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2004 F LB R A EREYERES (USFDA) REBEBAHEFE
(USEPA) $tH PR R AH L - M EF & - EABINFLRY
RRESHE BERASBAE HEL MERLEATWESRESR
B lpugg - A8 BRREBMERKSBETTAAM
SEASLENERRELZ— AABRBORSTERTHRERNS
MEZCRAHALHRMEPR - ERAHNEHORRERAREFHR
EEAAMER MARLEVBRRL AR EEH4HEHE L E®
BAREZ S ABMBITHERAEEN  EFHLLREAERERE

B L EDHIRE o

MRERFo LRBRAAZBAHBULOERRETNA
0.30+0.46 pg/g (ND~4.69 pg/g) ~ 0.32+0.57 pg/g (ND~1.74 ng/g)
(BE) - BHAFHSREREAE (RYHEFER) ~ K
ZPHHME - FHEILARRREEETRGELNATHE e
ERFAASHELREAZIAN B EMERIZNGHNETLBRR
- mE > ZRMAEMERKIREMRY 0.5 ng/g 285 > QB
FHALEGEB THEERESTNA 467 & 40.8 g/day ©

BgF K- REMRE - BEBTHIZLE



AXBE

The Food and Drug Administration (FDA) and the Environmental
Protection Agency (EPA) are advising women who may become pregnant,
pregnant women, nursing mothers, and young children to avoid Shark,
Swordfish, King Mackerel, or Tilefish that contain high level of mercury.
Consumption of contaminated seafood has been reported as an important
route of human exposure to metals in Taiwan. Some seafood contains
high level of mercury and the potential for mercury toxic exposure is a
worldwide problem. In Taiwan, little information is available on the
association between consumption of seafood and total mercury levels in
seafood. The objective of the present study was to determine current
mercury concentration in seafood and try to estimate the acceptable daily
intakes according to the ingesting amounts (from the inquiring form) and

total mercury levels (from the data we analyzed).

The average levels of total mercury in fish, shellfish, and canned fish
are 0.30+0.46 ug/g (ND~4.69 ug/g), 0.3240.57 pg/g (ND~1.74 ng/g (wet
weight), respectively. The average Hazard Index (HI) of total mercury
levels in the city population is below the baseline, which is safe. However,
the average HI of the coast area population is above the safety baseline.

We suggest the daily intake of fish for men and women are 46.7 and 40.8
g/day while the total mercury levels of fish are below 0.5 pg/g.

Keywords: Mercury, Fish consumption, Acceptable daily intakes
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CHEBRE LRABASHERIERESETN —BEER
B R ABEEE BAAYEH w3 EEE %4 % E RBY
(Steffens, 1997 ) » FT RN CBE ~ TR AR (Albert et al.,
1998; Iso et al.,, 2001 ) ; BAB/R S ABEHEA LHBHTR - a4 F
CERFEMERE ATRAERLASELYELZAMMMA -

AFER @BRFEMBEHRE  ERELAEFTHHEM
— AP ERBRAE - RS RS B LD A 12.10g/kg B
FoBMENE FREARHEAHTREANARRARE - BER
2B RENESHRIE -~ THRE - RAEES - EHKH - R
% B S %A% (Curtiset al, 1996) > RFEMMEHR S » &
MALAEAH S~15me/g (wet weight) - Rl &BAL ¢4 KA - B
BHBRRRRER  BERA R LA 4L (Wiener and Spry,
1996) - A4 ALBRLAEAHY  MNEBRREL 1llmgg
HREZRALELEYE (Wiener and Spry, 1996) - K& #F - i - A
YR ETHARMHSE (Hussain et al, 1999) + BRF « SHLEEM
INIZE R B A ERTREREKA M (Choy et al., 2002; Yoshizawa
et al., 2002; Davidson et al., 1998; Myers et al.,, 2003 ) » X B H AR R
HRERMR  BARUNGEALRER WK HEABUAL
(Curtiset al.,, 1996) -

£ 1991 FHHLEHBRNARIHORATRE TIEL > LA
B REARMARAENNERE 98 208 EdLatiREMm
R ARARERRAAA 5% £ARSHRERANDE 85%



(Galal-Gorchev, 1991) » st 4 S HBBREBEARNHET L EHR
RBRGLE  RBREBEKABATEIRELEZTRRESRAARERL > &
BUERABRRERKEL @ EHEBHM|MR 97g ki 8
HFEIR T4 HEBRRYEHRRE 53%  MAETUERRATY
FBRLENAERENSE 3 RULE MAMESFRENE L 2 HEHR
FELE 2w ZHBRARMEYRESE S EEREENE
THABANBHRORFEBALARRBRBART VAR BB S TE
A E (HAE, 1999) » kTR ¢ BHERAZREKESYESR
HMERE BRI EREBROXKESASELBREAT Y
REELELE -

LRALEHEMERE (USFDA) » 1995 4 4t# Savannah
River #1751 % » &R ERBF AL H/R 60z (170g) 9 4> A E
MEAKBHRR £ — 849K 100z (284g) Al4aka 15.1 X (Burger
etal, 2001) - HF b TR 70kg A BB » FEPREEAMN 1y
glg > BB HAFEAL ERFA 200g (USFDA, 1995) - i 2001
FHHREAFTRAANKESREFTKSENH A HAEBEAMNE L
BRAAEMRAKE S H PS4 (USEPA, 2001) - 3R - 2EAR
SEEMEEE (USFDA) R ABREHEARHEF (USEPA) X4t hp
BEPEOFL R EFL ELAFLOFXRGARETE &%
RRABESE - HE HERZALOELRINB lugs HaAH
(USFDA, 2004; USEPA, 2004) -

L4BAFCHERBENRBEETIERE (k1) » RHREAYE
Rt RETEREENY  ERIEZDEREUNRBRELE -
REAKE  MHMER HAERLVBEAL REFRE HBANHE
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RERES D AT EELR 0 95% (Merck) 0 R oH E A
FALE oA RER Ko EFR (Merck)
BE-2RBERR () ' oW BREESL > 1000ppm (Merck )
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BE:

W R THFZE 0.0001g(METTLER » AT-261)
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B E B ke & RBAR-20CoRM Ao 4R 7 - TR IEFHK & R
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HARE  BAURTPFARLABERALICHEARBH/EAZETE A
Ao Sml By ERA A 0 BAKBE P ETHEL  KESHER
EHAL 60°C » s a4 10 e FHITBEMHLTRARE
ERNPEET  BERASAARI W RAOASMHERTLRRE
( Boischio and Henshel, 2000 ) -

4~ ZRZREE
B 1000 ug/e 2R EBRMBEREZRE - HKAE—
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AAEATHREMARIGORERR » KA TAEHZ LN
FiE & AR IR T S B R B4 (Burger et al., 2001) - 3
ERRGEEAN 1 PATROFREABEMEEI K BB
BRTELBAET  2X4TF:

EU=TMCXCR
BW x RfD

HI (Hazard Index) @ &ZT7 &% 3642

TMC ( Total mercury concentration) : &= &FE T HEREE

(ng/g)

CR (Consumption Rate) @ —X-F¥H#HEREHF (g/day)

BW:2& (2F)

RID: &8 TE2HEAE » ADI=0.4ugkg/day (USFDA, 1995)
ADI= 0.72pg/kg/week ( WHO, 1990)

FEAEHRAZN  HHRASHEEALEFRRIHETRAZ
F-ABRRIBERLAGHEZHAE LY » FHHERCRA
97 %, kB RLETANR (BEF,199) -

¥ o RBRBRABRLAMMTENRRBEY  F—HRERFEX
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#vr 461 MR H EA o
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Bk ek 3224329 AR B
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# 1

CERAHNEBRTAR (FALK) 958 R A (Action

levels) ~ AR AT A A E (Maximum Permitted Limit) & %
# #)& (Reference dose)

Level Source
Action level
United states
FDA lppm US FDA, 1987
EPA 0.3ppm US EPA, 2001
Florida 0.50ppm Lange et al., 1994
Maine 0.43ppm Difranco and Mower,
1994
Minnesota  0.5ppm Minnesota department
of health, 1997
0.65ppm(for women in Minnesota department
childbearing age) of health, 1997
Wisconsin ~ 0.5ppm Gerstenberger et al.,
1994
Australia 0.5ppm Denton and Burdon,
1996
Canada 0.5ppm NRC, 2000
Japan 0.4ppm Nakagawa et al., 1997
Spain 1.0ppm Schuhmacher et al.,
1994
Sweden 0.5ppm Hylander et al., 1994
England 0.5ppm Collings et al., 1996
European 0.5ppm EEC, 1993
Commission 1ppm(for some fish)
Hong Kong 0.5ppm Dickman et al., 1998
Taiwan 0.5ppm DOH, 1992
2.0ppm (for predatory fish)
Reference dose(R{D)
US EPA RfD 0.1pg/kg/day US EPA, 1995
WHO 0.72pg/kg/wk WHO, 1990
Canada 0.2pg/kg/day Health Canada, 1999
US FDA 0.4ug/kg/day US FDA, 1995
Minimal risk level 0.3ug/kg/day ATSDR, 1999

Methylmercury
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2 ROM T EARERBZELE RS (SRM) 254 F

F3
BELERE AMEAANE BAR  oRE
(uelg) (ugg) (%) (%)

SRM (DORM-2) 4.6410.26 4.725 102 102
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A3 BEFHSRBROORELZHRIAREH

4 18 5k 60 X 1%
i 37.21+12.87 36.93+16.48
HERE (n,%)
IN--F W - 3 3 6 (7.2) 11 (9.73)
SR A= 10 (12.05) 5 (4.42)
Hy () &-g% 14 (16.87) 55 (48.67)
KEE g% 48 (57.83) 37 (32.74)
B3R AT LA E 5 (6.02) 5 (4.42)
BE (n,%)
RERE. FEHEE. & 0(0) 1 (0.9)
¥XEPREEAR
HEEAE 26 (32.91) 14 (12.61)
HMBRMEZEAER 0 (0) 1(0.9)
THIEAB 0 (0) 20 (18.02)
MEIEABRERE 8 (10.13) 16 (14.41)
Bk, B, HTHEAR 1 (1.27) 26 (23.42)
BT REMIEAR 0 (0) 3 (2.70)
h-1) 44 (55.7) 30 (27.03)
#E (n,%)
& 41 (67.21) 124 (89.21)
9k 2 16 (26.23) 11 (7.91)
ER 4 (6.56) 3 (2.16)
B {E R, 0 (0) 1 (0.72)
EA4xi (n, %)
S LB 69 (84.15) 27 (18.37)
R E 0 (0) 33 (22.45)
"M A& 5(6.10) 0 (0)
& b Bl 4 (4.88) 11 (7.48)
EEHKT 4 (4.88) 21 (14.29)
Eh T 0 (0) 26 (17.69)
BRRRE 0 (0) 29 (19.73)

b ——____________———~~-—————— ———————— —~~————————————
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FASBBEE FHeHERIALLTH S KR 60 X1 H AR
Foz B4

& B FH HEME (%) HEE%)

Qi 5 R 71.7 100
60 X 14 58.3 71.64
Q2 Sk 77.7 50
60 X 7 75 71.5
Q3 5% 76.1 73.68
60 X% 70.8 50
Q4 5 %% 42.6 71.43
60 % 1% 48.9 66.67
Q5 5 %4 97.1 100
60 X 14 100 100
Q6 5 R 91.1 89.06
60 X 1% 100 100
Q7 5 XK 93.2 96.43
60 %1% 100 100

Ql - BoERHEILARENR?

Q2 BABGTREZMEYLYE?

Q3 $HRILFHLATHECHNEINRARUIRLAEHE
B9

Q4 ERAHF R L S ABAREHAES?

Q5 - BEFBAEMRZTHH S AHFBTRE  RRFLER
B R LA MRE?

Q6 BERHAREMAF S RBRENRL ¢ ENAEHAE
B R EHY

Q7 $4wBACTHELHARBALIF L U S EHERAELA
REXREAES?

t,.

0



0t

¥EBFHIEY B D WELTERUESE  FHWY L ¥HER - AR IAHEEEN VO
¥ ZPHEHIACE Y HIB S RUEDHEAE YT T EHUESE FYE D  FEHEYR WHERYINS BEN €O
¥EBHTHBTESURBHLUFE S FYWY D FHIW . WHEEYANEHEH O
¥ROTHOGHEYS Y EHIYM L R TofLFESY - FHY S - FTFEWN - KHERYAME W IO
0 78T 0 L'LT 0 $'67 0 LYE Ty ¥ 0¢
14 9'Z¢ 4 % 4 6T v t'SE L ya¥ og
4
0 v LE 0 8°0€ 0 £vE 0 8LE ERAR NN S: 2
¥ 6L Z 8'67 z 1's¢ 14 €re R S
: H Y 2
4 98T € L0g ST 98¢ $'T A TraFHY
¢'T A4S Sl L'8T 3 987 0 £6€ 1 vadX
HE L
§'Z I'1¢€ A 1°0€ 91’7 $8°I¢ 91°C L'SE x
$T L'LT 1 L'6T $E SLIY $'¢ €€e &%
h F
BWY09 WYS PY¥09 WY FY09 WY WY F¥CS Yr %
0O €O 70 10

(HEF TR WAUFIY O MBS HEEHIRIANE I - 9 ¥



33

HFFHEHI
WRHFHIBHEEDERS FUEFEHHP DU 2T WERF « FHE D FH LR W RHEREIANEREN LO

b
FHYRBEQTIYHES ST HSH LI YN TUERS - FHY 2 FFHE% WYY AL EHE T 90
EFHENH
ETHeE e  SWHUTHHEHYRYTE T LESE Y Y - FHEE AHEETIIAMEREH O
0 0°0¢ 0 TTE 0 Sge T Y1 0€
4 '8 € A 0 S €e A v o¢
4
0 LEE 0 LE 0 S€€ TR EE
14 '8 £ ¢'1¢g 0 g€ AV TEE
FEEY Tn
$'T $'8T z 6'1€ ST S€e TYHEY
$T A £ 4 ¢ g ST Sge 4 vrE¥
HEYY%
¢'T 662 z 9T¢ T SEE A
ST 14 z A4S z C'Ee &
b F
¥ 09 Y S WY BY¥S HY9 BY¥S Yr %
LO 90 SO

(%) (F) ¥F oo/ Y EUBEHY O VYEY S HEFH TR EAMSE I -9



4

EFAFHIZ IO DWEFTIRUESL FHY D WHEW  MHERY DR ULEN PO

FFABHI TR Y HI DS HURDSAS I T WEHUFF T « FYE % FHER « WHEE Y AMH U €O
FFAETHA TR URBFHUFRS FH T FELW - R R DEUFEN 0

FEFROTH GBS RSN R TSRS FHY D FHEH - KHEEYBMHEUWH 10

0°9¢ 08 Tlg $'¢ vE §'¢ TLE 8L T Y1 ¥ 0€

8'6¢ LS T €V 9°1¢ €y v'8¢ 09 4 ¥ og W

6'8¢ '8 43 9T rArds $'¢ 9'9¢ SL Ty ¢

78T 09 vy oS 7'6¢ €y Ty $'9 Ay IEE FEHEZ

6°S¢€ 8¢ 3'8¢ Ty 6'LE Y 9'9¢ 999 TYagY

L'LE $'6 0€ ¢'¢ 0¢ $'¢ 08¢ SL'L IvisY WEHEW%

¢S 0°¢ L'8S 0t L'sy 001 8'6¢ 001 %

61r LSS € 6L 969 19 0L 19 & % F
Y09 XS F|Y 09 FYS WY PX¥XS FY¥09 BW¥CS Yr %

0 €0 0 10

—————— —— —— —— — —____—____________— _— __________— ______— —— ———— — ———————— — — —— ————————————— "1

(REZFT T RUWUERY O VEY S HEE B R M BAMB « L ¥



€

BEHAEEFHIBHOTERS « EU I WA T2 O TALUFRL FHET  FHLWE - CHWERA wﬁw\axmﬂ% LO

FEBYRBHRUTIIEAS SHRIWHLIW WU - FHWE D FH LW - ML AWHUHEN 0
¥F

BEW U ETHEHUTYREE SHUTHUENY YT S UESRY FHE %  ¥B LW - WHETYIMHUTEN SO

'S¢ S'L 8V €L LLE €8 TY¥ 0¢

A $'9 6'SY 69 9'9¢ v's 1 vt og BE

€'9¢ L9 I'LE 9'8 98¢ L8 Tr¥c¢Es

T L 6€ 9’6 $'Z¢ ¢ AV TEHE FYE

€'6¢ 9L 9°6€ t'9 6'T¢ 79 Tr#HEY

79¢ $'S 0'9¢ Z'8 90t L8 dvadFyY WHEW

L'LE §'L 69¢ €6 vLE 0'S X4

L9€E 19 t'6€ €9 g'LE 0 ¥ s F
WYX 09 HY¥S ¥Y 09 ¥ S BYX0S WY Yr 7%

LO 90 ¢O

(%) () ¥FF 2 RYWAFRY O YHY S HETHFREIAWH Y L ¥



R AT RASBRESZ EBHEY

4 A (n) @K% B GM (ppm)
28’ 41 0.622
wa’ 61 0.470
BLEL #k 45 45 1 0.340
B G BB 8 0.330
e 20 0.310
BASE & 47 0.220
BRBE %, 1 0.210
RikA S 1 0.170
e 57 0.143
a2 %4 1 0.140
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R 12 - DAF S LR EEFERREBRSBREFEE’

& A T4% & (g/day)
S RBTRE B 2 4 °
(urelg) FDA* WHO* FDA WHO
0.1 233.6 58.4 203.8 51.0
0.2 116.8 29.2 101.9 25.5
0.3 77.8 19.5 67.9 17.0
0.4 58.4 14.6 51.0 12.8
0.5 46.7 11.7 40.8 10.2
0.6 38.9 9.7 34.0 8.5
0.7 33.4 8.4 29.1 7.3
0.8 29.2 7.3 25.5 6.4
0.9 25.9 6.5 22.6 5.7
1.0 23.4 5.9 20.4 5.1

aBPMPHRELSRIONT (RAHE)
btk FIBE B 50.95 A F (RHE)
*ADI=0.4 y g/kg/day (FDA, 1995)
*ADI=0.1 y g/kg/day ( WHO, 1990)
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B S5 2aEHmBREH>H (F 97g/day; & 74g/day, DOH, 1999 )

120

100

* WmBaE 7 E %

—— USFDA’
=0~ WHO®

T F T ¥ T T
6 8 10 12 14 16 18

Hazard Index

a ADI=0.4 1 g/kg/day (USFDA, 1995)
b ADI=0.1 u gfkg/day (WHO, 1990)
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