pending the .
acquisition of more data on the situation regarding mercury concentrations in
seafood, and, perhaps more important, the performance of epidemiological

studies to correlate seafood quality with health effects.

6. In this context, the Second Meeting of the Contracting Parties, held in
Cannes from 2 to 7 March 1981, approved the ILong-term Programme for Pollution
Monitoring and Research in the Mediterranean Sea (MED PQL Phase II),
including, under research and study topics, "Epidemiclogical studies related
to the confirmation (or possible revision) of the proposed environmental
quality criteria (standards of use) for bathing waters, shellfish~growing
waters and edible marine organisms" as well as "Biogeochemical cycles of
specific pollutantsg, particularly thoge relevant to human health" (including
mercury) and "Development of sampling and analytical techniques for monitoring
the sources and levels of pollutants" (UNEP, 1981}.

Te Within the framework of these activities, and as a natural continuation

of the earlier studies, including the results and recommendations of the

various expert meetings mentioned above, WHO, in cooperation with FAC and

UNEP, developed a project on "Methylmercury in Mediterranean populations and ‘
related health hazards" as part of the appropriate activity within the

research component of MED POL Phase II. This project was finalized at a
consultation meeting held in Athens from 13 to 17 September 19282 (WHO/UNEP,

1982), and is currently entering its initial operational phase.

8. The gcope of this document is to make a preliminary assessment of mercury
in the Mediterranean Sea based on results obtained during the course of

MED POL II, to outline the scientific raticnale for criteria applicable to
mercury in Mediterranean seafood based on the latest information available,
both in general and within the region, and to propose measures for adoption by
the Contracting Parties at their next meeting.
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ASSESSMENT OF MERCURY IN THE MEDITERRANEAN SEA

Introduction

9. Research carried out in the early 1970s in the Mediterranean region
showed abnormally high concentrations of mercury in fish such as tuna
{Thibaud, 1971; Cumont et al., 1972). Increased public concern about mercury
led to this metal being given hiwh priority within the framework of the Pilot
Phase of MED POL. In fact, a large proportion of the work undertaken in Pilot
Project MED POL II (Baseline gtudies and monitoring of metals, particularly
mercury and cadmium, in marine organisms) jointly coordinated by FAO and UNEP,
was related to mercury.

10. During the course of this pilct project (1975-198l), a considerable
amount of data on mercury levels in the flesh of various species of fish,
molluscs and crustaceans was conmpiled.

11. The present assessment of mercury levels in the Mediterranean is mainly
based on such data, as well as on other data submitted in ICSEM/UNEP workshops
cn the pollution of the Mediterranean, and reported in other scientific

publications.

Scurces and inputs of mercury in the Mediterranean

12. Mercury is a natural constituent of the earth's continental and cceanic
crust. It occurs in relatively high concentrations in zinc and copper
sulphide cres, in shales and clays that are rich in organic matter, in
phosphorites and in ccal (Fleischer, 1973). Mercury enters the marine
environment through rivers due to continental weathering and through the
atmogsphere due to the earth's degassing. (Gavis & Ferguson, 1972; Working
Group on Mercury in Fish, 1979.)

13. Mining and industrial activities have significantly increased the flow of
mexcury into the marine environment. Mercury is widely used in industrial
processes, notably the electrolytic production of chlorine and caustic soda in
chlor-alkali plants, in the production of electrical equipment, paints and
paper (Gavis & Ferguson, 1972; Peakall & Lovett, 1972).

14. The Mediterranean basin is an area rich in mercury deposits. Deposits of
cinnabar (HgS) and metallic mercury occur in Algeria, Italy, Spain, Turkey and
Yogoslavia (Figure 1}. Active mining sites in the Mediterranean account for
about 50% of the world's production (Gavis & Ferguson, 1972; Renzoni et al.,
1978). ——

15. 1In view of the special geology with regard to mercury in the area, the
question of anthropogenic versus natural sources of mercury for the
Mediterranean becomes very complex. In addition to industrial activities and
mining, the flux of mercury from the bedrock to water and air have been
influenced by all the processes that affect weathering, erosion and hydrologic
regime. Thus also preindustrial cultures are likely to have had their
influvence on the flux of mercury from land to sea.

16. The joint ECE/UNIDO/FAO/UNESCO/WHO/IAEA/UNEP Project (MED POL X} assessed
the inputs of mercury from land-based sources and the results are summarized
in Table 1 (UNEP, 1979).
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Table 1
Sources and inputs of mercury in the Mediterranean
Region Originating in coastal zone EEE?EEEJEL Total
—_— rivers ———
Domestic Industrial
t/a % t/a % t/a % t/a
b 0.04 2 .60 24 1.8 74 2.5
I 0.28 1 2.7 8 30 91 33
ITI 0.04 1 0.20 7 2.5 92 2.7
iv 0.12 1 1.1 10 9.5 89 10.7
v 0.084 0 Appr. 0.540 3 40 99 41
VI 0.026 ¢ " 0.16 2 3.6 o8 2.8
VII 0.032 2 0.16 9 1.5 88 1.7
VIII 0.054 0 Appr. 0.22 2 14 98 14.3
IX 0.01 0 * 0.05 1 7 99 7.1
X 0.074 1 1.2 17 5.6 B2 6.9
TOTAL 0.76 0.6 6.9 5.4 122% 94 129.7

* Of this figure, 32 tons are considered as "background"

(UNEP, 1979)

Wote: see also Figure 3
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17. BAccording to this study, the most important input of mercury to the .
Mediterranean occurs through rivers. A total of 122 tons was estimated to
come via this route annually, out of which 90 tons originated from industrial
and mining activities. The remaining 32 tons wasg termed "background" but
include man's indirect effects on mercury mobilization from bedrock and soil
and diffuse sources such as inland municipalities. Coastal sources are
responsible for only about 6% of the total mercury transported into the
Mediterranean. However, data used for the estimation of industrial mercury
discharges were limited. In the Mediterranean area, several chlor-alkali
plants are operating (Figure 1) and some could be responsible for mercury
ihputs of high local significance.

18. The question of exchange of mercury between the marine environment and

the atmosphere has been the subject of debate over the years. Atmospheric
transport of mercury has been reported to be an important source in the marine
environment (Windom & Taylor, 1972). In the Paris Convention Area, it was
estimated that atmospheric input of mercury was arcund 5.6% {Convention for

the Prevention of Marine Pollution from ILand-Based Sources, 1981). More

recent analytical data and computations have indicated that globally the sea .
is a source rather than a sink of atmospheric mercury.

19. However, in view of the enclosed nature of the Mediterranean and the
geclogy of the surrounding land, the Mediterranean may not be representative
of the sea globally with regard to the mercury flux to or from the

atmosphere. Thus there is a special need for estimating the flux in this area
(WMO, 1982).

20. Besides river and possibly atmospheric input, dumping of waste is an
important route for mercury to the marine enviromment. Within the Paris
Convention area, waste dumping has been estimated to account for 35% of the
mercury flux to the sea (Convention for the Prevention of Marine Pollution
from Land-Based Socurces, 198l1).

Fate of mercury in the environment

2l. Mercury enters the marine environment in a variety of physico-chemical

forms such as mercury sulphide, metallic mercury, organomercurials, or bound

to inorganic and organic suspended matter. In the marine environment, mercury .
can undergo a variety of physico-chemical reactions including sedimentation,
absorption on particulate matter, oxidation-reduction and methylation. These
reactions have been reviewed by several authors (Gavis & Ferguson, 1972;

Jensen & Jernelov, 1972; Xeckes & Miettinen, 1972; Peakall & Lovett, 1972;

WHO, 1976). .

22, Mercury is readily absorbed on inorganic oxr organic particulate matter in
the sea. Tt is thus associated with sedimentating particulate matter and is
transferred to the sediments where, if anaerobic conditions exisgt, it is
transformed into mercury sulphide. BAncother important reaction of mercury in
the marine environment is biomethylation. Divalent mercury can be methylated
by certain bacteria in marine sediments to methyl and dimethyl mercury. These
reactions have been studied extensively, both in laboratory experiments and in
the field (Jensen & Jernelov, 1972; WHO, 1976).

23. Marine organisms can take up mercury directly from seawater, from food -
and from sediments.
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24. Different forms of mercury have different properties with regard to
bicaccumulation and toxicity. Methylmercury, which is very efficiently
absorbed through biological membranes, is strongly bound to sulphydryl groups
and excreted very slowly - if at all. HMethylmercury is also the most toxic
form of mercury, but it constitutes a very small fraction of the total mercury
in the marine system. The most abundant form is inorganic divalent mercury
that may be bound or complexed to a number of ligands. It is absorbed by or
adsorbed on organisms but excreted with a half-life of days or weeks by higher
organisms such as fish, birds and mammals.

25. DPepending on the mode of accumulation and excretory capacity, the
relative amount of methylmercury as compared to total mercury will vary from
virtually 100% in marine predatory fish or in the feathers of marine birds to
a small percentage in phytoplankton and most molluscs.

26. The question of the relative importance of uptake of mercury directly
from water and from food for the resulting body burden depends on a number of
factors. One obviously very important factor is the concentration of
methylmercury (as distinct from total mercury) in water and in food.

Available data are scarce and conclusions thus uncertain. As a generalized
statement it can be said that the higher the trophic level, the more important
is the uptake from food. For the overall food chain however, uptake from
water is the key process (WHO, 1976). When comparing mercury levels in
different fish species or populations, other factors besides trophic level and
methylmercury concentration in prey organisms alsc become important. Age as
well as growth-rate and food conversion efficiency and cther
metabolism-dependent factors are of general relevance. When tuna and
swordfish are compared with most other fish species, dry content of the fresh
fish muscle also becomes important.

27. BAs a consumer of fish and shellfish, man is at the upper level of the
food-chain, taking up mercury from contaminated produce.

28. A generalized scheme for the circulation of Hg in the marine environment
is presented in Figure 2 (UNEP, 1978).

Ievels of mercury in the Mediterranean

{a) Seawater (dissolved and particulate matter)

29. The interpretation of mercury concentrations in seawater needs extreme
caution due to the sampling and analytical problems encountered when
determining this element at the pg/l level. Serious contamination can qccur
during sampling, storage, preconcentration and analysis. Loss of mercury
during storage has also been reported (Coyne & Collins, 1972; Zief &
Mitchell, 1976). Different preconcentrations and analytical techniques will
determine different physico-chemical forms: total, particulate, dissolved and
labile. A further complication in interpreting mercury concentrations in
seawater is the time and space variability caused by the mixing of different
seawater masses, and transport and dilution processes.

30. Mercury concentrations in Mediterranean seawater have been reviewed in
UNEP's Preliminary Report on the State of Pollution in the Mediterranean Sea
(UNEP, 1978). These results, as well as additional data reported since, are
summarized by region in Tables 2 and 3. {See also Figure 3.)
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Figure 2

Generalized scheme of inputs and fates of mercury in

the marine environment
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Mercury concentrations in open waters of the Mediterranean

. Physico-chemical Concentration
Regilon Reference
— form rg/l —_—
I Total 0.11 Robertson et al., 1972
(00 062"00 17)
II Particulate 0.0013 Buat~Menard et al., 1980
Dissolved 0.020
{0.008-D.032)
IIT Dissolved 0.014 Huynh-Ngoc & Fukai, 1978
(0- 005“0-30)
Iv Dissolved 0.026 " "
(0.010-0.040)
VI-VIT Dissolved 0.030 v "
(0-005"0- 080)
VIII Dissolved 0.040 " "
(0.015~0.080)
X Dissolved 0.016 " "
{(0.,012~0.,020)
Total 0.12 Robertson et al., 1972

(0.09-0.14)
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Table 3
Mercury concentrations in coasgtal waters of the Mediterranean
Region Area Physico~chemical Concentration Reference
form pg/l —_—

II Rhone Delta Dissolved 0.010-0.19 Martin et al., 1978
Ligurian Coast Total 0.012-0.26 Breder et al., 1980
Coasts of Tuscany 0.02 Renzoni et al., 1973
and Rosignano 0.18
{close to chlor-
alkali plant)
Cecina Dissolved 0.012-0.031 Breder et al., 1980

Total 0.032~0.061

v NW Adriatic Particulate 1-7 Granzini et al., 1975
Istrian Coast Total 0.04 Strohal & Dzajo, 1975
Adriatic Total 0.07 Kogta et al., 1978
Gulf of Trieste Dissolved 0.073-0.17 Majori et al., 1978

VIII Saronikos Gulf Total 0.15~0.60 Zafiropoulos, 1982

(close to sewage
outfall)

X Israel Dissolved 0.06 Roth & Hornung, 1975

(Labile) (0.01-0.18)
Mediterranean coasts 0.02-0.55 Aubert, 1980 .
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31l. Considering the above-mentioned need for caution in the interpretation of
analytical dara for seawater, it cannot be concluded that Mediterranean open
waters have significantly higher concentrations of mercury than other open
oceans, although there appears to be a slight tendency in that direction. 2As
demonstrated in a recent mathematical model calculation (Bernhard, 1983), the
difference required in water concentration to explain the different mercury
concentrations in Atlantic and Mediterranean tuna (Renzoni et al., 1978} is so
small that it would be impossible to detectr it with existing accuracy in
sampling and analysis.

32. 1In coasgtal waters the recorded mercury levels are significantly higher
than those in the open Mediterranean. In several local areas, mercury levels
are one order of magnitude or more higher than in areas without local mercury
sources.

33. There is a need for more data on mercury concentrations in both coastal
and open Mediterranean waters. These data, in order to be comparable, have to
be a result of standardized sampling, storage and intercalibrated analytical
techniques. Even then, for the interpretation of mercury concentrations,
oceanographic data on the different Mediterranean water masses and circulation
patterns will be needed. Information on the physico-chemical forms of
mercury, especially particulate and dissolved, methylated and inorganic, will
be of great importance in assessing the overall mercury problem.

(b) Sediments

34. Marine sediments have been considered as the ultimate sink for toxic
elements. However, recent work has shown that mercury can be mobilized even
from anoxic sediments to the water column (Bothner et al., 1980). The
concentration of mercury in sediments depends on factors such as mineralogic
and cocciometric characteristics of the sediment, organic carbon content,
sedimentation rate and remobilization rate of mercury to the water column
(Phillips, 1977).

35. The determination of mercury in sediment samples usually involvesg the
extraction of mercury from the sample. Different combinations of acids or
different extraction techniques yield results that are not always comparable.

36. Concentrations of mercury in Mediterranean sediments were reviewsd in
UNEP's Preliminary Report on the State of Pollution of the Mediterranean Sea
(UNEP, 1978). In addition, a considerable amount of monitoring of mercury in
coastal sediments in areas receiving industrial or domestic sewage has been
done in recent years. Data are summarized in Table 4.

37. Another important factor to take into account is the fraction of the
sediment analysed. Very little information is usunally reported by authorse.

38. In the limited data available for mercury concentrations in deep-sea
sediments from the Mediterranean and open oceans there seems to be somewhat of
a tendency to higher values in the Mediterranean. Given the uncertainties,
however, this increase for the Mediterranean compared to oceanic values cannot

be termed statistically significant.
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Mercury concentrations in sediments of the Mediterranean

Hanigra to Hafifa

fraction 250 B

0» 01—00 57

Region Extraction Concentration Reference
— method ng/g dry weight —
I Alboran Sea Total 0.26 (mean} Robertson et al., 1972
ITI Ligurian coasts HNO3, HCI 0.16-5.4 Breder et al., 1980
Ebro delta conc. HNO; 0.065~1.1 Obiols & Peiro, 1980
Area of Marseille HNOjy 0.07-21 Arnoux et al., 1980a
1980k, 1980c
/ Bay of Cannes HNO3, HPO,4 0.1-0.4 Ringot, 1982
fraction 63 p
Gulf of Nice HNO3, HCLOy 0.01-0.16 Flatau et al., 1982
Catalan coasts conc. HNOg 0.2-1.0 Peiro et al., 1980
III Santa Gilla HSO4, HNOq 0.7-37 Sarritzu et al., 1982
lJagoon, Cagliari
IV “Tyrrhenian Sea - 0.05-0. 24 Selli et al., 1973
Tuscany Coast -
near Solvay plant l.1-1.3 Renzoni et al., 1973
4 km S and N 0.1-0.8
10 km S and N 0.04-0.1
V Gulf of Trieste - l.4-14.8 Majori et al., 1978
(close to cinnabar 19.4
nine)
Gulf of Venice HoS0, 0.15-3.0 Donazzolo et al., 1978
Angela et al., 1980
Kagtela Bay Total 8.5 Stegnar et al., 1980
Dalmatia
{chlor-alkali
plant) '
Adriatic Sea Total 0.07-0.97 Robertson et al., 1972
VIXII Bvoikos Gulf 0.5 HC1 0.3-0,8 Angelidis et al., 1980
Aegean Sea fraction 55 px
Saronikos Gulf, Total 0.5~1 Grimenis et al., 1976
Athens Papakostidis et al.,
Athens outfall Total 0.5-3 1975 B
IX Coasts of Turkey HNO= 0.01.9-048 Tancel et al., 1980
X Region cof Alex- conc. HNO4g 0.8 Elsokkary, 1978
andria (c¢lose to 9 - 15 El Sayed & Halim, 1978
chlor=-alkali plant)
Haifa Bay HNO4 0.008-0.73 Krumgalz & Hornung, 1982

Roth & Hornung, 1977
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39. In coastal areas, high mercury concentrations in sediments constitute .
serious local problems, especially in areas receiving effluents from
chlor-alkali plants or other industrial activities, and in coastal areas close

to mercury mining sites.
(¢) Organisms

40, A considerable amount of data on mercury concentrations in Mediterranean
marine biota has been reported to date. These data were the result of the
MED POL Project "Baseline studies and monitoring of metals, particularly
mercury and cadmium, in marine organisms". Mercury concentrations in

18 species of fish, three species of molluscs and three species of
crustaceans, are summarized in Table 5.

41. In interpreting these data cne should keep in mind that most of the

marﬁne organisms, with the exception of some pelagic fish like tuna, were

co%lected from coastal areas, where mercury levels are higher than in the open

sea. However, most fish in the Mediterranean that is caucght for consumption

is collected close to the shore. : .

42. A considerable amount of the data reported refer te marine organisms
collected from the known mercury geochemical anomaly area of Monte Amiata,
Italy. Since these gamples have quite high body burdens, the result is
significantly increased average Mediterranean values.

43. Tuna and other pelagic figh. Cumont et al. (1972) reported mercury -
concentrations in bluefin tuna (Thunnus thynnus thynnus) caught in the
Mediterranean ranging from 50 to 2500 pg/kg (wet weight). The same authors
reported values for Atlantic bluefin tuna ranging from 20 to B00 pg/kg.

44, The work of Renzoni et al. (1978) identified two bluefin tuna populations
in the Mediterranean (Figure 4):

{1} Tuna that spend their entire life in the Mediterranean. They have high
mercury body burdens (up to 4000 pg/kg) and show a positive corrvelation
. between concentration and body weight.

(2) Tuna that migrate from the Atlantic intc the Mediterranean for spawning .
and then return to the Atlantic. These tuna have lower mercury body
burdens and do not show any clear correlation between concentration and
body weight.

45. Results reported from the MED POL II project show a considerable
variation of mercury concentrations. & total of 325 samples of tuna were
analysed and concentrations ranged from 20 to 6300 pg/kg with a mean value of
10504760 pg/kg. These values are significantly higher than oceanic values
which are in the range of about 50-1000 pg/kg (Cumont et al., 1972; Zook et
al., 1976).
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Table 5
Mercury concentrations in Mediterranean fish
{ng/kg wet weight)
Species Number of Minimum Maximum Mean Standard
—— Samples Deviation
Boops boops 15 20 432 125 104
Dentex gibbosus 12 g9 178 135 19
Engraulis encrasicolus 254 20 580 167 85
Merluccius merluccius 16 31 258 131 77
Mugil auratus 39 1 5600 171 880
Mullus barbatus 1265 2 7900 694 260
Mullus surmuletus 234 o 510 9l 57
Pagellus acarne 12 30 337 159 92
Pagellus eryvthrinus 112 53 805 203 115
Sarda sarda 11 290 2300 1150 644
Sardinella aurita 47 120 390 248 70
Saurida undosquamis 143 42 649 137 93
Scomber scombrus 16 125 510 - 335 122
Sclea vulgaris 10 10 220 71 65
Thunnus alalunga 38 60 399 262 76
Thunnus thynnus thynnus 325 20 6300 1050 760
Trachurus mediterraneus 54 8 955 ~1le 160
Upeneus moluccensis 127 38 1112 426 290
Mercury concentrations in Mediterranean molluscs

{(ng/kg wet weight)
Donax trunculus 42 35 o202 210 220
Mytilus galloprovincialis 488 4 7000 232 598
Perna perna 182 20 370 76 50

Mercury concentrations in Mediterranean crustaceans

{(ng/kg wet weight) L B
Nephrops norvegicus 554 59 3000 917 494
Parapenaeus longirostrisg 39 110 1195 345 233
Sguilla mantis 20 65 455 152 86
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Figure 4 .‘
Mercury concentrations.vs body weight in Thunnus thynnus thynnus -
(Renzoni et al., 1978)
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46. The mercury analyses reported in pilot project MED POL II for bluefin
tuna showed that most values were below 1500 pg/kg and only a few above 2000
(Figure 5). A plot of mercury concentration versus weight (Figure 6) gives a
much more scattered picture than the one reported in Figure 4.

47. A possible explanation could be that several subpopulations of
Mediterranean bluefin tuna are included in the material in Figure 6.

48, The mercury concentrations in albacore tuna (Thunnus alalunga) reported
in Table 5 are similar to those reported for different species of oceanic tuna
that range from 70 to 1250 jug/kg-{Working group on mercury in fish, 1979).
However, concentrations in the white tissues of 27 albacore tuna sampled from
the Northern Tyrrhenian Sea had mercury body burdens ranging from 700 to

4200 pg/kg.

49. PHigh mercury concentrations in Mediterranean pelagic fish such as Sardina
pilchardus, Engraulis encrasicolus and Scomber scombrus have been reported
( aldi et al-r 1978)0

50. Stoeppler et al., (1979) reported significant correlation of mercury
concentrations in Sardina pilchardus with body weight. They report that fish
caught off the coast of Tuscany, Italy, have considerably higher
concentrations than Fish caught from the Straits of Gibraltar. The
concentration versus body length plot (Figure 7) is similar to that reported
for bluefin tuna by Renzoni et al. (1978).

51. Average values for pelagic fish calculated from MED POL II results range
from 116 pg/kg for Trachurus mediterraneus to 1150 pg/kg in Sarda sarda
(Table 5).

52. Mercury concentrations are generally correlated both with body weight and
length as for Trachurus mediterraneus in Figures 8 and 9. When such
correlation is absent, it may be due to differences in growth rate or feeding
habits in different subpopulations and on an uneven distribution of samples
from different areas.

53. Mullus barbatus and other benthic figsh. Concentrations of mercury
reported in the benthic fish Mullus barbatus range from 2.0 to 7900 ng/kg (wet
weight) with a mean of 620 jg/kg. However, almost half of the samples
analysed were collected from coastal zones close to the mercury geochemical
anomaly area of Monte Amiato, Italy. These samples haéd considerably higher
concentrations (mean value of 1200 pg/kg). Disregarding these data, a more
representative Mediterranean value for mercury in Mullus barbatus can be
estimated as 160 ug/kg.

54, Significant correlation between mercury concentrations and body weight or
length have been reported for Mullus barbatus (Stoeppler et al., 1979;

Capelli et al., 1980). Such a correlation is not apparent from the Pilot
Project MED POL II results for Mullus barbatus, probably due to the masking by
high mercury wvalues in samples from geochemical anomalous areas.

55. BAlso in samples from commercial trawling along the Israeli coast, the
correlation between mercury concentration and length was low. Instead the
mercury concentration of this species seemed to increage with depth (Hornung
et al., 1980).
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Figure 5

coos 005y - 000% monm mmon Q0s¢ ooaz

gost

~ ! | ml (il Rttt

s30%¢0 . sded iy et e *had i I ZEEX Y (XS XN]
LA XEXT ) tedee e

* deddes

LEER XX

, ([ EX T RN

[N R LNX ]

Mercury concentrations in Thunnus thynnus thynnus

i

[ERX N XN
[ERXXE X
[(XEXEX}
séver
(AR ERR]
tdepan
I FEEEN]
[EXXEN]
setény
[EE KRN
[ ENENE]
[EX SR Y]
I EREXX)
[EERER R/
I XA XEN]
IEX XN E ]

T

0001 00%
- |

[ FENY Y ) [EESXE
[EEEEN ) (RN XR
sdssas [EX NN X
tees e s (Y ERE N
tdovep sedtee
tosdud tedsee
sedie (RN YN
[EEXRX] Peraas
EXEEX] T EYX]
1edtan [EE R RN
I EEEEN ] tteede
I ENAKN ] [ EENE X
[EEER R .
[ER AN

[EE XN} )
dedta

deadiee

[ EEREXN]

deesae

[(EEXXE]

[(FR KRN

[(EX R NN ]

(XN L NN

XX E RN

4 ddes

*

T [ T

Jorm o e e e e s

. 43 1amipoq wo.n 1ed gv/ ur UoTIBLIUSOUOD AINDIABH .

[ I =4

[a
v

001

051

002

os?

g30ULANIODO JO Joquiny



UNEP,/WG.91/5

page 19

Figqure 6

Mercury concentrations vs body weight in Thunnus thynnus thynnus

(MED POL IT data)
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Figqure 8

Mercury concentrations vs body length in Trachurus mediterraneus

(MED POL II data)
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Figure 9

Mercury concentrations vs bodyweight in Trachurus mediterraneus

{(MED POL II data)
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56, High concentrationsg of mercury in Mullus barbatus sampled from the coasts
cof Tuscany, Italy, of up to 3700 pg/kg, have also been reported by UNEP
{1978). In cother coastal areas of the Mediterranean, concentrations ranged

from 60 to 900 pg/kg.

57. Capelli et al. (1980) reported average mercury concentrations of

270 pg/kg in Mullus barbatus from the Gulf of Genova. In clean areas of the
Aegean Sea, average values are around 50 mg/kg, but in areas receiving
industrial or domestic sewage they increase to 290 pg/kg (Grimanis et al.,
1980; Uysal, 1980). In the Levantine coasts of Turkey, values of 40 pg/kg
were reported (Balkas et al., 1978).

58. Majori et al. {1978) reported mercury concentrations ranging from 40 to
220 ng/kg in Mullus barbatus from the Gulf of Trieste. Exceptionally high
concentrations of up to 1200 pg/kg were found in the coastal area of
Alexandria, Egypt (El Sokkary, 1982), probably as a result of mercury inputs
from a chlor-alkali plant.

59, Mercury concentrations in 234 samples of Mullus barbatus ranged from 0.1
to 510 pg/kg with a mean of 91 ng/kg.

60. High concentrations of mercury have been reported in Mullus surmuletus
from the area of Alexandria, Egypt {up to 2200 pg/kg) (El Sokkary, 1982). In
the Aegean and North Ievantine Seas, concentrations ranged from 40 to

103 pg/kg (Balkas et al., 1978; Uysal, 1980).

61. Upeneus moluccensis was sampled only from the Eastern Mediterranean and
the average concentration was 426 pg/kg.

62. Hornung et al. {(1980) reported concentrations of mercury in Upeneus

moluccensis from the coasts of Israel ranging from 110 to 707 jug/kg with an

average value of 259 ng/kg. They also observed a significant correlation
between mercury c¢oncentration and length.

63. Molluscs (Mytilus galloprovincialis and Perna perna). Mussels have been
proposed as a heavy metal indicator organism ("Mussel Watch™). They represent
local conditions better than any other marine organism since they are sessile
and filter-feeding (Phillips, 1977).

64. Concentrations of mercury reported in mussels (Mytilus galloprovincialis)
from the Mediterranean range from 4 to 7000 pg/kg {(wet weight) with a mean
value of 232 pg/kg. BAs in the case of Mullus barbatus, many samples were
collected from the Northern Tyrrhenian Sea. A more representative average of
70 ng/kg can be calculated, disregarding results from these areas.

65, Concentrations of mercury in Mytilus galloprovincialis were reviewed by
Bernhard (1978). ¥xceptionally high concentrations were reported in samples
from the Adriatic Sea (up to 1500 pg/kg). From other areas of the
Mediterranean, concentrations ranged from 20 to 300 pg/kg.

66. Recent publications report average concentrations of 26 pg/kg in the Gulf
cf Genova (Capelli et al., 1980a), 32 - 155 ng/kg in the Gulf of Trieste
(Majori et al., 1978), 54 - 230 pg/kg in the 2egean Sea (Uysal, 1980;

Grimanis et al., 1982). High concentrations (250 - 3460 pg/kg) were reported
for the coasts near Barcelona (Obiols, 1980) and could be the result of high
mercury inputs due to industrial activities.
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67. Samples of Perna perna monitored in the Pilot Project MED POL II had an
average concentration of 76 mg/kg with a range of 20 - 370 pg/kg. This .
average value is very close to the average for Mytilus galloprovincialis of

70 pg/kg (excluding the results from the Northern Tyrrhenian Sea).

68. Marine crustaceans. levels of mercury in Mediterranean marine
crustaceans were reviewed in the past (UNEP, 1978; Bernhard, 1978 and 1980)
and a considerable amount of results were presented during the Mediterranean
Pollution Workshops (ICSEM/UNEP, 1978, 1980 and 1982). These data do not
represent an even distribution throughout the Mediterranean and most refer to
samples collected from polluted areas of the North Mediterranean coast or
geochemical anomalous areas.

62. Nephrops norvegicus, the average mercury concentration in the abdomen in
489 samples from regions II, IV and VI was 966 pg/kg, and in Parapenaeus
longirostris from region VIII was 337 pg/kg. Incomplete geographical coverage
of monitoring of mercury in these organisms does not allow any conclusions to
be drawn.

(d) Comparisons with other regions ) .

70. Comparative analytical data for the mercury content of fish muscle
sampled in various seas are shown in Table 6. Data for the Mediterranean have
been mainly taken from Figures shown elsewhere in this document, those for
other seas mainly from the data profiles on mercury (IRPTC, 1980) and
Piotrowski & Inskip (1981). On the basis of these figures, it is evident that
in general, levels of mercury in fish are higher in the Mediterranean than
elsewhere. However, a final confirmation of this statement c¢an only be
obtained after a more comprehensive assessment of mercury in the Mediterranean

regione.

Health effects of mercury

71. Humans may be exposed to both inorganic and organic forms of mercury.

Exposure to inorganic mercury compounds of health significance generally
constitutes an occupational hazard, whereas exposure of the general population

to methylmercury occurs mainly through seafood consumption. In this regaxd,

high concentrations of methylmercury in fish and shellfish can cause adverse

health effects and even death to consumers (Takeuchi, 1968; Woocd, 1976). A ‘
considerable amount of literature is available on the toxicity of mercury to
living organisms and its effects on humans. Two recent global reviews on
environmental health aspects of mercury are the WHO/UNEP Environmental Health
Criteria document on mercury (WHO, 1976) and the report by Pictrowski and
Inskip (198l) on the health effects of methylmercury. A review of
international activities relating to health hazards from methylmercury in the
Mediterranean regiocn has been made by Saliba and Silano (1982).
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(expressed in mg/kg wet weight) recorded in muscle tissue of various
marine species (modified after Piotrowski & Inskip, 1981)

Ocean/Sea

Fish species Atlantic Pacific Indian Mediterranean
Mackerel 0-07 - 0020 0-16 - 0-25 0-005 0-335
Sardine 0.03 - 0.06 0.03 0.006 0.248
Miscellaneous
non-predatory
SpecieS 0.08 -~ 0.27 0.07 -0.09 0.02 ~ 0.16 0.07 - 0.694
Predatory species
Tuna Spp- 0-30 - 0.80 0.30 0.06 bad 0.40 0e26 -~ 1.15
Swordfish 0.80 - 1.30 1.60%* - 1.20 - 1.80*
Various eslasmo-
branch species
(sharks & rays) 1.00 0.70 - 1.10 0.04 ~ 1.50 0.06 - 2.0

*

based on very limited data
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72. Biological monitoring of human populations exposed to methylmercury -
poisoning has been performed in various countries, including Iraq (Bakir et .

al, 1973), Japan (Takeuchi & Eto, 1975; Tsubaki & Irukayama, 1977) and Canada
(Methylmercury Study Group, 1980). Estimates of blood mercury levels still
play the dominant role for the assessment of exposure to methylmercury, and in
populations considered to be under exposure from fish consumption,
determination of total or organic mercury are considered equally valid, as the
latter represents 95% or more of the total (Phelps et al., 1980). Recently,
hair analysis has been increasing in value as an indicator independently
linked with health effects (Marsh et al., 1979), the hairiblood ratio
appearing to be constant provided that blood samples are compared with
properly time-matched segments of hair (Clarkson, Min-Zabi & Al-Tikriti,
1976). Within the Mediterranean region, levels of mercury in blood and hair
exceeding those recognized as normal have been reported from certain coastal
regions (Paccagnella et al., 1973; Bacei et al., 1276; Riolfatti, 1977).

73. The most significant adverse effect observed in humans poisoned by
methylmercury is on the central nervous system (WHO, 19763 Piotrowski &
Inskip, 198l), signs and symptoms observed in adults including sensory
{e.g. paresthesia, pain in limbs, visual and hearing disturbances), motor .
{e+sg. disturbance of gait, weakness, unsteadiness of legs, dysarthria and
tremor) and non-specific (e.g. headaches, rashes and mental disturbances)
categories. Damage to the central and peripheral nervous system and
congenital disorders have been observed following long-term oral exposure to
methylmercury (OECD, 1974). A number of embryotoxic effects, including
teratogenicity, have been observed in several species of laboratory animals
and several behavioural, electrophysiological and biochemical changes have
been reported to cccur before the appearance of any clear symptoms of
intoxication, though the relevance of many of thege observations to humans is
still unclear (Gatti et al., 1979).

74. Methylmercury ingestion during pregnancy may have a very serious effect
on the human foetus (WHO, 1976), and the effects of congenital exposure can be
obgerved even when maternal toxic symptoms are absent. Perinatal exposure to
methylmercury (which c¢an occur through contaminated human milk) also induces
early symptoms of a neurological nature in infants and children. Pregnant
women therefore constitute a high-risk group. There is some controversy
regarding the gensitivity of infants and children to methylmercury poisoning,
some authors regarding this group as particularly vulnerable, others .
considering that children are not especially susceptible and that their
capacity to improve or even recover is greater than in adults (Pilotrowski &
Inskip, 1981).

75. Selenium salts can protect experimental animals against the toxic effects
of inorganic mercury and methylmercury, and the elevated levels of selenium in
tuna fish may be sufficiently high to give similar protection (Pictrowski &
Inskip, 198l1). The mechanism of selenium with methylmercury toxicity in
animals has not yet been clarified, and while consumption of marine fish with
high methylmercury levels usuvally involves the intake of correspondingly high
levels of selenium, proof of a protective effect in humans is still lacking
(Saliba & Silano, 1982).
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76. Assessment of the health hazards from seafood consumption in the
Mediterranean region, leading to the eventual establishment of environmental
guality criteria for mercury in seafood, can only be effected following the
acquisition of detailled data on mercury concentrations in seafood (as well as
in the general environment) together with consumption patterns and the
correlation of these with appropriate epidemiological studies. These studies,
which have just been commenced by WHO/UNEP within the framework of the
research component of MED POL Phase II, should serve to identify high-risk
groups, evidence of which has already been indicated (Nauen et al., 1982), and
enable Governments to take appropriate legislative action.

Summary

77. The Mediterranean region is rather unigue in its richness in mercury
deposgits, some of which are mined, representing 50% of the world mercury
production. Anthropogenic activities, and especially mining, might have
gignificantly increased weathering and thus inputs of mercury into the marine
environment of the Mediterranean. The question of availabkility of this
mercury for biomethylation and bicaccumulation has not been well studied.

78, With the accuracy of existing data it cannot be concluded that mercury
Jevels in Mediterranean open waters and deep-sea sediments are significantly
higher than those in the open oceans. The same applies to the limited data
that exist on mercury levels in planktonic organisms. Mediterranean pelagilc
fish, especially tuna and Sarda sarda, undoubtedly have higher bedy burdens
than oceanic fish. However, the mechanisms of this accumulation are not clear.

72. Elevated levels of marcury in the marine environment are evident in areas
of mercury anomalies and mining sites in the vicinity of chlor-alkali plants,
and in some cases in areas receiving industrial effluents and domestic

sewage. High concentrations have been reported by many investigators in
water, sediments and organisms.

80. Data compiled up to now through the MED POL II project do not provide a
good basis for a final assessment of mercury in the Mediterranean. Samples
Ffrom clean "reference" areas should be included in future monitoring in order
to provide a basis for comparison. Areas in the Mediterranean were not
equally covered as most data were reported from the north-western part of the
Mediterranean. The statistical analysis of the compiled data should be
continued with correlation of mercury concentrations versus body size for
different geographic locations. High concentrations could thus be related to
specific mercury sources.

PREVENTION AND CONTROL OF POLLUTION BY MERCURY
IN MEDITERRANEAN SEAFOCD

Fish production and consumption

8l. The average annual per capita consumption of fish (the term including all
consumable aquatic organisms), expressed in kg, live-weight equivalent, ovexr
the three~year period 1978-80, in each of the Mediterranean countries, is
shown in Table 7. Consumption is highest in Spain (34.2), followed by France
(23.8), Malta (17.5) and Greece (16.7). B8yria (2.0) and Algeria (2.1}
represent the lowest.
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Table 7 .
Average fish consumption in kg/per capita/year i
1978-1980
Algeria 2.1 Libya 6.7
Cyprus 7.8 Malta 17.5
Egypt 4.6 Morocco 5.5
France 23.8 Spain 34.2
Greece 16.7 Syria 2.0
v Israel 15.0 Tunisia 8.0
Ttaly 12.9 Turkey 5.3
Lebanon 3.1 Yugoslavia 3.1

82. The figures in Table 7 have been calculated by dividing the total fish
supply in each country by the number of inhabitants. The total fish supply
figures can be broken down into (a) Mediterranean catch, (b} catch outside
the Mediterranean proper, and {c) net imports. This information insofar as
1280 is concerned is given in Table 8. Column 2 of this table shows the total
production, i.e. catches from anywhere in the world as well as freshwater
production. Column 3 indicates the net f£ish imports for each country. The
total fish supply is the sum of the figures in columns 2 and 3. Column 4
shows only Mediterranean catches, excluding those from the Black Sea. This
only concerns Turkey's catch. )

83. The other columns in the table show a breakdown of the Mediterranean
catch into the most important species or groups of species from the production
point of view.

84. The following observations can be made as far as the total fish supply is
concerned.

(a) Only three countries (Morocco, Tunisia and Turkey) have been net
. exporters in 1980. All the other countries imported fish. In some cases .
the imports exceed the total country production (Cyprus, lebanon, Libya,
Malta and Syria).

{(b) 2about half of the countries also fish outside the Mediterranean proper.
In many cases, landings from outside the Mediterranean Sea proper account
for a large percentage of the total production, e.g. France (94.1%},
Morocco {(91.6%), Turkey (90.3%), Spain {88.2%), Israel (85.6%).

{c} Assuming that the imports come from outside the Mediterranean (which is
mogt probably correct), none of the countries (except Tunisia) relies
solely on Mediterranean fish. Based or this assumption, calculations
were made to show what part of the fish consumed actually comes from the
Mediterranean. The results for 1980 are shown in Table 9. A study of
these figures shows significant differences among the various countries
in consumption of fish caught in the Mediterranean in relatiocn to total
fish consumption.

.



¥ *ON UT3IOTINg TeSTISTIRAS ‘WOID/o¢d  {q)
€5 *TOA ’s8T3TpouNos AISYSTA (TT)

¢S *ToA ‘sburpuel pu® saysled (T) tSOTASTIRIS AIDYSTI JO NOoqiedx *T8ET ‘O¥d (2) sadanog

UNEP/WG.91/5

page 29

o Z< W zTL 02 846 15 829 I or1 oc | z90o we | sos cev | ey ooz oSy 192 8EL £OL ¥SS 969 € THIOL
£rL 822 (443 66L 6E9 £97 1 vIz 2 V00 VT | 896 BT 9LS 61 96t 8% RTARTSOBAX
1232 5¢v 1 08L ¢ ozz T0€ ST 12y 1 605 T v8E 8 SOb 1p S80 6- s58 9zv ECEE UM
€ar € 9¢E 2 809 § 0z9 99 ¢ VES T 9gs 696 €1 ¥ST 09 86€ 9~ ¥S1 09 eysTUN
o8 05 oL 08 0s 1zt 96 269 6 116 € * erxky
ofT € 5LS T 8z 8 616 91 STV € Ve L 6t 1€ | €80 LE 909 6v1 1€L 121 089 VST T upeds
1TA s87 18 € 05 95 50z € JAA A €0V 6 91E [Z 188 65- LO6 £ZE 0200104
oz L 811 ov £ T6Y € £20 1 £eT ¥ £20 1 TITEH
vE9 0t1 $E9 Ve €08 ¥ L9T 0T €08 ¥ ehqyT
. 008 0or 2 £IL L 005 T uoueqeT | -
LEE 1€ vel 8 056 21 5689 b1 662 & 9z1 8 z8z 6L rATANA 1€9 2s¢€ 10L 602 969 L¥P Kteaz
Lz Lz9 zs 81 918 ZoL ¢ vr9 02 g1L S2 TeRISIT
0z Z L6E T ¥8zZ @ S8¢ 2 V6L 00t g 098 & s 2T SbL SL ZEL ST Zv0 €01 SRR
ceL t bz vg9 1 %0t € 100 1 z1g 8oy 2 £6¢ S1 008 ov LSS 667 sy €61 aoEIoM
.- pue saueiy
€L . 9.5 T 291 ¢ coT 105 9 6£6 6% 05 LY Le¢ 0¥t - Adi6z
zZit 71 245 v LT 17 Yoe 1 UL T 9€g 1 snadhy
060 1 9.9 € 6EL T S15 L6S 1 067 ¢ TLL ZT 8L9 8% 59 8L9 BE ey xebTY
Q = L] o o -0 —_ 0 —_ 0

ElE | FE | s | IR | SRR BB || T | ) e

£ . 8 4 52 cms L .

0861 I03 UBDURIISYTPSH OY3 UT |

Amsmm!wwmuma UT) YSTF 3O $3z0dWT 38U PUBR SBUDJED TERUTWON

. g °1qe]

. 3
. - (]



UNEP/WG.91/5
page 30

Table ©

Fish consumption in kg/per capita/year
(1980 figures)

- Annual consumption
Country Total Mediterranean origin

Algeria 2.1 2.1 {100.0%)
Cyprus 9.6 3.1 (32.3%)
Egypt 4.8 0.5 (10.4%)
France 24.3 1.0 {4.1%)
Greece 16.5 0.7 (58.8%)
Israel l14.8 1.2 {(8.1%)
Italy 13.2 741 (53.8%)
Lebanon 3.0 0.7 (23.3%)
Malta 20.9 4.1 (19.6%)
Morocco 5.6 0.6 (10.7%)
Spain 35.1 3.8 (10.8%}
Syria 2.1 0.2 (9.5%)
Tunisia 8.1 8.1 (100.0%)
Turkey 5.4 g.5 {9.3%)
Yugoslavia 3.0 1.3 (43.3%)

85. Another factor which must be taken into consideration is the fact that
the figqures in the various tables are live-weight and not all of this is
actually consumed, especially in the case of melluscs and crustaceans.

Existing national provisions and relevant international agreements

86. The mercury poisoning which occurred in the areas of Minimata and Niigata
in Japan (1953-1960), in Iraq (1956, 1960 and 1971) and elsewhere, stimulated
the concern of Governments regarding the hazards of mercury ingestion by human
populations through consumption of contaminated food material, particularly
{though not only) seafood. In this context, efforts were made to investigate
the sources and levels of mercury in the environment, especially in relation
to food contamination, and to establish requlatory measures for the control of
mercury in various parts of the environment for the protection of the health
of populations in general. The matter of cccupational exposure to mercury,
which presents a high-level hazard to a limited population-sector, is outside
the scope of this document.

87. Fish and other seafood, and their products, were found to consgtitute the
major, and in many instances the only, source of intake of mercury for most
people investigated. BAs a result, the regulatory approach to the prevention
and controle of congumption of contaminated products has so far been primarily
directed at limiting the levels of mercury in fish and shellfish and their
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products destined for human consumption. Control of the problem at source
through limiting the anthropogenic emission of mercury into the environment
has been considered of secondary importance. In this context, in the
regulatory measures adopted to date, the present limitationg in the knowledge
of the cause/effect relationship of mercury in the physical environment and in
living organisms have necessitated the adoption of a significant safety factoxr
in standards and criteria applied, for ensuring the protection of human health.

88. BAs part of the preliminary studies for determining the need to set
maximum levels for mercury in focd, a number of countries conducted gurveys of
the dietary intakes of their populations. Particular studies relating to
mercury levels in fish and to the amount of fish consumed by populations in
the Mediterranean area were conducted in France and Italy.

89. Table 10 shows the standards and criteria applied by a number of
Mediterranean countries, based on responses to specific requests for
information. B&As can be seen from this, the limits applied by those countries
having legislation on the subject vary between 0.5 and 0.7 mg mercury per kg
of fish or seafood flesh. There is alsc evidence to indicate that in some of
the countries where no ad hoc national legislation has heen promulgated,
though facilities for control exist under general health regqulations,
standards used in other countries, or recommended by international
organizations are applied. No specific information on this point is however
available.

¢0. The Commission of the Furopean Communities has issued a Council Directive
in 1982 on the limit values and guality objectives for mercury discharge by
the chlor-alkali electrolysis industry. The guality objectives, as set out in
Annex II to this Directive, are quoted hereunder:

"l.) The concentration of mercury in a representative gample of fish
flesh chosen as an indicator must not exceed 0.3 mg/kg wet flesh.

l.2 The total concentration of mercury in inland surface waters affected
by discharges must not exceed 1 jpg/l as the arithmetic mean of the
results obtained over a year.

1.3 The concentration of mercury in solution in estuarine waters
affected by discharges must not exceed 0.5 pg/l as the arithmetic
mean of the results obtained over a year.

l.4 The concentration of mercury in solution in territorial seawaters
and internal coastal waters other than estuary waters affected by
discharges must not exceed 0.3 pg/l as the arithmetic mean of the
results obtained over a year.

1.5 The quality of the waters must be gufficient to comply with the
requirements of any other Council Directive applicable to such
waters as regards the presence of mercury.
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Table 10
Maximum limits of permissible mercury levels in seafood
in Mediterranean countries
Year Maximum .
Country of permissible Remarks
enactment mexrcury
concentrations
Albania * * *
Algeria * * *
Cyprus - - -
France 1976 0.5 mg/kg All fish, crustacea and mollusca, except
tuna and swordfish.

- 0.7 mg/kg Tuna and swordfish. No legislation in
force, but random tests made on important
fish. Those which exceed limits are
banned from the the market.

Both of the above levels apply to
domegtic and imported products.
) »
Greece 1974 0.7 ma/kg Limit for all seafood caught locally or
{methy lmercury) imported, and intended for local
consumption. Enforcement through
veterinary practice.
New legislation under preparation.
Israel * 0.5 mg/kg Maximum level for both domestic and
imported fish. Tuna receives special
attention.
New legislation under preparation.
ITtaly 1971 0.7 mg/kg In force for fish and fishery products

' imported from outside the EEC region.

197¢ 0.7 mg/kg In force for frozen tuna (Thunnus
thunnus) and other tunas and bonitos of
domestic and EEC origin.

- no standards in force
* no information available {(continued)
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able 10
{(continued)

Maximum limits of permissible mercury levels in seafood
in Mediterranean countries

Year Maximum
Country of permissible Remarks
enactment mercury
concentrationsg
Ttaly 1978 0.7 mg/kg In force for bivalve molluscs of domestic
(contd) production.
/ 1980 0.7 mg/kg In force for fresh sharks and dogfish.

Lebanon * * . *

Libya * * *

Malta * %* * L]

Monaco * * *

Morocco * * *

Spain 1273 0.5 mg/kg In force for fresh, chilled and frozen
fish and seafood if at least 5 kg weight,

. and for any canned or processed fish and

fishery product.

Syria * * *

Tunigia * * ¥

Turkey - - Analysis of canned gardinesg, anchovy and
tuna showed concentrations of mercury
below "action levels in most countries,
thus precluding necessity for legislation
to date.

Yugoslavia 1978 - No actual standards laid down.

Iegislation deals with general quality of
fish.

- no standards in force
* ypmo information available

-



UNEP/WG,91/5 '
page 34

2. The concentration of mercury in gediments or in shellfish must not
increase significantly with time.

3. Where several quality objectives are applied to waters in an area,
the quality of the waters must be sufficient to meet each of them.

4. The numerical values of the quality objectives specified in 1.2, 1.3
and 1.4 may, as an exception and where this is necesssary for
technical reasons, be multiplied by 1.5 until 30 June 1986, provided
that the Commission has been notified beforehand.

9l1. As figh-eating habits would be expected to wvary between different
populations and subgroups, and mercury levels in seafood differ according to
species, the best approach to selving the problem would have to be connected
with mercury intake levels. However, it would not he easy to alter taste
preference patterns, particularly where fish may constitute a

. readily~available source of protein for which no easy substitute exists.

Scientific rationale for regional environmental quality criteria for mercury

92. At the present time, an accurate evaluation of health hazards through the
consumption of Mediterranean seafoocd is difficult due to the very limited data
available for those population sectors likely to have a mercury intake in
excess of acceptable levels. However, it is generally agreed that the intake
of methylmercury in seafood may constitute a health hazard to certain
population sectors. In this regard, the main international criterion
regarding intake has been established by a joint FAO/WHO expert committee on
food additives (JECFA) in 1972, in the form of a provisional tolerable weekly
intake {PTWI) of 0.3 mg total mercury per capita, of which no more than 0.2 mg
should be present as methylmercury (expressed as mercury). These amounts are
equivalent to 5 png and 3.3 pg respectively per kg of bodyweight. In this
regpect, it was considered that such an intake should not pose any significant
risk to health.

93. On the basis of the concentrations of mercury in Mediterranean seafood
shown in Table 5, and assuming that all (100%) the mercury in seafood is
presént as methylmercury, the following hypothetical conclusions may be
reached. In this regard, the term "safe consumption" is interpreted as
meaning that consumption within the limits given should not result in any
significant health effects.

{a) For the majority of seafood, the highest mean concentration recorded was
just below 0.25 mg of mercury per kg wet weight of fish. Taking into
account the higher figures recorded in a number of individual specimens
as a safety factor, it would not be expected that the average mercury
content of fish consumed over a long period should exceed 0.3 mg/kg wet
weight ~ one meal of 150 g would therefore on the average be equivalent
to a methylmercury content of 45 pg. For an adult with normal bodyweight
(70 kg), this would mean that the JECFA PTWI would not be exceeded on the
basis of consumption of just under four fish meals per week (allowing
10-20% of the PTWI for a methylmercury intake from other sources).
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(b)Y In the case of mackerel {scomber scombrus) and albacore tuna, the mercury
concentrations were of 0.335 and 0.262 mg/kg wet weight respectively. On
the basis of these, following the calculations at (a) above, the PTWI
would not be exceeded with three fish meals per week. The same would
apply in the case of the deep-water pink shrimp (Parapenaeus
longirostris), with a mean concentration of 0.345 mg/kg. On the other
hand, Atlantic bonito and bluefin tuna had 1.15 and 1.05 mg/kg
respectively, restricting their "safe consumption" to one meal per week.
The same would apply to Norway lobster.

(¢) Striped mullet and goldband goatfish fall into an intermediate category,
average concentrations recorded being 0.694 and 0.426 mg/kg respectively,
the “safe consumption” being one and a half and two meals per week
respectively.

{d) Mean mercury concentrations in swordfish are of the order of 1.20 to
1.80 mg/Kg wet weight (on the basis of very few specimens analysed).
This places swordfish on a higher level than bonito, tuna and Norway
lobster, and therefore the "safe consumption" limit would be less than
one meal per week, assuming that the figures {which are based on very
linited data) are really representative.

94, All the above can, at best, only be generalities; as account has to be
taken of (a) the enormous discrepancy in concentrations between different
individuals of the same species, (b} the relatively small number of species
analysed in the majority of cases, and (¢} consumption patterns. In any
cage, even taking the above hypotheses as a basis, fish consumption would have
tc be lower in adults with a subnormal bodyweight and in children, if the PIWI
is not to be exceeded.

95. However, these tentative calculations do suggest that the bulk of
Mediterranean populations probably has a low intake of methylmercury, and is
therefore at a negligible risk. In this context, another factor that must be
taken into consideration is the extent to which consumers in the Mediterranean
include seafocd imported from outside the region in their diet. This factor,
which would probably result in a reduced methylmercury intake, is of unknown
value.

96. The average annual per capita consumption of fish and shellfish in the
Mediterranean region ranges from 2.1 to 34.2 kg. In certain areas, however,
annual per capita consumption can be much higher.

97. On the basis of these differences in seafood consumption, and of the high-
mexrcury concentrations found in fish from certain areas of the Mediterranean,
five groups of consumers can be distinguished:

(1) General populationg, consuming average or lower than average amounts of
fish, in areas where average mercury concentrations are found in fish.
This group does not seem to exceed the maximum intake of 0.2 mg of
methylmercury (UNEP, 1978).

(2) General populations in areas where high mercury concentrations in fish
have been observed. Assuming a weekly per capita consumption of local
fish ranging from 0.5 to 0.7 kg and goncentrations of 1200 pg/kg {average
for Mullus barbatus in the Tuscany coasts), the weekly intake is 0.6 to
0.8 mg.
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{3) High~risk groups consuming higher than average amounts of seafood. These .
groups can exceed the maximum weekly mercury consumption ag has been

reported (UNEP, 1978). Nauen et al. (1982) also report that a sizeable -
number of persons in three selected Italian villages were found to exceed

the maximum weekly intake.

(4) High-risk groups consuming higher than average amounts of geafood in
areas where high concentrations of mercury in fish are found.
Undoubtedly, these groups exceed the maximum weekly mercury intake.

{5) Groups with special food habits, e.g. with preference for tuna.

98. Special attention should be paid to these high-risk groups and to women
of child-bearing age, as preratal life is considered to be the stage of the
life cycle most sensitive to methylmercury.

92. There is very little information available regarding the level of
methylmercury intake by the population sectors considered to be at risk. Data
from Italy {Nauven et al., 1982) suggest that some intakes may be up to

3.5 pg/kg body weight per day, i.e. 1.7 mg/70 kg/week. There is clearly a .
need for further study of the mercury intake in these critical groups,

especially in areas where high mercury concentrations occur, as well as a

study of mercury concentrations in blood or hair. Moreover, the effect of
selenium in decreasing mercury toxicity should also be further investigated
(Piotrowski & Inskip, 198l1).

100. Actual measurements by biological monitoring of mercury in hair and/or

blood in some fishing villages in Italy have shown concentrations mostly

inferior to the critical levels, but above the recommended ones (Pacagnella -
et al., 1974; Bacci et al., 1976; Riolfatti, 1977). In practically every

case, no neurological effects were observed, even though some of the subjects

had mercury levels associated with the earliest clinical symptoms. Additicnal
data from other Mediterranean countries may have been compiled, but are not
available in published form. O©On the whole, however, very few gtudies have

been performed.

10k. The main gaps in existing knowledge, as summarized following the series
of international expert meetings and working groups held in 1979 and 1980, axe .
as follows:

(1) Dbiological monitoring data on mercury levels in populations with high
methylmercury intakes;

{2) patterns of seafood consumption in various sectors of the Mediterranean
area, including seasonal variations;

(3) anthropogenic sources of mercury and other selected pollutants and theix
contributions to methylmercury in f£ish;

(4) methylmercury concentrations in various types of seafood in certain
sectors of the Mediterranean Sea; and

(5) 4identification of populations with a relatively high methylmercury intake
and estimation of their size.

- .
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102. The recently-initiated project on evaluation of methylmercury in
Mediterranean populations and related health hazards is designed to £ill these
gaps to the extent possible. In addition, for the assessment of the overall
mercury pollution in the Mediterranean, the following information should be

collecteds

(1) inputs and outputs of mercury including exchange with atmosphere;

(2) flow of mercury to and from the sediments;
{3) mercury distribution in sediment core samples;

(4) concentrations of different c¢hemical forms of wmercury in organisms, water
and sediments from the open Mediterranean;

(5), mercury concentrations in the water column for various Mediterranean
/ water massesi

(6) migrating patterns and feeding habits of tuna_and other pelagic fish;

(7) foed chain magnification.

103. For the assessment of local mercury pollution in areas close to mining
sites or chlor-alkali plants, which constitute a major anthropogenic source,
the following information should be collected:

{8) levels of mercury in marine organisms from polluted coastal areas and
from reference areas;

(2) mechanism of mercury accumulation in marine biota;
{10) resolubilization of mercury from polluted sediments.

104. Provision for the performance of all the above studies with the exception
of (6) has been made in the appropriate activities within the framework of the

research component of MED POL FPhase II.

105. The Consultation to re-examine the WHO environmental health criteria for
mercury {Geneva, 21-25 April 1980) and subsequent studies, acknowledged that
the JECFA Provisional Tolerable Weekly Intake of 200 pg of methylmercury
within 300 pg of total mercury for a person of 70 kg body weight remains a
valid recommendation in the light of presently available data. Based on
present data on fish consumption in the Mediterranean area, and on the
concentration of methylmercury reported in fish, as previously mentioned in
this document, it is considered that the major part of the population has an
intake well below the PTWI. In these circumstances, there does not seem to be
any general hazard to the general population, and the legal imposition at
regional level of an upper limit for mercury levels in edible marine organisms
would not therefore appear necessary.
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106. However, since limited population sectors in the Mediterranean area have
an intake of methylmercury through seafood which exceeds the PTWI, it would be
advisable to limit the total intake of methylmercury through seafood in order
to protect such population sectors. It is realized that any such action may
be contingent upon the availability of adequate data. In such situations the
following courses of acticon could be considered:

(a) The establishment of environmental quality criteria for mercury in
seafood, based on the present range of standards both in Mediterranean
countries (where these exist) and elsewhere, either for all seafood, or
for selected species.

{b} The establishment of environmental quality criteria for mercury in other
parts of the marine ecosystem which could result in the banning or
limitation of certain fishing activities, and/or the limitation of
anthropegenic mercury discharged in certain areas with exceptionally high
environmental mercury levels.

{(c) Advice on dietary intake, includings

(i) choice of the species and/or the size of fish allowed for
consumption;

(ii) frequency and number of fish meals;

(iii) diversified sources of protein.

107. The advantages and disadvantages of the various actions are set out in
Table 11.

108. Since almost all marine species fit for human consumption are likely to
have greatly elevated levels of methylmercury when caught in areas adjacent to
anthropogenic mercury discharges, it is clearly important to reduce as far as
possible such sources of contamination. However, in the light of the natural
sources of mercury found in the Mediterranean Basin this is unlikely to be an
effective measure for the general Mediterranean mercury problem unless taken
together with other steps. &Any health effects will be the result of the total
intake of mercury which is itself a function of the levels in the seafood, the
guantity ingested per meal and the fregquency of such meals. As has been
indicated, the complete elimination of methylmercury from dietary fish is not
feasible. However, where there is evidence of intakes of mercury above the
recommended JECFA Provigional Tolerable Weekly Intake this should be reduced
by the recommendation of suitable dietary modifications.

Proposed environmental guality c¢riteria for mercury in Mediterranean seafood

109. Based on the results and experience gathered from the joint FAC/UNEP
pilot project on baseline studies and monitoring of metals, particularly
mercury and cadmium, in marine organisms (MED POL II) and in accordance with
the above review of the scientific rationale presently available, the
following is proposed as the FRO/WHO/UNEP environmental guality criteria for
mercury, for application on an interim basis to seafood of Mediterranean
corigin.
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"Seafood of Mediterranean origin is considered to pregent no hazard for .
consumption by the general population, provided that the JECFA

Provisicnal Tolerable Weekly Intake (PITWI) of 300 pg of mercury, of which )
not more than 200 pg should be present as methylmercury, for a person of

70 kg bodyweight ig not exceeded. Compliance with thig interim criterion
shall be established on the basis of the concentration of mercury in

relevant species of seafood sampled at quarterly (3-month) intervals and

on seafood consumption patterns. The concentraton of mercury should be
determined by an agreed reference method, or by other methods yielding
comparable results, proved by. intercalibration with the relevant

reference method. Consumption patterns shall be determined by agreed

methods and protocols for those sectors of populations where either a

high level of fish consumption is known or suspected, or where exposure

to mercury from sources other than seafood is similarly known oxr

suspected.”

. ll?f The reference method recommended for adoption in connexion with analysis
of[seafood for mercury isi
- UNEP/FAO/IAEAs Determination of total mercury in selected marine .
organisms by flameless atomic absorption spectrophotometry. Reference
Methods for Marine Pollution Studies No.8, UNEP, 1982.

111. Although the general public c¢an be corsidered to be temporarily
safequarded through regular monitoring of seafood and of consumption patterns,
the problem of those sectors of the population known or suspected to be at
rigk remains. Prior to taking the necessary steps to safeguard these
particular sectors, the magnitude and extent of this problem has to be
discovered. The necessary activities designed to obtain the relevant
information, planned to be performed in particular through MED POL Phase II,

includes:

- The compilation of existing national data on the subject to obtain
indications of areas and localities within the region where population
sectors can be considered as actually or potentially at risk.

- "The conduction of dietary surveys on seafood consumption on these R
populations, and the evaluation of methylmercury intake, based on the
results of the surveys and on available data on levels of mercury in .
seafood.

~ The performance of studies to {(a)} correlate the amounts of total mercury

and methylmercury ip selected Mediterranean seafood species, and
(b} obtain an indication of the effect of cooking on the methylmercury

content of seafocd.

- The sampling and analysis of human hair and whenever appropriate of other
tissues, for total mercury and methylmercury, among the target
populations surveyed.

- The carrying out of appropriate clinical epidemiological studies on
indicated subgroups within the populaticn samples, to correlate mercury
levels with health effects.
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MEASURES RECCOMMENDED FOR ADOPTION BY THE CONTRACTING PARTIES

112. In view of the fact that, as stated earlier in this document, all the
available evidence to date indicates that, on the basis of present
concentrations of mercury in Mediterranean seafood and of general seafood
consumption within the region, the general public cannot be considered at
risk, it is considered that, at this stage, the imposition of upper limits for
mercury concentrations in seafood on a common regqgional basis would not be
justified, although individual countries not already applying these could
consider their introduction if naticnal circumstances so require.

113. On the basis of the assessment of the quality of Mediterranean seafood
with regard to its mercury content as degcribed above, the following
recommendations are submitted for the consideration of the Working Group, with
a view to their transmission by UNEP to the Contracting Partiess

{a) »Adopt the proposed FAO/WHO/UNEP interim environmental quality criteria
for mercury in Mediterxranean seafood (see paragraph 109) and implement
them to the extent possible by appropriate national legal and/or
administrative measures as the minimal common measures safeguarding the
general public.

{b) Adopt the method for determination of total mercury in selected marine
organisms by flameless atomic absorption spectrophotometry (Reference
Methods for Marine Pollution Studies No.8, UNEP/FAO/IAEA, 1982) developed
to support the proposed interim environmental quality criteria (see
paragraph 110) as the reference method to be used in connexion with these
criteria.

”

{¢) Include, to the extent possible, in their national monitoring programmes
within the framework of MED POL Phase II, the sampling and analysis of
all species of seafood known to accumulate mercury.

(@) ITdimit, to the extent possible, anthropogenic discharges of mercury into
the Mediterranean Sea, pending the eventual fermulation of emission
standards for mercury, as a result of the entry into force of the
Protocol for the Protection of the Mediterranean Sea aganist Pollution
from Land-Based Sources, and in terms of Article 5 of that Protocol,
conmmence as early as possible, the elaboration of the necessary
programmes and measures with respect to mercury.

W
.

(e} Provide the secretariat to the Convention with the fullest information
possible ons

- present legislation and administrative measures on existing national
criteria for levels of mercurv in seafooqd;

- measures taken on {(a), {¢) and (d) above;

~ relevant monitoring data on (c¢) above.

(£) Continue to provide full support to the monitoring and research component
of MED POL Phase II relevant to the assessment of the mercury content of
Mediterranean seafood, and the hazards affecting all sectors of the
population arising from seafood consumption (see paragraphs 101-102), in
particular:
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~ identification of population groups at risk; .
~ surveys on geafood consumption patterns among such populations;
~ surveys on mercury levels in affected population groups;

~ epidemioclogical studies to obtain the necessary information on the
relationship between mercury intake and health effects;

~ sgtudies of the relationship between total mercury and methylmercury
content of seafood, and the effects of cooking on such content;

~ studies on biogeochemical cycles of mercury in the Mediterranean;

~ acquisition of the data detailed in paras 102 and 103 of this document.

REFERENCES

Angela, G., Re. Donazzolo, O. Heike-Merlin, L. Menegazzo-Vitturi,
A.A. Orio, B. Pavoni, G. Perin, S. Rabitti (1980). Heavy metal contents
in bottom sediments from the Gulf of Venice and comparisons on their
nature. V&5 Journfes Etud. Pollutions, Cagliari, C.I.E.S.M. 399.

Angelidis, M., A.P. Grimanis, D. Zafiropoulos, M. Vassilaki - -
Grimani (1980). Trace elements in sediments of Evoikes Gulf, Greece. ’
ve8 Journées Etud. Pollutions. Cagliari, C.I.E.S.M. 413,

Arnoux, A., J.L. Monod, J. Tatossian, A. Blanc, F. Oppetit (1980a}).
La pollution chimigue deg fonds du Golfe de Fos. VeS8 Journées Etud.
Pollutions Cagliari, C.I.E.S.M., 447.

Arnoux, A., A. Blanc, A+ Jorajuria, J.L. Monod, J. Tatossian (1980b).
Etat actuel de la pollution sur les fonds du secteur de Cortiou
Marseille. Ibid, 459. N

Arnoux, A., J.L. Monod, P. Bouchard, C.B. Airaubo (1980c). Evolution et .
bilan de la pollution des sédiments de 1l'&tang de Berre. Ibid, 433.

Aubert, M., P. Revillon, J.Ph. Breittmaver, G. Flatau, J. Bubert (1980).
Métaux lourds en Méditerranée. Institut National de la Santé et de la
Recherche Médicale, Ministére de la Santé et des Affaires Sociales.

Bacei, E., Angotzi, G., Bralia, A., Lampariello, L. and Zanette, E. (1976).
Etude sur une population humaine exposée au methylmercure par la
consommation de poisson. Rev. Int. Oc&anogr. M&d. 41-42, 127-141,

Bacci, E. et al. (1980). Mercury concentration in muscle, liver and stomach
content in Mullus barbatus of the northern Tyrrhenian. Reglonal Activity
Centre -~ II Newsletter, Zagreb, 2 (1): 5-10.

Bakir, F., S.F., Damlougi, L. Amin~Zaki, M. Murtadha, A. Khalidi, N.¥. Al-Pawi,
S. Tikriti, H.I. Dhahir, T.W. Clarkson, J.C. Smith, R.A. Doherty (1973). .
Methylmercury poisoning in Irag. Science, 181, 230-241.



UNEP/WG.21/5
page 43

Baldi, F., B. Renzoni, M. Bernhard (1978). Mercury in pelagic fishes
{Anchovy, mackerel and sardine) from the Italian coast and strait of
Gibraltar. IV®® Journdées Etud. Pollutions. Antalya, C.I.E.S.M., 25l.

Balkas, T.X., I. Salihoglu, G. Tuncel, S. Tugrul, G. Ramelon (1278). Trace
metals and organochlorine residue content of Mullidae family fishes and
sediments in the vicinity of Erdemli {Icel) Turkey. IV®® Journées
Btud. Pollutions, Antalva, CeI.E.S.M.,.159.

Bernhard, M. (1978). Heavy metals and chlorinated hydrocarbons in the
Mediterranean Sea. Ocean Management, 3, 253.

Bernhard, M. {1980}. Sources and levéls of contamination in the Mediterraneane.
VveS Journées Etud. Pollutions, Cagliari, C.I.E.S.M., 139.

Bernhard, M. (1983). A mathematical model for mercury accumulation in
Mediterranean tuna. Dahlem Conferens, March 1983.

Bothner, M.H., R.3. Jahnke, M.L. Peterson, R. Carpenter (1980). Rate of
mercury loss from contaminated estuarine sediments. Geochimica et
Cosmochimica Acta, Eﬁ, 273.

Breder, R., H.W. Nurnberyg, M. Stoeppler (1980). Toxic trace metal levels in
water sediments from the Estuaries of the Southern Licgurian and Northern
Tyrrhenian Coasts: a comparative study. V&5 Journées Ftud.

Pollutions, Cagliari, C.I.E.S.M., 285.

Convention for the Prevention of Marine Pollution from Land~based Sources.
Third Meeting of the Working Group on Mercury Pollution. Paris,
17-18 November 1981.

Convention for the Prevention of Marine Pollution from Land~based sources. .
Third Meeting of the Working Group on Mercury Pollution. Paris 17 - 19
November 1981.

Bryan, G.W. (1976). Heavy metal contamination in the sea. Johnson,
Re (Editor) Marine Pollution. Academic Press, Iondon, 185.

Buat-Menard, P., M. Arnold, D. Baron, H. Benard, R. Chesselet (1980).
Particulate trace metal chemistry in the open ocean and the wegtern
Mediterranean: a comparative study. V°° Journées Etud. Pollution,
Cagliari, C.I.E.S.M. 1005.

Capelli, R., A. Cappiello, A. Franchi, E. Zanicchi {1980}. M&taux lourds
contenus dans certains organes de rougets (Mullus barbetus) et d'anchois
{Engraulis encrasicholus) du golfe de Genes. Ibid. 269.

Capelli, R., V. Contardi, A. Franchi, G. Zanicchi (1980a). Valeurs cbtenues
au cours de trois années des recherches sur les métaux lourds dans des
organismes de la mer Ligure et considérations sur ce sujet. Ibid. 267.

Clarkson, TsW., L. Bmin-Zaki, S8.D.K. Al-Tikriti (1976). An outbreak of
methylmercury poigoning due to consumption of contaminated grain. Fed.
Proc. 35 (12), 2395-2399.



A

UNEP/WG.91/5
page 44

Coyne R.V. and J.A. Collins (1972). Loss of Mercury from water during
storage. Analytical Chemistry, 44, 1093.

Cumont, G., C. Viallex, H. Lelievre, P. Bobenrieth (1972). Contamination
des poissons de mer par le mercure. Rev. Int. Oceanogr. Med. 28, 95.

Cumont, G. et al. (1975). Bilan de la contamination des poissons de mer par
le mercure. Rev. Int. Oc anogr. Med., 27: 95-127.

Donazzolo, R., O. Hicke-Merlin, L. Menegazzo-Vitturi, A.A. Orio, G. Perin,
G. Semenzato (1978). Mercury contamination in sediments of Venice's Gulf
Preliminary Regults. IV®® Journées Etud. Pollutions, Antalya,
C.T.E.8.M., 245.

El Sayed, M. Kh., ¥, Halim (1978). Survey of the trace metals pollution
in the sediments from the Alexandria region, Egypt: I. Mercury. I1IVeS
Journées Etud. Pollutions, Antalya, C.I.E.S.M., 187.

Elsokkary, I.H. (1978). Distribution and nature of heavy metals in some
marine sediments of the Mediterranean Sea Coast, Fast of Alexandria,
Egy'pto Ibido 183.

FAO/UNEP (198l}). MED PCL II: baseline studies and monitoring of metals
particularly mercury and cadmium, in marine organisms. In Coordinated
Mediterranean Pollution Monitoring and Research Programme (MED POL Phase
I). Final report. United Nations Environment Programme, Geneva. In
press. ppl2-35.

Flatau, G.N., P. Revillon, M. Aubert, J. Aubert, R. Clement (1982).
Presented at VI®S Journées Etud. Pollutions, Cannes.

Fleigcher, M. {(1973). Natural sources of some trace elements in the
enviromment. In Cycling and Control of Metals, National Environmental
Research Center. Cincinnati, 3.

Gatti, G.L., A. Macri, V. Silanc (1979). Biological and health effects of
mercury. In Di Ferrante, E.D. (ed.) Trace metals: exposure and health
effects. Pergamon Press, Luxembourg, CEC. pp 73-98.

Gavis, J., J.F. Ferguson (1972). The cycling of mercury through the
environment. Water Research, 6, 9289.

Grancini, G., B.M. Stievano, F. Girardi, G. Guzzi, R. Pietra (1975).
Determination of trace elements in the northern Adriatic by neutron
activation analysis. Thalassia Yugosglavia, 11, 155.

Grimanis, A.P., M. Vassilaki-Grimani, G.B. Griggs (1976). Pollution studies
of trace elements in sediments from the Upper Saronikos Gulf, Greece.
Proceedings of the 1976 International Conference on modern trends in
activation analysis, Munich, Federal Republic of Germany, 11, pp
1120-1127. J Radioanal. Chem. 27{2), p. 761 (1977).




' UNEP/WG.9L/5
page 45

Grimanis, A.P., D. Zafiropoulos, C. Papadopoulou, M. Vassilaki-Grimani
(198G}s Trace elements in the flesh of different fish species from three
gulfs of Greece. V®% Journées Etud..Pollutions, Cagliari, C.I.E.S.M.,
407,

Grimanis, A.P., D. Zafiropoulos, C. Papadopoulou, T. Economou, M. Vassilaki-
Grimani (1982). Trace elements in Mytilus galloprovinciallis from three
gulfs of Greece. Pregented at Ve5 Journées Etud. Pollutiong, Cannes.

Bornung, H., L. Zismenn, O.H. Oren (1%80). Mercury in twelve Mediterranean
fishes of Israel. Environment International, 3, 243.

Huynh-Ngoc, L., R. Fukai (1978). Levels of Trace Metals in open Mediterranean
Surface Waters. A summary report. IV®® Journées Etud. Pollutions,
Antalya, CQI.&EQSOM-, 171.

ICES (1977). ICES Coordinated Monitoring Programme in the North Sea, 1974.
Coop. Res. Rep. ICES, (58): 19p.

ICEs (1977a). ICES a baseline study of the level of contaminating substances
in living resources in the North Atlantic. Coop. Res. Rep. ICES, {69):

82p.

IRPTC (1980). Data profile on mercury (with special emphasis on data from the
Mediterranean region). IRPTC Data Profile Ser., (3): 198p.
International Register of Potentially Toxic Chemicals, Geneva.

Jensen, S., A. Jernelov (1969}. Biological methylation of mercury in aquatic
organisms. Nature, 223, 753.

Xeckes, 8., J.X. Miettinen (1872). Mercury as a Marine Pollutant. Marine
Pollution and Sea Life. M. Ruive (Editor) FAD, 276.

Kosta, L., V. Ravnik, A.R. Byrne, J. Stirn, M. Dermelj, P. Stegnar (1978).
Some trace elements in the waters, marine organisms and sediments of the
Adriatic by Neutron Activation Analysis. Journal of Radioanalytical
Chemistry, 44, 317.

Krumgalz, B.S., H. Hornung (1982). Mercury pollution indicators in warm
Mediterranean waters. Presented at VI®® Journ@es Etud. Pollutions,
Cannes.

Leatherland, T.M., J.D. Burton, F. Culkin, M.J. McCartney, R.J. Morris (l1973).
Concentrations of some trace metals in pelagic organisms and of mercury
in Northeast Atlantic Ocean Water. Deep-Sea Research, 20, 679.

Majori, L., G. Nedoclan, G.B. Modonutti, F. Daris (1978). Ievels of metal
pollutants in sediments and biota of the Gulf of Trieste: a long term
survey. IV®® Journées Etud. Pollutions, Antalya, CeI.E.S.M., 237.

Marsh, D.0O., G.J. Myers, T.W. Clarkson, L. Amin~Zaki, S. Tikriti, M.3a. Majeed,
{1980). Fetal methylmercury poiscning: clinical and toxicological data
on twenty nine cases. Ann. Neurol. (7, 348-353.



UNEP/WG.9L1/5

page 4%
Martin, J.M., F. Salvadori, A.J. Thomas (1978). Le Mercure et les oligo—= "
elements dans le Delta du Rhone. Ibid, 197.

Methylmercury Study Group (1980). Methylmercury study. McGill University,
Montreal, Canada.

Nauen, C.E., G. Tomassi, G.P. Santarcni (1980). Mercury levels in selected
marine organisms from the Mediterranean. UNEP/MED-HG/6, 1l5p. United
Nations Environment Programme, Geneva.

Nauen, C., G. Tomassi, G.P. Santéroni, H. Josepeit (1982). Results of first
pilot study on the chance of Italian seafood consumers exceeding their
individual allowable daily intake of Mercury. V&% Journées Etud.
Pollutions, Cannes, C.I.E.S.M.

Nieboer, E., O.H.S. Richardson (1980}. The replacement of the nondescript
term heavy metals by a biologically and chemically significant
classification of metal ions. Environmental Pollution (Series B) 1, 3.

Obicls, J., L Peiro (1980). Heavy metals in marine sediments from the Delta .
del Ebro. V®°% Journées Etud. Pollutions, Cagliari, C.I1.E.S.M., 391.

Obiols, J., ¥. Tomas, A. San Miguel (1980). Study of some pollutants on
Mytilus sp. and Mugil sp. in the Barcelona Coast area. Ibid, 395.

OECD {(1974). Mercury and the Envircnment. Studies of mercury use, emission,
biolegical impact and contrel Organization for Economic Cooperation and
Development, Paris.

Paccagnella, B., L. Prati, A. Bigoni (1973). Studio epidemiologico sur
mercurio nei pesci e la saluta umana in un isola italiana del
mediterraneo. Ig. Mod. 66, 479-503. (In Italian.)

Paccagnella, B., L. Prati, A. Bigoni (1974). Studio epidemiologico sul
mercurio nei pesci e la salute umana in un'isola italiana del
Mediterraneo. In: Proceedings of the International Symposium, Problems
of the contamination of man and his environment by mercury and cadmium, *
organized by the Commission of the European Communities, Iuxembourg, .
3~-5 July 1973. ILuxembourg, CEC, pp 463-79.

Papakostidis et al. (1975). Heavy metals in sediments from the Athens sewage
outfall area. Marine Pollution Bulletin, 6, 136-139.

Peakall, D.B., R.J. Lovett (1972). Mercury: Its Occurrence and Effects
in the Ecosystem. Bioc Science, 22, 20.

Peiro, L., X. Tomas, J. Obiols, J. Ros (1982). Contenu en Métaux lourds en
sédiments de la cdte de Catalunya. Méthodologie et résultats. Presented
at VI®S Journées Etud. Pollutions, Cannes.

Phelps, R.W., T.W. Clarksonj T.G. Kershaw, B. Wheatley (1980).
Interrelationships of blood and hair mercury concentrations in a North
American population exposed to methylmercury. Arch. Environ. Health, 35,
l6l-~ie8. '

P
-



UNEP/WG.91/5
page 47

Philipps, D.J.H. (1977). The use of biclogical indicator organisms to monitox
trace metal pollution in marine and estuarine environments. A review.
Environmental Pollution, 13, 281.

Piotrowski, J.K., M.J. Ingkip (198l). Health effects of methylmercury.
MARC Report number 24.

Renzoni, A., E. Bacci, L. Falciai (1973). Mercury concentration in the
water sediments and fauna of an area of the Tyrrhenian coast. Rev. Int.
Oceanogr. Med. 36/37, 17.

Renzoni, A., M. Bernhard, R. Sara, M. Stoeppler (1978). Comparison between
the Hg body burden of Thynnus thynnus from the Mediterranean and the
Atlantic. IV®S Journées Etud. Pollutions, Antalya, C.I.E.S.M., 255.

Ringot, J.L. (1982). Study of the repartition and origin cof the metallic
contaminations of the Bay of Canne's sediment - Presented at VI®S
Journées Etud. Pollutions, Cannes.

Riolfatti, M. (1977). Further epidemiological study on Hg levels in fish and
human blood and hair. Ig. Mod. 70, 169-186. (In Italian.)

Robertson, D.E., L.A. Rancitelli, J.C. Langford, R.W. Perkins (1972).
Battelle Worthwest contribution to the IDOE bage-iine study. In Workshop
on baseline studies of pollutants in marine environment. Brookhaven Nat.
Iab.

Robertson, D.E., R. Carpenter (1976). Activation Analysis in E.D. Goldbexrd
(Ed) ©Strategies for Marine Pollution Monitoring. Wiley Interscience,
New York.

Roth, F., H. Hornung (1977). Heavy metal concentrations in water, sediments
and fish from Mediterranean coastal area, Israel. Environmental Science

and Technology, ;&, 265.

Saliba, L.J., V. Silano (1982). Health hazards from methylmercury in the
Mediterranean region: review of international activities. Document
ICP/RCE 211/7. WHO Regional Office for Europe, Copenhagen.

Sarritzu, G., A. Contu, M. Schintu, P. Mulas (1982). Tes teneurs en mercure
dans les sédiments de la laqune de Santa Gilla, Sardaigne, Italie.
Presented at VI®S Journées Etud. Pollutions, Cannes.

Selli, R. et al. (1970). The mercury content in the sediments of the Adriatic
and the Tyrrhenian. Journées Etud. Poll. (CIESM, Athens), November 1972,
CIESM Monaco, pp 39-40.

Stegnar, P., I. Vukadin, B. Smodis, A. Vakselj, A. Prosenic (1980). Trace
elements in sediments and organisms from Kastela Bay. V&% Journées
Etud. Pollutions, Cagliari, C.I.E.S.M., 595.

Stoeppler, M., M. Bernhard, F. Backhaus, E. Schulte (1979). Comparative
studies on trace metal levels in marine biota I. Mercury in marine
organisms from western Italian cocast, the strait of Gibraltar and the
North Sea. The science of the Total Environment, 13, 209.



UNEP/WG. 91 /5
page 4B

Sokkary, I.H. (1582). Comparative study on the levels of total mercury
in sediments and fishes collected from three fishing sites in Alexandria
district, Egypt. Presented at VI®S Journées Etud. Pollutions, Cannes, “
CsI.E.S.M.

Takeuchi, T. (1968). Pathology of the Minamata disease. In Minamata disease,
edited by the study group on Minamata Disease, Kumamoto, Xumamoto
University, Japan, pp 141-228.

Takeuchi, T., X. Eto {1975). Minamata Diseagse. Chronic occurrence from
pathological viewpoints. In: Studies on the Health Effects of
Alkylmercury in Japan, T.Tsubaki (Ed.}, Envirconment Agency, Japan. 28-62.

Thibaud, T. (1971). Teneur en mercure dans quelques poissons de consommation
courants. Sci: PEche 209/1-10.

Tsubaki, T., K. Irukayama (Eds) (1977). Minamata Disease¢ methylmercury
poigoning in Minamata and Niigata, Japan. Elsevier Scientific Publishing
Company, Oxford, U.K. and Kodansha Ltd, Tokyo. .

Tuncel, G., G. Ramelow, T.I. Balkas (1980). Mercury in Water, organisms and
sediments from a Section of the Turkish Mediterranean Coast, Marine
Poliution Bulletin, 1}, 1s8.

UNEP (1978). Preliminary Report on the State of Pollution of the Mediterranean
Sea. Intergovernmental Review Meeting of Mediterranean Coastal States on .
the Mediterranean Action Plan.

UNEP (1979). Pollutants from Land-based sourceg in the Mediterranean. ~
Meeting of technical experts on the draft Protocel for the Protection of
the Mediterranean Sea against Pollution from Land-based Sources.

UNEP/FAC/WHC (1980). Meeting of experts on environmental gquality criteria for
mercury in Mediterranean seafood. Draft report. Document
UNEP/MED~HG/13, UNEF, Geneva.

UNEP (1981). Mediterranean Environmental Quality Criteria. UNEP/WG.62/6.
UNER, Geneva. .

UNEP (1982). Co-~cordinated Mediterranean Pollution Monitoring and Research
Programme (MED POL Phase I). United Nations Environment Programme,
Geneva.

Uysgal, H. (1980). ILevels of trace elements in some food chain organisms
from the Aegean coasts. VeSS Journées Etud. Pollutions, Cagliari,
C-I-EcSnMor 503. -

WHO (1976). Environmental Health Criteria I.Mercury. Published under the
joint sponsorship of the United Nations Environment Programme and the
World Health Organization.

WHO (1980). Report of a consultation to examine the WHO Environmental Health
Criteria for mercury. Document EHE/EHC/80.22. World Health
Organization, Geneva.

4 .
-«



. UNEP/WG.91/5
page 49

WHC/UNEP {1982). Evaluation of methylmercury in Mediterranean populations and
related health hazards¢ report on a consultation meeting, Athens,
13-17 September 1982. WHO Regicnal Office for Europe, Copenhagen.

Windom, H.L., F,E. Taylor (1272). The flux of mercury in the South Atlantic
Bight. Deep—-Sea Research, 264, 283.

WMO (1982). Report of the Fourth Session of the GESAMP working group
on the inter-change of pollutants between the atmosphere and the oceans.

Woed, J.M. (1976). les métaux toxigues dans l'environnement. La Recherche,
7, 711,

Working Group on Mercury in Fish (1980). Report on mercury in fish and fish
products. BAustralian Government Publishing Service, Canberrae.

Zief M., J.W. Mitchell (1976). Contamination control in trace Element
Analysis. Wiley-Intergcience.

Zafiropoulos, D. (1982). Application of Neutron Activation Analysis to the
study of trace elements in Saronikos Gulf. Ph.D. Thesis, University of
Patras.

Zock, Ek., J. Powell, B. Hackley, J. Emergon, J. Brooker, G. Knobl, (1976}.
National Marine Fisheries Serxvice Preliminary survey of selected seafoods
for mercury, lead, cadmium, chromium, and arsenic¢ content. J. Agric. Food
Chem. 24, 47.



