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INTRODUCTION

1. One of the primary aims of the Coordinated Mediterranean Pcllution
Monitoring and Research Progamme (MED POL Phase 1), launched in 1975 following
ite adoption by the Cecastal States of the region as the scientific componeant
of the Mediterranean Action Plan at the Intergovernmental Meeting on the
Protection of the Mediterranean Sea (Barcelona, 28 January - 4 February 1975),
wag to compile the maximum possible amount of data on the quality 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 to provide
an input on which to base the formulation of gelected environmental quality
criteria applicable to the Mediterranean Sea.

24 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 (UREP, 1979) that:

"Work should be continued on the development of the scientific rationale
for the criteria applicable to the quality of recreational watersg,
shellfish-growing waters used for aguaculture, 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 Protocol 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 againgt Pollution from Land-Based Sources
(Athens, 12-17 May 1980) stipulates (UNEP, 1980) that:

"l. %he Parties shall progressively formulate and adopt, in ccoperation
with the competent international organigzations, common guidelines
and, as appropriate, standards or criteria dealing in particular
withaz
{c)} the quality of seawater used for specific purposes Lhat is

necessary for the protection of human health, living resources
and ecosystems;

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 capa~.Ly of the Parties and their need for development,
the level of ex’sting pollution and the real absorptive capacity of
tue 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 bhathing waters and for mercury in
seafood. Following this recommendation, interagency consultations were held
in November/December 1972 on the design and implementation of a cooperation
programme on health-~related aspects of mercury levels in edible marine
organisms. The problem of mercury was also comprehensively reviewed by WHO in
a consultation meeting to rcec-examine the environmental health criteria for
mercury, held in Geneva from 21 to 25 April 1980 (WHO, 1980). The
UNEP/FRO/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 seafood by populations in the Mediterranean region
and to develop recommendations on desirable environmzntal quality 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 POIL Phase I, tentative environmental quality
criteria for a selected number of parameters, including mercury in edible
seafood, were proposed on an interim basis (UNEP, 1981), pending the
acquisition of more data on the situation regarding mercury concentrations in
seafood, and, perhaps more important, the performance of epidemiclogical
studies to correlate seafcod quality with health effects.

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

7. 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 menticned above, WHO, in cooperation with FAO and
UNEP, developed a project on "Methylmercury in Meditevrranean 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 1982 (WHO/UNEP,
1982), and is currently entering its initial operaticnal phase.

8. The scope 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 rationale 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 hy
the Contracting Parties at their next meeting.

h
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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
(9hibaud, 1971; Cumont et al., 1972). TIncreased public concern about mercury
led to this metal being given high priority within the framework of the Pilot
Phase of MED POL, In fact, a large proportion of the work underitaken in Pilot
Project MED POL II (Baseline studies and monitoring of metals, particularly
mercury and cadmium, in merine organisms) jointly coordinated by FaA0 and UNEP,
was related to mercury.

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

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
on the pollution of the Mediterranean, and reported in other scientific
publications.

Sources and inputs of mercury in the Mediterranean

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

13. Mining and industrial activitlies have significantly increased the flow of
mercury into the marine environment. Mercury is widely used in industrial
processesg, notably the electrolytic production of chlorine and caustic soda in
chlor-alkali plants, in the production of electrical egquipment, paints and
paper {(Gavis & Ferguson, 1972; DPeakall & Iovett, 1972).

l4. The Mediterranean basin is an area rich in mercury deposits. Deposits of
cinnabar (HgS) and metallic mercury occur in Algeria, Italy, Spain, Turkey and
Yugoglavia (Figure 1l}. Active mining sites in the Mediterranean account for
about 50% of the world's production (Gavis & Ferguson, 1972; Renzoni et al.,
1978).

15. In 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, ercosion and hydrologic
regime. Thus also preindustrial cultures are likely to have had their
influence on the flux of mercury from land to sea.

l16. The joint ECE/UNIDO/FAG/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 féfﬁigé—gi Total
—— rivers
Domestic Industrial
t/a % t/a % t/a % xt/a
I C.04 2 0.60 24 l.8 74 2.5
1z 0.28 1 2.7 8 30 91 33
11T 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 1 40 92 41
VI 06.026 o, " 0.16 2 9.6 o8 S.8
) ViI 0.032 2 0.16 g 1.5 88 1.7
VIII 0.054 0 Appr. 0.22 2 14 o8 14.3
) IX 0.01 0 " 0.05 1 7 99 7.1
X 0.074 1 1.2 17 5.6 82 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)

Note: see also Figure 3

i
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17. According 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 activ.ties., The remaining 32 tons was 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
inputs of high local significance.

18. The question of exchange of mercury between the marine environment én&

the atmogphere 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, 1978). In the Paris Convention Area, it was
estimated that atmospheric input of mercury was around 5.6% (Convention for

the Prevention of Marine Pollution from Land -Based Sources, 19%8l). More

recent analytical data and computations have indicated tbhat globally the sea

ig a source rather than a sink of atmospheric mercury. .

19. However, in view of the enclosed nature of the Mediterranean and the

geology 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). i

20. Begides river and possibly atmospheric input, dumping of waste is an
important route for mercury to the marine environment. 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 ILand~Based Sources, 1981).

Fate of mercury in the environment

21. 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 undergc a variety of physico-chemical reacticns including sedimentation, .
absorption on particulate matter, oxidation-reduction and methylation. These
reactions have peen reviewed by several authors (Gavis & Ferguson, 1972;

Jensen & Jerneloyv, 1972; Keckes & Miettinen, 1972; Peakall & lovett, 19872;

WHO, 1976).

22. Mercuxy is readily absorbed on inorganic or organic particulate matter in
the sea. It is thus associated with sedimentating particulate matter and is
transferred to the sediments where, if anaerobic conditions exist, it is
transformed into mercury sulphide. Another important reaction of mercury in
the marine envirounment is biomethylation. Divalent mercury can be methylated
by certain hacteria in marine -ediments to methyl and dimethyl mercury. These
reactions have been studied extensively, both in laboratory experiments and in
the field (Je..sen & 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 1s very efficiently
absorbed through biological membranes, is strongly bound to sulphydryl groups
and excreted ver;, slowly - if at all. Methylmercury is also the most toxic
form of mercury, but it constitutes a very small fraction of the total mercury
in the mariae 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. Depending on the mode of accumulation and excretory capacity, the
relative amount of methylmercury as compared to total mercury will vary from
virtually 1060% in marine predatory fish or in the feathers of marine birds to
a small percentags 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, 19276). When comparing mercury levels in
different fish species or populations, other factors besides trophic level and
methylmercury concentration in prey organisms also become important. Age as
well as growth-rate and food conversion efficlency and other
metaholism—-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. As 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 (UKEP, 1978).

Levels of mercury in the Mediterranean

{a) Seawater {dissolved and paxticulate matter)

29. The interp.oetation of mercury concentrations in seawater needs extreme
caution due to the sampling and analytical probklems encountered when
determining this element at the pg/l level. Serious contamination cin occur
during sampling, stecrage, preconcentration and analvsis. Ioss of mercury
during storage has also been reported (Coyne & Collins, 1972; Zief &
Mitchell, 1976). Different preconcentrations and analytical techniques will
determine different physico-chemical formss: 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* und dilution processes.

30. Mercury .uncentrations in Mediterranean seawater have been reviewed in
UNEP's Preliminary Report on the State of FPollution 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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Yable 2

Mercury concentrations in open waters of the Mediterranean

Physico-chemical Concentration

3 f
Recion Form 5/1 Reference
I Total 0.1 Robertson et al., 1972
(0.062-0.17)
I Particulate 0.0013 Buat-MMenard et al., 19880
Dissolved 0.020
{0.008~0.032)
IIr Dissolved 0.J14 Huynh~-Ngoc & Fukai, 1978
(0' 005"0030)
Iv Dissolved 0.026 " n
-. (0-010‘0-040)
VI-VIY Dissolved 0.030 w v
(0' 005"00 080)
VIIL Dissolved 0.040 " «
{(0.015-0.080)
X Dissolved 0.016 " "
Total 0.12 Robertson et al., 1972

(0.09-0.14)
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Table 3

Mercury concentrations in ccastal waters of the Mediterranean

Physico~chemical Concentration

Region Area Form o/1 Reference

Ir 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 chloxr-
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 & Dbzajo, 1975
Adristic Total 0.07 Kosta et al., 1978
Gulf of Trieste Dissolved 0.073-0.17 Majori et al., 1978

VIII Saronikos Guilf 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 .




II 04 QIH 20°foig I0TIJ UL BSOS UBSUBIISIIPSN 9yl JO SUOTSTATP JRUOIIDY

UNEP/WG.91/5

¢ mnﬁmmm

~
~

a0 5
: o o i oS . 001 o &0 Bys
P B3

| | ] ] I _ _ |
o¢c ™~ ;
- ' e
-h ) | ) oom
o~ 7
\ FEA 3 .
X \
e - - \.ll.l!.\.li\\s\ f..a ll!llll....-ll
SE T ( X1 .
IT1IA A .
/J.Jf .
' 11X
A
Ny0? 11X .
{f

{ 3,0¢ Ry 0t

]
L)

Wy

-t




UNEP/WG.91/5
page 12 --

31. Considering the above-mentioned need for caution in the interpretation of -
analytical data 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. As
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 detect it with existing accuracy in

sampling and analysis.

32, 1In coastal 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

BOUYCesS.

33. There is a need for more data on mercury concentrations in both coastal

and open Mediterranean waters. These data, in order to be cemparable, 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 remobhilirzation rate of mercury to the water column

(Phillips, 1977).

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

36. Concentrations of mercury in Mediterranean sediments were reviewed in '
UNEP's Preliminary Report on the State of Pollution of the Mediterranean Sea .
(UNEP, 1978). In addition, a considerable amount of monitoring bf 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 analrsed. Very little information is usually reported by authors.

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 wvalues cannot
be termed statistically significant.
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Mercury concentrations in sediments of the Mediterranean

. Extraction Concentration
Region method ng/g dry weight Reference
I Alboran Sea Total 0.26 (mean) Robertson et al., 1972
ITI Ligurian coasts HNOj3, HCI 0.16-5.4 Breder et al., 1980
Ebro delta conc. HNOg 0.065-1.1 Obiols & Peiro, 1980
Area of Marseille HNO3 0.07-21 Arnoux et al., 1980a
1980L, 1980c
Bay of Cannes HNO3, HPO,y 0.1-0.4 Ringot, 1982
fraction 63 p
Gulf of Nice HNO3, HCl0y4 0.01-D.16 Flatau et al., 1982
‘ Catalan coasts conc. HNO, 0.2-1.0 Peiro et al., 1980
IXX Santa Gilla HS0,,HNO4y 0. 7-37 Sarritzu et al., 1982
, lagoon, Cagliari
) IV Tyrrhenian Sea - 0.05-0.24 Selli et al., 1973
Tuscany Coast -
- near Sclvay plant 1.1-1.3 Renzoni et al., 1973
4 km 8 and N 0.1-0.8
10 km 8 and N 0.04~-0.1
V Gulf of Trieste 1.4~14.8 Majori et al., 1978
(close to cinnabar 12.4
mine)
Gulf of Venice HpS0y 0.15-3.0 Donazzolo et al., 1978
Angela et al., 1980
Kastela Bay Total 8.5 Stegnar et al., 1980
Dalmatia
(chlor-alkali
. plant) '
Adriatic Sea Total 0.07~0.927 Robertson et al., 1972
VIII Evoikos Gulf 0.5 _BCl1 0.3-0.8 Angelidis et al., 1980
Aegean Sea fraction 55 u o
Saronikos Gulf, Total D51 Grimenis et al., 1976
Athens Papakostidis et al.,
Athens outfall Total 0.5-3 1975
IX Coasts of Turkey HNO 5 0.019-048 Tuncel ot al., 1880
X Region of Alex- conc. HNO5 0.8 Elsokkary, 1978
andria (close to 9 - 15 El Sayed & Halim, 1978
chlc. ~avkali plant)
Haifa Bay HNO4 0.008~0.73 Krumgalz & Hornung, 1982
- fraction ’
Hanigra to Hafifa 0.01-0.57 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 gpecies of molluscs and three species of .
crustaceans, are summarized in Table 5.

4l1. In interpreting these data one should keep in mind that most of the
marine organisms, with the exception of some pelagic fish like tuna, were
collected from coastal areas, where mercury levels are higher than in the open
sea. However, most fish in the Mediterranean that is caught for consumption
is collected close to the shore.

42. A considerable amcunt of the data reported refer to marine organisms
collected from the known mercury geochemical anomaly area of Monte Amiata,
Jtaly. Since these samples have guite high body burdens, the result is .
significantly increased average Mediterranean values.

43. Tuna and other pelagic fish. 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 anthors
reported values for Atlantic bluefin tuna ranging from 20 to 800 pg/kg.

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

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

(2} Tuna that migrate from the Atlantic into 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 weighc.

45. Results reported from the MED POL IT project show a considerable
variation of mercury concentrations. A total of 325 samples of tuna were
analysed and concentrations ranged from 20 to 6300 pg/kg with a mean value of
1050+760 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; Zock et
al., 1976}, T
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Table 5
Mexrcury concentrations in Mediterranean fish
(ng/kg wet weight)
Species Number of Minimum Maximuam Mean §EEE§E£E
LS Samples Deviation
Boops boops 15 20 432 125 104
Dentex gibbosus 12 99 178 135 19
Engraulis encrasicolus 254 20 580 167 85
Merluccius merluccius 16 31 258 131 77
Mugil auratus 39 1 5600 i71 880
Mullus barbatus 1265 2 7200 694 960
Mullus surmuletus 234 0 510 Sl 57
Pagellus acarne 1z 30 337 159 92
Pagellus erythrinus 112 53 805 203 115
Sards sarda 11 290 2300 1150 644
Sardinella aurita 47 120 390 248 76
Saurida undosquamis 143 42 642 137 o3
Scomber scombrus 16 125 510 335 122
Solea vulgaris 10 10 220 71 65
Thunnus alalunga 38 60 399 262 76
Thunnus thynnus thynnus 325 20 6300 10590 760
Trachurus mediterraneus 54 8 955 116 160
Upeneus moluccensis 127 38 1112 426 290
Mercury concentrations in Mediterranean molluscs

(ng/kg wet weight)
Donax trunculus 42 3& 909 210 220
Mytilus galloprovincialis 488 4 7000 232 596
Perna perna 192 20 370 76 50

Mercury concentrations in Mediterranean crustaceans

(pg/kg wet weight)
Nephrops norvegicus 554 59 3000 917 494
Parapenaeus longirostris 3¢ 110 1195 345 233
Squilla mantis 20 65 455 152 B6
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Figure 4
Mercury concentrations_vs body weight in Thunnus thyonus thynous
(Renzoni et al., 1978)
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46. The mercury analyses reported in pilot project MED PBOL II for bluefin
tuna showed that most values were below 1500 ug/kg and only a few above 2000
(Figure 5). A plot of mercury concentration versus welight (Figure 6) gives a
much more scattered picture than the one reported in Figure 4.

47. A possible explanation could be thalt 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 cn 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. High mercury concentrations in Mediterranean pelagic fish such as Sardina
pilchardus, Engraulis encrasicolus anc Scomber scombrus have been reported
{Baldi et al., 1978).

50, Stoeppler et al. (1979) reported sigrificant correlation of mercury
concentcations in Sardina pilcharﬁgg_with body weight. They report that fich
caught off the coast of Tuscany, Iftaly, have considerably higher
concentrations then 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 fish. Concentrations of mercury
reported in the benthic fish Mullus barbatus range from 2.0 to 7900 pg/kg (wet
weight) with a mean of 690 pg/kg. However, almost half of the samples
analysed were collected from rcoastal zones close to the mercury geochemical
anomaly area of Monte Amiav -, Italy. These samples had considerably higher
concentrations (mean value .f 1200 pg/kg). Disregarding these data, a more
representative Mediterranean value for mercury in Mullus bscbatus can be
estimated as 160 ug/kg.

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

Capelli et al., 1980). Such a correlation is not apparent from :.ne Pilot
Project MED POL II results for Mullus barba' s, probabhly due to th- masking by
high mercury values in samples from geochem..al anomalous areas.

55. Also in samples from commer.?al trawling along the Israeli coast, the
correlation between mercury cc.centration and length was low. Instead the
mercury cencentration of this species seemed to increas.e with depth (Hornung
et al., 1980).
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Figure 6

Mercury concentrations vs body weight in Thunnus thynnus thynnus

(MED POL IT data)
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kg of bodyweight

Mercury concentratlon in ug per

Figure 7

Mercury concentrations vs weight in Sardina pilchardus

(Stoeppler et al, 1979)
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Figure 8

Mercury concentrations vs body length in Trachurus mediterraneus

(MED POL II data)
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FPigure 9

Mercury concentrations vs bodyweight in Trachurus mediterraneus

(MED POL IT data)
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56, High concentrations of mercury in Mullus barbatus sampled from the coasts
of Tuscany, Italy, of up to 32700 mg/kg, have also been reported by UNEP
{1978). In other coastal arcas of the Mediterranean, concentrations ranged

from 60 to 200 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
Regean 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 ILevantine coasts of Turkey, values of 40 pg/kg
were reported (Balkas et al., 1978).

58. Majori et al. (1978) reported mwercury concentrations ranging from 40 to
220 ng/kg in Mullus barbatus from the Gulf of Trieste. Exceptionally high
concentrations of uﬁ_Eb 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 S1 ng/kg.

60. High concentrations of mercury have been reported in Mullus surmuletus
from the area of Aloxandria, Egypt (up to 2200 pg/kg) (EL Sckkary, 1982). In
the Aegean and North levantine Seas, concentrations ranged from 40 to

103 pg/kg (Balkas et al., 19.8; Uysal, 1980).

61. Upeneus moluccensis was sampled c .ly 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 pg/kg with an

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

63, Molluscs (Mytilus galloprovincialis and Perna pern~)}. Mussels have bheen
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 Srem 4 to 7000 pg/kyg (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 represen.ative average of
70 ng/kg can be calculated, disregarding results from these areas.

65. Concentrations of mercury in Mytilus galleprvinclalis were reviewed by
Bernhard (1978). Exceptionally high councentrations were reported in gsamples
from the Adriatic Sea (up to 1500 npas/kg). F¥rom other areas of the
Mediterranean, concentiations ranged from 20 to 300 pg/ko.

66. Recent publications report average concentrations of 26 pg/kg in the Guif
of Genova (Capelli et al., 1980a), "2 - 155 pg/kg in the Gulf of Trieste
{Majori et al., 1978), 54 - 230 3.g/kg in the 2egean Sea (Uysal, 1980;

Grimanis et al., 1982). High concentrations (250 -~ 3460 j-r/xg) were reported
for the coasts near Barcelona (Obiols, 1980) and could be the result of high
mercury inputs due to industrial activities.




UNEP/WG.91/5
page 24 .

67. Samples of Perna perna monitored in the Pilot Project MED POL II had an -
average concentration of 76 mpg/kg with a range of 20 ~ 370 pg/kg. This

average value 1s very closc to the average for Mytilus galloprovincialis of

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

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

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

(d) Comparisons with other regions .

70. Comparative analytical data fcr the mercury content of fish muscle

sampled in various seas are shown in Table 6. Data for the Mediterranean have .
been mainly taken from figurcs shown elsevhere in this document, those for -

other seas mainly from the dac:a profiles on mercury (IRPTC, 1280) and

Piotrowski & Inskip (1981). On the barls of thrzse figures, it is evident that .
in general, levels of mercury in fish .re higher in the Mediterranean than .

elsewhere. However, a final confirmation of this statement can only be

obtained after a more comprehensive assessment of mercury in the Mediterranean

region.

Health effects of mevcury

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; Wood, 1976). A .
considerable amount of literature is available on the toxicity of mercury to
living corganisms and its eff. :ts on huwnans. 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 Plotrowski and
Inskip (1981) on the health effects of methylmercury. A review of
international activities relating to health hazards from methylmercury in the
Mediterranean region has been made by Salika and ~ilano (1982).
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Table &
Range of approximate mean concentrations of mercury

{expressed in mg/kg wet weight) recorded in muscle tissue of various
marine species (modified after Piotrowski & Inskip, 1981)

Ocean/Sea

Fish species Atl-atic Facific Indian Mediterranean
Mackerel 0007 - 002() 0-16 - 0525 00005 0-335
Sardine 0.03 -~ 0.06 0.03 0.006 0.248
Miscellaneous
non-predatory
spacies 0.08 - 0.27 0.07 ~0.09 0.02 ~ 0.16 0.07 - 0.6%4
Predatory species
Tuna spp. 0.30 -~ 0.80 0.30 0.06 -« Q.40 0.26 ~ 1.15
Swordfish 0.30 - 1.30 1.60% - 1.20 - 1.80%*
Various elasmo—~
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 Irag (Bakir et
al, 1973}, Japan (Takeuchi & Eto, 1975; Tsubaki & Irukayama, 1977) and Canada
{Methylmercuxry Study Group, 1980). Estimates of blood mercury levels still
prlay the dominant role for the assessment of exposure to methylmercury, and in
populations considered to be under exposure from fish consumptlion,
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, Amin-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; Baccl et al., 1976; Rioclfatti, 1977).

73. The most significant adverse effect observed in humans poisoned by
methylmercury is on the central nervous system (WHO, 1976; Piotrowski &
Ingkip, 198l), signs and symptomsg observed in adults including sensory

(e.g. paresthesia, pain in 1limbs, wvisual and hearing disturbances}, motor
{e.g. 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 ohserved in several species of laboratory animals
and several behavioural, electrophysioclogical and biochemical changes have
been reported to occur before the appearance of any clear symptoms of
intoxication, though the relevance of many of thege obgervations 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
observed even when maternal toxic gymptoms are absent. Perinatal exposure to
methylmercury (which can 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 sengitivity of infants and children to methylmercury poisoning,
some authors regarding this group as particularly vulnerable, cothers
considering that children are not especially susceptible and that their
capacity to improve or even recover is greater than in adults (Piotrowski &

Inskip, 198l1).

75. BSelenium 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 (Piotrowski &
Inskip, 1981). The mechanism of selenium with methylmercury toxicity in
animals has not yet been clarified, and while consumption of marine fish with
high methylmercury levels usually involves the intake of correspondingly high
levels of selenium, procf 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
quality criteria for mercury in seafood, can only be effected following the
acquisition of detailed data on mercury concentrations in seafood {as well as
in the general environment) together with congumption patterns and the
ceorrelation of these with appropriate epidemiological studies. These studies,
which have 3just 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
deposits, some of which are mined, representing 50% of the world mercury
production. Anthropogenic activities, and especially mining, might have
significantly increased weathering and thus inputs of mercury into the marine
environment of the Mediterranean. The question of availability 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
levels 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 pelagic
figh, especially tuna and Sarda sarda, undoubtedly have higher body burdens
than oceanic fish. However, the mechanisms of this accumulation are not clear.

79. Elevated levels of mercury in the marine environment are evidenit 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
from clean "reference" areas should be included in future monitoring in oxder
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 SEAFOOD

Fish production and consumption

8l. The average annual per capita consumption of fish (the term including all
consumable aguatic organisms), expressed in kg, live-weight equivalent, over
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). Syria (2.0) and Algeria (2.1)
represent the lowest.
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Table 7
Average fish consumption in kg/per capita/year

1978-1980
ARlgeria 2.1 Libya 6.7
Cyprus 7.8 Malta 17.5
Egypt 4.5 Morocco 5.5
France 23.8 Spain 34.2
Greece le.7 Syria 2.0
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
suppiy in each country by the number of inhabitants. The total fish supply
figures can be broken down into (a) Mediterrancan catch, (b) catch outside
the Mediterranean preper, and (¢) net imports. This information insofar as
1980 is concerned i3 given ir Table 8. Column 2 of this table shows the total
production; i.e. catches fron anywhere in the world as well as freshwater
production. Column 3 indicates the nei fish imrsrts for each country. The
total fish supply is the sum of the fi,ures in columns 2 and 3. Ceolumn 4
shows only Mediterranean catches, excluding those from the Black Sea. This
only concerns Turkev's catch.

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

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

{a) Only three countries (Morocceo, 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, Iebanon, Libva,
Malta and Syria).

{b) BAbout half of the countries also figh outside the Meditcrranean proper.
In many cases, landings from outside the Mediterranean Sea proper accocunt
for a large percentage of the total production, e.g. France (94.1%),
Morocco (21.6%), Turkey (90.3%), Spain (88.2%), Israel (85.6%).

(c) Assuming that the imports come from outside the Mediterranean (which is
most probably cor-ect), none of the cour*ries (exceph Tunisia) relies
solely on Mediter.anean fish. Based on .ais assumption, calculations
were made to show what part of the firh consumed actually comes from the
Mediterranean. The resulte fi~- 1980 are shown in Table 9. A study of
these figures shows signifi:zant differences among the various countries
in consumpticn of figh caught in the Mediterranean i valation to total
fish consunpticn.
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Table 9

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

Annual consumption

Country Total Mediterranean origin
Rlgeria 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 9.7 (58.8%)
Israel 14.8 1.2 (8.1%)
Ttaly i3.2 7.1 (53.8%) .
Lebanon 3.0 .7 (23.3%)
Libya 7.8 2.5 (32.1%)
’ 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 0.5 (9.3%)
Yugoslavia 3.0 1.3 (43,3%)

85. BAnother factor which must bhe taken into consideration is the fact that
the figures in the variocus tables are live-welght and not all of this is
actually consumed, especially in the case of molluscs and crustaceans.

Existing naticnal provisions and relevant international agreements

86. The mercury poisoning which occurred in the areas of Minimata and Niigata .
in Japan (1953-1960), in Irag (1956, 1950 and 1971) and elsewhere, stimulated
the concern of Governments regarding the hazards of mercury ingestion by human
populations through consumption of contaminated food material, particualarly
(though not only) seafood. In this context, efforts were made to investigate
the sources and levels of mercury in the environment, especially in relaticn
to food contamination, and to establish regqulatory measures for the control of
mercury in various parts of the envirenment for the protection of the health
of populations in general. The matter of occupational exposure to mercury,
which presents a high-level harard to a limited population-sector, is outside
the scope of this document.

87. Figh ind other seafcod, and their products, were found to constitute the
major, and in many instances the only, source of intzke of mercury for most
people investigated. As a resvlt, the regulacory aysroach to the prevention -
and control of consumption 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 desti.ed for human consumption. Contrcl 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 limitations 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 factor
in standards and criteria applied, for ensuring the protection of human healthe.

88. B2as part of the prelimirary studies for determining the need to set
maximum levels for mercury in food, a number of countries conducted surveys 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. As can be geen 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 also evidence to indicate that in some of
the countries where no ad hoc national legislation has been promulgated,
though facilities for control exist under general health regulations,
standards used in other countries, or recommended by international
organizations are applied. WNo specific information on this point is however
available.

90. %The Commission of the Eurcpean Communities has issued a Council Directive
in 1982 on the limit wvalues and quality objectives for mercury discharge by
the c¢hilor-alkali electrolysis industry. The gquality objectives, as set out in
Anneﬁ IT to this Directive, are quoted hereunder:

*1.1 The concentration of mercury in a representative sample of fish
flesh chosen as an indicator must not exceed 0.3 mg/kg wet flesh.

1.2 The total concentration of mercury in inland gsurface waters affected
by discharges must not exceed 1 pg/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 soclution 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 guality of the waters must be sufficient 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 mercury
concentrations
Albania * * *
Algeria * * *
Cyprus - - -
Egypt * * *
France 1976 0.5 mg/kg All fish, crustacea and mollusca, except
tuna and swordfish.

- 0.7 mg/kyg 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
| domestic and imported products.
{
Greece 1974 0.7 mg/kg Limit for all seafood caught locally cor
{methylmercury) 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.
Italy 1971 0.7 mg/kg In force for fish and fishery products
imported from outside the EEC region.
1976 0.7 mg/kg In force for frozen tuna (Thunnus

thunnus) and other tunas and bonitos of

demestic and EEC origin.

no standards in force
* no information available

(continued)
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Table 10
{continued)}

Maximum limits of permissible mercvry levels in seafood
in Mediterranean countries

Year Maximum
Country of permissible Remarks
enactment meroury
concentrations

Ttaly 1978 0.7 mg/kg In force for bivalve molluscs of domestic

(contd} productione.

1980 0.7 mg/kg In force for fresh sharks and dogfish.

Lebanon * * *

Libya * * *

Malta * * *

Monaco * * *

Morocco * * *

Spain . 1973 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 * * *

Tunisia . ® * *

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

Yugoslavia 1978 - No actual standards laid down.

Iegislation deals with general quality of
fish.

- no standards in force
* no information available
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2. The concentration of mercury in sediments or in shellfish must not
increase significantly with time.

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

4. The numerical values of the quality objectives specified in 1.2, 1.3
and l.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.

9l. As fish-eating habits would be expected to vary between different
populations and subyroups, and mercury levels in seafood differ according to
species, the best approach to solving the problem would have to be connected
with mercury intake levels. However, it would not be easy to alter taste
preference patterns, particularly where fish may constitute a
readily-available socurce of protein for which no easy substitute exists.

Scientific rationale for regional environmental guality criteria for mercury

92. At the present time, an accurate evaluation of health hazards through the
consunption of Mediterranean seafocd 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 rmay constitute a h=alth hazard to certain
population sectors. In this regard, rvhe main international criterion
regarding intake has been establicshed by a joint FAO/WHU 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 pg and 3.3 pg respectively per kg of bodyweight. In this
respect, it was congsidered that guch an intake should not pose any significant
rigk to health.

93. On the basis of the concentrations of mercury in Mediterranean geafood
shown in Table 5, and assuming that all (100%) the mercury in seafood is
present 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
gignificant health effects.

(a) For the majority of seaf-od, 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 norm.? bodyweight
(70 kg), this would mean that the JECFA TTWI would not be exceeded on the
basis of consumpt on of just under four ~.sh meals per week {allowing
10~-20% of the PTW. for a methylmercury intake from other sources).
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{b) 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
appiy 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 HNorway lobster.

(¢} Striped mullet and goldband goatfish fall into an intermediate category,
average concentrations recorded beiny 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
limited data) are really representative.
94, A1l 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
case, even taking the above hypotheses as a basis, fish consumption would have
to!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 contexit, another factor that must be
taken into consideration is the extent to which consumers in the Mediterranean
include seafood 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 bagis of these differences in seafood consumption, and of the high
mercury concentrations found in fish from certain areas of the Mediterranean,
five groups of consumers can be distinguished:

{1} General populations, consuming average or lower than average amounts of
fish, in areas where average mercury concentrations are found in fish.
This group does not se.a to exceed the maximam intake of 0.2 mg of
methyvimercury (UNTP, 1978).

(2) CGeneral 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 zoncentrations of 1200 pg/kg (average
for Mullus barbatus in the Pouscany 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 as 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 seafood in
areas where high concentrations of mercury in fish are found.
Undoubtedly, these groups exceed the maximum weckly 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 prenatal life is considered to be the stage of the
life cycle most gensitive to methylmercury.

99. 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 gtudy 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 effv~+ of
selenium in decreasing mercury toxicity should alsc be further investigated -
{Plotrowski & Inskip, 1981).

100. Actual measurements by biological monitoring of mercury in hair and/or
blqod 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. Additional
data from other Mediterranean countries may have been compiled, but are nct
available in published form. On the whole, however, very few studies have
been performed.

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

(1) biclogical 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 their
contributions to methylmercury in fish;

{4) methylmercury concentrabtions in various types of seafood in certain
sectors of the Mediterranean Sea; and

(5) identification of populationg 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 f£ill these
gaps to the extent possible. 1In 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 chemical forms of mercury in organisms, water
and sediments from the open Mediterranean;

' (5) mercury concentrations in the water column for various Mediterranean
water masses;

(6) migrating patterns and feeding habits of tuna and other pelagic fish;
{(7) food chain magnification.

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

(8} levels of mercury in marine orgar .srs from polluted coastal areas and
from reference areas;

(9) 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: Phase 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 ug of total merci v for a person of 70 kg body weight remains a
valid recommendation in the l.ght of presently available data. Based on
present data on fish consumption in the Mediterranean area, ~nd on the
concentration of methylmercury reported in fish, as previously mentioned in
this document, it is considered that the major part of the populaticn 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 mari..e organisms
would not therefore appear necessay.
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106. However, since limited population sectors in the Mediterranean area have
an intake of methylmercury through seafood which exceeds the PIWI, it would be
advisable to limit the total intake of methylmercury through seafood in orderx
to protect such population sectors. It 12 realized that any such action may
be contingent upon the availability of adeguate data. In such situations the
following courses of action could be considered:

{a} The establishment of environmental quality criteria for mercury in
seafood, based on the present range of gtandards both in Mediterranean
countries (where these exist) and elsewhere, esither 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 fighing activities, and/or the limitation of
anthropogenic mercury discharged in certain areas with exceptionally high
environmental mercury levels.

{c) Advice on dietary intake, includings

{1} choice of the species and/or the size of fish allowed for .
consumption;

(ii) frequency and number of fish meals;

(1ii) diversified sources of protein.

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

108. Since almost all marine species fit for human consumpticn are likely to
have grestly 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 Iasin thig is unlikely to be an
effective measure for the general Mediterranean mercury proklem unless taken
together with other steps. 2any health effects will be the result of the total
intake of mercury which is itself a function of the levels in the seafood, the
gquantity ingested per meal and the frequency of such meals. BAs has been
indicated, the complete elimination of methyimercury from dietary fish is not
feasible. However, where there is evidence of intakes of mercury above the .
recommended JECFA Provisional Tolerable Weekly Intake this should be reduced
by the recommendation of su’tsLle dietary modifications.

Proposed environmental quality criteria for mercury ip Mediterranean seafood

109. Based on the results and experience gathered from the joint FAQ/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, *te
following is proposed as the FAO/WIO/UNEP environmental guality criteria for
mercury, for applicaticn on an interim basis _> seafood of Mediterranean
origine.
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"Seafood of Mediterranean origin is considered to present no hazard for
consumption by the general population, provided that the JECFA
Provisional Tolerable Weekly Intake (PTWI) of 300 ng of mercury, of which
not more than 200 pg should be present as methylmercury, for a person of
70 kg bodyweight is not exceeded. Compliunce with this interim criterion
shall be established on the basis of the concentraticn of mercury in
relevant species of seafood sampled at quarterly (3-month) intervals and
on searoecd consumption patrerns. 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 or

suspected."

110. The reference method recommended for adoption in connexion with analysis
of seafood for mercury is: )

~ UNEP/FAC/TIAER: 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 can be considered to be temporarily
safeguarded through regular monitoring of seafood and of consumption patterns,
the problem of those sectors of the population known or suspected to be at
risk remains. Prior to taking the necessary steps to safeguard these
particular sectors, the magnitude and extent of thisg problem has to be
discovered. The necessary activities designed to obtain the relevant
information, planned to be performed in particular through MED POL FPhase TII,

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
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 gtudies to (a) correlate the amounts of total mercury

and methylmercury in selected Mediterranean seafood species, and
{b) obtain an indicatlion of the effect of cooking on the methylmercury

content of seafood.

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

- The carrying out of appropriate clinical epidemiological studies on
indicated subgroups within the population samples, to correlate mercury

levels with health effects.
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MERSURES RECOMMENDED 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 bhasis of present
concentrations of mercury in HMediterranean 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 fox
mercury concentrations in seafood on a common regional basis would not he
justified, although individual countries not already applying these could
consider theiry introduction if national circumstances so require.

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

{(a} Adopt the proposed FAO/WHO/UNEP interim environmental guality criteria
for mercury in Mediterranean 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
corganisms by flameless atomic absorption spectrophotometry (Reference
|Methods for Marine Pollution Studies No.8, UNEP/FAQ/TAEA, 1982) developed
to support the proposed interim environmental quality criteria (see
3pdragraph 110} as the reference method to be used in connexion with these

‘criteria-
|

(¢) 1Include, to the extent possible, in their national monitoring progranmnmes
within the framework of MED POL Phase IX, the sampling and analysis of

all species of seafood known to accumulate mercury.

{d) Iindit, to the extent possible, anthropogenic discharges of mercury into
the Mediterranean Sea, pechding the eventuval formulation of emisgion
standards for mercury, as a result of the entry into force of the
Protocol for the Protection of the Mediterrarecan Sea aganist Pollution
from Land-Based Sources, and in terws of Article 5 of that pProtocol,
commence as early as possible, the elaboration of the necessary
programmes and measures with respect to mercury.

{e) Provide the secretariat to the Convention with the fullest information
poscible oni

~ present legislation and administrative measures on existing national
criteria for levels of mercury in seafeood;

- measures taken on (a), (c) and (d) above:

~ relevant monitoring data on (c) above.

{f) Continue ko provide full support to the monitoring and research component
of MED oM Phase II r:levant to the assessment of the mercury content of
Mediterranesn seafood, and the hazards affecting all sectors of the
ropulation arising from seafood consumption (see paragrophs 101-102), in
particulars:
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= identification of population groups at risk;
- surveys on seafood consumption patterns among such populations;
- surveys on mercury levels in affected population groups;

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

~ gtudies of the relationship between total mercury and methylmercury
content of seafood, and the effects of coocking 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.
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