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Resum~

Une enqu~te pilote fut conduite sur 3 sites oStlers italiens afin d'evaluer l'adsorption de Kg par les
populations ayant une consommation de fruits de mer au-dessus de 1a moyenne, les fruits de mer etant 1a
source majeure de mercure. L'echantillon etait constitue de 638 personnes dans un groupe a'age compris
entre 0 et 85, des deux sexes. I1s appartenaient a 162 familIes dont la moitie etaient desp@cheurs.

Les informations sur la consommation individuelle de fruits de mer pendant une periode de 20 jours
furent confrontees avec des donnees analytiques sur les niveaux de Hg dans les poissons et les especes
invertebrees. Au moyen de modeles de simulation sur les risques des consommateurs l Ie mercure absorbe a
ete estime et compare avec l'ingestion journaliere courarnment acceptable (acceptable daily intake I ADI).

Un haut pourcentage des personnes excedaient cette quantite (ADI)I et parmi eux beaucoup d1enfants. II
est etabli pour des popUlations hurnaines que Ie ADI correspond a 10% de la dose ingeree associee avec les
premiers effets dans Ie groupe Ie plus sensible de la populationadulte. Bien qu'excedant Ie ADI I tous les
individus ont une ingestion-se trouvant dans cette marge de securite.

Abstract

A pilot enquiry was carried out in three Italian coastAl sites to assess the mercury intake in
popUlations with an above-average seafood consumption, seafood being the major source of mercury. The
panel comprised 638 subjects in the age range of between 0 and 85 years of both sexes. They pertained to
162 families, about half of which were fishermen's. Information on individual seafood consumption over a
period of 20 days was matched with analytical data on mercury levels in the fish and invertebrate species.
By means of a consumer risk simulation model, the estimated mercury intake was compared with the current
acceptable daily intake (ADI).

A high percentage of the panelists exceeded their individual ADI, among whom were many children. The
ADI established for human populations is 10% of the intake associated with the earliest effects in the most
sensitive group in the adult population. Though exceeding their ADI I all panellists bad an intake within
this 10-fold "safety margin".

•
••

Introduction

The casualties of mercury poisoning after comsurnption of seafood contaminated by industrial discharge
in Japan in 1953 - 1960 in Minamata and again in 1964.~ 19654 in Niigata, stirred up considerable public
concern (see DOl and UI, 1975, TSUBAKI and IRUKAYAMA, 1977). Even more dramatic were the outbreaks of
methylmercury poisoning in Iraq in 19561 1960 and 1971 1 when treated seed grain was used for the
preparation of homemade bread (CLARKSON et al., 1976; for health effects see GATTI et al. 1 1979; PIOTROWSKI
and INSKIPI 1981). --- ---

V!U Ioumees Etud. Pollutions, Cannes, C.I.E.S.M. (1982).
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This triggered an ever-increasing number of investigations on levels of total mercury and methylmercury
in foodstuffs, in freshwater and marine organisms, in seabirds (WESTOO, 1969, JERNELOV and LANN, 1971,
SUZUKI et al., 1980, AlCIELASZEK and HAINES, 1981, RAMOS et al., 1979, BACCI and RENZONI, 19731 STOEPPLER et
al., 1979, DENTON and BRECK, 1981, RATKOWSKI et al., 19751 ESTABLIER, 1973, GILLES et al., 1974, GOCHFELD:­
1980, review by HOLDEN, 1973). It became qui~ar that, disregarding occupatio~sureand
poisoning from treated seeds not meant for human consumption, the principal way of human mercury intake is
via consumption of seafood and exposed freshwater fish (WESTOO, 1969, BACCI et al., 1976, PACCAGNELLA and
PRATI, 1974; CLEMENTE et al., 1977 and MARIANI et al., 1980, produce indirecteVIdence in their comparison
of dietary mercury intake between population groups in the cinnabar-rich Monte Amiata region and "controls"
in Italian sites unexposed to mercury). The dominant part (in fact up to 100%) is the more poisonous
methylmercury (for an overview see Working Group on Mercury in Fish, Australia, 1980). This made a number
of governments impose legal action levels of fishery products locally caught and/or imported and marketed
(Working Group on Mercury in Fish, Australia, 1980). Likewise, in view of often high mercury levels in
certain species such as swordfish and tuna (PETERSON et a1., 1973; BECKETT and FREEMAN, 1974J ARIMA and
UMEMOTO, 1976; OFFICER and RYTHER, 1981), national aU~ies set up expert panels to investigate the
extent of the mercury problem in their country (Swedish Expert Group, 1971; NOAA/NMFS, 1978 WHEATLEY
~!l:., 1979; Working Group on Mercury in Fish, Australia, 1980).

While at first glance legal action levels are an attractive management tool, they suffer from serious
disadvantages and might even create new problems.

Enforcement requires an expensive market surveillance system to withdraw from the market a reasonably
high percentage of fish not complying with the legal limit and the capacity to control the country's
fishing operations for certain areas, species or sizes of fish, should sections of the national fish
production exceed the action level.

Inasmuch as industrial mercury discharge is the major source of contamination in some areas, the
establishment only of such action levels in edible aquatic organisms might well ruin a fishery but would
not necessarily exert pressure towards a maximum control of the industry since straightforward losses in
fish tend to be quite inferior to any claims by industry.

Action levels varying from one country to the other erect barriers and result in additional coston
both the exporter's and the importer's side.

Individuals with easy direct access to the resources will not be protected.

They are an indirect tool since they do not apply to the human mercury intake, which is a function of
seafood consumption~ mercury levels in fish.

Thus, to decide on any management scheme or modification of existing ones, the extent of the problems
needs to be assessed, or, in other words, unless the scale of the mercury problem is known, proper
counter~action cannot be taken. It obviously makes quite a difference whether a small community of, say,
the Carloforte size (see PACCAGNELLA~, 1974) or larger segments of a national population are at risk.

Mercury levels in fish tend to be higher in the Mediterranean as compared to other seas (THIBAUD, 1971;
CUMONT et al., 1975; BERNHARD, 1978. FAO MED POL II, 1980) a finding that might be associated with the
mercury anomaly in the Mediterranean basin, where 65% of world resources and about 50% of world extraction
activities are located (BRINCK and VAN WANBEKE, 1974) and where weathering and above-average seismic
activity release mercury to the atmosphere that wil1\find its way to the aquatic environment and eventually
its organisms. That is why we selected Italy for our pilot study to estimate the chance of seafood
consumers exceeding their individual allowable daily mercury intake.

Several previous studies tackled the question from the human health point of view, laying emphasis on
the analyses of mercury in hair and/or blood of fish-eating subjects; the reluctance of individuals to
participate in such exercises, and the cost and infrastru~ture requirements, however, reduce their coverage
to relatively few subjects (GRAS and MONDAIN, 1980; BACCI et al., 1976; PACCAGNELLA and PRATI, 1974;
ASTIER-DUMAS and CUMONT, 1975), while we attempted to record fish consumption more specifically and have a
broader participation.
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Outline of the pilot study

Two sets of data were required to estimate mercury intake, the individual consumption of seafood in a
given period of time and the body burden of mercury in such organisms. The latter, or first data base, is
founded to a great extent on data collected and quality-assessed within the framework of the FAO(GFCM)/UNEP
eo-ordinated Pilot Project, Baseline Studies and Monitoring of Heavy Metals, particularly MED II, in which
some 32 institutes all around the Mediterranean participated. Out of a total of 5,875 data lines, 4,672
are based on MED II. Due to the very nature of the project its main effort was directed towards analysis
of mercury in four mandatory species standing for certain ecotopes. the bluefin tuna (Tbunnus thynnus
thynnus) or the swordfish (Xiphias g!adius) as representatives of the pelagic migratory species and
predators high up in the food-chain; the striped mullet (Mullus barbatus or, in some areas, Mullus
surmuletus) as the exponent of small coastal fish, feeding mostly on benthic invertebrates ~her less
migratory, and the Mediterranean blue mussel (Mytilus qalloprovincialis) for sessile filter-feeding
organisms likely to reflect most closely the local situation. Many institutes sampled and analysed
additional species but in reduced number. It is here assumed that the mercury levels encountered in the
specimens analysed do not differ significantly from those in seafood in the market place, even though there
might have been an inherent tendency in the MED POL project to sample particUlarly polluted areas.
However, clean "reference stations" were also sampled, and the resulting distribution of contaminant levels
is not bimodal.

A great amount of analytical data on locally-commercialized fish and invertebrate species was
additionally accessed in the files of the Italian Ministry of Health with reference to market samples
processed by the respective Health Service and Veterinary Laboratories (Ministero della Sanita, pers.
comm.). Finally, we drew upon data published in the scientific literature that were not submitted to the
MED II pilot project (CAVIGLIA and CUGURRA, 1978; MARINI et al., 19781 MAJORI et al., 19781 MAJORI et al.,
1978a, PERNA et,al., 1971; YANNAI and SACHS, 1978). The majority are data on~ in fish from~
marketl trout data, however, stem from fish sampled in an area particularly rich in cinnabar bedrock and
thus average too high even though freshwater fish tend to have elevated levels. These data were therefore
optionally ,substituted by trout data from th~ USA (NOAA!NMFS, 1980). In the context of this study 95% of
mercury was assumed to be methylmercury (see, for instance, BACCI et al., 1976, Working 'Group on Mercury in
Fish, Australia, 1980). ---

The total of data lines derived from sources other than MED II was 1,203. Several of these were mean
values from many individual determinations rather than single analyses, as was mostly the case in MED II.
Thus, in order to avoid a bias, the data were weighted with respect to the number of samples they were
based on.

The geographical distribution of the information on mercury in seafood was coded according to that
adopted for the catch and landing statistics by FAO's General Fisheries Council for the Mediterranean.

The second data base had to be created by us on the basis of a pilot enquiry on seafood consumption
since the regular nutritional surveys are not specific enough in distinguishing fish (at best categorized
as shellfish, finfish, fresh, frozen and canned, but not breaking these down into species). Mercury levels
in species, however, vary considerably (see Table 3). On the basis,of an average per caput fish
consumption in Italy of 12.5 kg per year in terms of live weight (Standardized Food Balance Sheets, FAO,
Rome, Fisheries Department, Policy and Planning Division, unpubl.) and the assumption of fish consumption
being relative to the composition of supply on the national market (FAO, 19811 GFCM/CGPM, 1980) the average
daily mercury intake would be estimated at 7.8 ~g per person. This value might serve as an indication that
the Italian population in general can be considered not at risk of exceeding the FAO!WHO established
provisional tolerable weekly intake (PTWI)(WHO, 1976) equivalent to a daily intake of about 28.6 ~g of
methylmercury for a "standard person" weighing 70 kg. This holds at least for the adult population.
However, there are groups of the population, particularly those with easy,access to the resource, that will
have an above-average consumption. Among these one might expect.

fishermen and their families,
workers in fish processing plants and their families,
fish vendors and their families,
people living in coastal villages, particularly those with fish landing places,
people near "hot spot" areas of pollution (i.e. chloralkali plants).

Consequently, our pilot study was directed towards such individuals or population groups whom we
assumed to have an elevated seafood consumption, preferably of Mediterranean fish and shellfish. As a
first step we intended to establish whether such subjects could be identified and, if so, what would be
their percentage within the "easy-access" group. In this phase, due to the limited resources at our
disposal, no attention was paid to the representativeness of the panel thus selected for any social stratum
in Italy.
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'l'able 1. Factors to break down the family meal calculated
from ener9Y requirements by sex and age groups

Age .(years) Male Female

1 - 6 0.51 0.51

7 - 12 0.76 0.74

13 - 19 0.9B 0.82

20 - 49 1.00 0.72

50 - 69 0.87 0.63

p70 0.72 0.52

Table 2. Factors to break down the family meal calculated
from average size in the US by sex and age groups

Age (years) Male Female

1 - 5 0.42 0.42

6 -11 0.60 0.60

12 - 17 0.83 0.63

1. - 54 1.00 0.79

55 - 75 1.01 0.82

>75 1.14 0.88

Within 162 families, a total of 638 individuals between 0 and 85 years of age of both sexes'had their
seafood consumption reported during each of the meals for 20 days. Out of this total, 302 were females and
336 males.

COntacts were established with the help of fishermen's co~peratives and local medical doctors. With
the assistance,of these generally trusted persons, a high percentage of families approached eventually
participated in the enquiry, major difficulties being faced only in Fiumicino. Usually, a first interview
was made in the presence of a resident in the area helping in the study to overcome the initial diffidence
towards potential abuse for tax purposes of information gathered. In this interview the scope of the study
was laid out, and the mode of filling the questionnaires left with the family explained. On this occasion,
some socio-econorntc background data were asked, plus information on dietary habits. Whenever possible, the
local assistant would later return to help fill in the questionnaire before collection at the end of the
sampling period. This period extended from early February through March 19-80 in Marina di Ravenna, from-8
March to 20 May in Fiumlcino, and from 10 June through 12 July in Bagnara Calabra. About half of the
families were fishermen's. When feasible, fishermen were asked to fill the questionnaires while on board.

During the enquiry at Ravenna, due to a nationwide strike of -fishermen, fish was not as abundant on the
market as usual. According to estimates of locals this further depresssed availability of fish, anayway
tending to be lower during winter due to adverse meteorological conditions.

Consumer-risk simulation model

The two sets of data mentioned above are suitably interrelated in a consumer-risk simulation model
estimating the individual mercury intake from a given seafood consumption. This model has been developed
by the USNMFS in response to the Food and Drug Adminstration's Federal Register Notice on mercury
(NOAAjNMFS, 1978) and has been kindly made accessible to us to be adapted and rUn on the IBM system of
FAD's Fishery Information, Data and Statistics Service. (Detailed information on the original version of
the model is included in NOAA/NMFS, 1980).

The first module contains information on species of fish, area and month of sampling, weight, number of
analyses and contaminant level per unit wet weight. Contaminant data in each species are repesented by a
lognormal distribution. In this module the mercury levels\in every single fish sample are compared with
the legal action level, the ones complying being automatically considered for the calculation of the
average for a given species or group of species. The samples with mercury levels exceeding the action
level are picked out by means of a random number generator, for consideration in average calculation or
aiscarded in relation to the enforcement level to portray the efficiency of market control systems
identifying and eliminating unfit commodities. Should there be marked differences, species can be
considered by region or by season to simulate intake as closely as possible. In those species in which a
correlation between size (weight) and mercury level is known to exist, this can also be accounted for. In
case of insufficient data or under-representation of a species in the analyses, as compared to its share in
the landings, the model provides for substitution of one species by another or a mixture of several other
species. This was used in cases of less than 20 records per species, the whiting (Merlangius merlangus),
for instance, was substituted by a species mix of whiting (8%), European hake (Merlucc!us merluccis, 60%),
poutassou (Micramesistius poutassou, 30%) and unspecified gadoids (2%).



Table III

Mercury levels. edible part and relative importance of species consumed during the enquiry

Mercury content in Relative ~portance of species among

edible part of species Edible part panelists during the enquiry

(mg/kg fresh weight = ppm) (in % of expressed as consumption (edible part)
total fresh Species per person and meal in grams.

weight or of (scientific name) Frequency of meals (over a 20-day period)
Number commodity on in brackets

of records x S.D. the market)
on file Ravenna Fiumicino Bagnara

86 2 0 • 05 0.05 3 70 Atburnus atbul'nus 117.33 (3)
51 1 0.17 0.17 5 90 Anguitta anguitta 191 .19 (32) 115.96 (28)

10 468 1 0. 30 0.41 3 20 Aporvhais pes peZiaani 39.67 (3) 30.80 (10)
3 567 1 0.35 ' 0.62 3 80 APgyl'osoma l'egium 160.00 (2)

162 1 0.16 0.12 3 70 A1'nogZossus tatel'na 182.83 (12)
54 0.11 0.01 4 100 Atherina.hepsetus 222.00 (2) 130.55 (33)

2 651 1 0.70 0.89 3 80 Auris tlzasa:l'd 104.00 (20)
147 0.17 0.09 4 90 Boops sp. 126.27 [97)

61 1.38 0.91 ' 30 CaUinectes sapidus 95.67 (18) 40.29 (7)
10 468 1 0 . 30 0.41 7 15 Chtamys sp. 37.50 (4) 17.77 (26)

33 ' 0 • 24 0.13 465 Dentez dentex 162.50 (4)
74 1 0• 22 0.09 4 54 Diaentrar-chu.s Zahl'a:.rJ 161 .80 (5) 101 .71 (153) 61.85 [13 )
60 0.09 0.05 3 50 DipZ.odus sp. 120.06 [52) 62.41 [17)

365 0.39 0.33 3 15 'Don.ax trunau l-us 17.63 (38)
1 426 0.14 0.07 4 75 EngrauZis encl'asiaoZus 99.38 (45) 107.64 (14) 115.90 (103)

74 1 0. 22 0.09 4 68 Epinephel.us guaza 204.00 (8)
2 651 1 0.70 0.69 <I 70 EUthunnus aZZetteratus 99.71 (7)
4 746 0.24 0.39 3 85 Gymnamnodytis sp. 66.00 (1 ) 40.33 (6)

529 0.67 0.54 3 70 He::canchus griseus 70.00 (4)
1 009 1 0.85 0.60 3 45 Homarus gammarus 82.00 (2)
4 319 1 0.. 37 0.62 3 80 Lepidopus oaudatus 78.00 (1 ) 141.06 (115)

Species had less than 20 contaminant-level-records and was substituted by species mix
2 Mean. standard deviation and number. of samples taken from NDAA/N'1FS (1960)
<I Source: FAD. Fishery Industries Division (pers. comm.)
4 Carnovale and Miuccio (1979)
5 Horne and Birnie (1970)
6 Zaitsev et a1. (1969)
7 . ---Waterman. n.d.
S Hardy and Smith (1970)
9 Torry Research Station. n.d.

continued

i)!



Table III (continued)

Mercury content in Relative importance of species among
Edible part panelists during the enquiryedible part of species

(in %of expressed as consumption (edible part)(mg/kg fresh weight = ppm)
total fresh Species per person and meal in grams.

weight or of (scientific name) Frequency of meals (over a 20-day period)
Number commodity on in brackets

of records x S.D. the market)
on file -

Ravenna Fiumicino Bagnara

603 1 0 . 21 0.10 ' 70 Lithognatus momyrus 103.67 (9)
50 0.14 0.04 4 65 LoZiga sp. 105.81 (47) 104.25 (68) 71.36 (176)
62 0.17 0.09 ' 70 Maena sp. 96.29 (269)

319 1 0 . 25 0.27 ' 70 Mel'Za:ngius mel'Zcmgus 171 .90 (69) 121.54 (220)
273 0.33 0.32 ' 70 Mel'Zuoaius mel'Zuooius 117.50 (8) 139.73 (532) 94.49 (68)
319 1 0.25 0.27 ' 65 Miol'omesistius .poutassou 131.53 (17) 122.31 (88) 61.40 [10)

4 746 1.0.24 0.39 ' 90 MoZa mola 163.50 (6)
61 0.08 0.03 ' 64 MuflU cephalus 152.37 (91 ) 117.24 [37) 58.50 (2)

137 0.12 0.35 ' 60 MugU sp. 31.20 (5)
7 702 0.20 0.41 4 32 Mytilus sp. 136.82 (109) 76.93 (15 ) 76.11 (132)

999 0.85 0.60 ' 28 Nephrops norvegiaus 35.00 (5) 108.75 (4)
603 1 0.19 0.12 ' 65 ObZada meZanura 87.60 (10)

46 0.18 0.15 ' 90 Ootopus sp. 92.54 [13 ) 156.25 (137) 113.22 (117)
603 1 0.18 0.12 4 70 Pagrus pagrus 89.79 (28)
512 0.35 0.25 ' 45 Parapenaeus Zongi'l'ost'l'is 69.92 (13) 65.04 [135) 54.88 (76)
155 1.71 0.94 ' 20 PateUa sp. 5.00 (2)

83 0.15 0.14 9 45 Penaeus kel'athurus 65.71 [24)
37 0.32 0.12 ' 60 Platichthys [lesus 71.07 [14)

162 1 0.16 0.16 4 55 Psetta maxima 91.33 [3) 154.20 [5)
28 1 0.18 0.08 4 35 Raja astel'ias 210.00 (3)

806 2 0 •05 0.04 ' 90 Salma sa"lar 45.25 (4) 74.83 [6)
456 2 O. 35 0.20 ' 68 Balma tI>utta 204.25 (4)
131 0.19 0.08 4 70 Sardina pilchardus 140.80 (122) 139.97 [271) 103.54 [554)

81 0.27 0.12 4 80 Soombel' sp. 128.30 [23)
2 879 1 0 . 35 0.42 6 75 Soombel'esox Saurus 102.63 (83)

44 0.27 0.06 ' 60 Soorpaena sp. 82.33 (9 ) 172.14 (7) 70.18 (39)
695 1 0.58 0.43 ' 55 SoyZiOl'hinus oaniauZa 82.33 [6) 92.00 (6 )

73 1 0.73 0.92 ' 25 SoyztaPUs aretus 2.00 [2)
95 0.16 0.12 4 50 Sepia offioinaZis 88.87 [86) 93.36 (121) 58.06 [193)
88 0.11 0.08 4 48 SoZea vuZgaI'is 81.80 (84) 78.88 (122) 58.67 (9)

603 1 0 . 18 0.12 4 69 Sparus sp. 92.05 (21 )

continued

a!



Table III (continued)

Mercury content in Relative importance of species among

edible part of species Edible part panelists during the enquiry

(mg/kg fresh weight = ppm) (in %of expressed as consumption (edible part)
total fresh Species per person and meal in grams.

weight or of (scientific name) Frequency of meals (over a 20-day period)
Number cammodity on in brackets

af records x S.D. the market)
on file Ravenna Fiumicino Bagnara

1 0.34
.

10 468 0.51 723 Sphaeronassa mutabiZis 38.25 (20) 69.08 (24)
20 0.09 0.02 3 85 Sprattus sprattus 189.85 1152) 175.91 (35)
56 0.17 0.11 340 Squit'f,a mantis 115.21 (147) 89.21 1109 )
68 0.41 0.58 490 Thunnus aZaZunga 117.43 (367)

1 518 0.64 0.63 490 Thunnus thynnus (fresh) 40.99 (105) 42.25 (63) 88.11 (19)
68 1 0.13 0.06 3 90 Todarodes sagittatus 119.23 (22)

695 1 0.58 0.43 3 45 Torpedo sp .. 68.47 (17)
4 760 I 0.45 0.35 4 45 Trachinus sp. 202.42 (12) 99.67 (3)

193 0.32 0.31 6 75 Tl'aehurus sp. 132.87 (8) 190.44 (108)
35 0.14 0.04 3 50 Trig Za s p. 77.50 (12) 39.86 (7)

243 0.47 0.29 4 60 Upeneus rno Zueeensis 166.67 (3)
10 468 1 0.34 0.51 4 25 Venus sp. 83.22 (123) 33.55 (38)

113 1.51 0.60 3 80 Xiphias gladius 106.52 (699)
4 402 1 0.21 0.46 3 60 Zeus faber 119.83 (6 )

189 0.16 0.10 3 55 Gobiids 77.52 (80) 48.60 (10)
4 015 0.41 0.69 3 60 Mullids 94.05 (39) 95.68 (109) 68.37 (49)

:l



578

Table 4. Group risk of exceeding the AD! at the 5% risk level

Number of persons at 5\ risk
level (in brackets those
whose avera<;re intake Percenta~ of persons

Number of panelists e~ceeded their ADI) at 5% risk level
Group identification on file (fishermen's

relatives in brackets)
R factors S factors R factors S factors

RAVENNA

All panelists l 184 (130) 33 (7) 34 (6) 17.93 18.48

All panelists2 179 (126) 33 (7) 34 (6) 18.44 18.99

Women
2
in childbrearing

41 (28) 5 (1) 6 (1) 12.20 14.63age (16-45 years)

Children2 (I-IO years) 14 (8) 6 (3) 5 (3l 42.86 35.71

Youths2
(ll-IS years) 29 (22) 9 ll) 5 (0) 31.03 17.24

2
(3=-60.yrs) 27 (16) 4 (0) 7 (0) 14.81 25.93Aged persons

FIUMICINO

All panelists l 211 (Ill) 97 (60) 96 (6l) 45.97 45.50

All panelists2 198 (104) 97 (60) 96 (61) 48.99 48.48

Women~ childbearing
44 (24) 21 (I3) 23 (12) 47.63 52.27age (16-45 years)

Children
2

(1-10 years) 32 (18) 20 (15) 20 (14) 62.50 62.50

Youths
2 (11-18 years) 41 (27) 20 (11) 16 (11) 48.78 39.02

2
( ~60 yrs) 14 (4) 4 (3) 3 (21 28.57 21.43Aged persons

BAGNARA

All panelists1 243 (71) 205 (172) 215 (l79) 84.77 88.48

All 'panelists2 237 (66) 205 (172) 215 (179) 86.92 90.72

WO::l~1~~~;~::~~9 53 {IS} 42 (32) 44 (38) 79.25 83.02

Children
2 (1-10 years) 40 ll) 39 (37) 38 (35) 97.50 95.00

Youths
2 (11-18 years) 38 {Ill 33 (25) 33 (22) 86.84 86.84

Aged persons
2 ()..60 yrs) 22 (8) 19 (IS) 22 (18) 86.36 100.00

1 Non-eaters incl.

2 Non-eaters excl.

The second module, pertaining to consumption data, has been split by us into several components. It
calculates the daily intake of mercury per person. The contaminant level in seafood being considered a
lognormal variable, the daily intake is the average of several such independent lognormal variables and
itself believed to have a normal random distribution (NOAA/NMFS, 1980). The allowed daily intake (ADI),
set at 30 pg per 70 kg standard person (total mercury, out of which 95% or approximately 28.6 vg are
methylmercury), is computed once mean and variance have been calculated. If the 95th percentile of the
daily intake distribution is below the ADI, one is 95% confident that the intake is below the allowed
level. In the opposite case, it is concluded that there is a ;>5% risk of exceeding the level allowed.
The model predicts such risk at various confidence levels. The single components of the module comprise
information on the family members participating in the enquiry, such as personal ID, sex, age, weight and
presence at the meals, as well as quantity (expressed as edible weight) and quality of seafood consumed by
the family. Subsequently, the family meal is broken down to the subjects present with a key based on the
energy requirements as established by the Commissione ad hoc della Societa Italiana di Nutrizione Umana
(1977) (Table- 1), later referred to as "R factors". ---

This however, presumably results in an under-estimation of the consumption of aged persons whose
digestive efficiency tends to decline, triggering an increase of ingestion to extract the same amount of
energy. Therefore, in a sub~equent run, the family meal was broken down according to average serving size
for seafood asse~sed in the US that better reflects this phenomenon (quoted in NOAA/NMFS, 1978),
subsequently refe'reed to _as "s factors" (Table 2).
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Quantity, quality and frequency of consumption may then be altered to simulate changes in dietary
habits in response to management decisions, accessibility of the resource and to estimate the role of any
single species or set of species in mercury intake. Likewise, discrete groups of panelists can be defined
and their risk assessed separately, i.e. women in childbearing age. Table 3 lists seafood consumed in the
three selected coastal sites, their relative importance durng the enquiry, their mercury content as
estimated utilizing all records on file, and the percentage of edible parts. Its single elements, except
the figures on edible parts, are produced by the simulation model and were so rearranged only to save
space. The mercury levels given represent weighted averages of all records on file, irrespective of
whether the individual value complied with the 0.7 ppm standard set in Italy or not, as it is only enforced
for imported fish and fish products, and a sizeable portion of the fish was not acquired through market
structures anyway, thus out of the range of any potential food inspection.

Results and discussion

Most results are presented by single site, instead of pooling them because no attempt was made to
gather data representative of the Italian population or sections of it and because different conditons
existed in the three coastal villages in question. In all three sites, average fish consumption appeared
much superior to the overall Italian average when extrapolating from the enquiry period. For all panelists
(eaters and non-eaters) the yearly consumption would then be estimated at 20.0 kg in Ravenna, 24.2 kg in
Fiumicino and 27.1 kg in Bagnara, all expressed as effectively-edible fraction.

Table 4 shows risk levels for separate runs with Sand R factors. Apart from listing how many
panelists out of the total were at risk in anyone place, subsequent runs included only fish eaters, women
in childbearing age (16 to 45 years old), children between 1 and 10 year of age, youths 11 to 18 years old
and aged person (~ 60 years of age). Figures given in this table refer to the 95% confidence limit or, in
other words, to those panelists taking an at least 5% risk of exceeding their ADI. OUt of the total of 638
panelists, 147 had a daily fish consumption inferior to the Italian average (44 in Ravenna, 76 in Fiumicino
and 27 in Bagnara). These include 24 who reported not to have eaten any fish in the period in question or
as always being absent from the family meal and thus appear as non-eaters (5, 13 and 6, respectively).
Forty-nine panelists have a much inferior average fish consumption because they reported being absent from
meals in more than half the cases. From the age and sex structure, it seems that about 23 out of these may
have eaten also outside the home without reporting; their mercury intake, therefore, is likely to have been
under-estimated.

While the breakdown of the family meal to individuals by R factors produces a rapid increase in intake
in children and youths but a decline in aged persons as compared to adult males between 20 and 49 years of
age, S factors "feed" children an inferior portion but increase those of adult women and of aged persons of
both sexes. This is generally more felt in intakes close to the ADI, while the group risk would barely be
modified anyway from intakes well above or below the ADI.

Comparing the three sites, the differences are rather striking I while in Ravenna the average intake of
panelists rarely exceeded their ADI, in Bagnara calabra this was so at least in one memeber out of each
family. This was due to a generally inferior consumption in Ravenna, as well as to the species
composition, favouring species low in mercury. In Bagnara, instead, not only was the quantity offish
consumed higher than in any other place, but a considerable fraction was made up of species of elevated
mercury leveli-such as swordfish. Consumption was also more even in Bagnara, with only about 10% of the
panelists below, the-Italian average. In Fiumicino, on the other hand, though taking an overall
intermediate position, whether in terms of fish consumption or mercury intake, panelists in fact form two
quite distinct groups. This is reflected, for instance, in about 30% of them having a below-average fish
consumption and a relatively high number of non-eaters, with the remainders consequently approaching the
high Bagnara consumption levels. The two groups correspond quite clearly to non-fishermen's and to
fishermen's families, respectively. The former group behaves similarly to Ravenna panelists, while the
latter is closer to Bagnara's. Both being groups of roughly equal size, about 50% of panelists at
Fiumicino (i.e. fishermen and their families) were consequently estimated to exceed their ADI.

While intake and, consequently, group risks seem very high as compared to what might be expected in the
"average" population (NOAA/NMFS, 1978), in Fiumicino the enquiry hit the period of maximum fish landings
and in Bagnara the peak of the swordfish season, which will tend to enhance fish consumption. Comparison
of species composition of the diet with the monthly market statistics in the regions to wnich the coastal
sites we selected pertain (Emilia-Romagna, Lazio and Calabria) (Istituto Centrale di Statistica, 1981)
shows the best agreement in terms of abundance on the market and the frequency of consumption during the
enquiry for Ravenna and a bit less for Fiumicino. The consumption pattern in Bagnara seems more
independent from offer on the markets in calabria. In all three places, though anchovy was much more
abundantly marketed, sardines were favoured as food. Thus, consumption as assessed in Ravenna may be
considered slightly underestimated, while in Fiumicino and Bagnara it may have been overestimated.
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In Bagnara, in particular, swordfish is abundant three months of the year and during this'period it was
consumed by the panelists at an average of about one meal per week. At a serving size of 106.5 g, this
alone would make up for the allowable intake of a 54 kg person for one week. At the same time, small tuna
contribute considerably to the diet in this place. In fact, both these species figures among the "top ten"
food species, eaten by 243 and 106 panelists respectively. Sardines (Sardina) and cuttlefish (Sepia)
figured on places 1 and 2 of the hit list, included in the diet of 390 and 319 panelists respectively_
Squid (Loligo) and European hake (Merlucc!us) with 228 and 223 panelists, follow. The other four species
were octopus (221 panelists), whiting (Merlanqius, 214), deepwater pink shrimp (Parapenaeus, 187) -and
mantis shrimp (Sguilla, 179). Other species, also quantitativelY important, though eaten by a slighly
inferior number of panelists, included blue mussel (Mfti1us, 178), picarel (~, 178), sprat and small
unidentified clupeids ("SPrattus", 131) pilchard (Enqrau1is, 127) and horse mackerel (Trachurus, 62).

With these considerations in mind, mercury intake levels still remain high, particularly in the "easy
access" group of fishermen and their families. It must not be expected, though, that subjects exceeding
their ADI- necessarily display clinical symptoms such as paraesthesia, since the ADI as fixed for humans
involves a tenfold safety margin. This implies that only with a long-term intake 10 times higher than the
tolerable one, prevalence of early symptoms was to be expected in 5% of the population, the so-called most
sensitive group (WHO, 1976). However, the maximum average intake (R factors) during our enquiry was 8.6
times the ADI in a three year old child. Several children exceeded their ADI five to six times while
adults seldom had intakes up to four times their ADI. Thus children appear particularly vulnerable. The
second group of concern are unborn babies, in view of the high number of women of childbearing age that
actually exceeded their ADI in connexion with the findings of MARSH~ (1977) revealing a correlation
between peak concentrations (intake) of methylmercury during pregnancy and the neurological and
developmental effects observed in exposed infants in Iraq (see also PIOTROWSKI and INSKIP, 1981). We have
no evidence of pregnant panelists but the mercury intake levels of women in the age group 16 to 45 suggest
potential hazards.

Unfortunately, at this stage, we did not have the means for parallel medical observations to verify our
estimates and compare them with blood and hair analysis or through medical examination. RIOLFATII- (1977),
in analysing blood of 52 adults in Reggio calabria, 20 of which reported having eaten fish three to more
than four times a week, yielded two subjects within the range associated with the earliest effects and six
very close to it, although no such effects were found.

PACCAGNELLA et al. (1974), in their study in Carloforte, a fishing village on a small island south of
Sardinia, where ~onsumption averages 3.8 meals per week, report mercury levels in hair and blood
mostly inferior to the critical but above the recommended tolerable ones in 65% and 87% of the cases
respectively. They found a significant positive correlation between hair or blood mercury levels and age
of both sexes except for blood levels in f~ma1es. No blood samples were taken from children, but
mercury-in-hair levels averaged lower than that of adults. Fourteen out of 188 medically-examined
individuals, or 7.4%, displayed neurological defects as compared to 6.6% in the rural popUlation of two
villages near Padua, northern ItalYI one was a 10-year old child.

In 1974, a "hot-SpOt" area near Livorno, in northern Italy, was investigated by BACCI~ (1976).
Mercury levels in fish captured by the artisana1 fisheries near the discharge of a chlor-alka1i plant
averaged 2.1 mg/kg. Fish consumption peaked in summer with 12 of the 20 adult panelists eating fish more
than four times per week. In the July sample, mercury levels in the erythrocyte fraction of the blood of
17 individuals exceeded the recommended level and one subject was in the critical range, but no
neurological effects were detected. Reduced fish consumption during the winter, on the other hand, was
subsequently reflected in lower blood levels. Even though no intake was estimated nor the weight of the
panelists given so that direct comparison cannot be made, it seems that mercury intake in the individuals
most frequently eating fish will have been roughly double the highest one in Bagnara.

Conclusions and future research needs

From the above it appears that there is a sizeable number of persons in the three selected Italian
fishing villages that exceed their allowable daily intake of mercury, partiCUlarly in Bagnara calabra
where, due to the structur~ of the fisheries and the catch composition, more species with high mercury
levels are consumed and quantitatively more fish was eaten than in other places. While it appears that
many adult panelists "consume" their safety margin by exceeding their ADI up to about four times, this fact
in itself must not stir up overreactions. There are two groups, however, that require further attention I

children, seeming to be particularly vulnerable since their mercury intake in relation to their body weight
is frequently superior to that of adults, and women in childbearing age, often exceeding their ADI, because
of the risks for prenatal life associated with peak mercury intakes, especially in the brain formation
period.
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For the coastal population in general it should of course be borne in mind that, despite our
identifying exposed subjects, the outcome of this pilot study is barely quantitative. The tentative
results need to be evaluated in the light of a general disclaimer determined by the limited resources at
our disposal.

1. Only gross weight of fish was reported, obliging us to apply conversion factors to estimate the edible
part. But the effectively consumed one will also be influenced by preference for, value and availability of
the species.

2. A related problem is the reporting by family rather than by individual, introducing additional
imprecision, particularly for small number of panelists.

3. As mentioned before, almost exclusive family reporting had the other disadvantage of leaving
unaccounted for any fish meals family members might have taken outside the home, consequently
under-estimating their mercury intake. On the other hand, family members may ~ave been reported as absent
from the meal with the total quantity being distributed among the rest of the family by the model while, in
fact, they might have been served their portion upon return. In such a case, the absent subject would have
an intake inferior to the real one, while that of the other family members would be over-estimated.

4. Furthermore it would be desirable to check on how closely the mercury-in-fish data set portrays the
true intake

a. with respect to species that were substituted for by mixes of similar species, and

b. to what extent the panelists were "fed" fish from other parts of the Mediterranean.

5. Just another aspect not accounted for satisfactorily in our pilot study is the seasonality in fish
availability, and thus consumption, in a situation where fresh fish is consumed, and canned or otherwise
preserved fish products play a negligible role.

with this evidence of a potential mercury problem, future research should concentrate on a
representative study of the whole coastal population to estimate. the scale of the problem which, in turn,
will have a bearing on the measures adopted to tackle it. This could suitably be done by institutions
specialized in surveys such as the National Statistical Surveyor Nutritional Authorities, perhaps with the
assistance of public health institutions. One, although expensive, way to overcome some of the
above-mentioned shortfalls in relation to the reliability of individual data would be a duplicate diet
study such as the one carried out in fishing communities around the northeastern Irish Sea (HAXTON et al.,
1979). This would not only help to determine the exact individual consumption, thus avoiding point~d
2 and, to some extent, 3, but would also verify the representativeness of the mercury file (point 4).

At the same time, insisting on a more rigorous "outside-of the home" reporting would definitely improve
individual data of the respective panelists and thus account for point 3.

A future study could also look into the question of the protective role of selenium against mercury
poisoning, an aspect which· we had to disregard altogether because of an insufficient selenium data base.

It might also be desirable to take blood and hair samples, particularly of those panelists known to
exceed their personal ADI.

Eventually, special attention should be dedicated to prenatal life and exposure of children.

Such studies will remain in any case difficult and expensive to conduct, howeve~one has to bear in
mind that any manifest health effect is irreversible. For this reason, we believe that research directed
to identifying physiological indicators of pre-clinically relevant exposure should be encouraged. Once
determined, and provided an easy and relatively cheap routine methodology can be developed, they could take
the place of previous types of investigations.
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