FAIAICE T DA FEEEDKERL NI
TRORIHEAHBBEDREOKBLANOFYEBEERLIEDOTHS.

EH¥No.

3—4

#1
BABLRALOA
T SPECIES 15 (ppm) & (ppm) B
FIHA Tilefish 1.45 0.65-3.73 60
MES Swordfish 1.00 0.10-3.22 598
VAP King Mackere! 0.73 0.30-1.67 213
A Shark 0.96 0.05-4.54 324
;=2
EVKBLALOBNE
i} SPECIES F# (ppm) | HBH (ppm) | R
2 \3 (Mycteroperca) Grouper 0.43 0.05-1.35 64
<7 0EE, 5E) Tuna 0.32 ND-1.30 191
FAHATd A s— Lobster Northern 0.31 0.05-1.31 88
7\ (Epinephelus) Grouper 0.27 0.18-0.33 48
hL A Halibut 0.23 0.02-0.63 29
FAS Sablefish 0.22 ND-0.70 102
2T Pollock 0.20 ND-0.78 107
0 (EE Tuna 0.17 ND-0.75 248
Va2 3%l Crab Blue 0.17 0.02-0.50 94
H ORI Crab Dungeness 0.18 0.02-0.48 50
AIA4H= Crab Tanner 0.15 ND-0.38 55
25 = Crab King 0.09 0.02-0.24 29
RaTHA Scallop 0.05 ND-0.22 66
F<X Cat Fish 0.07 ND-0.31 22
PRGNy Wi Salmen ND ND-0.18 52
h¥ Oysters ND ND-0.25 33
Tt Shrimps ND ND 22
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#3

Bohf=3 T TR TOKEBLRL
RIOT—RIFELN-H T LEELECLTEY., ThPAICTHERENBL

ND

i SPECIES F45 (ppm) | §G6E (ppm) | BER
tr R AT Red Snapper 0.60 0.07-1.46 10
Thi¥x Marlin 0.47 0.25-0.92 13
K% Moonfish 0.60 0.60 1
LS T4— Orange Roughy 0.58 0.42-0.76 9
P ES Bass Saltwater 0.49 0.10-0.91 9
T A Trout Freshwater 0.42 1.22(max) NA
HA Biue Fish 0.30 0.20-0.40 2
—~RH Croaker 0.28 0.18-0.41 15
HBIK TR Trout Seawater 0.27 ND-1.19 4
THAZ(KAEF)" Cod(Atlantic) 0.18 ND-0.33 1
<b<vE Mahi Mahi 0.19 0.12-0.25 15
/A—FF GBAKE)" Ocean Perch 0.18 ND-0.31 10
T (KEF) Haddock 0.17 0.07-0.37 10
HRIADrvia White Fish 0.16 ND-0.31 2
— Herring 0.15 0.016-0.28 8
A—0y aJ R Spiny Lobster 0.13 ND-0.27 8
/ S—FF GHKE) Perch Freashwater 0.11 0.10-0.31 4
NS —F 8 GlgKE) Perch Saltwater 0.10 0.10-0.15 6
AlA Flounder/Sole 0.04 ND-0.18 17
—KE Clams ND ND 6
F3E47 Tilapia ND 8

*BRDL—T—FT—ryhTREFRN TODER

AFILKEBT—IOFRER

FDA F—#A~_—2 FY85-99

EPA KIBEABELR—FER(?)ITIRHLEZLD)
AL RIS I AKEBOREERE (2000)
NMF 1976,1978 LiR—k
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AXYRICHE T HAEEBRBOKEBEL AL

SHE T Bristol KEDHEE

M ASEEERES IV FUZOBEALTNLOE R GELAR)

WA :.FSIS 151
[k R LB ECBITA2BRLUFDMOYMEDEMIRE]

1998 &£ 5 H

14

B DHE RIEORE

# [ SPECIES | E#j(me/ke) | WiER [#BHE ] | SPECIES [F#i(mg/kg)| #uBA [tk
s : KR
B4 Halibut 0.290 0.038-0617f 2 [iR¥Z Cod 0.066 0.029-0.098| 10
=3 Hoki 0.186 0.065-0307| 8 U Haddock 0.043 0.023-0.072| 25
7y Monkfish 0.198 0.096-0.300f 2 |i=iv Herring 0.091 0.044-013§ 9
A LS I— Orenge Roughy 0.595 0527-0647{ 6 A Mackerel 0.054 0.024-010 | 14
F (it Other 0.105 0.006-0.664| 12 A YhLA  |[Plaice 0.056 0.029-0.086| 15
25 Pollack 0.012 0.007-0.020| 4 [iLvFJ4vi,a  |Red Fish 0.12 0.12-0.12 2
44 Salmon 0.050 0.020-0079| 14 |[HZSN¥E Whiting 0.14 0.029-0.26 | 15
S —I3 R Sea Bass 0.065 0.030-0094| 4 [@SDHE Cod fish fingers 0.016 0.006-0.025| 3
2z A Sea Bream 0.053 0051-0056] 4 NRHRE
A Shark 1.521 1.006-2200| & [[AFSaTS5™> |Brown shrimps 0.065 0.061-0068| 2
<hi % Marlin 1.091 0.409-2204] 4 [l HXHA Cockles 0026 0.013-0046| 3
AHTX Swordfish 1.355 0.153-2.706| 17 |lh= Crab 0.092 0.051-0.13 | 2
<A Trout 0.060 0.014-0.103] 14 [@JA%— Lobster 0.29 0.15-0.49 4
<450 Tuna 0.401 0.141-1500| 34 WL—FHA Mussels 0.063 0.028-0.11 4
¥ FIIE Pink Shrimps 0.089 0.079-0.099| 2
SEETE Exotic prawns 0.025 0.006-0.047| 14 [izA3 A2 H A |Queen Scallops 0017 0.016-0.018| 2
aJRe— Lobster 0.075 0.009-0.231] 4 [i4H Squid 0.040 0.016-0058| 3
L—ILE Mussel 0.030 0.017-0041| 4 |irkaTHA Scalleps 0.010 0.008-0.011 3
F D1k Other 0.038 0.003-0.186] 9 17/ <IE Scampi 0.1 0.11-0.12 2
T Prawns 0.048 0.013-0.249| 14 |A<XEHA Winkles 0.037 0.026-0.049| 4
e Squid 0.011 0.003-0.036| 9
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(2) B BEEBOBE ORI EYKEREENR NITSEIFIVT A ANHFIDIER . B
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*x1. REOBFEEERERREOEN
PCBs (ppm) kiR (ppm) AFILKER {ppm)
B fr By B BX BN !FléJ ﬁfl\ ﬁx BRIRR :FﬁJ B BX BN
YFHTS f5E 014 007 024 5 Foem 5 0700 0a70eian 5
(SHE. AF—v98) [ o DN 5 5 004 001 010 5
Wy 005 005 005 2 2 {oaeERD At 2
i 009 008 0.09 2 2 023 017 028 2
N ] 005 003 0.086 2 2 0.07 0 05 009 2
NAEANH BHA 5 Lo S5 5 e gk o) 5
(29 3h) 14 5 5 B s
R £ A S 4 5E 4
BE 017 001 043 5 5 93 5
B FoBT® 003 %{25‘2&5 5 5 6l 5
124 Ih* 5 026 002 BEORGHE 4 4 S0EM 4
(Gl ks T EA) 58 52 4 4 . 4
aELIT R+ e 4 4 *._5;% 4
(AR ER) - P 4 P A 3 445 028 D075 3
SV e . '0.0002 000008 00003 3 0027 0003 007 227 NA  NA NA NA
(R fBE 0058 0023 0.11 3 NA NA NA NA NA NA NA NA
BB NA  NA NA NA 0045 0.004 033 228 NA NA  NA  NA
E L e A 003 0005 006 4 020 00 083y 638 0.12 0017 019 40
(ABEAFH) ;4 EAEH 020 DEASEE 17 00 <00t 008 15 NA NA NA NA
B NA NA  NA NA  BRO8R oo £ 638 0.04 0004 008 40
ity 1) B i) mA 002 0001 001 3 005 0004 0. 93 003 0001 004 43
(ALBEKFEHE) ;4 0 003 o021 3 NA N NA NA
R hi NA NA NA  NA 0.01 0.7 0.01 43
TYADITS #he 008 002__ 015 3 0014 075 0,450 5
(ALBERTEH) 154 Ci2 3 NA NA NA
S NA NA a8 oso Sl 5

* DNASDITICEURELI-HO
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#x2. MBATYUTILHLOSUE LY TLONEROESR (2000-2001 F D 2B 5 O &5

PCBs (ppm) #kER (ppm) AFILIKER (ppm)
fin i+ BB fi¥ Y g BRA OBRE O FH BN BXK BEH FYH BN BR BER

ETTUS #FEg  001*x nd 001 14 003 001 004 14 002%+ nd 003 14

(FaEH) WMA/_R—1 004+ nd 007 8 001 nd 002 8 001% nd 0D 8

IR (3EFE) 004 002 005 3 n.d. 3 n.d. 3

RBI(A31%45)  nd T n.d. 1 - nd. 1

et (B 5%) 0.03 1 nd. 1 n.d. 1

EMr e FRE 0.08 1 0.08 1 0.04 1
(ALBEXFFE)

et 1) o S0 TR nd. 1 0.04 1 0.03 1
(ETEATE)

IFITT ERUEET) HOORESIHaeelE 2 50407 o028 305 2 004 003 005 2
(FEBBXREE)

AVALD pa 021 014 027 2 {RISERLZZNEE 2 L0B0:H0U9IE0I0R 2
(dLFEREZE)

* DNAGDIRICKYRELEZLD

HWENT TEMRREZEA DYIE
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&A1 g BT EEHTDAL,
CBAEEEAE. ERBT. T/ BRAITEEL. EFLAY—THY. ELEHT S/
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ERES L B L),
850D PCB RUVKIBIC & BRI, BOBHEONMICLBEVEHTRE (. HHIE
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ABSTRACT

Elevated mercury concentrations have been reported in fish in recent years. Japanese people eat a great deal

-"=.'_pf raw fishes and shellfishes as "Sashimi" and "Sushi®. The action level of large predatory fish such as tuna
i:'i._wilh total mercury levels exceeding the Japanese maximum permitted limit of 0.4 ppm is exempted from
. -rqgu!ation in Japan. Therefore, current total mercury intake from fish and shellfish of Japanese people is
,:ql.nknown. The purpose of this investigation was to estimate the total mercury intake from fish and shellfish. It
: ~was found that the mean total mercury concentration of 1.11 ppm in tuna of eatable base as Sashimi or Sushi
'-':-:;“.'35 clearly higher than the normal level. The mean total mercury intake from fish and shellfish was 0.17mg per
_Ca;pita per week . According to the hypothesis that 75% of total mercury in fish and shellfish is methylmercury,
the weekly intake of 0.13 mg as methylmercury was.corresponding amount to about 74% of provisional tolerable

. weekly intake 0.17 mg of methylmercury set by the Welfare Ministry of Japan. @1997 Elsevier Science Ltd

INTRODUCTION

In recent years, elevated mercury concentrations have been reported in fish in several countries (1-3), Mercury

... in fish occurs almost entirely as methylmercury in muscle tissue, where it is associated with protein sulthydryl
~ groups. Fish consumption is the primary pathway of human exposure (o methylmercury. Methylmercury is
“highly toxic. The Japanese mean consumption of fish and shellfish is about 100g ( catable base) per capita per
" day. In particular, Japanese people eat a great deal of raw fishes and shelifishes as "Sashimi" and "Sushi".

Slices of raw fishes are called Sashimi in Japanese. . Sushi is rice cakes covering raw fish or rolled in seaweed and
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sprinkled with vinegar. The mean fish consumption is over § meals(about 100 g as main dish at a meal)-ofsliced '

raw fishes per week among Japanese people 'Iiving near the sea. The U.S.Food and Drug Adminisfration(FDA)
has set an Action Level of Ippm(wet weight) for concentration of mercury in fish. Fish containing concéntrationg
of mercury above this level are considered to be hazardous for human consumption and cannot be sold in
interstate commerce. In Japan, fish containing total mercury concentrations exceeding the Japanese maximum
permitted limit of 0.4 ppm (wet base, as Hg) is commonly considered unsuitable for human consumption. Large
predatory long-lived marine species such as tuna and swordfish show frequently mercury concentrations higher
than 1 ppm (wet base, as Hg) and almost all of it is methylmercury (4, 5). However, large predatory fishes
(Thunnidae, Xiphias gladius, Katsuwonus pelamis, et al. ) with total mercury levels exceeding the Japanese
Provisional Action Level of 0.4 ppm for fish and shellfish were exempted from regulation providing the Action
Level in July,1973, in Japan. Therefore, from 1976 to this day, the official ins'pcction- on mercury concentration
in fish and shellfish has not been reported in the public research institutes. Thercfore, current total mercury '
intake of Japanese people from fish and shellfish is unknown. The purpose of this investigation is to estimate the

total mercury intake from fish and shellfish.

SAMPLING AND ANALYTICAL METHODS

Raw fish and shellfish of eatable base available in thé market at Tokyo and its surrounding areas was used as
samples for mercury investigation. Samples were collected during the one-year period from April,1996 to
March, 1997,

Total mercury contents in fish and shellfish samples were determined by using a cold flameless atomic
absorption method. Namely, one sample of about 10 mg was placed on a boat in an electric furnace pre-heated
at 700°C and was heated at 700°C for 6 minutes to vaporize mercury. Vaporized mercury was collected in a
trap tube. The trap tube was rapidly heated for 5 minutes at 650°C to release mercury and to carry released
mercury from the tube to a cold flameless atomic absorption spectrophotometer . Detection limit by this

analytical method is 0.01 ng and reproducibility in 1-10 ng contents is 1%.
RESULTS AND DISCUSSION

Total mercury concentrations in fish and shellfish of eatable base

The total mercury concentrations in fish and shellfish of 28 species, 360 samples( eatable base) collected from
markets during the one-year are showed in Table 1. Mercury concentrations were quite variable, depending on
fish species and sizes. Large fishes such as tuna and swordfish presented the highest mercury concentrations
among the fish and shellfish collected, with 93% of tuna, with 100% of swordfish and with 33%(120 samples) of
all samples presented concentrations higher than the Japanese maximum permissible total mercury limit of 0.4 _

ppm set by the Health Organization of Japanese Welfare Ministry for human consumption. In 1975, the mean
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_total mercury concentrations in tuna and swordfish by the statistical report of the Japanese Prime Minister's

‘Office” were 0.60 ppm and 0.80 ppm respectively. A comparison of the results, obtained in 1975 and 1996,

Table 1 Total mercury concentrations in fish and shellfish of eatable base

suggests that total mercury concentrations in these fishes are increasing, particularly in large predatory species.

Fish and shelifish species: Number of Range Mean | Eatable Cases
Seientific name samples (ppm) {ppm) | condition 8?2;;"‘3
. (%)
Tuna: Thunnus thynnus 58 0. 36-5. 25 1.11 | Raw 93
Swordfish: Xiphias gladivs 34 1.15-3.01 1. B2 | Roast 100
Bonito: katsuronus pelamis 18 0.12-0.41 0.25 | Raw i1
Yellow tail: Serfola dorsalis 6 0. 20-0. 22 0.21 | Boiled 0
Young yeliow tail 8 0. 06-0. 76 0.26 | Raw 25
Seabass:Serrola purpurascens 6 0. 04-0. 37 0.20 | Raw 0
Salmon: Onchorhynchus 32 <0.01-1. 26 0.19 | Roast 13
- | Salmon_roe 4 1. 30-1. 97 1. 64 | Salted raw 100
. | Mackerel: Scomber scombrus 4 0.11-0, 43 0. 27 | Roast 50
. Herring: Clupea pailasi 2 0. 42-0. 66 0. 54 | Roast 100
Saurel: Frachurus symmetricus 6 0.01-0.72 0. 32 | Roast 33
Conger. Conger conger 6 0. 07-0. 42 0.21 | Boiled 33
Cod: Gadus callariss 8 0.01-0. 07 0. 04 | Boiled 0
Cod roe 4 0. 10-1. 14 0. 62 | Salted raw 50
Flatfish: Hetcrosonata B 0. 07-0. 26 0. 20 | Roast 0
Smelt: Oswerus eperianus 8 <0, 01-1. 25 0. 51 | Roast 50
Sardine: Sardina pilchardus 20 <0. 01-0. 10 (.01 | Roast 0
Cutlassfish: 7richiurus lepturus 12 0. 20-0. 33 0. 25 | Roast 0
Seabream: Archosugus rhomboidalis 8 0. 08-0. 37 0. 17 | Roast 0
Pacific saury; Cololabis saira 10 <0. 01-0. 07 0.04 | Roast 0
Atka mackerel: Plevrogrameus azonus 4 <0.01-0. 16 0. 08 | Roast 0
Cuttlefish:Sepra officinralis 20 <0.01-0. 88 0.15 | Raw 10
Octopus:&ctopoda 10 <0.01-0. 20 G. 04 | Raw 0
Prawn: Palaemon serratus 22 <0.01-1. 31 0.23 | Raw 9
Scallop:Pecten irradians 20 <0.01-0. 46 0.09 | Raw 10
Turban shell: Jurbo cornutus 6 0.01-0. 06 0.03 | Roast 0
Ark sheil:Arcidae 8 <0.01-0. 04 0.03 | Raw 0
Abalone:#uliotidae ] 0.01-0.04 | 0.03 | Raw 0
KiEE_CrabZ Paralfthodes camtschatica 2 0.01 0.01 | Raw 0

_Total mercury intake from foods by Japanese people

Changes of total mercury intake from food are shown in Table 2. The data in 1975 were quotad from an
estimate by Fujii (6). The data in 1996 represent the results of our analyses. A comparison of the results
obtained in 1975 and t996, although the intakes of total food were nearly constant, the intake of fish and
shellfish in 1996 increased by 1.7 times greater than that of 1975, and the mean total mercury concentrations in

f_'lsh and shellfish also increased by 1.5 times. Therefore, the total mercury intakes from food and fish and
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shellfish increased by 1.14 and 2.48 times respectively. The ratio of total mercury intake from fish and shellfish

in 1975 was about 45% of total mercury intake from all foods, but the ratio in 1996 is over 97%.

Table 2. Change of mean total mercury intake from food of Japanese people per capita per day

1975 1996
A daily | Mean Mean Adaily | Mean Mean
mean mercury | total mearn mercury | total
intake of | content | mercury | intake of | content | mercury
food (g) (ppm) | intake food (g) (ppm) | intake
(ng) (ng)
Total fishes and sheilfishes, 95.6 | 0.101 9.70 1633 | 0. 148 24.09
Tuna,Swordfish,Bonito - 5.7 10.600 3.42 8.8|1.19 10.46
Qther fishes 34.5]0.079 2.71 33.1 {0256 .49
Cuttlefish,Octopus,Crustacea 16.70.037 0.6! 22610152 3.44
Other marine products 38.7[0.076 2.96 98.8 [ 0.050 1.70
Cereals 395 | 0.0097 3.85 359 | 0.0008 0.28
Vegetables and fruits 621 10.0088 - 5.44 576 | 0.0004 0.21
Meats,Eggs, Dairy products 200 }0.011 2.10 247 | 0.0006 0.16
Others 65 | 0.0078 0.51 45 | 0.00004 0.002
Total ‘intake of food and| , 4., |46 2165 1,326 |0.019 24.74
mercury per capita per day

Methylmercury intake from food

In the present study, methylmercury in food was not determined. However, from the aspects of
environmental toxicology and food chain impacts, methylmercury is important. Fish consumption is the primary
of human exposure to methylmercury. Mercury in fish occurs almost entirely as methylmercury in muscle tissue,
where it is associated with protein sulfhydryl groups. Ingestion of fish fnuscle is an important exposure pathway
of mercury to humans. Methylmercury is highly toxic. It is thought to inhibit enzyme activity in the éercbc]lum‘
which is responsible for neuron growth in early developmental stages. Chronic exposure to organomercurials can
result in mental retardation (7). As a result, the Japanese Welfare Ministry has set an Action Level of 0.3 ppm for
concentration of methylmercury in fish and shellfish, that is 75 % of the Japanese maximum permitted limit of
total mercury 0.4 ppm. According to the hypothesis that 75 % of total mercury in fish and shellfish and 10 % of
total mercury in other food groups are methylmercury, total methylmercury intakes from food and, fish and

_ shellfish were estimated at 18.13ug (as Hg) and 18.07pug (as Hg, correspond to 99.6 % in total methylmercury in

food) per capita per day respectively.

On the other hand, the Health Organization of Japanese Welfare Ministry has set intake limit of total mercury as

0.25 mg and methylmercury as 0.17mg . per an adult weighing 50 kg. Namely, the weekly intake of 0.126 mg - -
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~ (0.018mgxTday) as methylmercury per capita is corresponding amount to about 74 % of the provisional
tolerable weekly intake 0.17 mg.

T Also, the administration limit of methylmercury can be showed by the following experimental equation (6):
Acceptable daily intakexbiological half time( BHT)x 1.44=0.17(mg)+7(day)x70(day)= 1 44=2.5(mg).
Accordingly, the mean administration vatue of methylmercury of Japanese people is 0.018x70x1.44=1.8mg This
value corresponds to about 72 % of the administration limit of methylmercury.

If one consumes 100 g (the normal diet at a meal ) of tuna as Sashimi containing a total of 1.11 ppm mercury
which is 2.8 times the Japanese maximum permitted limit of total mercury 0.4 ppm for human consumption,
‘ then this 111 pug He (almost all of it is methylmercury) can be estimated at |1 mg as administration value in the
equation described above. If one consumes 200 g of tuna, then this 22 mg of methylmercury containing in tuna is
very close to the administration limit 25 mg of minimum threshold value in methylmercury poisoning (8). It
" may be a significant body load and an important human health risk. Because this high level from human
consumption of large fish is a daily occurrence in Japan, and is not subject to any effective means of reduction
other than eliminating favorite foods from national diets. Further studies are needed to elucidate these
‘phenomena, that is, detailed epidemiological informatioh such as eating habits and arnounts of fish and their

species commonly consumed should be more deeply investigated in Japanese people:
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