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FOREWORD

The relatively high levels of mercury recorded in various species of
Mediterranean seafood, and the potential health effects on the population of
the region through axceszsive intake of mercury (particularly methylmercury)
have led to considerable international activities, mainly organised by the
World Health Organization (WHO), the Food and Agriculture Organization of the
United Nations (FAQ) and the International Atomic Energy Agency (IAEA), aver
the past decade in an efiort to identify aud quantify the problem.

An assessment of the state of pollution of the Mediterranean Sea by
mercury, mainly based on the results of menitoring activities performec by
laboratories in the region between 1976 and 1981 within the framework of the
Joint Coordinated Mediterranean pollution Monitoring and Research Programme
(MED POL FPhase I) was completed in 1983 by the United Nations Environment
Programme (UNEP) in collaboration with FAQ and WHO. From the point of view of
actual anéd potential health hazards, it was soncliuded that, on the basis of
mercury Llevels in seafood and seafood consumption data in the various
countriss, general populations could not be considered at risk. At the same
time, however, certain populations in the Mediterranean region could have an
intake of methylmercury through seafood in excess of tolerable levels.

A project on evaluation of methylmercury in Mediterranean populations and
related health hazards was developed by WHO in collaboration with FAO and UNEP
within the framework of the Long-term Programme of Pollution Menitoring and
Research in the Mediterranean Sea (MED POL Thase 1II), and finalised at &
Consultation Meeting in Athens in September 1982. The main components of this
project consisted in:

- selection of sensitive pilot areas

- analysis of the mercury content of seafood within such areas

- dietary surveys on selected human population samples

-  analysis of human hair for mercury on t{he same sample population

Apart from the above, which were considered to constitute the first phase
of the project, it was also agreed to develop a comprehensive protocol for
clinical epidemiological studies, which would be carried out on thos2
individuals within the sample populations which showed positive indications on
the basis of their hair mercury levels.

The first phase of the project became operational in Yugoslavia in 19484,
and in Greece and Italy in 1985. In each case, pilot areas were selected

where there appeared to be prima facie svidence of relatively high =eafood
consumption and/or relatively high levels of mercury in seafood consumed,
During a Consultation meeting on biological monitoring of methylmercury in
Mediterranean populations, jointly convened by WHO, FAQ and UNEP in Zagreb in
September 1584. The Consultation meeting, apart from reviewing progress
achieved in the project, finalised a standard reference method for analysis of
total mercury, methylmercury and selenium in human hair. A draft protecol for
clinical epidemiological studies, which would constitute the second phase of
the project, was also discussed, and the necessary elements for its revisien
identified.
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Interim environmental quality criteria for mercury in Mediterranean
seafood were adopted by Governments of the region at the Fourth Ordinary
Meeting of the Contracting Parties to the Convention for the Protection of the
Mediterranean Sea against pollution and its related protocols, held in Genoa
in September 1985.

These criteria included the taking note by Mediterranean Governments of
the interim criterion proposed by the Joint FAQ/WHO Expert Committee on food
additives, according te which the provisional tolerable weekly intake (PTWI)
of 0.3 mg of mercury of which not more than 0.2 mg should be in the form of
methylmercury, should not be exceeded; and the taking inte conzideration of
this criterion to establish, if national circumstances so required, standards
for maxjimum concentrations of mercury in seafood.

The same approved recommendation regarding mercury also ineluded the
continuation of the monitoring and research component of MED POL Phase II

relevant to the assessment of the mercury content of Mediterranean seafood,

and the risks affecting all sections of the population arising from seafood
consumption, in particular: .

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 eEfects;

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

studies on biogecchemical cycles of mercury in the Mediterranean;
studies on the effects of selenium in decreasing mercury toxicity.

Within the framework of this programme, a Consultation meeting on health
effects of methylmercury in the Mediterranean area was jointly convened by
WHO, FAQO and UNEP, with the following objectives:

- to review the results of studies carried out by participating institutions
as part of Phase I of the project;

to  review apd finalise the revised draft protocel on  c¢linical
epidemiological studies on health effects of methylmercury;

"

to finalize institutional arrangements for Phase II of the project, as
well as extension of Phasze I to other areas;

to make appropriate recommendationz on any revisions necessary to the
interim Environmental Quality Criteria for mercury adopted by the Fourth
Ordinary Meeting of the Contracting Parties to the Convention for the
Protection of the Mediterranean Sea against Pollution and its related
Protocols (Genoa, 9%-12 September 19%85).
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A number of experts from Mediterranean Institutions which were elther
already participating in the praject, or had shown a positive interest in
participating, together with a number of other Mediterranean  and
non-Mediterranean experts, were invited to attend the Consultation meeting.
In addition, the following tnternational organizations were invited o send

representatives: The Intergovernmental Oceancgraphic Commission (IOC), the
United Nations Educational, Scientific and cultural Organization (UNESCO), the

World Meteorological Organization (WMO), the International Atomic Energy
Agency (IAFA) and the Commission of European Communities (EEC)

1. Opening of the meeting {Agenda item 1)

The meeting took place in the offices of the Coordinating Unit for the
Mediterranean Action Plan, Athens, from 18 to 19 September 1986. It was
attended by 23 temporary advisers from seven Mediterranean countries and one
from a non-Mediterranean country, one representative =ach from IOC, JAFA and
FA0O, two representatives from UNEF and four Staff members from WHO
Headguarters and the Regional Qffice for Hurope. A list of participants 1is
given in Annex 5.

Dr L.J. Saliba, Senior Scientist, Mediterranean action Plan, WHO Regional
Office for Europe, opened the Meeting and welcomed participants on behalf of
the Regional Director, Dr J.E. Asvall. He briefly outlined the events leading
to the meeting, explained its context within the general framework of the
long-term Programme of Pollutien menitoring and research in the Mediterranean
Sea (MED POL Phase II).

Mr A. Manos, UNEP Coordinator of the Mediterranean Action Plan, welcomed
participants on behalf of UNEP and the Coordinating Unit. He stressed the
importance of the subject to be discussed, particularly with regard to the
formulation of environmental —gquality criteria for seafood in  the
Maditerranean, extra to those already adopted by Governments of the region in
Genoa. He augured all participants 2 Fruitful meeting.

Mr G.P. Gabrielides, FAQ Senior Fishery Officer (Marine Pollution}
welcomed participants on behalf of FAO and referred to his organization's
long-standing collaboration with WHO in matters concerning food consumption
and health. In this particular subject area, the Provisional Tolerable Weekly
Intake (PTWI) had been formulated by the Joint FAO/WHO Expert Committee on
Food Additives (JECFA). He also made reference to the intercalibration
exercises on the determination of mercury in seafood which were organised
within the framework of MED POL, and stressed the importance of participants
in the project taking part in such exercises.

2. Scope and purpose of the meeting {Agenda item 2)

Dr L.J. Saliba outlined the scope and purpose of the Consultation
meeting. The first phase of the project was scheduled to end in 1987, by
which time overall results of the pilot studies being performed in all the
three countries ({(Greece, Italy and Yugoslavia) should be available. The
general position would then be reviewed to determine the necessity or
otherwise of carrying on with Phase II of the project (the ¢linical
epidemiological studies), as the performance of these necessarily depended on
the identification of individuals with sufficient levels of mercury in their
hair teo warrant clinical testing for aeaith effects. Apart £from this,
however, one of the main purposes of the reviaw of the current phase was to
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identify problems, and if necessary amend the work programme for 1986-1987 1f
this was considered necessary to obtain improved and/or more harmonicus
resuLts.

3. Election of Officers (Agenda item 3)

Professor V. Silane was elected Chairman, Profezssor Antonia
Polychronopoulou-Trichopoulou Vice-Chairman and Dr PB. Stegnar Rapporteur. Dr
L.J. Saliba as Secretary to the meeting.

4. Adoption of the agenda (Agenda item 4)

The provisional agenda was unanimously adopted

Organisation of the meetingl(Agenda item 5)

The Chairman explained the detailed organisation of the work of the
meeting, including the heours of sessions and other arrangements. It was
agreed that the meeting would work in plenary, with the understanding that one
or small working groups could be formed to tackle any specific topic,

6. Review of results of Phase I studies (seafood analysis,
dietary survey, human hair analysis) (Agenda item 6)

The review of results obtained so Ffar in the Phase I Studies was based on
the progress reports of ongoing work since 1984 in Yugoslavia and 1985 in
Greece and Italy. It was agreed that as the Consultation meeting was being
held approximately mid-term through the current phase, which was scheduled Ffor
completion in late 1987, advantage would be taken to discuss any medifications
hecessary or advisable in the light of progress reviewed and problems
encountered.

The progress reports of Principal Investigators are reproduced in annexes
1l te 4 of this report. The following account is based on the presentations

and on the ensuing discussion.

6.1 B5tudies in Yugqoslavia

The study in Yugoslavia, carried out by the Department of Nutrition,
Institute of Public Health of C(roatia, 2agreb (since mid-1976 within the
Institute for Endocrinology, Metabolic Diseases and Diabetes "V, Vrhovac",
Medical Faculty, University of Zagreb) utilised two areas on the Adriatic
¢oast, one (the "experimental" area) shown by previous studies to gontain
relatively high concentrations of mercury in coastal waters and sediments as a
regult of industrial pollution in the locality, and the other (the "control"
area), with no industries, and located at a distance of 80 km along the
coast. Represgentative villages with similar lifestyles and fishing patterns
were selected from each area. In each village, sample populations were
selected for a dietary survey, selection being made on the basis of fishing
activities, with full-time and part-time fishermen and their familiez being
accorded priority. 79 families with 314 members were =elected from the
experimental area, and 63 families with 255 members from the control area.

A comparative study was made on mercury levels in selected seafood
species in each area. 40 species were identified in the diet of families in
the experimental area, and 38 in the diet of those in the control area. Both
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total mercury and methylmercury levels were determined in theses species, those
in the experimental area ranging from 0.07¢ to 1.370 mg kg (total mexcury) and

0.011 te 0.618 mg/kg (methylmercuzy). In the control area, the corresponding
ranges of levels were 0.040 to 0.520 mg/kg and 0.016 to 0.508 mg./kg

respectively. The mercury content of seafcod was higher in the experimental
area, the d&ifference being particularly proncunced in the case of total
mercury. A considerable degree of variation was recorded among the various
species in the proportion of methylmercury to tetal mercury, ranging from 10.1
to 105.8% in the experimental area, and from 5.3 to 106.8% in the contral area.

The dietary survey was essentially conducted on the basis of the protocol
developed during the September 1982 Consultation meeting in Athens. A much
higher rate of seafood consumption was recorded in the control area as
compared to the experimental area. In the former, 27.0% of the families
surveyed consumed seafood 5 to 7 times per week, and only 3.2% were Found to
he consuming no seafood at all during the peried. On the other hand, the
corresponding figures for the latter area were 13.9% and 11.4% respectively.
This difference was ascribed to be the result of reluctance of the populations
in industrialised areas to eat seafood because of industrial pollution (in the
general sense, not specifically because of mercury) .

On the basis of these results, it was calculated that the average weekly
intake of total mercury ranged from &4.5 fo 177.0 micrograms per person in the
experimental area, and from 44.5 to 125.7 micrograms in the control area. In
the case of methylmercury, calculated intakes were 34.5 to 90.8 micrograms in
the experimental area, and 27.5 to 102.0 micrograms in the gontrol area. 46
subjects in the sxperimental area (14.7% of the sample) and 22 in the eontrel
arca (8.6% of the sample) were calculated to have a total mercury intake above
the JECFA Provisional Tolerable Weekly Intake of 300 micrograms, In the case
of methylmercury, 20 subjects (6.4%) in the experimental area and 43 (16.9%)
in the control area were calculated to be exceeding the PTWI of 200 micrograms.

The only way in which these differences could be explained were that the
higher methylmercury levels in the #oontrol" area population were the result
of a higher consumption of seafood, together with relatively high levels of
methylmercury (as a proportion of total mercury) in the species consumed.

Hair samples were taken from 42 children and teenagers (age 1-16) from
esach ares. The samples were analysed for total mercury and methylmercury by
the Nuclear Chemistry Department, "Josef Stefan™ Institute, Ljubliana,
according to a reference method developed by the Institute for the project.
subjects from the experimental area had total mercury levels ranging frem C.10
to 5.30 ppm (with a mean of 1.75 ppm) and methylmercury levels ranging from
0.09 to 3.7 ppm (with a mean of 1.41). Corresponding levels for subjects in
the control area were 0.41 to 3.8 ppm (mean = 1.73) and 0-28 to 3.6 ppm
(mean : 1.37). There was very little overall difference, and no single
subject had a halr methylmercury level of 4 ppm or above.

6.2 Studlies in Greece

The study in Greece, which was of a preliminary nature, was carried out
jointly by the Department of Nutrition and Biochemistry of the Athens school
of BEygiene, and the Institute of Child Health, Aghia Sofia Children's
Hospital, Athens. Two main areas were salected - an industrial coastal town
near Athens, from which families with small children were selected as a sample
population, and a small non-industrial town located approximately 20 km from
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the sea, from which zchoolchildren were selected, A gimplified dietary
survey, modified from the original 1982 protocel to take account of local

circumstances, was conducted on a total sample of 1,500 subjects from the zwo
areas.

The survey identified 250 individuals who were found to have a seafood
consumption of 2 meals or more per week, OQut of these, it was only possible
to take hair samples frem 121 individuals, either because of the impossibility
of eollecting a sufficient guantity of hair, or because of other factors
(mainly the use of selenium-containing hair lotions). 36 of these (21 adults
and 15 children) were from the industrisl agea, and 87 from the non-industrial
area. In addition, hair samples were also taken from 17 young men Jjust
drafted into the Greek Navy, all coming from fishing familiesz from various
parts of Greece.

As in the case of the Yugoslav populations, hair samples were analysed
for total mercury and methylmercury by the Department of Nuclear Chemistry,
"Josef Stefan" Institute, Ljudbljana, Yugoslavia. Total mercury levels in the
hair of the 21 adults {(mostly pregnant women) from the industrialised area

ranged from (.72 to 2.6 ppm. Methylmwercury levels ranged from 0.25 to
1.42 ppm. The corresponding figures for the 15 children (age 2-5) from the
same area were 0.48 to 5.1 ppm and 0.37 to 1.59 ppm respectively. In the case
of the non-industrial area, the 87 shoolchildren sampled had total mercury
levels ranging from 0.38 to 4.0 ppm and methylmercury levels ranging from 0.09
te 4.2 ppm.

The 17 youna adults £rom the Navy base had hair total mercury levels

ranging from 0.56 to 37.51 ppm, and methyimercury levels ranging From 0.16 to
35.9 ppm. Both upper values were recorded in one individual consuming 20
seafood meals per week. None of .the other subjects in this sub-sample had
levels exceeding 5.0 ppm total mercury or 2.6 ppm methylmercury.

Az in the case of the Yugoslav study, the levels of total mercury and
methylmercury in hair were generally similar in  hoth "exposed" and
"non-exposed"” population samples. In both areas, children had higher levels.

6.3 EStudies in Ttaly

A number of studies on the health effects of mercury ingested through
seafeod consumption had been conducted in Italy on various sample populations
during the last decade. The review, however, was conducted only on the
current project study, which had only been in operation for a few months.

Three areas on the coast of the Tyrrhenian Sea had been selected, one
with mercury pollution due to industry, anether with high mercury levels due
te voleanic activity in the vieinity, and the third with fishermen populations

spending at least 7 months in the year at sea.

12 Seafood species were ildentified as being regularly consumed by fishing
families in the first area. The total mercury content of these species ranged
from 0.180 to 1.19Q0 mg/kg. A preliminary dietary survey on 58 £ishing
families revealed that the heavy consumers were the fishermen themselves who
conzumed 4 to 8 seafood meals per week rather than the wives and children, who
only consumed up to 3. Up to the time of the report, the hair of 7 fishermen
from this station had been analysed by tae Department of Nuclear Chemistry,
"Josef Stefan" Institute, Ljubljana, Yugoslavia. Levels of total mercury
ranged from
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3.58 to 29.66 ppm total mercury (mean : 16.03 ppm) and from 3.45 to 25.31 ppm
methylmercury (mean : 13.28 Ppm) .

The dietary survey and seafood analysis components in the studies on the
other two areas were still in progress at the time of reporting, and no
numerical results were therefore available. A number of people being
interviewed in the area subject to mercury liberation into the sea as 2 result

of volcanic activity were recorded as consuming 4 seafood meals or more per
week. Similarly the ongoing survey of fishermen in the third area (spending 7

months a year on hoard their vessels) showed that these were consuming a
minimum of 7 seafood meals per week.

As a comparison, the hair of 19 subjects living inland, and considered as
average non—seafood—eating persons following a simplified dietary survey, was
sampled and resulted in a range of 0.26 to 2-.97 pom {mean ; 1.12 ppm) total
mercury, and 0.17 to 2.10 ppm (mean : 0.77 ppm) methylmercury. ’

6.4 Overall progress and results

The data obtained provided the opportunity to compare the different
approaches which, while conforming to the same overall plan, varied in =2
aumber of specific details depending on national conditions. In all these
countries, selection of teat areas was based on industrialisation and the
consequent pollution of the sea by mercury. In Italy, a non-industrialised
ares, but with high mercury levels due to natural securces (velcanic activity)
was also selected. The areas of comparison differed slightly in that the
Yugoslav control arsa was non-industrialised and slightly less polluted, the
Greek and Italian controls were both inland areas, with the Ttalian control
being alsc hased on non-consumption of seafood in the area.

Both in Italy and in Yugoszlavia, analysis of seafood for total mercury
and methylmercury content was commenced simultaneously with the other

components of the preject. In Greece, thiz was omitted from the initial pilot
phase. Population samples for the dietary survey and hair analysis were all

based on a2 highly selective approach, pinpointing fishermen and their families
as the main target group, either in all areas or at least in the test araa.
The questionnaires usesd in the dietary sarvey varied somewhat in degree of
elaboration and in the contents - in Greece, the same degree of emphasis was
placed on consumption of non-seafood items to avaid misinterpretation of the
situation leading to the performance of the project. Subjects for hair
analysis (from within the dietary survey groups) were selected either (where
consumption was combined with seafood mercury levels) on a calculated excess
of intake over the PTWI, or on the basis of amounts of seafood consumed.

The overall averages of methylmercury levels in seafocd were twice as
nigh in the areas in Italy as those found for the areas in Yugoslavia.
fegarding the proportion of methylmercury to total mercury in saafood, the

studies in Ttaly and Yugoslavia confirmed that this varied to a considerable
extent with particular species, and that risks were, to a not inconsiderable

axtent, associated with consumption of particular species not only with regard

to bicaccumulation capacity, but also with regard to methylmercury proporticns
within the total mercury levels.

A total of 250 samples of human hair from all three countries were
analysed for total mercury and methylmercury. In addition levels of selenium
were determined in 25% of these samples. In general, methylmercury levels in
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the hair of Greek and Yugeslav subjects (irrespective of area) and of
"non—exposed" Italian subjects were, with onge exception, lower than 4 ppm.
This appeared to indicate that the varying degrees of mercury pollution in
Greece and Yugoslavia did net result in  significant differences 1in
concentrations found in the hair.

In the case of the two groups composed exclusively of fisnermen, the hair
samples from the seven Italian subjecgts showed high levels of methylmercury
(two above 4 ppm and six above 10 ppm), but, with one exception (346 pom in the
person recorded as consuming 20 seafood meals per week), low levels were found
in the samples from the seventeen {reek subjecta. Although the differences
hetween the two groups could not be explained at the time on the basiz of the
present interim data available, an extremely high consumption of =zeafood was
the only common feature linked with high methylmercury levels in the hair,
regardless of country.

The overall results are summarised in Table I. The figures E£or Gthe
different countries are hnot directly comparable, owing to the wvariation in
exposure conditions (pollution levels, and amount of seafood consumed). out
of the total number o<f 250 hair samples analysed, only 5 were recorded as
having methylmercury levels above 10 ppm, and all these were fishermen. It
was however significant that, out of the 7 fishermen from Italy, 4 had levels
above 10 ppm, and another 2 above 4 ppm.

The results obtained in the project so far revealed no other cases of
high exposure. This confirmed that a highly selective approach to a large
population was necessary to identify potential groups at risk  in  the

Mediterranean area.

7. Review of results of supporting studies (Agenda item 7)

Supporting ztudies consisted mainly in the comparative analysis of total
mercury and methylmercury levels in selected species of seafcod, and were
reviewed along with the main components of the project (see item 6 above).

3. Review of revised draft protocol on clinical epideminlogical atudies
on health effects of methvlimercury (Agenda item 8)

The meeting reviewed the main components of the revised draft protocol on
¢linieal epidemiclegical studies on health effects of methylmercury, which had
been prepared by an interdiseciplinary team under the coordination of the High
Institute of Public Health, Reome, in conformity with the recommendations of
the 1984 Zagreb Consultation meeting, In this gontext, recent findings
indicated that only relatively small groups of adult mean and of mothers of
newborn infants whose hair had methylmercury levels exceeding 25 ppm and 6 ppm
respectively were likely to be identified in the Mediterranean area as
suitable for a «<linical epidemiological study. In discussion ©f the draft
protecol, therefore, the need was emphasised to have the most comprehensive
methodology possible teo detect relevant clinical and sub-clinical effects, as
the prima facie evidence was that such studies would conly have to be carried
out on relatively =mall population nuombers. The feasibility of eventual

implementation was discussed, and agreement was reached on the elements to be
Lncorperated in the final version.
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9. Institutional arrangements for possibie extension of Phase I studies to
other areasz and for commencement of Phase Il studies (Agenda item 8)

On the basis of results obtained so far, the meeting recognised that one
of the groups at highest risk in the region constitutes adult fishermen,
mainly those who spend a sgignificant proportion of their time at sea, and
whose main zource of food during this peried is £ish. Considering that
mothers of newborn infants (particularly, but not necessarily, if they come
from fishing families) conztitute 'a recognised high risk group, the meeting
agreed that immediate follew-up activities within the project should aim at
the identification of individuals within these two target groups with high
methylmercury levels in their hair. This would show whether such groups were
large enough to establish a relationship between exposure Lo methylmercury and
impairment of the central nervous system.

It was therefore agreed that the programme for the remainder of the first
phagse, which would involve 500 halr samples each from Greece, Italy and
Yugoslavia, would include the following:

- Selection of areas with a high probability of population groups consuming
seafood, such as islands and coastal areas;

- Selection of individuals consuming a high amount of seafood (at least

three meals per week for mothers with newborn infants, and four meals per
week for adult fishermen);:

- Sampling of hair according to the procedure described in the reference
method;

- Analysis of hair for total mercury, and identification of mothers with
newborn infants with levels exceeding 6 ppm and adult men with levels
exceeding 25 ppm;

= Analysis of hair for levels of methylmercury in the case of individuals
exceeding these thresholds;

- Compilation of extensive information on food consumption patterns
(particularly the amount and type of seafood consumed) in the c¢ase of the

individuals so identified, together with data on methylmercury levels in
seafood, in order to identify the scurce of methylmercury in groups at

high risk;

- Assessment of the data obtained to evaluate the size of population groups
with elevated mercury levels, and establishment of the feasibility of
undertaking a elinical epidemiological study.

The centralisation of hair analysis in one laboratory precluded the need
for interlaboratory intercalibration exercises, and the "central" laboratory
had its own gquality control programme. The importance of all participating
institutions performing the sampling of hair conforming to the procedures laid
down in the proteocol was emphasised. Following a brief discussion of some
problems inveolved, the secticon on hair sampling in the appropriate reference
method was modified slightly to provide more exact clarification and ensure
more complete adherence to ik,
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The possible expansion of the first phase studies to include other
Mediterranean countries (in addition to the present three) was discussed.
Although this was highly desirable on technical grounds, one particular
problem was that of finance, since there was very little possibility of
increasing the present kotal level of assistance to participating
laboratories, either currently or in the near future. It was agreed Gthat
steps should be taken to attempt &o increase the present financial allocation
for the project.

After considering similar projects in other areas, the meeting concluded
that coordination and cooperation with such projects was highly desirable. It

alsc appeared feasible that the immediate follow-up work in the Mediterranean
could share some basic components with related programmes in other areas.

The meeting made the following recommendations regqarding future werk in
the implementation of the project:

1. The aim of the eventual epidemiological study in the Mediterranean, if
feagible, should be to measure the occurrence of effects of the exposure of
fishermen to methylmercury by means of a cross—sectional study on adults, and
of the effects of prenétal exposure of children by means of a fellow-up study.

2. The follow-up activities of the present pilot phase should, if possible,
include testing, training and harmonisation of the examinations indicated in
the protocol of the epidemiological study.

3. WHO, FAQ and UNEP should ensure that an adeguate financial allocaticon
from the MED POL budget is made available for the continuation of the pilot
phase of the project. This should include the gecgraphical extension of the
project through performance of the preliminary components 1n other
Mediterranean countries,

4, Fndeavours should he made to obtain other financial resources from both
national and international sources to ensure the coverage of later stages of
the project.

5. In view of the need to investigate iurther the problem of neurotoxicity
in children, a working group should perhaps be convened to develop a core

battery of neurcdevelopmental tests for infants and preschool children for use
in epidemiological studies.

10. Recommendations regarding interim environmental quality ¢riteris for
mercury in Mediterranean seafood (Agenda item 10)

The meeting took note of the interim environmental gquality criteria for
mercury in seafood approved by the Contracting Parties to the Convention for
the Protection of the Mediterranean Sea against Pollution and its related
Frotocols, at their Fourth Ordinary Meeting in Genoa from 9 to 13 September
1985, In this regard, the Consultation meeting acknowledged that the JECFA
Provisional Tolerable Weekly Intake (PTWI) of 0.3 mg total mercury, of which
not more than 0.2 mg should be in the form of methylmercury for a person of
60 kg bodyweight remzined a valid recommendation in the light of available
data. In view of recent epidemiclogical data and the relatively small safaty
factor built inte the PTWI, however, strict adherence to this limit was
considered essential for women of child-bearing age.
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Considering all the factors involved, the Consultation meeting felt that
it was not in a position to propose any concrete modification to the measures
already approved by the Contracting Parties (i.e. Mediterranean Governments).
From results obtained so far in the project, it was evident that, {rom the
viewpoint of human health, the earlier conclusion that the imposition of
commen regional upper limits for mercury concentrations ia seafoed did not
appesr to be justified could be confirmed, as the risk was not a general one,
but one confined to specific population groups, constituting minorities, as a
rasult of over-consumption of seafood. The eventual adoption of emission
standards for mercury by Mediterranean Coastal States in terms of the Frotocol
for the Protection of the Mediterranean Sea against Pollution from Land-based
Sources would contribute to some reduction in the overall mercury load, which
might be signifieant in some local  areas  presently  affected by
mercury=-containing discharges. However, inasmuch as the greater part of the
mercury in the Mediterranean sea was considered £ be due to natural, as
opposed to anthropogenic sources, the overall problem would remain.

It was therefore considered by the Consultation meeting that one of the
most impertant activities in the region suould be the identification of those
pepulatioen groups at  risk  as  a  result of execeas  consumption of
mercury-contaminated seafood. Following evaluation of the problem, both
gualitatively and guantitatively, the necessary measures aimed at reducing the
seafood component of the diet of affected individuals and/or groups could be
worked out. These measures would bhe expected to take the form of (a)
bioleogical monitoring of affected pepulation sectors and, (b) dietary advice
on consumption of specifie fish species, fish caught from certain waters, or
for certain population groups.

The meeting made the {ollowing recommendation concerning this item:

- The conclusions drawn at this meeting, as well as the results obtained
from the econtinuation of the pilot satudies, should be used when
submitting recommendations on  suitable measures to  reduce both
environmental levels of mercury and exposure of people to mercury through
seafood to Mediterranean Governments at their next meeting in September
1987. If necessary, a =mall expert group should be convened to formulate
such recommendations.
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Annex 1

Report on the comparative mercury intake of sample populations
in two Adriatic coastal areas

by

Profezsor R. Buzina
Inastitute for Endocrinology, Metaboliec Diseases and Diabetes
"7, Vrchovac", Zagreb, Yugoslavia

i. INTRODUCTION

In recent years there has been considerable concern about the possibility
of foods becoming contaminated by toxie chemicals through industrial accidaent
or negligence. Among these chemicals, mercury represents a particularly toxic

clement, though small amounts up to 60 meg/kg may be found as a natural
constituent in a number of foodstuffs. However, the amcunt of mercury,

particularly in is organometalic form, is usually higher in £fish, reaching
concentrations of 100-200 moy/kg in smaller species, and up to 1,000-1,500
meg/kg in larger carnivoerous species. Although the intake of mergcury from
food in general has not been studied with adequate precision, it is estimated
that the existing natural mercury content in the daily diet varies from 5 0
20 meg and may reach up to 200-300 meg in coastal areas. In these areas any
further increase in food mercury content from environmental sources may be
come critiecal.

Several activities not directly related to mercury production may account
for substantial releases into the environment. They include the burning of
fossil fuel, the production of steel, gement and phosphate, and the smelting
of metals. As some of these industries have been set up along the Adriatic
coast, it was of great interest to find out whether the existing situation had
an impact on seafood contamination in these areas and, further, whether the
present mercury content may be considered critical from the health point of

view especially for population sectors consuming seafood in relatively large
guantities.

2. OBJECTIVES OF THE STUDY

The present study was performed within the framework of the WHO /FAQ /UNER
Project on “Methylmercury in Mediterranean populations and related health
hazards", Its general objective was to evaluate possible health hazards
arising from the methylmercury content of seafood, particularly in areas where
relatively large consumption could lead to a mercury intake exceeding the
JECFA Provizional Tolerable Weekly Intake. The specific objectives wera
(i} to select a population in the Adriatic having a relatively high mercury
intake, (ii) to determine the total mercury and methylmercury content in the
seafood consumed, (iii) te study the population's seafecd consumption pattern
including seasonal variations in order to determine the weekly dietary mercury
intake, and (iv) o correlate such intake with levels of mercury in hair in
the indicated segments of the population.
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3. METHODS

Selection of populations

The study was carried out in an area located on the Adriatic coast where

pravious studies showed mercury to be present in relatively high
concentrations in ¢oastal waters and marine sediments as a result of mezcury

pollution from local industries. Another area, 30 kilometres distant from the

experimental area, with no industries present, was selected az a contrel. In
both areas, representative villages having similar lifestyles and fishing

pPatterns were selected. The selection of families was based on a village

roster with those engaged in Ffishing professicnally or semi-professionally
being accorded priority. :

Dietary survevys

Dietary surveys were carried out in two phases. In the first "interview"
phase, the composition of families and their seafood consumption habits
{including every single speciaes of fish and other seafood consumed throughout
the year) was recorded, using the protocol developed for this part of the
overall project in 1982.

The gecond phase consisted of registration of the seafood consumption
pattern of the family, covering the type and gquantity of seafood consumed
during the survey pericd both at home and away from home. The surveys were
carried out over a two-week period during each of the summer and winter
seasons (The 1934 winter survey had to be repeated in 1985 because of a
substantial reduction in fishing and fish consumption due fto a very servere
winter). Specially developed forms were uszed for the registration of seafood
consumption, enabling the conversion of family seafood consumption figures
inte pertinent figures for individual members by using mathematical factors
calculated on the basis of energy requirements for the main age groups in the
population.

The forms were completed by the families under supervision of the project
field staff. 79 families with 314 family members in the experimental area,
and 63 families with 255 members in the control area, were included in the
study.

Determination of mercury in seafood

1. Total mercury

The determination of total mercury was carried out on the bagis of cold
vapour technique by use of a Pye Unicam atomic absorption spectrophotometer
5P 90 Series 2 fitted with a mercury cold vapour analyser kit, utilising the
UNEP/FAQ reference method developed for the MED POL Phase II studies.

A lyophilysed sample was oxidised in a 1:10 concentration of sulphuric
and nitritic aecid agent in a c<¢losed system. In this process, mercury was
converted into its inorganic form. Following a complete organic substance
decomposition total mercury was determined by measuring the amount of mercury
reduced from its ionic feorm into atemic states by means of bivalent tin. The
reduced mercury was then introduced on a stream of air into a quartz-made gas
cell in which the absorption of characteristic mercury resonance radiation
from a light source took place.
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2. Methylmergury

An aligquot of freeze-drying sample prepared according o the
UNEPR/FAQ/IAEA Refarence method was homogenised, and the methylmercury in
biological material was liberated with streng concentrated HBr. The
methylmercury was then extracted with benzene and separated from interfering
impurities by extraction with agueous ethanolic solution of ¢ysteine.

After liberating the methylmercury from the thiol-compound with strond
HEr and extracting again with benzene, the extract was analysed by gas=-liguid
chromatography on a PERKIN ELMER SIGMA IB Gas Chromatographic System.

3. Results

During the seafood conzumption pattern survey, 40 species of fish and
other seafood were identified in the diet of examined families in the
experimental area, and 38 species in the gontrol area. Most of the seafood
was caught locally and prepared either fresh, or after a c¢ouple of days'
storage in home refrigerators. It was caly occasionally that fish such as
tuna or herring (Clupea haringus), coming from other parts of the Adriatic or
from abroad, was brought to the market.

The results of the chemical analyses showed no significant differences in
mercury content between seafocd caught in summer and in winter, and mean
concentrations of total mercury and methylmercury in the species analysed,
along with the percentage number of familles consuming each species during the
course of the dietary surveys is given in tables 1 and 2.

In the experimental area the highest mercury content was found in
Diplodus annularis (Annualar Git head), Uranoscopus scaber (Star gazer),
Mustellus mustellus (Dogfish), followed by Sepia officinalis (Cuttlefish) and
Nephrops norwegicus (Norwegian lobster). In the control area the highest
mercury content was found in Qzoena muscata (musky octapus) and among £ish
species in Scorpaena scrofa (scorpion fish). On comparing the two areas
examined, the seafood in the experimental area generally had a higher mercury
content for the same species as compared to the control area. A comparison of
the total mercury and methylmercury content in the seafood samples examined in
the two areas 1s shown in tables 3 and 4.

The seafood in the experimental area had higher levels of both total
mercury and methylmercury levels, but the differences between the two areas
were statistically significant only for total mercury-

The seafood consumption frequencies in the families examined showed a
more fregquent weekly intake of fish and other seafood by families in the
control area, so that the two areas were not strictly comparable with regard
to zeafood consumption (table 3).

The average weekly mercury content in the diet of individual family
members divided by age and sex is summarised according to season in tables &
and 7 and the decile distribution of these data is given in tables 8 to il.
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Table 1

Total mercury ard methylmercury content of seafood and percentage of families
conmming esch of the listed species durirg the pericd of dietary surveys

Experimental area

Total mercury  Methyimercury Crnsumption

Leveal rame

Iatin name

English rame

(/K )

mg/kg

(% of families)

Bugva Bogps boops Bogue 0.391 0.130 12.7
Cipal Mxgilicdae (FRM) Mallet 0.093 0.Da4 26.6
Gavn, Atherina heps. Snelt 0.135 0.086 6.3
Spar Diplodus annularis Arnular Git Head 0.628 0.221 15.2
Srdela Sardine pilchardus Piilchard 0.198 0.055 39.2
Sarun Trachurus spp. Scad 0.215 0.103 2.5
Mol Merluccius merluaccius  Heke 0.312 0.122 29.1
Glavoo Gobius . oy 0.1 0.048 5.1
Inoun Ehgraulis encrasich. Anoory 0.405 0.128 1.3
voica Lithognatis mormr. Striped bream 0.106 0.036 2.5
Fratar Dipledus valgaris Bass 0.326 0.098 2.5
Balps Salmn salpa Goldfin 0.109 0.0L1 1.3
Macka Seylliorhinus sie Spotted dogfish 0.375 0.092 1.3
Lojka Alcsa falax nilotica Mediterranean Shad 0,113 0.111 1.3
Trlia Millus spp. Millet 0.318 0.128 3.8
Pirka Serranus scriba Comber 0.270 0.074 3.8
Bazmek Urahooocius acaber Star gazer 1.370 0.618 2.5
olak Murex =, Murex - 0.231 2.5
List Seolea vilgaris G sole 0.320 0.170 1.3
Pas Mustel iy moast. Dexyfish 0.810 0-477 3.8
Haringa Clupea harenqus Herrirmg 0.300 0.114 1.3
Sipa Sepia officinalis Cuttlefish 0.483 0.179 10.1
Rak Poriimus corcugatis Crab 0.361 g.122 3.8
Lignia Ioligo vulgaris Common squid 0.322 .194 53.2
Rozica Crustacea natantia Shrimg 0.207 0.124 1.3
Girige Spicars sraris Fckeral 0. 208 0.055 39.2
Jeguilja Anguilla anguilla Qe Bl 0.159 0.152 2.5
Skusa Scomber  sciambrus Mackerel 0.070 0.016 3.8
g Thumnos thynnus Bluafin tima - - 1.3
Mezoavac Eledone spo. Musky cotopus 0.370 0.170 5.1
Skarpina Scorpeena sorofa Soorpion £ish 0.276 9.230 5.1
Arkurn Pagel lus ervehrinus Parvdora 0.155 0.138 8.9
Kermarea Spars quratd Gilt heasd 0.119 0.031 L.2
pic Pntazzo puntazzo Sharp snouted sparus 0.110 0.028 1.3
Iglica Belone belone gracilis Garfish - - 1.3
Litbin Ricentrarchus labrax Burcpean seshass 0.155 0.138 1.3
Skat Neghroes norvegious: Norwegian lohster 0. 540 0.508 1.3
Ukpor Corger oonger Sea eel 0.152 0.123 1.3

Spicara nEena maend Cacckaral 0.326 0.098 L2
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Total mercury and methylmercury content of seafood and percentage of families
copsuming each of the listed species during the peried of dietary surveys

ontrel. area

Total mercury Methylmeroury

Consampticn

LIocal nae Latin name Engylish name (e3,/%g) ma/kg (% of families)
Bigva Boops beops Bogue 0.0%6 0.018 5%.8
Sarmm Trachurus SpP.. Scad 0.091 0.063 20.6
Girica Spicara Spp. Pickerel 0.1.02 0.082 20.6
Triia Mullus spp. Mallet 0.166 0.180 17.5
Mol Merluceius merivcoins Hake 0. 210 g.211 20.6
Raza Raja spo- Ray 0.268 0,206 4.8
List Solea vilgaris Jomen sole Q.2322 0.220 4.8
Skarpira Scorpaens scrotd Scorpion fish 0.276 0.383 14.3
Srdela Sargding pilchardus Filchard 0.078 0.026 42.9
Gavun Atherina sop. Smelt 0. 040 0.035 15,9
Salpa Eaipe salpa Galdlin 0.054 - 17.5
Rakot Trigla Iyra Fiper 0.079 0.085 3.2
Vianja Iabrus merula Brown wLasse 0.073 0.046 6.3
Tragan] Spicara maena maena Cacrkarel 0.110 0.056 3.2
Kavala Eciaena umbra Brown meagre 0.087 0.05% 1.6
Pirka Serranus scriba Crrber 0.060 0.063 1.6
Fratar Diplodns walgaris Bass 0.160 0.074 3.2
Inc Rthymnus quadripunetatus  Little tuny 0.077 0.016 6.3
Kovae Zeus faber ' Dory 0.082 0.025 4.8
Uger Corger corger 5o eel 0.152 (.159 l4.2
Usata (blata melanura Saddled bream 0.092 0.038 l.6
Kantar Spondylicsome cantharus Black =es bream 0-063 0.054 3.2
Barbuan Millus sop. Mallet 0.222 0126 L&
Gracoina Lophius s, Angel fish - 0.146 3.z
Muzgavac  Ozcena mascata Musky octopus 0. 505 0.485 l.&
Ariam Fagellus erythrinus Fandora 0.155 0.138 6.3
Siga Sepia officinalis Commn cuttlefish 0.236 0.285 4.8
Slampi Nephrops norvegictis Nerwegian lobster - 0.508 .1
Liganj Ioligo vulgaris Coamen squid 0,255 0.160 54,0
Cipal Mygilidee (EBM) Mullet 0.067 0.023 1.6
Lokarda Soomber japenicus Spanish mackerel 0.0EQ 0.022 9.8
Gof Seriola dumerili Greater amberijack 0.065% 0.052 4.8
Iglica Belone belone gracilis Carfish 0,092 0.063 3.2
Spar Diplodus apnularis Annular Git Hexd 0.077 0.021 11.6
Sarga Diplodus sargus white seabresm 0.163 0.079 1.6
Zubatac Dentex dentex Dentex 0.150 0.135 1.6
Hobotnica  Cotopus vilgaris Camen aobopus 0.520 0.495 7.9
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Table 3

Total mercury and methylmercury content in seafoed (mg/kg)

N Min. Max. Median Meahn S0

Total mercury

I Experimental .043 1.910 -200 <336 -330
area
IT Control area .034 . 505 111 .149 114
Methylmercury
I Experimental .0l1 . 200 .L0S .159 L70
area
II Control area .008 .526 - 074 L1332 134
Table 4

Percentile distribution of total and methylmercury content (mg/kg) in
fish and seafood in the examined areas

Petctcentiles
10 20 30 40 50 &0 70 80 a0

Total hercury

I Experimental area .071 .0%0 .113 .15¢ .200 ,270 .3530 ,480 .786
IT Control area -045 .060 .072 .079% .111 .182 .160 .222 .ZgR
Methyvlmercury
III Experimental area -03¢ .047 .059 .,091L .,105 .120 .128 .212 .320
IV Control area 022 .032 .045 ,059 .074 .118 .146 .210 .240

t-test I:III = 2.770 p 0.08

II: IV = 0,820 p 0.05
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Table 5
Seafood consumption frequengy in examined families
{times per week)
o 1-2 3=4 5=7 Total
N % N % N % N § N 3
Experimental area 9 11.4 23 29.1 36 45.4 1l 13.9 79 100.90
Control area 2 32 12 19.1 32 50.8 17 27.0 63 100.0
Table &

Average weekly mercury intake by individual family members according

to sex and age (Summer season sSuIvey)

EXPERIMENTAL AREA

CONTROL AREA

Total mercury Methylmercury Total mercury Methylmercury
{meg) (mzg) (mcg) {mog)

Mean 50 Mean ah Mean sD Mean sD
L - & 67.5 + 39.8 39.9 + 19.1 83.6 + 80.6 69.4 + 73.4
7 - 12 M 168.4 + 184.4  77.6 + 61.8  95.9 & 84.8  54.4 % 76.4
F 137.6 + 85.6 83.4 + 53.8 130.8 = 104.¢6 101.7 + 94.4
13 - 19 M 207.9 + 123.0 115.% + 73.2 122.4 + 99.2 B6.0 + 76.3
F 205.2 + 132.4 106.8 + 54.9 145.4 + 72.9 103.1 + B82.5
20 ~ 49 M 201.9 + 138.3 105.,6 + 66.4 150.5 * 126.6 115.4 + 108.2
F 135.5 + 79.7 67.4 + 38.2 124.9 + 99.4 8l.1 + 72.9
50 - 89 M 1g80.1 + 87.3 96.3 + 53.9 146.7 + 145.1 125.4 + 138.8
r 146.7 + 98.5 72.1 + 43.9 104.5 * 112.2 96.6 + 108.7
70 M 177.5 + 90.3 94.1 + 52.7 15%.1 + 144.7 135.4 + 152.2
F 59.0 + 30.9 36.2 + 27.0 88.0 + B82.3 80.8 + 104.9
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Table 7

Average weekly mercury intake by individuwal family members according
Lo sex and age (Winter season survey)

EXPERIMENTAL AREA CONTROL AREA

Total mercury Methylmercury Total mercury Methylmercury

{mcg) {mcg) {mcg) (meg)
Mean 5D Mean SD Mean &D Mean sD

Table 8

Percentile distribution of weekly mercury centent in the diet of individual
family members (Experimental area)

Tao tal mercury (meg)

Percentiles
Age(vyrs) 40 50 60
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Table 5

percentile distribution of weekly mercury content in the diet of individual
family members (Contrel area)

Teo tal mercury {meg)

Parcentiles
Age(yrs) 30 40 R0 60

44.5 54.5

119.5 136.3
g4.5 112.5

20.8 136.5
117.0 130.3

118.6 142.0
89.5 11l1.8

1258.7 l4s.1
79.5 96. 1

79.5 124.5
69.5 B2.5

Table 10

Percentile distribution of weekly mercury content in the diet of individual
family members (Experimental area)

Methylmercury (meg)

Percentiles
Age(yrs) 50 60
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Table 11

Percentile distribution of weekly mercury content in the diet of individual
family members (Control area)

Methylmercury (ney)

Percentiles
Age(yrs) 10 20 30 40 50 6o 70 a0 8a
1 - 6 5.9 11.3 16.7 22.1 27.5 38.5 56.5 102.5 162.5
7 =12 M 6.2 11.8 17.58 23,2 28.8 78.5 104.0 l23.5 170.0

F 16.5 28.5 40.5 52.5 64.5 82.5 136.5 172.5 238.5

13 - 19 M 14.4 24.2 34.1 51.0 72.0 132.5 155.3 172.5 205.5
F 37.5 55.5-  £9,0 78.0 87.0 100.5 166.5 1923.5 211.5

20 -~ 49 M 13.7 27.0 45.5 66.0 86.4 113.0 138.8 L1l70.5 183.6
F 11.7 22.8 34.7 48.1 62.6 9i.2 113.5 137.8 1LB5.0

30 - 69 M 18.0 35.5 53.4 72.4 93.4 1ll15.5 138.8 176.8 272.2
F 14.0 27.5 40.9 54.1 66.5 78.9 91.3 1l6.5 178.5

70 M 12.9 21.3 29.7 g2.5 102.0 112.5 123.0 160.5 262.5
F 12.9 21.3 28.7 40.5 54.5 68.5 82.5 130.5 202.5

Digcussion

The results of this study showed that the mercury content in seafood
consumed by a populatien living in a coastal area with a relatively large
industrial concentration was higher than that of an area without industry.
This difference was particularly pronounced with regard to total mercury
content which was statistically significant at the S per cent level, The
difference in methylmercury content was smaller, and did not reach the level
of statistical significance (0.1 p 0.05). These results also indicate that
the industrial pollution had primarily an impact on the total mercury content
of the seafood consumed, a2nd less on the methylmercury content.

On the average, methylmercury accounted for 52,5% of the total mercury in
the seafood in the experimental area, and for 66.7% of the total mercury in
the control area. There were, however, greabt variations in the proportion of
methylmercury to total mercury, ranging £from 10,1 to 105,8% in the
experimental area, and from 5,3 to 106,6% in the control area. The Jlinear
regreszion between the methylmercury and total mercury contents of seafood in
the examined areas was, nevertheless, statistically significant (Figs. 1 and
2}.

There were no significant differences in mercury content within the same
species of the seafood caught in the summer and winter seasons. The
differences in the mercury content according to the size of fish, described by
many authors, were also rather small and not statistically significant
{(Table 12). The probable reason for the absence of correlation between fish
and mercury content is that the fish consumed in both areas was of rather
small =ize ranging only between 40 - 250 g.
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Tablea 12

Total and methylmercury levels in fish species analysed, divided
according to weight of fish

Weight _ .
(g} Total mercury Methylmercury

Max., Mean ahn Min. Max. Mean 5D

50 -845%  ,290 . 250 -032 -320 -114
50 - 99 . 1.370 .252 . 305 -019 -656 -161
100-149 .330 L2588 158 -038 -201 109
150-200 1.180 .326 . 364 022 -583 -156

200 .820 .233 + 290 -024 -3146 -19l

As already described in the literature the crustaceans had a higher
mercury content per unit of body mass than fish. However, this food was
consumed by a smaller number of families, and rather infrequently. Species of
seafood with a relatively high mercury content which was consumed more
frequently were molluscs, primarily blackfish and zgquid.

-A5 a result of the dietary study on seafood consumption patterns, 1t was
estimated that, based on the mercury content of the species gonsumed, the
weekly average intake of total mercury ranged between 64.5 meg to 177.0 moeg in
the experimental area, and between 44.5% and 125.7 mog in the control area. On
the same basis, the intake of methylmercury ranged from 34.5 to 90.8 mog in
the experimental area, and from 27.5 to 102.0 meg in the control area. There
was, however, less difference in the weekly intake of mercury in the higher
percentiles of intake distribution between the two areas. In fact, the weekly
methylmercury intake in higher percentiles of distribution was higher in the
control area than in the experimental area.

The analysis of seafood consumption data showed that the higher
methylmercury content of the diet of control area families was not a result of
consumption of seafood with a higher mercury content, but primarily due to the
more frequent consumption of seafood during the survey pericd. As already
shown in Table 5, only 3.2% of control area families did not consume seafood
during the survey period as compared to 11.4% of experimental area families.
On the other hand, 27.0% of the control area families consumed seafood 5-7
times a week which is almost twice as much as in experimental area families
(13.9%). These data show that despite a lower seafood mercury content (i.e.
lesz contamination) in the control area, families consuming seafood more
frequently c¢ould alse ingest mercury In amounts exceeding the JECFA
Provisional Tolerable Weekly Intake levels,

The number and percentage of individual family members ingesting both
total mercury and methylmercury in excess of the PIWI are summarised according

to age and sex in table 13, These data show the percentage of individual
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family members wheose total mercury ingestion in the weekly diet exceeded the
PTWI level was generally higher in the experimental than in the conktrol area,
despite a lower amount of seafood consumed. This is the result of a higher
total mercury content ({due to contamination) in %the seafoocd 1in the
gxperimental area. On the other hand, in the control area there was a higher
percentage of individuals with a weekly methylmercury intake of over 200 mcyg,
resulting primarily from the higher level of seafood consumption.

The highest percentage of subjects with estimated intakes of bhoth total
and methylmercury above the PWTL was found in the 7=19% years age Jroup.

Tahie 13
Number and percentage of subjects with estimated total and methylmeycury

dietary intake in excess ol JECFA Provisional Tolerable Weekly Intake
(PTWI) of 300 meg. Total mercury including 200 meg methyimercury

Experimental area Control area

Total mercury Methylmercury Total mercury Methylmercury
N % N % N % N %

Levels of mercury in hair

Foilowing completieon of the dietary surveys, hair samples were taken from
42 children and adolescents (age 1-16 years) from each area, and analysed for
both total mercury ahd methylmercury. The analyses ware performed by the
Department of Nuclear Chemistry, vjosef Stefan” Institute, Ljubljana, by Gas
Chromatography, utilising a reference method specifically developed for the
overall project.

In the subjects from £&he experimental area, levels of total mercury
ranged from 0-10 to 5.30 ppm (mean: 1.75 * 1.33) and those of methylmercury
from 0.09 to 3.70 ppm (mean: 1.4l * 1.05). In the subjects from the control
area, total mercury levels ranged from 0.41 to 3.80 ppm (mean: 1.73 + 0.88}.
In both cases, the differences were not statistically significant.
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The correlations between hailr mercury content and some of the examined
variables in the experimentasl and control areas are shown in Tables 14 and L5
respectively.

Table 14

Correlation between hair mercury content and examined variables in 42
subjects from experimental area

Correlation with hair mercury
Variable content
Total Hy MeHg

Age -.325
Dietary Total Hg (Winter) «152
Dietary MeHg (Winter) 133
Dietary Total Hg (Autumn) .168
Dietary MeHg (Autumn) 024
Hair selenium -557

Tabhle 15

Correlation between hair mercury ¢ontent and examined variables in 42
subjects in contrel area

Correlation with hair mercury
Variable ) content
Total Hg Me Hy

Age -.217
Dietary Total Hg (Winter) .130
Dietary MeHg {(Winter) - L65
Dietary Total Hg (Autumn) -0&8
Dietary MeHg {Autumn) -.007
Hair selenium . 495

The above data show that hair mercury content was positively and

significantly correlated with hair selenium, and negatively with age. There
was also a positive correlatien with the total dietary mercury intake, but the

coefficients of correlation were of a much lower ocrder.

In order to assess the contribution of some of the independent variablas
te the hair mercury content, multiple correlations were caloulated. The
results showed that age and dietary mercury contribute significantly to the
variation in hair mercury content (R = .638; P 0.001), but if the age
variable is removed, the contribution of dietary mercury alone is much lower

(R = .473; P 0.08). This shows that only 22% of the variation of the hair
mercury content could be explained by the dietary mercury intake.
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4. CONCLUSIONS

The results of this study showed that in an Adriatig locality with
increased coastal water and marine sediment, mercury levels due to leocal
industrial pollution, there was an increase in the mercury content In the
majority of seafood species consumed as compared to a control area with no
local industries. Industrial pellution resulted in a significant increase in
the total mercury content of seafood in the former locality, whereas the
corresponding increase in the methylmercury content was smaller and nov
statistically significant. The results of dietary studies also indicated that
the average weekly dietary intake of total mercury was higher in the
industrially polliuted area. The dietary intake of methylmercury was, however,
higher in the ¢ontrel area, probably due to a higher fish consumption in that
area. Nevertheless, when the examined subjects from both areas were matched
by weekly seafood consumption freguency, both total and methylmercury intake
was higher in the industrially peolluted area. It can therefore be concluded
that local industrial pollution of aoastal water may play a significant role
in raining the population's dietary mercury intake to a level above the
current Provisional Tolerable Weekly Intake. On the other hand, however,
tnese results also shown that in a locality with no industrial polluticon,
consumption of seafood more than five times per week may also increase the
mercury intake to levels above the EWTI in a number of individuals. In ne
case did levels of hair mercury in the 84 subjects sampled indicate the
advisability of clinical studies, and though a positive correlation was found
between hair mercury levels and total dietary mercury intakes, such
correlation had a coeffigient of relatively low order.
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Annex 2

Report on a dietary survey and mercury levels in hair
in selected Greek population samples

by

Professor Antonia Polychronopoulou-Trichopoulsu
Department of Nutritian and Biochemistry
Athens School of Hygiene
Athens, Greece

and

Dr Sheena Nakou
Institvete of Child Health
Aghia Sofia Children's Hospital
Athens, Greecge

1. INTRODUCTION

Concentrations of mercury in Mediterranean seafood have been recorded asz
generally higher than those found in other seas, and concern has been
expressed with regard to potential health hazards in the region arising Erom
consumption of mercury-contaminated seafood. The need has therefore been felt
te attempt to identify those population sectors, mainly from coastal areas,

suspected of being at risk, and to determine the extent and degree of the
problem.

The present study was commenced in 1985 as part of the WHO/FAQ/UNEP
project on "Methylmercury in Mediterranean populations and related health
hazards". Its purpose was to explore the effective exposure of Greek subjects
to total mercury and methylmercury according to food consumption patterns and
other factors, and to investigate the possible effects of low concentrations
of methylmercury on human health. The componentz of the s=tudy were (1)
selection of pilot areas along the Greek coast where marine pallution by
industrial effluents and regular consumption of fresh, locally caught, seafood
appeared to provide an indication to potential exposure, (2) the conduction of
& dietary survey among selected populations samples in these areas, to
determine the type and amount of seafood consumed, and (3) analysis of the
hair of indicated subjects within these population samples For its mercury
content.

2. SELECTION OF AREAS AND POPULATION SAMPLES

During the first year, two pilot areas in the Attica region of Greece
were selected: The industrial seaside town of Hlefsina, where the sea is
normally subject to pollution by effluents from Athens and neighbouring
industrial towns, and the non~industrizl town of Palania, located
approximately 20 km from the cgoast, Population samples were selected from
among familieg with small children in the feormer area, and from azchoclchildren
in the latter. In addition, a further group was selected From amonyg younyg men
newly drafted into the Greek Navy at the pert of Skaramanga, all from fizhing
families from various parts of Greece. A total of 1500 subjects from these
three groups were checked for amount and type of seafood gonzumption by a
dietary survey.
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Table 1

Questicnnaire used in dietary survey on Greek population samples

ATHENS SCHOOL QF PUBLIC REALTH

DEPT. OF BIQCEEMISTRY AND NUTRITION

NAME .
ADDRESS 44+

During the last 3ix months how often, on the averagae, did you cat the follavwing Eooda?

At least At least paily of almost.
Kind of food Naver Harely | once a Onaa a kwice a If dally, how
men £l waak waek many times.

pock

Beef
Lamby

Livec

Cchicken
Fresh fish

Frozen £ish

Canned fish

Dried salt codfish

10. GCotopusd
1l. Sepla

12. cuttlefish

13, Sheimps, Crawfish
14. Shellfish

15, Sausage, gsalami, etc.
16. Eggs

17. Milk

18. Cheess

13. Yoghurt
Z0. Butter

Margarine

21,

22. Pruik

23, Veqetables
24, Bread
25. Paata

26. Rice

£7. Potakoaes

28, Pulses

29. Ige craam

33. Sweabs
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3. DIETARY SURVEY

The dietary survey was conducted on the basis of the guesticnnalze

repraduced in Table 1, which was essentially a simplified versicon of the
protocol developaed for the overall project in 1982, In the gquesticonnaire

format, and in the interviews, egual attention was devoted to all items
(whether seafood or non-seafoed) to aveid any possible misinterpretation of
the project. Prom the original sample of 1500, a2 total of 250 individuals
were identified az consuming two or more seafood meals per week.

4. HAIR SAMPLING AND ANALYSIS

Samples of hair were taken from 140 individuals, from within the
sub-zample of 250, divided as follows: 36 from the "exposed" area (Elefsina),
consisting of 2 adult males, 19 adult females (most of whom were pregnant) and
153 children, aged 2-4; 87 schoolchildren from the "non-exposed” area (Pailania)
and 17 naval inductees from the port of Skaramanga (considered as exposed
because of their recent fizhing background). One individual from this last
group was recorded as gonsuming 20 seafood meals per week. .

Sampling was performed as described in the reference methed for
determination of total mercury, methylmercury and selenium in human hair,
developed by the "Josef Stefan" Institute, Ljubljana, Yugesiavia for the
project. Analysis was performed by that Institute.

In the Elefsina population, the range of total mercury hair levels was
0.48 to 0.3 ppm in the 15 c¢hildren and 0.72 to 2.6 ppm in the 21 adults.
Corresponding figures for methylmercury halr lavels were 0.37 to Ll.16 ppm and
0.25 to 1.4 ppm respectively. The ranges of total mercury and methylmercury
hair leavels in the 87 schoolehildren from Paiania were 0.38 to 4.0 ppm and
0.09 to 4.2 ppm respectively. Ameng the 17 young naval inductees (fishermen)
from Skaramanga base, ranges of total mercury and methylmercury hair levels
were (.56 to 38.0 ppm and 0.16 to 35.96 ppm respectively. In this last group,
apart from the individual at the extreme end of the ranges (identified as
consuming 20 seafood meals per week), all the rest had levels under 5 ppm
total mercury and ¢ ppm methylmercury. The ranges, means and standard
deviations of hair methylmercury levels are given in Table 2.

Table 2

Hair Methylmercury levels in Greek population samples

1. Elefsina (industrial town) adults {21} range : 0.25 - L.42 ppm
mean = 0.66 + 0.58

children (l15) range 0.37 — 1.59 ppm

L1} 1]
o

.

~1

b

+

mean + 0.6
2. Paiania (non-industrial town) children (87) range : 0.0%9 - 4.15 ppm
mean : 0.63 + 0.5
3. Skaramanéa (E£ishing families) adnlts (17) range : 0.l6 - 35.96 ppm
mean s 2.9 *+ 2,11
TOTAL: 140 range : 0.0% - 35.96 ppm

mean : 1.31 + 1.06
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Results for both methylmercury and total mercury were analysed by multiple
regression, taking inte account age, sex, place of origin and reported freguency
of seafood consumption. The findings are summarised in Tables 3 and 4.

Table 3

Partial regression coefficients (2), Standard error of partial
reqression (3), t-values (4) and significance levels F (3) of the multiple
linear regression of methylmercury on a set of independent variables (1)

Partial regression Standard

Independent variables coefficients errors t-values P values

(L} (2) {3) (4) (3)
Sax - 0.1130 0.1210 - 0.93 0.35
Age - 0.,0022 0.0075 - 0.30 0.76
Fish consumption ~ 0.0680 0.2164 - 0.31 0.76
Plage of origin - 0.R0%90 0.5153 - 1.57 0.12
Fish consumption X
Place of origin 0.5462 0.2393 2.28 0.12

Table 4

Partial regression coefficients (2), Standard error of partial
regression (3}, t—-values (4) and significance levels P (5) of the multiple
linear regression of total mercury on a set of independent variables (1)

Partial regression Standard
Independent variables coefficients @LLOIS t-values F values
{1 (2) (3) {4} (3)
Sex - 0.2171 0.1478 1.47 0.14
Age - 0.0251 0.00982 -~ 2.74 0.006
Fish consumption - 0.1851 0.2639 - 0.70 0.48
Place of arigin - 0.6581 0.6285 - 1.05 0.29

Fish consumption X

Place of origin 0.6965 0.2918 2.39 0.02
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The interaction term dominates the regression model of methylmersury
{Table 1). At moderate and high frequenciesz of fish consumption the
congentration of methylmercury is higher among residents of seaside villages
and among them it increases with ilncreasing freguency of fish consumption. No
significant associations were found between methylmercury concentration in the
hair on the one hand and age or sex on the other. In all but cone of the

individuals concentrations were within acceptable limits.

For total mercury the multiple regression model has some elements similar
to those characterising the methylmercury model but in addition  there is a
strong and statistically highly significant negative association with age.

These results point to the need for continuing the study on a larger
scale, and to correlation of the dietary survey with examination of the
sources of fish and other seafood consumed and analysis of the methylmercury
content of the various species.
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Mercury intake from seafood in sample populatiens from three
coastal areas in the Tyrrhenian Sea

by

Professor A, Renzoni
Department of Environmental Bicology
University of Siena
Siena, Italy

1. INTRODUCTION

The high levels of mercury in various edible species of the marine fauna
in the Mediterranean sea, as recorded in the literature and confirmed by the
results of the FAO/UNEP pilot project on baseline studies and monitoring of
heavy metals (particularly mercury and cadmium} in marine organisms, carried
out between 1975 and 1981, indicate that the risk for the human population
living around this basin could be higher than in other parts of the world.

Within the Mediterranean Sea, one area is particularly interesting. This
ig - the Central Tyrrhenian Sea (Southern Tuscany) where inland cinnabar
deposits abound and where, until recently, mercury has been refined for
conturies. ‘The marine fauna from this area has been analysed on a regular
basis during the last ten years, revealing mercury levels higher than in any
other part of the Mediterranean, including other areas within the Tyrrhenian
Sea itself.

The present study was commenced in late 1985 within the framework of the
research component of MED POL Phase II, as part of the WHO/FAQ/UNEP project on
Methylmercury in Mediterranean populations and related health hazards. It
deals essentially with analysis of mercury in edible marine fauna in selected
pilot =zones, investigation of the diet of selected fishermen and their
families in indicated sectors of the above sample papulations, to find out as
much detail as possible about the current situation with regard to
methylmercury intakes as compared with acceptable or telerable levels, and
potential health effects.

2. SELECTION OF STATIONS AND POPULATION SAMPLES

Three stations were selected (vide Figure 1). Station A represents an
area affected by industrial pollution and other anthropogenic sources of
mercury, Station B an area with neo anthropogenic source of mercuxy in the
viginity but with voleanie activity nearby, and Station C an area where
fishermen spend almost seven months of the year aboard their fishing boats,
and are therefore exposed to a high mercury intake through the excessive
amount of fish consumed, rather than throuagh the particular level of mercury
in the fish them=elves.
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Fig.1l Stations in the central Tyrrhenian sea selectec for the wercury study
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3. CONCENTRATIONS OF MERCURY IN SEAFCOD

Data collected during the 1975-1930 MED POL project resulted in levels of
mercury in marine gpecias from the same area &s gtation A ranging from a
minimum of 160 ppb (in anchovies) to a maximum of 1280 pph (in striped
mullet). Both figures represent averages of the various seasons in which
sampling and analysis were performed. Recent analyses carried out as part of
the present project (Table 1) would appear to indicate a slight reduction in
mercury levels, at least in the three species most regularly znalysed during
the previous project (Table 2y, though ne wvalid conclusions can be reached at
this stage. Collection of samples from the other two stations (B and ) are
under wav at the time of reporting. Previous studies in the arsa of Station B
gave a range of total mercury concentration £from 110 to /30 ppb with an
average of 230 ppb. In Station C, 1975 figures for total mercury
concentrations in two benthic species were 400-1100 ppb {(average : 720 rob)
for Norwegian lobster, and 800~1500 ppb {(average =: 1140 ppb) in rockfish.
Results to date from the present project in Station C regarding one of these

species (Norwegian lobster) and Deep water pink shrimp are given in Table 3.

Takle 1

Concentrations of total mercury in the most common species of seafood
consumed by fishermen in Station A (expressed in parts per
billion (ppb) fresh weight)

Species

Red shrimp

Deep water pink shrimp
Turbot

European hake
Squid

cuttiefish

Red gurnard
Common pandora
Horse mackerel
Bogue

Commen octopus
Striped mullet
Norwegian lobster

Table 2
Concentrations of total mercury in three seafood species from Station A

(a) in 1975-1980 studies, and (b} during the present study
(expressed as ppb fresh weight)

1975-80 1988

Mumbe r Average Number Average
of concen— of concen—
samples tration _samples traticn

Engraulis encragicolus 190 10 19 140

Nephrops norvegicus 156 960 29 834
Mullus barbatus 1583 1280 13 700
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Table 3

Congentrations of total mercury in two benthic seafood species
Project Station C (coastal waters of Sardinia) in parts
per bhillion (ppb)

Species n
Deep water pink shrimp

Norwegian lobster

During the present project, all analyses of total mercury in edible
marine organisms are being performed by the standard refersnce methods
utili=ing cold vapour atomic absorption spectrophotometry developed for the
MED POL Programme, and uased throughout the overall mercury project. All
values are expressed in parts per billion (ppb) wet weight.

4. DIETARY SURVEY

In view of the preliminary nature of this phase of the project, an
initial dietary survey was conducted mainly on the basis of oral interview.
Sample populations were pre-selected for interview following the acquisition
of general data regarding seafood consumption.

A total of 220 individuals were interviewed. 1In Station A (the two towns
of P. San Stefano and P. Ercole on the Agentarro promontory) adult fishermen
were recorded as consuming 4 te 8 seafood meals per week. Table 4 gives the
equivalents in Kg/week among the 58 surveyed. On the other hand, other
members of their families were consuming a lower amount (up to 3 meals per
week, totalling approximately 0.4 Eg per capita). The most commen species in
the diet consisted of hake, shrimp (2-3 species), horse mackerel, striped
mullet, squid, octopus, cuttlefish, rockfish, common pandora, scorpion fish,
norwegian lobster and turbot.

Table 4

Seafood consumption recorded among 58 fishermen from Station A
(Porto San Stefano)

Marine Food (kg/week) Number of Fishermen

Most common species: hake, shrimp, horse
mackerel, striped mullet, squid, octopus,
reckfish, turbot, cuttlefish, norwegian
lohster.
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tn Station B (the Island of Salina), ooth fishermen obtaining thelr catch
from around the Aeolian Archipelage and non-fishermen working in relazed
fields (fish-vendors, employees in fish restaurants, etc.} were recorded &as
consuming 4 or more seafood meals per week, The most common species were red
mullet, swordfish, tuna, amberjack, anchovy, commen pandora, lobster, shrimp,
octopus and cuttlefish.

In Station € (the Sardinian coast) attention was mainly directed at

fishermen who spend at least seven months of the year at sea, fishing in their
own waters in Spring and Summer, and in the waters around Station A in Autumn

and Winter. The main species of seafood consumed was the same as in Station A.

5. HAIR ANALYSIS

analysis of hair for total mercury and methylmercury was performed by the
“Josef Stefan" Institute, Ljubljana, Yugoslavia. Sampling was undertaken

after the dietary survey. By the date of reporting, results were available
for 7 fishermen from Station A. As a contrel, hair was also sampled from 1%

individuals living in inland towns near the Station area, who consumed seafood
only once a month or less. Levels recorded ranged from 3.58 to 29.66 ppm
(total mercury) and 3.45 to 25.3 ppm (methylmercury) among the fishermen.
Corresponding ranges in the "control" group were 0.35 to 2.97 ppm and 0.17 to
1.64 ppm respectively. Statistical analysis of the results is given in
Table 5.

Table 5

Comparison of hair mercury levels in (a) 7 fishermen consuming 4 or
more seafood meals per week and 19 non-seafood consumers

Sample population Total Hg (ppm) Me Hg (ppm)

A (no seafood) (n=19%) ¥ = 1.12, 8D = 0.7 X= 0.77, 5D = 0.53
B {4+ meals/week) (n=7) ¥ =16.03, SD = 9.93 ¥ = 13,28, 8D = 8.31
Methylmercury
Total mercury
A {n =19 Y = 0.03 + 0-65 X = (.94
E (n=7) ¥ = 0.38 + 0.80 X r = 0.96

6. CONCLUSION

Even though the present study has only been operational for less than one

year, there is already evidence that adult fishermen constitute a particular
high-risk group because of the amount of seafood consumed together with the

reiatively high mercury levels in such seafood.
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Annex 4

Analysis of total mercury, methylmercury and selenium in hair in Greek,
Italian and Yugoslav sample populations

by

Dr P. Stegnar

Department of Nuclear Chemistry
"Tosef Stefan™ institute

Ljubljana, Yugoslavia

1. INTRODUCTION

The present study was performed within the framework of the WHO/FAO/UNEP
project on "Methylmercury in Mediterranean populations and related health
hazards", as part of which, hair samples collected from among selected
population sectors in coastal areas in Greece, Italy and Yugoslavia, were
analysed for their total mercury, methylmercury and (in a number of caszes)
selenium content. Up to the date of reporting, a total of 250 halr samples
were received from participating institutions (140 from Greece, 26 from Italy
and B84 from Yugoslavia). A1l were analysed for total mercury and
methylmercury. 60 of the samples (42 from Gree and 18 from Yugoslavia) were
also analysed for selenium.

2. METHODOLOGY

Hair samples were collected by participating institutions in accordance
with a specially developed protocol to ensure standardisation. The ceode
number, name, age of donor and date of sampling were recorded with a marker on
a transparent plastic sampling bag, 12 x 5 om. Hair was cut as close as
possible to the scalp with a seissors, in an amount of approximately 0.5 g.
It was recommended that hair shounld be preferably cut from the occipital
area. The hair was collected on a sheet of white paper with proximal ends on
the same side, and subsequently either transferred inte the bag with tweszers
or the paper folded and the hair slid into the bag. Froximal ends of the hair
were identified. A recording form (Table 1) was also provided.

Total mercury was determined by cold vapour atomic absorption
spectrophotometry after complete mineralisation of the szample in a reflux
system. Methylmercury was determined by gas liguid chromatography. After
disintegraticn of the sample in a sclution of =sodium hydroxide, methylmercury
was extracted from an aliguet of the soclution into toluene and, after
parification, a small volume was injected into a chromatographic column filled
with polyethylene glycol succinate on Diatomite AW. Methylmercury in the
gaseous mixture was detected with an election capture detection, and its
amount determined by comparing the peak height with those of appropriate
standards. For determination of selenium, the samples were first ashed with
magnesium nitrate. The principle invelved the reaction of 4-nitro-1,2-
diaminobenzene with Selenium IV to give S-nitro=2,1,3-penzoselencdiazole
extractable 1into toluene or benzene. Selenium in the soluent phase was
determined by gas liquid chromatography using an electron capture detector.

All three determinations are described in detzail in a reference method
specially developed for use in the project,
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Table 1

RECORDING FORM FOR HAIR SAMPLING

To be completed by the persen collecting hair samples:

1. Sample code: Sampling date: ..eseecccciicssassraraan-
e eacissmsrsmramemesataane Sample
LaKEN DY: cassvrvscnsmvsasasnnnn
LoCALion? siiasssssrsasnannnnn crresrans
InStitubion: .--civsssrrrnsrrrrnascasass

2. Data on donor:

Names .--c-c-civssasssnsvmmnannassas

Date of Births ... ciissonnnannaus
S@X2 cniviissssnarrsnmmnnsibstsnaa

Occupation: ccciriasssrrrmnssssssn
Enmployments ..c-ucivissassnrorvnnn

3. Data on hair:
Cﬂlour: O N RN

Type: g S A A T S
Treatment®;

N e E R N R N N R N N

4, Data on exposure’™r:
cPype Of 5e8f0082 tanwreceessasssnarnrransossvasassrrmmoso o sssssren
OFigINg seuvenmcssonsssansnrsroatssassassnsvsnssmntvissossasssarannnss

Amounts consumed: dailv: +seere----u. Weekly: ....-.... e

X Enguire about, and record any special treatment applied to the sealp/hailr

during recent months such as medicated shampoos (Selsunl}, dyes,
ointments, perm.

xx Data on exposure may be taken from the dietary survey if available, or

obtained by interviewing the donor during sampling.

To be completed by the analyst:

Sample received OfN! ssrsn-c-ccssssssnsenan
Quantity grams? .c-cccvisssssssssrrsnnnnnns
Analysed £Or:i sveavrscvsssasssansrnmmusanas
Analysis completed ON: cieeesnssraarnmn=nnn

Results: MEHG?: -cccviuasesnss HIZ cuoiiiiiaanans S8 couveuvannrasn

Signature of the responsible analyst: ..eseesvsannaracans s st EE A araaaa
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J. RESULTS

The results of the analyses were transmitted back to the principal
investigators in institutes participating in the project, for correlation with
other data {seafoocd analysis and dietary surveys). Detailed individual
results (levels of total mercury, methylmercury and selenium) for the Greaek,
Italian and Yugoslav population groups are given in Tables 2, 23 and 4
respectively.

Frequency distributions of hair mercury levels (total mercury and
methylmercury) for the three groups are shown in Figures 1, 2 and 3, and
frequency distributions of the methylmercury percentage of the total mercury
hair content in each group are shown in Figures 4, 5 and 6.

Statistical analysis of the results, including correlation with data

obtained from other components of the project, were performed by the
Institutions providing the hair samples.

Table 2

Methylmercury, total mercury and selenium hair levels in Greek
population group (N = 140)

Sample CH3Hg+ Hg tetal Be Sample CH3Hg+ Hg total Se
No. (ug gt (ag g~5)  (ug g7h) No. (ug g~t (ug g~y (ug o=t
L 0.57 0.89 71 0.65 1.25
2 0.80 3.88 72 0.20 .94
3 Q.60 0.92 73 0.33 0.83
4 1.05 1.19 Q.50 74 0,55 0.95
5 0,44 0.92 73 0.15 0.55%

6 0.62 0.928 76 Q.40 0.90
7 0.59 l.59 77 0.44 1.53
8 0.39 0.85 78 .15 0.51
] L.59 2.02 0.43 79 0.22 0.90
1aq 1.28 1.20 0.27 aa 0.54 0.72
11 06.90 1.68 0.46 81 0.50 1.10
12 0.792 1.70 0.36 a2 1.73 2.358
13 0.25 0.69 0.31L a3 0.17 0.60
14 1.42 2.62 0.59 84 0.26 1.40
15 0.61 1.85 0.36 85 0.09 1.80
16 0.49 .50 0. 38 26 Q.42 0.76
17 1.00 1.1l .44 87 0.25 1.02
18 0.47 0.82 88 0.51 1.19
19 0.27 0.48 B9 0.58& * 2.15
20 0.39 0.72 90 0.27 0.90
21 0.39 0.78 91 0.10 1.17
22 l.00 1.28 0.51 92 0.45 1.5%0
23 0.82 %.09 0.46 93 4,Ll5*% 3.82 0.42
24 d.99 2.54 0.33 94 0.75 1.19 .50
25 0.56 0.92 a5 0.50 0.26
26 0.85 1.07 96 1.81 3.00 0.44
27 0.57 4.03 0.48 97 (.54 1.38
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Tabhle 2 {Continued)
Sample CH3Hg Hy total Se Sample CEyiHg Bg total Se
Ne. (ug g7t (ug g~ %) (ug g™ Mo,  {(ug g~ ug g~ 1) (ug g~
28 0.60 0,80 98 0.25 0.47
29 Q.60 0.62 29 0.38 0.68
30 Q.58 0.70 100 0.34 0.85
31 0.83 1.12 0.42 101 0.32 0.56
32 0.93 l.58 0.33 102 0.1l5 0.30
33 0.24 0.45 103 0.61 1.06
34 1.04 1.10 0.42 104 0.84 0.51
35 0.24 1.05 105 0.46 .78
36 0.37 0.77 1086 0.1%9 0.40
37 0.54 0.75 107 0.43 0.67
38 0.43 0.75 108 0.90 .93 0.37
39 0.32 0.45 109 1.01* 0.95
40 0.62 0.79 110 0.33 ¢.71
41 1.65 1.67 0.42 111 0.29 1.13
42 0.69 0.78 112 0.81* 0.52.42
43 1.31 1.45 113 d.88 l1.06 0.41
44 1.14 1.14 0.39 114 3.21 3.80
45 0.23 0.43 115 2.69 2.90 0.35
46 0.27 0.432 1le 0.16 0.56
47 0.44 0.81 117 0.55 1.949
48 0-.43 d.63 118 0.42 0.45
49 0.48 0.9l 119 1.11 1.40 0.56
50 1.11 1-41 0.47 120 0.85 1.60
51 1.42 1.78 0.54 121 4,38% 4,29 0.51
52 Q.59 1.24 122 3.59 4.20 0.56
53 0.36 0.53 123 35.96 37.51 0.74
54 0.20 0.38 124 0.55 .73
23 0.33 0.56 125 2. 30 2.74 0.582
56 0.863 0.83 126 1.12 1.93 0.43
57 0.67 0.92 ‘ 127 2.92 3.04 0.52
58 0.53 0.98 122 2.53 2.59 ¢.47
59 1.43 1.43 0.38 129 1.%98 2.07 0.42
(:14) 1.19 1.13 0.42 130 2.11 2.23 0.48
61 0.73 1.10 131 0.85 1.29
62 0.50 0.69 132 0.45 4.71
63 1.06 1.40Q 0.40 133 0.37 0.71
64 0.49 0.64 134 0.4l Q.85
G5 0.37 0.45 L35 0.83 0.87
66 0.52 0.66 136 0.32 L1.13
67 2.17*% 1.91 0.45 137 0.42 .86
68 0.49 1.01 0.32 138 0.55 1.42
69 0.55 0.77 139 0.70 Z2.86
70 0.30 0.40 140 0.55 .97

* yariation in the results was shown to be mainly due to the unhomogeneity
of the sample
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Table 13

Methylmercury, total mercury and selenium hair levels in Italian population
group (N = 1490). OMS = non-seafood eating contrels, SA = adult Eishermen

Sample Hy total MaHg Sample Hg total MeHg
No. ug Hy g“l ugMeHg g'l No., ugHg g"l ugMeHg g‘l

oMs 1 2.97 2.10 sa l 6.82 6.17*
oMs 2 0.74 0.48 3A 2 3.58 3.45
M5 3 1,22 0.84 SA 3 29.66 25.31
omMs 4 0.58 0.44 5A 4 24,786 15.78%
oMS 5 0.58 0.34 SA 5 8.99 6.34
0,8 6 1.53 0.86* SA 6 16.04 14.09
oMs 7 0.26 0.20 SA 7 22,42 21.79
oMs a8 0.76 Q.72

oMs 9 2.07 l.64

aMs 10 0.76 0.51

oMs 11 0.35 .17

OMs 12 1.01 0.85

oMS 13 1.84 1.53*

oMs 14 0.81 0.81*

oMs 15 0.91 0.432

oMs 16 2.59 1.31

oMs 17 0.84 0.50

OMS 18 1.15 0.68

oMs 19 0.45 0.30

* foo small an amount of hair to permit replicate determination in
independent aligquots
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Table 4

Methylmercury, total mercury and selenium hair levels in Yugoslav
population group (N = 84)

Sample Hg Total — MeHy Selenium Sample Hg Total — MeHg Selenium
Ne.  ugHy ™1 ugMeHg g7l ugSe g7+ No.  ughHg g~1  ugMerg g7l  ugse g7l
1 1.67 1.346 0.41 43 2.27 2.00 0.34
2 3.481 3.24 0.38 44 0.78 0.64
3 3.24 2.40 45 0.638 0.58
4 1.43 1.17 46 0.858 0.64
5 1.17 L.Q7 0.42 47 0.58 0.28
2 2.74 2.58 0.42 48 0.53 0.41
7 1.19 1.09 0.38 49 0.41 0.37
8 0.866 0.56 EQ 2.58 2.28
9 1.3] 1.04 G.37 51 0.81 0.54
10 1.44 1.31 52 1.38 1.35
11 1.08 d.97 53 1.38 1.35
1z 0.33 0.32 54 1.0L 0.76

13 0.10 ¢g.09 33 3.04 2.48 0.33
14 0.30 0.49 56 1.78 l.52
135 1.37 0.77 37 0.58 0.21
1g 1.29 0.93 58 L.57 0.94
17 0.54 0.50 59 2.62 1.8% 0.29
18 0.82 .66 60 1.52 l.00C
lg 1.18 1.04 6l 2.36 1.7&
20 0.32 .22 62 2.52 2.02
21l 0.10 0.10 63 2.13 1.02
22 0.66 Q.53 64 3.51 2.32
23 0.81 g.72 65 3.75 3.35
24 1.10 g.39 66 1.65 1.40
23 Q.46 0.24 87 2.08 1.74
26 4.90 1.34 68 1.84 1.75
27 3.61 2.683 0.3e 69 2.59 2.03
28 0.52 0.44 70 0.83 0.58
29 3.30 3.90 G.35 71 1.34 1.33
30 l.68 1,58 72 0.57 0.45
31 2.45 2.35 0.42 73 2.32 1.95
32 1.85 1.22 74 4.72 3.14
33 0.82 0.66 75 2.18 1.86
34 1.65 l.48 76 7.40 7-09
35 2.26 2.06 0.45 77 4.60 3.71
36 1.73 1.70 78 5.50 4.46
37 3.75 3.62 0.33 79 2.79 1.95
38 3.85 3.47 0.34 80 2.94 2.36
39 1.58 1.54 81 5.10 4.52
40 3.06 2.30 0.33 g2 1.75 1.386
41 1.21 0.93 83 4.80 4.73

42 4.11 3.70 0.35 34 2.30 1.90
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Fig.4 Frequengy distribution of methylmercury percentage of total mercury
hair content in Greek population group (N = 140).
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Fig.5 Freguency distribution of methylmercury percentage of total mercury
hair content in Italian population group (N = 26).
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Fig.6 Frequenecy distribution of methylmercury percentage of total mercury
hair content in Yugeoslav population group (N = 140).
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