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Abstract

In the past, due to the procedure of producing chlor- alkali using the electrolysis method
in mercury cell, The An-Shun factory of Taiwan Soda Industry of China Petrochemical
Development Corporation located in the An-Nan District of Tainan consumed about 2.4
tons of mercury (Hg). The mire(mud), waste waters, and mud from the sewage works
released from the factory, in addition to other factors such as improper operations,
caused the severe mercury pollution of the whole factory area and neighboring areas.
Therefore, the diet of residents in the neighborhood would inevitably be affected. Asa
result of that consuming fishery products is the main source of exposure to mercury, if
the residents consumed contaminated fishery products for along time peroid, their
health, to some extent, would be under threat.

Although residents of contaminated areas near-by The An-Shun factory are awaring that
their environment has been polluted, whether they have changed their eating habits
remains unknown. The main purpose of this research is to understand the consumption
patterns of fish and fishery products by the residents of the contaminated area and their
knowledge, attitude and behavior about consuming fish and fishery products, so the
daily intake of mercury of the residents could be estimated and health risk assessment of
mercury exposure should be done further.

The object of study came mainly from the areas labeled “Mercury-Polluted” near-by
The An-Shun factory, including those of Xian-Gong Li, Si-Cao Li, and Lu-Er Li. Total
165 people were collected. They were asked to fill out a questionnaire so as to find out
their fishery product consumption patterns, and their commonly consumed fishery
products were bought at where they live according to the answers on the questionnaire.
All fish samples are analyzed of their mercury concentration by cold vapor atomic
absorption spectrophotometry ( HiranumaHG-310) after pre-treatment of the samples.
After analyzing the consumption patterns of fish and fishery products of the residents,
we found that generally they like to eat fish and used to eat fish in daily life. The older
people tend to eat more fish than younger people. Although the mostly eaten fish were
Tilapiaand Milkfish, the total amount of fish and fishery products being eaten are much
higher, and it reach to 129.3 grams per day, and the average daily intake of MeHg is
0.44pg/kg day. It is much higher too. The percentage that Hazard Index exceed 1 is 43.6.
It is much higher too.

Generally the residents knew that fish are containminated, and mercury exposure does
harm to human body, but they tended not to change the fish consumption pattern at | ast.
So if the government authorities and public health workers can figure out the key



factors that change the consumption pattern of the residents, and put it into real actions,
that the health problems in relation to mercury exposure can effectively be solved.
Keywords: containminated areas nearing The An-Shun factory of Taiwan Soda Industry,

fish and fishery products, health risk assessment, mercury, knowledge, attitude, practice,
hazard index
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H-f k. Fper PAAEBECFREMN B2 R EIFR DT A o Y
FE S REERG PP RF L N E R AW AT AR B Y %
HHOFRR AR, B R AAEBE TR DIPMIL -
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¥R TR

THRAT BY O OHEBALS] FAR S ALTALATRA L DAL S
T H 2 AR T s T (Hultman et al., 1998; Tominack et al., 2002) »
Bod A GRA RS & L F i i) R Alhgg

B- T AA R Y 0 A AR REA DRI FL LR FRER

W

v Fenfa; (Herrstrometal., 1995) 0 #m - BA A X RF 1A RBREF Y
PP G MR R I  Rg AEF e et % (Boogaard et al., 1996 ) o

pLh RS Jede L 0T }?af%y i (Szylmanetal., 1995) -
—T% gb /,‘: 5‘[‘7‘ 'q_ 'H’—
A gt H P wre 2T e ek 0 AR ME P e chim e Bega 4o

CHRF-BFTHNACESFT AR LA FSR @R MAA T RFR e
R R en EIE 445504 4 (Bigazzi, 1992; Druet et al., 1978; Enestrom &
Hultman, 1984, 1992; Blakley et al., 1980; Dieter et al., 1983; Nordlind, 1983;

Nakatsuru et al., 1985) » iz £ % & Al d £ 4 4 o

BALE AR T ST R P A RB R X T

PR TARNRNEET AT RAL Tk (ACTH) 2 A kRt A

13
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(Ortegaetal., 1997) » @ & Ffk kA et 2§ H4c L g Frilchic® o
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B R
52 AT R ARSI E A TN ]
AOAEHER- S A BT W e

BT g R E R 0 AR AT DR T 2 e i s B F (48
Woom B E) 2Rk e (ANB3 Bg B D-E)r A R AW ¢ 77 e
3% A% ke feryiafc (PUFAS) { 2- it €& en¥ %2 c B> w-3 5 <7 4
Jora REL ¥ A B FRAF L Eede it b BREF R TR LB AR
LA BB HRB AR REIRE 0 A0 A AT BP0 6P 0T < %08 g (Dyerberg
et a., 1975; Bang and Dyerberg, 1980; Sidhu, 1993) - } 5= 7 = F]t 5148 7 B jis 72

THES GE A 035 A befor SR A T IE B B P E .

BRFIFLFR-83F A7 e ferg i L 5 Fuili kA i 2 Fufr & 9% (Gibson,
1988+ § ' i H ¢ EEAM 4B K H A& %939 (VLDL) 2 % & %3 39 (LDL)~
Z FpF Pk B eniT % (Connor and Connor, 1997; Gibson, 1988; Schmidt, 1997 ) -

A OPE IR~ = BafiTh P ~ VLDL 2 LDL JE B cht 2 srde vk o oAl 1t B > @ B0 0%
AR AL T ST e Y o B R P RS A TR b P BN TR M

< f £ ' ((Connor and Connor, 1997; Deckere et a., 1998; Kris-Etherton et al., 2002;
Rosenberg, 2002) - T WECHDEEFF L - g R A AN AREE A D

Tt BF bcd B4 § Ak M & Benie® (Bonaaetal., 1990;

15



CEE 3 S

Parkinson et al., 1994; Connor and Connor, 1997; Deckere et a., 1998; Schmidt, 1997;

Sidhu,1993; Stone, 1996; Toft et al., 1995) » H = 22 % P! &g o

PR AR Mo f Y B oF 4 F ek G M (Kelietdl., 1994; Gillum et
a., 1996; Isoetal., 2001 )> X = F % & A7 T2 A 02 4p B (Morriset .,
1995; Orenciaetal., 1996 ) F]» & & g 3F L F a7 P R @ 2 05 Fi8- HA Y

FES ©

B w-3 % A7 e foryinph st A M it B e F o 33 & (Billmanet al., 1999;
Kang and Leaf, 1996) ~ g 7 #5557 (Albert et a., 2002; Albert et al.,1998;
Rosenberg, 2002 )~ "% i< Jﬁ%ﬁ\}}%% 4 % (Malasanos and Stacopoole, 1991; Rustan et al.,
1997) ~ g b JRALH & X (Belch and Muir, 1998; Geusenset a., 1994 ) o j #t . 5
Fram s R L DHA (2 LB % -3 5 273 e fergipfia- 8)
Bl ¢ el AL ATRAE ~ 2 4857 5 2 6 3 4L g4 7R (Sidhu, 1993; Tinoco,

1982) -

AAESHN L A G4 AR ARRDERPE 2002 F4HAF S LS AR
o PE AT T B I F v kR b B X T o 38g 4 oEL § 1) 3.6 1B % A i
% (Olsen and Secher, 2002) © ¢ #b f2 & - JF 47 3 & 12000 474 £+ 3 %

= ¥ b A ED

ek

tht 2 B gend

Ik

CEERIZ M A M E G A F 54 (Burdge,

{7

okt



B R

1998) - d »t 7 ¢ ¥ 2 & DHA 2 AA (5181114 = - e ik ) it &
Fli @ immizp 74 (Calsonetal, 1991) #7123 £k £ &3 fE g whph it >
B PR DR T RN R R ek PR S T R

% A %5 (Burdge, 1998; Carlsonetal., 1991)> o gt ¥ vy g 3% 28 v chd & 4 o

M2 A S T 0B R 4 P FRw-3 F AR e feryhikd e

7] H:F:)%(Karmali et a., 1987; Rose, 1997; Rose and Cohen, 1988) % 5% ( Rose, 1997;

—

Roseand Connolly, 1990) 2= en® st {4 > e iv % B & - T 7 T o

i
FIR .

S ATH F -3 5 AR A LR AT AR BBLA C F A (ExE ER
RAH (ST E) 24 (AT E2 AT (B RTd) v d ~ 7 4 -
L (PR bt d) s 242 (ARE 4 ) % @4 (Hepburneta., 1986; Rice, 1996) -
Al Bl- 75 L AfEA A2 EPAZ DHA $ BV N8R > b 2 -3 5 <7 &

feigippi 2 28 m A5 4 kAR M (<0.2ppm) > E_ 7 45 bk SiEH o

I

P B E w3 5 A ot BT G B S AR S G AF o AR A
<R el e n TR R AL LB 2 3 R B n % (Food

and Nutrition Board, 2002; Chan and Egeland, 2004 ) - 7% & iz 57 7 +

11\1,

RS

R A RS B AR D R R R w3 R

17
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° gkt

Foerprd| (F% B34 28 EPA 2 DHA cim B i 5| - 4% M4 o F £en7~15 2
pF ¢ 3 24 (Food and Nutrition Board, 2002; Kelly et al., 1998, 1999; Leeet a.,1985;
Schmidtetal., 1989) > @ #iT— f 2003 &£ 7T 7 B I > 2 50 12 b end 2 L |4
PO X fEe M 179 EPA 2 DHA T 7 € 2o L& e ahrt i B (Kewet d,
2003) « F B FDAEH B A 5 % d &35 2 4f 4 590 HEB HEPA 2 DHA
* EAZiE 39 -
ARATFEBES P2 §ERA M 35 2 R BRI - BRE R
®-3 % % e feigipfh iP5 % 3g/day (7 A2 ) ¥ A B E 5 £ (Food and

Nutrition Board, 2002) -

ANARD T AL R g

FR BB E S FAWMY R BERE) ZARBEIBST (07 A ) Bt
AAPARER RN EBEDERT B Rad WA FAHE L PR
SN B A I AR N RRE R R R T e

Jib RIS AA L R KR

5% (PCBs) 2 " ik e A f? L RYP AL > b4 T JREH PCBs 7 &

AR

A~12 B 0 o e P kR ] €% 5 - L (ATSDR,1998): @ 5 #8024+

18



CEE 3 S

L% 5 70~90 = (Roweetd.1996) > F]pt ¥ v g A T € A B IER RS

R X

TAARBHAMAL TR BT A GRS S GG bR R LA

X

il

i

o @ PCB e b P BEch sl W ALF HOp el 4 T AL aad o FAS

ek

Sk BT A2 R R AT (P EFF L 1997)
[# 1) 5 ARP T34 THAMY > RBL % -
AAFHERALE A A g

dOT A W RS G R BN Uk B E L BB - BT R 2 GG E
Bihvg 50 B g ] SR B WA R E-T aE Tl B (Wheatley and
Paradis, 1996; Kimbrough, 1991; Egeland, 1997 )» @ i& %43t b & A il He A PR

(Knuthetal., 2003) -

W2 F AT R R A SRR i iR T i i Ru( Stern, 1993; Lacerdaet dl.,
1994; Lange et al., 1994; Burger et al.,2001 ) - 2005 & Kimberly % + %Hi'#;i EIERiN
PR HES T FE P LA NESERE FAF RSB TY ek g2 B F
- BT TR o pF FJ IR S K K A2 [];Je\.wé;f (Krauss et a., 2000; Kris-Etherton
etal., 2002) % B ¢ (AHA) 23R T T e EAZFT S

AAR A sg (B4 F 2 4% ) 4§35 X P 0.3~059 7 EPA 2 DHA » 11:%

19



B R

Pl F R A IR S o ¢ E A AHA BIE RS X ED
1gsHEPA 2 DHA > @ & <5 - & (% 850) % 7 & eng #3451 099

SEPA 2 DHA > &4 27§ Fini #5 < ik £ 82 (AHA, 2000) -

g b Fa 4k 1994~1996 % F%H R 4 4 8 # A B A (CSFIl) 2% E 7 o At
oA E Y TiaE A f- (9 859) v A s T G % (9 170g):

4o [# 2] #77 -

JATT AR &% 19992000 B Rt R 2 4 £ A5 (NHANES) 443 ®a &
e b enBLAEASE T BEKAE 2 B0 X b M FA KL R E R RG §50

Adwh do MBS e G WS o RN AT 18 K 2 b ehd E 4§ 81% AR B2 -
BY 2N AR T RAKA &S B 19%:H4 T EaE ke A+ o[ 4 3)

SEWA NGBS 30 % AATE 7 R ANk AT L L2 fh

USFDA ;1 ¥ B & 8 sk & # 5 0.04~15pg/g- o+ 3 # B 739 k ek &
B o[£ 3) wrae L4 AR R 42 02pg/g (FDA 5 ¢ i3 % f 6 %
Mo AR BE ML) @ EPA/FDA #% >k G HE:75 LHQ/g > 4 & % 37

5 05ug/ge st hd ERDAR BHAMEEE ST USEPA TR -

i
&=

LAk %Y HE (RID) 0.1 ug/kg body weight/day » 2, 2 &% < & 2



B R

2005) ¢ d ** SE B E At BEARY X 2 F)F Db AT R E A E AR RID 7
- ?\ﬁf‘ugé’r_iﬁ ToREFREERE AR b Gy REFR AT UF T 1B
- R ﬁJﬁﬁ%‘?P 7 (Myerset al., 1995, 1997; Davidson et al., 1995, 1998; Grandjean
eta., 1997) NRC #- RfD 7 %_% 0.1 pug/kg body weight/day » = FAO/WHO & £ &
& R § #r#-RfD 37 %% 0.1 ug/kg body weight/week » ¥ L2 % #7pF e 3 35 5

FEEE (PTWI)ed 3t WH AL S a3 Kim2 RID> L 3 PRI fF e
BiEkR > Kimberly & + &2 MR A SRS P R T I A R L

oo XL AT P > B B TR e

d [# 4) B ehlicdp k5 0 FRA RG] A 7% 8 w-3 % 272 e {oigpii i
TR ALE SYday Ptk A FANEAF G ARG A AREBERER
T % Fehrs FAO/WHO #1537 2 enik 0k A 153> wc Kimberly % £ 335 & p& AHA
ik k7 P~ 0.3~-059HEPA 2 DHA @ Ak & 7 AL B ¥ B 2§ 7 278 -

1995 2004 & DHHS/EPA %t 4 28 Ak B chipl 8 » T L A 2F (T d A - %
Mg BARERW R A A - FTHEA B AR L § w35 A% e
AR > I TEE LG T L AT R 0 B SRR DA B 8

AEEE 2 g oob dud Sut k% > (Kimberly et al., 2005) -

AT - BERGFGRIRY T F S AR ok BB -F B E N 0 L 2

21



T - 2 REDBE-F By R d R VERNEMGTRE TERIBEE

W
Il

ErER S n P A QBB A, PAA v F PR 2 EF RS
1= 2% (Gochfeld and Burger, 2005) - &2 78 4. %8 A ;3 4 $ 4o PCBs ( Jacobson and
Jacobson, 2002) % ittt % (Burgeretal., 200lb) » ¢ # kk '& > ®ZFA Y A
BEHT AA RS o BEFREH L FHEDE 4 8~15g/day #7552 E b5
P aE s et R pE S 2 A g B R 42 7.5~225g/day (T4
15g/day) $Hest § LG Fehe v hobot Fke (4 A1 E ¥ RDREs) g
Fd o (KA 45g/day 2. F oo R EFT T P P46 100 giday o E A * US
EPA 447 A& #r37 2 e RID=0.1 pg/kglday % & ez 38 g agenps 2 B @fl 4
% 27g/day( i #% 7 A & GE B 0.23ppm ch A %5 )3 65 g/day(iE 45 7 A & B 9 0.1ppm

A RE ) 2R

[®2)]¢ HL-H2 4 ifd 55 22 (Ham)z #8-7 d %5 B 5 & & Benefit)
ZAE-F d o NLs N2 -5 ez 8o (Net) Frep 3560 8-
XghT i sp 2 7B E o d B? 700 g IAEFre A B 2 F ks FRFH 4 0 &
M€ 15g/day |5 % 60g/day ° Sxm 2 T end AF FawTy Y o & B org b 1~-3 %
3% B e v ¢ RF mq‘* B ixP A o 2 H e, dapen? RAER A 0.23ppm = %
2z > HT* ¢ /it 15g/day 1 F fefr 27g/day & £ B k0 T B & (Burgeretal.,

2005) 2 [ » Flpt & F LR BaE el Ak R RIS A o F AT AT AR

22



CEE 3 S

B % 0dppme RIH & 22 412 15g~65g 2 [ > Ap ot w f R A0t s L & he
FAARGRS AT R G BB P ik 6 v R 7 NRC #r3T Zehdo|
BT &% (minimumrisk level;MRL ) 0.3 pg/kg/day % f’fsg 7 edp @ 2 E_RID
Yot — RATEF Goapen® Zigi,}a}i?u kAR o7ppmu,;r—k$ 4 % FE 4.

2. H B g %’rs'a vy o

BAFRE g AT EEVHIFE ERE g o G TR AR
Nen® AR ST AL BB RA M A T R E MO R bR
(BAFIE ) F AR ErRk LA RER G § w35 A2 {rgppy K
T AAZ () K PCBSk &R AN o F LA Fofe 2 A A AR F T
feAg M BT REEF 2 2 EH MAER (Z01ppm) chdg 58 B 5 & % ¥ 11v; 60g
@ % €42 1 EPA 37 2.2 RfD (Gochfeld and Burger, 2005) - & 87 F & %8 7k k&
chficd ¢ 5 - & kR B~ 17 (FDA, 2004; Burger et a., 2005 ); 7@ & 4 #7 3 PUFA

/kiiimp'f—"‘ ﬁé,pj,]r}zrgu"igénﬁ 0

B iE K R F A S G g Y R AT RI0F A AENTI R G b Flt i

FELFTFETRBRAL R REF LA E R B2 i o

ot LEEOR AR 0 TR DA R RS BISORT R T

BTG ERACRESAL O RAZ R GIETRYE > 4 JrARGRE AT - B R
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R Y - B GArE A ARSI E THER T G TRN3 F AR oty
ik SR RCE Sy ST I I F =) SR PR B TR 8 - = o) WUt

A AR AN LR - BREREIAE B RS RG 0 B P (E

Rt

* % Sk paper Rt o AT AR EARE W AR ek FREERE TR D

RS TS ANHCHD »= F2 ¢ p B DHA A" LA KB

EIS

a4 cn e SR AR HET AAERE N3 A o s
WPz T30k ke, b R Brh P &7y # v Carrington 2 Bolger #73 B e 4.
X4 8 55 (Carrington & Bolger, 2004) k3 o S * b erfidi > 23R 58
Bop vt M AAERDGEFANE T AR ER D SN 24
B RS anE Rn RAAPHILS > Aa AL RS ARSI EENE S ¢

FTOE Qe B chA B AL PRERSC GRS € f 5 REHGORE

#eg oG B > 4o [ 5] S o

T T e R BT BB R a8 AT e 4 R

Bl SRR AHANEO UL Vi A SRR oL o TR R

o £ F2 onfr® £ 4 B (Cohenetadl., 2005) -
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CEE £F 52y

S H 8 ANARBE RBL G TR PMAY

1991 & - EARSFHOARLEFTH AT PSP AGI T B A2 ARG H
252 B % :® s (Khordagui and Al-Ajmi, 1991) - #7 5 p i & § R iRl & 4 5 v
Ao A A3 LB ER R T Flt (T ik 7 d L w # Fisheries Statistics
Bulletin(1985-1988) & 3F #73# - cha W 4 47 #E & T > 12 d #E T ## (KISR)
R EOEAMAFAER TR KR A RPA RN LT 64 (1b
Th G A T0%) chE 0 G A g B (s T koA A F 0 v 2205g eh g uE
Bt g P2 R B £ 607.29 (Tollefson, 1989) B i< o @ + 04 4 4 ik k&
- USFDA #7137 %shi U & (ActionLevel) 1.0mg/kg i 3% § » f Fli_m 2
R 157mgkge d X Fehp S A kG 0 &% MF L g M B R
LR IR DA SBIRE IS AR BRGNS o b
RS ER R S BTG A - g SR B BB
Aok S AL R RBE S 3RS S AR T Bt oo & ARG S
A aaE p Ak B E (ng/day) 22 ADI(Acceptable Daily Intake ) =30 pg/day
Pl R FRPASHFARToGd HS a4tk E € 5 1.5080 ug/day »
it ADI 675% > T i¢ Eimebendc a4 (8% £ 5 THEadd 2 ) ¥ 8% A LR B

® AR Ak B S 13.2ug/day >~ vt ADI B o BN TEH IR G B e g ik
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B R
%ﬁii?ﬁ%ﬂ&%@ﬁ@%&%o

1980 & % = & I B S ind WAL T F A4 0 d T AR £ ke E I ik fE

GBI AR ~ LR F ¢ BT R A3k Tl XA KGOS

3 01997 # - {7 g (Haconetd., 1997) jed $H 5 B ghir it h £ & che 2
2337 AltaFlorestaca A B A H Gd HIAFAAKBHI V- ZFAT N BHA R
SARA F T UEFAERRARREFE ARBEREENY AR Y PR

Byl kg gn g e o g LRI a2 AltaFloresta ¥ FliP 2 11
AR kR A B AR A BRI T S E SRR ing(mg/(kg- d))=FC -
IRIBBW » # ¢ FC % 4 & kA (mgkg): IR 5 & %8 & * 4f & (Kgrg/meal) » BW % %
BWE (kg ARBTauchp T A 22 F 8 (HQ) & E : HQng= ling/RfD » A
P RID WP 4YHE LB * MM IRER LY % F =03ugkg b.w.(USEPA,
1989a; Stern, 1993; IRIS, 1993) & » 3+ & o 5 HQ>1- Pl3a s P it ¢ A2 f & »Jg o
HEF IR B0%N TG G P A ARR FACE 0.5 mgkg e A - BN EE A E
FREd s LM ERSPARE BT THEp AR E: 02ugkgbw. s &
BeHQ 07 X EAREENT o % g3 Fhhp T o Ra a2 H Fued R
Ting p kBRI BT 22ugkgbw. c HQ 5 86 H ¥ jh 2 7ienizd # HQ %

88  EA T I Y AR MNBEG%BHE - V- K4 T8RS AX LES A4

ARBaw g B kAt #8en Tartarugalzinho j7 i 38 > Bl 2 16 f& P A2 % &L
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CEE ST
2R s B d s ER - B%ER 43 0.035ppm~1.225ppm 2 fF - H ¢ 5 8
o4 58k B AZE § pF USFDA #1737 #.eh 4 & (7822 & 0.5ppm - @ Tartarugalzinho

PITE N E P Ak B

2

BRI AU B AT e g fEaz % BB F %A 0k

ERKGE o  REPFRTEpALEBZE S 114 ug/day

AE Ak Bk S 16
ugkg/day » % & RfD=0.3 uglkg/day 75 & % o

rﬂll'b ]F—:!z p:\}i é z ,‘{' LA-‘F' mi,ﬁ}i lﬁj

FoRADIT B0 2B SARRRF  HiEEEF ¥ 22 5T (Bidoneeta.,
1997) - g+ ¢t 2000 & - £ Itk &

H_ ¥ aut

ALY - BREDNFLERLA
oMunduruku % F % > H 330 AR E* AR EBFT c BEFRAE A
Far g AR R B o 8 AT HALR & 0297ug/g 0 2

E N e
BRI 0.005pg/g e f2d d A AAPE B AUESH I ERIEE D GP B E T

(daSilvaBarbo et a., 2000 ) -

1997 # - B b £ X TR * f AIGHEN L 320 - BALT Y hB A 2 sk

5 7 g TR ek & B £ PDI (Persond Daily Intake) »

¥ ¥ WHO #7537 2 TDI

(Tolerable Daily Intake; WHO, 1990 ) =0.47 ug/kg body weight/day % i¥1* $& » & &_

B4 PDI>TDI Blsns B4 G WA T3 prgene 58

e *3—4 =R

R it i

/F/

880 ite £ 4 e P T A N A ES UL TR (2469787 hifa-5
By A ~ ¥ HEF )~ rar G RADRERINE BASREE o EH T st
Bl B RIRTI BT B IR AL TR MR G o 4 IR B A b G
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B R

nni

SFHETREG 2TBA (31%) H A gHEAEMRRE LG graa BEFZ

BB s AR HERG AT ORPFS AR L BPS PG E R A
$ard 2 gAkR (Paadisetd, 1997) ¢ @ ¥ - -+ 4 £ % 2§ RIS
EME-F BAFABFEEBTE R R LA AR L S Rwp 2 4

FH - BREZ AT AARKEFOR G TR FHF BRI R RarE RS
B o BEFIARNEG Y 1 kMY hAH LA PARIARE A § ALK

Fehp T (Hoovereta., 1997) -

gt 7k Dabeka & 4P| #1998~2000 # 2. A & 7 4 £ < & B (Whitehorse %

Ottawa) + 259 p ¥ 4ca® A EAR > S5 FRAEAE L HiKH MK > 5 46%K
0 RE R 5 0.026~0.506 ng/ge g AEA S KRR BB 0 T25 67Nnglg>
# W5 24-148ng/g- 13 hE AR R Y AT A £ & g Ak R R 0.5 ppm -

BAEpgd st kg ETE 5 0022 ugkg body weight/day » %3 v &

34

A R WP R AT - AR e g BRI S A BT R R

>
‘g;
z**

GG BE 40 & FAOIWHO M & b A | § $147 & #137 Lenlfew 35 5
¥k % £ 0.71 pg/kg body weight/day (4% ) * 0.47 pg/kg body weight/day ( * #
A) T AL RFALE R £ R h Y PRI TEES ST LA

# & £ 0.2ug/kg body weight/day - i xf—*‘zﬁij REMOAKEBERM - =X

3
*
il

b=
—=\
yes
<l
3
X
e
i

At o RE SR AR b ~IEL > 1 E RTEE L
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52 % pored
AR Ak R B RA2E F L i 0.5 ppm (Office of Seafood 2001) - + 1t i B
BERP L THBL U S L EFA AN 0 RAGE- R IR e A

-~

"5 AgiE- & % % (Dabekaetal., 2003) -
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B R
1 GG NHEIERE DT CRRECFSPMAAT

FLLOTO & 15 5 0 B i 0T S AT S R R R L e SRR
m 2002 & A EWF AB VSR B hEPER B Y P F o HEHHEHIE
B R il i 3k o @ A2iE 15%9 F 2 Bocip it 5 X P A N Ak
gz auvkE (EPA, 1996, 1998, Kamrin and Fischer, 1999) » izt ik e 3 5 X
L 2GRN DGR AR ERE SRS BERDREE 2D AR

ST UERE T ENE LEEY Py S EU XL

AT RS SRR i il 2 2R E AR BB EE TR
B ¥ (USEPA) 2 & R4 25 (USFDA) /L1996 & Azsert § 5 411 5 M
Ak B HEIE R Pdr USEPA 23R F i 2 % HE XX 4 62 7 chdgp 7
LA - % AL F2ZPpFHY - B ALFL128 7L A FFHF A

B0 Rl R & LD R S AT RECR 84 - 5 USFDA s kAl L

G Az A E B R hd 4 (USFDA, 2001, 2003) » 2 3k 7 #6454+ ~ (A 4
LONARE AR A R E ARG R A A B A RIGEA 0 s e A

BRED HATE AT (2R A ) B b TI0E v 12 2 7 (USFDA,
2001b)- ¢ *+ % FDA chit k>3 H57F S f 5% 24 brprg 3 £ 4o @ B 2004

£z FDAZ EPA X { 377 A &i#EG123% » 4o [ 6] #r7 -
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B¢ R AR R R D R AT -

EFRNI AP RALEZ PESOTLE S J 03 P T e ARk e P

G E R FF L HITE LA R SR WEA DN G ERRE R F T
- A/ﬁlm%é\ﬁi}ak TR AR ¥ eIk % (Claudio, 2002) > » F]@m T & @

FEESL N (Glho: PRFKE S 2o 40 SIB 2 BAFE TR B
[ 'F M) 3G 3,5’3 S EAE AR i AR ER 0 < R A R
- LIS G SR SR SRR F MY R AL SRS

W G RE e X iR 5 L d m%;{,/}é\‘__l_ﬁsl'& }?'E&ﬁ‘.ﬁ@_l"’ PHES AN

)

BenFik a b Len@iE s 8 3 B R P HREH G B hp BTSN 5

BE RN TR B ROt SREAE G AR E R LA R R AT oy i

ERL 0 HGER Lhgddel » 2 ERLLEL G 5 5T g
Bir-EAAIFMRE AT P LR ”ﬁ ! ”/‘/Eﬂ;Z_%;‘j__%: *‘?%E'fgpi‘qﬁ'# 4 i
B HESAENME R A R AR EE (M asLiapt - HAAHNE VX
Wi %4 ) bR (Burger etal., 1999; Kamrin and Fischer, 1999; Pflugh et dl .,

1999; Reinert et a., 1991; Velicer and Knuth, 1994; Burger et al., 1993) -

1997 & e #7 F Ven- BAE BFLET - A< AHT HE e 2(Tildenet d.,
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1997) A B ¥ % 5 X P R % B~ BUAZE 8000 B = & A X > R e §

PR AT B iFd - 9 G NS ¥4 48 (sportfish) #E & iE R

PERARA  BXPH Y 07 40%5 A RS T oA B T0%0R G
Fhw e P 5 8% AP RHEPOFHFHFOE GG S0%H T A EEIESRT

FX Ay > TG 60% &5 40%ELA o Y HHRTId T (g
TR F) AER A A AERLS LT G A %4 S & 3kdp 5! (Burger and
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Lobsters
Clams*
Flatfish*§
Scallops”
Croaker

Tuna (fresh/ frzn)
Catfish™
Haddock

Light Tuna (canned)”
Cod"
Shrimp*
Perch
Pollock™
Crabs”
Oysters
Swordfisht |
Sharkt
Bass (saltwater)
Albacora "Whita® Tuna (canned) i
Tilefisht
Trout
Salmon®
King Mackerelt

Fish/Shellfish Species

0 0.5 1 1.5 2
EPA+DHA Content (g/85 g serving)

Figure 1. EFA and DHA content of a variety of vish and shelliish*® # Indicated by FDA as one of the top 10 seafoods (804 of the
market) containing <0.2 ppm mercury. T Fish and shellfish with the highest levels of mercury, § Includes flounder, plaice, and sole.

W 1542 ° RAMYTE2 -2 F@ (DHA) 5 = LT
(EPA)

( USDA Nationa Nutrient Database for Standard References, 2005)
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2 1-BARESEEF (L 224 ) §% X DAFTAL SRR
%

7B P B4 RBh
SR T Y
DDT (5ppm) 3x10™
=& (0.3ppm) 9x10™
f*#=% (10ppt) 3x10*
#¥iE (03ppm) 3x10™
PCB (# 4 2 ppm) 7x10*
PCB ( Chinook #£4. 1.2 ppm) 4x10™
PCB (4244 0.8ppm) 3x10™
PCB (7 #/# /* 4 0.5ppm) 2x10°
RR%EF (FH2321) 8 X5 L0408
PCB (0.05ppm) 45 & 11 T 4% 1x107°
PCB (0.05ppm) 15 & 11 T 3% 3 3x10°
X s 4o b % 10°~10*

(Sidhu, 2003)

994~1996 £ W2 Fp BFHFEF4& e Y > 5 87 &ﬁ?‘*xéﬁiﬁf ERTAP |

F_

7N —

*
H

21
£

Table 2. Percentage of Persons Reporting Total Finfish Consumption and Cuantities Consumed in a Day-
Continuing Survey of Food Intakes by Individuals (GSFII) 1994-1996%

Age and Sex

20~ 1-') 40-59 60+
M F M F M F
CSEI sample (#) 1543 1449 1663 1694 1545 1429
Fish rn|]\|'_||_'||11i;||1 at least onee m 2 -:i_"_}'h (&) 196 20 229 24.1 213 23
Fish consumption on one of 2 days (%) 18.4 17.8 200 21.6 237 2008
Fish consumption on both days (%) 1.1 22 2.9 25 36 4.2
Quantity of fish consumed in 1 day
Mean (g) 95 74 102 78 03 03
S5EM ] 5 6 3 4 5
25th percentile 49 28 48 31 49 48
S0ih percentile 77 56 85 57 T8 76
T51h percentile 126 95 126 104 121 121

Glth percentile 185 147 1499 142 183 163

(Agricultural Research Center, 2000; Smiciklas-Wright et al., 2005 )

65



ig=a e

4 3ERANEE 30% A2 9 B ANEEFEIH 10 22 478

Table 3. Top 10 Fish and Shellfish Consumed by
the US Population Ranked by 30-Day Frequency
of Eating Occasions®*

Average No. Percent of
of Eating Adult
Ranking by Fish Occasions Consumers
1. Shrimp 2.1 85%
2. Tuna 20 509%
3. Salmon 2.2 226
4. Breaded fish 2.0 22%
5. Crab 1.8 20%
6. Other fish 2.5 169
7. Catfish 2.0 6%
8. Clams 1.5 16%
9. Cod 1.9 11%
10. Scallops 1.4 15%
22, Swordfish* 1.4 3.3%
27. Mackerel* 1.9 1.1%
28. Shark®* 1.1 0.7%

* Three additional fish species were included due to their
EPA/FDA mercury advisory status.
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Table 4. Omega-3 Fatty Acids, Mercury Levels, and Percent of US and FAO/WHO Reference Values in

Select Fish and Shellfish Based on Consumption of 6 OQunces (170 g) per Week
EPA + DHA Mercury Residue®s Mercury mg/lig/d

Fish/Shellfish 2/170 g fish*s (ug/170 g fish) (70 kg adult) “e RED* % PTWI®

King mackerel® 3.14 1241 0.25 253% 1119
Salmon® 2.44 ND ND ND ND
Trout 1.60 5.1 0.01 10% 5%
Tilefish® 1.54 246.5 0.50 5039 220%
Aldbacore ““white” tuna (canned) 1.46 59.5 0.12 121% 53%
Bass (saltwater) 1.30 45.9 Q.09 QG 41 9
Shark® 1.18 168.3 0.34 343% 1 5309
Swordfish® 1.08 164.9 0.34 337% 147 9%
Oysters 0.94 ND ND ND ND
Crabs* 0.80 30.6 0.06 629 27 %
Pollock™® 0.80 10.2 0.02 21% 2%
Perch 0.56 ND ND ND NI
Shrimp® 0.54 ND NI ND ND
Cod? 0.48 18.7 0.04 3R 17 %
Light tuna (canned)® 046 20.4 0.04 A2 18%
Haddock 0.40 e | 0.01 10 5%
Catfish* 0.40 8.5 0.02 17%: 89
Tuna (fresh/frozen) 0.38 [N ) 0.13 1329 589
Croaker 0.34 8.5 0.02 17% B9
Scallops® 0.34 8.5 0.02 1 7% B %
Flatfish™* 0.30 8.5 0.02 17% B %
Clams?* 0.24 ND ND ND ND
Lobste 0. 14 1555 0.03 31% 149
= EPA reference dose = 0.1 ug mercury/kg body weight/day

T WHO provisional tolerable weekly intake 1.6 ug mercury/kg body weight'week.

# Indicated by FDA as one of the top 10 seafoods (80% of the market) that contain <0.2 ppm mercury.
* Fish and shellfish with the highest levels of mercury.

* Includes flounder, plaice, and sole.

Composite Benefit-Risk by Dose Curve

H1

-

N1

e -

Anwmmn l----"i':ll e

A 1

15 30 45 60 75 90
Fish consumption (grams/day)

Bl 2%S AW AARBLIFEH-ZHEF BRI AR
( Gochfeld and Burger, 2005)
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Table 3. Projected health impacts by scenario compared to baseline®

Scenario
1 2 3 4 5
Natural units® CHD mortality 11 i) 6,700 — 16,000 — 16,000
Stroke mortality 3 15 1,200 —2.900 —3,000
Nonfatal stroke incidence 14 68 1,500 —3,200 —3,400
1Q) points - DHA 39,000 — 48,000 —48,000 0 140,000
IQ) points - MeHg 380,000 140,000 140,000 0 —410,000
IQ points - Net 410,000 92,004 92,000 0 — 270,000
Life years” CHD mortality —440 —2.400 —76,000 180,000 190,000
Stroke mortality —120 —670 —15,000 34,000 36,000
Total —560 —3,100 —91,000 210,000 230,000
Discounted QALYS" CHD mortality —200 —1,100 —43,000 100,000 100,000
Stroke mortality —50 —290 —8,500 20,000 20,000
Nonfatal stroke incidence —20 —97 —680 1,300 1,600
IQ points - MeHg 45,000 17,000 17,000 0 —49,000
IQ points - DHA 4,700 —5,800 —5,800 0 17,000
IQ points - Net 50,000 11,000 11,000 0 —32,000
Total 49,000 9,700 —41,000 120,000 90,000

*For CHD and stroke, positive values indicate an increase in incidence or mortality (as appropriate) and are hence unfavorable. Negative values
are favorable for these effects. For 1Q), positive values indicate an increase in average 1), and are hence favorable. Negative values are unfavorable

for this effect. All values are rounded to two significant digits.

“For life years and QALYs, positive values indicate gains and are therefore favorable. Negative values are unfavorable.
CHD, coronary heart disease; DHA, docosahexaenoic acid; MeHg, methyl mercury: QALY, quality-adjusted life year.

(Cohen et al., 2005)

% 6% FEPA/FDA $HRZH-+ ~ THEBL 17 L2 %32 dFEsEH

Table 1. 2004 EPA/FDA Fish Advisory to Women Who Are Pregnant, Women Who Might Become

Pregnant, Nursing Mothers, and Young Children™'®

Advisory

Fish Type

Do not eat Shark, swordfish, king mackerel, tilefish

Eal up o 6 ounces/week (1 average meal)

rivers, and coastal arcas®
Eat up to 12 ounces/week (2 average meals) A variety of fish and shellfish low in mercury; examples are
shrimp, canned light tuna, salmon, pollock, and catfish.

Albacore “white” tuna’ and locally caught fish from local lakes,

# Follow these same recommendations when feeding fish and shellfish to young children, but serve smaller portions.,

Has more mercury than canned light tuna,

If you choose locally caught fish, do not consume any other fish that week.

(USEPA/FDA, 2005)
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What wom
childbearing age should
know about eating fish.

Fish are fun te catch and good to sat Fiab are healtry food - high in provein
el o b e

But too much of a good Thing can be bad For o, Al fish coataln Lomse MeErDUry.
& comtaminent Lating too much mescury-comtaminated fech can be harmdul 10 pouwr
heeaith snd 1o powr child™s health. Chemacats feund in b ase dot kiows o Couse
mxmmmﬁ.a—wwh1hhﬂﬁ“ﬂm

Srrail o A buges thatl it jut srarting to lowes snd grow
That's why youmg mm-lmmnmu babies are at moere
rizhk Too musch mercury mary affect a childs behavior and lead to learming probiema
bstuir i it

How can | reduce my health risks and my child’s health risks from

maercury and other chemicals in fish?

g Eat smslber. younger fish

s Choose leam fish. Thess inciode panfizh. sech as bleegill, crappis,
sunfish, and yellow perch.

e Choose fish that den't eat ather fish The large predator fish ssch a8 Bass.
wealleye. northern pike. and muskie tead to have moce chemicals

For mowe infommaton sbout eating Wisconsin fah of 10 obtsin & copy of S spait T

Hﬁ;ﬂhhmdhﬂcuumt“dmuw

department, or cheeck oul the Division s webmine a0 i or the
Hetursl Revowtes website 8t wowe 3re SLate Wi i

P ESOTE DR
Fig. 1. Poster from the Wisconsin Department of Health and

Family Services alerting reproductive-age women about safe
fish consumption {(translated also into Hmong and Spanish).

Bl SERRATE 3 VR 2 REIRBINFAHT RFLTRL 2 A4S
R A S
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1995 2 2002 & B 44 17 42 R ch s 1

Table 1. Policy implications from fish advisory research:
change between 1995 and 2002 in the number of Great Lakes
states targeting women of reproductive age for fish advisory
outreach

Targeted audience —women of reproductive age

State 1995 2002

Hhnois
Indiana
Michigan
Minnesota
Mew York
Ohio
Pennsylvama
Wisconsin

EEN
ECHEEEERER

B, statewide.

<, targeting women of reproductive age at Superfund sites.

Source: 1995 EPA guidance for assessing chemical contaminant data
for use in fish advisories; vol. IV: risk communications, 1995; 2002:
communications and documents from the Great Lakes states.

ELIE
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#

11.7 meals

Al

1 ¥ear Prior fo Pregrnancy During Pregnancy

Fig. 2. Change in fish consumption behawvior for pregnant
Mohawk women associated with awareness of fish advisories
targeted for women of reproductive age (adapted from
Fitzgerald et al., 2004).
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(Ashizawaet d., 2005 )

70



45 ]

m

Serum PCB Levels
(geometric mean in ppb)

=
N

2Frequent Consumers Tdohawid Women  Jinfrequent Consumers

{Women) of Graat Lales [1952-1885) [Woman)of Great Lakes
Sport Fish Sport Fish
[1983) [1994-1905)

Fig. 3. Polychlorinated biphenyl (PCB) serum levels in ppb lor
Mohawk women with a low rate ol fish consumption as
contrasted to [requent and infrequent consumers (women) of
Great Lakes sport fish (from 'Fitzgerald et al.. 2004;
*Hanrahan et al.. 1999):

& [requent fish consumers: =27 fish meals/year (average);

e Mohawk women: 11.7 fish meals/year (average);
e infrequent fish consumers: 0—<= 6 fish meals/year(average).

M58 2 FESRAPREL A2 Bird %L 547 PCBER
(ppb) £ &

(Ashizawaet al.,2005)
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Percent having heard

&
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45 ]

[ Risks
Benefits

White Black

Asian

Fig. 2. Percentage ol subjects having heard of the benefits or risks of

consuming fish, regardless ol the species

or  lypes

ifreshwater,

saltwater). The actual percentage 1s shown above each bar.

Bl 6%d 180+ 542 HuoBags? oA ECREST A (754

) JIE &R gt B
( Burger, 2005)

Rating for who you trust about Informatlon on health benefits
or risks from consuming fish:

5
A
o4f §
s B
g { n{c e
g i
£ { DE
g {
H

official  official

doctor federal  stale professor newspaper family fishermen friends

Fig. 3. Relative ratings for “How would you rate your trust in these people for information on the health risks and benefits of eating fish?” Scale1s 1,

lowest degree of trust, to 3, highest degree. Letters that are different reflect significant differences.

Bl 7% 180+ 54 2 His o3 ¢ wenB IS JE2ZNNELR %

FRARKRGHEARHNIEEE
( Burger, 2005)
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i Bl A (%)
Mw (n=165)
71 78 47.3
L 87 52.7
¥ (n=164)
<12%k (] %) 19 11.6
1315 % (B * ) 52 317
1618 % (& * ) 16 9.7
19-29 # 10 6.1
30-39 A 13 8.0
40-49 # 15 9.1
50-59 15 9.2
60 # 11} 24 14.6
ik % (N=165)
%ﬁ?41 74 44.8
w32 65 39.4
i g 26 15.8
#7542k (n=165)
| EAEE(5ASH% 38 23.0
THEE AR F
- 25 15.2
47 ¢ 69 41.8
B¢ (B) 24 14.5
A8 (%) 9 55
B (n=164)
B 4 2.4
a 12 7.3
FRAnb < R 1 0.6
& 1 0.6
Fax 1 0.6
PR3 % 12 7.3
SF-4 R 3 1.8
7 10 6.1
g4 89 54.3
9%k 10 6.1
H 21 12.8
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i B A (%)
g4 2 7 Jer (n=69)
R RN 18 26.1
< 4999~9999 = 9 13.1
10000~39999 = 34 49.2
40000~79999 = 8 11.6

B OOE A RIE ki BHIRL 4 A B
25 BE § A (%)

AE G5 H#Y I (n=165)
5 20 12.1
% 145 87.9
2 TE 3 RIFY I (n=162)
5 16 9.9
% 146 90.1
W2 - B0 RS PR B (n=163)
7 i 150 92.0
w3 - B LR 3 18
1~2 = 3 18
3~5 4 25
6~9 = 1 0.6
& 3 —‘]‘B’K v 2 1.2
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T 23.0
B4 51.7
LYy 6.9
* & E 34
19-49 # (n=38) {x& 28.9
N 31.6
B4 31.6
* R 7.9
* & E 0
=50 & (n=39) & pt 46.2
N 28.2
B4 12.8
* I 10.3
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W (TndeHLEE )
0 10 20 30 40 50 60
A (%)
W 13 ﬁ%’?‘ﬁ ¥ 8% dug2 Rihoribpg A
% 1 %’%’?—‘ﬁ PRS2 HAHEARILERZ S L
AMEEF(E Y LHD) gt ®A &S #ES AER(udo)
B PP Mean+SD # 7]
*3& 4 (Marlins & Sailfish) 3 16 3 2.338+0. 722 1.67-3.11
*#w 4 (Tunna) 3 7 2 0.774+0. 159 0.65-0.95
*# 4 (Qilfish) Ruvettus 3 15 7 0.384+0. 008 0.37-0.39
pretiosus
# P 4 (Milkfish) Chanos chanos 6 2 0.343+0. 048 0.29-0.39
* 2 4% (Cobia) Rachycentron 3 5 0.336+0.039 0.29-0.36
canadus
4 & (Narrow barred Scomberomorus 3 5 0.305+0. 018 0.28-0.32
spanish mackerel ) commerson
* & i (Red porgy) Pagrus major 3 8  0.287+0.031 0.27-0.32
* =4 #5 (Greater Seriola dumerili 3 16 6 0.194+0. 014 0.18-0.21
amberjack )
% 2 (Groupers) Epinephelus 9 13 0.155+0. 018 0.13-0.18
malabaricus
4 s (Golden thread) Nemipterus 9 16 0.147+0. 054 0.07-0.2
virgatus
# 7 (Saury) Cololabissaira 6 9 0.133+0.011 0.12-0.15
8 4 (= 3 4 ) (Threadfin) Polydactylus 3 14 0.099+0. 002 0.10-0.10
sextarius
# 4 (Porgy) 3 13 4 0.097+0. 009 0.09-0.10
v & (Hairtal ) Trichiurus 3 4 0.086+0.022 0.06-0.10
lepturus
£ 7 (Moonfish) Mene maculata 6 15 0.081+0.003 0.07-0.08
# 4 (Cod) Theragra 3 6 0.079+0.002 0.08-0.08
chalcogramma
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2 UL HpF 87 LHEAFRARRE S HFL L (F)

Y3 EA

AME R (E Y LHD) gt ®A S H#|S AER (rdo)
ﬁ:ﬁ a[-)l: z #l: v % M eaniSD ‘%G @

2 # (Black seabream) Acanthopagrus 3 15 0.079+0.003 0.08-0.08
schlegeli

Foa (kokae) Slurus assotus 3 16 0.073+0. 004 0.07-0.07

( Freshwater catfish )

*#E 4 (Samon) 3 8 1 0.068+0. 005 0.06-0.07

v p 4 (Flatfish) 3 16 0.067+0. 008 0.06-0.08

%4 (Seaperch) 3 3 0.063+0. 001 0.06-0.06

- % 4 (Silveranchovy) Spratelloides 9 15 0.062+0. 005> 0.06-0.07

racilis

#7113 (Larval fish) %mcrasi cholina 6 14 0.059+0. 006 0.05-0.07
punctifer

& 4 (Mullet) Mugil cephalus 3 16 0.05610. 005> 0.06-0.06

2 # (large-scalemullet) Lizamacrolepis 3 11 0.050+0. 004 0.05-0.05

& 4 (Mackerels) Scomber 3 15 0.048+0. 007 0.03-0.06
austrlasicus

#%. (Crucian carp) Carassius 6 15 0.047+0. 010 0.04-0.06
auratus

% 4 (Sweet fish) Plecoglossus 6 15 0.042+0. 004 0.04-0.05
altivelis

B 4 (Ed) Anguillajaponica 3 12 0.041+0. 009 0.03-0.05

+ 4 (Yelow Croaker) 3 16 0.036+0. 006 0.03-0.04

¢ 4 (Japanese butterfish) Psenopsis 6 10 0.032+0. 011 0.02-0.04
anomala

3% (Tilapia) Oreochromis 6 1 0.016+0. 001 0.01-0.02
hybrids Tialpia
PP
bASES L 2ZHEYEFMRKR L §REFIAET R
TP LR p #ﬁ%%?%‘rﬁ,&ﬁé@p%ﬁ ‘AR R B M2 R

“rF AFEHE A B E
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45 ]

2 LR22pE8 T 1 AARLRAERR

Yy Al AER (ugg)

Mean+SD #
4. HE B
A 3 0.183+0.010  0.17-0.19
o g 3 0.097+0. 005  0.08-0.09
ol N 3 0.038+0. 005  0.03-0.04
5 45 3 0.035+0. 002  0.03-0.03
g 3 0.032+0.002  0.03-0.03
AR (RE) & 3 0.031+0. 003  0.03-0.03
B BA
EictE P A 3 0.032+0. 003  0.02-0.03
4§ 6 0.030+0. 003  0.03-0.03
i g 3 0.028+0. 004  0.03-0.03
Einit 4o 3 0.028+0. 008  0.02-0.04
Eint A 3 0.025+0. 003  0.02-0.02
U 3 0.021+0. 003  0.02-0.02
Eict o7 f 3 0.018+0. 004  0.02-0.02
£ p A pE 6 3547+0. 658  2.45-4.03
At 9 0.025+0.010  0.01-0.04
Tt 3 0.028+0. 005  0.02-0.03

"B AR EAAERP G E
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45 ] %

2 RBXp TR p gL AAL8Y L2850 8 A2 AAR2FPY A

AErE
£pE 84 FEEAKS A ARG L1 g Aeds Fp? AAEN
KA -] * % (giday) ¥ (g/day) * & (g/day) & (pgkgday)
1 £ 3% # P B3 443 N/A 3.26 0.35
2 2 3% EF R P 177.3 0.70 20.8 0.67
3 P £ 3% 177.3 0 4.90 0.39
4 P B4 £ 3w 204.1 6.28 7.15 0.56
5 EoA 4 A 22.8 0 0.49 0.08
6 £ 3% 2P A 33.4 0 2.27 0.29
7 23 HA A 140.7 0 3.26 0.16
9 By L4 12.1 4.19 7.15 0.08
10 2 3% Fp 0 # 32.4 0 3.26 0.15
12 e A o B 303.4 0 0 0.43
14 3 4 s 25.0 0 0 0.02
15 4. L S 95.9 1.40 7.15 0.48
16 P Z3R e 151.5 0 0 0.75
17 3 LS LI O 314.9 0 2.77 1.03
18 2 3% [ 10.3 0 7.41 0.24
19 & F L S 45.8 0 2.27 0.17
20 & F L S 657.5 0 0 2.04
21 P Z3R e 430.5 2.44 3.26 1.85
22 P 23 A N/A 4.19 6.22 0.40
23 P Z 3R g 172.6 2.79 18.7 0.40
24 2 3% #p B4 153.0 0 0 0.15
25 P £33 147.2 0 2.77 0.35
26 P Lo S 328.7 0 6.82 0.75
27 P L5 S N/A 0 7.81 0.45
28 2 3% N I— 164.4 4.19 3.26 0.57
29 2 3% N I— 164.4 0 2.27 0.45
30 P L5 S N/A 0 3.26 0.43
31 2 3% N I— 59.2 0 2.27 0.12
32 2 3% N I— 109.6 0 2.77 0.44
33 P Lo S 153.8 0 2.27 0.46
34 2 3% P By 528.9 0 18.4 1.80
35 2 3% N I— 147.2 83.7 2.27 0.80
36 - S 4.70 0 0 0.04
37 P L5 S 2535 0 0 1.02
38 &P L I 62.0 0 7.31 0.28
39 &P Z3 24 3755 12.6 3.26 2.41
40 2 3% FP 0 HA 177.3 0 N/A 0.38
41 & F 23 A 2715 6.28 2.27 0.67
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Y3 EA

2 B3FTIHEP ANZE AASSTRZ2 G 8T A2 A A L G 3

»E (§)
£pE 84 FEEAKS A ARG L1 g Aes Fp? AAEN
¥ fE * % (giday) ¥ (g/day) * & (g/day) & (pgkgday)
43 Z3 F P g 45.1 12.6 2.77 0.45
44 L S #p 63.0 41.9 7.81 0.26
45 Zgw F P g 451 0.00 8.30 0.35
47 Z3n 9 F o7 59.2 0.00 9.78 0.20
48 g3 Fp P A 103.5 0.00 2.27 0.20
49 Z3 F P ~ 4 91.9 0.00 0.00 0.26
50 3 2@ 1B 99.6 0.00 2.52 0.13
51 Fg Fp 7 20.7 N/A 2.27 0.17
52 Z3 F P i 222 0.00 3.75 0.29

i g (=
54 A S o) 3 99.1 0.00 11.9 0.13
55 L IR % p 172.6 0.00 7.15 0.88
56 LS I N S 3 6.53 0.00 2.77 0.07
57 P £ 3% S 3 345.7 62.8 N/A 0.71
58 E6 - S 56.4 0.00 2.27 0.01
59 & F £ 3% A 407.7 0.00 14.1 0.94
60 Hh  mA S 3 406.1 6.28 18.2 0.57
i g (=

61 ma o) #E . 82.8 7.68 0.00 0.53
62 fi g % 3w 4 b 30.8 0.00 2.77 0.11
63 &P S 3 N 24.6 0.00 2.60 0.16
64 Voak B i 2299.0 0.00 18.2 2.02
65 3 5 A& £ 3% 20.3 8.37 2.60 0.30
66 #EH E 3R P 252.5 7.68 3.75 1.16
67 ZE Fp oA 232.1 0.00 5.23 0.72
69 ES- I #r 13 63.4 0.00 2.27 0.10
70 3 oA £ 3% 144.6 0.00 7.02 0.39
71 3 £ 3% 46.6 0.00 2.27 0.05
73 i B Y g 3% 48.3 0.00 3.26 0.10
74 I S £ 3% 61.6 0.00 0.00 0.10
75 I A4 v 4 254.6 0.00 18.4 0.96
76 f3w R P oA 138.7 0.00 18.2 1.26
77 I @A gk 80.8 12.6 7.31 0.26
78 Zgw F P dpe 96.0 0.00 2.52 0.68

79 I HR - 7.05 0.00 7.81 0.05
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45 ] %

2 B3FTHEP ANZAASSYE2 G 8T A2 AAR2ZFP Y Ak
»E (%)

L e g FEEAKS A ARG L1 g Aeds Fp? AAEN
Wy * g (gday) # (g/day) * & (giday) £ (ugkgday)
80 I T 1 S 0 N/A 0.00 N/A 0.78
82 #p 23 A 88.6 0.00 3.26 0.20
83 #p I A 111.5 0.00 0.00 0.50
84 3 — 9.00 0.00 0.00 0.06
85 g3 FP - 109.6 0.00 2.27 0.48
86 #p I3 A N/A 0.00 N/A 0.53
87 £ p g% % 3w 220.8 0.00 N/A 0.70
88 LS I T 47.2 0.00 6.82 0.12
89 g3 FP - 43.0 N/A 2.60 0.42
90 f3n Fp B N/A 0.00 6.82 0.62
91 LS AT EY - 18.0 0.00 0.00 0.19
92 L5 TN N — N/A 2.79 7.02 0.66
93 N B4 E 3w 265.9 0.00 7.07 0.73
94 7 I - N/A 0.00 2.27 0.51
95 L4 S 4.70 6.28 2.52 0.15
96 L4 S N/A 3.49 2.52 0.73
97 Iy WA EA 10.7 1.40 2.60 0.08
98 4 R L ) N/A 0.00 7.81 0.74
99 ok N L Y ) 24.7 10.5 3.75 0.13
100 I3 fEh pEA 117.6 0.00 2.27 0.13
102 Ba I3 #A 64.9 0.00 28.3 0.22
103 I M - g 3% 485 0.00 3.26 0.54
104 Zgn R P v 54.3 0.00 3.26 0.29
105 - N L SR 267.6 0.00 0.33 0.57
106 L4 I B i . 21.6 0.00 375 0.18
107 Vg B TR B W 851.4 335 20.2 3.56
108 FI - S 64.4 0.00 375 0.45
109 2P g 164.4 0.00 0.00 0.82
110 L LI v 19.7 0.00 3.26 0.03
111 T @A F P 90.8 8.37 3.26 0.23
112 L4 1 S 14.1 18.8 7.15 0.82
113 3% F P 81.4 0.00 6.82 0.41
115 A B S 270.6 0.00 18.4 0.72
116 F: g3 o4 49.2 0.00 0.00 0.13
117 I3 A B 256.2 100.5 27.3 0.95
118 Iy #a F P 48.6 0.00 2.27 0.16
120 Ol R S 4. 17.8 0.00 3.75 0.21
121 [ o E3w 110.7 0.70 7.31 0.22

84



45 ] %

ioOI3TE P AN AARSTEEES 8 AN AAELE DY AR

»E ()
S A R A A AT ET L1 AARE Fp T AAEN
Wy * ¢ (gday) £ (giday) * £ (g/day) # (pgkgday)
122 LR . 14.1 0.00 6.82 0.01
123 2P &3 Bm 177.3 0.00 2.77 0.75
125 Z3 E P &4 24.8 0.00 N/A 0.37
126 T3 F B fEA 15.3 0.00 0.00 0.28
127 P OE 3 A 35.4 0.00 2.27 0.30
128 F & fj’ 'Z‘gl xS 99.1 0.00 0.00 0.13
129 I3 R R HA 135.8 0.00 7.41 0.54
131 N 45 S 86.1 0.00 2.27 0.47
132 3N 45 - — 108.0 0.00 0.99 0.57
133 ER N N 122.7 0.00 0.99 0.72
134 P HA £ 87.0 0.00 2.27 0.23
135 F I 4 1 S 171.0 0.00 2.27 0.52
136 N 45 - — 164.4 0.00 0.00 0.63
137 N 4 - — 41.1 0.00 6.82 0.33
138 E4 T N - 220.8 0.00 0.00 0.51
140 g #p 3w 177.3 N/A 6.82 0.75
141 T E P B3 312 0.00 7.81 0.19
142 2P &3 B 22.2 14.0 7.31 0.80
143 T E P B3 286.8 0.00 6.82 0.99
144 o e 24.2 0.00 2.60 0.17
145 T3 F P A4 63.1 0.00 6.82 0.49
146 23 F A Bm 31.0 N/A 6.82 0.45
149 Wa 2P E3w 73.1 0.00 2.77 0.36
150 B L BA 153.9 0.00 7.54 0.75
151 3 — 27.0 31.4 9.78 0.36
152 FIN T - S 13.2 0.00 2.52 0.12
154 g A7 R P 47.1 0.00 7.81 0.52
155 I gmh R D 42,5 0.00 275 0.16
156 Ty P #7 93.4 0.00 6.82 0.66
157 EA M A A 28.7 2.09 2.52 0.44
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45 ]

% 13¥ TR p AME AASST R2 50 87 A2 A A F CE I8
£ (¥%)
e I FEAEES 2 A4 W1 hANEa AP AXRE
Wi * g (g/day) € (g/day) * & (g/day) € (pgkgday)
158 S LI N 39.1 0.00 8.30 0.15
159 fmh 2P B4 13.0 0.00 3.26 0.23
160 8 R I R g 129.7 2.79 2.52 0.62
161 L4 S 14.1 0.00 0.00 0.68
162 Z3 B H 19.7 0.00 0.78 0.20
164 &P TR fEA 17.8 0.00 252 0.26
165 frh 2P g 27.9 4.19 3.26 0.25

1l A AFE B P hHEFF O BAE P A1 /i1 9% E o d 3R P AR
A ZERFNUGZEDE & A r 8t 2318
Zp® %i%»iz(i PATH A AAE  B+E P A A PR AE A B+E D 42

0.9=" AAHR A2 i Gl (R AHP 232%7F 90%5 7 A% ) (Gochfeld and
Burger, 2005 )

N/A;"%—ﬁ’ﬁﬁ5€7 IEEIIX_P(‘% ﬁlé_%ji;g%&ﬂll &E’ LL)‘L_’%ABQ%%{%
)\Ef{_f],{m—r»ﬁ 4,3—4-%7 —li:’lE'l JE—'IJ%%,#;ZIE,&’ Ff &,é‘g’r ‘T%)‘7 n%;}\_ﬂ
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15
10

Hazard Index

45 ]

1

83.0%HI1>1

bbb b by IRTA NI NIRRT RN R R RV AR IR ATRT RTRTNNI R NI TR VRN N R IuTa} I

1223 34 45 56 67 78 89 100111 122 133 144 155

A=K

HI=1

W 1471 USEPAT 22 3 MERELP X0 87 A2 AAS%RA®

2h2 @ Tt (Hazard Index)

Hi=# p 9 4 4% » ¥ /RID(RFD=0.1 1 g/kg day)(US EPA, 2001)

10

Hazard Index

1

43.6%HI1>1

12 23 34 45 56 67 78 89 100 111 122 133 144 155

A =%

HI=1

B 1502 USFDAZ2 4 MERELPHET 8% 42 A ARTHB
LA Tt (Hazard Index)

Hi=% p ¥ & & 3 » ¥ /RfD(RfD=0.4 1 g/kg day)(US FDA, 1995)
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45 ]

2 UXFFRPEY - ER - ROFFLLER - RKTRRAAFLANE AES

#E P AAENE -V AAEABEPTWI ZF A2 BT HET30E 20

=

o) He 4fiF GAE Y AAHEAE %PTWI HI 22 Hl &°
#>~& (g/day) (. g/kgday)

25
g 78 174.6* 0.48 210 4.80 1.20
-~ 87 87.6 041 179 4.10 1.03
- 4 77 89.8 041 182 4.15 1.04
LR 10 61.7 0.37 163 3.72 093
P
<19 87 1155 0.38 169 385 096
19-49 38 124.3 0.44 191 4.36 1.09
=50 39 173.1 0.58 255 5.82 145
R
By 74 122.2 0.47 206 4.70 117
P 65 165.7 0.48 210 4.81 1.20
)i RN 4 26 62.1 0.26 116 265 0.66
INENE: S Y
=24 114 111.3 0.39* 170* 3.88* 0.97*
>24 50 178.8 0.58 252 9.75 144
Y AR
BT 63 135.3 0.52 227 5.18 1.30
B3+ (E%\ ) 92 130.2 0.40 177 4.04 1.01
- 9 79.5 0.31 138 315 0.79

AEEE A A SEPE=E D (FTE A E LA AP N

)

PTWI : Provisiona Tolerable Weekly Intake=1.6 1« g/kg week (WHO, 2003)

(g

+4e1 p A S G Y

HI=? & %4 » £/RfD
art USEPA 37 %2 7 f A& RfD=0.14 g/kgday %%
b rs USFDA 7% 2 " #4& RfD=0.4y g/kgday % :* &

el TioEdat 2 BFE LR (P<0.05)

88



Y3 EA

* 15%%*—%’13&4“%{13&‘ AEZ AARSHEZY AARBELF
hogp M LA 45

B PlEFHE | Jepuk Bl | TRplERE
g Pearson 1114 1000 | © .834% 116 TI86%
B (27 . .000 166 017
(8 164 163 143 163
"l =¥ 5y Pearson H{E 834 1.000 163 212%
S 1 () .000 . 052 007
(=g 163 164 143 163
Pz Uk Bl Pearson 1R 116 163 1.000 T11%
S 1 () 166 052 . .000
(=g 143 143 144 144
FBEEET Pearson fITH .186% 212% TJ11% 1.000
B (27 017 007 .000 .
|5 163 163 144 164

T B 50,01 (S5 - A RHEETE -
£ TR AERR0.05 [F () o AR -

2 I6XPHLKTARARAGE AASSTE2 P AARBELF M2
S

A

Pepuk Bl | CRRlERR | PRRSIE

Spearman’s tho (B¢ JaplE s Ml R 1.000 T792% -132
2 e (B . .000 113

|Gl 144 144 144

PHEER AR R 7925 1.000 -117

2 E (B .000 . 137

e 144 164 164

SRR ;ZEF&;%JI’E;M -132 -117 1.000

S 1 () 113 137 )

e 144 164 165

T 01 () FRUATIRE Y O R -

89



Y3 EA

£ 1729 AARBEv BB  ER LG T BOEK KTRRAES L
ik F AW

TRAAK R B

= BRE (N=72) ¢ %% (n=65) H“ixFE (n=27) PiE
(%) (%) (%)
EA
g 4.4 ar.7 51.9
+ 55.6 52.3 48.1
5 % 6.9 4.6 1.4
# ¥
<19 39.4 67.7 55.6 0.011
19-49 26.8 16.9 29.6
=50 33.8 154 14.8
Bl %
Byl 50.0 40.0 44.4
P ] 43.1 36.9 37.0
Aaag 6.9 231 18.5
B g
=24 55.6 84.4 74.1 0.001
>24 4.4 15.6 259
KT AR
BT 45.8 27.7 4.4
AR (F%‘« ) 48.6 66.2 51.9
- B 5.6 6.2 3.7

%% & : HIRID=0.1y gkgday) >1r HI(RFD=0.4 » g/kg day) > 1
® % & : HI(RfD=0.1y g/kgday) >1 it HI(RfD=0.4 y g/kg day)=1
% % : HI(RID=0.1x g/kgday) =1 HI(RfD=0.4y g/kgday)=1

PE<0054% ¢ - MEBLEMZATEREFA V3G I HEFLR
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i 45 %

218% MEBEAP ¥ ST 245 XRZ2 s 2 R

%37 FEBE (N=T2) ®Ege (N=27) P&
T 4w gt 6] (%) 100.0 51.9
¥ = ¢ (GkE Z3%4 (0.016ppm) £ 3% 4(0.016 ppm)
B) (b a* <#p A (335) (38.7)
v 0%)
# P A& (0343ppm) # P 4(0.343 ppm)
(28.8) (12.9)
# 4 (0.063 ppm) & # (0.086 ppm)
(6.8) (9.7); #£ 4. (0.068
ppm) (9.7)
Arat AEA & KOR(Ar B OB (i d#rpE ) BoH (B HEpE )
g A %) (43.6) (61.1)
pe &z (347) VI S B B E S
(167); p e &7
(16.7)
T foeg 2 g5 et b 333 222
(%)
¥roz =482 4 PRk @7 4 (0774 ppm) #:4 (0.068 ppm)
B) (k4 &* dka »  (327) (40.0)
'L %)
#& 4 (0.068 ppm ) & 4 (2338 ppm)
(21.2) (20.0)
# 4 (2338 ppm ) f 4 (0.774 ppm)
(19.2) (133 ) ; & &
( 0336 ppm )
(13.3)
WA E A A S Tiear 2488 15.3 0.000*

*Hoer TioEidit b2 BELRE (P<0.05)
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2192 R AA2F#F% p#sE (ADI) 2 £ %52 ¥

45 ]

BMp2 i 133 a3 4 = ADI( u
g/kg day )
USFDA R T Ok 0.4
PR R G 170 1 g/week 0.37
*FHEE
USATSDR APyl 74 M vHARPC RE ] 012
2 m B A kR (ATSDR, 1993) b % #E
# b Seychelles = # shiicdy 5 NOAEL 0.3
(ATSDR, 1997) - UF=4.5
d Seychelles #icdy » ¥ & k& 5 153 0.5
ppm 2. NOAEL i % ( ATSDR, 1999)
USEPA BRI ARY SELDORLREF 2w L HRD 0.3
USEPA(1999) 142 # 8 2 UF=10 thiE ™ & 2 A s RID2 01
Faroe # § #7ip| 18 chdd 36 B ¥ 8L A S8 B
WHO(2003)  FAO 2 & & 4c 2 & 2 B & B 54 | 1.6 gkg week 0.23

&
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Y3 EA

2 0:REAAE(HA)S2E 4 (AA)AERI S 8% (% E)
25 P& (27 A%) HrEVR

i % Al hEE(RA)S A% (A ) RAESF P AENE R
* 2 B (" %)
R E Ay Er BB 94 326gday <001-096u9/g 002ugkgday* Agusaetd.,
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