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a,b,c

WHO™

WHO®: &

CAS No. 7439 97 6

356.7 38.88

Hg++
0.4 3

0.4ppm mg/kg

Sppm

Hg

61 JECFA®,

80 200.61

0.1729Pa(20 ) 37.11Pa(100 )



10

2003 1.1pag/kg / ¢ 8.1pg/ /
1.2a9/kg / 8.4pg/ /
84.2% 15.8%
@
61  JECFA
GEMS/Food Diet 0.1 2.0 /kg /
61  JECFA®, WHO®

61JECFA 2 1999

Storelli et al., 2001 °

95-100
80%
Berlin 1979¢®

(toxicology Today) -

90%

250 1
10%

50kg

1994 2003

0.3 1.5pg/kg

75 100

69 100%

2003

/

SH



Berlin 1979¢®
0.2 0.8ug/g

(NRC®)

WHO EHC
WHO™, NRC®, ATSDR®, etc.

1986 3 1 1987 12 1,023
75.1% 7 14



1987

5 109 66
1989 1990
19 29 66 9
3
73
4 38
DDST
50%
1986®
6 7 57
3
3ppm
3ppm
13 15ppm

1989 804

Revised Denver Development Screening Test (DDSTR)

779 6.5
1,000
6ppm 74
Denver Development Screening Test
17%

Kjellstrometal .,

WISC-R  TOLD
3 6ppm

Kjellstrom et al., 1989®

Kuopio Ischaemic Heart Disease Risk Factor Study (KIHD)

42 48 54 60
3,235 2,682 82.9%
Acute Myocardial Infarction AMI
Coronary Heart Disease CHD Cardiovascular Disease



CvD 1,833 2-7

5 2.0
mg/kg AMI 2.0 95%
1.2 31 CVD 29  (95% 1.2 6.6) Salonen et al.,
199519
1,104 4
C
¢ High-Density Lipoprotein HDL
2.81mg/kg
32% Salonen et al., 2000™
1,871
13.9 HDL Low-Density Lipoprotein®
LDL BMI
DHA+DPA C E
2.03mg/kg
1.6 95% 124 206 CVD 1.68 95%
115 244 CHD 1.56 95% 0.99 2.46
Virtanen et al., 20052
70
684 724
DHA BMI HDL A
B 5
2.16 95% 1.09 4.29
Gualar et.al., 2002(13)
40 75 33,737
CHD 5 470 CHD CHD
CHD
CHD
0.97 95% 0.63 1.50 Yoshizawa et al., 20024
1991 1992 7,421
e
HDL,LDL



15
MacArthur Communicative Development Inventory 18 DDST
1,054

MacArthur Comprehension 72
95 =71 74 68 66 71

Daniels et al., 2004¢®
National Research Council:NRC
-3(n-3 )

NRC®

1973 7
16  JECFA 1 0.25mg
50kg 1

0.17mg/ / 0.5119/kg /
(16)

FAO WHO JECFA



1972 4 16 JECFA

0.3mg/
0.2mg/ 60kg
0.005 0.0033mg/kg JECFA
0.2mg/
16
JECFAUD
1978 4 22 JECFA
0.3mg/
0.2mg/ 22 JECFA(®
1988 5 33  JECFA
JECFA 200 /3.3
M /kg
JECFA
FAO  WHO
33 JECFA®9
1999 6 53 JECFA



2002

PCB
3
53  JECFA®®
2003 6 61 JECFA
1.6p49/Kg /
2
2 14mg/kg
— 250 1
1.59/Kkg /
3.2 10%° x= —
2 6.4 PTWI 1.5pg/kg / =<7 /6.4
1.6p19/Kkg / 1
2mg/kg
2 4
JECFA
JECFA
61  JECFA®, WHO®
EPA
EPA RfD



2001 EPA

46 79ppb  BMDL 95

0.857 1.4721ag kg

Minimal Risk Level: MRL

10
0.1

ATSDR 1999
15.3ppm
1.3pg/kg

4.5
3
ATSDR(

EPA@D

ATSDR

66

NOAEL

1.5

0.314g/kg

COT COMMITEE ON TOXICITY OF CHEMICALS IN FOOD, CONSUMER PRODUCTS AND

THE ENVIROMENT

coT JECFA 2003

JECFA  PTWI 1.6pig/kg 7/

FSANZ 2004 3

3.31g/kg /
©)

2000 PTWI  3.3pag/kg

10

FSANZ

FSANZ 2 PTWI
1.6p19/kg

2003



15 6

NRC (NRC®)

flora

16%

ATSDR ATSDR(

coT ®

45
Doherty  Gates

11

NRC



1% Sundberg 17

5% Amin-Zaki

60%
3% JECFA
PTWI1.6pa9/kg / 7Kg

0.23119/kg / 1.6=7
1 150ml/kg
1.53pg/L  0.23-=-150
3%

51.1pg/L 1.53--0.03
2003 JECFA
65kg
1.36j49/kg / 9.59/kg /

51.1><0.09=<65><0.014
0.95><0.05>=<65

12



2000 PTWI3.3p1g/kg / 2003
PTWI1.6pu9/kg /

15 6

coT ®

n-3 E

deficits

13



T body burden 25mg

50mg 90mg 180mg 200mg WHO™
200pag/L 50ppm
5%
in vitro
n-3
EPA
61  JECFA
f
D L F

14



1,000
700
JECFA EPA
61 JECFA
a
7
Benchmark Dose BMD
et al., 2000
BMD
CPT reaction time BMD BMDL
2 1 2
1
19974 | Budtz-Jorgensen et al., 2000¢?
BMD BMDL Boston Naming Test

NRC, 2000

15

Budtz-Jorgensen

BMDL

Grandjeanetal.,



BMD BMDL
Boston Naming Test 15 10ppm BMD  95%
BMDL  10ppm
BMD
(ppb) (ppm)
BMD BMDL BMD  BMDL
Finger Tapping Test 140 79 20 12
CPT reaction time 72 46 17 10
Bender Gestalt Test 242 104 28 15
Boston Naming Test 85 58 15 10
California Verbal Learning Test 246 103 27 14
CPT :continuous performance test
BMD :benchmark dose
BMDL:benchmark dose  95%
5% 5% BMR 0.05
BMD
b
6.5 19 29
66
12ppm
12ppm  NOAEL
c
4 74 DDST
6 ppm 38 36
6 3

16




3 6ppm 3ppm
3 3ppm
57 Wechsler Intelligence Scale for Children-Revised Test of Language

Development McCarthy Scales of Children®s Abilities

Kjellstrom et al., 1986® , Kjellstrom et al., 1989®

86mg/kg
20mg/kg 4
JECFA EPA
61 JECFA
Hg/l
d pg/kg /
d pg/kg /
x< x x x<
JECFA 61 JECFA 65kg
60kg
0.014
bw 60kg
60kg 0.09>=<60 liters
0.95
0.05
T b=0.693-=T,,,

17



NOAEL 10
700 1,000
BMDL
10ppm  12ppm
LOAEL NOAEL
250 JECFA
140 370
250
250/140 0.43 250/585
70
Miettinen,1971¢®
0.0165 Sherlock et al. 1984
65 0.0107
0.0058 189
1974@
b

10 LOAEL

10
10
NOAEL
BMDL  NOAEL
137 585
0.68 250/370 1.79
1.82 250/137

50 0.014
0.0099

2.38 119/50

18

bimodal
119
Al-Shahristani and Shihab,

1.70 119/70



PCB

NRC®
PCB
Boston Naming Test BMDL
NOAEL 10 ppm  12ppm
11ppm
JECFA 2003
Boston Naming Test BMDL 12ppm
11ppm 44pag/1
Ho/kg  /
=< =< =< > 1.167p9/kg /
0.014
bw 60kg
60kg 0.09>=<60 liters
0.95
0.05
1.17g/kg /
2
1/2
2 1/2

19



1.17pg/kg / 4 0.291u9/kg /
™I 2.01g/kg /

NOAEL
BMDL

BMD 95% BMDL
12ppm
12ppm
Toxicokinetic

variability

20



2003 8.1pg/ / 50kg 1.1pg/kg / 84%

1994 2003 10 8.4pg/ / 1.2
g/kg / 2
2.01g/kg
/
Yasutake et al., 2004¢®
1.37ppm 15-49
1ppm 26.3% 2ppm 77.8% Sppm
98.3% 10ppm 99.9%
BMDL ~ NOAEL 11ppm
1.5 2
1.4 1.9
Ask et al., 2002@"
16%

21



Hg/kg

/

61

JECFA

61

60%
JECFA 3.3
0.56149/kg /

10 1

0.54

CoT

22



2.0pg/kg /
BMDL NOAEL 10ppm 12ppm
11ppm
4
NOAEL BMDL

PCB

23



n-3

16

17
@

24



Metalic mercury

Elemental mercury, Mercury vapor

mercurous mercury ;

Inorganic mercury compounds mercuric mercury ;

Organic mercury compounds

Alkyl mercury

Phenyl mercury

Hg' < (CHs):Hg
ATMOSPHERE

Wk

Hg* =g~ (CHy)Hg' methylmercury

Heavy arrows: biomethylation processes
B—-1 s Tokiopnn

25



Hg

12
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—=—pug kg
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1,023

ppm

583

ppm

923

883

804

ppm

789

217

779

ppm

712-737

738

736

711

643

65 19 29 66

9

10,930

935

73 ppm

ppm

38
36

74

57

237

17%
57

50%

15ppm

27




(dose)

Ho/kg /. ) i
LOAEL NOAEL/.
Birke
(mg/L =1.4>< mg/ / 0.003 16
2001 mg/ / 03mg/ / > / = JECFA(15)
7 16 10:1 10 0.2mg p15-16
1972 TWI=0.2mg +60kg
. v 1976(28)
Kojima p368-369
50mg kg hair 150>< mg/ / 1.16 mg/ /
JECFA 0.2mg
50kg 0.17mg
0.25mg 025
0.025mg/ / - 10
2 (1973) 0.25mg 0.175mg o mg/ / 0-17mg PR
3019/kg/
30pag/kg/ 50 30p19/kg/ 15 50
0.21mg/kg/ mg/ /
22 22
JECFA(16;
3 (1978) 3.3 pzs( )
a3 33
R JECFA(17,
4 (1088) 3.3 FALD
53 53
.3 JECFA(18,
5 (1999) 3 o
14mg kg maternal hair
NOAEL
mg/ /
6 o 003 « 15-3mg Cx >V / Ax ><bw 15 6.4 16 o2
(2003) 9 vbL C=56p1g/L  00laday-1 V 5.85L A=0.95 f 0.05 65
/ 250
12mg kg
mg/ / EPA(19
7 2001 46 7omg kg cord Cx >V / A ><bw 0857 1472| 10 07 01p h9)
C=46 79pag/L 0.014day’1 V 585L A=095 f 0.05 67
mg/ / C> >V / A>x > NRC(6)
8 ATSDR(1999) 153mg kg maternal hair |bw 13 45 20 AP:lEAN)DIX
C=61.2p1g/L 0.0l4day-1 V 42L A=095 f 0.05 60
JECFA
9 COT(2004) 71) @
p
JECFA
10 FSANZ (2004) 117) @
p
75 1976 P368-369
Mg/l

><oc 0O

dav™)

0.95)

28




61 JECFA

()
! ( )
©)
| 140 370 1
137 585 1
> C = (1/R)H (1)
& JECFA
L 2
250 1 1/R =1/250
€ Composite NOEL (BMDL)
H 14 mg/kg maternal hair 2)
Coerssvpry = 0.056 mg/L ( )

> Under the assumption of steady state
C>< b =<V
°

JECFA

56 pag/liters

0.014 day

0.09><65 liters

65 kg

0.95

0.05

R R 250

= 1485 1.5(}40/kg /)

g/liters
day
liters
kg

=<oc0O
=<o0n

29



(a

1986 3 1 1987 12

75.1
(b)
>
62
47,000
850
Hg/g
72 /
>

20

1,023
7 14
18
19,000
1990
3.349/9

36/

, 2004®

0
12 /

.07

PCB



1980
20 50 53 12.1 2.6 50.1 pg/L
1.6pag/L 8 Grandjean et al.,1992@),
2004® 1986 3 1 1987
12 Odense Grandjean Weihe
> )
4 Department of Environmental Medicine, Institute of

Community Health, Odence University, Odence Denmark;
4 Clinic of Occupational Health and Public Health,
The Faroese Hospital System, Torshavan, Faroe Island
v Boston University
(Harvard School of Public Health) (US Environmental Protection
Agency) Emory University University of
Copenhagen US Center
For Disease Control and Prevention
v Danish Medical Research Council
Danish Health Foundation Hojaard Foundation Vestnorden
Foundation Danish Agency for Environmental Protection

US National Institute of Environmental Health Science

European Commission 1994 2002-2003
©
Pilot Whale
(NIEHS, 1998®
729 12¢g
9
44 9.5 Vestergaard and Zachariassen,1987:
0.079/g
3.3M9g/g Grandjean, 1993®, Julshamn , 1987

®)



14 3649 (Weihe et al.,1994®
Julshamn
et al., 1987®
1-1 Globicephalus Meleanus
1978
Julshamn et al., 1987®
mg/kg mg/kg mg/kg
0.24 0.12 50 0.05 1.9 1.0
0.48 0.36 75 0.03 6.3 4.7
0.21 0.15 71 1.5 0.06 0.04
0.10 0.06 60 0.56 0.07 0.04
0.90 0.30 33 0.11 3.2 1.1
1.2 0.65 53 0.42 1.1 0.60
1.5 0.75 49 0.37 1.6 0.79
1.6 0.85 54 0.22 2.8 1.5
1.6 0.38 24 0.33 0.5 0.45
2.3 1.3 57 0.22 4.1 2.3
1.4 0.78 58 0.31 1.7 0.99
1.2 0.65 55 0.32 1.5 0.80
1.4 0.85 61 0.39 1.4 0.86
1.2 0.74 63 0.50 0.92 0.58
2.8 1.31 47 0.64 1.7 0.81
2.7 0.91 33 0.28 3.9 1.3
10 2.2 0.78 36 0.16 5.3 1.9
14 1.8 0.65 37 0.40 1.7 0.64
16 2.00 1.72 86 0.19 4.1 3.6
*1 1.4 0.68 49 0.40 - -
*2 1.5 0.76 56 0.40 2.4 1.3

*2



1-2 Globicephalus Meleanus
1977
Julshamn et al., 1987®

N
mg/kg + mg/kg

mg/kg

9 0.7020.28 0.17:0.10(25%)

0.12=+0.08

10 3.3%1.7 1.6==0.4(48%)

0.25=+0.11

(o]

280100 35+10(13 )

172+10

6 18+6

1.3+0.8

1-3

Grandjean et al.,1992®

26
139
356
285
157
33
997

1-4

Grandjean et al.,1992®

204
277
243
86
180
989




Grandjean et al.,1992®

/
17
49
73
49
16
204
4
2 4 POPs

> 1986/1987 1,023 75%

>

> 1994 182

> PCB POP

> 1998/1999 650

> PCB POPs

> 2000/2001 150

\\’\
7 14
1,023 1986 3 1 1987 12 (2)
75.1%
> 7 923 1993 1994 4 6




9.7% (7,(8),(9),(10)

1994 6
> 14 883 2000 2001 4 6
13.7% (11),(12)
2000 11
e
1
1 24 _2pag/L n=997 (@)
4.5p1g9/7g (. n=1020)
1.4pmol/L ( n=1020)
110.5p1g/L
82nmol/L  ( n=1015)
(17.9pg/L
> 1 (13)
Hg/g ( n=583)
> @)
7 2.99119/g ( n=903)
4.2719/9 ( n=914)
22.9pg/L  n=894
> 14 14 (10),(11),(12)
0.96}49/g ( n=839)
®
>
1
2004W



>
° (VEP) Patter .M

reversal visual evoked

potential)
o (BAEP);

Brainstem auditory evoked

potential)
o Postural

sway test

Romberg
0 11 2 2 4Hz

[ R R

Electrocardiographic R-R R R

intervals variability

>
o Finger Tapping
Test (Neurobehavioral
Evalation System, NES)
o Hand -Eye
coordination Test(NES)




o Tactual Performance
Test

o Continuous
Performance Test(NES)

o Digit Spans
(Wechsler Intelligence
Scale for Children,
WISC-R)

®
Similarities(WISC-R)

() Block

Designs(WISC-R)

() Bender Gestalt
Test

o California
Verbal Learning Test
(Children)

o Boston Naming Test

20

12




() Nonverbal

Analogue of Mood States

14

>

o (VEP) Patter
reversal visual evoked
potential)

° (BAEP);
Brainstem auditory evoked
potential

o Event-
related potential (P300)

°
electrocardiographic R-R

intervals variability

> 1
o Finger Tapping
Test (Neurobehavioral
Evalation System, NES)
o Hand -Eye
coordination Test(NES)
[ Continuous
Performance Test(NES)
o Digit Spans
(Wechsler Intelligence
Scale for Children,
WISC-R)
®
Similarities(WISC-R)
®
Block Designs(WISC-R)
o Bender Gestalt
Test

14,
(15)

114



[ California
Verbal Learning Test
(Children)

o Boston Naming Test
o Nonverbal
Analogue of Mood States

®Santa Ana Test

Structual equation

model

Multiple Regression
- Finger Tapping( preferred
hand, p=0.05) Continuous Performance Test(First year only false negatives, p=0.02,
mean reaction time, p=0.001) Digit Spans(p=0.05) Boston Naming Test ( No cure,
p=0.00003; With cure, p=0.00001) CaliforniaVerbal Learning Test-Children ( Short term
reproduction, p=0.02; Long-term reproduction, p=0.05)

WISC-R Block Designs Bender Gestalt Test errors
confounder Peters-Belson method
p=0.02, p=0.03
10ppm Peters-Boston
Adjustment
Reaction time ,p=0.003 (Boston naming test ,p=0.02)
California verbal leaning test, p=0.004
25
Grandjean et al., 1997(™"
4 1 NRC, 200099  p206-208
PCB;

Budtz-Jergensen
et al., 2000¢"

10



40Hz V
Grandjean etal., 1997

O 3 1994
1993 7
20Hz ,40Hz — 40Hz
7
Murata et al., 1999¢® 1
PCB
7
PCB
Polychlorinated biphenyls PCB
7 438 50
PCB PCB r
0.90 Boston Naming Test, California Verbal Learning Test-long
delay 3 PCB 5
PCB
Boston
Naming Test PCB

20029

et al., 1999¢9

Grandjean et al ., 2001® 5 7 Murataetal.,

Sorensen

14
Grandjean et al., 2002@9

11



20Hz 40Hz V 20Hz
14 40Hz Vv
Murata et al., 200432 2

12



(a

(Axtell et al.,1998®,2000?,Cernichiari et al.,1995®, Clarkson et al.,1998®,
Crump et al.,2000®, Davidson et al.,1995a® ,1995b(,1998®  1999¢® 200017,
2001%Y | Huang et al.,2003%?, Keiding et al.,2003®®, Landrigan et al.,2003(%,
Lapham et al.,1995%  Lyketsos et al.,2003%®, Marsh et al.,1995@7, Matthews et
al.,1983¢®  Myers et al.,
1995219 ,1995pC” | 1995¢V | 1997¢2 2000 ,2003?»,  Palumbo et al.,2000%®,
Shamlaye et al.,1995@®  Weihe et al.,2003%")

1987 1989 804
5 109 66 Revised

Denver Developmental Screening Test DDST-R)

1989 1990 779 6.5
19 29 66 9
(b)
;
115
443km? 8 8
1756 1814
1976
1991
3
3
90% 8%
19



Shamlaye et al.1995@®, ,2004¢D

>
Marsh
Marsh et al(1995)@"
The fetal lowest-effect level
10 15ppm
Marsh et al.,1987¢?®  Cox et al.,1989¢%
3
Marshetal.,
199517
WHO(1990) ©» 10 20ppm 5%
often
Marsh et al., 199507
;
Marsh Marsh

et al, 199547

Marsh
1,616
35  75ppm
Matthews(1983) “®
36 5 45ppm
10ppm  20ppm 12%
the lowest effect level 2ppm
Marsh 90



XRF X Matthews 1983 {®)

2
Marsh
Shamlaye et al.,1995@®
80% 1
1,000km
advantage
L )
v The University of Rochester
v the Seychelles Ministry of Health
v (The Seychelles Ministry of Education)
v U.S. National Institute of Environmental
Health Science the Seychelles Ministry of Health
©
80%
12
12
59 16% 10 14 75%
8%
Shamlaye et al.,1995@®
Matthews 1983¢®
16
0.07mg/kg* 0.29mg/kg Jan

Robinson. ,2004GH

! ppm



Mattehws et al.,1983¢®

( ) mg/kg kg
1.Yellowfin tuna Thunnus albacares 0.012-0.6 1.6-50.0
2.Skipjack tuna Katuswonus pelamis 0.026-0.448 2.2-5.7
3.Dogtooth tuna Gymnosaraa unicolor 0.38-4.4 7.0-40.0
4.Bonito Euthynnus affinis 0.065-1.26  0.9-6.35
5.Bludger(Carangue Carangx gymnostethus 0.025-1.51  0.75-11.45
balo)
6.Kingfish Acanthocybium solandri 0.55-1.46 4.8-22.6
7_.Becune Sphyraena forsteri 0.26-1.58 0.6-4.7
8.Sailfish Istiophorus platypterus  0.01-0.86 90-210

(
cm)
9._Bourgeois Lutjanus sebae 0.045-0.69  2.0-13.0
10.Vara Vara Lutjanus bohar 0.135-0.812 0.7-9.1
11.Vielle platte Epinephelus 0.13-0.9 4.4-12.7
flavocaeruleus
12.job Aprion viriscens 0.01-1.035 0.7-8.2




16 Jan Robinson et al.,
20046V
( ) mg/kg mg/kg
+95%CI +95%CI
1.Brown spot grouper Epinephelus chlorostignma  0.06140.009 0.328=+0.103
2.Variegated emperor Lethrinus variegates 0.073#40.031 0.51320.015
3.Pink-earemperror Lethrinus Ientjan 0.11540.017 0.52420.280
4 _Ember parrotfish Scarus rubroviolaceus <0.01 0.36520.077
5.Parrot fish Hipposcarus harid 0.032+0.013 0.26320.178
6.Goatfish Parupeneus porphyreus 0.018+0.008 0.009=4-0.095
7.Grey Sweetlips Plectorhinchus schotaf 0.142+0.014 0.475%0.204
8.Shoemaker spinefoot  Siganus sutor 0.020#0.011 <0.006
9.Streamlined Siganus argenteus <0.01 <0.006
spinefoot
10.Green jobfish Aprion virescens 0.04720.012 <0.006
11.Red snapper Lutjanus bohar 0.098+0.013 <0.006
12 .Carangid? Carangoides fulvoguttatus 0.0522+0.004 0.26120.087
13.Rainbow runner Elagatis bipinnulata <0.01 0.55440.096
14 .Pickhandle Sphyraena jello 0.36040.031 0.20520.032
barracuda
15.Bonito Euthynnus affinis 0.04940.017 0.791#0.152
16.Indian mackerel Rastrelliger kanagurta <0.01 0.407x0.074

2 Jack fish



1989 Main Study
(Marsh et al.,1995¢")
0 1987 Pilot study

Marsh et al.,1995(7 | Myers et al.,1995@)

1987 1988 804 15

( )
1( ) 6.5 19 29 66 9
0 5—
109 66 Myers et
al.,1995@)
( %)
0 789 1987 1989 an
» 5 109 789
% 7,1
» 66 217 66 +3 (20)
72.4%

740 1989 3
=% Mahe
50%

1990 2 1 an

789 740



» 6.5 712 737 1989 9 1990 8 ,
0.5 6.5 +2 (17),(19)
3.5%
> 19 738 19 +2
0.2% ©),(17)
> 29 736 29 +
0.5%
> 66 711 1994 7 1995 10
3.9% 66 +6 (®),17n
108 o ) 643 (24)
13.1%
e
0
0 :6.6(ng/mg) ( n=789) (21)
range:0.6 36.4 (Fig.1)
interquartile range:6.1 (20)
group:0-3, 3-6, 6-9, 9-12,
12
> 5 109
> 66 :7.1(ng/mg)  ( n=217) (20)
range:1.0 36.4
interquartile range:6.0
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