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I. REFITRIMROME
1. AREIRE
(1) RUN - %0 - K8 - HEitt

C57BL/6N ~ 7 A (9 Wi, MEME, A4HE 4 PO) (WAL R ¥ K4 (CdCle -
21/;H20) (0 X1 32 mg CA/LY) % 11 BEMERKEE G4, FURIR, Fm R OV ik
EERELLT-, KM OD R U AREOEEY L L7,

DX RHEITHEDO R FE L 0 S BE & FIRIRF OB FI U AREIZE» -T2
2, FFgE S R U ARIEICHEBEZIZ o7z (R 2-1), *EEERCET 5 HIk
MR K20 BRI 2 IR M TR & BT E TN 1.8 . 3.5 TH
D, HETITZENEN 4.4, 10.7T ThHoTo, ZNHOFERIFZ. T<MEIZHI FI T
LEGEE ORI E KOBITHL I RIUAIEHEL, 20X 2K H K
RTALALNLDOEER, BIBAEE R IV LAZHEGE CTHDLZ LERLT
W5, RS FI v L2083 &, MEMEIZRIRZ < TR, B, FERAR
DOH FI U AREIIAEIC LR L, BREY B0 LRI 2 3R A T
TITHE & B CE NI 15.6, 36.52TH V| HETIXZEIN LN 14.2, 39.43ThH
STz, MO GREORTIR, B, HOIRIROS R U A REIIHEORGIEL VAR
IZED ST, IO ORERIT, BYIMON K U a0 THBIENSEE b
RITULAEBEBE COHDH I EERLTWD,

FEOIX, DRI vLAEENT A v aFy, Taf ATy TARNATRY
R EMHRNLECDORIEEZIT TWD72DI, v AL bilff~T 2 Th K
ULANEBENCTWAREERH D EBLZ LTS, (B

F2-1 ZBHBEOH FIHLEE (ng/g #BE)
HH P i R . P H - .
o PR B NNV (<5 i BRI T LRE
JHF Mk 9.39+2.23 3970+199> 6.06+1.74 2380+ 652b
5 Mk 18.4+4.01¢ 9270+ 1854 14.7+2.38¢ 6610110104
SN 5.32+1.61¢ 293+93.7t 1.37+0.386¢ 129+72.7f
B AR YR

[ CCFRICAEBED Y,
b: p=0.00343, c: p=0.00155, d: p=0.00213, e: p=0.000324, f: p=0.0331

i [E O [ AR E e % A (KNHANES 2010-2011) OF — & # W T, #H4F

1 %‘%%0) NE TORKEZEDOHMAIG, ~ 7 AD LDso D 6%I
FIZHYS T2 L9 ICBUKFIREZRE L TWD,
2 JFEIZIX Z OBUEA FLE STV A A, FEEEOFHEEIX 13.5, 8316 £ B2 bMWD,
3 RFIZIIZ OBENFEH STV DD, KEEOFREIL 18.4, 51.2 LE X b5,
2

H7-5 60 mg/kg KHE/
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(i 10~197%) @ 7984 (B 402 4. 40396 4) (WEiE, 3 M HLINIC
BMIEEE = T e N, T, 1B EER B BERZAETHA, 72U F
Y3500 pg/L £V mWAEBRSN) DI s NI 0 AR L §E ORHEZ A L
77,

e, R, (RS (BMD KR aF=RE, Eoic, ZEogs
FHR TR LMD R v LABEORMEEE (95%CI) X BT 0.379

(0.355~0.405) pg/L. ZM:T 0.353 (0.331~0.377) pg/L TH -7z, MiE7 =
UFUREDORNEE (ow BE) TIXMAFH FI U AREREN-T (K 2-2),

EEFOHT GElR, B, BMI K OYRF a2 F =B, 512, Lol
HITARTIE) 21T-o7- R MiE 7 = VU F U EEED normal BEIZKH LT, low
BEDRATEIIE A B 2> 72 (B coefficient : 1 1.681 (95%CI : 1.285~2.197,
p=0.000. ZM: 1.353 (95%CI : 1.148~1.595. p=0.000)).

EFOIL, BRZPMF I FIVLAREO FFEEHEL TWS EBLEL T
%, (B 2)

x2-2 MPHFIVLRE

M7=V F Bk hE

low 0.566 (0.443~0.722) * 0.422 (0.376~0.474) *
low normal 0.382 (0.343~0.426) 0.350 (0.315~0.388)
normal 0.354 (0.318~0.394) 0.318 (0.294~0.345)

A E2E (95%CT)

M7 =V FR_E (ug/L) : B low <15.0, low normal 15.0~<50.0, normal >50
M low  <15.0, low normal 15.0~<30.0., normal >30.0

* : normal FEICx L CTHEZED Y (p<0.01)

BEFLIE . O Wistar 7 > & (3 i, WERE, 28 10 P0) 128D R ¥ A7KFn
¥ (CdCle-21/2H20) (0. 1. 5 Xi%50mg Cd/L) % 3. 6. 9 XiZ 12 7>H Mk
KEG LIz, 1 mg/L 130 RI VALK BEEZ T TRV REROL~L, 5
mg/L ITREDH RI TV LMISBERH D, o5 WIFHREE O L~ 50 mg/L 1%
BRI TLNZE DRGNS H LIRS T A D E L TERE S IV,
HOKEND, RO R U MISFEEOHPFAZ KDL A, D 1, 5. 50
mg/L B, £ 0.059~0.219, 0.236~1.005 T 2.247~9.649 mg/kg 1K
H/H, D 1, 5, 50 mg/L #Ei%, Z£Ei 0.049~0.223, 0.238~0.977 O
2.073~10.445 mg/kg K&E/H TH -7,

MAFT RITLRE, JRFPV RITVLRE (Z LT F=UMIE) OVWTid,
BHEWIRIC2 057 1, 5. 50 mg/L B0 E A TH 7= (¥ 2-1), L
L. MEd 50 mg/L #ETIE, 6~12 A OMIKIEE A EIMP R ORS A K 7L

3
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BENZLET, 1, 5mg/LBEHCBWTYH, 3~12 7 H O OBINIIES IEE
Thotz, 120A%TOREOMF S K7 LBEITD K v L0 HBKENIC
WML 7c, LarL, &GOS NI 0 ANREITMO 12 22 A % OHIE
EEHEEN RS T-, HEORF S B 7 AL, 50 mg/L # CREFIC |
HLU77ZN, 1. 5 mg/L#TiE 3~12 HDOBORE ERITb TN ThoTz, F
7oL 12 P ABORERTORY A R 7 MREICBHE R 1T 2o 72, (BH
3,4)

b K2 LGRE (ug/L) a) b)
18 20 ;
b % 4t it
16 -
o= d ==
- 16
14 = _IL
12
12
10
8
8
[ c
) Ly e
. bbb st 4 U
d d r ok
. ocel®] | core]) rv-r°“|ﬁ 0 [t I
12-month Cd exposure
JRAEH R X7 LBE (ug/gcre,  a) b)
18
. . i 20} _e— Control
—— 1 mg Cd/l
ie -} '} {“ 16}—0— 5mg Cd/l
—o— 50 mg Cd/I
12
" 12
] . 8
[ b N
4 ‘I 4
z N b
] L o i b =
3 manths & months 8 mantha 12 moenthe 0 3 6 9 12

Months of Cd exposure

2-1 M RURFH FIILEE
a) M FHEIEYERRE (n=10)
a:37HE6MMA. b:30HELEIMA, c:3MAE 1200 H,
d:62HELE9IDA, e:600HE120H, £:900A & 1200 H
ORNZAEZHY (p<0.05)

b : ) EAEHRERETE  (n=10)

o Omg/L I L TAREEZD Y (p<0.001)

1 I mg/LBEICR L THEZEH D (p<0.001) .,

5 mg/L B L THEZEH Y (p<0.001)

Wistar 7 v b (4 7>H s, MERE, S/F9VC) (2 b R 7 A (CdCle) (&
K7L LTO, 5,50 Xix 500 pg/kg KE/H (Cd 1X< FEREIXZ 24 Cdb,
Cd50. Cd500 & L7-) % 3 »HRIEOKE %, M, Arlg. Bk O+ o
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7RI ARENSHE S (K2-2),

XTHAHEL Cdb BEOIMAE, s, B OWEl+H 7 NI U AREICITA R £
(X727, CA50 BETITRIREEL V IR NI v ARE (1.8 %), s
TR T LPRE (.36, BlighH K v L8BE (9.3 6) IXFEICEN- A,
el 0 B2 0 DEEICIIZEN R o7, LVEL~LDH Ko LX< BERE
T 5 CA500 FETITMHEL 0 HIMIEF N FI v AREIZ 765 EAEICHES,
ZORES, IR, BN, BEER T NI U ARED ENEIL T8, 115, 88 (E LA
BIZ@E»oTo, CAdsHEDO T K I U LAREBEED 24~29%13fEH33 ng Cd/g fil
BH ICHELTERY, Cdb Bt &XREECR T 20 B 7 A75Y K EIMR D Tt
Wb, BEREITZE U RS Tnb, (B 5).

8 49

>l § s T 160
- 3 »

3 G~

: g 5 120
; M ~ o

- ; 15 'é. 100
| = ©

B o Y

8 = s ¥
o . o -

g 3 : 10 S ®
3 2

2 5 s 40

5 -
05 5
—— . 20
[ 8 &) i -
o = 00 —— =
Control €45 CdSO CeS00 Control CdS €S0 CHSDO Control Cd5 Cd50 LS00 Control £dS €S0 C4500

Fancreas

Plasma Liver Kidney

B 2-2 miE. . ERERVERFTOLD FIVLRE
e &R
Mm#E (n=12), HFlEs BhE 0=3). K& (n=6)
SRRBHCR L THEZED Y (p<0.05)

Sprague-Dawley 7 >~ b (SD 7 > b) (4 #fw, #E, 458 8 L) (Z AIN-93M
LA NI LEEORRDKEIRE (28%: 72%) LB 4 2 Xk 4 70 A IR
R G-1% . IFlE. Bl OKRBRE 28 L, 7 R U LGRS T RO &
LAAET O RI U LREZAE Lz, 7RI U LREOERZ KB E LT,
BRI G LA 124 ppm AEDIYSK (FYKED . BHOK (5 F 0 AR
0.01 ppm LLF) ICHifb s KXW A (CACL) %4 KX w7 AJEEES 1.24 ppm (1.24
ppm WONEE) % 4.96 ppm (4.96 ppm WINEE) (2720 X DTN LT K% H
W, XPRREEICITEE Ok & AIN-93M ZiEA L7I-fkt %2 5 2 7=,

EEOTREICEAD L. U FI U A3 H ORBRE) (2T, AL O & EiC %
SEM U, 2 RUV4 2 ARG % OTR, 2 5> A R 5% OB 5B\ TG
KRECHAT 1.24 ppm FMBETH FI U ABENEEICEHBE TH - 72, MRk %
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* 2-3 1777,
EFOIL W IV LRENFEETH LG E 1.24ppm OB R U AL
MUK EWLRET D E, BEOHFN I FI 7 LORIUIE W ENHEZEINLD

LLTW5, (B e6)

£2-3 MABPHDFIOLEE (ug/g)

A% | G-I K HERE 15 9K RE 1.24 ppm ¥RANEE | 4.96 ppm FRINEE
fiFlg |2 2> H ND 0.173+0.030% | 0.288+0.060*# | 3.65+0.82%#
4 A 0.037£0.026 | 0.388+0.102* | 0.875+0.101*# | 4.76+0.64%**
Hhg |2 A 0.029+0.029 | 0.921+0.136% | 1.62+0.113%* 5.72+0.99%#
4 A 0.022+0.008 | 1.31+0.148% 1.57+0.140% 10.8+0.81%#
B 2 1A 0.045+0.013 | 0.047£0.014 | 0.058+0.017 | 0.168+0.038**#
4 1A 0.030£0.006 | 0.032+0.009 | 0.046+0.012 | 0.143+0.031*#

PR AR E (n=8)

ND : BHBES (0.01 pglg) Al
XIS L TAEEEZDH Y (p<0.05)
# YK BECR L CAEED Y (p<0.05)

BRZICEY “lid)E N7 v AR—%—1 (DMT1) BENTLHES NS Z &
5. BETON R 7 LRI~ DMT1 ORF5 2OV THiaT L7z,

SD 7 > K (21 Hin, HE, &#E 16 U8) 12, $kRZHETE (2~6 mg Fe/kg filk}
FeD &) Xi3#k (FeS0,) %t L7zt (120 mg Fe/kg fik} : FeS &) % 4
B R S, D% 18 KM R L 72112 0.4 pmol/kg D71 KX 7 A% 109CdCly
ELTHEBEIRAK LG L, &5 48 R, Mk L ONHAE (T, B, A, O
fig, M. B, FFEE. =, B KB, BREOE) OBRIEIT- 72, fHfk
FOHRI VLA (£24) ZEEL, BHBEON RI U7 LAEOREOERG£IC
T DRNAREIGEZRE L (B 2-5), SO+, iR OB
75 DMT1 ® mRNA L~V %43 DNA > 7 VHAEE IS CREl L 7= (X 2-
3), FeS BRELLh#Z L. FeD AR CIXMiESFEE IXE L <K< (361 vs. 25.4
ug/dl), MIEAEFIERAE S RRITE L < @vo 7o (123 vs. 431 pg/dl), i gk
BREIXMAEE TEIL R o7, FeD B#HD N7 27 = U VR FeS £
L 0ELELS (74.8%vs. 5.4%) . ~F 7 0 VU EE X FeS A/ L ik L FeD
BRECE2 -7z (15.4¢g/dLvs. 6.4 g/dL), L7223 > T FeD &I Z MEE M
DIRFETH -7,

TR U LROEE 48 FEf#Z OMKRT 7 K U AREIX FeS BHEL Y FeD
BEETE L@, BOEE LD FI U LIho#M & b E o bE
2L A LTz, E72, FeS BfE L FeD BRHCBIT DI KE e RI Y
LREOETIF BB TROONZ, 7RI v AREX, HEREBETE <, L

6
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g & B TIEPEBRIRETH O | Ml KR, K, i TI3E2 > 72, FeD BT
IR, ENE, GONE. . L RSB, M. o n FI v ARET&ES ERE
1 FeS &#fD 7.3, 3.6, 6.5. 9.8, 5.7. 6.8, 4.5, 1.7TfE-~>7-,

OB % 48 FEIZ O R U LADOKRNAWEEKRESH -V ORNEANRE

(FAXHAPN AT E) 1L, FeS &#F CTlX 37ng/7 v k., 13ng/100g KETH -7
23, FeD B ClX 337ng/7 v b, 136ng/100g AETH Y, FeS BEED 10 %
72572, FeD BEECII N K U L5514 48 R O 5 mlo kb9~ 2 (KN A 51 &
£ 1.85%TH V., FeS BEE (0.18%) D 10EF7E~7-,

DMT1 @ mRNA L~ L3+ 55 CIEFITE < B & igick i 5 L~
ITHFRLE CTH o 72, FeD £ D DMT1 ® mRNA L ~L -+ 185 Tlik FeS &7
D 15 fETH Y . AT & B Tl FeS BREOFNEH 1.4 15, 1.3 TH o7z,

FEHOIT, BRZICE v /NED DMT1 28 mRNA L~ULTHIINT 5 Z &I k&
ST, BRIV LAOBEERNMEESND Z EDNRBINT-E LTS, (B
7)

R2-4 HBHOHFIILRE (ng/g )
B[ -AER| zemy | mm | R | B | KB

FeS £ 0.3 9.3 1.8 0.7 0.52 1.15 0.3
FeD 27 | 0.8* 90.9* | 10.4* 3.1% 3.78* | 4.13% 1.1*
Lol Jii s L] 1L i g

FeS fUHf 0.023 0.009 0.008 0.002 0.004 0.015

FeD &%t | 0.152* | 0.051* | 0.054* | 0.009* | 0.032* | 0.149*
%dé‘ I E T (n=10),
: FeS BHEICKI L THEZED Y (p<0.05)

K25 AEIVLFRERE (48 )

RN = FHRHERN AR | 85Ik 21N
(ng/Pt) (ng/100g AF) | AmEOEIS (%)
FeS & 1f 37 13 0.18
FeD & #f 337* 136% 1.85*

iﬁzfﬁ I REBIE A R (n=10),
: FeS BFEICkI L CTHEZED Y (p<0.05)
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FeS-Diet FeD-Diet
2-3 DMT1 @ mRNA L X)L

) & REHERR 2 (n=15)
*: FeS BREICKT L THEZED Y (p<0.05)

DMT1 mRNA (RLU/10 pg RN
g 2

Wistar 7 > b (12 #Hfn, M, A8 8 L) (2 0, 0.09, 0.9, 1.8 XiX 4.5 mg/kg
KEDOH FI 7 L&l B 7 h (CdCle) (BHE: ZK8K) & LT 90 HIME
flFE A& G- L, 90 Ao G TER, S 512 90 AR AT 180 H ] [HI{E H]
MZICMEP XN EOH R 7 AREZRE Uz, B QR : v —JF
Vi) ELTU17TB-mA N T UA— L (1T Ee) 85 LIl aixi) iz, £7-.
FaptstAE L LT, &R /K (pure control) BEK O —F il (oil control) A%
T,

Fathf BAE O M D KX 7 LA 0.3 pg/L & BRI S 720 o 7243, e/
BONRI T LAEERARE X< EREE 90 LN 180 HE TIx2aMmf RI v
DRI Ley, BE L D b ARICE D72 (K2-4), (X< #EF1L 90 H
BECTORMP D NI LBEOWDIE, D% 90 HEOHEAD X VK 10 5K
molz, B/NHEDD R U LZEEIIMNTHY X< FEEL 90 HE ETO
2fFH KU AREORDIT, D% 90 HM OB D 35 Th o7z, &l
71 RIULREERERICTEFR D NI U AREIIHEERFIZ LA L (0.09,
0.9. 1.8, 4.5 mg/kg KEEEHIZL Y, 15, 80, 320, 500 fF#ML7=,) (X 2-
5, MERICERRL, MW ETY I U AREIXIE< BEIE 180 Atk £ THE
Fahiz, RS



N O W N =

54= T

48 - x|
424 §
36+ N

: \
30+ . \
244 m
'N

18+ %

N

S oad e Q
2 BN
§ 1 PHE= I

5=
4=
3
2=
14
0 eal | .
90-day exposure 90-day postexposure period 180-day postexposure period
O Pure contral By 45¢cd
[ ooocd O oil control
0.9 Cd W Positive control
B iscd

X 2-4 H#58&RTHROMESH KIS HLEE
a ZRRUKEECH L CHEZD Y (p<0.05)
b B — VB L TAREZED Y (p<0.05)
c IHPERHHRREEIC KT L CTHEZ S Y (p<0.05)
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Cd (ug/g wet tissue)

0.19

0.0 -——=

[ Ppure control By 45cd

B ooscd 3 il control

0.9 Cd M Positive control
B 1scd

2-5 BERTEOFERIDARIDLEE"
a ZREKEEZH L CHEZD Y (p<0.05)
b B — VB L TAREZED Y (p<0.05)
¢ e FREE ISk L CTHEZ S Y (p<0.05)

Wistar 7~ b (M, 12 @fin, TS0 27 PC, &5 29 JC) ([2HA b K oA

(CdCly) (0 Xi% 100mg Cd/L) % 30 HE@oOKEE L, H&EG HICEILTZ
Mmif, AR T, FEEK, SRELRFEHRON NI U LARENHE S (M 2-
6).

HRITVAFSFEICL>TIEF D RI U LAREIIAEICEA L, HIKRT
LN R, IRE, FEON RIUVLAREL T FIVAIKEICI > THEI
R Uz, EFH I U LRE EHURTE, UIE, FE90 FI U LAREIZIE

BRIEOBGENRH -7, BEE DITH/RL TR WR, R TEO RI 7 AR
FEIZM O & lE_E L <Ko Tz, (B 9)

10
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Serum Hypothalamus  Pituitary Ovary Uterus
Cd Cd Pool Cd Cd Cd
6.0 . 0424 24 .04 16
- . § - g o Bus ° CET! "
%4.5— o 3 0.08 o 51.! 2 . § -%-
,-.E 3.04 % E 0.064 ‘05‘ Q42 —} ? 3. i ;E 0.8 s
E 154 . i'; 0.03 gu o g 154 g b4
colomm® T | eeve 0. . = 04
CON Cd CON cd CON cd CON Cd CON Cd

2-6 MKBREEROZTHEBHION NI IVLRE

L)+ RE RS (n=4~10)
REPRRELC % L CTHEZED Y (p<0.05, **p<0.01)
FEEHRE D> B IS AU 2 R4 LTz,

AA, KE, AT =2—FT BT, BENLOHN R v LAO—HERE, &
ROl NI v LAO—HE, MlEFTOT RI U LNREE T I U LOH KA,
1 RI T AOREHE, s R T AREICET DA 2 I L7z,

AR RE L, FLT 167 4 (B, FhpdifH 1~79 k). ¥ 7 AT 164 4

(BHED I, FhpdiPH 10~59 %), A by 7 ANV AT 2854 (P, HFhinkifH
2~897%) & L7, #rlc., FHMD 1> TH5H 1970 FERDOIFELHIH 72 45 Bk
DEGAMELESE T LICFHET 2720, FHEICIE. 30~59 MOFEMBIZBIT
HEREDO T RI U LAREZ R Lz, £2, Bk ORHIZB T 50 FI U A
AMEIX, 7 L — AR TR OIER OB Z 7 7 A4 NET b~A &AW
B ANy YeiE 2 L CHlE Lz,

ZORER, BAAND 45 BHBMETIX, 7RI vaoL2HAamEN KbEL (1
21 mg). FWTT AU DK 8 Tmg, AV =—F DK 6.4mg ThHoT-, £
o, BRNIZBT A FIUVLAOEREMKREEXSETIE, &0 FI VL&D
50% 23 Bk, K9 15% 203 ik, K9 20% 03 ANCRRD DLz, T OfERIE, K1
NOEMIZKETIE, I FIVLOLFAMEDR 3 50 1 NEEIZ, 6 450
1 DFRICER SIS EHEES LD & Lo (Fribergetal., 1974) &R < —
H L7, (&M 10)

Tanaka (1986) %, ddy R#HDOLE~ T A 40 LI 109CdCle ZZ FHEST L. 5
H1IZ 3SH-DFP ZGPENTESR Lo, Blli&, 4 PEo~ 7 A2 109CdCle & ¢ 5- L T
3 HARICEIM L, RMERZ /yBE L CAHESE /KB L7-, 36 LD~ AIZ
109Cd-7R M ERREIE 2 B IR DB G- U7, BRIMOIEDS, BRI, BN, R 2 4%
M L7z, o 7-, 109Cd-FRIMER & [F U Cd H & D 199CdCle % EFRIES L. #
AT AT LT, 109Cd JRIMMERZ 8 5- L7354, Bl Cd ¥R EE AT Hs-0 R ik
DENLY HITDNITE L K & & HIZHIm L, 109CdCle & 5- & DF EZEZ R

11
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L7z ZOREERNG, RILERF O B I 7 A%, RILERD BAVIZ A - TR /T
BICERT A Z EnHLNE o2, B 1D

Min 5 (2008) 1% % Ca fil#l & 5. 2 7=~ v A T Calcium transporter 1 (CaT1)
KOAZaFARA L (MT) OIFERBNEMT 5089 0EREt Lz, v
U A (ddY R, 5 W) 12, 0.5%D Ca £721% 0.005% D Ca % & e 2 FEIED
RO W E 5 2T,

a2y hr—t CaDF ~ 7 % (0.006% 7 Ca & & ik ilfikl 2 5 2 7=~ 7 X)
O Zn BHEER OB LT TR, BNICB T2 A2 e FAR1A4 -1

(Metallothionein-I: MT-I) & #ifiu2> Zn O 2 eSS Zn T o AR —

X —TohDHHEE T AR—%— 1 (zinctransporter 1 : ZnT-1) ® mRNA @
B, CaDF OB HFICAEEICHEM L7z, £72, CaDF ~ 7 2AD/NMEIZE T
5 MT-1 % 2”7 OFBT, ZnT-1 OFRINE L LA T 10 1 EBIZIT= >
Fa—L~D 2D 5 fFETHEML T\, ZhbDT—%%, CaDF ~ 7 ZA®D
IMBTIE. WEEDRS O Zn B IABDZE LWHEIND, MTT & ZnT-1 O O3
BABIERZI LI EE2REBL TS,
K2, CaDF ~ U ZAD/NFIZEIT DN DD KT v AR—4 — LERE RO
mRNA OB EZFH 7=, Ca RZIZDMTL & 7 =R /)LF o OFEZ2HEITK
T a7z (p<0.01), —757, CaT1 DORFNIEELEX CaDF ~ 7 X TBEEIZHIN L 72,
INHORERMNSG, Ca RZIZ/NMETO CaTl X MT-1 OBl A LR TS Z &
WLV, CdaEREIELRBMERH D Z L3RRI, &/ 12)

Nordberg 513 2021 4F, # RI 7 AIZOWVWTHRIARAFE L TWVWAH(Z]E 13),
FLEl DK LLUF IR,

T b TRV R U AZBEBRROES LW O0oHE
TIE, 1~6%EVAEINT- L S TW5 (Nordberg et al., 1985b), B EER
TlE, 8k, Hign, AT UL ZUNTEOEBRENDIRWE, T RITLADOWK
IWRMNMMPR D@L 2D 2 ENRENTUVWS (Andersen et al., 2004; Chaney et
al., 2004; Nordberg et al., 1985b) , AV =—7F > TlE, R ORITEI D722
VA RITVLAGEHEEDHBHZWEMBHEOBIERNZWGE. IBROT R
U LERBENEM L7 (Moberg-Wing et al., 1992), F 7=, KNEFESEN D 7200

(&7 = U F 2 20 pg/L Rii) & b (Fickt) Tid, 7 837 200
RITETE OIFRER 2 FFogBRE OV 4 5 TH - 7= (Flanagan et al., 1978),
Berglund & (1994) 1%, B&FMED NI U LDOBEWRINENOSATEE & &Y
WHEOBIMEITIKTT 22 2R LTED, fLOFRIZEN TS 2 O#ss
DHEFR STV D (Jarup et al., 1998¢), #RETEEDO DR WEZEIZEIT 5 &
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WYX, b MBEMAZICEIT D DMTL OFBLE I K 7 AWIEIZERE 7/ HH
MDA LT LIk THHATE 28 LvZ2 (Tallkvist et al.,
2001), MT D53+ &I3I#) 6000~7000 g/mol Th 5, EDOEED 11%F T3,
WS DMDANT e RUAFETHEG SN RI UL #ligh, HllRF TR S
T\ % (Elinder and Nordberg 1985; Kagi et al., 1984), MT |ZH% A XA/ E W
72 BN AR CIgiE S b, BIRFOMMD 2 37 F & FRERIC, MT X
WAL RAE R BRI S5, MT ISRES Leh R U A0MEd b & IRAME
A ~olmEIL, BN OIFIXFERIZITPILD (Johnson and Foulkes, 1980;
Nordberg and Nordberg, 1975), Nordberg & (1977) OWFFETIX, I FI ¥
LFFCE I VEZTFH L (GSH) &fEE L THEARICHEt S5 2 &3
LN ENTWD, £72, GSH OEVFPEHNE &L A ERWERR T —H (5
Vv e VRAE (Eisai Hyperbilirubinuria : EHB) 7 > & IEH 72 SD 7 v b T
71 R U LAOEFFEOZE CERS 1996) (ZLiuX, EHB 7> D R
U LD EIL, SD T v FD 404D 1 Tholz, ZORRIT, BF o
I RITANRGSH EFEA LTS &9 ZiLE TORGm % X779 % (Nordberg
1996b, Nordberg and Nordberg 2000, Nordberg et al. 1985b), 7 » b T,
CAMT & BoxZ7ur a7y (B2MG) MPHHAIZIRMNE FHWILZREST 5 =
EMFEFES N7 (Bernard et al. 1987), MT IZIRMIEIC AT, 74 Y Y —
LTHIRSIL, BRI VLA A% T 5 (Fowler and Nordberg 1978,
Squibb and Fowler 1984), 4 — b T U477 7 ¢ — Ll 2 Dl D 538 & H
722 < OBMFERRIZLY . I RITLAPMENDOL L O icafi L Tind Z &
DRENTWD, L L, MENEFTI LA RIZ R Y OfRiEX 52 T 5
(Nordberg et al. 1985b), fHir. MEMMEART & AR OMIL A in vitro TH K3
UAICIEKBE LI E A, BRIV LOER, IEMERBEOHIN, 24 v
TaryOERHB BN, ZAUE, TR I U AIZ KD IMEIKEEF DAL O T REME
ZRLTWD EEZ 5D (Branca et al. 2019) , SRR TEHF C I S0k ) 5 X
SNOEELV— FRH Y | MEKE A2 EE LT d (Tjalve et al. 1996) 723, P&
ERESMBRETAELDIXSBESRMHETTOI FI U LDOHA~OEEIZBIT 5
ZON— FOEEMEZEHRIIH OIS TW RN, BHEIXSEERTIE, R
S U AIFHE & B gic i D 2 < F7E L7z (Nordberg et al. 1985b, WHO/IPCS
1992), B K v AZHEE< #E (Gunnand Gould 1957) 45 &, XU HIFIE
FAZRWWEIS TS /040 L, IR okl & & I DA O, 5712 B i
ICHDRESND ZENREINTWDS, Ziud, BZ 5 LHFET MT »Azh=R L <
BRINDTDEEZLND, MTITHA LT FI U AZ, 20K, EHIC
B S, BRERIRTAB I, JRIE CHWINESINL D EB X 6D, IEICEE
97 RI U LDOENEREIT, BEYHMOEK L~V EICIDRIRE A R
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DLAD T AR END Z EER LTS, EELREALEAP SRS
1 RITAE, B FOKRNBRAREDK 0.01~0.02%27 72\ (Nordberg et
al. 1985b) , JRIF~DOHEMEIIFHr & & HITHM L, 7 FI U7 LADOKENEAREIC
o4 2, BEENAND LD FI v LAPEMENBIMICHENT 5 2 &,
Friberg (1952) 23U X THIOH CREF L, £ D%, WL DO OEMFE CHER S
AL TW5% (Nordberg et al. 1985b), #EEF D NI U AkEEHEIZ, RFPOD
NI 7 LADEE LR Tl X 22T, BERESNTZD R U7 LADOKE
5y Gl 90~95%) 1TRBINTH D720, FEEFTORY FI v AL 1 BOR
PR E DK 50 5L, BEI RI VLADORWEE LD, £7o, EENSOHE
MXEITHRIEN A T A7, IR ORI S —E Th s LD
WwENH 5 (Nordberg et al. 1985b), 7 R I U AT R DR N0, KN~
DWRNFENIEFTIZEm, v 7 A LT > ORI 200~700 H (Nordberg
5 1985b), UAVLDOEAIF2HFEUETHD, I FI T AOPEM L IE #EE
WHEAF L, B BEBETITEFEBIINELS D22 R8I TRINTND
(Engstrom and Nordberg 1979), Ziuix, BHIRAN T R UL AT
5 gD MT EXMEINT 5720 &2 605, [AEROm AL, filr. Akerstrom
5 (2018b) 12X - T, b NORAEROIIESNTHRE SN, HHIE, B
FE D CAdEENMENES (8 mg/kg) I[TIXEIETOH K v LDEYEAH-E
WMAE< (214), EWEA (23 mgkg) I[N ELS 434F) 7252 L
ZRWIZ U, RP T, BRI U 2GR OFE RO AW FHIERINIT 14.2
£ (BMHETIZ11.2~1944F), 23.5 4 (M TIX 17.7~35.0 ) tH#EE I
(Suwasono et al. 2009) . MEHF TiX., & ~ OAEWZRIERENTE VS T 100
H, BWESTT~164ETHDH (Jarup et al. 1983), Z DEWHEFH &, MT
IZ L DM SEA~DO I RI v A0BEHODH, EHEOEK L~ iE<
BRIT, Ble~0OFEN e NHFEMORKE bl TRI D Z Ltk s,

(2) NAATRALSEY T«
DB LR DRI~ D FZ L

T AN USERIIO TRV 7 27— P lIEFEEE L L R—&%—
BRTEZEALTE N T AV 2=y 7~ A (ERE-Luc v~V R) OINEZFiH
L. ¥ 7 A% AIN-93G fiilf} T 2 HHfE L7ct. AIN-93G, 7~ =/3 ik},
INEUEREEC 21 BRIEE Lz (B, xHREE, 7~ = U, hERY
), £7-. AIN-93G CflE L., #ifbkh KX oA (1pgCdkg KE/H) % 21 H
R OG- L7zt (CACL BE) bET L7z, Skt FERER Ok, B
B 2R TE BWIERHE. K M OYRAKAE ) MRS BRI 72 ) D= 1L
X— BT =T o T, AIN-93G. 7~ =/ Uikl /N SUERIO D R
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LEFEITENEN 9.22, 49.22. 17.57 pnglkg TH O, /IENSUEEE CACLL BED
HRI T ARBEREITIFIFELL, T U BOh FIvARERE L Z
L otz
BHU&EE% (21 B), MfEEZHER L, 7 I U LAEBDOHIEEZIT- 7=, Bk T
BOFKMERTOH FI v aE (F2-6) Z-T, 728, KEIL CACLBET 14 &
21 BIZH B L D L AR o o DSMIA B R E T oo 7z,
T~= e CACle BED/NE (465K OVER) K OHEF 7 KXo A
BRI, SRS TED o Tz, —J7, /INENVBECIIR RBE L FIRRE CTh -
oo EORETHEIBTON I U AREIZFERE CTH -7z, KRBT~ T 2
EHWTEY, RERBGERFICT TICHIREON RI v AREHE SN TS &
EZoNDT0, MBEEOFMBHON K U LARBEZRBRATOBE LR &
L. BREOFMGRT S RI U ARENORBHEOD FI UV ARELZELGIC 2L
12XV, 21 HEORBRBIMFICAE TN R v 2ER-EE AR Lz, Mg,
Filie, Bz A5t L7 R o ABEOHEIMET ~ =V T b %< 56ng T
D, T CACLe #ED 44 ng, /NE/RXVEED 15ng Tholo, 7T~=/ U FE L
CACLHEED I FI U LADEZL /N TEREL THE Y | IO THEIE, TTIEOIETH
STz, INERURETIE 3 OB ZEIT/ NS o T2,

U EDOFERNS, BEEHELIX, BFFOD FI v MIRAKE L CdCle LY
B D VTIZBRE S W I ENRBERZE LTW5, (B 14)

F2-6 JHABPOH FIHLEEE

B bRt

o PR INERURE | T =Nt CdCl. #%

71 KX U LR (ng) 483 924 2580 9661

71 R U AERE 0.95 1.8 5.1 2.02

(ng/kg REE/H)

/N5 (ng (% intake)) (8] 69 (0.6%)? 36 (1.3%) 32 (6.6%)
il (ng (% intake)) [14] 4 (0.4%) 7 (0.3%) 5 (1.0%)
% (ng (% intake)) [40] 5 (0.5%) 13 (0.5%) 7 (1.4%)
3 DOMRED G E! [62] 15 (1.6%) 56 (2.2%) 44 (9.1%)

1) AIN-93G 7> 6 DR E: 483 & CACle #% A 512 L AR E: 483 D&
2) AIN-93G 76 DR & 1.0 L O CdCL & A #51 X 218 HE 1.0 D&

3) AIN-93G #ED[ IR L= B8Rk O L E 2 72 L g W -,

4) FZREDOTH I U LAHERCE Tl L 72,

HF IR AL ORLRL DE M

BafEt L7z, SD 7> b (11 Ails, MEME, AS8E5~68) |

EAN—Z (REFRI) . FA~—2 CFRLiisl) |
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UNEEFRBA) . SR/ EAAN— A B IHFAIL (SRR RE) ) Xix A
7V AZHKIZ 109CACL, ARG L7-slkE 2 iR O 5 L, 2 33 24 B H 5
WME 4, 9 T 12 BRICK—AVRT 1 « B U v F—TREOMTELEZE G
BEh= 6.6%) %, BRIl L ONEAE (B M. I, Ml B, M) OBEIRE1T 72,
M3 Fe O D e HEM: % y - o o 2 —TTHRIE GHEER 50%) L=, HIEL
7o B EHENE 2 3B O S IEE TR L7 CHIRR OB R Z R L, A 4T
A 7T s OFREE LT,

A F WK O 2 & 5 LR CRF OTHRIENE o T2, &

b 24 Wefi# KOV 4 A0/ () ORGHEMEX, BE AT %~
B LUIEREL D A A4 AR ORI 2585 L CAEREICE D - 12,
BTORTES 9 HETH 11~26%D FURTEMEDN /MG TR S v, Blig T,
P55 12 B THRTORECEREENEI Lt Tz, ik & ORFI& T b # 5
12 % £ CERENMD T2 IMEIT R0 o 70, 72770, Bk, i, g o
FERITIEL | B CTRBHM O =BT Cld e o 7o, ZRE THE SN T
WD BBV DT — 21T, BB TIE RS KOO K 7 ADOER
N T, HZ ORI T 5 & A 4 2 AWK K ORI FLIC T
B A TR D 109Cd DAL FT A TV T ¢ MED o T2 E T HER
L. BUBHER N7 4 FUBO RI UL EDOREGIZL DB~DFEADIKT T
boEEZLNT, (B 15)

Wistar 7 v b (12 #fis, #E) 12 109Cd =&k K7 A (CdCl) (10
mg Cd/kg B6]) % 28 HMIHEWNELE L, 205 HM 45 LI 7 AL e g (B
#3I2C:VC) (1.5g/L) Z[FE UMWIRIMKES Lz, &5&T#H, 3. 6, 12K
M#%IWNT 1, 2, 4, 8, 16, 32 H#% (KKFmn=5). &k (Fh&, B, M
M. KL VMR KON —H A (carcass) T OREHEIEZHIE L, A E-
e bR T ifE (AUC) TiMii L7z (& 2-7 LUK 2-8), 1 — I A D AUC 1%
VC FE#GHET 1336, VC #ET 876 Th o7z, FEICERNHDLLOD, T
MO TH VCEHIZEI D I FI v AEENMET Lz, (B 16)

K 2-1 FRRUVEBPONOFIVLEE

g (ug) & (ug)
VC FF5-HE VC Bt VC I G-t VC Bt
3 K¢l 1% 36.44+10.96 19.60+5.59* 7.40+1.83 3.38+0.63*
6 IRFfH] 1% 40.21+8.17 16.63+2.85% 8.39+2.20 2.79+0.81%
12 B[ | 31.77+15.67 17.33+3.30% 6.76+1.22 2.38+0.63*
1 H#% 34.49+15.03 22.14+5.95% 6.70+2.00 2.22+0.58*
2 Hi% 20.13+3.34 17.39+2.46* 5.90+0.72 2.12+0.48*
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4 Ht% 15.55+4.98 15.83+3.23 3.76+0.40 1.91+0.44*
8 Hi% 31.11+7.89 15.37+2.37* 6.25+1.19 1.55+0.50*
16 H%# 34.21+5.71 24.30+4.96 6.791+1.06 2.27+0.53*
32 H1% 23.43+5.70 16.31£2.85% 7.26+1.66 2.89+0.78*
AUC 21870 7880 4929 1704

YRR E (n=5)
*VC IR GRHCKH L TAEZDH Y (n<0.05),

& 2-8 BERUVHAFDHFIIVLEE

FEH (ug/28s) A (uglg FHLAR)

VC & GHf VC Bf VC & 5HF VC B
3 R[4 0.87+0.15 0.16+0.03* 0.26+0.07 0.02+0.01%
6 I 1% 0.62+0.05 0.200.02* 0.16%0.04 0.02+0.01*
12 IRFfH % 0.62+0.05 0.200.05* 0.16%0.04 0.02+0.01*
1 H#% 0.77£0.10 0.20+0.04* 0.21+0.05 0.02+0.01*
2 Ht% 0.67+0.05 0.21£0.06* 0.20+0.05 0.05+0.01*
4 H%% 0.57+0.05 0.160.03* 0.05+0.01 0.02+0.01*
8 H% 0.56+0.05 0.160.02* 0.05+0.02 0.03%0.01
16 H1% 0.77+0.15 0.21£0.05* 0.05+0.01 0.03£0.01*
32 H# 0.67+0.15 0.21+0.04* 0.05+0.01 0.02+0.01*
AUC 474 130 487 289

SRR S (n=5)
*VC IHERGIICH L TAHEZD Y (n<0.05),

SD 7 > ~ (M, &&E5P0) (2 AIN-93G #X—AZ LT DR 25 5 Fl¥E
OfEk (F 2-9) T7 BT L-th, 12 KR L7z, Zo%., SEEHIH
Beiz 109Cd TR U727 = 7 A/ANEREIRG LR T 3 FEffAE Lok, &
fAEHIERE L 15 HREIfME L. 7 K v AOWRIIZXTT 2 E8WfHak (g, #Po
HE) ORBERGT L, 7 a7 5/NEBIE)N D 24 FEREICA—AVART 1 -
N B —=THHRNE T v MENOKEHEMZRE L, 15 BHZIZHFRE OE
BRI UGS ZRE L (£ 2-10),

EERICEFH O 109Cd FREITREMRIEIC X > THEEBEEEICHED L, /)
FraE k252 57T v b Tk, HENER OB R, BRI K
ZRE(WOWS) L v & g T B BE(WOW28), K O HiSMERIAE(WOW101) TH R 3
T AT L7z WOWS, WOW28, WOW101 DA R 3 7 AWINERIE 7.7,
4.6, 2.3% Th o7z, NELXTLEEI LG S WWS8 B (HEMERFE R Z #E)
& WW28 Bt (HEhFEERE) OA K w7 AWIEIL 3.8, 2.6%THV, /NEEE
FRVERER G ST vy LY 109Cd OWIR EERHEIT D 7enoTz, O
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I L TEEOIL, NRICEEND BT 4 T VBRI RI U AER
BHEAEREZAELDZDTHDL EERLTND, £, ZORBREM T, EH
L7z/hEp 109Cd OO T IR DIISNA T T XA TZ TNV ThDHEELELT
W5, FBHEOIX, NN RBERNLMBEEITH 2N E D R T LAORINZE D
LHAREMENH D EELZLTWD, (B 1T)

£2-9 SHEFEOHAMPOEH/NEDRM. Fid, HFIVLEE

Py BRI NE DN g vV NIV LERE
(g/kg) ugl/g mmol/kg | pg/kg | umol/kg

WOWS 0 8 0.12 <2 <0.02

WOW28 0 29 0.44 <2 <0.02

WOW101 0 101 1.55 <2 <0.02

WW8 50 8 0.12 6 0.05

WWw28 50 28 0.43 6 0.05

1) M, 8 uglg % marginal level”, 28-29 ng/g % adequate level”,
101 pg/g %”surplus level” & L CEXE L T\ 5,

F2-10 5 L1-'"Cd Icxtd 2RI - R HEDEE

fi LR (%)Y 15 A% D EHEVEDEIE (%)

Et g s Tk
WOWS 7.72 1.81a 0.78 0.55
WOW28 3.8 1.33ab 0.58 0.40
WOW101 2.4b 1.22b 0.41 0.44
WW8 4.6 1.66aP 0.62 0.55
WW28 2.6 1.26b 0.41 0.46

D) R—IVRT 4 - BT ZOT—E0LHEM
ab 72 5E XFHOVHEICEEEZDH Y

SD 7 > k (3 s, ME, AHE 8 L) (TKEIRA L7z AIN-93G 2 X— R & L,
fign, SRR ORI T MZONWTEBBORZERE (marginal) XIXF0 &

(adequate) ZHlAHE Tz 8 DRl Z 5 MGG L, Sk OmSh, # Kk
OBV T AR R T AOWI KR OFEERIZ KT T B OV TR LT,

R Z -2 6T D 5 %, S 5 PRIl oWT 9 FEffaR L7
19CdCl, TT -~V LIzt 25 Lz, SERBRBEBIZAR—IVRT 4 - T o Z—
THURTEMEZHE L, IS Lz, OSSR 2 E L, #E2EILL 7=, 15.5
HRRIZHR— VAR T o« B0 2 2 — TR BURTE M 208 U, B K OSERE (i,
g, N KRR E) OBRIETT - 70, BRBRIZOW T, BEHEEL O R
U hEEERIE LT,
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R OSMREOBEHENEZK 2-7, # R U ABELX 2-8 (2R LT,
BUI N T AR REEREORETIIET O 109Cd OEENXEOK 3 T
Holz, W, LN T AT RTRRZEREORTIL, 38BN T T
Fe DR AR TH 8 {50 109Cd DFEE Th -T2, IFlg&k B goOAs K v
DPEFE T DR R DA RO Y 109Cd OEHERB~DOEB LR TH-
77,

%%%i<kiﬁﬁ%®¢??wﬁﬁfi FREOI X TNV EERLTND

AICHART, MUH RFI v AERECTHEHEME Y 27 23 EmE D aTREME I RIE S
ht&bfwéo@%1$
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& 5.0 - 04
z A T
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X2-1 5. 8. H%&U%%¢®mwﬁ“mﬁéﬁ
) LR (n=5h)

19



O© 0 N O G = W N =

e
w NN o= O

—_
[S2 BN

[\CIE NG\ \C R T
W N = O O 0NN

20 | 2.0
Intestinal Cd Liver Cd
15 “15

10

|| || ! II
il 111 |I| |I
S

mg@/kg Dry VWt,
5
mg/kg Dry Wt.

*****
Fa + +

20
Kidney Cd Femur Cd

15

-G
1.0 ]
0.5 I I

0

X 2-8 ﬂa;:‘s ﬁﬂ@ Exﬂ@&l}j(ﬂ:&ﬁqﬂo)j] I~ D LEE
R L IEYERR S (n=5)

F o
ug/kg Dry Wit.

mg/kg Dry Wt.

r

QIF EEHTE
Zhao > (2017) %, B FORFD FI T LRE (VLT F=UHIE) 25 R
JULEREND 13— AV NETATHRHT RIS, BREICES T
7RI LAAERBEERHWZGEE, SM AT A T80T 4 (BA) ZERE L
TEHAIZOWTH L, %REFEOXLEMEZ R L TV D, AL TIE, Hfkh K v
2 (CdCle) HMBEHR;D BAICHT 2 8FHH K 7LD BA @ttfi@é*ﬁﬁ
NAFTXAZEVT 4 (RBA) 2V CW0W5, il LTiE, @~ 2 &2 HW
722 B0 RBA OB H, Gt MERHZ K U LAREOEAIEE RBA 2 H\\ T
BEREND 1-a0 /%= AV FETVTHEE SN D RO H 217 -
T3,

GRBA O&EH

K10 FEEH, /A 8 FEEH K UM 3R 6 FEEHOREL D RBA R H L7o, 45l L
SLrEg R 2 SRR G L, Balble v v A (M, {AH 18~20g, ##£3L) (10 H
FHEARR G- Lo, E7o. KEOVINE 1 (BWhTh FI U LRERRD) .
BP3E 6 FEIC DWW TR LS B X D 4 (CACle) 2 IR0 L 72k & IR &R G- LTz,
10 FBRICEIRASRIR LY FI vazE®E Lz, EHEES FI U LAOEFE S
IREE K O IE 2 VTR & 0 #4308 RBA 25 H L7z,

RBA (%) = { (& Cdfooa/Cd dosefooa) X (Cd dosecacie/® Cdcaciz)} X 100
Cd dosefooa 2 T8 Cd dosecaciz : ZEEIREW MO CACl INfARIO 7 KX v
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28
29

DR
B Cdfood X O Cdcaciz : FFEIEEW KO CACle ININEEHEREZ D~ 7 A
DENET A R 7 LR

71 RI 7 AD RBA 1$2KTIiE 16.9+£9.9%01 5 57.4+9.7%. /NETIX 37.4+
2.0%725 67.6+2.6% ThH -7, £/=. U —=F (leek) & 7~ 7 X (amaranth)
TiX RBA OZE#NKE< 780+17.6% ¢ 67.2+21.0%THY ., NEbo &

(pumpkin vine) . %7 3 (pakchoi). = V¥ A (water spinach) TiIZ
FIPRE TENZEN 44.3+9.5%.44.0+8.5%.41.3+8.6% T ¥ . ¥ 13 (taro)
TIX17.7£2.6% & EENFT/ NS o Tz,

()b MR R 7 AREOFHIE & HEE M

W EVT AR BB (75 Yehiel) C i L 72 e Ot 2 35 (GEMAEE 1194,

B 3T 4. 824, 14~97i%k) DO H 63 HITOWTIRHFA FI U AJRE

(7 VT F = 4H1E) OFERE & EREN S OREEEE L Lz, # RI 7LD
T DIELBEIEIK (T1.1%) THDHZ L 2R L, KOERE (HOHE) &
FEHMPEBIRL T2 KON RIUvLAEGEEZD RBA OHEESNDIRP A R
SULABELEAMEZEH L (K 2-9), ARBRTHWEHEGHEZLLTIORL
Too MESICEEWNVRS A R U A/ LT F= U Hidm L <k, #EF Uik
Bk B DA A M ST BT H D IA AT Amzal & (2009) D ERFIEhREE T 12 (1)
RN, Fo, #EFHZ RBA Z HWRWEGEE ORI L O R I U AEIEOHE
I (2) ZHv, #E5HZ RBA Z# HWADHAOXN SO FI v AEBEE
OHEEIIZX (3) ZHW=,

FEHME DTN 1.20 uglg 7 V7 F = (#ilH : 0.28~5.41) TH-o7=D
WXL RS o AEREOHEEIZ RBA & W24 (predicted-total Cd) .
AN 414 pglg 7 V7 F =2 (@i : 0.12~33.0) TH->7-, RBA &\
72%% (predicted-bioavailable Cd). V)78 1.07 pglg 7 V7 F = (i
:0.02~19.3) THY ., EHEIZIVETH 7=, (B 19)

RADEIOL/OLT7F=oO#HKX (1)

- ’(_ logfl}xnge)
fu ka % X tis2

Cdun’ne{:age) = /2 )
o [1 . exp(_lorg@))]
1/2
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IV ONDAEBZERRB IO RI U ACEETAIERTHY . £ /450
FHEEROND RI L, dIZEkNSOH R U LAEBRE, tp 1T FI UL
OFEHTHY . Amzal 5 (2009) |2 L7=RH->T L£X A % 0.005. t2 % 11.6
Fr LT,

HEHTRBA ZAVVELMEED I AHEDH FIHLERE (d) X (2)

_CxIR
 BW

d

ClIHRFE DI L T KR O F I U ARE (pg/g) . IR IR & By
(Z & D KEEE (gid). BW 3gRE ok E (kg

HEHICRBAZHWAISEDIAHEEXDA FEHULERE (o) K (3)
_ C x IR x RBA
- BW

d

CIIBIRE SR L TW D KRB Ol NI T ARE (ng/g). IR IXFEEHY
(X D KEHE (g/d). RBA 3G d 2 Kk 2 W26 DH RI U LD
RBA (0~1.0), BW i3#E ORE (kg)

40
(A)
z
g X
T 30
@
[
- »
on
g_ 20 4 w0
14}
; .
1 -
= 0 %
E o -

2-9 RHPHAFIVLRE (VL7 FZUMHIE)
£ FERME, Tk RBA 2 WA WHEEE, 4 : RBA Z VW72 H#EEH
FiX 25 & 75 N—R AV, RN DT T RAE, AT

5 Zhao et al. 2017 OERDOEIZ OV TIE, AL TITRE & B b ETL Taod# L,
22
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SWEZ R LT WA, BRERIZS & 95 S—k U A MEEZ R LTS,
XIIAEZ R LTV 5,

Yao & (2021) Tid, I FI U ADERNTO A AT AT EY T 4 KU
AFTTI7/EY T AIZONT, BRI U LBYRES ORI 5 K% v TRt
LTCWb, XA FT XA TZEYT LIZONWTIEL, v~V A E W2 in vivo ik &
W Caco-2 ffif (& MGG A HRD /NG BRI ERMIAREE) & H\V Nz in vitro
R, NAFT 7' E YT IOV TUIANLELIE 1TV = In vitro iEE T
et Uz, BRBRICITVG KR EZREE L 72O b D& AW, BRI O I 7 A
GRAER 2-111T7T, EHICHROK (Rice-N: 7 K 7 A5G 0.019 mg/kg)
W2 KX U A (CdCle) ZIRILTH RIS ULAEGEE N RI U LARENKD
mUck (Rice-H) & L7ZE (CdCletRice-N) HakRizfitL 7=, w7 &
R\ In vivo REBR T, KL ~ ¥ 2 il RSB 2 1R S (48.5:51.5)
L72b D& iR G Lz,

DA AT 7Y T 4

a7 IT7—EEELANTHER (pH6.2), X7V ra2Egie N\THIK (pH1) f
W7 LT Fre U "—EZ2E50 A THK (pH 6.9) ZHWeA 7 X EH
SENREAEBRERATSEET (RIVM) O FELZ S L, MILIRLEZ1T 572, F AL
IR DALFRZ (R L=l MBS O RS v A &2 E L., TRk A
AFT 7Y T 2R L (& 2-12),

NAFT 78 EY T 4 (%)=
WML DT R T A EMMERTOKTF D I 7 L) X100

NLIGIR Z W= RICBIT DD RIS D LDONRA AT 728 T 404,
CdCls. CdClo+ Rice-N. Rice-H. Rice-M. Rice-L. TFILFH 99.29%. 92.57%.
90.04%. 91.11%. 94.73% TH Y T b Emdo T,

() In vitroNA X T XA VT 4

Caco-2 Mifa D ¥ g h: 3% R E R MR I W T, DIZB W THE LI EIbIR
Raalel e LC—ERaRM L., SKEEE%Z O FI v AREAZHAIE L T
XV invitrolZB T H A FTTXA TV T o ZHF LT (& 2-13),

mvitro’NA 7 XA Z )7 4 (%)=
{1-(CAP X VAP)/(FAP X KAP)} X100
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CAP : 3 Rt DB IEMI A KX 0 AR
VAP : EPEili &
FAP : O THWKFOL Ry LG

KAP : bk 0.5 mL ICFE Y4 5 kD&

FTROL, ZZTRLIEAA T T XA ZE YT o1& EREANZHIM L7221 R
TLANENTZFHD LTEEDOBEEER L TND, XA T XA T TNl R
7 LEE, Caco2 MIIUICERB L RI LA LMERZZ®B L2 NI 7LD
HFEFTH S,

CdClz #£, CdCla+Rice-N #£, Rice-H #: D in vitro XA FTT7 XA Z U 7T 1 &
27.50%. 20.78%. 21.90%CTd v, CdCls # Ti% CdCla+Rice-N #£ & Rice-H #%
XV H®Eo7=, RiceM Bt L Rice-L BED in vitro ™"A T _A Z U 7 1%
26.90%. 36.46% CTd ¥ . Rice-M #fiL Rice-H BE XL ¥ %, Rice-L i3 Rice-M £¥
X0 bEhoT,

Gii)In vivo SA AT _AL Z ¥V T 4

ICR vV A (4~5 Hlim, M, &HE6U0) [TFK 2-14 [TR L7224 21 AR
R LT, T~ o A E SRS L, 24Uz b KX 7 A (CdCly)
ZRIMLA RS LE®E% RicerH £ L < L2k (CACL #f) %?ﬁﬁﬁ%&@b
Too 21 BB L ONEAE GOMEE, AFls, e, Al OV ) OEREA 1TV,
RITLAEEE L AT O FIULAREIZER2-156 DX 5 iR &7 D
CdCL BEIZBIT DA AT XA TZ Y T 4 IZRT DEEABEED NA AT XA F
YT oD THD RBAZ FTRICEI VAR LA (X2-10),

RBA (%) = {Gif#k Cdyice/fik Cdcaciz) X (Cd dosecdaciz/ Cd doserice)} X 100
Cd doserice &2 ¥ Cd dosecaciz : KiEHEL O CACle BEDO I K 7 A8 HiE
HHAE Cdyice M OSFHAR Cdcacie @ KFUEHEE L O CACle BEDAHMRF 7 K I o AR

B

CdCly #. CdCla+Rice-N #f, Rice-H BEDJRHF L OFEHR B NI 7 AFEMHIZ 21T
o TN, NI T LADOMBSHICITEZDNEO b, CdCle ## &
CdCla+Rice-N BEDOHAAITFALI L TH Y | Z< OMICHK T D 21T TN o7,
Rice-H#E T g o KX v A X CACle#E & CdCle+Rice-N#E L 0 (K< |
il B2 o AEEIL CdCle #f & CdCle+Rice-N BE L v midro 72, &2 11X
KD NI T ARENEWVIZE, MR, Bk, PR F T NI 0 LRI
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MU=, —JF., XHREEE Rice-L BRI MR, KB . BRI F S K o AR
DFEI IR T,

I DFRERNG FE L, HABRINERIZA R U A3 FIcHmE LIC< <,
ZNREE IS N, DEOD RI U ARMBRICEREIND B8 L Tn
%

F7o. MRk GO, FPhE, PR, A, B Foh FI T ARESERLES

RITAaELEDENS, FEEBERFLIER, 7 FI U LAOFEREIL CACly
#. CdCla+Rice-N #, Rice-H BT, Zi1<E4 0.30%, 0.27%. 0.21%ThH Y |
CACLEEICEBIT A K I 7 AERERIL Rice-HRE L © m)yo> 72, Rice-L # & Rice-
MEED S K U AOER-RITZNLEN 0.45%, 0.32% TdH V. Rice-H FEx & Tp
SHEM TENED BT,
EFOITCKAKRED RITLARENEDIZ, VDRI VLAEERICEETHZ L
AT HELTVWD, 6T, BiE HESUXEEHTRES S FI U LA8&)hLHE
HL7kds RI o AD RBA IX, TNEH 77.19~97.32%. 36.58~54.66%.
60.91~76.69% D EiFHIZ & - 7=,

U A7 B ORETH D HEAY— Rt (ROZBAHAEICKT 5 b METE
HEDI (target hazard quotient : THQ)) #HE T BRI, invitro TO/XA
FT ATV T 4 BETDHNENTHEE L, ZELRWEGES, THQ 5
ELIEGAED 2.7~4.6 58700 7RI U LOREFEEEY R 7 2@ KGHE L T
WA RREMEN RIS N2 & LTV 5D, (B 20

K2-11 FBERBPDHFIVLEE

Ga%iies N RIVLEE (mgkg)
ELEEEXE(] A LR
Rice-L 0.10140.008 0.11120.004
Rice-M 0.329+0.011 0.400+0.017
Rice-H 0.52940.010 0.655+0.014
V) AR

®2-12 NAFTTFTOEVE) T4 ()

Akt N LHERR N LB N LR
CdCls 99.01 100.13 99.29
CdClz2+Rice-N 46.76 100.12 92.57
Rice-H 21.10 100.70 90.04
Rice-M 28.28 99.99 91.11
Rice-L 15.65 99.30 94.73
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1 £2-13 InvitronNA4ATF7RASEY T4 (%)
CdClae+ ) . .
CdCl2 Rice-i\l Rice-H Rice-M Rice-L
27.50 20.78 21.90 26.90 36.46
3 x2-14 BE5HEAHGTOHFIHLES
—1n CdCla+ . . .
Bk * PR CdCl: Rice-ZN Rice-L | Rice-M | Rice-H
z “( 3 Z{f;é\ 0.078+ | 0.413% | 0.411+ | 0.095% | 0.258+ | 0.402+
= meke 0.003 | 0.040 | 0012 | 0.002 | 0.001 | 0.016
) B A=
6 Fx2-15 HABPOHFZOLEE (ug/ks BES)
ot B CdClz B CdCla+
AR 2B ? ) Rice-H #f Rice-M #f Rice-L #f
Rice-N #f
D |1.9220.642 3.40+0.950 3.98+0.20¢ 4.15+1.40° 3.33+0.4]abc 2.09+0.35%
JFig | 10.19+1.412 64.93+8.024 59.81+5.734 39.43+2.94¢ 19.47+3.27> 10.77+1.652
ulig | 2.73+0.302 5.18£1.07b¢ 5.67+1.21¢ 5.00=1.31bc 3.87+0.442b 2.63+0.212
fifi  |3.18%0.72a 3.53+0.71a 4.17+0.912b 8.48+1.81¢ 5.58+0.88P 3.84+0.58%
B | 20.98+£3.212 | 77.97%6.49¢ 75.70+5.76¢ 83.62+6.43¢ 54.45+10.19b 23.45+3.412
ik |0.48+0.11a 0.62+0.072 0.58+0.102 0.56+0.032 0.55+0.072 0.52+0.062
J& 118.38+20.382 |287.99+34.33«d [267.07=30.18 |301.61+51.27¢ |197.757.95bc 134.40+13.672b
#  |355.1621.767 | 1801.40+59.68¢ |1980.37+110.21¢ | 1900.3081.49¢ |1138.294215.27> |426.26+:63.122
7 P EREEERFEZE (n=6)
8 abec: BEeZFEUTHICAEZEDY (p<0.05),
9
150-
Bl Kidney
A A Bl Liver
— 1004 BB Kidney plus liver
=
I
o
5.
1?5?}! -\,\(P* Q}CQ*
10 &
11 2-10 /n vivo RBA @ CdCIl, 2 [=xt9 BExHE (%)
12 (CAClz #£ RBA % 100% & L 7= AH%H)
13 o) & R AR 75 (n=6)
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KI5, BRI D/NLFRTHEAED Y (p<0.05)

Wei & (2021) TiX, # RV LADOEEKNTO invivo XA T XA Z YT
4 KW in vitro XA FT 72 BV T 4 OFBFREEIZOWT, 12 OB RE2 2
TNEREGEEL-bD (I KX U A58 0.09~4.36 mg/kg ¥ /EEE) 2HW\T
MHBEAMEZ R L T D, FIHBEDOTEELE LT A F T XA FZ YT 41E7 v b
ZHAWE invivoiBR, XA AT 78T ) T 4 1IZATHLIRZITW 2 4 FED in
vitro Bk CTRFt L7z,

W) In vitro XA T 7 EV T o

£ E (SBRC. IVG, PBET X U'DIN i%) 6%, WEHIL7ch RI U L8
O TRICED AL AT 72T 4 2HH LT, 12 OERERTO/ A
A7 e e )T CHIEROE) 2% 2-16 (TR LT,

NAFTT 7'V T (%)= (L OIEF H R v L& HLRTO
gl K vLag) X100

Q) In vivo 'S T XA VT 4

SD 7> b (180~220g, M. 4 3UL) (CHUEE 10 ARIRAME G Lz, W
BHE. SRS HZREF RE 16%DOFIE TxtfaEl (AIN-93G) SEALTZHD (B
FI U LG 0.014~0.654 mglkg HMREE) KO AIN-93G [ZHifb s KX ¥ A

(CACly) Z¥ML A K7 AE&E% 0.045, 0.090. 0.135 X% 0.225 mg/kg &
LizbDx vz, 10 HEMBE OEBAHRIRL, 7 FIvLsExERLE, T
KUz L D CdCl $e 5050 RBA ZHH L7z, K 2-11 IZHEFON FI Vv AEE
ERBA%# 7' my hL7cb DR Lz, Wi ORICHREZ2IROHBINTED b i,

RBA (%) = {#if% Cd/fH## Cdcaciz X Cd dosecqci2/Cd dose} X 100

Cd dose T Cd dosecaciz : L UL KX 7 A (CdACle) AINEREFD
BRI LERE

M KX 7 LR O BT A cacz: B OHRAED KX 7 A (CdCle)
INEEHERZ D Z » b OMFET I FI T LR
B (Tl & B oo &5

6 SBRC : solubility bioavailability research consortium, IVG : in vitro
gastrointestinal, PBET : physiologically based extraction test, DIN : Deutsches
institute fur normung e.V.
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10
11

12
13
14

12 OB DOWT, In vitro XA A7 72 VT 4 (4 F4E) & in vivo
NAFTRAFZ VT 427y hLizdZ A (K 2-12). PBET KW IVG (2
KDENRNAFT 7RV EVT 4 L invivoSA TT XA Z YT 0 OMEIZENZE
7L R2=0.66~0.69, M TN R2=0.67~0.68 TH -7,

EXOIL, B8R FI U LAEEOKETIIA FI U LOEREZH
KiHli L CWDAREMERH Y, XA AT XA TV T 4 2 EFETRETHDH L
LTwns, (ZH21)

£2-16 InvitronNA4x7otwEYT4 %)

71k ANTHIK N TR
SBRC | 33.04 (15.55~51.33) 25.53 (12.77~36.32)
DIN 30.15 (9.93~45.12) 24.08 (9.09~43.55)
VG 25.59 (12.43~43.48) 21.2 (10.20~37.52)
PBET 25.85 (9.63~42.14) 19.85 (8.71~40.02)

PEfE (FEBH)

g

E R*=(.432

'g 80 4 p=0.05 o
% e T
.L; 60 - j____--."' -

£ 40

-

g 20 {*

=

“ o0

o 1 2 3 4 5
C'd concentration {mg kg

2-11 ARIOLEEL RBADER
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100
PBET-GP PBET-IP

80
60 * iyt v Y
40 1 24
P * v=1.33x+17.76 : y=1.61x+21.54
e ¢ R*=0.66 ? R*=0.69
0 ‘
100
IVG-GP IVG-1P
80 | i .
< 60 T, ] ™4
°:¢ . - e %
z 40 1 |
= " v=139x+16.56 y=1.74x+15.34
g 201{ ¢ 2 i s
E R*=0.68 . R*=0.67
; 0!
2
< 100 -
> DIN-GP DIN-IP
= 80 o
60 il g 17
i il 4
& _,o (.} ﬁ/A
37t y=105x+205 A y=1.24x+22.40
20 § o + . e 2
y R*=0.50 < R =0.50
0
100
SBRC-GP SBRC-1P
80 3s
7__‘.--’:‘__-»"-6‘_. . ¥ '.
40 Y- 1 b
S L y=1.00x+19.08 A v=1.39x+16.94
20 2 & ' 2
: R*=0.47 R™=0.51
0

0 20 40 60 80 100 0 20 40 60 80 100
Cd bioaccessibility (%) Cd bioaccessibility (%)
2-12 Invitro\A4FxTF7o 2 EYY T4 (4Fi& : SBRC, IVG, DIN,
PBET) & /in vivoRBRIINA AT RASEY T 1 DB

Xu b (2021) 1%, # FI U LD BB RMRAXSZE LT, B FORPA R
SRULRE (VT TF=UMIE) 2 RIvABREND 1-a2/3%— KA b
ETNVCTHEHT BRI, BREICEET D RI v AHEREEHWEEA L 4
HWToORHEE (in vitro XA FTT7 78 BV T 4 XUINRAFT AT T 1)
EEBLIEGAICONWTHIERL, #EFOMLERZRLTWD, AR T, N1
FT 7' EY T AICOWTIALIHEKR, XA T T XA T8 T 41220 T
1% Caco-2 fific (& MERG A HISk D /NG - B RARMIARRKR) 2 -V CREt L7z,
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a7 IT7—BEEGL ANTHEER (pH 6.3~6.7), X7V e AhFrazgie AL
B (pH1~2), X7 L7 F o U —¥aagi N L+ 5k (pH 7.8)
WU (pH 6.5) Z V= RIVM O A LMWL 24T - 7=, & N Lis{bik
DIERZ IR L= r Ay O KX v A& %2 HlE L, Yaoetal. (2021) (=
Bl crsnzRctov A7 78T 28 H L, R L ALY
{bi & B R & L CHERSEE L 7= Cacor2 OB RIS IR I TSN L, B3
ATM N 4 RfEE % O RI v AREZJEL, FTRITXY in vitro IZB1T 5
71 R0 LRIGE (%) ZHEM LK,

Cdipr x Vo — Cdapr x V3
Cdppy x V2

dbsorption rate (%) =

x 100%

Cdap1 : BERATOENER A NI v AR
Vz © BSEE R P &

Cdpps : E5#EH OB NI U LR

Vs @ B 1% AR =

FTbH, 2 TRLEASFT A Z 8T 1, NI Lzl K3
DANENTE T LIz DEEE2E L TCWD, SAFT AT Tk K3
7 L, Caco2 MIIICER LA I U A LASEZ BB L= RI U720
AR TH B,

RNT, XA FTT 72V ETT 4 (%) & KT LARIE (%) OFEZ A
FT_XAZ7EVT 10 (%) & LTKRD,

BRIV LADOERIISERE L TEMTOXKKEYB L2 BE L CERE
DEHEIT>TWD, S5, fHFE - T HIEIC L Dk CRIAFLL OMRER) KO
HEMIT L CRAMEE, 2 CI L O OIR) FOH FI U LAGEDOEZREZRGFL
BREEHZITo -,

BN OKOH K0 AL 0.74+0.90 mg/kg CEH +HE#E(F = LI R E)
&£ 0.08£0.16 mglkg TH o7, KAUZ LV Kk H FI T AREIZTEL L2 -
203, A CIHBRICER3E D RS U A0 I THHICRAT L= 72, 14%E)
L7ze T2, WORBUZ L DR RI U LAOBEKIZDOT N TH -T2, KD
NAFT 7Y T 1% 34.29111.43% (#iPH 20~63%) 72->7-28, KR
X0 6~52%J D L, 26.91£11.45% &L 770, BHEFH RI T LDNAFT 7
TUE VT 41319.84£9.70% (3~32%) TH V., FXKE L TEN -T2, 40T
B TONRAL AT 72 YT 21 31.37112.66% CTH V. 2i CHFLICL - T
R B5 MUz, WOBHETONRAFT 72 BT 11X 15.59+6.82% T
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HY . WOFELC X o THRK 88%HA LT,

AL OEZF T RITLDNRAFTT XA ZEV T LI INAFT 72T
#A DFEROM & RE 22T o Te, ERONRALFTXALTEU T 11% 9.39
+6.37% (2~21%) THY ., AT KV 6.454.43% 2D L=, EBFFFKDON
AFT XA ZEYT 11X 8.7223.38% (0.2~13%) THY ., POz L - T
1.27%1.69%IZ> U723, 2 CRRERIZ X - T 7.91£4.59%Z N L 7=,

1GYL Ik Dt G 142 4 (40~80 7%, H1ME 66 44, Lt 76 44) ITOWTIRH
T RITLRE (7 VT F=UH1E) OFRRNE & FBEED O OHEEE 2 Mg L7z,
728, Zhaoetal. (2017) & I[AHEIC Amzal & (2009) OENEREETT L (1)
EH Ry AERENX (2, 3) AW,

KR OB EDERE (HOHE) WICKEBEBR L TV K EEEDH B3
DAGERENINEDNRNAFT 7RIV T 4 ENR_ALFT_RATEY T 405
HEESAVDIRP A NI 7 AR & FERIE A Heig L7e (K 2-13), FERIE O (-
YIEN 7.68pnglg 7 V7 F =2 (#iH : 0.18~97.15) THH=DIIHKL, B K3
U LAEREOHEEICNA AT XA T T 4 2 BE LeWgGs (PtCd), %
L 38.09pglg 7 LT F =2 (HiPH : 7.48~96.57) L7 0 FEHEIED 4 5T
o, " AT 7 EV T 4 #BE LI5E (P-BAS Cd) . #EE A M ME
WZiE g o T, = A AT XA TV T 4 2B B LIELAICE T EAE
ERETH oo, THME & FREOMICEEZDN A2 BT (p<0.01), (B 22)

120 - e
o JE e
E
8 m :
(1]
-]
3 :
£ 40 1
s 01
E HE
e 204 | i
¢ 7l B I, .
0 - ke
- - = = = =
AEIH I R A E
2 e | |Z| @ € |m| m
MCd[Pacd]  PBAS Cd P-BAV Cd

K 2-13 KEFEAFIDILEE (VLT7F_UMMIE) OEREEHTEE
M-Cd : EHIfE  P-tCd : FIHREZ B JE L 72\ HEEME
P-BASCAd: "M AT 78> U T 1 2EEL-HEHE
P-BAV Cd : "4 FT ATV T 4 Z5[E LT HEEM
RRARV : AD KK OEFE  BRABV : K 4 TE 2
BR+FV : MR O b B 32
ACERIE T2 B /IME, 55 1 WUAR, HRAE, 255 8 U frs, RKE% ., SfE
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N —m O O 00 NN O U kReWwNy = O

IR DOERE L TORINTWNWD EEZ LD,
*p<0.05, **p<0.01.

(3) WEIREIDEE

CD-1~v7U A (#1008 Ok 9 HHICHE/S K T4 (CACle) ZAENEN
5 (4.5 mg/kg KEH) L7-HA0 24 Bt (X 2-14) ROMHE 18 B H (¥
2-15) IZBT D RHEK OO RI U ARSI TN D,

HIR9 AHD~ T A~A RI U LZHERERE L, SR (24 %) OfEsr
FRET L7oRES, RO Mg, g, Bl B 7 AREIXT RI U AR5

DEEMUTZo 7 R0 LRGSR D IGEEO D B I 7 LREEIX 60 fEISHIIN L7228,
RERDRTIE, B2 B0 LRED 4.3%, 19.7% ThoT, ROT FI T L
BELA RI T LREIZL - TILFICRo70, B, BHEROIIR, BlED R
IV LRED 26.9%., 1.2%, 5.3% LiEkAoT,

HIR9 HEHD~ DU A~A RIULZEERE L, REIH (R 18AHE) OF
BERET LR, 7 R U A2 &5 SRR MIE, ik, Bt s 8 v
DRFE IR AR L T e, IR R U ARE S SE A HERF L T3,
FHED D 2.4% . FRHEADK D 6.1%72-> 7,

FRVZEB T D S R o MREIIRE~OD FI 7 AFHIZL-T 4.9
FEEIN U722y, RHRDOAFIEF 7 R U LRED 0.26% 2 E 2o 7c, B K
U LB SN REROR ST 2 Mg S KX 0 AR R & =T e
Mol (B 23)
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Cd in maternal serum>

9.0 B 36
—_
(]
=
6.0 © 24
£
-
3.0 E~ 12
£
©
0.0 o 0
Control Cd Control
S 8 P
g g
3 =
= 1.0 =
© o]
= £
8 o)
8 05 =
o ;=
£ o
3 0.0 o

Control Cd
2-14 1R 10BBEDH FEIOLEE
R 9 HHDO~ DU A R U AEEERNRS LT,
WA L AEHERR S (n=10)
RTPRHCH L CAEZED Y (F*p<0.01, ***p<0.001)
A BHERME B RHARFE C: RHAER D: R E: ik
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D
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= = 2
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Control Cd Control Cd
E F
1.2 0.06
£
3 ]
>
D s 08 = 004 [
. | f—ﬂ o
T = s
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22 <2
£ 0.4 £ = 0.02
Lo el
2 ° &
0.0 0.00 -
Control Cd Control Cd

2-15 IR 1S HBDA FIVLRE
RO HEH DO~ AZH FI U LEZEENES LT,
Wrh) LA HERR S (n=10)
SHBEEICH L CTAEEZEDH Y (*4p<0.01, ***p<0.001)
A BHERME B RHARKR C: BB D:p E: REME F: eV

T b~DOH R T LEEGERBRAZRD R OIER AR TITo 7o, #RARREKIZ
DNTIE, RBLEH 72 Wistar 7 v b (70 Hifn, M, <HBERE 14 DS, H5EE 10
VC) 128 ks RI v A (CdCle) (0 XX 50ppm (U KI v AELT) (7Tmgkg
RE/BMEY))  Z4EE 1~20 BIC8OKEE Lo, IERORE (K TEE) 122
W, RECH BRI OINR SD 7 v MZHh R U LDk &% 5 mgkg &
HFELTET~ORBER Y TOMDIARIZ L DG 0k 1~19 ) XIH
mIR T (iR 16 H) Z1To7-, &G TH, BERLK. kg, BEOS R
SUvLAEEEL,

HOKE SR AT, BEER - 7RG H BT &R G8F TR & T
IR O FI U LBRRKR 205 TH -T2, WTRDOREIZBWNTH, I FI T L
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16
17
18

19
20
21
22
23
24
25
26
27
2
2
30

O oo

X, MR CRMAI T @ 10~20 %, IR CRHRIIMF O 10% 2L TRE TH
> 72,

XDIZ, 7T FT ONEMIE (196 4) ROVEFHE (96 4) TTEHRIC
Yo i U A 7o i CEA4EER 28~29 5%) Zot BRI, BRI K ORFH5 i
WONZRE R DA K2 o NREZRIE LTz,

i A B (WEHR 12 22 A BT E COMYEEZ Gie) L IEMUEFR T L TrT

(32 2-17) , B DR N ORI 7 K2 o AR ITIERES L0 & -
Too BHEDH R I 0 MREEIIRMAMF S KX U LARED 10~20FTh -7,
WL D i Al B ORI AR A7 R 7 AR EE T N Rk 12 0 Mg e ik C s o 7o,
ZAUE, RIS T HYEEY) (E) BREOZ S UIHER I R TR
EOZHEIZEK L TWD AR H D Z L2 FEHITELRL TV D, FHImF D
R0 AR M & MR O B A T, BRI D R U ARED 10%
% FE-> Tz, (B 24)

& 2-17 MERVERBHIOH FIVLRE (ppb)

Hitug

WL A 1

REfA I

A I

st

PR e 145

IR
(n=119)

0.326 (0.235-0.438)

0.031 (0.022-0.042)

6.48 (5.09-8.62)

CaiEs
(n=T77)

0.934 (0.553-2.09)*

0.037 (0.026-0.054)

10.5 (8.54-14.1)*

i 1

FERRER

0.457 (0.311-0.556) #

0.031 (0.024-0.041)

10.4 (7.64-12.9) #

(n=48)

%ﬁ%ﬁ 0.754 (0.485-1.57)*

0.033 (0.025-0.046) 12.3 (8.42-15.5)

e (25-75 /S—t& o & A JU{H)
* [ UHSROIEREE 2 L CREZDH Y (p<0.05)
# . AR OIEBEEF 25 L CTHEEZH D (p<0.05)

Iwai-Shimada & (2019) OFHA T, HALHG OFESTTER O UL 594~649 4

DOIEYRFORMAM A S R 7 AEBE (WEIR 28 #IZERIMN) (n=649) ORI
1.18 (#uPH : <0.10(B PR ~11.23) (25~75%ile : 0.74~1.79) ng/mL, Jff#;
Ml R 7 ARE (n=594) OH YA 0.53 (FiPH : <0. 100k HIBR)~10.52)
(25~75%ile : 0.10~1.25) ng/mL, WBEF T NI U LRE (n=617) OFRIE
1% 16.95 (#iPH : 3.52~51.49) (25~T75%ile : 12.97~22.72) nglg TH o7,
RiLF D R 7 AREICKHT 2 IEEM S R U AREOROIES D& BAEA
MCRE D o7 (FHAHERER2£=130%) 73, FHEEGREIFAE Ch - 72 (p<0.05)
(X 2-16), FHAM I QWM & bl U CRRBHR o b R U ABENEN- T2
(X 2-17), (ZH& 25)
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Cd, rho = 0.12°(N=400)

in

[
i

' .
o ohaga, T
P

L 5]
=

s
o = T -".'
oo 15 34 75 100 12.5

Maternal blood Cd (ng/mL)

Cord blood C:'JI (ng/mL)

1
2 2-16 BAmMmEFEFEmMA KD LEEOREEM
3 REAI. & Jf 45 i o FE BRI A B (*p<0.05)
4
Blood Cd Placenta Cd
(ng/ml.) f
e ing/g) 60
¢ N =400
-
50 s ' *k 30
40 . 40
30 3
20 20
10 b '{ 10
% ¥
0
5 Maternal blood Placenta Cord Blood
6 2-17 B&km., Ewm. BRIEDORE
7 HilX 25 R—t U B ANEE T5 X—E 2 A E, BNOERITHIEEZ R L
8 TW5, 7SR 25t-1.5xIQR & 75t-1.5xIQR %75 L TV 5,
9 IS E IR L TV D, **p<0.01
10

11 2. ERFHYHFICHITH5EEMHTE

12 (1) Big~0xZ

13 Wistar 7 v b (2 2>A, I, &8 36 L) (ZHifbh KX 74 (CdCly) (0,
14 5 X% 50mg Cd/L) % 6, 12 Xix 24 AMHKE G U lg~D B A2 et Lz,
15 HRIT7L2OFEEILFEEIT, 5 mg/l & 5HT 157.61.4 pg/H (0.3205~
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0.6784 mg/kg AEHE/H), 50 mg/L $ 58T 913.6229.0 ug/H (1.9639~4.487
mg/kg (KE/H) TH-o7z, KEILS5 mg/L &5 TR FRETH -T2,
50 mg/L # 58 Claf& s 6 LUV 12 #Hl CTHREMMENS A EITIK T L2, 24 #
BTIERLNRD -T2, 5 6, 12 XiT 24 MK ICARE 12 L9 24 S
PR IR B OV I 2 B L 72, BRI OV T, o R AJRE K OV B
HIRRET 2T o 7o, MM OIRIZOWT, BRIV L JVLTF=2, ZonNI Kk
ORFBREEZRE Lz, ERRICOWVWTIE, RELMRMEREED~—D—& L
T N-T7TEFALTVatI=%—+F (total N-acetyl- 8 -D-glucosaminidase :
NAG-T). NAG isoenzyme B (NAG-B) X O\7 /v UKAT 7 Z—F (ALP)
ZHE LT,

A (% 2-18), Bg+ (4 2-19) LOYRH (4 2-20) ©OF FI U AREIX
&K OISk LTz,

F7oilBRiE R AR 2-18 1T,

¥, BN & OMRE I T 23t EEIE, 50 mg/L & 5-#0 12
BOMXEEOGEREMN (8%) ZREEGIZIDIEEIAGNRNSTZ, Z
OXTEEOBINL., FKEMMOKTICLIS2bDLEEZ BN,

5mg/L & 5HETIL, #5 12 BE M BRF O NAG-T X O NAG-BiEHEO &
Ao TIRMIAE LR ORER R BER A DAL, 7 R U AR, Bt ¢ 4.08
+0.33 pglg. JRH T 4.31£0.28 pug/g Cr TH-7-, 50 mg/L KERETIL, &5
6 BICENETDOH R 7 AP 24.09+1.72 nglg & 720 | JRAE OHEE (R
AIE I BORRRR AR DI AR 1% D ZEME B PE~ O % 1 5 5 B 72 Al o
Wr ik, R+ NAG-T. NAG-B K ONALP i&MED EFH) RNA BTz, 50 mg/L £
HRETIX, %5 12 8% O RERIKOEEBO RANNEAZE & 720 | #5524 HZIC
(XA BE D JEJE N N AIEFESR DO YEIE N B Th o 72, £, IRFIREEH ML
EPCES. RPTIETL. REOZ VT T UAMEF LTS Z LN REEH
Too #8287 OPFEDEEI L7203, RRED 7 V7 F =0 D7 VT T 20 AT
BUIH DR oTz, 5 me/L #5045 24 % Tk, SRERIEOBERER) Tld/
WERERNRBEORELH L TH o T,

PLEDFERD G BF 513, 7 FI v A0EMT < #I3H BRI B iR
ICHRE), HRERICHRIE 2 5 2. 2 OBEIT, B FVINGNL G IR il
R ONERR) M ONABENL GRERIR) (T8 % T & LTV D (A EAHS
ATIRANE) . 7 R U LAOEBEEOMIMEIX, 4.0820.33 pg/g LV /ha<, &
TEARE D IR N I AL 72 Do T BB IR B 2.4020.15 pgl/g £ 0 & K& 70fE & HE
HLTW5S, (B 26)

37



25

& Control
O 5mgCdl
o s "y & 50mg Cdl
15
10
5
1]
2-18
o 0 Control
| O SmeCdl
4 S0mg Cdil
=0
40
30
20
10
1%
a
i waeks
, N~ N:::]
X 2-19 BEFHFIOLERE
30
Conirol
s5| O SmgCdl "
& 50 mg Cdll
2 k]
9
15
10
M
5
i] ’—O%
12 weeks 24 weaks

B

X 2-20 RHH FIVLRE

38




1

O© 0 N O O &= W

—_ = =
N = O

& 2-18 EGABRMER

— HERE S (B 5-BRAA)
e 6 i 12 1 924 3

JRH NAG-T T 50D 15,50 15,50
JEH NAG-B 150 15,50 15,50
EH ALP 150 150 15,50
WE Y| MG N.S. N.S. N.S.

bR N.S. N.S. 150
iES fm.i%& N.S. N.S. 150

IR N.S. N.S. 1 50
g7 vro=r N.S. N.S. N.S.
JVvTF=v
¥p3 PFRAR A% % | hematoxylin | 5 %%’%fﬁ’]fﬁ/}{éeb s IR J:&@%%’%f 5,50 : &R AFR 72
HIAT R and  eosin |50 : ¥ RARE HhER/ E’Jﬁ’%(’ﬁ ), A e B X NIDE = |

(H&E) Y| EHHELH Y, 50:6 % LV 52|,

@, i A BRIEAL,

periodic 0 : —EORlF#% T|5,50 : ITALIRAME #h | 12 1 & [FIEE72 P A,

acid-Schiff | |Z[EFM:D PAS Yeta | 55 /185 D i oD Yy

(PAS) DRI, BT,
) SRERIROFT AT 6 1
L AEE,

S.: HAEER L,
1) HEZEMRSNHEme/L),
( 2 ) -Eu\mﬂﬁﬁi
(DBrzoska b2k 2—EDHE
Brzéska D%, 7 v b OMEXIIHEICAR % 2R BT R vax 52,
ﬁ’b:ﬁffé%ﬁiﬂ%%%ﬁmﬁﬁ%ﬁ LTWb, ZNHOMRITE LD THF AT
T MY LWL, a. IE<ENRM 12 00 MEROWE) & b, 1< BEWIR 24
H (M) (2531 TT‘E%!ZULO Fim L COMREE HEIZDOWTE 2-19 1T 7,
& 2-19 Brzoska 5DO—EDWHENDIEH
No. Meife  FE(me/l)  #IRE WEE SR
KEVE /e &, B~ —p—, G ()
1 i3 1,5,50 12 77 H
JIv T LR
NI IJ;E'»”L‘E\ (EW 27
2 i3 1,5,50 12 7™ H B LA
B 5RAER (3, 6. 9. 12/°H)
KB - R R, AR —y—, B (5
3 i 1,5,50 12 7 H )
T LU ARG
4 1,550 12708 KEE KB EEE. (B 28)
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BHFERR (12 00 D)

BEHE (La) B, e, BR29

5 il 1 24 A
IRTNER
6 1 24 A KRR - IEHER SR, B~ —n— BR300
(A 1 24 H AT T A U AREL, BHSRE (Z# 31)
KR BB 71558, (2 32)
8 1 9ang o BERRATE

STV ER

a. WEEES v 12 AhAERKIEGEER (No. 1~No. 4)
(i) RERAE
OB FIvLHE .

HEFLIER O Wistar 7 v & (3 @k, MEME, #58F 10 PT) (2D R I T LK
¥ (CdCle-21/2 H20) (0. 1. 5 XiX50mg Cd/L) % 3. 6, 9 XX 12 A
MK E LTz 1 mg/Li3h FI U LI BEZ T TCORN—ERD LR
Uy 5 mg/LIFREDH RI v LI, HDWVITEEZ O L1, 50 mg/L
X R U LK DHMERIGRPH D LML T D H D E LTHRES
776

OFEDOFHE -
KERE . MHE (L1 -L5) ROBHBAROEERE, FEHE. KOEELEE
B X —X BRIEE (DXA) THE L, BEED Z AaT TG,
WHO (1994) 8i2 X 5 & b OHEKEEIZIESNT, IEH (>-1), BEERD (-1
~ =2.5), BHL X 2% (£-2.5) ZHE L,
BBEDZL AT =
(P 5-HED B FE — RO B8 B S )ME) /S BB 0O/ 25 FEAT VE(R 22

OB 17l
KBRAE OUNLES K QAL A S CIEAMR R (BT 7 A) o B CUIratiR
(BT T ) 21T 570, HEZ DWW TR, S BIZEE O EMRAER (BHi)rm)
&3 RMITRBRbITo 72 (K 2-21),

TZ AT EX, BEREEERE L RO FEE S i U, R OREMER ZE(SD f#) T
B L7,

8 Assessment of fracture risk and its application to screening for postmenopausal
osteoporosis. Report of a WHO Study Group. World Health Organization technical
report series. 1994;843:1-129.
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BIOMECHANICAL TESTING OF THE FEMUR

. . 201 " Cutting test
Fracture test Fracture test of the of the femoral  Compression test
of the femoral neck femoral neck with
2 s N mid-diaphysis* of the femaral
with loading of the head loading of the small phy distal end
trochanter e L) Load
Load cell cell cell cell

IF

neck Q:’K d
/ram:(m AN neck _ \ distal femur
BT fracré €t b e 3 compressive

fraciure Sracture
Vertical loading of the head at the Horizontal loading at cach site at
displacement rate of 6 mm/min the displacement rate of 2 mm/min

BIOMECHANICAL TESTING OF THE TIBIA
Compression test
Three-point bending test of the tibia
of the tibia diaphysis
Load cell
Load cell

diaphysis l Val

lF

diaphysis
fractidi

.

Horizontal loading of the mid- Vertical loading of the

diaphysis at the displacement tibia at the displacement
rate of 2 mm/min rute of 2 mm/min

B 2-21 HFEHABREKXRE (No.4 Fig. 1)

| F: direction of loading(fif EE /5 [11)); - - -* site of fracture(FWriB{r)

O fiii~—n— :
B~ —H— & L TR DA 2T F AL (00),

35— UG C T uTF R (CTX) ZHIE LT,

OBnT b, U ARH :

MG KON 24 KGR O Ao 7 DMREZRE L, JRP AT K0k
=% (fractional excretion of Ca : FECa) #H® M L7z, HEIZHOWTIE, 5612
MiEH U URIRE R YR Y sy i gEfE (FEphosphate) ., 7/L3 7 LG
fidALEE LT MET 25-8 R4 I D (25-hydroxyvitamin D :
250HD). 1,25-Yt Fe¥ b4 I D (1,25-dihydroxyvitamin D :
1,25(0H):D), #/vv k= (CT) KURIFRIREALVE S (PTH) REZHIE

L7,

(i) HABRFER

#F 2-20 \TB &, JIFHIERE. B — D —, £ 22112 T L U AR
BIEAEEFERE . X 2-23, # 2-22 [TIE < TIRPIC T 2 ERE R 2R,
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10
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12
13
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16
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23
24
25
26
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30
31
32
33
34
35
36

@ It D
OBEE -

RTPRRRIZ BT, KRG BEHED B2 B 1R BR B AR 6 22 A & TIZBHE IS
WL, 2% 120 A ETIIREBIZEA L G, £ THAETICE
FERPEANEZ > TWnD EEBEZ BN, BRI TAFSTEITEY, KERE
JEHED B E 1L, 5, 50 mg/LEECIZ 3 AMNLAERZICIEF L, 1 mg/L BT
6 MANLERIE T L, BEBED Z Aa7<25 Z8HHL X 2MEE LIz
A, 1 mg/L BETIE, 12 0 HBRAE LR -> 7223, 5 mg/L B Tix 6 7»H THJ
D TBE S, 9~12 7 H OMIE 20~40%D F » ks TiR® H7=, 50 mg/L i

T3 AND 1 TRIZEHH L X D IENED b, 6#HT4W&9~R%%

TlX 50~80% D7 v MIFBDH LN, WITNOH RI U LMISBERED
E®ZX27ﬁ9ﬂﬂiT;E§\&Uﬁ%%ﬁ%uﬁTb\9mﬁkmb>
H oIV 72hoT-,

O'F O IR
KR DJEAEFRER DGR DWW TR R E THR T 5 & | ST A Ti 5,
50mg/LAET 6 AN AERIKT 27 L, BAEARN TIL 5, 50 mg/L #£T
SVLANOHAERKTZ R LT, —FH, BROUNEER TIE, 50 mg/L DA
MOPADLRRMEOFRRIK T2, Lz, FE O, BwALER. IIALERA S
EFTEORE DFET OV T, RIHITTRE DR E B < | BERICIZRE
DEWEEENZ W=D THDH EERL TN D,

OFRH~—h— :
BEK~——D1iE OC iX, WITNDH FI U NI EREICBNTH 3~
6 " H CHRBREL W AEITE» -7z, i ALP X1, 5mg/LEETIXIEEAL
AL LZeinot=y, REEE O E B ALP 130T ob K o X< BRI
BWTH 3~9 nH THRHIEFE LV ARICIE» -T2, —FH, BRI~ —F—Di
fﬁMXj:mﬁm@ﬁk U LELSFBERITBNT Y, 3~6 22 H TIIx R X
DAL, 9~12 A TITICHEIZE - T2,

OB 2MGHT -
FECalfx. 6 2HFETIFLEA L FHET, 9HIZBWT, I FITvLADH
EIRIERC I L7,

OFt®:
HAKRPEDT FI 7 LEEICEY, 5, 50mg/L#FTIX, BEEDZ A=
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OBanyoh, UmAt

TTCEMLEIELHESIND LNV OEBREEORTAEZ L, 8% EITH
&, ROWFRARICIR T L7, B s, 5. 50 mg/L # THREIZ KR
H OENLER & AL E AR AMEIINEZ R LT, FH DX, ZOfERICHO VT, &
BRBAIARIN D 6~9 M H £ TOBRROBAZEEIZBNT, 7 FI U LX< &E
2 &> TEEEAIHE X3, 9~12 20 A OB O BN T BRI A & £ - 72
7O ThDHEEBZEL TS,

@ 1 Dk
OBEE .

1. 5 mg/L Bt KRG, BEHEOFEEIX, 3~12 H OV oIz
THORBHELABEEE RIS o>72, 50 mg/L BHEOFEEILX 3 AN EER
WK T L7z,

OB O FH R

HETIX 12 DARIZEB W TOR N FRERE1T > 72, 50 mg/L #IZB W\ T,
KRG OFTALER, AL ER AR O AR, Ao Wk, 8o 3 ST
SR, BT O ERERBR CRRMEOA BRI T EZ 7R Lo, 5 mg/L BHIERER
B AUTALES ., EEALER A O EAEER, I8E O 3 Uil RER TR ES A B I
TL7=,

OBR#H~—F—:

12 > H OEF T, B~ — I —OiE ALP X5, 50mg/LECTIKF L7
D3, KEEE O ALP, KOMLYE OC XM 2 B b2 R & 7ehoT-, —F., B%
WN~—X—dR% CTX 1%, 5. 50 mg/L BB LVAEICEVVEEZ R L
7~

Wi

i

12 72 H OFf ¢, FECa 1% 5. 50 mg/L # C. FEphosphate (X3 XTDOh
FIUAMIKEHCTHBRELVAER EAZ L. Z2O0IEI FI TV ADOH
BIKGFHTH T, £, TXTOH RI T LX< EREC, MEH 1,25(0H)2D
L CT oFERBA. 5. 50 mg/L #:T PTH OFBERENBFED b, &
fli~— 2 — OB ERHTAER, 12 20H TD FECa, FEphosphate & OYRH
CTX (ZKIRE., BHEOBHEE L AERADOFHBZ R LT, ZOMENL, &
FOIL, I RITVLPFICEBEERT 20 TR, Iy s, U ARGHE
HaRIT LTRSS BRI A IE L TV D EBZEL TV D,
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OF &
MR U CRBIMO N R v AEL BEZ T 20T » ik, 50 mg/L #E
TIXA O RFEEOIRT & 5 lfiggte 2~ L7z, LrL, 1,5 mg/L #
FNFEAEEMTRDOONT | I FI U A XD FREICIIN L 72t
BHolz, 12 WA OREE THWIN—T—23 88l T\, I FI v AE<
BRIZE VBB CTORF T L0 U APREREML, ZAUTIEC T LT D
LR E O PEE LTV,

(iii) IE<BEL-UL D HER
O FI T LE<ERE:

OKEND  FHEO T R U NI BEORPAEZ RO, #ED 1, 5, 50 mg/L
BX, £1£1 0.059~0.219, 0.236~1.005 K& ) 2.247~9.649 mg/kg {AHEH/
H, #» 1, 5, 50 mg/L #1X. 24 0.049~0.223, 0.238~0.977 L
2.073~10.445 mg/kg {KE/H TH -7z,

O, JREH K v AR

4 2-23 1Z a) #EL b) DM, JRAD FI 7 AREORRELEZ R LT,
M JRFH FI T ARENTLS, 1,5, 50 mg/L B O ZENHETH > 7=,
2L, M 50 mg/L BETlE, 6~12 2HORNIXIEE A EH R I 7 AEEN
29, 1. 5mg/L BB W TH, 3~12 A O OBINIFEF ITFEE TH
ST,

12 A TOREOIIMF S R0 LRI RI U LAOHEKRGFHNSEM L7,
LU, SHoMHF D R U AREZHED 12 22 OWIEME & & F Y 203720
ST HEDORHF A B 7 AJEEIL, 50 mg/L BECREAIC EH- L=28, 1. 5
mg/L # Tl 3~12 DA O ORE LHITbT N ThoTlz, 72, 12 HD
RERLCORF A NI U AREEICBHE RIS o T,

ORBRE 1A N2 7 LR -

KR NG, BB B MREAITE Ui, MElE% E L D TR e
£ 222 1T, B I, €S 7 AT ARI KR 1S 4
TREEDRHIIN LTz, MECHOWTRISZ(LZ RS L. 1 mg/LBFTIZ9 A £ T,
5 mg/L BEL 6 72 A E CHIMMEIA 2 5% L7-A%, 50 mg/L REIE. 3 72 H OREAT
DB FIY NBERE ST . T ORITHHEIRER LT,

OF L :
mrp, R, KEREH D RI U ARER, S HiZ, PRI vLAofE
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24
25
26
27
28
29

IRAFHIZEE N U 7=, MED 50 mg/L BECTlix, 6 2> LRI A ., JRA . KERE
BRI TLABEIIZEACEIML 7, £7-. 1. 5mg/L#TiX, &P
R U LREICHEREAI I E A ERRO LT, MRS HI2 3 0 H LIRRIXIE
EAEBEIML 72 o7z,

<$% : ATSDR [Z& % Brzoska 5DT—2 DFER>

K E 75 MW B R S kRS RS (ATSDR) 1 & % "Toxicological Profile for
Cadmium" (2012) (23T, Brzéska O —H DML IS T | Intermediate-
Duration (15~364 H) Oral MRL (Minimal Risk Level) & L T, 0.5 ug Cd/kg
RE/A EWVIERRE STV D, ZOHE T, HE~0 12 22O < &#EiRl
BrooH b, Tiid7 —Z %MW T MRL 23RO TS

OB FITLISEE
M 1, 5, 50 mg/L BED I FI U AILSFEEIL, £Z£ 0.059~0.219,
0.236~1.005 2 (X 2.247~9.649 mg/kg KHE/H L HMEINTWD, ZI0b,
ATSDR /%, 1. 5. 50mg/L %, 0.2. 0.5. 4 mg/kg KE/HITAYT 5 & HEH
LTWb,

OPOD DO#EIE :
BB TON RI U AXSBENEEEICTRELRLIZTL TWDHZ EITED
. 9 H B OEHEDHEE % point of departure (POD) & L7,

OMRL OHH :

ERROH FIvLAISERELE 9 A BOEMEOEEE & OBFRIZHEASNT
RXyF~v—7 F—=X (BMD) KUy F~v—7 F—XE#H TRE (BMDL)
ZH ML, BMDLean& LT 0.05 mgkg (A&E/HAE LN (K2-22), ZOD
% RS540 100 THR L C. 0.5 pg Cd/kg {AH/H % Intermediate-Duration
O MRL & L7z,
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Figure A-1. Predicted and Observed Incidence of Changes in Lumbar Spine Bone
Mineral Density in Female Rats Exposed to Cadmium in Drinking Water for
9 Months (Brzéska and Moniuszko-Jakoniuk 2005d)*

Hill Model with 095 Confidence Level

. .
20 F gy —

Mean Response
3
P
—

265 b E
260 F E
255 E E

EII'\IDL END
I 1 L 1 1 1 1 L 1
] 0s 1 15 2 25 3 35 4
dose
15:24 0527 2008

*BMDs and BMDLs indicated are associated with a 1 standard deviation change from the control, and are in units of
mg Cd/kg/day.

X 2-22 HKFIHLEREELEEEEIZ DT BMD.~BMDL
(ATSDR 2012)
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1

&2-20 BE. hFEpE. BRBIY—H—
FHEERE P EFEH bl
3 A 6 2 H 9 M H 12 2°A 3 »H 6 2 H 9 M H 12 A
FERAE RE_E A | 5,507 11,550 | 11,550 | 11,550 1 50 150 1 50 15,50
B 1 5,50 11,550 | 11,550 | |1,550 1 50 150 1 50 150
B N.S. 150 1 50 15,50 N.S. N.S. N.S. N.S.
FEHE i 1 50 11,550 | 11,550 | 1,550 1 50 150 1 50 150
B 15,50 11,550 | 11,550 | 1,550 1 50 150 1 50 150
T N.S. 1 50 150 1 50 N.S. N.S. N.S. N.S.
B B 1 50 15,50 11,550 | 11,550 1 50 1 50 1 50 1 50
FHRED KERE 1 0/02 50/0 60/0 60/0 0/0 0/0 20/0 20/0
BFHLX S 5 30/0 60/20 60/20 70/20 0/0 20/0 30/0 30/0
HEDEIE 50 90/10 70/30 40/60 30/70 50/0 50/30 50/30 60/40
%) (Z= fEHE 1 30/0 60/0 50/0 60/0 0/0 10/0 30/0 40/0
27 CH 5 30/0 60/10 60/20 60/40 0/0 20/0 40/0 50/0
%) 50 30/10 60/40 40/60 20/80 50/0 70/30 60/40 30/70
B 1 20/0 30/0 50/0 60/0 0/0 0/0 20/0 20/0
5 40/0 40/0 50/30 60/30 0/0 0/0 30/0 40/0
50 30/10 60/40 50/50 30/70 60/0 60/20 70/20 60/40
AR 0k 32 R R Air N.S. 150 15,50 11,5,50 — - — 15,50
CRBRE) EGatE (I N N.S. 15,50 11,550 | 11,550 — - - 15,50
[T ARk ) I N.S. N.S. N.S. 150 - - - N.S.
) MetR 25 N.S. 1 5,50 NS 1 50 - - - NS
AL A
G NA 11,5,50 1 50 11,5,50 11,5,50 — - — 11,5,50
R T R L 15,50 150 15,50 11,5,50 - — - 15,50
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Ol = WD =

FHEERE P EFEH bl i3
R 3 H 6 A 9 H 12 A 3 H 6 A 9 A 12 7 A
JIER R R Air 1 5,50 15,50 1 5,50 1 1,5,50 — - — 150
CRER-E) FEREatE (I N 15,50 150 11,5,50 15,50 - - — 15,50
il J5 1A @ faf A 11,5,50 N.S. N.S. 11,5,50 — - — 11,5,50
) SN A N.S. 15,50 1 50 1 1,5,50 — - — 11,5,50
A AR
AT 5 ST 11,550 | 11,550 | 11,550 | 11,550 - — — 11,5,50
RN = R L 3 — N.S. N.S. N.S. 150 - — — 15,50
R R Air B N.S. N.S. 15,50 11,5,50 — - — 150
SN N.S. N.S. 150 150 — - — 150
kR i 150 11,550 | 11,550 | 11,550 - - - N.S.
e WEAR S 150 11,550 | 11550 | 11,550 - - — 1 5,50
AT s AT N.S. N.S. N.S. N.S. - - - N.S.
e N.S. N.S. N.S. N.S. — - — 150
3 A 6 A 9 M A 12 A 3 A 6 A 9 A 12 A
BHREH RKERE W E H ALP 11,550 | 11,550 | 11,550 | |5, 150 - - - N.S.
v —— BUEE 1 ALP 150 N.S. N.S. 150 — - — N.S.
M ALP N.S. 1 50 1 50 1 50 — — — 1 5,50
oC 11,5,50 1 1,5,50 N.S. N.S. — — — N.S.
CTX 11,5,50 1 1,5,50 11,5,50 71,5,50 — — — 15,50
PR CTX — — — — N.S. 150 15,50 15,50
N.S.: HEERL,
— RRELZR L

D HEEN LI HIE,

2) HEONIE, (—15Z A2 T7>-25)/(Z A2 7<-2.5) (FEFEVIGHL X HJE) OEAEEZRT,
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[S2 B SN GCRN V)

& 2-21 AL, ) DRBEERE
512 A%
i3 HE
FkE - - - -
FECa it B I1mg/Li | 5mg/LiE | 50 mg/L i
FECa(%) 16 — contrel 0.44%0.09Y | 0.63+0.10 | 1.20+0.10% | 2.16+0.23*
anlr ® REE R
prvyn \wm ooy s 1412 1macan bl €
12} 5 S e e 9.84+0.20 | 9.57*0.16 | 9.57+0.10 | 9.78+0.25
(mg/dL) = ® gL a
10 l"l!"!"
L% CT (pg/mL) = X b 13.941.77 | 9.09+0.53* | 9.241.02% | 8.25+0.37*
]
1fi% ' PTH (pg/mL) wo. i 146.3+19.5 | 215.1+30.8 |290.5+37.2* | 258.0+22.8*
. . -k & l{
4 d ' i _‘ e T 1
z i £ = —
0 3 [ 9 12
Months of Cd exposure
U g FEphosphate(%) — — — 8.600.70 |15.79+2.48*% | 36.40+3.20* | 61.91+5.27*
MfiEH U > (mg/dL) — — — 5.84+0.24 | 5.47%+0.30 | 5.44+0.14 | 4.90+0.36

* L AEIRAEAL,

- . gaﬁti L/o
1) mean+SE
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O 0 3

10
11
12
13

A K2y LEE (ug/L) a) b)
13 20 Sl i
14 i _:I'I:L 16 —
12
10 12
B
8
8 ¢ ok
) bbb : r ? 4 Tit
2 id ' ok
p P .-n—r“'{cL r°'|'°"|-n- 0 ot I
12-month Cd exposure
FRehH K IVLEE (ug/gcere,  a) b)
:: a h ¢ 20}_e— Control
—— 1 mg Cd/l
14 J_& '} {“ 16— 5mg Cd/l
- —o— 50 mg Cd/I
1 12
] . 8
& b B
4 ‘I 4
z * b
o L i b =
3 manths & months 8 mantha 12 moenthe 0 3 6 9 12
Months of Cd exposure
X 2-23 M, RFEHFIOLE
a)ltf (3Z@kNo.1 Fig.5). b)#f (3C@No.3 Fig.6)
= 2-22 KERBEHHEFIVLREE (i : No.2. 1 : No. 4)
. RERE R (5B A1)
L .
(mg/L) L i
m
& 3(H) 6 9 12 12
xR 0.036%0.004V |0.038+0.002 [0.062+£0.003 |0.060%=0.004 |0.032+0.003
1 0.041+£0.002 [0.061%0.005* |0.098£0.005* {0.091+0.005* |0.056=0.007*
5 0.170£0.023* {0.227£0.010* |0.254£0.008* {0.259+£0.012* [0.172+0.006*
50 0.934+0.047* |0.791%+0.027* |0.677+t0.020* {0.655+0.033* |0.732+0.051*

o RHRERIC S L CAEE R L
1) mean=*SE (ug/g WAz E &)

b. #ES v k24 HAERKIZREFHER (No. 5~No. 8)

(i)

ABRTTIE
O#F KX

AV S

HEFLER O Wistar 7 » b (3 s, M, 458 10 L) (ZHfED KX v L0KFI
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

¥ (CdClg-21/2 H20) (0 Xi% 1 mg Cd/L) % 24 7 HREKKEES Lz,

OF®m, B, 5RE~—>»—
a. MEEZ » b 12 20 A BOKEK 538k & R0 7 iETHRIE Lz,

OBy, UARGH
a. WEREZ » N 12 A BOKEGRBR E RO FTETIN T T LY ARE L
T LHBIE AR LT DOREE LTz, SHI2, AT UL U COBR
A AN (renal tubular reabsorption of Ca : TRCa & U renal tubular
reabsorption of phosphate : TRP) I (NZHEF RERIK A E (eGFR) # &
L7,

(i) HERIER

24 P AMOBIEIZ LY | BOKEN (6 2A £ T), M (6~127/2H), &
RIZ X DD (12~24 0 A) OEIKIZHONT, BEE, BRH~—b—. 7
LR D LA B T R o T,

OBEE -

KEED T v MZBWTYH, KIRE, BEHEOBEHEEIXZ 1222 TE—2 L7
D, 18~24 DAHIZITHRAITIR T L7z (K 2-24), 7 RIULEILSEITLD,
12 I H O 5 O ©— 7 ED G BRI FE X CIEHET 3.5%., KR T 6%{K T
LT e, 18~24 72 H TOWRUMEIRNA T FI v AT T T S, 24 v H

TIEXTERBEIC L THEME T 14%., KERE T 10%IEK< 2o 70 (X 2-24), 24 7>
A OFRfRCRIRE OB IR L D 8.5%K T L., &EDOEEEIX 9.5%IK
TLTWE,

120 OBS TOFBELZEREL L7Z T 2Aa 7905 EEAE (-1~-2.5) .
L X O (£-2.5) ZHET D&, IWBECTBWTHERBAENSHEML
HEHELZ DN TIE 24 20 H T 70% 03 ETAME, 30% 23V EH L X 9 JE & HIE S vl

(£2-23), WRITVAFISEIZLY, BEEDOT 271X 12~24 ) H TIK
T L. 24 A OWRFSETIEHED 100%20VEHL L & E & HE ST (B 2-23),
xfﬁﬁﬁi XA Z AaT T LA S, I RI U LIS ERET 6 A0

BUE DN FED S, 18 73 H TIZIEHED 30%., 24 H>H TiX 100%73
”f’**ﬂbot IIE & T STz, KEEE G RO ZA 2R LTS, & DR 1T e

ST 2a7 b, BEE %EEEEAIW%‘ A: Lo LA AR AN O R 72 (SD ) TBRL
71, 2. 5SD LU BIEWMEE o2 GAICEHL X 9 EE TS5 (WHO 1994),
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L oggmoT= (3 2-24),
24 A TOZ AT b, KERFE TlE 20% 2038 AE. 80%203VEHLL X 9
SiE. JEE TIX 830% 0 EBAE, T0%2VEH L X 2 IE & HIE SN,

OB DI & 5
24 PARMIOH RI U LMIKERITE Y, KRERESFEE I 30%IZ588 bl
XMEREX2 L), 24 A féﬂﬁ%ﬁ% BWT, KIEREOHE, =
MRS TOEMRER Wrm) . FB o 3 mthiTRER, [ EfEAER (5fm)
TORKMENT FI LI BT L > TENRLEN 23%. 33%. 32%. 22%D
BEBRERTER LI, TRENOEAICI T 5 BHBE & RRMMEIE. W
HEZRIEOMBEZ R LT,
%%E@ﬁ?ﬁﬁ%f%ok@ﬁﬂﬂ~m)®o%IALOVT%%®Q
L LN TN, BRIV AELBRICL 0 BIEDN 50%I2K T
lfmda@%%%&%%@Eé@%&%%%ﬂﬁbk#%SWMW%:0%
WEHTEHESNT, B EHESNTZ LA T TR CEBEDOZ AT hbE
L X OJELHIESN TS, Ld OFEMRER CEah)im) CTofkxKHTEIX
B RITVANISEITL - T3TRIET L, BEELEOHMEER LT,

OFR#~—n—:

HEM~—F—0 ALP X, I+, bl K2 ?Ai< % CIKT
L7z (£ 2-25), BN~ —H—ORF CTX 1ZH RI 7 X EITLD, 62
H TR BREE L DKo 7208, 12 A DIBSIT s BREE L » iijl] L7z, 2 4
H (12~24 22 H) (28T D EHE, KEREOBEHEEIL, iEH., & ALP & 1E
OFERE, myEH., JRHP CTX LEOMHEZRLIZ, ZOZ b, HEELIX
7RI LI BICLDBEEDOIKT & BWIL O 12~24 7> H ORI D
HBEEDKTORK L2 TNDEBLEL TS,

OBFDI R T IVEE :

L4 BEHEO AN TN, V2, =7 x U b, #igh, fEFEIX. I RI VLA
E<BICE > TRPBREL W 221 19%., 21%. 27%. 20%. 21%MK F LT\
7oo LABMEO I N TN VY =730 A, #ligh, @IEGEZX. WTINb
JEAERRER O e KA E & @ W IEDOEBE Z R LTz,

Wi

OBy, VA
R Ly APEIE . STERBRICBWLWCH Nl E EhilcEim L, R
TAESBIC L TELICAEEICHEM LT, 24 2>H O To FECa 1X., %
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O© 0 3 O O = W N =

W W W W W W W N N DN NN DN DD DD DN DN = = = =l e el el e
N Ol W N = O O 00NN 0N RN RO 0O 0N 0N WwWw NNy RO

FREEC 5.86+£1.00%, W NI U LIS ET16.37+1.78% Th -7z,

BN IBIT DN T AFRIEORE TH S TRCa 1%, 7RI v AE<
BICE > THBREELIVK 9%ETLTWER, U OHRINROIEETH S
TRP 1% 60%LL E BT LTV (38 2-26), 60 RI U AEFSEICE -
T eGFR 2% 0.162 (CETIKF L=, oL, BigFPoh FI v AEBEX, 5
Ko AESBERICBWTY 2.381+0.188 uglg EIEVWVETH 7=, B K3 ¥

LIS EICE Y, vy aREHCEPD 5 250HD, 1,25(0H)2D (X Z 4
RFREEL D 50%, 31%MK F L. CT & PTH iZZhE1 5.2 %, 29% EF L T
W7z, F£7=. TRP. GFR 72 E OB E&REDOFEEE L 250HD., 1,25(0H):D & ED
FRZ /R L., & 52 250HD, 1,25(0H):D 1%, KE&E & BEHEDEHEE, F
D ALP L EOFBEZ R L, M - JRFPD FI U LNRELAOHEBEERLT,
INHDFRERNE, FFH O, CAIEKBIZLLOBHEORTAEZ I DR
R L Cafffit Nt OB LA I LUFEEICEELZEERL TV,

OF L :

M?yhﬁﬁkiﬁb%ﬁm(lmgamo%ﬁ £V 24 AMIZK RS
CCEIEEG. RRE, BRI K AR O 5 B FRZEICE DA (2
ﬁa)a ST HH R U A FEOR @%ﬁﬂlﬁml&ﬂ4ﬂﬂ’%WT\
KFRFECHIMEIC LD BEBEDCRTRRD NN I FI T AIKRITL-
fﬁ%ﬁiwﬁlwﬁf‘af#ﬁ?bto%®vAw®ﬁ&ﬁ®ﬁTT%
S>TH, 8D T v NMIEHEOETE LB, KIRESETOEINRD Hil, B
TR COMEFHEDE LTz, 2 b 0 iciE, FFIC 2B fé
e T & BWIOBE KNG L TnD EBRL TS, 6T, 1T &K
THROBEH A FI U LBEILXS ng/g LT THHITH b BT, eGFR 7
BHERR T, v s, U UgaitItE, eI DRPTH R EDO LT T
LFHEIR - O LB RS BT,

(i) [ Z<E L~V

OB FITLIEE

24 MAMOEGREDO T R U LI BEEOVHMME () (X, 24.84+0.23
ug/H (17.1~38.0 pg/H (0.0393~0.313 mg/kg K&E/H)) ThH-olz,

OB 7 I U LREE

24 A B DOBENERD F K X0 LR EEOS-REIE R RREE T 0.354+0.016 pg/g.
P 5T 2.381+10.188 pgl/g Th o7,
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ORFT I RI o7 LRBRE
RS R o AREE, X< #ERA% 90 H TR Lt 7228,
H Dl aiékﬁc:%ié'l%fx%{hf&m 7= (X 2-25),

9~24 >

OBFH I RI U LRE
Be5- 24 DA OMEIR (L4) ool K U Amld, *HREET 7.05620.56, #
ERET 10.67+1.19ng THOAZITHIN LT, 24 WABOBER A RI U5

O© 0 3 O 1 = W N =

—
(e

11

12
13
14
15
16

17
18

19

XFRREE ISR U CRBRE Tl 68%. EH T 73% DA BRI FE O
e,
330
400
“g 300 <
.g.‘ E 350
E 20 E
o a 300
E 240 E
3. ® 250
- 210 o
- g
180 t 200 bon29 4 L6594
[ ]
B 0f—=——=—= - - 199,505 == =~1 Lommm- L8.5%—~—-+
R 776.5%___| 18% 5 199.5%
0 6 12 18 24 6 12 18 24
Months of Cd exposure Months of Cd exposure
2-24 [EHE (L1 - LS)., KERBDEEEDEREL
(XmkNo.6 Fig.2)
#2-23 TROATZIZLHBEEEDEFEL
B s HREE 7RIy NI #ERE (1 mg CA/L)
HRAL Tx=a7
18 7°H 24 7 H 12 7~ H 18 7»H 24 7~ A
‘ -1~ -25 20% 40% 60% 80% 30%
KERE
<-2.5 0 0 0 0 70%
-1 ~ =25 50% 70% 50% 60% 0
JEEE
<-2.5 0 30% 0 40% 100%
T 227 1%, 12 HH OB OB % O3 5 HUE
#:2-24 IRATIZKSBEEDORE L DLLE
B BRI LI ERE (1 mg Cd/L)
AL Z AT
6 7 H 12 7~ H 18 °H 24 /A
\ -1 ~ -25 60% 70% 90% 70%
KR
<-2.5 0 0 0 30%
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10

11
12

JEEHE

-1 ~ -2.5

40%

50%

70%

<-2.5

0

30%

100%

Z A =7, (A U o6 BRI 697 2 25

%+ 2-25 BRBEY—H—

FEAIE A

B RORE

AT

24 ™ H

xR

1 mg/L #%

R~ —H—

PN

B8 B H ALP(IU/g protein)

112.43+2.74

63.17+4.17*

MR8 ALP(IU/g protein)

187.29£11.67

86.37+5.45%

JEEHE

e ALP

212.26+17.86

148.81£5.99*

1

MmigH CTX(ng/mL)

22.20%3.13

34.831+2.94*

1L OC(ng/mL)

27.04+2.85

29.2113.56

Iy H ALP(TU/L)

27.94+1.11

16.43£1.58*

7R

JRH CTX(ng/mg Cr)

8.33+£1.33

15.80+1.91*

* .

ERAY A o

x2-26 AL L, ) REELERER

FEt%

24 7/

xR

1 mg/L #%

TRCa (%)

94.14+1.000

83.94+1.96*

Mg A > AEE (mg/100mL)

8.857+0.267

8.156+0.212

TRP (%)

95.18£0.71

31.95+2.95%

&+ Pi % (mg/100mL)

5.741£0.403

5.699+0.399

GFR (mL/min)

0.607£0.022

0.162*£0.013*

L HRREA,
1) mean*SE

3,0

—s— Control
—— 1 mg Cdll

251
2,01
154
1,0}

T
0.5}

microg Cd/g creatinine

0,0

e 3
T

f} =& o o
» do
//E L3 g ok e
LT
=

—— - B SR - .

0 3 L] 9

12

15 18

Months of Cd exposure

21

24

2-25 RPN FIILREDHRE (SERNo.6 Fig.5.)

Fig.5. Cd concentration in the urine of control and Cd-exposed female rat. Each symbol represents the
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mean=+SE. ¥***P<(.001 versus control group (ANOVA + Kruskal-Wallis ranks test).

@ Dih

SD 7 v ~ (8#Ms, K, FHE6IL) IZH FI DL (0, 2, 10 XX 50 mg/L)
Z 12 HEHOKE L L, G, BHE~ORELRF Lo, SBREIRF oA &5
DF FI U ATEEIL,83~101,346~426 2 TN 1756~2300 ug/ H Th - 7=,
B 5 12 %I 24 &R, BEME (L1~L5). A£AKRE K OUE ORI AT -
7o BEHED B 2 HIE L, ML RIS T OB 8, B30 & OVE G2 MR
AL, S HICHEREIZOWTEARETWERER 2 7 7 % —E€ (Tartrate
resistant acid phosphatase : TRAP) Y02 X 2B IO RIE 24T - 7=, K8
IZOWTIE BRI L 24 AT A7 a7 70 v (OPG) KOKRY I »
/X B VU 77> K (Receptor activator of nuclear factor-kappa B ligand : RANKL)
ORI F Lz, 72, MiFHF o OC ROVEALE A BRI IERRIER A 7 7 #
—-¥ (Tartrate resistant acid phosphatase 5b : Tracp 5b) ZH|FE L7,

MR ORFOA B I U LARETREGEIEAFA L THEML, FIZ 10 XV 50
mg/L % 5RETIIBEETh - 7=,

# 22T ITHEZEDH LN B ERT,

Z ofth, IEE OMBEFRBIE TIL, BRI, B RIELRNERZOBEEEA

(conjunction point) D/, B ZEHIFR K K EHIBEDOHE RN A 5 v, FFIZ 50
mg/L %GR CHETH 72, £72. OPG LT RANKL DOl talz L 5
BETIT, I FI U L&ERE, R 50 mg/L #&5-F 0B Fu & OMCE i ¢
RANKL 72358 < 38BL L, OPG ORBLITHN- T,

50 mg/L #HHHZ I THEE B OVE RO 1S O FRIE D O MUK T L7,
J1 R U LEGITE Y IMIEF Tracp 5b S &EfE & 72 0 | ERFHIRGI T NI v
LT LD HERAF g R O ARt . S MRk PO RRGET Cidol 3
U L5 LD RANKL BEOFEK O OPG BEOMEEN RSN, LLED
FERN G FH O, BE M2 L72RBRI 72 WIS s R0 LAOFICHT 5
FEFBORERERNTH Y, OPG/RANKL MK & 72 5%H %2 £ LT\ 5 alhE
ARSI E LTS, (B 33)

& 2-21 AELGEELAHLONE-HRER

P 5t (mg/L) WE(ETE 6 J0)
50 | NEHES 5 B
1 & Tracp 5b
10 LIk T I8 TRAP B a2k
T B o TRAP Bt 2 £ 9 slRER OEI S
20k T €& TRAP Bitkimfg o EI A
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Buha 5 (2019) 1. v PRt FOKEREF~DH KI 7 ADEEZHNT
Fat LT b,

(i) 7y bREEE~DH R T LDEE

Wistar 7 » b (6~8 iliin, [, &# 7 V0) 2 b R I 7 27K Fn#) (CdClexH20)

(0. 0.3. 0.6, 1.25, 2.5, 5 X% 10 mg Cd/kg {AHE/H) % 28 HFEHKIKE
L. KIRE~ORELZKRGF LT-, #5 28 BZIMIEE O KIS ORI EZITV,
MEHFDO7 LT F=2  JRFBE, TAT I, IV TR RI U AEZHIEL
7o KEREIZOWTIZ, AL TA, Vo, RUHE . 7 A4HF, v~ kO
~ IR LEREL, X TFv—27 R—=X10ik2 kY, CEDLs; (BMDLs) K&
X CEDLio (BMDLio) ZHH L7,

i (K 2-26) KROKEET (K 2-27) OB K7 LAEEX, HEEFEHIC
HOM U7z, *HRRERIZHET 1.25 mg/kg AH/H LA EORGRETIL, A B 72 RENY
AR ST, MIEF T V7 I REN G THEEICET L, HERISE
BB HbI, £, RIBFFOHNLT T AR ARERFEIKTFTL, 20
B IIREHED 0.3 mgkg KE/BRGHNOA LN, TN ELORGEETYH
B> ORRENFER TH o 7o, F7o, KEREH o HERR I H BRI L,
10 mg/kg AE/H&KGRETIX, STREECR LK 30%IE T Lz, & DOoiE=ED
ARERZEE R 2-28 1T T, KEREHFOILEIZOWTHET L7 CEDL ®H T,
HED IR BIERWVVETH 72 D FEOIT BRI FI UV LD E %
ZFRTVLOLEEZ BRI E LTS (£ 2-29),

(i) & MRERE~OH K7 A0S

b N REREEEEY 7S OW T, BRE OBBE, vy T A kRO
R U LAOREZFE L AHBIME ARG L7z, B L £ S EREOLME 10 4 (75
~987%) MOVEMIL X DJETIEZZRW 64 (BMEb 4, KM 14 5 58~90 1%) 7>
LR L7 20 o 7 E T,

HRIGAEHNT YA HRITAEHEPRROD BT A & e 08 S
FEWCIXA DB (1=-0.45, -0.54 & T}-0.44) 7%, digh & WM OB EEICIZED
FHES (r=0.48) DA LT, (BH 34)

10 25 501%, 740 EETHD Z Enh, “Benchmark dose”, “Benchmark
response” K (' “BMDL(Benchmark dose lower confidence limit)” &9 HEEDH
D1z, “critical effect dose(CED)”. “critical effect size(CES)” KUY “CEDL” &9
HREE AW, ELTnb,
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150=
E
-§ 100+
=
£
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i
8 1
¥
A T T T T T T
9 03 06 125 25 5 10
Cd doses (mglkg b.w./day)

2-26 MBERFDH FIVLRE

1000

500+

Femur Cd {ug/g bone)

! v 7 l |

T T T T 1 T
0 0.3 0.6 1.25 25 5 10

Cd doses (mg/kg b.w./day)

2-21 KBEBHDH FIVLRE

& 2-28 BAELGEELAHLONI-HRER

e b

(mg/kg 1KE/H) HECER IR 7 1)
10 TiyEF 7 LT F =
| KRB PSR
5L F T g IR %
2.5 1 T RBEE AR (2.5 KON 5 mg/kg A/ H D)
| RERE Ao Fpa (2.5 KON 10 me/kg K5/ H D)
1.25 DL I | Mg L AR
T RERE Ao FpaE (1.25 KO 5 ma/kg (KE/H D)
0.6 DL I
0.3 L1k PN -] S
L KRERE i~
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& 2-29 NUFIT—Y F—XiKIZ& % CEDL

XTI CEDs CEDLs CED1o CEDL1o
TV T A
U 0.35 0.21 0.81 0.49
digh 0.10 0.01 0.58 0.15
VS 1.92 1.13 3.95 2.31
S/ Sy NN
AR
§fi
~ W 1.96 | 1.30 | 4.02 | 2.67

AT : mg Cd/kg K
CED : Critical Effect Dose
CEDL : Critical Effect Dose Lower confidence limit
5 XIE 10% D CES 7353 5415 CED @ 95% 15 #E X [H @ T BRAE
RO ILRITHERFIEDR R SN2 o T,

(3) MBI ~ADZE
X% Sk L

(4) SIERVCLMERNDZE
X% Sk L

(5) i

C57BL/6J ~ 7 A (8 #fn, M, &#E 10 JT) (2 b KT w7 A (CdCly) (0 X
1% 3 mg Cd/L) % 20 WBREIBKKEE 504, MRATENC R 8% et Lz (& 2-
30), ITEERBRKE T8 (B GH&T 60 M) (il R v AREZRE LT,
Fio, BIEFEBRORGHE (BB 40 23T, 5 KOV 13 HE&EGE#ZOM B I K
U LAREZRE L,

FREENE 2 [ 2-28, BMBRAE R A K 2-31 1T T

5 &N 13 EMIE G ZOMP A FI U LRET, B TIRWT L b R BR
i (<0.5ug/L), # R U AFEGRETIE 2.12520.47 &1 2.25+0.48 pg/L T
Hote, Flo, ATERBRK THROMAP A R 0 APREE T FREECR IR AT
(<0.08 ug/L) 775 0.15 pg/L, 7 KX ¥ A58 T 0.1840.028 pg/LL Th - 7z,
NOL &g, T #EEaER & OSUIRAGR ST RRBRIZ IV Tl B X 7 203
BIRFRTE - LB A RE L, £, WREHGRE, BV TR0 I X 5
FEOBRBRTHI FI VAL TRENGI SR Z S,

FEHEOIL, BRI T LT E LR KL O OREE O EHER 72 BEME S B
ETNTREBEINTZE LTS, (B 35)
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& 2-30 Rk L =17EIEER

R FEAM NS
A —7" 7 4 —)L Rikl(Open field test) A IER &, AL
Bk iR (Elevated plus maze test) N
£ U AK KK ER(Morris water maze test) SR ZE R 8 - FLIE
HR RN E %55k (Novel object location test : NOL) | MG K FHIZEM1ERLIE
T * & BR (T-maze continuous alternation test) e S AR 22 R ERL IR

ST IR A 2L S5 1 A5 1 3 BR (Contextual fear-conditioning | KFHIAE - FoiE
tests)
AR TF 1 BUMG S 4 11 1) 55k (Cued and contextual fear- |5 IERIFAYE - FLE

conditioning tests)

Olfactory habituation/dishabituation test WL T I b/ A b
Threshold for odorant detection test WL B fiFE
Short-term olfactory memory WL A A G
Sand-digging-based odor cued associative olfactory |M 55
learning test
A Age (weeks): 8 Morris water 28 88
NOL Mass NOL
Experimental (week 4-7) (week 14-16) (week19)
week 0 l l l l l 20 80
I 0 or 3mg/L Cd?*in I I
drinking water T T
Cd exposure stop Blood
.Basg::: ?izr:vuortests: Post-Cd behavior tests: collection

+ Open field (week 21)

* Novel object location (week 29)

*  T-maze (week 30)

« Cued and contextual fear
conditioning (week 34)
Olfaction test (week 46 — 68)

* Elevated plus maze (week 75)

2-28 GHERMIRS

* Novel object location (NOL)

& 2-31 20 BREREICE 5METH~NOFE . AELEEL

BeGRE
; X
(mg/L) IfE(#5- 8% 10 PT)
3 | NOL (2B i) 5348 (FF[E/discrimination ratio)
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I TREIZB T D ARSI TR ORIE

| SCIRA R SR T RBR I BT B 7 U — v 7 DS

| Short-term olfactory memory (23517 % sniffing Fffi]

| Sand-digging-based odor cued associative olfactory learning test (Zi} %

HIVIR o BRIR D IEE R

(6) N7
XEZY k7 L

(7) %58

C57BL/6J ~ 7 A28k RI 7 A (CdCly) (0, 1, 10 X}E 100 pg Cd/L)
Z T HRICEOKER G- U, IWEM O, BT R O RIC R 2 8 %2 et LT,
1 Al EMY) (MERE, A8 10 PO 12AH 1. 3 XL 5 2> A i HERK S
L7c, WRiRS & REMICHERL £ T G- L BEALER B & [RERICIREMIC ) N
T A0, 1, 10 XiE 100 pg/L 4% 10 B8 E CTHUKER G Lz, Bl 1, 3 i
5 MARIMNLEG LS EHAEENZIREMmE, F1-1, F1-3, F1-5 L&
e, B RI T A1, 10, 100 pg/l =& 5 L7= F1-1 R84 F1-1-1,
F1-1-10, F1-1-100 £ K L7z, WEMORZEIZOW T, HEEEFE ML (BEHo
PRk, seAEAi. BAE, RS RO CERENOE D S, 2R HED
BOt, i) . MEgsE CRFER TR, BEPI O, REATFIMEREE, MEEHD I2on
THBIE AT T2, FRATENC DWW TIX 8~9 Al IR B T, 78 - LB L
TE U AKKERER, BFER) - RLZ2ICBEALTAH—T 7 40— R E1T-o 72,
A% 10 BICIEEM AR L. 4, AT, BN, REZEMR. AR, KR ().
BEER, FELROURROE R, KR RO 708K - EEhE & OIEREEIZ 21T -
oo Fo. HREEOINEOMETHIBIZE N O TUNEL EICK DT R E— 2D
Wit 21T o 72, KEHEIZOWTIL real-time PCR JEIC T, 747 4 v b H;
728 s T (Hsd3b1 X ) Cypl7al) e OV b VU Al e B 72851 (Dhh
KN Sox9) OFRBLAEfRE LIz, MiEHFDOT A NRAT 8w IR LE
HIKRLELY, A EEVB, v YT AFE K (MDA), 2A—S—FF K
VALK —F (SOD)., iR a—TF—FHLEL, TANTUA—/, a)Fa
AT RO, A Ao T EFAa ) TREFAIY T AT
7 —E RO bR ZRE Lz, EFOA(LFRfREE LT, Zva—X,
MiBEE (R ZURU R, alxrFo—L, @&k RZ2 37 (HDL).
IKEBEY AR & X7 (LDL)) ., IFEERBIEEE (RZ ooy TAT I 7rT ]
v, RIEHEE, BEEEYALES TI=0T I R AT7 2T —F (AL,
TANRTEXUERT R ) hT7 A7 2T —F (AST). ALP) K OVBHEREfIE (R
FREFR, 7VT7F=2 REE) [ZOWTHIE LT,

61



~N O AW N =

10
11
12
13
14
15
16
17
18
19

BRI ETR 2-32 TR T, 2B, L2 BIEHEE, BEEE ) Le s
ROV = D ANV U AT 1R e Ba SX (i d: 0F =7 Al S ==Y @A AT i

EFH DI EIERI D OEMIRICOZ2EHAEO D FI v @\icky, 2
B O EGEER . MRATE), FFHREEFEAZIC RN A DL, FFHEREFEAE (i e &
YRR RTaT Y ) ~OEBIIEERALNTZE LTS, (B 36)

x2-32 BHELGZIE

IREh)
B HEERE 6 3T 10 PO) V) (R 6 XWX 10 o)V
(ng/L)
100 TR TR R B EVIOEI A« F1-5
VKRR BV OEIS - F1-5
| K538 Cyp17al %81 : F1-5
VA=7"070-b BRI BRI T | L A7 7 BRBRIC BT D R T
DB ENEREE : F1-5 DOREEERE : F1-5
VA=7"070-b BRI T BRI T | L A7 7 v BRBRIC BT S R T
DIFIERERH : F1-5 DWETERER - F1-5
TiiEFavFaxra ARE : F1-| T IiGHh arFaxs e ARE : Fl1-
5 5
| sk s %7 L F1-5
g 7 e 7 R F1-5
10 ULk P YL
100k M7 L ML

1) A—727 4 = RRBRIIARE 6 VT, ZN LSO BRIZAEE 10 L,

(8) =D

C57BL/6 v~ A (5 Hlm, #E, A8F 10 L) (ZHifks FI A (CdCle) (10 X
1% 50 mg Cd/L) 1% 20 BWR#KEEG 3252 LI2Xk 0 b MHETR O S ITFE
TOHRITVLAREDOETVEWMAZER L, FET Va3 — LRI R

(NAFLD) 23#% &b et L7z,

B 5%, B OO ATV, IFEEE, RSP ol NI v A8, ik
AR A —& GEBERRIGRE . IR (TG) . ALT. AST) W ONZ ATl @
f§E (TG, =L A7 u—/L (CHO), LDLavArma—)), %37 ATP,
NAD+X&% O NADH Z#/E L7z (n=8, # K 7 A& n=6), FILD 4 HAEHZ 7V
a— 2 A MRER (GTT)., 2 HANZA v A Y v AmaER (ITT) 217-7- (n=10),

U EELNNEL-ZZNETOE FD 40~60 mEDOHIAFZEHRE 226 (TableS1). b MAT
I A22 2 pglg MHRO D RI 7 ANERHL TV DHE LTEY, e T vikBricki)
HH R LAEREEMEE LTWD,
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AR VP EZEREFEO SV a—2 b A VORI LT
(homeostasis model assessment of insulin resistance : HOMA-IR)., %% 4 )T
IZOW TR OIS B AR P S 21T - 72, BEEICE DI ba v R 7 OBi%,
BAEE R 2 W RE o®l22, H&E Bk N U 7 A Ly RYaZ X 5 ARIGAT
DOFESAb AT 7o, HlEN S X hay RU T & L, IEVIRREREREZHIE LT
(n=4), =52, HEFTORIE, BEABGKR/ERE,. X Fa2 FU T B-BELED
BRIy U ERLICBE T 2 s mRNA BH 2B L7z (n=8),

#4520 8% MFEF OH FI 0 AT 10 mg/L & 5-7£T 0.95+£0.25 pg/g.
50 mg/L ¥ 5-R£ T 6.04+0.53 ug/g TH o7z, IWHEARRFANIEN L, RIEK D
A LB S, BT ORER b HEKRGFH 2 B{L 2R L, WFCAE TH -
72, 10 mg/L # 5-#%1% moderate NAFLD, 50 mg/L £ 5-#£13IET L 2 — LR
WilF2¢ (NASH) ([ZHY T 53R ThoTo,

g D ZE . BREAHIZ B9~ 5 85 O mRNA BELO X BREEC X568
BB ka2 E 2-33 ITRT,

S haryRUTOI bz KU 7 DNA, ATP BNlifECHERBD BNAH S,
RENGER IRV REIX 50 mg/L B CHE R DA Lz, BHICB W THIETD
CX har N T oM, 7 VAT OdE - BREFEOREPERSh, 7 NIy
DX 5T by FU 7RG S UFIBO B BEER L 23 B L 72 < 72 o 7=,
T, A RI T ARGICE Y T O SIRT 1125&{5 10 mRNA 85 H &K
TR IO H B IR D3 5 7L, NADY/NADH Lb78 50 mg/L #% 5.8 TH 2D
LTWeZ Enn, FEHEOIX, 7RI UL NADHKGFMEN T & F L bEEE T
H5 SIRT'1 #/ LTI hary R TOKERLEZF|ISEILTWNWDL I ENK
FankztLTnsg,

ZD SIRT-1 BInF &I LTeREBIZKT 20 FI U LADEEIZONT, B MR
W~ 7 ZDO N ARk HepG2 & Hepal-6 & AV /=58l 21TV, A K
SULGFIETCTEETDHZEICED I har RY T DNA oD kN SIRTI,
PPAR« . CPT1-a. VLCAD }.* MCAD i&fr1- 0 mRNA FEHE DRI 5
Ni=, (B 37)

12 Silent mating type information regulation 2 homologe 1
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& 2-33  FFREh mRNA RIRHER

e 5 REEROK PR )
Hene BlR118 10 mg/L 50 mg/L
(%8 10 PT) (%8 10 PT)
Inflammation TNF-a N.S. T
MCP-1 N.S. T
Lipid synthesis/accumulation FAS N.S. N.S.
SCD-1 N.S. N.S.
CD36 l N.S.
PPAR y N.S. N.S.
NENi% B -feft. CPT1-a | |
VLCAD ! l
MCAD ! l
PPARa N.S. |
ffbry V) el 8(0).¢ | 1
Cyto c N.S. l
ATP5y N.S. l

S.: HEZERL

CD-1 ~v A (R#EW, &8EEE 19 0) 128k R 7 A (CdCly) (0 XiX 500
ppb) ZRKEEE U R B OREIERERICE T 2 282 st Lc, BEWICARD
2 BRI SR 520t L. HPE 10 H#% (postnatal day : PND10) % T#
H U7z, BRI 2 B35 L (RFEMEL - 20 PEA N 18 ) | B &, Bk &E, iT
YR OREHIN, MEE, REMPERIEL, IREMIREIC OV TR CH R R 2N
o T=d T, P CREAT L7e GREBRERE X 2-29), 7=, [FIAENE 6 DL O
HOIEERAN L, 14 TCLL EOSAIE 12 TCICHHEE L, & 5B AR R OV H

(gestational day : GDO) m’%‘%ﬁé 10 PCoEEEINF ONZ PND1 & O PND21 @
WEIZHOWT, I ~E v B 2HIE Lz, 4% 18 H B (gestational day :
GD18) |28 3 ILOREMW 2 BIR IR A Bt L | AREEH E&Uﬂ””%ﬁﬂi%ﬁb\
FEWNALE K OWER &2 Fidk LTz, MoREIZ OV TiE, PND1 (K75, ¢
Bl WEMIRE 2 50k U 7o, NEMICHERESS 1 PR B SV TR E 2l E L\
PND1, 21, 42, 90 X% 120 GRER T) (ZHEH L7z, KEMIZ- ST PND42

13 TINF-a : Tumor necrosis factor alpha, MCP-1 : Monocyte chemotactic protein 1.,
FAS' : Fatty acid synthase, SCD-1 : Stearoyl-CoA desaturase 1, CD36 : Cluster of
differentiation 36, PPAR y : Peroxisome proliferator-activated receptor gamma,
CPT1-« : Carnitine palmitoyltransferase 1 alpha, VLCAD : Very long-chain acyl-
CoA dehydrogenase. MCAD : Median-chain acyl-CoA dehydrogenase, PPARa :
Peroxisome proliferator-activated receptor alpha, COX : Cyclooxygenase, Cytoc:
Cytochrome C. ATP5y: ATP synthase 5 gamma
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DMEHF D TG kO A vFx v (T4) ZHlE L, PND42 (2 GTT, PND49 (2
ITT 21T > 7=, HIROMIEAZ/ER L, PND42 YT IZ oW TA A Ly F
O YetolZ L2 FVERRIA M OV PAS Yot iz K5 77 ) a— 4 v O£ 24T\, PND90
KN 120 OYIFIZHOWT~y V> b 7 r— ARl L AREBEE T T2,
S5z, Mo PND1, 21 KON 42 WONZHED PND42 OfiffgEs»» RNA % hbH
L. 7227 U T h—=LT R ONAY = A it 24T o7z, 728, HIE L7z n
BUIHEEEIC R Y (n=3~18), LMHDOREFFEITRIN TN D,
RELRFICARE 3 ICORBEMWIOIMF D RI v LhEEELIZE A, XMBEHTE
BIRA (0.1 pg/L) K, &58E1X0.42+0.04 ug/L TH-o7=, 7=, PND42 (2
B AMERE ORI ON R L2 TELI-EZA, SRR OGS L
HITHR RS (0.08 pg/l) KiiTh o7z, T A7 VT b— LM &R E
7RIS R A R 2-834 1T, RO R I U LX< BITRHT D g
ISEN BT DM R OME R BN T A BT IBITF O 2 G752 72Dz, B
TR VT N — AR 1T o 7c, PND42 TR T 2L HEL T
(differentially expressed gene : DEG) & MEHETRET L2 & 2 A, HET 11,
MET 5,789 (B A 3,103(54%), HEIMNA 2,686(46%)) T -7-, WD PNDI1,
21 H Y42 1281F % DEG IZHOW TSR Y = A fif T 21T - 7=,

BRI DI O ¢, HER X7z BATL 10 BRI & 2 2-35 (2”7,
BEW OIS I 7 AREIXE NOMIERFORE LFEETH Y RENR
RER L72RRIC A R a3 S o 7o, W) UIIRICEEE L7=T v
NI LA~DT R T ML DEEBITEE I N2> Tz, GTT KO ITT OfERH
5 PND42 (28T L5 7 va—AREORFEIRENT, BRI LICL DM
TG BN OHENFIZMEC D Zx2x 540, PND120 Tidh R v A& EIC XV {AE
N 30%HENIN L, PEARJEBEARRG Y 7 51272 o 70, HETIEIHN R U LI L DHRE R
wLOEVIRE, REEINED BH. IBEREILA b0 o7z, PND1, 21 KO}
A2 IZBIT DD T A7 U7 N —ABHTOFRERNE BEEA N LA KD
Fay RU 7 OBRERENHEICEERICEZY, VF /A VB 7T 08
75 E, RO ANLMEDOA VA ) VI T A4 v A Y VR
TFNOEBPRENTZ, IEOFRENS FHOIL, BRI v ARMEREEAIC
R 235389 DR ME DK T (obesogen) & LT, ikEMICEAT 5 Z & 2ng
LTWbELTWS, (B 38
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F0 500ppb CdCl, in water

F1 Gestational Development

2 weeks GDO GD18 PO PND10  PND21 PND42 PND49 PND90 PND120

P

A P

Start Mating Sac Birth  Stop Wean Sac ITT Sac Sac
Cd F0 blood Cd Cd Sjtc GTT Liver pathology Liver pathology
PND1 Liver RNAseq TAGs Adipose weight Adipose weight

s_ac _ qRT-PCR T4
Littersize Liver [Cd]
FO sex Histochemistry
F0 Hgb qRT-PCR
Liver RNAseq

2-29 EHERMLES

& 2-34 FHERER

&
Jii3 i3
R PND120 N.S. TV
ifin Hb2) PND1 ! |
PND21 N.S. N.S.
P o)) BEE AT PND90 N.S.
PND120 N.S.
MAEHRR TG PND42 N.S.
L7 A T4 PND42 N.S. N.S.
GTT PND42 | 117 na—= T 7 a—=x
(B4 30,60,90,120 43) | (Bt 30,60,90,120 47)
T 7 ra—=zx AUC T 7 n=a—=z AUC
ITT PND49 | TifuHfr/n=a—=x T 7 o — A
(Baf% 15,30 %) (Fafiit 15,30,45,60 %)
N.S.: 7L =2—=z AUC T a—x AUC
JTF MR
HrE S PND42
(s h* O Yets) NS. !
7Y a—rr PND42
(PAS Ut N.S. N.S.
JRERLAT PND90 |Fra#k7e L EIVAY N
(29 M) Ju-heta) T IR B R R
T HERZERIRE A A
T AXERMIN A A P
FENE B I A
T OFEAMENBIZANE EEE
T RAE FEAESERE K OV S
TR FEAEBEE
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PND120

oA L

HI2S AR S

T AR B S8 A AR

T BEZERIRY e

T ZREERMIE e R4
FEREIE IR 2L

T OVE AENEIAZENE JEE4RE
T RAE FEABAE

TR 8 A

THER JEAEBE

1) BERELERT,
2) FRBREHAER K O IZ 1T D RFEM o I Hb I E A BT 0o 7=,

F 2-35 /NAR) T A fi#H7TDEG EBEEN T 5= L4 10 #BEE
PND1 PND21 PND42
DEG 278 446 5789
Es
+ Mitochondrial » Unfolded protein - EIF 2 signaling
dysfunction response + Sirtuin signaling
« Oxidative . - BAG2 signaling pathway
phosphorylation pathway » Protein ubiquination
- Sirtuin signaling . Pregnolqne pathway
pathway biosynthesis - mTOR signaling
- TCA cycle TI - Histidine degradation . Mitochondrial
+ Acetyl-CoA biosynthesis VI o dysfunction
* Branched chain « -keto ) Ublquln(?l-lO - Estrogen receptor
acid dehydrogenase biosynthesis signaling
o complex » Huntington’s disease

+ Retinoate biosynthesis
+ Valine dehydration
+ RAR activation

+ Retinol biosynthesis

signaling
+ Endoplasmic reticulum
stress pathway

» Aldosterone signaling
in epithelial cells

* Nrf-2-mediated
oxidative stress

response
* Role of PKR in

interferon induction
and antiviral response

+ Regulation of elF4 and
P70S6K signaling

« Nrf-2-mediated
oxidative stress
response

* Molecular mechanisms
of cancer

+ Senescence pathway

SD 7 v b (9 #f, M. &8 10 8) 1<k y K2 o4 (CdClz) (0. 0.13,
0.80 X% 4.89 mg Cd/kg KE/H) % 24 WEMOKIEE L, MigH > 7 Licou
TAHAR ) — 230 (58 : UPLC-MS., £4 &fi##T : PCA X' PLS-DA14) %

14 PCA : Tkr/#r (principal components analysis) . PLS-DA : {4509/ — 3|5
7M1 (partial least-squares discriminant analysis)
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1To7-, £7-. &+ o ALT, AST. LDL, HDL, TCHO. TG I O ATl
@ SOD {&tE, & 7 —8 (CAT) &M, GSH, MDA OWEZITV N, NFhsek ik
® H&E Y talZ X 2R8I L 1T - 72,

JHlig o K0 A&8lE, B TIIIEFICIMETH Y | TE5ICX Y HEKT
PICH B RSN DTz, MGk OO AR OfE R 2 & 2-36 1R
T, 7o, RO FERHE &% AR & B HRECH R ZIT 20 o T, IR FHEE
MR TIE, 0.13 X0 0.80 mg/kg (RE/ A BETIEer BAEE & B & 72 2B ki
2o Tohd, 4.89 mg/kg (RE/HBETIE, MfaE OZERaZNE, AR OV R

= ANRB BT, & 52, ISR OEH| O LA K O & D AR O a3
HOHITo, AZR ) — DR OFER, XL B CAERO AR LT &
LT10E (¥ 2-30 D FH) BFEE Sz,

FEFHOITFR 236 OFER LT, I RI VAN ELRKE LT, X2-30

D XD 7R ZE R LTV 5D, (B 39)

& 2-36 IMER VRO ELFEHIER

P, ¢ 5.8 (mg/kg RE/H)
. S FEE

AR FERE 0.13 0.80 4.89
Mm% |ALT(U/L) 46.6+6.30 | 52.4+7.00 | 53.1+5.95 | 67.0+4.24*

AST(U/L) 105.6+17.05|119.9+15.59 | 121.1+13.6 | 139.8+16.8*

LDL(nmol/L) 0.46+0.04 | 0.48+0.03 | 0.50+0.04 | 0.70+0.05*%

HDL(nmol/L) 1.05+0.31 | 0.93+0.28 | 0.83+£0.23 | 0.65+0.20*

TCHO(nmol/L) 1.76+0.34 | 1.93+0.29 | 2.07£0.48 | 2.21+0.23*

TG(nmol/L) 0.81+0.10 | 0.96+0.16 | 1.00+0.17 | 1.48+0.22*
g | SOD(U/mgprot) 150.6*15.6 | 142.6-14.0 | 134.2+18.1 | 121.9+12.7*

GHS(mgGHS/mgprot | 5.96+0.67 | 5.51+£0.39 | 5.37+0.76 | 4.04+0.59*

CAT(U/mgprot) 14.5+2.03 | 13.9+1.23 | 12.8+2.14 | 12.4+1.43*

MDA (nmol/mgprot) 0.83*0.16 0.93£0.19 0.98+0.13 | 1.34£0.17*
L/ EREA,
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Glycocholic acid Lithocholyltaurine Sulfrilithochulvlglvcine
f r

S - — --» Liver Eidney

-

i
i » Oxidative stress «———— Cadmium |———— Nervous systerm +—
i [
| ; !
i Lipid metabolism Amino acid metabalism.
i l
| ¢ Pc(18:4/180) ] } |
Bicyclo-PGE2 15S-HETrE  3-Indolepropionic acid S

k= LysoPC(20:0)

*-+- LPA(P-16:0e/0:0
L- LysoPE(20:5/0:0

L

2-30 H FEVLDFE L KBRS

Wistar 7 v & (4 7>A s, WEME, ARE9 L) (2L KX ¥ A (CdCle) (0,
5. 50 X% 500 ug/kg IKE/H) % 3 " HBMAOKEEG%, 81, 8% & OO
BIZAT o T, RT3 T 2 —5% (TG, EREIENEE. ¥ CHO, HDL, ALT,
AST, v- IV HEZINKT U AT 2T —FY, FARNLEY — VEBEIOHEYE

(thiobarbituric acid reactive substances : TBARS). 7 VX T4 L~V A F
=B, A AV, CXTFR) KORFD Kim-1 (JRMEEE~—T—)
ZRIE L7z, $e5B5A 10 I GTT, 11B%ICITT 21772, 7286, E<&E
LoUL S IRRE & R & WARZER N2 72720, b pglkg KB/ A &G/ EIX 3R
EEDOREZATOIR N2 T2,

BEREER 2-3TIT7-T,

GTT K ONITT 5BR THERE & b IZA & DI 7L 22— 2 R R B2 D>
ST, HETHIA A R AREICHEBERENH BT,

FEH DI, Zva—2AOMEFEEN, R K U AORIIEL Blops
BT HELTND, (BR5) (58)

x2-31 BEEBEXIE

e acR s Vi3 iii3
(ng/kg AH) (41 4-8 L) (£ 7% 4-8 L)
500 BM L ML
50 DL I T T TBARS | 1 #ef 16 B omiEd 1 o = ) s
T 7N a—2F5 15 3% OMBERA R Y IRE
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| Quick?
1) FRTHEHET LA R VEZ MO ERE
Quick=1/[log(#s & HF 7 /L = — A (mg/dL)+Hlog(E BIFIME A > 2 U > (mU/mL))]

3. E MZHBITEEEMTM

(1) Bg~0xZ
OER
a. JEFLMIE B

)1 B0 ) | A D V5 Y sk | (2 8,103 44 (B 1,397 44, & 1,706 44 (50
el ) R OFEB YU =T 289 44 (514 130 44 %tk 159 4 (50 bl k)

(1981~1982 FITAER) ZXRIBUTIRF A NI » AR L& BERE & OBhEIZ DU
TKEBRESHET (USEPA) @ Benchmark Dose Software (BMDS) Version
3.1.115% T BMD,/BMDL %% H L 7=,

b~ (BMR) % 5%K% T8 10% & LT BMD,/BMDL % 5 H U 7= %,
B2-MG JRIED T v b F 7HIZ ko TR - Tz, (B 40)

Cut-off value BMDos/BMDLos BMD1o/BMDLi1o
Male 84% 1.5/1.2 3.1/2.5
95% 2.3/1.8 4.7/3.7
1,000 pg/L 2.6/2.1 5.3/4.2
Female 84% 1.4/1.1 2.9/2.3
95% 1.7/1.4 3.5/2.9
1,000 pg/L 2.7/2.1 5.6/4.4
Male 84% 3.7/12.9 5.1/4.2
95% 4.8/3.9 6.3/5.5
1,000 pg/g Cr 4.8/4.0 6.4/5.5
Female 84% 2.6/1.5 4.2/2.7
95% 4.4/3.2 6.4/5.1
1,000 pg/g Cr 4.8/3.6 6.9/5.7
(1 40)

LNBER)I DA K v A5 E R 3,013 4 (BB 1362 4, it 1651 44)
K OGEB Y E R 278 4 (B4 129 4, ot 149 %) (CEYERS - B 62.6
. Mk 63.2 %) (1981~1982 AT Ek) ZRIEIT, AERD FI U AEBIE

15 BMDS Version 3.1.1 NAZEEN7=D 2 2019 F 7 H D=, BMDS Version 1.3.1
(2002 -1 HAEK) &2 bbb,
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EHEE LT, £, BlE~OFE L OREIZOWTHEL, "7V v NiEZH
T BMD,/BMDL %% L7=,

1974 FITIB YRS DERE L 72k R o AR L. Nogawa o (1989)
ER UEHERIE W TAERSY FI w7 A EBRELZ B LR, EMi Bk
T29+14g, M T28+1.4g ThHolz, BEUFIITZIToT2FER. £ TDHR
B (RP 7 va—x, 2oy 7 EER, MT XU B2-MG) 12O\ T4
JERA R U AEBEEE ORENA LI, FinziitE L, BMR % 5%& LT
BMD,/BMDL #&H L-fE 8. R/ va—=x 2oy 73 JHEZEH . MT
J OB 2-MG @ BMDos,” BMDLos O#iFHIZEMET 2.1~6.2,1.7~3.7 g, &k
T1.5~4.0/1.3~29 g Tholz, & &K\ BMDL ZEMHETMT @ 1.7 g, &
PTB2-MG @ 1.3 g17CTH Y. Nogawa ©H (1989) THIHH 7= BfEA Cd &
H&E2.0g (BlE (B2-MG) IZHEEZKIEFS2D) L0 bEWVMETH-TZ, (B
MR 41)

& 1@ Japanese Multi-centered Environmental Toxicant Study (JMETS)
(2N U 7= @) | oo JE A B2 tE 129 44 CEE4Ffin (#iPH) 56.6+8.1 (39~69)
k). ETo. B IR OIEH YR R Aot 128 4 CE¥Fn 54.87.9 (34~1T74)
%) A RGRIZ 2003 FISHAE AT o T2, BEEIT DXA THIE L. T% value 73
T0% A 2 F 7 & HIBr L7z,

R B I 0 LPREOKEME GROTEARERE) (FEpH) 13754 T
6.30 (1.98) (ND~23.67) pg/g Cr, FE{5Y:Hlsk T 3.36 (1.86) (0.33~13.22)
ug/g Cr Thr o7z, A H NI U LJREOREME TEERZ) @) 13X
15l < 3.21 (1.81) (0.51~15.42) pg/L. FE{HEYHIg < 2.21 (1.57) (0.71
~6.19) pg/L Th o7z, KHFH FI U LREOKIEME GeEER) (6
PH) 1375 Y it © 0.052 (2.07) (0.006~0.220) pg/g. FEI5Y kL < 0.071 (2.02)

(0.006~0.270) pg/g TH YV, IFHYHILOREN & >T-, KRf a7 07
27U (a1 MG) KUB2-MG IZHEMETE <. WTHORESFE I E-
THOMUIBY RO S 6 5 400 RI U LABIEXIIA XA A XAHTHD
EEZBNT (B2-MG 3,000 pg/g Cr LA L), Zd 54 %#R\VTHIRF B2-MG

16 (JBAEHUOEERET I FI U AJRE X (JEFEHUEO 1970 424 K0 Kk OEEE 333.5
g/ H + BRI LIS O Kk O EUE: 34 ¢/ H) X JEEFS (365 H/ARE)) + (FEGHHRO
71 R U LB 50 pg/ B X JEFEFEEL (365 H/4E))

1T 38 R o ABHEURE 1.3 g »OERHIEZ 50 L LT —H 4720 OEREEZFHET S
& 71.2 pg (1.3 g+50 4-+365 Hx106), Z DfEZ LI FEHAE 53.83kg (5 2 i 4 KF D
BIRE) & U CGRHREREZHET5 & 94 pg/kg (KE/H L 725 (71.2 ng+53.3 kg &
HX7 H), FHEKRE 55.1kg (BMEREESIE) ZHWGE, HEEREIT 9.0
ugkg (KE/H & 725,
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TG TR o 7o, 2D 6| (G YUY RIT BRAICEREE I BN b
DM, RI U LABIEORIETBREOTH D Z LB HE 2 T, FRmEINCEE S
BEBEENY T%OK T, MiEEM7LH Y ARRAT7 7% —+F (Bone Specific
Alkaline Phosphatase : BAP) X TYOC, R T H =7 —5 U B8F N-7 a7
F K (NTx) OEINA I S 3T, FETG YLk & b U TG e e (£ R C i i BAP
DAL T L OPRF NTx OEEIND B BT, B8 R XIETG Ye sk & 5 Gu i ¢4~
TOFMRE TR bR > T (RFEEE « FEGYHIEk 0.431£0.078, 154
Mtk 0.423+0.090), (B 42)

HALH T O F K X0 AFETH YU K ONE Ytk o 25 1,200 44 (FFEmEHE 40
~T79 %) X, A RIvLAERE, RPLCIF D I 7 LRE LB~
DAL OREIZ DWW TR Lz, H%Iko 1 513 Horiguchi & (2004) @
TR I U LBEROH ST TH Y | YEFOSINEIZ 70 wll Lo
MEZMMz CHEZ1T>72, eGFR X Matsuo et al. 2009 O THH L 7=,

KB DA R T AREIIIEYHIE TE o 1o, ERIIBERORF D K
LR ITEERICETE L CEL 2D | RBFIZ 70~79 1% Tl RME2 9.34 pg/g Cr ©
HO, BRIV LABFEORME (10 ug/g Cr) IZHVMETH 72, KT« 1-MG &
OYRH B 2-MG B 134 C Ol R CHEERICHRIE LTI L7, (HYHigo
T0~79 i DR T B 2-MG 1T 493 pglg cre & IETHYHIL DK 2.6 (5 TH Y .
HEREEENL D L ENDH > b4 74E (300 pg/g Cr) Z i LT 7=, eGFR
IR I A LN o7z, R B2-MG BE L, #1008 K U L RME RS
ORI WD - VELS RIED T » b AT (21 300 pglg Cr T8 1,000
ugl/g Cr) T 3REIZHIT D & 60~T9 ik ORE TILIETG YutlgefF R & g LU CTi5 G
iR DA > b A 78 300 pgl/g Cr LA EOEIGMEM LT, (5%l Ko
75 DN E N FI U LABELZW SN, ZoLMixmb L ORF
RITAEENEGLS (FAFH 31.2 ng/L K1 18.8 pg/g Cr) . BEIRANE R4,
eGFR K TR OVEHLL X DIENHSNTZ0, SR Z UTBHEOBMITA b7
Molz, RMRFEEZGOETIRE D I U ARE RO TR LIRS, 40
~49 WOREEBRW =T R TORETRF o 1-MG K OYRF B 2-MG O Fn &
IR A R U ARERFHRBEINN A B0, FFIT 70~79 OO RH B 2-
MG BE CHE CTh 7=, (B 43)

b. 3E;5ZHhig

HAD 3 #ihel (& 11 B, B R Ok L R) T 1997~1998 4, — kM %
xR L L7z ad— Fii# (International study of macro- and micro-nutrients
and blood pressure : INTERMAP) (& L7= 828 4 (Bt 410 4. “oi: 418
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4. EEFE (R 49 (40~59) k) A XGUT, R I U LR LB
~DEE L ORE 434 L. BMDS Version 3.1.115 % fi\»C BMD,”BMDL %
B L=,

2ty FO 24 FFHERF O FI U LREDOYLE (5~95 "—k - Z 1L
fiE) 1 2B T 0.8 (0.2~3.8) pglgCr X1 1.3 (0.2~4.8) pglg Cr, LT 1.8
(0.4~8.1) pg/g Cr 1.6 (0.4~7.3) pglg Cr TH o7z, EREUFHHT 21T
STFER. RPH RI T LBEELZL N B2-MG KOXN-TE®F /L7 L atr
I=F—F (NAG) IZBERA LN, BMR % 5%K& ' 10%& LT BMD,/
BMDL Z&H L7=#E8., # v 27 . B2-MG KX NAG @ BMDos,” BMDLos ™
#PHIZ M T 0.8~0.9,70.3~0.6 pg/g Cr X1 0.5~1.3,70.4~0.8 png/H. &M
T0.8~3.2,70.6~1.8 ng/g Cr %1% 0.4~5.0,0.1~2.3 pg/ H T ->7-, BMD1o
/BMDLio O#iPHIZHEMET 0.7~1.9,70.6~1.2 pg/g Cr LN 1.0~2.7,70.8~1.6
ug/H. ZMET1.6~6.6,1.2~3.6 pg/g Cr 1 1.0~10.3,70.5~4.7 ng/ H TH
ST, (B 44)

AARDO—{REM %55 E LTz 2k — & INTERMAP (221 L7- 828 4
(B 410 4, otk 418 4 AFlp#iPH 40~59 /%) Z X442, JRFPH K v L
TR L Blg A~ L OBEAZFIAE L, N1 7 Y v RiE%E T BMD,/BMDL
EEM L7,

24 WEBRF OH R I U LREDOREEIME  GRITEEERZE) 13 40~49 5%
DOBEMET 0.6 (2.8) ngl/g Cr. &MET 1.5 (2.4) pglg Cr. 50~59 D BT 1.1
(2.4) pgl/g Cr. &M:T2.2 (2.4) pglg Cr Th oz, ERREFOHT 21T - 7=
B RP A RITARELIRY V)7 L2-MG KO NAG [ZBIHEN AR ST,
BMD ZHH L7-fE58, RZ 37 B2-MG K TXNAG » BMD,”BMDL D
I ST 0.7~1.870.6~1.2 png/g Cr, &M T 1.83~5.770.6~3.4 pgl/g Cr T
Hol-, B Sz BMDL O/ MEIX 0.6 pg/g Cr TH Y . AKRNEEE D
IR R 7 AREL D HIEKWETH -7, (B 45)

1975 FLARRIC R R S 472 H AR OVG YL MU e ONJETG Ye Il o 51 Gt b
245 ORTH K I 7 LJEEE L B2-MG OF — X X7 2 L. B 2-MG O FEEH)
RHINE R EE ZTRIEEBRE Lo, mxHEEHREORF D RI v AREL B
2-MG DOBMREIZ. J XFXITHR v r—2F ¢ v 7 4R L THY . 1,000 pglg
Cr @ B2-MG IZHHET DIRF A R I U AR, 8~9pgl/g Cr EHEE Sz (X
2-31), L7=2io T, B2-MG OFEEHEWNREMAE G- OTIRFP A RI U ARED
BMEIL 4 uglg Cr LV KR&xWEfmm Lz, (B 46) X&FE 2hICH 51
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6.0 . T ! . T T . T
5.0F .
4.0 F |
3.0F

2.0 “a

1.0} ; 1

log [B2-MG-U (ue/g cr)]

L 1 1

-.75 -5 -.25 0 .25 .5 .75 1 1.25 1.5 1.75
log [Cd-U (ue/g cr)]

2-31 FRPAD I ILREE B2-NG OBFZ (Mx )

HARDA R T AFIEFYHIRO NG | FEBYE LM 2 X500, eigyR P h K
SULBENSWE ()7 H) SMEWEE (U7 L) O 742 X7 &g L,
JRAAH R AEEIZ=U 7 HT28ug/g Cr, =V 7 L TO0.8pug/g Cr & 315
TWENBH ST, B2MGICEITALN -7 (=) 7 H: 125, =V 7 L:
118), FERMEZ A IE L2 WEE & EMIEZ1T - 258 O FRIXIZIER U
Thote, (BHA4T)

H AHEIR 7 OACEICALE T DR IR, IR AR O N ot (ZhEh
DN L T 724 44 (52.4 7%) . 736 4 (47.75#%) KON 703 4 (44.9 %))
ZXPGIT 2008 4, R RI U ARE, o« 1-MG, B2-MG KU NAG ZHlE
L7c, Frialk (1,0284 (51.9m%)). &I (6524 (39.55%)). & (5 ”R%
Pr< 9k 19,7204 (47.85%)) OAKRT —# 20T, &EE BAREHFEE O
Lk a7 - 72,

5 WDOPRMH K v LJRE DKM FEEIT 1.19~3.16 pg/g Cr & £FED 1.14
pg/g Cr LV bEmno72, al1-MG KU B 2-MG OBTFHEILE N 2.33~
3.15 mg/g Cr XN 96~129 ug/g Cr TH V. 2FH (ZhnZ 2.49 mg/g Cr LT
113 pg/g Cr) L HFE VW Eb Loz, (B 48)

c. ;5ihisy

AN s o e 1,838 44 (BB 874 44, ot 964 44 (50 kLA |) (1981
~1982 FEIZ A ER) ARIRICAEER S K U LB EGE & BHEE & ORHEIZ S\ T
BMDS Version 3.1.115 Z W C BMD,/BMDL # & H L 7=,

AEVERS R U ABIEIX 1976 FITTG g DI L 72K K 7 A
JREEL . Nogawa & (1989) LRI UEHARXEZHWTHEH L7z, BMR % 5% K& O}
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10% & LT BMD,/BMDL #H H L7255, B2-MG JRIEDO T v M4 7HIZ X -
THERD FI U LA EREDMEN R > T, (B 49)

Cut-off BMDos/BMDLos BMD1¢/BMDLi1o
Male 84% 1.518/1.379 2.417/2.254

95% 2.059/1.858 3.041/2.836

1,000 pg/g Cr 2.059/1.858 3.041/2.836
Female 84% 0.952/0.876 1.626/1.526

95% 1.387/1.263 2.218/2.075

1,000 pg/g Cr 1.509/1.373 2.380/2.227

(2 49)

)1 R EA )14 O 4 2 #R45 L 7= Shimizu & (2006) 18 & Kobayashi & (2006)
WOXREESDET- 6,032 4 (B 2,578 4 CRTFEXFEH (FiPH) 64.0 (50
~91) k). Zctk 3,454 4 CB(TEXFHE (#iPH) 64.1 (50~95) %)) & %4
IR A R v AR L EERE & O BE 22V T multiple logistic model %
VT BMD,/BMDL #%H L7,

PRAFA R X PR EE DA (FEPH) 1351 T 8.0 (0.01~49.6) nug/g Cr,
T 4.2 (0.02~57.6) ng/lg Cr THo7-, RPN I T LEE L B2-MG JRIE
DEEREENA LN (4> X>1.0), BMR % 5% & TN 10% & LT, Fin 2
& (55 5%, 65N 755%) 12 BMD,/BMDL Z & U7- Ak R, Al
T B 2-MG JRIED BMD, BMDL &4 L7, (B 50)

Cut-off 1,000 Tk Lotk
ug/g Cr
. BMDos/BMDLos | BMD1o/BMDL1o | BMDos/BMDLos | BMD1o/BMDLio

DT —H

55 ik 7.77.1 10.6/9.7 10.9/10.4 13.9/13.4

65 ik 4.7/4.3 7.2/6.6 6.3/5.9 9.0/8.5

75 ik 2.7/12.4 4.5/4.1 3.1/2.6 5.0/4.5

(Z 1 50)

AR etk 30 4FLL BETe 2,394 4 (F5PE 1,120 4 (P4 63.1=+

18 JHYLHU I Z (T 3,108 4 (T4 1,397 4. %tk 1,706 44 (50 &Lk b)) R OFES Yettink
WZfETe 289 44 (B 130 4. Lotk 1594 (50 LA E))
19 JEyE Y| CfEde 2,640 4 (B4 1,051 4. oM 1,589 4 (50 kLl |))
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9.2 %), &M 1,274 4 CEYFEE 64.4 1%)) XKk F D RI U ARE &
HERE & DESEIZ ST BMD,/BMDL # 5 H L7,

1974 FITEI L7k R U AT 0.3610.16 mg/kg Tholo, KH
ARITARELIRET I JEER AX T4 1A 2 KB 2-MG (2B A4
LI RF TN a—=ZA O X T IZ DB EHEN B BT, AT U Rik
ZHWT, Fhiz i L. BMR % 5% & LC BMD,/BMDL % 5 H U745 5.
JRP T NVa—A BNy T REER, AT ERA KRB 2- MG D
BMDos,BMDLos |3 %4 T 0.34~0.65,70.25~0.39 mg/kg, 1T 0.32~0.76
/0.24~0.44 mg/kg Toh->7-, (B 51)

1971~1976 FIZE L R | E O EE D DRI L 7oK (2,446 /7)) O R
UL L 1967~1993 A XA A X A9 (BEEFE &) BHE 4054 &
DB Z-5V T BMDS Version 2.6.01 % > C BMD,/BMDL % 8 H L 7=,

K R U AREOFEIE (#BH) 13 0.88 (0.02~0.95) mg/kg TH -7z,
RYAT 4y VRO EAT o TR, KR R U ARE 0.1 ppm 14 72
DDA ZAAZAFEDOA Y XN EFH L=, BMR % 1%E O 2% & LCHEHL
72 BMDo1,BMDLo; % Ut BMDosz,” BMDLos (%, B4 T 0.68~0.69,70.62~0.63
mg/kg & (1 0.83,70.75~0.76 mg/kg, ZMET 0.28~0.44,70.27~0.41 mg/kg M
10 0.42~0.60,70.40~0.56 mg/kg TH-7=, (B 52)

FRHEO R 7 A5k (2 IRIY775 YR A e ONE R 7215 Y2 IR B )
fETe R (A 7124 CEEFE (FPH) 57.4+11.3 (21~79) k). B: 432
4 CEYJFER (#PH) 57.2+9.3 (35~82) %)) & XRITHFEN D OFIEFH
AT o7,

2003 FFIZEMAHEA L, B2 (diet history questionnaire : DHQ) % AW
THRIVLAEBRELZHEE Lz, B0 FI v ABREOFIE FHE) X A
18C 55.7 (10.6~301) pg/H. B HK T 47.8 (10.2~187) ng/H CTH-o7=, *k
HOEERENRBHE< (A:28.3 (0.1~289) pg/H., B:19.4 (0.1~154) pg/
H). WWTEHX, ANETHH-=, Tr7hrnvIalb—rvara2i7o75
R A RIVLAEBREOPRERME (FHH) (X A HUKT 7.0 (1.2~70.9) ugkg &
H/H, B Hk T 6.0 (0.9~103) pglkg KEMHETH Y . JECFA © PTWI X°HA
D TWI L R%TH -T2, (B 53)

d X27FUTR
2013 FEETITRFT A FI U LARE L B2- MG KN NAG & DOBFHEIZ SN\ T
BMD, BMDL ZH H L TWA kAR BE L, HARKOHEO 13 HITHOVT A
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Zalm b 21T - 7=,

BN S A7z 13 #ud, (G Y U TIRTG e R, e X < 3 22 1) 7o 4]
NEENTW, B EN-EIZ, BMD B HE (N 70 v FiE. flEE)
DEWVED L, By A T7HRA b (84, 90, 95, 97.5 /X—& L X A )Lff) O
EWCIL > TRES BigoTZ, (B 54)

B2-MG n Summary n Summary
BMDos/BMDLos BMD1¢/BMDLi1o
Quantal data | Total, 95% 6 6.18/4.88 5 8.30/6.64
(BMDS) Men, 95% 3 5.94/4.60 2 7.95/6.18
Wemen, 95% 3 6.36/5.09 2 9.04/7.36
Occupational, 95% | — — 4 4.96/3.80
Total, 84% 8 2.83/2.19 8 4.62/3.61
Men, 84% 4 2.92/2.32 4 4.53/3.65
Wemen, 84% 4 2.77/2.09 4 4.70/ 3.59
Hybrid Total, 95% 6 3.56/3.13 — —
Men, 95% 3 3.72/3.16 — —
Wemen, 95% 3 3.43/3.11 — —
Cut-off point 162.6-400 7 2.55/1.92 — —
(ug/g Cr) 407-507 4 2.95/2.35 — —
708-800 5 6.25/5.02 — —
897.1-994 4 4.54/3.81 — —
n: BERLET—42¥
NAG n Summary n Summary
BMDos/BMDLos BMD1o/BMDLi1o
Quantal data | Cut-off, 95% 2 10.31/17.61 5 12.42 / 8.86
(BMDS) Occupational, 95% | — — 2 3.67/2.79
Cut-off, 84% 5 3.66/2.70 6 6.25/4.64
Hybrid Cut-off, 95% 5 3.21/2.24 — —
n:BRLET—2H
(% 54)

HAD 16 JEF IR CTIHA L 72 3CHk GERFS4E - 2003, 2005, 2006 K Of 2010 4F)
D 17,468 £ 7> 6 | AFHin & JREGE TR L7220t 5,306 44 (S Y4 (#hpH)
54.09 (50~59) %) ZRBITKRTH KX 0 LEE L BiE~Dm 2R HE 2 Ji4
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10
11

12
13
14

L 7=, BMDS Version 2.1.2 # fi\"C BMD,BMDL # & L7,

PRAT R X7 DR EE D A E TR IR 22) 13 1.72(1.96) (5K 20.86)
uglg Cr Tholz, FEURDITZIToTo/ER, RE I FITLARE L o 1-MG, B
2-MG K ONNAG IZHBAN A BT, JRE S R U LARE L 2-MG L ORI
PRI R X 0 NREEN 2~3 pg/L O CRUFEAROM & 2821k L7 (K 2-32),
PRAA R0 AR 2 pg/L LA EIZ72 5 EXREM O 5%LL ES al-MG, B 2-
MG K TO'NAG @ 95%fE (291.0 ug/L) ZHx2 TW\iz (X 2-33), BMR % 5% &
LT BMD #HH L7ZfR, « 1- MG, B2-MG KT NAG @ BMD,”BMDL (%
FhZEh 2.05,71.70 uglg Cr. 4.11,72.97 pg/g Cr K1 1.47,71.14 pg/g Cr TH
-7z, (/i 55)

160

150
140
130
120
110 '
100 ‘_,,,,,f""/

90

B,-MGob (GM;ug/l1)

80 ¢

70 ! ! ! ! ! ! !
0 1 2 3 4 5 6 7 8

Cdyp(Median;ug/1)
2-32 FRHPAND LI LREERSD B2-NG DR
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17
18

Br-MG (%)

9
8
7
6
5
4
e
2
1
0

0 1 2 3 4 5 6 7 8
Cdy, (Median;ug/1)

2-33 FRHPAND LI LREERS B2-NG DR

AARDA NI U LFEHGMUE (16 B Ok 17,375 4 CEX4FE#n 48.7
%) Zxfg & L=k (2003~2011 4RI2AF) ZHWT, RHED R v ARE
& g RE © OR8>\ T BMD,/BMDL A& H L 7=,

PRI R0 MR EE O EE GEIF IR O BT EEOFEFH) 1% 1.34 (0.79
~2.67) puglgCr Tho7z, al-MG, B2-MG KT NAG OF —% R fj> T\ 5
9 SORFRDO LM 5,843 £ DT —ZIZHONWT, ~NA 7 VU v RiEEHWT, BMR
% 5%& LT BMD,/BMDL Z&H L7=fER, o« 1-MG., B2-MG KO NAG ©
BMDos, BMDLos () WIFFFROHF) 1Z£h 24 1.49 (0.78~2.51) 1.39

(0.66~1.97). 1.75 (0.82~3.00) ,/1.62 (0.59~2.26) &} 2.32 (0.70~4.98)
/2.09 (0.53~3.50) TH Y, [FLIFLEMIKTH > THRERENA BN,
FEFOIX, REEBRORT D IV LREN RO EZELZRITHERNTHL LS
ZLTW5, (B 56)

Cut-off 84% DI DT — 4 B2-MG NAG
BMDos/BMDLos BMDos/BMDLos
Min 0.9/0.7 0.8/0.6
Max 3.8/3.2 4.7/3.7

(Z# 56)

79



O© 0 3 O O = W N =

e e
w N = O

14
15
16
17
18
19
20
21
22
23
24
25
26

@i
a. JEIEZMhE EEhE

HEREH O S KX 7 A5 2 2ot (A BER OB ) R OEG JeIsn~ &
JE@RI 7 T AR —H 7Y TN L o CGRIR LT IERE Ao 490 4 (CRindabH 35
~54 %) ARMBICIRTA FI U LRE &L BFERE S OBFEIZ-OV T BMDS
Version 2.0 # VT BMD,BMDL %% H L7,

BERPA R I U LREOREEIE GRAMERFREZ) 13 A FEOH Y &
IR YLl < 7.00 (2.22) pg/g Cr %X 182.69 (2.31) pg/g Cr. B EEDIHYLM
1 K ONFETH YR il ¢ 6.83 (2.20) pg/g Cr MO 1.25 (2.16) pgl/g Cr Th 7=,
BRI R 7 LAEE & B2-MG KON NAG (2B N A 5 7=,

BMR % 5%} O 10% & LC BMD,/BMDL #%H L=, v b A7 {#EIC
Lo THRRNER > T, & 57)

Cut-off value BMDos/BMDLos | BMD1o/BMDLi1o
(et FREED %tile)
NAG ARt 84th 1.48/1.03 3.05/2.12
90th 2.08/1.41 4.27/2.90
B R 84th 2.14/1.29 4.39/2.65
90th 3.34/1.91 6.86/3.92
B 2-MG ATt 84th 2.38/1.49 4.89/3.06
90th 3.80/2.18 7.80/4.48
B ## 84th 0.71/0.53 1.46/1.09
90th 0.99/0.74 2.03/1.51
(ZH57)

HEVLHEE DA XS v T AT v OGS 6 D153 HsER 219 4 (B
M107 44, Aotk 112 44, FRER 46.1111.4 %) K OYEGYLHEE R 123 4

(B 62 4. otk 61 4. B 45.6 T 11.2 %) 2620, BF b F3
U AEBRE, JRPECMAF D I U LAREEBE~OZE L OFEIZOWT
BMDS Version 2.6.01 Z H\»C BMD,/BMDL # & H L 7=,

BENLOH RI U LEBERED FRAE (5~95 /\—t& > & A )UH) 1375 ik
T 3.3 (2.3~3.7) g. IEYHILT 1.4 (0.7~1.9) g ThoTz, ¥ NanbDdix
SBEEMZTAES B I U LABEEITIF Yk T 3.6 (2.4~6.2) g, FEIHYHE T
1.4 (0.8~2.1) g ThoTz, JRAELIMH I FI ¥ AJREEIZ7G Yk T 13.5 (3.2
~43.6) pglg Cr ¥ 12.1 (4.4~38.7) pg/L. FEiEGHE T 3.1 (0.5~10.6)
ug/g Cr L 1.3 (0.56~4.7) pg/L TH-o7lz, B2-MG IZR&F, A LORF D
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B RITNREEHEANA OGNS, BRENLLON NI U LAEEGE L & HHE
MR 572, BMR % 5%M& 8 10% & L CHEH L7= BMDosBMDLos & Y
BMDio/BMDLyo (%, BFENHOH FI 7 ABHRET 2.11~2.21,70.88~1.11
g MY 2.48~2.53,1.36~1.55 g, #H NI U LAERET 2.44~2.53,70.73~
0.95 g M1} 2.95~2.96,1.29~1.46 g ThH -7, (B 58)

HEMETO D K v LAIEGYHISE R 253 4 CF¥FER 55.3+12.9 i) .
AR VR YL U B 243 44 ()4 #n 49.5F11.50 %) . B JE 75 Yu it R 294
4 CEYWHERR 51.7212.1 %) Z x4 & L7z ChinaCad study (28T, BFEM,
DORES FI U LAERE L BR~OEELOFEIZOWTHA L, BMDS
Version 2.6.01 Z T BMD,/BMDL #HH L=, FEA N KX 7 AEERT
HHKOEEEL Kubo b (2017) OFENXEZHWTREED FI U LAEBIES
B L7,

BRED P L EBREO R RAE (5~95 /S—% & A UHE) LG Yl T
0.5 (0.3~0.6) g. TEFEIHYL ML T 2.1 (1.8~2.3) g, EEEVHYLHIE T 11.1 (9.7
~11.7) g Th oz, RFEKXOMF D I 7 MRBEOHRME (5~95 R—k ¥
A UE) 1XFEEY I T 2.1 (0.3~5.2) pglg Cr LT 1.4 (0.4~4.1) pg/L,
SEREVEYu g T 3.9 (0.7~12.2) ng/g Cr K 1* 4.0 (1.0~11.5) pg/L., HFE7HY
3T 11.2 (3.4~40.9) pg/g Cr K10 9.3 (3.1~34.3) ng/L ThH-o7l=, B
R 7 ABHRET 4 BT, v Y AT 4 v 7 ERSHT (MR, 4, BMI, B2
JE K O CRl%) 24T o 2468, 55 1 UANEE (<1 g) (6T 58 2 TS
B (1 g LLETNAG KUINAG OT A Y 74 —L5LTH5H NAGB MDA
S B L, oD 3 DDOFNE~DEEZ RT3 F~—J— & L CTHil
BECTHDHZ ERENT (4 y XH>2.8), BMR % 5% K& 10 10% & L CHEH L
72 NAG.NAGB & U 2-MG @ BMDos,” BMDLos } 08 BMD1o,” BMDL1o D
PHIZ. NAG T 1.4~1.7/1.1~1.2 %11 2.9~3.3,72.3~2.7, NAGB T 1.0~1.2
/0.7~0.9 K 1*1.9~2.4,1.5~2.0, B2-MG T1.7~1.9,1.3~1.4 }y (X 3.5~
3.9,2.6~3.0 ThH-7=, (B 59)

HERGEERO S K 7 LIETGY RIS E R AME 78 4 R FH)4FH 56.16 5.
HffE (25~75 /8—& % A L) 58.00 (49.00~64.25) 5%) M ON5 Yt}
RActt 210 4 (PR 55.94 %, TRl (25~75 /X—& > ¥ 1 LH)
57.00 (50.00~63.00) %) (Wb IEREE) (MEIXSTEL=IT- AN, HE
O, FFR RS RE TESE | BIR AR IR AR RIE AR TR IR B D N ZBRAN)
ZXFGUTIRP RO T R0 LJRE & EEA~OREE L OB EIC OV THRE L,
BMDS Version 2.7 # i\ BMD,/BMDL # & H| L 7=,

31



PRI A R0 AREOKREE, PRl (26~T75 N—k X AL
i) 1. FEVHYLHIEE© 2.10, 2.20 (1.42~3.00) pg/g Cr X 1*1.56, 1.44 (0.87
~2.33) pg/L, {5YHlk C 5.44, 5.33 (3.85~8.32) nug/g Cr }2 ' 3.47, 3.70 (2.44
~5.14) pg/lL ThoTc, REAT RITVAREELT VT IV, B2- MG, A X1 F
FRA T VT F2UMIEET AOR), KN NAG (7 V7 F=UMIEET L
DOF), MHFHT RITARELET LT I AN B2-MG IZEEN A Bz, BMR
Z5%KN10%E LCTHERHLZT VT I VKON 2- MG @ BMDos,BMDLos %
Y BMD1o/BMDL1o O#FHIL, JRED RI T AREOT LT I T 12.29~
12.56,72.73~4.33 &\ 13.07~13.54,/5.60~8.89, B 2-MG T 12.20~12.45
/3.48~5.64 (X 12.69~12.96,7.14~10.43, L7 K I 7 LEEDT VT 2
> T 8.44~8.74,/1.00~1.61 }x} 8.79~9.10,72.05~3.31, B2-MG T 2.25~
2.50,71.32~1.35 } (X 4.61~5.14,/2.71~2.77 Th -7, (I 60)

A DA—— N TIHERHIRER 600 &4 (R KI v AR 5 ugl/g Cr LA
b YR 230 4 (TEFEES 55.6 (14.0) %) . APk 370 44 (ST
53.1 (12.7) %)) M OFEVGYMIsER 814 (R A K3 7 LB 5 ug/g Cr R
i BME 40 4 CRMTEEAE 61.1 (12.4) w%) . &tk 41 4 CGROT ¥ 58.1

(10.5) 7%)) ZXRITRF LMD NI 7 LRE & Blg~OFE L OBE|IC
S\ T BMD,/BMDL % H L 7=,

PR R0 NREORMELME TR ZE) (X, HYHIRO BT 6.3

(1.9) pgl/g Cr. MET 7.0 (1.9) pglg Cr. FEVBYLMIkO BT 0.5 (1.9) nglg
Cr. ZMET 1.1 (2.3) pg/gCr Thoto, MHT RI U AREOKMAFEEME (5%
(TR R 22) 1%, VHYIkD B 1T 6.9 (1.9) pg/L., ZMET5.2 (2.0) pg/L, 3
HYHUB D BT 0.9 (2.2) ug/L, T 0.8 (2.1) pg/L ThoTz, KRHE KD
M R AL B2-MG M ONNAG ([CEEN A ST, RIS B 7 L
JEIZHOWT A 7Y w FiEZHWT BMR % 5%& LTHEH L B2-MG KT
NAG @ BMDos,”BMDLos i%, BT 11.3,76.9 & 5.84.4, T 12.9/
8.1 & 184,/6.1 Th-o7-, MHI KI ¥ AJRED BMDos/BMDLos (£, F
T10.2,6.2 X1V 7.4/50, ZHT91,/59 K1UN87/5.8 Th~o7-, (M 61)

b. 3E;5Z iz

KEOE R ETHEA (NHANES 2007-2012) ©OF — % % T, 4,875 4
DN CRTEHER (EYEEZE) 44.10 (0.49) %) (06 K& QN A4 2 Bk
OMHF R OPRF S KX 7 AR & B E OBENTHE Sz, eGFR (MG~
LY F=VREEZHWTREM L,

KEBE D 6.13%I1L1E MR A (Chronic Kidney Disease: CKD) 23% V) | 8.79%
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TR RT N7 IV RBDo Tz, P RORF A R I T LR EOKMEEE

(FEYERE ) 1321 0.35 (0.01) pg/L %10 0.22 (0.00) pg/L TH -7z, Il
R0 AR XY USRI T CEABRERR o0 (s, AR
WL PR, BERIE. B, BRI, MR, (RE, mifE, BRERRE /B A, M
HaF = REK N og 1SRRI CTHEE) 217 o TofE R 5 1 W #f (<0.20
ng/L) (k55 4 WAONLRE (>0.57 ug/l) @ eGFR 2METFL7= (B :-3.66

(95%CI : -5.81~-1.50, p for trend=0.03), R I I 7 LRIV WAL
BT ClRIBRDfENT (X 51T log IRV LT F = RE THEE) 217724
R F1MUSALEE (<0.111 pg/L) 1ZxF9 25 3 M rkE (0.217~0.421 pg/L)
KOV 4 WUNLEE (>0.421 ng/L) @ eGFR 28 EH-L7= (B : 58 3 Wit 2.43

(95%CI : 0.71~4.15) KO 4 WoOAi#E 3.55 (95%CI : 1.22~5.89, p for
trend=0.03), £7=., &% 1 WUSALEEIZ KT 25 2 U ALEE (0.111~0.216 pg/L) |
B3 NS OVE 4 WNIREDOT VT I VRN EFH L2 (B 1 8 2 Wikt
17.82 (95%CI : 6.08~31.00). % 3 Wikt 31.52 (95%CI : 19.48~44.77)
ROV 4 WUANERE 43.48 (95%CI : 26.24~63.07. p for trend= <0.001), IfiL
BRI TLBEBELT LTI VREDOEBEIIAONR -T2, (B 62)

A7 =—7F »® Women’s Health in the Lund Area (WHILA) study (Z&/0 L
7ot 700 4 (FEEREEPH 53~64 %) & RIGUTIRF I R U ARE L BHEEL ©
RIHEIZOW TN, 7Y v RiEZ AT BMD,/BMDL %#%HH L7z, eGFR I
ABF L Crah EICHE LR,

BRI v APEREDOEHHEIL 0.76+0.42 pg/g Cr Tdh-7-, BMR %
5% O 10% & LT BMD,/BMDL Z& M L72#55%. NAG, =71 HC Kk
U eGFR @ BMDos,” BMDLos &% O BMD1o,” BMDLio IZ NAG T 0.64,70.50 &
111.08,70.83, 7’m 74 > HC T 0.63,0.49 &1*1.050.81, eGFR T 1.08
0.70 %11 1.80,71.18 Th -7,

FEFOIX, HEESNDRT A RITLREND v MAT7HEORIIC L > THE
MRELEDDHZ LS, BMD,/BMDL B HICE L CTidA 7V » RiED#E L
TW5HE LTS, (B 63)

A =7 DA =T R ORFICHTET M7 (BERP. & lE SOXB R
ORI N) FERYERE 30 4 (B 15 4, &Mk 156 4, Rl (%) 39
(23~59) %) ZXGUTIRF I B I U LRE LB~ O ZBOBEZ A LT,

2ty FO24WRIERFTOHN I U LNREOEE (FPH) 13 0.11 (0.01~
0.52) pgl/g Cr (5% 0.08 (0.01~0.25) pg/g Cr. & 0.16 (0.02~0.52) pglg
Cr) Thote, 1SV ORYP I FI UL E EIRP T LT I U K WNa -
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MG DOHEEIZBE N A S To, 1RFEYS 72D OREE S JRFH FI T L R
TNT 2 KN al-MG OPEEICBEEN BT,

FHEDIX, INOORRIIN I v AL E TR T HOTIERL, RitE
DOEALEEFE 2 A COAEMMNRZH THY . KEEDOL FI T AXSEICE
HEFE~DOY A7 TR RIZeVED EBEL TS, (B 64)

NLX—FEOFE 736 4 (FREFk (#PH) 15.4 (13~18) %) X%

CRF RO K7 ARE & Blg~OFEOR#HZHE LT,

PRI A BT LREOFIRE (256~T75 /N—& % A /LH) 1% 0.09

(0.07~0.13) pg/g Cr % (*0.18 (0.14~0.28) ng/LL TH-o7=, EIROHT 217>
ToAER, R RI T LRELIRP LT ) —LiEA & )78 (RBP) (ZBS# N
O, RPTNT I R (20mg/g Cr) THG T+ 2 &, R 7L
SVIRENEWEECIEBEEIIA OGN eoTo, IS NI U AREICIXESE
T BT,

FEOIT. D RITLNEGFZ R TEICHE L THRET A Z 06, I R
SULDIILS BN DI WEMTEBIERINT 26 ORERIL, RMEREETALIZ
% UCH UM 2342 2 3 7 ORI Y AL OEKRE 258 2 K LT
WA HREMER H D L L TW5D, (B 65)

FEWHLE OB R I U LIEFHYHI OB 934 4 (B 469 4 | 2ot 465 44)
RRIZR T R o AJRE & BEEE & ORSE |- C BMDS Version 2.4 %
AT BMD,/BMDL Z&H L7,

BelRph RIS v ABE L RBP. 82-MG. KO NAG ([ZEENA ST,
BMR % 5% 10 10% & L BMD,/BMDL ZZ H L7-f&%. RBP. B2-MG K&
X NAG @ BMDgs,”BMDLos % 08 BMDio,”BMDLio O#ipfiZ RBP T 1.69~
1.70,70.76~0.89 K * 2.43~2.44,/1.53~1.59, B2-MG T 1.24~1.35,70.62
~0.64 } 11 2.09~2.10,1.30~1.34, NAG T 0.85~1.36,70.49~0.65 } (} 1.8
~2.31,/1.04~1.37 TH-7=, (B 66)

it [H KNHANES 2005 OF —# % AT, 20 Ll B 1,909 4 (B 955
4. 954 4) (R A FBRSN) oA R I 7 LRE & B~ O R 2K OV i
£ & OB A 54 L 7=, eGFR 1% Modification of Diet in Renal Disease : MDRD
XTHEH LT,

A A NI v LAREOKMEAMEIZ M T 1.57 pg/L, %&MET 1.49 pg/L TH
ST, MHA RI T LRETIREITT, v P AT ¢ v 7 Bleaot (G, ZF
JEE, JE{EHLIE, BMI, M2 808 M OV SR iie BE CRiEE) 21T o oA, &tk
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B = rEE (s KU ARE<1.29 ng/l) ICx3 2% 3 =ifE (>1.88
ug/L) @ eGFR {&F (<65.4 mL/min/1.73 m2) OA v Xt EH L7z (1.62

(95%CI : 1.00~2.62)), F7=, MLAFH R I 7 L3RI C @& T OE G 230
L7- (p for trend=<0.01), (ZM 67)

i [E] KNHANES 2005-2008 O7 — % % T, 2,992 4 (5B 1409 4, %«
P 1583 44 . AFIAEITH 20~65 %) (& ME ., BRI IXBER L2 - A%
BrRALN) ZtBICiF o R 0 LRE & B~ L O #E LA L2, eGFR
X MDRD X CHEH L, H-HE O REREEHFIE<60 mL/min/1.73 m2 Z f51E & L
77,

M H K2 L E O ST E5E (95%CT) 13 5P T 1.10 (0.34~2.67) pg/L,
T 1.18 (0.42~2.83) pg/L THotz, MHFH I 7 LK T 4 BHTOT.
22T 4y 7R GRES. Fln, BB, SLEERRE, DO, B AN,
2 i K OV R B CRHE) 2 AT o 7o S, k5 1 WAt (Ml R w
LRFE<0.85 pg/L) (kD5 3 USNLRE (1.23~1.74 pg/L) KOV 4 UL
B (>1.74 pg/L) TH-BHEOREKKFEE DA v XA BR/ Le (G 3 WA ArEE
1.79 (95%CI : 1.27~2.53) . % 4 WU/l 2.48 (95%CI : 1.74~3.54)), (M
68)

c. ;5ihisy

R—T v REEEIC IV T 20056 47, MBS TSN O DT K I U A THREI L
o 270 4 (B0 100 44 CP¥FEs (FEPH) 31.9 (18~76) k). &tk
170 4 CEHJFHE (FBH) 39.7 (18~70) %)) Z=xXfRiz, BIBBEEEZFHERT S
PR ONIA S FI T LRE T HE~ORE L OREZ A Lo, 5% X DXA
THIE L7,

JRFJL AT R 7 LPREDORMFEEE GRAEERZ) X5 % T 0.88

(2.33) pgl/g Cr ¥ 1.15 (2.64) pg/L. &MT 1.08 (2.15) pgl/g Cr x ¥ 1.27

(2.15) pg/L Tholc, RFPH FITARET3FIIHT Y T HEK
JSFEAT ClX, BEORITHEEIRTRA LN (p=<0.05), £7=. HF 1 =/
BE RTH N I v AJEEE<T pg/g Cr) 12t 548 3 =40 il (>2 pug/g Cr) TF
BRE~— 7 — (R EOMES B2-MG, RBP, 77> (ZMEDAH), NAG

(ZMEDI) LORF AN T BIREE (D F) ) ORI BTz (p=<0.05),
LovL, ZEEFIFIHTCTIL, RS NI T LARE L O T TR 5T,
BEE L BENA OGN OITBETIIERELNIRF VT LRE, Tl
FEEMEEOLTHY, I RI U ARELEOREIIA NS T,

ZELIX. BRETLY GEDFEX V7 HEBMA L v IREEDO D K2
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VAR BETRAELEZZEND, BIRME~—D—0—KEMTOHI RI T A
~ORBOBEEREECTHLHE L TW5, (B 69)

FEOH K7 L7508 2 2577 (A BER. B @ R (B de Lot 478 4
(A Hilik 209 4 CEEF R 44.8+5.72 %) . B Hiulik 269 44 ()4 44.1+£5.90

%) . WIS i 35~55 %) (BEERIIC T R I U AT BE ST AT
JEE 2 BRAN) A RPBIC, A HUEIE 2006 4F, B HigiE 2011 £, RS FI T A
B LR~ D B L O A A L. BMDS Version 2.0 % H\»C BMD,~
BMDL =% L7,

FERA DT R0 LR OB E GRTEEERZE) 1L A Hulsl T 3.0(3.32)
ug/g Cr. B #l T 4.7 (2.88) nglgCr Th o7z, JRHE D KI 7 LARET 4 BRI
T SR ZAT o TR R R I R0 NREHEINTRE B 2-MG JRIE K & NAG
JRIEDFIERMN EFH L7z (p for trend= <0.001), BMR % 5% X% 10% & LT
BMD #H&H L7=#5 5. B 2-MG & NAG @ BMDos,”BMDLos i%Z 24 1.07
/0.44 k11 2.12,70.53 pglg Cr. BMD1o/BMDLio (X 4E41 3.02,71.83 T
5.68,72.58 uglg Cr Tdh -7, (EM 70)

FEOH R v LG 5 Ao TR 6,103 4 (Bt 2,715 4 (S
iy (FPE) 60.26 (35~89) k. otk 3,388 4 (CE¥4Hn (#BH) 59.48 (35
~89 %)) ZXIEUT, IR R U NRE & B~ DB L o EZ OV
L. BMDS Version 2.3.1 Z T BMD,/BMDL # % H L7-,

FEARPA R I 0 LPREOKEEE (FFH) 13, BT 4.82 (0.08~56.99)
ugl/g Cr. #ZMET 4.87 (0.05~57.27) nglg Cr TH-o7=, B2-MG D[

(#iPH) 1. BM:T570.86 (0.76~5272.68) ng/g Cr. &MET 581.46 (1.55~
5926.02) ug/g Cr Th o7, JRHP AT K U AJRE L B2-MG ITBHEN A LT,
BMR % 10% & U CEH L7- BMD,/BMDL (%, #ililk = L lcE=ZRN A LT, 5D
DO & A L7z BMD1o,/BMDLio 1E, 51T 2.28 72.00 pg/g Cr, %14 T 1.87
/1.69 ngl/g Cr ThH-7=, (B 71)

HEOS R U AHYHE 5 2o FTicETe 6,103 4 (B 2,715 4 CE¥F#

(#iPH) 60.3 (35~89) k). %tk 3,388 4 (F¥iFEl (#iPH) 59.5 (35~89)
) ERBIZIRF A R I U AR & BEREEE & OBEIZ ST BMDS Version
2.3.1 # ffl,""C BMD,/BMDL # & L 7=,

FERPT B I 0 LREOKMEME GRIEERA) (HEHH) 1354 T 4.82

(2.19) (0.08~56.99) pgl/g Cr, &M 4.87 (2.33) (0.05~57.27) pg/g Cr T
HoTo, 5 IO K I 7 AEYROREE DIEWIZ L > TEHIDORF T FI T A
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BRI 72 > T2, BMR % 5% &) 10% & LT BMD,/BMDL # & H L7-#&
2 NAG ® BMDgs,”BMDLos & O BMD1o,”BMDLio IZ 3.09,72.08 &%} 2.66
/1.93 THhH -7, BMD,/BMDL & Hiliiiz L > TR&E < Bp o Tz, (B 72)

d BEIEIKE

TIVA, ATz —T U ROKED 4 SO= vV K U AEMTY TV
¥)18.8 FFMIfEM ST Jr i 599 4 (BYE 451 4 Lot 148 4 PRIl 45.4
£10.3 k) EXRITIRF A B I 7 LRI & BREE & OBEIC SOV THA L,
BMDS Version 2.0 %\ T BMD,/BMDL %% H L7-,

R A B2 LR o Rl (25~75 /S—F¥ > & A VE) 1% 1.82(0.75~4.11)
nglg Cr Tholo, BYEXLV LM Trno7z (B9 1.62 (0.62~3.57) pgl/g Cr,
#ZME : 3.40 (1.16~7.46) pglg Cr), M2/ (Never. Former., Current) T4y}
T JERIERT I 3 W TR & 0 BUHEE (ever/current) Tril»-o7o (GEBLE
# 1 1.67 (0.74~3.91) pglg Cr. MEH : 2.09 (0.76~4.55) pglgCr), RH U
N3 AP L B2-MG KO RBP I AL 52, BMR % 5%& LT BMD
/BMDL %% H L= #, B2-MG % RBP ® BMDos, BMDLos (% 9.6 /5.9
MN5.1,/73.0 T oo, ML DA O Tix 12.2,/5.5 K1 12.6,76.6, &
JEE Tl 4.3/3.5 K 116.3/4.9 Thol-, (B 73)

TNY = U T ORGSR BT B EE 134 420 (CEA)FERS 39.5 k) & x
FEEME 52 AN B X GITIRT A NI U LRIE & B~ DO EORRE 2 A LT,

RFZ MR B0 LJREDOHIAE (25~T75 /X— L % A L) 1%, F7{l
FRET0.70 (0.40~1.3) pg/g Cr % 1*0.80 (0.45~1.16) pg/L. *IREET 0.55

(0.40~0.90) pg/g Cr }2Tr0.66 (0.47~0.87) pg/L T&H > 7=, Current smoker
D 1T Never &N Ex smoker O EIFH LV HIRF LM F I K 7 LR
FEERWTHNORETH mho e, BEIFSIT 21T o 7o iR, R TITRFH FI
U LARELRFP T BT A HC KON RBP (ZBHH N A S L7203 BRI IR 255
BT 5 EEEIIRE<H/EST,

FHEOITKBEDORY A I U LARE L X R R EOBRITHIR, BUE K
g # )7 L RI U LAOMPRIC K DB ZHETLOLENDH DL & L
W5, (B 74)

VEE OSMICIE BB S5 712 4 CEXWEER (#PH) 47.6+£7.9 (24.1~

20 Never smokers : 41 4. Ex smokers : 38 4. Current smokers : 55 4.
21 Never smokers : 19 4. Ex smokers : 12 4. Current smokers : 21 4.,
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71.3) %) ZXEUTIRF L RMA T R I 0 AJRE & Eg~OZEORE A JH4A L
77,

JRAH R U AREOVHME @) 13 1.1520.66 (0.25~4.92) pgl/g Cr T
bolo, EURSHT (s, MR, BMI, gh3etkpl, W JRaRdm e, 8as, 2
BIE, IUA, SR K OB PR CTIEE) 21T o oS8, IR+
ARIVARELNGZ VT F=VIRE, 2VT7F=271077 A, eGFR,
NAG IZBE#EN A BT,

FEHEOIL, INOO/RERITIRF I K U ARENSBIMOMREIEIZ X 5 ER724E
B EZ KL TWD Z 2R LTWDH ELTWD, (B 75)

e. 2*AT7FUYTR

1993~2015 FATHE SN 30 H D 92 7 —F Yy K (HHL 8O T —F &
v RB3T UT NZET HH5E) IZEED 26,051 DT —H ZHWT, JRFPA
NI U ARELEBASDORZBZONWTEENRET VDA ZT F U T AEIT,
ATV v RiERHWT BMD,/BMDL #8 H L7,

BRORE A NI T LAREOFYMEIL 3.43£3.17 nglg Cr TH Y | Fhi L O
NETHT D EERH LT (50 LA T @ 2.261£2.66 pg/g Cr, 50 ikLh I : 4.19
+2.76ug/gCr. 77 N :3.98+£3.20 ug/g Cr. H A : 0.48+0.44 ng/g Cr), &
7RI U AREIZOWVWTBMR % 5% & 10 10% & L CHH L7= NAG @ BMDos
/" BMDLos } O BMD1o/BMDLio %, 1.76,1.67 }x1*2.01,71.86 Th -7z,
i AT T 5 L EZR A BT (50 L 1:0.91,70.88 )2 120.98,70.91,
50 ik Lh 1:2.56,72.27 K1 38.13,72.57. 7 7 N:2.07,/1.96 Kk} 2.37,72.17,
FA :0.29,70.26 % 1*0.34,70.27), (14 76)

UL —DREx RERE G L L 6 DO OBINE 1,667 4 (FEH 2
W, HE LW, R 2 RO #E R O S A 1 FER 5.7~88.1 i)
EXRIBRITIRF A R U LRE LB~ BO 2T LT,

RS R0 LAEEOHRMEOHIAIL 0.24 pg/l (FEH) ~0.62 ug/L (Hifs
#). 0.16 ug/g Cr (F4FE) ~0.60 ug/g Cr (Hin#E) Thol-, 7o, FEBREE
KOO TOBYEE L0 SBIEOBEE OJRFH FI U LNRENE -T2, &
VEDRF T FI U NREZRG LIRER, FIC L 2RP 0 R I U AREOHE
Bix, TEMPRBIKLS . 0% 60~70 ik F THIN LAIZWH D WITED T 5
IR L O CTH 7=, IEBEZ OJRF RBP L RO —T %2R LT,

FEFEOITARBED FI U LE BEOBREMHIZBW L, KPS FI v a8k
S DFEZ S U7 BRIZIERIE L OIERFRICEL L Tl | & 37 PR
(ZREE U7 BB e BB 2 R L TS EE 2 bz E LTWnD, (B TT)
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HE, HEETIEBEBORF D RIULAREL B2-MG, NAG, 7TLV7 I K
U'RBP & OBEIZOWTHRAE L TV 2 kA Fsk L, 158 Hi &z B o |- BMDS
Version 2.7.0 # I\ T BMD,/BMDL ZHH L7z, F£7-. EFSA & [FEED b
VaAXAT A I ETINEHWTEENLON RI U AEBREEHEE L, TDI
R LU,

R R 7 LS B2-MG KO NAG ICBER A B, BMR % 5% &
L CHH L7 BMDos,”BMDLos 1Z. 82-MG, NAG, 7/ 7 2 > K (XRBP T%
NZI 4.05,3.07, 3.43,2.98, 7.12/4.17 K\ 7.22,/5.46 Th -7z, Hill
Model # M\ 7z B 2-MG LT NAG OfEFTHER % X 2-34 1TR”"T, Z OfEHNT CThx
LY FEIED NAG # HWTHEE L7=BFENLS DN NI U AEIET 16.8 ng/

AToHY, {KE 60kg THL7- 0.28 ng/lkg A&E/H % TDI & L7-, (B 78)
ek Hill Model — Z | Hill Model — .
z o g -t rz 3
T L
Fé : —n 3, -‘;:_ | [ mm j.d.!
' E BALDL=8 A ; ) = B

L 1 'l
! ' ' ' 1* "'

Urinary Cadmium {pg'g creatinine) Urinary Cadmium (pg'g ereatinine)

2-34 FRAAHRIVLREE B2-MG XU NAG O AE RIGE

(2) B~NDFE
DOEMA
a. JEIBZiHhiz

A AR bR O IEG Yu il D 39 LA Eo Ltk 389 4 (CFEJFim (i)
54.6+9.1 (39~77) %) (BEE K OVEMEBIRED N E BRI Z2 3812 2008 4F,
KOBEUZ LD RI v X EEBRH & OREFHAE L,

RO A B2 A EONSIE (FPH) (X 1.93+2.05 (0.29~11.83)
ug/g Cr Jx ¥ 1.57+2.11 (0.50~10.00) pg/L TH-o7c, BFEBOK KL OREHD
KD NI U AREOFEEE (#PH) (% 70.83+144.68 (0.21~256.39) ng/kg.,
KkNBOH KU AERE (FPH) 1% 9.12+2.33 (0.04~51.27) pg/H T - 7=,
HEEITE SR B ENCEE S O CHE LR, RPEOMm RS K
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LPREE, NI U MERE L BEEIA SN2 T, BEREFSH TR, R Y
LAEBRERLORF DRIV ARE L RPETAF Y 27 U 2 RORF
NTx (CERENR L ST, B 227 OBINZA b2 h o1, (B 79)

SOHIZEE LD ET AARNOEITY A7 25T 5720, 1987 EnD 547
EAC AR EHFR O B BT E PR 23 FEhE S 41 C X 7=, Takusari & (2020) 1%, 2017
FEOFHRBEEF I HEE 2R L, 1992 425 2017 42 £ TD 25 EM O R4
RO LI L. AARIZET BB T O AEROHBGEL I 52 LT,

FAAERIZIL, BARREOEAVE 2 5 0RIK 28 T 596t « 2T, £ 72138
TEANE B &3 59RBE - 2T & L, Bt Wellness Db 7 — & (23D
x| 2EOEEHNFHEEKED 6495 HiskOH s, REHEET 4000 fEizk, H
WHER T 5037 fEax AR L=,

1992 5 2017 FETOD 10 HANHE 70 OFMRBEE BT OHEE R LR %
PE - RN LTEfER 2 K 2-38 127, 25 4FE[ T, B & b 2FDEE D
FFAERIT EA L, Bl bFERMEROBERITITRERENITA OGN
Rhnotz, Bielt 80~89 kD B, 40~49 D M, 90 LI LD BE DI
AT 1992 4D 2017 FITHT THEIC EH L2, B b 710~79 WD
B OIRARIT 1992 F1 5 2017 FITHT THREITIE T L, 25 RT3 T
DFhE O TR BIEWRAERTH -7, KBESEITEESIEM Lzt D0,
2012 5 2017 4EF TO 5 EROHINFEIL, 2007 4205 2012 FF TOEEN
KL HIELS, BrICLMHEICBWTHEETH -2, (B 80)

F&2-38 10 AAHT-YDREEBFHTOHERERDHERE (1992~2017 F)

BT Y — 1992 1997 2002 2007 2012 2017 p for trend?

Bk

<39 3.6 3.0 3.0 3.2 2.9 3.3 0.476
40-49 10.3 9.1 8.4 9.2 10.9 10.6 0.416
50-59 22.1 20.0 18.2 20.3 22.3 26.9 0.218
60-69 57.4 51.2 52.6 48.1 50.3 57.6 0.872
70-79 191.3 172.9 174.9 181.2 168.8 156.5 0.045
80-89 560.2 574.1 586.1 610.3 608.1 606.5 0.009
90+ 1249.6 1288.9 1413.9 1466.2 1594.6 1729.0 <0. 001
A ECR I 30.8 33.8 40.8 51.1 61.0 73.6 <0. 001
AR AR i 25.6 24.0 24.3 25.1 25.2 26.1 0.340
L

<39 1.6 1.3 1.2 1.5 1.4 1.2 0.390
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40-49 6.1 6.0 5.8 7.0 7.3 7.6 0.017
50-59 28.2 23.9 24.1 29.5 31.3 36.7 0.068
60-69 96.9 90.7 91.1 81.1 86.6 94.9 0.562
70-79 443.2 408.5 410.7 397.1 367.1 315.5 0.005
80-89 1396.0 1477.9 1561.0 1571.4 1510.3 1392.1 0.909
90+ 2646.6 2810.4 3155.2 3135.8 3232.5 3181.5 0.022
AFE ORI 92.0 111.9 144.3 181.4 213.1 235.4 <0. 001
AR AR i % 49.0 48.1 49.9 49.8 48.6 46.0 0.289

a A O p A, HEFRSITICEIVEH L,
b FHREEMEER L, [EHE O 2010 World Population Prospects 7> 5 HUfS: L 7= 5 Bk B!
DODANAEHWCHELEZLDOTH S,

b. 5#ihig

JMETS (25 L 7- 20 1,380 44 (FEIG YRR 1 2~ (G Yk 4 2~p7) %
KU 2001~2002 FAZHHEZIT o7, FHUIKORF A B I 0 LR O &
BfEIXZENZE 2.6, 3.5, 3.2, 3.2 (4.1 ug/g Cr TH Y . 2IKRD 1% DIIN
BRI U LFERIEOBERER2ORMMETH D 10 ng/lg Cr 2 T\, Fiz,
R B2-MG 75 BIME IXBREEER2ZHR LRWEEDON R v LEL#Ex
ZTTWD EBZ LN, AiOEHE X DXA THIE LT,
PRI R I 0 AREOEINIE, ARIREBIC X - TR T LA itz &
D, BEEDRT RPN T MREOHEIMNA LI, LinL, 2EERY
AT 4w VARSI ZAT S Te iR, BHREICREL 52 2HK & L TR
BMI A E Lo, MAROGIRFD R0 LABEIIAECIIRhotz, b
T LS B A o2 AR E LR R ORT S R U A EE, o l-
MG K OXB2-MG BNEETH-T=Z 006, JRIH K 7 LEEDOHEITHEN,
RN DBENEINT S EE 2 bR, ZNHORENL, EEHE LT, B
HEREREEZFHRT DDA R T L~OBREIE T|IIE L X 9 RIED
URAZ BHEMESERNZ L BRI U LAICL D EHRETBEERED RE
BCTHDEV ) HI AT, KR L TRLAHEMTHD L ERL TV D,
(M 81) X 2 iz bRtk

@i
a. JEFEMHE,F i
FEOA Ko LB 2 0 F7 (EELOHFLERE) KOFEHYHg 1 25T
(fETe &Mk 338 44 (EEEVHYLMIE: - 151 4 (¥4 (#iPH) 5610 (40~84)
k) . PRGN 0 104 44 (CEEFE (B 5719 (43~81) k). FEiHYL
ik - 83 44 (CE¥J4E# (#PH) 63112 (40~86) %)) Z G IR T KL
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TR LR LB~ L ORIV T BMDS Version 1.4.1¢ % AW T
BMD, BMDL # 5t L7z, XIRE TR 1TV 72 h o 7o, (GG RO F £
[FKTE0, 1996 FENDIRFLR SN KDRDVICHEHER O K EBED L H 128
SENT, BEEIIDXA THEL, ZAaT7=<2%2FMHL X 25E. ZAaT=
<-1 Z KB &l LTz,

PRI ONA S R0 LJREEONE (FEPH) (3H G Yu il € 10.13£1.99

(0~50) pglg Cr K% 3.44+1.90 (0.5~17) pg/L. 4575 YLl © 3.89+
2.02 (0~17) pglg Cr ¥ 1.91£1.86 (0.4~14) pg/L., FEHYHIE T 2.37=
2.09 (0~12) pglg Cr %10 0.83+1.94 (0.1~2.6) ug/L TH -7z,

BMR % 5% X% 10% & LC BMD,/BMDL Z % H L72fE R, Z A a7 K UYE
Z Lo TEN R/ > Tz, (B 82)

BMDos/BMDLos | BMD1o/BMDLio
PR R LR | BHLEE (ZA27=<2) | 5.30/3.78 9.06/6.36
Jics KEEE (ZAaT=<1) 3.12/2.14 5.87/3.99
60 LA I 0.67/0.52 1.30/1.01
60 A 5.04/3.88 8.00/6.23
Ml R A8 | BHL X HE (ZA27=<-2) | 1.88/1.39 3.23/2.38
FE KEEE (ZAa7=<1) 0.95/0.72 1.78/1.35
(%1 82)

HEFEEOER (7 K v L7558 20pr, FEVE Y- 2 2°FT) (1R 1,116
4 (BYEB11 4, et 605 44, 15l 832 44, FEVGYeHilk 284 4. A inipH
40~79 k) (MZEIX<SFE SN, BHRERETE . IFEAE. HRRIYE]H IR ERE &
SOTHERIFRED B D N, BRI EST 2 EMIBIE LT > T D N RN %
KGIUZIRF A RI T LARE LT, ROEE~OZE L O#EZFH4& L, BMDS
Version 2.6 % fl\ T BMD,/BMDL % % L7, B#%Eix DXA THIEL, T %
a7=<25%FML X OIE &K L7,

FRARP A R U LAREOFIAE (5~95 /N\—& ¥ A /UH) 137555k C
5.53 (1.41~29.16) pglg Cr, FEI5YeHIEk T 1.70 (0.67~4.60) ng/g Cr ThH -
7oo IR RI U LRETATEZ T, e AT ¢ v ZEUGoaor (s, PRI,
BMI., M7 /A7 2 o, B R LS w7 AR K OYR Y NAG/ o 1-MG/ B 2-
MG/7 V7 2 Cili#) 21T 7R, % 1 ONEE (<2.05 pg/g Cr) 2k
%8 2 WA NiRE (>2.05 pgl/g Cr) . % 3 WUALRE (>3.97 ngl/g Cr) KOV 4 U5y
ALFE (>8.89 ng/g Cr) OFHL X YERIEOA v XS A UL7e (5 2 M4
B 2 8.07 (95%CI : 1.77~5.33) . & 3 DU RE : 4.63 (95%CI : 2.68~17.98) .
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9 4 VUSSNIRE - 9.15 (95%CI : 5.26~15.94)), FERUEE OO TH 5 3 I
IAHER O 4 WWARIEEDEHHL L X D IERIED A > XS B L7z (38 3 U4y
PNERE:8.27 (95%CI: 1.60~6.68) . &5 4 MU/ Nk :9.29 (95%CI:4.56~18.93) ),
eGFR @7 (>60 mL/min/1.73 m2) DOBDOENT THE 2 WONREN S A4~ X
ey EH L=, BMR % 5% 1% 10% & LC BMD,/BMDL %% H U7-fE 5%, &
FLL x 9 iE®D BMDos,”BMDLos 13 1.14,70.61 pg/g Cr. BMD1o,/BMDLyo I
2.73,/1.83 nglg Cr Th-7=, (B 83)

HERSO T N X 0 L5 G & OFETG Ytk i c A2 e 50 mi B b oD FERE £
278 4 (JHY«Hiik - 191 4 (CELI4EHER 60.216.30 %) . FEIHYLHIE - 87 4 (Y
fEin 59.256.84 %)) EZXRBRITIRFE N K U LRE L EFROEBRA~OEEL D
BEE A A L7,

R R0 LBEOFRIE (5~95 /SX—Tt X A )UH) 13755 C 9.78

(2.08~50.50) pg/g Cr. FEIGYLHitk < 2.17 (0.96~4.88) pg/g Cr TH -7,
PR R0 MREET A BT T TSR BB E D trend 134 5 Tlden o7z,
[l 7nas—47 0 -N-7 75 K (PINP), CTX- 8 M4k (5 -CTX) . OPG.
eGFR (CKD-EPI {£THMH) . NAG., o 1-MG. B82-MG., 7/ 7 X > ® trend I
BETH-oT-, ZERRIFON (MR, BMI, JREH KU LAEE, (NAG o
1-MG,/ B2-MG,/ 77 32 v/ eGFR O\ h)y) THlEK) 217 - =555 PINP,
B-CTX KN OPG IZBHEN A LT, FEHEOIL, I KI U LANEOFKEE

(remodeling) ZNET D A[EEMERH D L LT D, (B 84)

b. JE;FFhis

A xz—FT D REMZNS L LIzadk— A& (Northern Sweden
Health and Disease Study (NSHDS) cohort) ®&1#& D 5 5, 1993~2004 4
DN 253 LTEGIRE 109 44 & %FREE 187 44 (W37 4L % 204 D 4 fim it [
1% 50~69 i) %X GUIERI R RIFIE 21T > 7=,

ARIERH A R0 A REOFEEITEFIRET 1.851.4 pg/L, XHEREET 0.9+
1.0pg/L Tholo, BV AT 4 v 7 EESHT (BMI, &K & OWECHHE) 217
ST RER. RIMERF T B0 AJRE & EEEIT Y 2 7 ICBEEIEA DR Do Tz,
DI (143 4) TITo =Y 7 70— Tk, FRfERT A R o ABE 1
ng/L #4720 oA v XN EF L= (3.33 (95%CI : 1.29~8.56)), (& 85)

ATz —T OV AIEL - RERAZNS E LOME 3R — M
(Malmo Diet and Cancer Cohort) (Z&0 L 7-FA#RR% D2t 908 4 (baseline
IKF (1991~1996 1) DN 60~70 k) ZXRITHRMEKF A FI U LRE L F
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~OREE L OBEAE Uz, B EITHE—ERINGETHE LT,

BN BB EOFLE T 3BT 72 (FfE (5~95 /S\—t& o & A L{H) :
BB ERE : >-1.58D (0.29 (023~0.32) glem?). VFHJEEERE (0.39 (038~
0.40) glem?). EEHBERE : >+1.58D (0.48 (0.46~0.55) g/em?2)), #RIMLERH
ORI LEEOTRAE (5~95 /S—F & A UH) 1T, IEEEERET 1.0 (0.39
~4.8) ug/L. FHIEHEERET 0.80 (0.36~4.0) pg/L. EBEEERETO0.76 (0.35
~3.4) pg/lL TH-o7=,

EAFONT AT - 2GR, R TIIRIMERF D K U L EE EBFHBERT
(ZRHH N 2 & T2 03 W CREE 3% & B A H e < Fe o 7o, BB (Never,
Former, Current) T4 7= ERIHENTIZEB T, Current BEO B BT L B
BN BT, (B 86)

A x—7 O MDCS-CC (Z&n L= 4t 2,920 4 (baseline Ff (1992~
1994 4F) O FRfEAEE (25~T75 /XS—F & A )Lfl) 58.0 ik (52.0~63.0 i%))
ERGUCME D RI U ARE LB A7 KO IR E OB ELZFRE LT,

MAH K7 LRE GROERF DT NI T AREL~~ N7 U v MEDNDHEH)
O (25~T5 /X—t > ¥ A JLfH) 130.28 (0.18~0.51) pug/L TH-o7=, ‘&
Prikiiix 2013 4E £ T (P Rfil (25~75 S—& ¥ A JLf#) :20.2 (12.5~21.2)
) BE AT T2, BEAF RIS, 403 42031 L, MFh R U LABET4
FEIZo0 1T, Cox Hefl ¥ — REYFEOAT (B, Fils, BMIL, HERFTIRE K VIR
TR ClEE) 21T o R, i R U ARELFITY 27 RUBET O
— RECEE XA BN 7=, WE (Never. Previous., Current) T4ri)7=
JEREMTIZHI VT, Current BEO N — RS B L7z (1.65 (95%CI: 1.11~
2.45)) . FEMRIEE D I DFFHT TIZFETE DY — REGICBREILZ A DR s - 7208

(1.10 (95%CI : 0.50~2.42)). Previous DWBEZE D LD fEMNT TIXFE LT DY
— RN EF L7z (2.23 (95%CI : 1.44~3.44)), (B0 87)

A7 = —7 O WHILA study (2200 L7z 794 4 (b defiissin (GEH)
58 (53~64) k) ZXGUTIRHF I FI T LRELF~OREL OFHEIZOWNT
ATy RiEZEZHWT BMD,/BMDL ZHH L7~

FEARP A K AEEOHRE (5~95 /X—t % A )UHE) 1% 0.67 (0.31~
1.57) pglgCr Tholz, RHEI RITVAREL T AaT7 KWNZ ZAa 7K FICEH
I B AT, i M OPARRIRHE & [RIARIC BRI 23 4 H 472, BMR % 5% M O 10%
& LTBMD,/BMDL Z#HH L7cfER Ny 7 7T 0 R 27 1.0% K% T5.0%
DEFD T 2a7 kN Z AT T D BMDes,BMDLos & U BMD1o,BMDLio
OHFPHIL T 227 T 1.8~3.7/1.0~2.1 )X 2.9~53,1.6~3.0, Z A7 T
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1.8~3.7,/1.0~2.1 L 1X2.9~5.3/1.6~2.9 Th-7-, (& 88)

A7 = —7 @ Swedish Mammography Cohort (221 L 7= 2 2,688 4 (F#
A (2004~2008 F) O RfEFlE (FiPH) 63 XL 64 % (56~69 %)) (b
PRIG L2 S Te NZ RSN ZRIBRITIRE I RI U LREEF~OFEL DR
HAPHA L, BEEIXDXA THEL, T A=a7=<25ZFHL X 5%EEH
Wr L 7=,

FEIRF A RI v AREOHIAE (5~95 X—& > ¥ A L) 1X0.34 (0.15~
0.79) pgl/g Cr TH 7=, BFITRIIE 1997~2009 FF T (11.5 4) BHiZ21T-
Teo BEUFRSHT (s, BEFR, K. wEVZ. RENE, HERR, PR
BOFRNVE L, BIBREAT 0 A REE, RITEIE, BEEE, fal, BEE
JE (JOEMEBIfIE R, BEA, HEA, WINARER) TR 21T of%. IR
HRITARED EF L LI, 2EOBEENAEIIET L2 (Regression
coefficient : -0.027 (95%CI : -0.042~-0.012) . p=<0.001, Adjusted R2=0.23),
PRI R0 MYREET 3 BRI 0T  BRT 24T o 7ok 2R 56 1 = 20\i8F (<0.50 pgl/g
Cr) (kT 255 2 =ikt (>0.50 ug/g Cr) OBBENMET Lz, FEBIEE D
A@ﬁﬁﬁ IBWTHE 3 =t (20.75 pglg Cr) OEBENMET L=, [FkE

R R AT 3RS, B Y RT 4 v VT ERONT AT o TG
jiﬂzﬁ FHE, M R OMEHED T L X 9FE Y A7 OA4 > XA EH L RS
DHDIENT THIREEDORER L 72 o7z, JRFPA R I T AR T 28 (<0.50, >0.50
ugl/g Cr) (72T Tk, X ToOLMTIEA v Ao EFITA L0 -
T2, FEMREE O O TIXE Y A7 O4 v XN EH L7 (Any first
fracture : 2.03 (95%CI : 1.33~3.09)), (&M 89)

A7 x—7 > ® Swedish Mammography Cohort (201 L 7= 2 2,676 4 (5
FEEEHER: (2004~2008 ) OFEJFn () 64 7% (56~69 %)) (BRI
EWi NN, 3s.d. BBl T 5 =X —EBIEDNERN) ZRRICEF
DHEDOH R AMERE L F~ORE L OREZ A L, BB T DXA Tl
EL.TAa7=<25%ZFML L 5EE N L7z, FFQ (baseline Kf (1997 4)
96 HH) LAV=—FT VORGP N R T LARBEDT —HRX—=ADLREND
DA RITVLAEREZHEL., 2R — FOFEH =X —EEE (1,700
kcal/H) T L7,

BHENOOH FI U LEBIREOFLHE (FPH) 13 13+2.6 (3.3~29) pg/H (1.4

(0.36~3.6) pg/kg AEAAMEY) ThHotz, BEIRTH NI 7 L3O JufE
(5~95 /X—t > X A VH) 1% 0.34 (0.15~0.79) nglg Cr ThH -7z, BHIRI
1% 1997~2009 % T (11.5 ) B 21T o 7=, BEREUFSH (e, BE T
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BMI, PAfEE DAR/VE L, IEE E, MRS, 808, KRIEMEEIE R B ORE
TERE, s (Ca, Mg, Fe XK O'EWiE) THEE) Z1To7-/R, BFNLOD
B R T AEEE 10 pg/ BEEINS 720 ORKOEBENEREICIE T L= (-0.021
(95%CI : -0.038~-0.005) . p=0.01. Adjusted R2=0.16), FEMLIEZE D Ir DfikT
THRBEDOFER TH 72 (Regression coefficient : -0.026 (95%CI : -0.052~-
0.001), p=0.04, Adjusted R2=0.14), [RkIZ, BFNLOH FI T LAEBRET
2R (<13, >13pg/A) 1T, aP AT 4 v 7 AR &2 T o -5, B L
L OELOEIT U R OF > XR EF L, FERREZE OB O T b [RAR O
Relpol, Tl BENLON FI U LAEBERELEIRTH FI 7 ARE (<0.50,
>0.50 pgl/g Cr) ZHAAG DRI THRBEORE R L 72 o7, (B 90)

A x2—FT DT ATy RERT— L7 — | ETe—REM % x5
L L7zadm— FiH#& (The Cohort of Swedish Men (COSM)) (Z&hn L 7= B¢k
20,173 44 (baseline ¢ (1997 ) O FX)FHn (#iFH) 59 XL 60 % (45~79)
%) (DA (AT —~%R<) XUIHERIE & 2B ST NEBRAN) 2 XRICE
FENLOHN RIULEBRELE~OFELOELZME L7, FFQ (96 HHH)
AT 2 —T v —0y NOBMT I FI T LAREOT —Z X=X L RBHE)N
5D FITVLAEREAZHEL, 28— MO EHP XL —EBILE

(2,600kcal/H) THFi#&E L7,

BENLOH FI U LEREOFLE (H#iPH (central 98%)) 13X 19+3.7 (11
~29) ug/H Th -7z, 10 FHOEBIWIF I, 2,183 AW T O FHT, 374
A KRB AT (hip fracture) DHER SN, BFENLOHN FI U ALE
HUEC 3 HEICAr T, Cox el ¥ — RENGF0HT (e, JE. (KE, BERE, i
WARRE, EFEIERE, BRERFOIEEIE, BN, 2T Y G A RS, E
B, BRI B (FFRER. BRE. U T v U0E, RIEMRETRR) KOE
B (v o s, g B, B35 CHE) 21To7mE. &1 =00kt (&
ENHOH RI U AEREOTRAE 15.5 (<17) pg/H) (26T 5% 3 =40kt

(22.2 (>20) pg/H) OWTNNLOFEHFY X7 O YP— R EFH L7z (1.19

(95%CI:1.06~1.34) . p for trend=<0.01) , ¥2J&E CJ& 5fi##T (Never, Former,
Current) #{To7-fE 8. FEMUEZE CTIIEEBIIA LN o To, KEREITALEE
P BT Tld. FERRIEE O 3 =M EEIC Y — R ERA B LT

(1.70 (95%CI : 1.04~2.77). p for trend=0.03), F£7-. BEE . Bk 08
HOEBWEN DV NFEFII Y — R EARBHETH -2, (B 91)

AV z—=F7r0a—7TRVIEL - RERZGZE Lz ak— Mg
(Swedish cohort of the Osteoporotic Fractures in Men (MrOS) study) (2%
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ML 7-BPE 936 4 (baseline B (2002~2004 45) O V¥4 ks (#PH) 75.3 7%

(70.56~81.0 %)) ZXRIZIRF T NI U LRE L E~DOREL ORREZ A L
776

FERAPD R0 LPREOYLE (FHEPH) (X 0.33 (0.01~6.98) pg/gCr ThH
STz, BITIRDUE 2009 F K N 2013 £ E T (1 8.9 £E[]) B 21T -7, IR
NI U LARET 4RI T, BERERONT (Fhn, BE, BMI & OB RTES)
TIHIE) ZAT oGR8 1 WA (<0.17 pglg Cr) (X3 55 3 MU AiHE

(>0.26 ng/g Cr) KO 4 WUALEE (>0.37 pg/g Cr) OEKOEHEENMET L
72o F72. Cox WY — REUFOHT (Z ATV« Flin, BE, BMI, HKE
B O KB OFBE CHIEE) 21T-o72/%., 2009 4EFFD Nonvertebral
osteoporosis fractures U A 7 O/ — RS EH L72(2.7(95%C1:1.0~7.3) .
p= <0.05), FEBUEZ OB OFEHTTIX, 2009 EFFD All osteoporosis fractures
U A7 DAY — RN EF L7z (3.3 (95%CI: 1.1~9.8), p=<0.05), (B 92)

AT x—7 O MrOS study) (2S00 L7554 886 4 (baseline Ff (2002~
2004 ) DOWHER (5~95 N—t L H A JVE) 75.83 % (70.5~80.8 %)) %
RIGITIRE A R 7 AREZ LIS &5 ~D 8 & o B % B 5

(mediation analysis) T L7-, ‘B#E X DXA THIE L7,

BRRP A NI U LBEOTEE (5~95 /8—% % A ) 1% 0.31 (0.11~
0.71) ngl/g Cr TH -7, BIFRIIT 2018 FEE T (14~16 M) BEFIZFTV,
BN 303 b o7z, BRE L HEEK TICHBENRA LI, JRET R Y
DIREE DAL 43%LL ETh o7, BUELFHT U A7 ITHERA LU, R
BRI LAREOEIFIT 1% ETHo7=, FELIX, ZNahooh R
U LI BEREPEIZ L > THERINDFHML X OEICEHEREE 2R3 L L
TW5, (B 93)

[ KNHANES 2008-2009 ©F7 —# % T, B4 1,275 4 (FEE#EFH 20
~64 %) EXBICMT S FI v MRELFEELEOBEZRE L, B5EIX
DXA THIEL, T A7 =<1 ZFEET &K L7-, eGFR X CKD-EPI X
THRH L7,

M N0 LREOKEEE (RS #HPH) 1 0.83 (1.04. 0.02~
6.04) pg/ll Thotz, v A7 4 v 7 EwaoHr (i, BMI, &, XA, #&
W, @i, BERAS, EEN L OYRF 2 F = R CRE) 21T 2%, kb
R0 ARERAMNY 720 OKBRE &K OKERE RO B EERK T O4 v X
N EFR U7z CRBRE : 1.83 (95%CI : 1.04~3.20) . KEEEREE : 1.50 (95%CI :
1.13~1.99))., eGFR & BHEEIZEEITA LN -T2 M, eGFR T 2 BRI/
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TRYART 4 v 7 ERor 21T 72/ 8. eGFR X THE (<89.86 mL/min/1.73
m2) TlHD FIvLARELEFEERTICEENALNT, (B 94)

c. ;H¥Hhig
FEE O T MR 804 4 (BB 357 4. Lot 447 44) A %I5:1C 2007 4,
R R0 LREEF~ORELOBELZHE Lz, 5% KT DXA THIEL,

-25<T 22 7= <-1 %%i@wrw IJr L 7=,
BERP D R I U LREOKMELE CGRITEERZ) 1£0.56 (2.79) (B
0.48 (2.67). % 0.64 (2.84)) nglg Cr TH-o7-, 19kl LD 327 £ % xt5:
ZUPRHH R W ABEEET 3RO, BV RT 4 v Z ERSHT (MRS o4
XIXHBNEE 2= T TRWAZERSN) 21T T2 %. 8 1 =ikt (0.5 nglg
Cr) (%9 %% 3 =kt (>1.0 ng/g Cr) O'EAIED A v X EF L= (35
P 1 3.37 (95%CI : 1.09~10.38) . ZctE :2.92 (95%CI : 1.51~5.64)), (B 95)

HER RGO A KX U AIEG YRR, PR OV G U R (2 E
D NE & - JETE e Bk 98 44 (57.83 i) | Lot 155 44 (53.67 1%) .
WA RGO B 81 4 (50.14 %) . et 162 44 (49.21 %) . H LT YR Hitk
B 1234 (53.3875%) . M 1714 (50.63 55%)) & XIRITE~DEEELFAEL
Too FHUERG 6 FHFH CK, XXV, G, £IH9B6 L, 225, KA) oMY
CINVEIEE LT, BREL ORI O R SI3RICHE R TIE D NITIELS . £, B
DL KIZHRTRERNWEZEZ LN DLW TRLEE Lo, Filn
AR UICRED FIULAEBRE, RPLCMAD FI T LNREOHFRIE (5~
95 N—t U H A )VE) I, FEIG Y, A R OVER VR YR U T E T L,
Bt 0.48 (0.27~0.65) g, 2.06 (0.44~4.52) ng/g Cr & X 1.37 (0.50~4.96)
ug/L. ZcPE 0.42 (0.26~0.62) g, 2.09 (0.30~5.66) ug/g Cr &8 1.25 (0~3.42)
ng/L, Bt 2.14 (1.77~2.33) g. 3.74 (0.19~7.53) pg/g Cr X 3.98 (1.24
~11.23) pg/L, %t 2.11 (1.76~2.33) g, 4.57 (1.43~14.02) pglg Cr K ¥
3.83 (0.88~11.51) pg/L. %44 11.00 (9.72~11.61) g, 11.23 (2.68~27.32)
ng/g Cr & 11 9.34 (2.41~26.67) pg/L. M 11.12 (9.63~11.62) g, 12.31 (3.54
~45.63) pglg Cr }2 10 10.62 (3.07~37.68) pg/L Th o7z, WTFHOEIZEW

b BEEICEEII A DN o T, B AT ¢y 7 BRSNS, A RIRRE
(ZMED ) RHE, F, WL OEE T 2170 ok, ZtEicsnT
DI, B2HEH FI 7 LEBEE<0.58 g DREL I L T>10 g OFEFCTEHHML X D iE
DF v R EF L7z (2.86 (95%CI: 1.14~5.16)), FH HIX. LB N T
DI, BRI RV LAEREOHEINC L > THEHAL £ YDIESEITORELRNE
KRB EWRBENTZE LTS, (B 96)
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2002~2018 FFICHE SNIKE, FEL ~LF— #HE, 27 = —F VRO
EVEOICHER 12 %) (MHl NI 0 LRE W, R\ FI U LARE 4, AFF
BRIV ARE2H) ZHCT, RP, MFSUIREF D K U ARELG~D
I ONWTEBNRET VDA ZT TV A EL{To72,

BRI Y A~OFL L BRRE R OVEHRLL X 9 E Y R 2 BN B3 2 6
iz (Fv X 1.35 (95%CL : 1.17~1.56)), JERIMENT CiL, 65 mlh ECix &
DAy XN E D> T2 (1.43 (95%CI : 1.08~1.88)), R+, M IIRFHT
YT TRRAT IR, R RS U AR L oE#EEA LA, kY baER
R ABEOA v ANEN-T= (1.46 (95%CI : 1.28~1.67), (B 97)

2020 - F TlITHE S NKE, FE, v — HER TR 2 —F DL
Bk 173 ORFH RITLRE 10 %R, Al I LARE 7#H) #HWT, R
HOIMHE R U LARELEF~ORBIIOWTEENRET VOALZT T
VAEITH T,

PR R0 AR L BEH L X D IEROVEIRAE Y A7 BN I ZBER A 5
=iy (v X 1.80 (95%CI : 1.42~2.18)) ., MLtFh K3 7 APREE & (XBE I
ootz (1.21 (95%CI : 0.84~1.58)), (1R 98)

1980~2020 FIZHE S 3CHR 21 D 89 T —F & FEHWT, JRHFD
RV ARELESODEBIZONWTEENRET VDAL T T A E{ToT,
F72, EFSA CLREED b v axxT 4 v 7 ETNVEHWTREENLDON R
7 LAERE A HEE L7, BMDS Version 2.7.0 % i\ T BMD,/BMDL ##%H L
72,

EIRDORIP A R 7 AEEOFHEIT 2.06+2.83 pg/lg Cr TH Y, AFETH
F5 EENHLNT (T YT N:4.31+3.45 pg/g Cr. A A :0.60+0.34 pg/g Cr).,
Fo BBEICHEENELNT (BM:0.8510.24 g.cm?2, ZM:0.74+0.28 g/lcm?2) ,
PRI B2 U AREOHANIENEBEME T T 28mAA 61, BEEITAR
ThHo7= (K2-35), BMR % 5% K% X 10% & L CHEH L7z BMDos,”BMDLos &
U'BMD1o,”BMDL1¢i%.1.81,71.71 }, 1*3.62,73.43 T - 7=, i LKV BMDLqo
DfE 1.71 pglg Cr PHHEE LTZBENLDOH FI U AERED health-based
guidance value : HBGV X 0.64 pg/kg (AHE/H TH 7=, (&0 99)
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Urinary Cadmium {pg/g Cr)

2-35 REAHFIVLERELEBEEEOER

BRIN 17 23E 2 HUNEE S 7=, 1979~1987 FE DR, ML % B & I
FHik b LA 21T o 1o, IRBIEEITIE O B E TRICZ < L 8 hE DT
— 4 D BRRAT L7 BB T O 6 A1 B 4 & b CHRB BRI LR L7 (M
2-36), BLHIFEICZE > T 3ZEOENH -T2, EEOZE X, LoET 11 f£,
BYET T b otz BHOBEEN RS EP-0ET —o y AT, b
RWOIZH R R CTH o 72, BLEOZEL D bEMNDOED T B RE Do
T2 s, IRBEEIEFORKE L CGREH XITEREN R BRPNEE TH S Z
ENRIEEI T, (BHR 100)
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1988~2013 A lZHE SN kE L B2 — L, B L X 5 JEME o R
IRAEE), RS, BRAEEIZOWTRRE LT, IKBEEIEITORAERITFEIRE & b
(N L7223, HEIME X M E D ISR & v o T2, IRBEEIE T O R AEROEWE &
BWEZ T 5 & ZMET 265 5, BHET 140 FF0Ebo&E b o7, KE
HEITORBAEROPIEZ, ALKERMNTROLELS, RNTT V7, B, 4k
T=7, HEK, T 7Y BDIEE o TV (K 2-37), BREAEIEHT OJERITE
HThy | IRBEEEITRORE LT, BEOLIELBNY, T4 T7AXAL, [E
SR, ARSRRER, BRI ELIN A M LT D B 2 BT, AEERRER AT
TR, R, #i ke & Ofkx e E OFREEIL, FEEE(LRR BT TR & IEOH
BRd 0., SLiEETEWEIEZ R LT, (B 101)
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i [E] KNHANES 2008-2011 ®F —# % T, 40 %Ll Lo 2,992 4 3,622
4 (M 1851 44, Mk 1771 44, VX4 « B 53.3 k. ZME 55.6 75%) (ifins
A SOIIFRERE DOBEERED & 5 N & FRAN) 2t G i KX 7 AR &8
FEMERTE R (chronic obstructive pulmonary disease : COPD) & o B3 2 5 A
L7,

MAPH I 7 AEEOHRRAE (25~75 /S—& 2 % A JUH) 1B EOXBEET
1.02 (0.73~1.42) pg/L. COPD E£T 1.26 (0.94~1.73) pg/L. LMEDOXIIEEET
1.31 (0.98~1.73) pg/L. COPD #£ T 1.28 (0.96~1.78) ng/L TH -7, I
BRI T LBET 4 BRSO, P RT 4 v 7 BRSO (G, BRI BKE
g, BMI, [XAKOHEERE CHIL) 21To /%, BEOSE 1 MO (<0.84
ug/L) x4 5% 4 WANARE (>1.64 pg/L) T COPD RIERD A~ XA EH
L7z (2.47 (95%CI : 1.59~3.84) . p for trend=<0.001), FEWRSEE D T DfFHT
THEMEDI COPD RIERD A v AN EH L7 (8.45(95%CI1:2.10~33.95) .
p for trend=0.003), (P& 102)

(4) DIER~NDEE
DOEMA

HARDA R 7 AISIHER SN TO AWM (THER L O IR (oETe—kE
MzktgE Lizak— MREICSM LU 50 Ll Eo B 1,107 4 K& Ok
1,697 4 (baseline [Kf (1993~1994 1F) DR FEE)Fhn (ST ERZE) 64.7
(9.1) WOV 63.1 (9.6) k) ZXIBRITIRF I NI 7 APREE & IERD AMEREIC
K DT GO A R R, PR aR iR BB M QR ER B OFNRYE) & DB
HARA LT,

baseline FFDO AR OB NI 7 AREOKMEE GRIEERZ) 135
M 1.8 (2.4) pglg Cr. ZMET 2.4 (2.6) pg/gCr TH-7-, 2011~2012 FF
T (19 4FM) OBHHERETIZ, Bt 472 4. &t 379 473581 L7-, Fine and
Gray competing risks model (Fine and Gray 1999) % H U THENT (GFn, BMI,
EEENRE, R, M EREORR, AE & OWE) 217 o7k, RPN
U APRET 4 BRSO T T UONIRNT CIEIER DS AR BIC X D501 & RS
XA BN oTe, JRPA R LPREE 1 pglg Cr ¥EA0T F A Lo igiind ifn. 27 7= F8
(IS PR A (IMRIZE) ) (2 K B SETE DY — REE2S 5 U7z GO i & v £
1.05 (95%CI:1.00~1.11), p=0.048, fixifn &% & : 1.08 (95%CI:1.01~1.16) ,
p=0.023. MMFEZE : 1.11 (95%CI : 1.04~1.20). p=0.002), (M 103)
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KE NHANES 1999-2004 ©7 — % Z T, 20 sl Lo 8,989 4 (FH4k
4,492 4, Ttk 4,497 £4) (WS ZFRAN) ORFEOMA S FI 7 ARE LT
(A, DMEREE, DEEBENE ORI LER) . BiE~DE2 (eGFR) I
M@ & OREZFHE L7,

baseline FF DR A R I 7 LJREE DR TFEEIEIL 0.28 pg/g Cr, A RI ¥
DT DA EIEIE 0.44 pg/L Tho7-, 2006 £ ET () 4.8 4£[E) DB
BRI 2, 524 43381 L7z, Cox Hefil W — REUGFoHT (R, BERE, L
A AR/, PARRIREE (et A) . BMI, IMHEHIRE, C KL MES v 37
“MeHDL 2L A7 u—)L, 2 L AT a—/ LG8, &IiE. FERE. eGFR., B2JE
KOG 2 F = RECTHEE) 2ITo-/R. DRIV ARED 20 X—k %
AVE RY 1 0.14 pg/g Cr. MH : 0.22 pg/L) &Ll LT 80 /S—k v X A )L
i (JR™ : 0.57 pg/g Cr. 1ML : 0.80 ug/L) TSR, OIEHEE, LFEE, @
B R UL LEMENEROBEEZRZR T DAY — NN B Lz (25
: JRA 152 (95%CI : 1.00~2.29), I+ 1.50 (1.07~2.10), L& % E -
PRH 1.74 (95%CI : 1.07~2.83), 1L/ 1.69 (1.03~2.77), L& : JR+ 2.53

(95%CI : 1.54~4.16), IfiH 1.98 (1.11~3.54), MMM E - JRYE 2.09

(95%CI : 1.06~4.13)), RHEXOMF A KI 7 LRET 3 BRSO T2f#TC©
. 7RI T LABESEINT eGFR K T OEE K OE MLEOEIEHIMMA A S iz

(p for trend= <0.001), (& 104)

K[E NHANES 1999-2010 OF7 — % % T, 40 %L Lo 18,602 4 (B
DOEIE CGRTIERERZE) 47.6 (0.4) %. baseline RED V-YJ4FERE (R (THE HE(F 72)
57.5 (0.2) mk) OIMHH FI T ARELLMEREIT & OREZHAE LT,

baseline FFD MLH 7 R I 7 LR EE DA E GRATEEHER Z2) 13 0.43 (0.01)
ug/L TH-o7=, 2011 FF T (FPIfE 6.2 F[H) DOBBRHARFIZ, 985 4 A%
BB THLE LTz, Cox @il ¥ — REYFSHT (MBI, AHE/RR, B, Ak,
MyEEE, M h B 7 A MfiF ¢ st 2 37 ROMLTE VS 7 B} O~ b
7 Uy MEIEML SR CHEE) 21T o7ofES, Ml R w7 AR 10 58004 7=
D OLMILERBIETFIX Y A7 B EH Lz (1.85 (95%CI : 1.15~1.59)), (=
% 105)

K[E NHANES1999-2010 o7 —# &2 T, 20 Wbl ED 9,258 &4 (B4
4,506 4. M 4,752 4) (@IED NZERIN) OFRFROMF T K0 LJRE
CaE, DMAEERBIZ L DR & O EZAE L7, eGFR | MDRD X &
CKD-EPI £ CEH L7273, CKD-EPI :D#E 4 AW CTRT 21T - 1=,
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eGFR T 3 Bt (IEFRE, (K TRER O ~EEK T IS0 =288 R
O A F R X0 LR EE DR EEE (95%C) 1%, £ E 4 0.33 (0.30~0.36)
ug/g Cr, 0.29 (0.27~0.32) pg/g Cr &£ 0.20 (0.17~0.23) pg/g Cr, 0.47 (0.45
~0.49) pg/L. 0.48 (0.45~0.50) pg/L %11 0.48 (0.45~0.51) TH Y, JRH D
NI U AREIL eGFR DX TIZE> THEIK T L7 (p for trend<0.0001),
FETIZDOWTCIE 2011 £ T (POl 7 1) BB 21T o 72, BUROHT (R,
NFE, Flin, ZERE, A, 808, BMI, #x /L —8EuE, KUOBREEET
FHHEE) ZAT o TR, D K0 ARERINI AR NGHE & OERR i+ o
A A B AL, FEBYEE T RIBROFER ThH > 7= (p for trend=0.0001) , JRHF 7
R AR L IE & OfENT (S 51C0I0E R B OBERERE CHlF) T REDE
DS BT DNRFICPRIEAMED eGFR F~EEK TR CHHE CTH -7z, Cox Lt
BN — REYF AT (MR, AFE, Fln, ZERE, DOA, 868, BMI, #xx/L
X — B, MR, O R OV O BEAE R TRREE) AT o TR
DERBIZ X DT O Y — RH trend DA EH L7z (2.18 (95%CI : 0.68
~17.01). p for trend=0.04) (ZMH 106)

K [E NHANES 1999-2012 O 7 — 4 % T, 40 LA £ 16,028 4 (training
set B : 8,043 4. testing set ff : 7,985 £423) OMLH A B v AR LM
PRIBIET & OB Z A L7z,

baseline FF DI H 7 K 7 LAEEOHRE (25~75 N—% % A VH) 1T
training set #£C 0.40 (0.26~0.66) ug/L. testing set # T 0.40 (0.26~0.67)
ug/L TH o7, testingset BED 5 H, 2015 4FEF T (FFRAE (FFH) 7.2 (0.2~
16.7) f#) OB FIZ, 256 44 230 MERE T LT Lz, Cox Huffil vt —

NEVG AT (R, PERI. TR/ B, WS I I B oD oD A J8E

oL 25—/, HDL =L 25 o—/L  BERSE & BMI CTil#) 24757~
R M R AR 25 N—R A A MEOREL B L Tl R A
REE 75 /X—t v XA VEOREOLINE R BT Y — REIX 1.60 (95%CI :
1.30~1.98) Th-o7=, (B} 107)

KEOT UV FIN, AT TR~ S — AKX 22PN T T ALK 3 XM ETe
TAVI AT 4T vaEkge Lizaks— & (Strong Heart Study

22 IEHRE 0 290, EEEEACTHE 0 60~89, I~EHAEKTHE : <60 mL/min/1.73m?2

23 JHZE TR T IZ DWW T, "We randomly split our study by a ratio of 1:1 into the
training set (n=8043) for construction of the CVD death-related ERS (Environmental
Risk Score) of blood metals, and the testing set (n=7985) for evaluation of
performances of blood metals, including the constructed ERS, for predicting CVD
mortality in addition to the established risk factors.” & Zt# L T\ 5,
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(SHS)) 12 L7= 3,348 4 (HPEMN 40%. baseline B (1989~1991 A=) @
A AR UERA S (FiPH) 56.0£0.1 (45~75) i) ZRZRIZIRF A RI T A
IR & E R GEBIIRME DR AR, IMZE TR ST A E) & OB EZ A L7z,

baseline FFDOREARAF A I 7 AREOHRAE (25~75 /X—& 2 X A JL1H)
1% 0.92 (0.61~1.45) pg/g Cr Th-o7=, 2008 £ T (F¥) 15 7)) Di1EHMY]
M2, 1,084 £ B ODIMEREZFIE L, £D 95 400 423 DIILAEREIZ K - T
T LTz, BRI R0 AT 4 BRSO, Cox Hefil ¥ — REYGSH (1
B, BMI, PAfCIKAEE, HEE, alrxX7a— #E LDL 2L A7 8 —/1,
B, BERIE, eGFR M OWE CHiHE) 21T 72465, 56 1 WOk (<0.61
ugl/g Cr) x4 54 2 WAONEE (>0.62 ug/g Cr) TOMEHRA. 5 3 USNLEE

(>0.93 pgl/g Cr) CTREBIARME IR B OV A, 5 4 WUALRE (>1.45 pglg Cr)
TR O AN — RN EF L2 (DA EE 56 2 TN 1.20 (95%CI : 1.00
~1.44). % 3 5L 1.30 (95%CI : 1.07~1.58) . 5 4 VU437 1.48 (95%CI :
1.21~1.80) . wEBIRMECEE 55 3 TU4A7 1.31 (95%CI : 1.056~1.63) . &5 4 4
AL 1.833 (95%CI : 1.05~1.68), LoA% : 2 3 UL 1.52 (95%CI : 1.06~
2.18). % 4 5L 1.61 (95%CI : 1.10~2.36) . Mz @ 1.87 (95%CI : 1.22~
2.86)), F£7-. &2 WUSNEE (>0.62 pg/g Cr) THSETS, %5 3 PUONLEE (>0.93
ug/g Cr) TLMEFERBIZ L DI, 5F 4 WoARE (>1.45 ugl/g Cr) CTrEdEhfRiE
DRBICE D ONAY— RN EH Lz RIELE - 4 2 UL 1.26 (95%CI :
1.07~1.48) . %5 3 MU57 1.36 (95%CI:1.16~1.61) . %5 4 MU43i7 1.58 (95%CI :
1.32~1.89) . D MERABIZ KL DI« 5 3 UL 1.837 (95%CI: 1.00~1.88) .
2 4 U537 1.87(95%CI:1.84~2.60) | eE @R LRI K D ST 1 1.51(95%CT:
1.04~2.20)), (£ 108)

KED SHS 22 L7 2,864 44 (ZctE)S 61.1%. baseline i (1989~1991
) Ol (BEERE) 55.9 (0.1) (45~T74) %) ZXGUTIRF I FI U L
TR L R EINRZE S (Peripheral Arterial Disease : PAD) (& BE#i i bt

(ankle brachial index : ABI Zf54524)) L OB 2 A L7~

baseline RFDJRH A R I 7 LJREE DR EE (95%CD) (X 0.94 (0.92~
0.96) ugl/g Cr Th -7, 1999 F-F T (PAD HIEDOH T 4.3 LT 6.9
M) B ZITo 7=, JRHED I 7 ARET 3 BEIC T, Cox il — RENG
OINT (R, AR, BB R, Mgk, BMI, BARRIRRE, =L 27 o —/1 #E LDL
alL 27 u—/, EmiE, FERF. GFR KL OWRE CHE) 21T 7-fHR. F1
ZONERE (£0.71 pglg Cr) IZKkHT 255 3 Z/NhikE (>1.23 pugl/g Cr) THRAHEIR

24 ABI 230 72< & B R T<0.9 ik >1.4 T2,
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O© 0 1 O O = W N =

W W W W N NN DND DD DD NN DN PR B B om ek ke k1 )1
W N = O OV 0 N O U b W N = © O 0 NN O U b W N = o©

PR NP — RER EF L7z (1.96 (95%CI: 1.32~2.81) ., p for trend=0.02)
(21 109)

KENZBWT—REMEZXSR E LT-2dh— Fii#& (Geographic and Racial
Differences in Stroke (REGARDS) 25) O INE DG e A %€ 2 38 5E L
72 680 A AEJERIE L, TNEads— bEENS T X LHH Lz 7 ak— b
2,540 4 (i 53.4%. baseline I (2003~2007 4F) O N-YJ4EHS 65.9 %) & %
e, R R LRE LR M MEEE & o B A 4 LT,

baseline FEDJRH 71 K I 7 AJRFEEDOHIAE (25~T75 /S—& > ¥ A JVfE) 13 0.42

(0.27~0.68) nglg Cr Th -7z, 2012 4FF T (CFH 7HR[) B E21T-o7, K
i R0 ABET 5 BECT. Cox ey — REYZSH (Fils, MRl A
B, Aln-PERI - ARl NFERE ALBELR, R, A, BMI, FRME B {RyEE),
BERIE, HDL/LDL = VA7 m— Lk, C SRS 287 | MG v o LR
M OVRH b RYREETHMEE) 21T o 7ok R. 5 1 it (0.24 pg/g Cr) 1254
%5 5 TAikE (>0.78 uglg Cr) THEMAMEMEZE D N — RS EF L= (1.50

(95%CI : 1.01~2.22, p for trend=0.02) , 22 L 17 HEHIREE DI THRE D

(1.82 (95%CI : 1.06~3.11. p for trend=0.004) ., FEWLMEE CTHHE 7= (1.27

(95%CI : 0.80~2.03. p for trend=0.29), (ZH 110)

KEO~HFa—ty VINCBW T REMEN S E LI-ads— A

(Boston Birth Cohort) ®ZMFE D 95 5, 1998 FAZFRTIE & 2 W S AV 7 iE ]
BE 115 44 (HHPEV-2)F i 29.1216.17 73%) & X RREE 1,159 44 (HHPE V-5 4R i 27.99
+6.31 %) & X GUIERIRHRAFIE 21T > 7=, BT ER 24~72 FERILLINIZAT -
72

FRILER D R I 07 NEREE O P RE (25~T5 78—t v & A JUHE) IZIEFIRET 0.8

(0.6~1.1) pg/L. XfBEETO0.7 (0.5~1.1) pg/L TH-o7=, KRiEkFH K
DUREET B BRI, Mmoot (HHPEMFRS, AFE, ZEEE. MERE, EIRHTo
BMI K OMEHE Hh OWE CRAHE) 247> 7= G 8. 5 1 FNCRE (0.04~0.39 pg/L)
kP9 25 5 I NLRE (1.19~4.76 ng/L) OFRRHEDHHE S (Prevalence
ratio) 78 trend ®A EH-L7= (1.86 (95%CI : 0.98~3.50). p=0.06,

p for trend = 0.009), (M 111)

Ay z—=7rOa =7 R IIEL fREMZHR L Lizak— FHEICS

2 fgrEth oFEERDE < AP OERK T OFHRN @V KE ORI (7 Z7 <M T
— A=W Ta =TI AT TR Iy eI, =R a T AN Y
UAIaZA M) OEREENLTWD,
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O© 0 3 O O = W N =

W W W W W W W DN N NN DN DD DN DN DN = = = e el e el
[«) NS B NSO \ I = N- R e < BN e ) U B NG \C Y =N c e o B e S ) N R \C R N e

L 7%t 458 4 (baseline I (2001~2003 4F) O4ER 64 1%) (DN A, 18PERIE
PEZR B SO LB DR REBE Z RN 2/ RITRFP LA D R I T LRE
ERMENRE AR (ABI 2MEW (<0.9) Z & Z246HE) L OR#EZ A L-, x58H
(X, TPEREIETR . 5B, SUIHEIRIEOLZMED O [FIFREEHR L 72,

12 RIS R LT RF N FI U LMREO K MH A R v LREOHRAE (5
~95 X—t & A )UH) 1% 0.35 (0.14~0.96) pg/g Cr %1 0.33 (0.14~1.65)
ug/L Tholz, FAE 5.4 (5.1~6.7) FHMBHZITo7, RAELOCMA S K
ULRET 3RO, B VR T ¢ ZEMRHT (B, IGHE M+, HbAlc,
TRV RE X7 BIAT, AHF A7 R ONE R THEGE,/ T GERE S 4 IR C
) EATSToRER. IR I U MRES 1 =/Ai#E (0.06~0.28 pg/g Cr)
2k 25 3 ZpikE (0.46~2.06 ng/g Cr) DORMENIRE RO A~ XS E5H-
L7z (2.5 (95%CI : 1.1~5.8), p=0.037), #MpafE#E5%+ 1 (intercellular
adhesion molecule-1 : ICAM-1) TI#HE L CHLERIIEZD L o7, ILHF T R
IULARELOEEIIA LN, (B 112)

A7 x—F > MDCS-CC) (Z&IL7= 4,639 4 (B 1,875 4. &t 2,764
4. baseline IFf (1991~1996 ) O YHJ4FE|R 57.4 k) ZXZRITIMF T FI D
LR & B RGN T — 7 L OBR#E A A Lz, s NI U AREIER
mERF T I U LREE~A~ N7 Uy MENOHEH LT,

M R AR OSMELEIE 0.31 (B 0.29 (5~95 X—k L & A1 /L
fil : 0.09~1.60). #M:0.32 (0.11~1.61) pg/L Thot-, MLHFH NI 7 LJEE
IZED AR, v AT ¢y 7 EUROAT (MR o, B, ZEFE. &
RIGEN A =7 @98, AP, WGHER i, LDL/HDL = L 2 7 v —/ L HER,
HbAlc, c SUGHES > 37 | BEIERIOMS . BREIR TAIONTT . BRI, B &
OVRVE E L TIRTE) 21T o 7o/ 5, 35 1 W AifE G EEME 0.12 (i
0.03~0.17) pg/L) 29 5% 4 WUARE (1.04 (0.50~5.10) pg/L) DA
BRI T — 7 OFRRO A~ X EH L= (1.3 (95%CI: 1.03~1.8) .
p for trend=0.029), FEMLEE O H OfFEHT TIXREEIZA 72 o7 (0.8

(95%CI : 0.6~1.1). p for trend=0.40) (ZH 113)

A7 z—F O MDCS-CC IZ&MLT- 4,819 4 (B 1,958 4. ik 2,861
4. baseline Ff (1991~1994 42) O FXJFfn = FEHERRAE 5710.1 %) & XIRIT
MAH R T AREL LDMEREA R NROFETEREOELHA L, @
il R ARETRMERT T RIS TAREL~A~ N Uy MEWDEHE LT,

MAA B2 LJEEO P RAE (25~T75 /X—F& > & A L) 15 0.26 (0.17~0.50)
ug/L ThHo7-, 2010 HF T AT 72, BRI FIZ, 882 4N E1C LT,
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O© 0 3 O O = W N =

W W W W W W W DN DN DN DN DN NN = = === = = = = =
[«) NS B> NSO I =R Nc e <R e ) U S) B -G \C I =l . B\ BN e N &) B O R\ e =

M RS 7 AREET 4RSS, Cox ELfl Y — RIENRAHT (MBI, B2 AR
P, 2E. HIRIEE), SO8, 1iE e, HbAle, C SUBMES > 37 | BARRIR
HE AR /LB E RS BRIE A BE DR IP L R e TR SRR i)+ X% O LDL/HDL
L AT O L CHE) BTo MR, B 1 AR (<0.17 pg/L) (Xl 54
4 DM5prEE (0.50~5.1 pg/L) DOR2AMEHENRA X2 b, S OAREZE, F 7200
FHEANR N, WP EIERAEZE, 2T, DILERERBIC K DT O N —
RS BER L7z (NP — RELo#EH - 1.6~2.1),

FEMRIEE D B DT T H , BT LS DAY — FHITAEEREE TH 72 (N
P— RELO#I : 2.2~2.6), (B 114)

A7 =—7 @O MDCS-CC IZ&MML7= 4,156 4 (5™ 39.2%. baseline HF

(1991~1996 ) DO F-L)Ffn AR HERR A (HiPH) 57.315.9 (45~73) %) (I
FESEDBEEEN & 25 N & BRIV ZxtBICifh NI o AR &l e &
OHEAZFAE Lz, Ml KU AREISRMEKF D R U LARE L~ 7
Uy MENSEH LT,

2010 FFE T (FH) 16.7£3.5 ) B EZITV, 221 £ DRI AENFEIE & 21K
ENTc, SEEIRT 7 — 7 13BME D 34.5%ICH BV, A K v ABETT T
— 7 DHDHANDITNEN-T- (p<0.001), IMHH K 7 LEBET 4 BEZHT
Cox LB N — REUF AT (GEd, MERI. ARBH, B2 BERRIF. ME, BEEA,
LDI/HDH = L X7 a—/ b, &iRIERE KL C KIGHES 87 THEE) %17
ST-FER. B 1 WONEE (BPE<0.15 pg/L, &M 0.18 ug/L) [Zk4 2% 4 W4y
NRE (BPE 0.47~5.07 pg/L, M 0.49~4.83 pg/L) DOREIMPEMEIED P — R
s ER L7 (1.66 (1.01~2.72), p=0.040), (ZH 115)

A7 = —F 2O MDCS-CC IZ& M L7 4,304 £ (B4 1,764 4. ZctE 2,540
4. baseline Ff (1991~1994 F) O F-EJFfs (5~95 /N—k& & A /VfH) 58 %

(48~66 7%)) Z BRI NI 7 LEEZA LB L LS R B o34
RN OFET R E OB Z B8 (mediation analysis) CTii4r L7z, M2EEE
DIFNT 4 BRI LT GFBYEE . REIM (PO To s 5 FLLE) Bl
O TOBREEE | T E T (RO THE 5 ELIN) OhoTOBREE | BEDE
), s R U ARERINERY D RI T AREE~< 27 Uy MEND
HH L7,

baseline FFDMLH A R I 7 LREDOHIE (5~95 /X—& & A /VE) 13 0.24

(0.10~1.52) pg/ THH, O TR OBEOBRER CTlIEro7z REET
DO TOMBYERE :0.36 (0.15~1.11), BIEOMEFE 1 1.00 (0.22~2.46)), kf
IRA X2 Ra 2010 £ T (16~19 FEf]) BB U7z, AAFSI300NE b R HE
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(accelerated failure time : AFT) &5 /126 3&/E2% Aalen IIEANY— REF
S K > THMW LTz, BHEDMBRIES TIX T _RCOBEA X b (BrEEEIRA X
Vb EEAEEBIRA N M MR DIERBICK AT, 2FLE) ThE
TR OB (AFT 7 1) KUOFAERDO EF (Aalen E7 V) BAA LU, 1L
HF R T AREOENRITH A~ % Tholz, FRICEEREEIIRA R
kOIS RIL AFT 5 /L C 48%., Aalen E7 /LT 58% & EnoT-, HH B,
7R ASBYEE R O.LIMAE R BICEE B E R L TnDH E LTS,
(& 116)

AT z2—FT DA =—THR), VJovz—UEr 7, /A ARy THRIVA,
UAFRORT THFIZEBNTEMEXRE Lizadr— F#& (Swedish
CArdioPulmonary bioImage Study (SCAPIS) ) IZ& /N L 7= 5,627 4 (J314% 2,734
4. i 2,893 4. WHIERS (REPH) 57+0.1 (50~64) %) A XIEIZ. 2013~
2018 FiTiHF o K I U ARE LRI LT AR a7 L QR EEZ A LT,

s Ko AEEOFRIENT 0.24 ug/L TH Y, B (0.19ug/L) Lo b4
P (0.29 ng/ll) OFRE-T=, M RI T LARETAFESOT, KUY v
[ElR AT (e, PERI, B mif e, BEIRIE. ZFIEOBEERE, & O LDL/HDL
AL AT m— VTR 21T o TR, B 1 U AR (<0.16 pg/L) 12X 5%
% o4 WAL EE (0.839~8.5 ng/l) OEEARD V> T AR T OFIHREE

(Prevalence ratio) 78 E&- L7z (Calcium score>0 : 1.1 (1.0~1.3). Calcium
score>100 : 1.6 (1.3~2.0)), FEMEE DL DT IZIB N T HIZIEFRROFER T
& - 7= (Calcium score>0:1.1(0.9~1.3) . Calcium score>100:1.7(1.1~2.7) ),
(&R 117)

AL DAY ¥ R — RIZBWT —REMESLRE Lizak— bk
(Hortega Study) (Z&IL7- 1,171 4 (BB1E 51.7%. baseline Kf (1997 4F)
D) (HEPH) 47.91£17 (156~85) k) ZRZRITIRF A NI 7 AR &0

MEREE L OREZ A LT,
baseline BEDRH1 7 K I 7 AJEEE Ol (25~T75 /38—t o % A JLfE) 13 0.38
(0.23~0.64) pglg Cr THHo7=, 2015 £ F CTEMAEZIT 72, JRFP I RI T LR
FEC 3BT, Cox il — REVFSHT (HER, ZEHE, BUE, JRA =T =
Vi eGFR. Jm{E#ls, HDL 2L 25 u—/L hal 25 a—/L J5E R
JEVRHE, I ETRPE, BRI & OERR M TR 217728, 5B 1 =L

26 ¢ R RFEE TORME S BEW L-IEET L THY . AT — REF LI
bHEFILE SN TN,
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BE (£0.27 pglg Cr) 1ZxI9 5% 2 =il (>0.27 pg/g Cr) KOV 3 =ikt
(>0.53 pglg Cr) TLMMERBONY— RN EFH Uiz (GF 2 =000k : 2.27
(95%CI : 1.44~3.57). KO 3 =/ kf : 2.31 (95%CI : 1.47~3.65)), (=

A2 118)

(5) A

OER
a. EMA

H AR D 9 MmO LT &2 %f 5 & L 7= 27k — M F%E (The Japan Public Health
Center-based Prospective Study) (21 L 7= 90,383 & (B4 42,032 4. Ztk
48,351 4., BAtAD 5% (adh— K1 : 19954, 2adk— K1 : 1998 4F) %
baseline & L7=FEDFIL 45~T4 %) Z R RITEFHR I I T LRE L RN
EOREZMA L7z, FFQ (138 HH) L HAKD JECFA ORI FI T
LREEOT — A RX—ANLRBHER T IV LABREZHE Lz, EAEEICLY
TRNAXF—ERETHELZEFF I NI U LAEBREOEHHEIL 26.5 ug/El T“
zbof:o 2006 F-F T CFE¥ 9 F[/) OBHHFEHIZ, 5,849 47 dH H7-IC

Wiz, BFER Y FIULAEBREEZ 4 #2217, Cox I~ — HEUFH

ﬁj‘*ﬁ (FFfim, Hilsk, BMI, W2BE 8108, RIRO S ATEEIREH, BlE (B, KE.,
B, B, BARRER R VE CAIOEROFE (ZHhEo&) CTHRE) 217
SRR, BFP D KX U AEBRE &N AFAEICEEIIL BN -T2, SBAL
Z L OREBRHTIZ ISV T S BEE I A B d o7z, (B 119)

AARDEIRIZEHBWNT, 2001~2005 FIZHN A & 2 S BFRE 390 4
CE¥JHHR 53.8210.6 %) & xHIREE 390 4 (CE¥4EHR 54.010.2 %) (W T4
OFEHFROFIPFIL 20~74 5%) (=R F—EHE<500 Xi3>4,000 keal DA
wERAN) Z BRI AT 21T > 7=, FFQ (186 THH) & HARK X JECFA
DEHLTH RI T LBEOT —ZRXR=2ANLRBHFHPH FI 7 LAEREZHET L
oo TRNAX—EBRETHELLZEFEH D FI U LABIEOFLEIL 26.4 pg/ H
(FBRERET 245 ug/H, MBEET25.5ug/H) Tholz, EAEICL D =L X
-—%EH&ETHH’*& L7-BHFEP I FIvAEBRES 3 BICDT, v AT ¢ v 7H
oM (AR, Rk, PARRIREE, SYIRTEEIE., FIROILS A DOBEEE, HE
Ei&&tﬁ%ﬂ&% (Y T7TR, %?\**K WERLX—) THEE) 21T TofE R,
BRFEFD FI U LAEBIRE LD AICEEIIA OGN o Tz, FEBEEEE O ZOfE

2T aR— M1 (1990 HI2BRAR) A TR, KB, EBR, P, 24— M0 (1993
FEICBARE) « RO, BB, SR, R, KRBT, iR
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O© 0 1 O O = W N =

W W W W W W W DN NN DN DN DD DN DN DN = = = = =l el el
[«) NS BN SC I \ I =R Ne e <IN e ) U2 B G O =Rl o R e N R \C R e

HricBWTHEEIX AL N2 -T2, (B 120)

b. NARL

BARDH K7 LHEG SN TR ORI (FEER R O IR (T — AR5
Maxtgd Lizar— FREICSM LT 50 L EO B 1,067 4 & Otk
1,590 4 (baseline Kf (1993~1994 ) D&M Fln GRTEEERZE) Bk
65.5 (8.2) kM O 64.6 (7.9) k) ZXZRITRHF I I T AREERT LD
B & FH4E L 7=, baseline FFDREFRF DB K I 7 AJREDORMELIE (S
PEERZE) 1TBEMET 1.8 (2.4) pglg Cr, %1t T 2.4 (2.6) pglg Cr TH-o72,
2011~2012 4= T (19 4E/) OBEMARIFRIC, B 472 4, %ok 383 %753‘
C L7z, IR R U NRET 4 BRI, tt{ﬁwf RlEM o (BRI
i, EYEIARIE ., FR. DR, BURB N OWE oI ER, Tri'ﬁ%bﬂirﬁﬁ FF
. DR, EMLE L ORI CTEE) 24T o 7ofE . BHETIEE 1 U ArRE
(<1.14 pg/g Cr) 1Zxt9 55 3 WA prfE (>1.96 pg/g Cr) . 22 TIEE 1 WA
Bt (<1.46 pgl/g Cr) (X9 2% 4 WNIEE (>4.66 uglg Cr) ORIFETRO N
— RN EH U7z (B#E: 1.35 (95%CI : 1.03~1.77). p=0.032. &t : 1.49
(95%CI : 1.11~2.00), p=0.008), HMEDIIIT>7-EE (non-smoker, Ex-
smoker. Smoker) T/ 7= J@BIAENTIZ RN T, BEF BT DB TRO N
— RN EH L7z (1.61 (95%CI : 1.30~1.99). p= <0.001), (M 121)

HARDH K I U ACIHER ST Ze 0k (FHER L OVE IR 12T — s
MzktgE Lizak— MREICSM LU 50 Ml Eo B 1,107 4 & Ok
1,697 4 (baseline IFf (1993~1994 4E) O (i LH5)4E ity (%’%ﬁ#‘%ﬁ%) 64.9

(9.3) ik & V*63.1 (9.7) %) ZXRITIRF A RI U LREE DA DT (
DA, BN, KIBGDA. BN A, FHES AL OEES A (B i@%k)\ i
VElgns i (ZctEop ) & OB %54 L 7=, baseline H#@i'ﬁﬂﬁ%tlﬂ@ﬁ F‘i r?
DB DTN (SRR 128 MET 1.8 (2.4) ugl/g Cr. &MET 2.4

(2.7) nglgCr Th -7, 2011~2012 FF£ T (19 FM) OEHIFHIC, Bk
472 4, etk 379 4 NHE1E L7z, Fine and Gray competing risks regression
model (Fine and Gray 1999) % FVCHEHT (FEfin, BMI, “FXEIARIE ., &)+,
JEAEHE, BB OWRE) 21T S TSR, IR FI U AR 1 pg/g Cr #51T
LED D S ONFENE DS AFETE D Y A7 s R L7 (&8 A : 1.06 (95%CI :
1.02~1.11). p=0.008, il : 1.13 (95%CI : 1.03~1.24), p=0.013), BIED
FNAT - 728 (non-smoker, Ex-smoker. Smoker) 2 X 2f#HT Cld, FERAME
Bl U TR D2 Ay RIBDS AR OFTINASELE DU A7 s BEH- L7,
(& 122)
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KE DNV A T FIN DRGNS A DI AR ) E O HE 2 BV T 2001
~2005 FD BN IFENRS A & ZWF S dL7- BB RE 69 44 & RFIREE 158 4 (W o
HEH 70 sk LL EOEIG DY 40%LL 1) Z st GUTEBIR e 21T > 7o, IRV R
U LIREE 0.5 pg/g Cr T2 4 BEIZ/0 1T, v AT ¢ v 7 [BUFRSHT (HHER D4
v, NFE, PERI, AERMLEE . BIfE MRS BE ., SRR, FEES A DK
TRIE CIiFE) 24T - =555, <0.5 pgl/g Cr BEIZ %9 5>0.5 pglg Cr BEDFEN# S A
DA v RN EH L7 (3.34 (95%CI : 1.38~8.07)), Wk (A THUfHE

(pipefitter) . Bl L (Plumber) XiI¥a#2 T (Welder)) . 472V O &I
BHEE (KA., R, K, BY) CHOT LI cb 4y X EF Lz, B
J& (Never., Former, Current) T/yiJ 7z @RfENT TIXBEEIZA LI D o T2,
(&1 123)

KEOTU b N FET—REME SR E LIzadm— FiA& (VITamins
And Lifestyle (VITAL) cohort) (Z&N L 7= R4 D&% 80,543 44 (baseline B

(2000~2002 4F) D EHJFEHE 61.3~62.2 %28 (50~T76 11%)) (MNALZWrEh
72 A, TRV F—EEE<600 X3>4,000 kcal D AEERIN) ZxtGIc/RFEz L
NI U LAEBREEREELNA L OEELFHE L, FFQ (120 JHHE) & US
FDAD F—HFNE ATy NAXT 4T —HOLRER N NI v LAEBREEHEE
L7ce BEPH FI U LAEREOFEEEERFAE @) 13 10.9+24.9 (0.5~
55.7) pg/H Toh-o7=, 2009 F£T (¥ 7.5 FM) OBBHMIZ, 1,026 4
W BT AR A L2 Sz, BFEP D R U LEBIREL 4 FHTHT,
Cox bl Y — RElsoadr (., BIE (mxr¥— B, Wb, #9).
BERE, NHE, AR/VE EBRETREEE, B BMI, S IARVES), 8B, WIES
. v LFEX I VEROFEL N~ ET T 7 4 —REOHECHE) 2175
eGSR, BERD R U AEBEEERFHEEALNA & OBEIIA LR o T, B
/& (Never. Ever) THUT=REAIFNTICE W T HBEIIALN -T2, (B
124)

KED 2 m— FA (Women’s Health Initiative study (WHI)) (&L 7=
PARR. D4t 12,701 4 (baseline FF (1993~1998 &) D4Efin 50~T79 %) (A%
I EBZMTENTZ ANERRA) D, WHI SN H S 7RIS A &2l S

28 WUANERE S LA ERER AR STV D,
113



O© 0 3 O O = W N =

W W W W W N NN NN DN DN DN DN = = e e e e e e
N N =N -Ee <IN B e NS >N SR N =N cRe J RN e NS B N S R R =)

U7 508 44 & KERERE 1,050 £ 2 X SRUTIRF A R I U LJRE LREMEILNS A L O
BEZ A L7 (Fr—Aadk— Mid), 2010 4FE T (FRfE 18.2 4F) Bif%
1To 72, baseline FFOFRRF OB R I U LAREOFHE (26~T5 /X—& ¥
A IUE) 13ABERET 0.58+0.36 (0.32~0.71) pg/g Cr. ¥ FEEET 0.63+0.50 (0.33
~0.77) pnglgCr Tho7c, JREH I T LRET 4HIZ7T, Cox il ¥ —
RNEVGotT (FFils, PIPEFRS, PARERS, FIEOFLN A DOBEIERE, B, BMI,
BERE., R, RVE VFEOR R OTHERY THEE) 21T 2%, RED
R0 LEE LRI A & OREII Do T, FERNER O I DfifkT
IZBWTHBEEIIA LN -7z, (B 125)

KEOT —H Y —I, TAFTTMNEORI X—=UMNDar— & (The
Health and Environmental Exposure Research (HEER) study) O&E O 5
H. 2010~2012 FEDORICFENIEN A & 2R S -BERE 631 4 (CEXFEHm
60 (18~81) k) & kIHAHE 879 4 (CEY4Fn 63 (18~81) ik) % KIZITIEFI%S
I AT o7, R R I U LAREOFEE ) 12 BFHE T 0.037(0.005
~0.417) pglg Cr. XFPEEET 0.041 (0.006~0.649) pg/lg Cr THH7=, B YA
Ty ZEESHT (BE  ANHE, MSIDIRAE, BMI, PHRSA e, WS, SZ@hMe
W1, HPERIS, (REHINE, BER., FEOE NN A OBEAER, HIK
BIVE AEFLORWT R ha X< R RO REERERH OF #, BEEE (FL23
Aoy SNERDS A TEARIE, FERRF) . BEARGER, AHAZ2 7@, #RETE oM
B (T4 U ROFF) Tl 21707288, IRP D K o AR 2 (55N
THFENEN DA XD B U7z (1.22 (95%CI:1.03~1.44) . p=0.0212).,
WG4y XD EFRII A N7, (B 126)

A7 x—7 »® Swedish Mammography Cohort (Z&41 L 7= &M 60,889 4
(baseline IKf (1987 1) DY) n 54 k) (DA LzWr vz A IR L
72N 3sd &R T D= R —EBIEDO NERIN) EXIRICERFRT FI Y
LEERE & RE LRI A L OB E AT L7, FFQ (baseline Ik 67 YA H
V1997 4EREF Q6 THE) E AT = —FT U ORMTH RI T AREDT — X _—
ANHRERFER D I LAEREEZHE LT, RAECLY R VX —EBRET
LI ESER D R v AEBREOFHEIL 15 pg/H2ThH -7, 2009 £ T
(CF¥)18.9 /) OBHMRITTIZ, 409 403 H b7z fg B MEINEN A L2
Wrs iz, BFEPD FI U LAEBIESZ 3 BRI, Cox I N — RElRoHT
(FFEfn, BMI, ZEFE, #REaE, B RHTEEE A OF I, PARFE., RLE

29 55 2 = (HED I,
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UEVEOFHE . HPERI R OWIPEER TRi) 21To -8R, AP FI A
TR L R RIS A BT A S o o, FERRIERE O B DRI R
WTHEBEIX A LN o T2, (B 127)

AT = —7 O COSM T LT BIEF M 41,089 4 (baseline Ff (1997~
1998 %) O4EW 45~79 5%) (DA UTHEIRIE & 2B s A, 8 s.d. & i d
HT RN X—BRNED NEERIN) ZXGCRFF I R U LARE ERISRD A
EOBEAFAE L, FFQ (96 HH) LAV —FT VORMT Y NI 7 LARE
DT —FR=ANLEEF N NI 7 LAEBRELHEE Lz, FEEEICLY =L
F—ERECTHEL-EFET D NI U ABIEO FE - EERFZIX 19+53.7
ug/ H CTH -7, 2006 % T (FH 10.8 4E[H]) OB HIZ, 3,085 40135 5
TACHINE RS A 2l & intz, BFFH RI v AEBEES 3 BEHZO T, Cox bt
BN — REYFHT (., RO RINLARD A OBEFERE, 206 4F 5. BMI, B,
1 HoOFRIGEhE, BYE, —x L X —EBlE, GELOERE (BLy - Yay
Y. ANT T L) THEE) BAToTCRER. H 1 =0 (BFERN FI U LAER
BEOHIE 15 (<17) pg/B) IZX3 58 3 =4 Aiff (22 (>20) ug/H) DRI
RS A DY X7 b (rateratio) 25 ES-L7= (1.13 (95%CI : 1.03~1.24) ., pfor
trend=0.01) , J&BIFAEAT Tl BRIFMEDRINLAR DS A % BRI R O 4 4 (Never, Ever)
THT TN LIRSS, Ever BEO U A7 RN EH- L7z (1.45 (95%CI : 1.15~
1.83). p for trend=<0.01), (M 128)

A7 =—7 ® Swedish Mammography Cohort (Z& 01 L 72 FARR# D £k
55,987 4 (baseline I (1987~1990 ) D F-EJFn 52~54 5%30) (25 A XITHE
PRI LW S oA, 3 s.d. BT 5 =R —BIED NZERIN) EXI5HC
BREFDRITVIRELANALOMEZFE L, FFQ (67THH) AT =<
—TUOREMFNRITAREOT —FRXR—=ANLREHEF N NI 7 A EREE
HEE LT, BAEEBICIYV X VX —BRECTHELZESEY D FI v AEBIE
DOIHE EAEHER AT 15+3.2 ug/H Th o7z, 2008 4% T (FH 12.2 )
OB I, 2,1124 08 L ICHNA L ENTz, BFH I FI T LE
HUEC 3 BEICAr 1T, Cox Hefl ¥ — RalJm oot (FFiin, & K. BMI, #HEFHK,
18 BT ERAE F OB M, AT BIEOR T, WA, PR, HPERIEL,
WIEFH, fl, 7V B v 7 AM A UERE (X — 8% - 53 Tl
) AT T RER. 1 =00kt (BER R v A8BIREOFRE 12 (<13)
ug/ B) (kT 25 3 =4t (17 (>16) pg/ H) DI A D Y R 7 L (rate ratio)

30 Z NI LT LD A i,
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N EH L7 (1.21 (95%CI : 1.07~1.36), pfortrend=0.02), B®FH I FI v
LIERUE & AR K N OB R E A & DY BRI Tk, BAER T Ry
LEHRENE . SR K O EOBIEDORWEECREN L VEHF IR -7
(1.60 (95%CI : 1.28~2.00)), (M 129)

Frow—rO—FEMERG L Lizadk— Fi#& (the prospective Diet,
Cancer and Health (DCH) cohort) (20 L 7= A% O &t 23,815 4 (baseline
F (1993~1997 ) DV 57 % (50~65 %)) (DA &2l S iz Az b
ON) R BICEEFR D I U LEBREE AN A FENEN AL CINER A LD
BIEZHE L7, FFQ (192 HE) LT v ~—2OREF I RI U AREDT —
ARX—=ZNORFHRD RIVLAEREZHE LT, BFH DI FI U LAERED
SEEIE (5~95 N— v Z A UHE) 1% 14 (8~22) pg/H Tho7-, 2010 £ %
T (CE¥ 13 4EH) BB FIZ, 57212 1,390 A AL 192 408 FH
NS A, 146 A WINENA 2B STz, BFH DI NI U LAEBHRET 3 BEZ
. Cox Bl — RIENG ST GAEFE. B, MER. WIEFE, FL
B UMIIEIE, BVE CMRIERIEER, MR, BML, &R, S IRTEE) R OER
B CTHEE) 21T /R, BFF I FI U ABRE LD A, FENEDA KD
PREEAS AU & ORI A B hyo 7=, BE (Never, Former, Current) THyi/
T ERIRHTIZ B W T L B# I A D e h o 7o, (B 130)

Fv~—27 O DCHIZ&M L7= %M 26,778 4 (baseline Ff (1993~1997 4F)
DIFHJFEE 57 % (50~65 i1%)) (NA LS AERIL) ZxtRic/ET
71 R 7 LAEBEEERINRN A & OEZFAE L7, FFQ (192HH) &7 o~
—JDOREEFH FITLBEDT =X RXR=ZAnLRHFEPH NI v LA ERELH
E LTz, BFEHRS FI U LAEBIREOFE (5~95 X—& % A /H) 1X16 (9
~25) ug/H Toh o7z, 2010 F£ T (V14 13 /) OBEHIEITIZ, 1,667 4
W& BIIZHINI R A LW S iz, BFEP S FI U LAEBIRET 3 BITHT,
Cox I — REYFHHT (FEFH, B, BMI, V=X h b v 7HEOHIEK
TEE)CHTE) 24T o7/ R, BFEP D R U ABEE L AN A & o BT A
S o Tz, BE (Never. Former. Current) THr) 7= EBIFENTIZEB VTS
BLE X B e o T, (BIR 131)

b. NAREL

[E NHANES 1988-1994) @7 — % # W T, 17 bl Lo 15,673 4 (B 1k
7,455 4, M 8,218 44) (NA L@Mrani- NEFRSN) DR LI H I K
U LPREE L DB AET E OBENTEE S 7z, baseline FEDJRF A K I 7 ARE
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DA FEIMITENET 0.252 (95%CI : 0.235~0.271) pg/g Cr. &1ET 0.352

(95%CI : 0.327~0.379) pg/g Cr Th -7, 2006 £ T (B : FH 13.4 4
M. 2z ) 13.8 ) DBBFIM I, Bk 420 4 KLUtk 303 47033 A
THLE L, JRHPA R0 ARET 4 B0, Cox el — RENTRHT (F
v, BAEE BMI, HZEFHELPAFETHEE) 21To7bR, BHEOH 1 ~3 M5y
NERECK T D8 4 UANEEE R R 7 AJEE>0.580 ugl/g Cr) OB A, Hifi
DS Ao ENEDS Ay FER U U UORIEFE L DY — RS EH L2 (2234 :1.70

(95%CI : 1.20~2.40) . fifi : 3.22 (95%CI : 1.26~8.25, il : 7.25 (95%CI :
1.77~29.80), FERTF U o8 25.83 (95%CI : 3.93~169.6), FEMAfEE
DFHOFFNT T, RS K0 AR 2 58T, BAEDKN A K OWER S A
LMD R D A LI D 253 Ao OFFIg A AFELE DN — REbs BEF U7z (51 fif
MNAh 2.16 (95%CI : 1.39~3.36) . EfiEiAs A 8.95 (95%CI : 1.94~8.04), ZtE
i AV LIAR DN A 1.14 (95%CI : 1.00~1.29) . g2 A 1.37 (95%CI : 1.19
~1.58)), (M 132)

K[E NHANES 1988-1994 7 — % #H\\T, 50 %Ll LD 5,204 4 (B
2,474 4 . Pk 2,730 4 | baseline B Rl (25~T75 S—t& o & A JUAH)
Bt 62.7 (55.5~70.2) %, &M 63.3 (56.1~71.9) %) (IhiF, #HSHOFEE
23>40 mg/ H D NZBRIN) OJRF A K7 AR LN AT & OBFENTHA S
72, baseline FFDJRF A NI 7 AREOHIAE (25~T75 /\—t > ¥ A /UH) |
FHMET 0.58 (0.33~0.96) nglg Cr. T 0.77 (0.47~1.27) pglg Cr ThH-
72, 2006 FEET (P 124 El%ﬁ) OB FIC, 569 4N A THLE Lz,
R R0 LJBET 3 BRSO, Cox el — RIEROHT (dEfi, BMI,
NFR/R M, B8, B K R )L X — B & TR 21T/ %., BHETIX
%51 =il (<0.39 pgl/g Cr) 1Zxi9 55 2 =il (>0.39 pg/g Cr) . T
1355 1 =ik (<0.57 pglg Cr) (X3 55 3 =/rfiff (>1.05 pg/g Cr) D42
DXAFETE AN — R EFH Uiz (B 1.81 (95%CI: 1.20~2.74) . p=<0.001,
e 2 1.65 (95%CI : 1.13~2.41), p=<0.01), BMTIX, MBAALEANYT— K
A ERL (8 2 =08 4.71 (95%CI : 1.28~17.4), % 3 =4t 10.6

(95%CI : 3.45~32.6)) . ZMETIE, HEROHELEE Tl 7= ERIFATIC BV T
SR DOHEREE LD SEBIEN VW TENALX TN — RN EH L

(1.55 (95%CI : 1.05~2.29), (M 133)

KIED SHS I L7T- 3,792 4 (35 1,538 4. it 2,254 44, baseline
(1989~1991 4F) DOEHJ4FEHN 56.21+0.13 (45~T75) %) ZXFRICTRF D RI v
LPEEE LN AT (A, MUERRE N AU, B3, KB A, AT A, HSE
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Aoy RS /vy WS Au. FLS Aoy RINERRDS Aoy BB A, U v N il R AR AR D
MNh) & OBEZHE L=, baseline R RPN K I 7 AREOFRAE (25~
75 /N—t X A JVfE) 1% 0.93 (0.61~1.46) pg/g Cr TH -7, 2008 £ T (F
¥ 17.2 4E[) OBBRARFIC, 2,310 AT L, £DHH 374 AN AIC X
HIEETHoT, IRHFPD RI U LRET 3 BT, Cox Y — RER
Br (FFfin, PERI, MUK Y BMI Cil#E) #1T-o7ofb%. 5 1 =i (£0.70
ng/g Cr) (64 58 2 =ikt (>0.71 pg/g Cr) TEMN A, BRIERTHE N A, fifi
DATETE AT — RN EF L (228 A :1.76 (95%CI: 1.32~2.35) . p for trend=
<0.001, MRIEESE AN A : 2.04 (95%CI : 1.34~3.11). p for trend= <0.001, fifi
At 3.39 (95%CI : 1.14~10.1) . p for trend=<0.001)., % 1 =4k (£0.70
ugl/g Cr) (X9 5% 3 =ikt (>1.23 ng/g Cr) THAEDS A TEGAS AL DFETE
NP — RN EH U7z (g’ A :8.67(95%CI:1.01~13.32) . p for trend=0.14,
NS A - 2.47 (95%CT : 1.01~6.03) . p for trend=0.002) , FEBRMEZE (Never,
former) O ZDOFENTTIE, BUEESH S A BENEDS A S O3 AU DFETE NP — RIb
N BF U7z (BRIERE N A 1.87 (95%CT: 1.00~1.87) . gAY A 2.22 (95%CI :
1.12~4.40), filinsA : 2.06 (95%CI : 1.15~3.70)), ([ 134)

(6) #fE
DOEMA

T aFIVRHEICBIN LT 3,645 FHORETXT (REBLOFXIFH « 321+4.9 ik,
HfE (25~75 /X\—& > XA )UH, 5~95 /X—t& ¥ A JVfH) : 32 (29~36,
24~40) %) Z RGP ORMEM P R OWFFImE T RI v AREE 88
N 2T oTe & E OFREERRE L OB A A Lo, BEREICIER K 5%
R 2001 (Kyoto Scale of Psychological Development : KSPD) % 7=,
REA M ORISR P e O BICAT U I X PE R L S BR B L 7=,

RHAIM A R 0 LNREOFLE, FIfE (25~75 /X—& % A VfE, 5~95
R—t & A E) 13 0.79+0.39 pg/L, 0.70 (0.52~0.95, 0.34~1.52) pg/L.,
JEAR T N XU MREOEE, PRfE (256~T75 N—k X% AL, 5~95
R—F XA ) 1% 0.05£0.02 pg/L, 0.04 (0.03~0.06, 0.02~0.08) ug/L
ThoTe, MILET NVEHOTEYESHT (ERETO BMIL, AN, fEEF o
WE HPET A, RS, MERE, BEFECTIHEE) 21T o TR REUEIT T
TR XA BN o T, JERIRNT (BRI, R OB DA, TR R
WOFEE) 2T TR, IERPICHYEZ LR 17 & | ALIRNE IR IR O FREEL
DFEL, FELOWNBE IR TIIWT s ARG Cd RED EFIZ RN, 2
IF D &b OFEOIRE & e HRESAPKET Lz, (B 135)
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TaFLPHEICSI LT 96,165 FLOREF7 (REROYEHFEE 30.7£5.05

i) 2 RUAEIRP ORI FI U ARE L F L6286 A 15K, 1.5 %,

2 ﬁ 2.5 KN3RI /e T & & DFEEFIED & OB 2T Lz, FEEiE

ZIL B AGER ASQ-3 LA EMmA R 7 V) —=> 7B R#K (“Ages and Stages”

quest10nna1res (ASQ-3)) & Hv 7=, R OB i FAEHR R X OB INCAT > 72,

ISEEN TSRV N WAi)i%Ef@IIZi"ﬂﬁ i% 0.75 (0.0951~5.33) ng/mL T&H -7z,

RHEMAF S FI 7 ARET 4 BRIHT, 2EET VAT 4 v 7 BURSHT (Fn
T TR DI E TS AT o ToRER. B 1 U RE (£0.496 ng/L) (2%
58 4 WU AEEE (>0.905ng/L) @D, 6 22 HAFE, 1R O 1.5 iBED 7- &6 D F

FERBIEEEO A v XS FEH L7 (6 22HER: 1.10 (99.7%CI : 1.01~1.20) .
- 1.13 (99.7%CI: 1.02~1.24) . 1.5 5 : 1.15 (99.7%CI : 1.03~1.28)).
2 LA IR B I A b e o T2, (B 136)

@iEst
k[E NHANES 2005-2008 D5 — % % AT, 2,535 4 (FEfndilH 12~19 %)

1

DIRFA B0 LR ERESHERE & OB A S, BRI BERE ISR

sz VW CHE L7,

JRAEA K0 NREOFEHMEITBEMET 0.08 (95%CI : 0.07~0.09) pgl/g Cr,
T 0.10 (95%CI : 0.09~0.11) pg/g Cr TH-o7=, RHPH FI 7 LEEICE

0 4 BRI, ZER VAT 4 v 7 EUFSHT (ﬁf/ﬁ’\ PRI, AfE, Poverty-to-
income Ratio (PIR). HOEYWEDBEITE, BEw X < 88 L O CTHE) 217

316 0 I« AR, AEIRIRRE, WREE, MR, BPREA~Z b7 A3EK (AQLO0). AR
W, BOEHEEL IHRIA. BEeRERE (G, K CLEREOIERB) . ZIRHE. H

AERFARE, PERI HESE (BLET 8 b 0mEA)

1y - R, MSURIRER, JRIE (ADHD), M. AQ10. SEARHIM. ZEHH, AEIRpE
R, BEEeRRE OKR) (CLERBEOER), ZIHE, HAERRE, MEhl HPEIE

UL EFEHDIER)

1.5 kb« HFfn, B, AEAREIE, AQLO. ARARMIfE. BEFEREE (BEIRP) . BMI, ALAREE

R, EaBERE OKER) (CLEREEOER) ZMHE, HAERMRE, Mhl, HES
%, RBERE CLErEbomEA)
2 7RIE AR, WIE (BPE, o), B IREEL. AQLO. ARIRIRH. ZHF

o RION, BEAERE CBEIRE) . BMI, ARARBESRS (A LREBLOIEA) . ZMaHE, 1

AERFRE, PERIL HIPEST IR, BRER (UETELOER)

2.5 iy - AFlm, ASARIKRE, M (ADHD), MREE, AEAREE AQLO. MEARIIE., #F
R EION, BETERE CBERRP) . BMI, ARSRBEIR ., BEEJRIRE OKED) (LEREE

DIHA) ., ZhaHE, HAERKRE, Mhl, HEGE RER UULEFEL0HEA)
3T - ARl AEWEIREE, JRIE (ADHD, Zoff), BUE, EiREE, AQ10, AEARM
W, BEFEEK, AP, BEERE OBEIRIN) . BMI, MEARBERW, EE&RRE (Bn. K
#) (CLEREBOER), ZMtHE, HAERMKE, Ml HESE, RER. CIETE
HOEA)
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STAER. 1 USRS (FP9RE 0.04 pg/g Cr) 12Xk 55 4 UANLEE (FhJfE
0.15 ug/g Cr) OFEIMET (Low-Frequency D &) DA~ A2y EH- L7 (3.08

(95%CI : 1.02~9.25)), 15dB LA % T High-Frequency TlXBE XA 57
mote, (BHE137)

XV YD LEABO—REMENGRE LR T2k — M##& (Rhea
Mother-Child Study) (2S00 L 7iths 575 4 (BINEFO FH4FH (5~95 73—
T HAVE) 30+£5.1 (21~38) %) MNOHAEENTTFE LN 472D £ TE
WU, REBLOIRHP A R0 AR L APRFSER DL & OB EZ A LTz, 4850
T IR O M E 1L McCarthy Scales of Children’s Abilities (MSCA) T1T
Sz, RAFA KI 7 AREIZLE (1.020 g/mL) THIIE LT,

PRAEVA R0 AREOHE (5~95 /X—F % A L) 1% 0.54+0.39 (0.16
~1.2) pg/L Cholo, RPN FI 7 LRE &L — AR A 27 ORERITIEE
A TH Y, 0.8 pug/L F TITENZ EH L, 0.8 pg/L UL ETIHAMIZED T 5
TIA IR E R LT, %@fr_&) [EUF T IR A R I o AR EE<0.8 ng/L (469
4) £20.8pug/L (107 4) (20 TiT o7z, ZEERIFRSHT (FELOMR], T
A N EAT o T, %ﬁ@ﬂﬁ%\ HHEEH, AEMAIRAR . BOE A, U K OVR T
RV CAlEE) ZATo7fER. IR NI U ARE>0.8 pg/L BED A2 A o B
NI BT (AR A 2T + -6.1 (95%CI : -0.33~-12), SiEA 7T :
B-7.5 (95%CI : -1.3~-14) . HHIA =27 : B-5.9 (95%CI : -0.27~-12), FT
FERE M OVBITEEEEMENME © B-7.1 (95%CI : -1.5~-13)), B L v kT vHFE L2 {E
THRNT 21T > CTHRIBROFER DG S iz, PSR (GRS, BERERAY) ©
JERISENT 24T - T A5 0. BRJERRERE O A ZBE N A BTz, (B 138)

N7 TF v a® Matlab I[ZfED —REMZ KGR & Licak— FA

(Maternal and Infant Nutrition Interventions, Matlab (MINIMat)) (20
L7 1,305 40 (BN (2001~2003 45) OFHJ4F# 26£5.9 k) 22H/AEF
N7+ ED 1,306 40 5 kIR HETEH L, JRHET NI U AJREE & iRz
R & DREEZFHE L7, 5 ﬁﬁ#@ IQ (verbal IQ (VIQ) . performance 1Q (PIQ) .
Full Scale 1IQ (FSIQ)) ®#|iE!lX third edition of the Wechsler Preschool and
Primary Scale of Intelligence (WPPSI) TiToTz, Flz, FELOITENZFHE
T2 E M ZEFHA32 (Strengths and Difficulties Questionnaire (SDQ). SDQ-
prosocial behavior, SDQ-difficult behavior) #17->7-, RHAT FI 7 AREIX

32 SDQ (Strength and Difficulties Questionnaire : - & ¢ O5f X L [R#E X ERIZE) (1
T &b OFERATENC DUV T O 25 OB H & Bl F 72 1P AEEN A NEE T 2 TR0 &
WEREE, FELDRA IR REIN—F DA ) —= TR,
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tbE (1.012 g/mL) THHIE L7z,

RF A R AEFEOSEYE (5~95 X—t > ¥ A UHE) 1%, 781 0.63 (0.18
~2.0) pg/L. 5D+ £ T 0.22 (0.078~0.63) pg/L Th o 71-, LA
(7 A NEFOAEHR, 7 A% — MR, HANE, HAERMKE, 5 FORHEmE K
.. HOME (Home Observation for Measurement of the Environment
(Caldwell 1967)) ., tEiEFIHI O BMI, £ O 1Q M Ut RFERIHIAL TH) %
ITolofb R, BBLORT I FI U LREEFEH0 5RO FSIQ., PIQ. VIQ
WA DOBE D ST (B -Coefficient : FSIQ -0.76 (95%CI : -1.2~-0.34) , P=
<0.001. PIQ-0.59 (95%CI : -1.1~-0.13). p=0.013. VIQ-0.81 (95%CI : -1.3
~-0.38), p=<0.001), FEHD 5RO RF T NI U ARE L FSIQ, PIQ I
AOBHENR SN (FSIQ-0.55 (95%CI : -1.0~-0.088) . p=0.020. PIQ -0.64

(95%CI : -1.2~-0.13), p=0.015), (= 139)

N 777 a® MINIMat (220 L7 3ERRIE DI s A Eh - -8
1,489 A7 10 il 72 5 ETHEBR L, JRIPD R I 0 LJREE & AR EIRIL & DR
2 A L7z, 10 s FSIQ OllE X Wechsler Intelligence Scale for
Children, 4th Edition (WISCIV) T{T-o7-, £7-. SDQ #17>7-, IRHFAU K
U AREITIHE (1.012 g/mL) THIE Lz,

JRAEA R 7 LREOFSE (5~95 /S—k X A /VH) £, 5 #FRFT 0.22

(0.083~0.66) pg/L. 10 5%k T 0.24 (0.083~0.64) pg/L. MFRRTHEADIEM T
0.63(0.18~2.0) ug/L TH - 7=, 10 B DORF A K I 7 AREHIMCHE FSIQ
IFIETF L (<0. 001) FRZBIRCHEHE CTh o7z, 10RFORF T FI U LAREIC
L0 BRECHT ZEEEREIFONT (FELOMR], 7 A MEfin, ~E/rE
L, R %&@@iﬁ\ FEENTOF E S DO, FHEfRFHIHIAL, Bl
HEFH., 80 1Q. HOME, 7 A% — K RH b 37 ShiRE CTilHE) #17-
ToRE R 53 AR (P fiE 0.43 pg/L) T 1 =4AEE (P9 0.13 pg/L)
(2% U TR REAME F LT (FSIQ ¢ B-4.9 (95%CI : -1.7~-8.1) . p for
trend=0.002. Verbal comprehension : 5 -1.4 (95%CI : -0.40~-2.5), p for
trend=0.011., Working memory : 8 -0.83 (95%CI : -0.18~-1.5) . p for
trend=0.008 . Processing speed : S -1.8 (95%CI : -0.53 ~-3.1) . p for
trend=0.003), (=M 140)

HENTERE O—REMZ G L L1274 — Fii#E (Sheyang Mini Birth
Cohort Study (SMBCS)) IZ& L 7= 296 4 (I (2009~2010 )
O HFEFNED © 25 AR 47%) O AETENT- T &b Rtz I+ & OV
EHDORY A R 7 APREE &R R & o B 2 5 A uio 2016~2017 4
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KD 1Q (FSIQ. VIQ XUNPIQ) D #flliElE The Wechsler Intelligence Scale for
Children-Chinese Revised (WISC-CR) ToT->7=,

FSIQ. VIQ XU PIQ O FEHMEIZZE N Z4 97.93£13.62, 91.67+13.21 KLY
106.32+£15.16 TH V|, BLTEIZALNIRD -T2, P K7 MRED
MM CRATEYERZS) (FPE) 13 0.36 (2.01) (<LOD~13.73) ug/L T&
ST, BLETHIE LIZRHP A R0 LREORMEAE GROTIEERZ) (FiPH)
1£0.18 (2.37) (<LOD~2.22) ng/L Th o7z, FEET L (FEHOMER] H
PEAEHG, REBLOZB R, I, JBE U & OS2 B CHREE) 2 FV TRET 217
ST RER. I A R0 ARE 2 514720 @ VIQ IR TR B R oA
KON, o, REA I T LRE 2 5814720 © PIQ IR T3 A 54,
BLORBRIFNT CIELWOARANFEETHY  FSIQ b LR DOARIIK T RA LT,
(&M 141)

(7) ARbHR
DOEMA

T aF VAN LT it 16,955 44 (CEYS4F i « FEAEIRIERIFRE 31.1£5.0
% WEHRAERIFAE 33.25.0 i) & X BRITIHRTP ORMKRIMF S K I 7 AR LT
BB IR & DR 2 A L7z, BRIMIEIEIR 22~28 IBIZ4T o 72,

A A R0 AR iS4 0.677 (i 0.0951~4.73) ng/lg TdH - 7=,
MAH FI T LBET 4 BHIDT. S OICREREERERICDT CrY R
Ty 7 RS (HEEFES, UERTO BMI, AR IMERE, B & OEiR
PERIE OBEEIE (RREMBEDA) THEE) 2T/, Pl NI T ARE L
HTHRRE PRI I BE X A D e o T2, (B 142)

@iEs
2 E SRR Lo

(8) HJE
DOEMA

T aF)VIHEICSIN Uil 14,847 4 (CE%)F © 31.414.9 %) & XRIT
SRR ORI A R I o AR & BPE L OBEZ A L7, BRIMISEEIR /%
M (14~39 H) 1ZfT-7,

Al R AEEFHRE 0.66 (25~75 /X—& ¥ A LA : 0.50~0.90)
ng/lg ThHotz, MHPH FI 7 LBEET4FHIOT. ZEBO VAT ¢ v 7 [HIF
M (FFfe, AEBERTO BMI, MUEEE, — M —oBEEE | SEE1E, i
BRIEE, HEERER, 77 EOIBR s EE, i EGYE, AR, BHE LV KR
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INR ORI CTHEE) Z21To7=/EH8, & 1 WHNEE (£0.497 nglg) 12T 55
4 PUAprEE (=20.902 nglg) OEPEDOA » XA EH L7z (1.91 (1.12~3.27),
p=0.018. p for trend=0.002), (W 143)

T aF)LIREIZSIN L7 BEAEIR (singleton pregnancies) D#iLhF 16,019 4

CPEIFS © 81.83E5.0 i) ZXRUITHEFT ORHMEIM S 7 K I 7 AR & FiEls
i R O AE e & OB A2 A U7, SRZSEIR T K O IIAT - 72,

ML RS D ABEEE IR 0.66 (25~T75 /X—& > & A L : 0.50~0.91)
ng/g Thotz, MHFH FI T AREICLD 4 BECHT. & SICHTEBR K O
ERBEDOF AR 2 \ICEEER AT 4 v 7 [Blaatr (e, WEEE, S— |k
T OWEENE . BOEE A, ERE R, HEEE, T R IR MR E R R Mk
K ORTEBROAE (FAERED ST DR THE) 217 7255 83, fiEiGg
DEHITEBNT, & 1 USNEE (0.496 nglg) (X555 4 UANEE (>0.905
ng/g) DA v XN B U2 MERMEREITA E Tixero72 (2.06 (95%CI :
1.07~3.98, p=0.031, pfortrend=0.146)), FEMHEE L OBEIZA SR>
7o (B 144)

T aF VAN LT il 17,684 4 Z 5 GUTHEIR T O FRHMAM A 7 K I 7 L
AL & AR~ (WAERMEAE, &, 9. P, small for gestational
age : SGA) L OB E A A L7, BMLITAERP L O INAT > 72,

M X7 AYREEONEEIE, FJefil () 13258 B o RBLIT 0.7620.40 pg/L,
0.66 (0.12~4.73) pg/L, W OEBIT 0.75+0.38 pg/L. 0.66 (0.10~4.67)
g/ Thote, MHAHD RIULRETAREIST, 2EEQ AT 1 v 7 [Bl)F
N (BEBLOAFERS, {E4RRTO BMI, ME4RF ORERME, WE 1 FERoZ X
78 - IR EBEGE, G EREE, RIRFOMRE, HERE, ~E/ et
v MON, BEZEIRTE. Bem L R WO, SRR I BRI REE R M
ORI A Hiles CTREE) 24T o 7o R IR IO MAE TR T LIz & 1 1Y
SHLRE (£0.497 pg/L) (2555 4 WU ArEE (>0.907 pg/L) Ol SGA @
RGO A > X B L7z (1.90 (95%CI : 1.23~2.94, p=0.004, p for
trend=0.002) ), HERAE, BIROFE, ZWOBEHM GEHEYHOR) | Lo
fap (GERg o) I3MEPVERED AR E Th o7z, (B 145)

T aFVPREICSIN U 20w 89,273 4 & MR ITHEAR R ORHMAME ) KX v A

33 Z O T, IR 25 e LIEZE T FI U AR EL METLEALNLEM
DR L R MIE T = U F MBS DORIED STV,
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R L HA RO RMER T e R~V =7 | B~ =7, NEEEk
W, RIEPASIE | + IRIBEASHRASE . WGPAZEASE . B BN PASH A2 sE)
& OB AT Uz, SRR K OB I T - 7=,

Mo Ko AREOFRRAME (&, 256~75 X—& % A LfH) 1L 0.661
(0.0951~5.33, 0.494~0.902) ng/g Tdh-o7-, MHH K I 7 LT 4 B
DT BEER AT ¢ v 7 BUFSHT (REELOFdn, BRI, AamEE, A8
OWEYEEE, + b OHAEF, I THE) 21Tk, I h FI U LARE
& HAERFD R D JEER e RIEAT A B XA b2 dr o 72, (SR 146)

TaFURECSM U RN SEENTZFELD B, A% 1 22HURNIZ
NENHEHEZE SN 192 LD 1 8 EFI-CBESE OEIEEE, A ML X
SEORBOREE G DY 1,920 4O RNEAZ RO E S ORBLOM S
NI U LREZ B LT,

BRI AER P R OB INCAT O, Rl R o AREO R RAE (25~75 78—
XA VE) OB OEHROH HEET 0.66 (0.49~0.90) png/L., *FHEAET 0.66
(0.49~0.89) ug/L ThHolz, ZEB VAT ¢ v 7 EUIFSH (MR K O H
IKERIERI~ > T PRE TR AT TR, iy RI v ARELIRODOED
HHUCEEII A BN o7, (B 147)

T FVGREICSIN L7 it 82,230 44 (CHE¥JFH © 31.314.9 %) Z X5
LR ORMAM A A R I 7 AJRE & HAER~ORE (HAERKE, ., s,
., SGA) & OBEZFRA L7, BRIMITEIRFH R O IIIT -7,

M R0 LAREOFE, fofE (§E) 13 0.75+0.38 pg/L, 0.66 (0.10
~5.33) nglg Th-oTo, Mmoot (FFlin, BRI BMI, 808, BUEEEE, X
AL BEF, EEREHE., 78 ORI R OHERELCTIEE) 21T 72558, M
R0 LPRE & HARMAE, &, WHICAORE, SGA & IEDRH 7
biviz, B AAT S T RO B O THRIFRDOFER Th o7, 7 FI T A
gh. B LU R OUKERE O T AT IS BV T, HAERMAE, B &, JEHE. 0K
T, SGA OF v Xt EA B AN, EFEDLIX, DRI VLZELINLDOE
B BITHAEROKIKE LEENRH O | 25 OFEITMINNTH Y | FAFAT
Tt E2 N LTS, (B 148)

T aFVRREICS I L 720 95,010 4 CEXIF# : 31.17+5.05 %) % x4

WZHERF ORMRM A R 0 ARE L HARORE N7 — L OBELZFRHA L
7o BRIMITIEAR P N OB NCAT o 72, B F — o d, HAERNS 3 ET6
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WA ZEITREEZRE L, EtET VS X Y 5 s Ei b Lz,

M H K37 AEEO R IE (25~T75 73—& > % 1 UHE) 1% 0.66 (0.50~0.90)
ng/g. VML 0.75+0.38 ng/g Tho7-, LHEHO AT 4 v 7 EIESH (HPE
REDREBLOFHin, 1 £ 6 OVERI, ARIREI ., /o iefeie, fRREERE, JolE K OVEFRHE

(B, fEIRE EREGRE, U8 e, 7 M E— MR E R, 7T L —,
HR IS RE TUEESE « /N2 R—J", HURIBHERB IR TE - AR, 5D, Z OO
PRAR, R AR, DNEREYS - DB SENE | SN BURE BRI £ Ot oD AR
Z DO FFEIEYR « B o) . HEIRETO BMI L O£, EiRE ORERIN, E
BRAT)H 00 B SO TR, IR R I o RN IR I O EE L iR I O
TPAQ35, UEARAIHI D SF-836 (—xfdE, S IRRIEIRE) . IERTHI 0 K637, iR
IO FFQ (=L ¥ —) A% 1 22 T 12 22 A £ TORILE R CTH#L)
AT o TR, M B0 LRE L REANZ — 12 NSRS 250
IRAEMNIXA SN Do T, FEOIT BB RI U ARE L1 88 ORIk
BHIZALNTZREEIL, BN ERE CH-72 0 LRDORITEENHZ LTV
D& FHOEEEENONTFESOMEICERBTHA I LN RIBEXNADT, #
NS OREEBE LI @BRT N LETHDL E LTS, (BH 149)

@i

KEO~H F 2 — oy VINTB T REREHRE Lz ad— ik

(Boston Birth Cohort) O&MED > EH, 77U HRT AU B AOFT 50 H
G AL 7o, tHPERHIC AT I, REOR M N PEDS 24~ 72 IRpfH] O RE(A I 2 BRI L |
MAE KL OIRMERF O RI U LEZRE Lz, 72, 50 fHORT2 5 839 4 D1
P HOHEE (6~39 2 H%) DML ORMERZRE Lz, 612, 17 #lo
WEHFI R B X AR A L, A & AR Bk A bl U CAR B A BT L7

ZORER, RIMERF A FI 0 AR, FBMAM T 0.81 pg/L. IEH7IMT 0.06
ug/L, XOV-EHT0.07ug/L THO . I FI U NIREARY 7 %2 BHIZEET

34 1 AR/ S S ZDOB /NS S ET 8, 1T EERNREKE CAEEN TEDRZ/N
S ET 8, I BRER R T D8, IV 0 HAERITIRE < Z O®RIEERAEIC
RORETORE, V. HAERFICKELSZOHB O RESKET O

35 International Physical Activity Questionnaire : [EFSFEEVE(Y B (RTE B 2=

36 SF-8 : E RS 8 THH 21T THERK S 4, iR QOL (HRQOL: Health Related
Quality of Life) R, fEHED 8 ik (1.5 AHGE. 2. F&EHEE (HK). 3405
Fr. ARRIRERE, 50571, 6L /EIREERE, 7. R WAABIBEEE (). 8 LD fEER)
ERETDHZENTE HREE,

37 K6 (Kessler Psychological Distress Scale) : Kessler ‘LEEFJA b U A RE & T
TWb, RNODER] (nervousness. hopelessness, restlessness, worthlessness.
effortfulness, feeling so depressed) 2O\ T 4 BEFFCHRIZ L, AFHL (0~24) T
Wrd 2, AT BNEWIEE I DIERDL_LBKENZ EERLTND,
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KEDOHAE 2R — R4 (New Hampshire Birth Cohort Study (NHBCS))
IZBN LTzt 1,159 4 (18~4575%) ZXRIC. 1 KNI U AOMRBIRE, Ik
DRER OHREOEE (BEEE, RESR (BREE S HAEKREOXHEL) .
#kE M # AR (chorionic disc area) . M#ff-L» (disc eccentricity)) @ [H D Bf%
AT, RHAEXRIL, HERNR Y Y = 7 CEMMN MR T 225 TR0 |
R TR HF K ZEH L TR Y | A& kR & [F TSP BE L, HHPERT
125l o LT D P EN WG A2 RE L2 GEIRANCIRIAE (<18.5kg/m?2) &
SR I NI E BRI .

ZORER, RO N BT LBEEIIHAEROMNTERH Y . B R U LEE
OFEIfEIE, BIRORE T 3.31+1.97 nglg. LR OREE TIX 3.61+2.47 ng/g
(t=-2.23, p=0.0259) TH o7, WBEDOH K I 7 LAREX, B OREH OF I
ELEBE L TR FERN 1ELEND T EITHEEDO D R T AREIX 0.1ng/g
32 EHEE Stz fEIRRTO BMI D@ WEIE ERBEF O R 7 LORE
MRV E W FERMEAR DA BT,

e E IR, WBEEON FI U ARE & HAERBREORR#EIZBWT, 120 AT
4 =—&— (B=-11.69, p=0.001) (22D Z LR BN oT-, FBEEDO K
D LR Ing/g NG 72 0 DG E RO S EFHEEIX-7.81g (95%CI:-15.42,
-2.48) TH 7= (p=0.0009), MDA R I 7 LRI U 72 B E B & OUR
BENFEOPAL, ZROFRE LY RESBEINTZ, I FI T A E LA
REREE & OB X, BN TITEE Cliden -7z (B=-5.07, p=0.33), (&
151)

B Bl 2R — %L (Taiwan Birth Panel Study) (&0 L 7= fE7-2
7 289 #H (2004~2005 FD HFERHFHr 25~35 3 BSMNHE D 68.7%) (M1
N OMEHR I 32 A CAEENT-FERZRS) OFEH 0 35kl b £ TiE
BRL., MARMAR, FRLXOEMAZHA LT,

RBLOHPERF O A NI 0 APREONFEMMEIL 1.1120.77 pg/L., B fn 4 4
R 7 AR OEEIL 0.71+1.62 ng/L Th o 7=, SEEMEYT (R OHKERE
M O AERHARE CIiHE) 21T o 7o iR, IRl N X 0 AR EE & AR IRF O 5H P
ICEDOBHENL BT (-0.36 (95%CI:-0.70~-0.02) ), 3 7% £ TiEHF L 7= mixed
model TIE, IS K0 ARE L RO g K (RE K OUAFHIZ A 0 BEE ) A
bhtz (BE :-0.51 (95%CI : -0.87~-0.15), A : -1.81 (95%CI : -3.01~-
0.61). FHPH : -0.52 (95%CI : -0.88~-0.17)), RHAIMLTH K I 7 LJEE L DR
HIIA BN o7z, (B 152)
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N7 T 5 2@ MINIMat ([Z& 00 LU 7= 4k 1,616 #1 (S01EE (2002~2003
) OFLHER (FPE) 2716.0 (14~45) %) MOAENT-TF &b O AR
o, &R, KO Z A L7,

G ORE A K 0 AREOEHMNRE 8 il B2 2 F¥ME (#iBH) 1% 0.81
+0.67 (0.044~7.0) pg/L Th o7, ZEEFIFHT (R OFkS, BMIL, 2
FHRIHAT SR 14 BB O~FEZ ey HE S HE DR b3 % =
HHPE U726, AR AR S ORI CRiEE) 24T o 7o R. BEBlORFTH FI 7 A
R RO HARMAE, BAFICAOBENA LT (B -Coefficients : HIARFA
# :-31.0 (95%CI : -59~-2.8) . p=0.029, FEPH : -0.15 (95%CI : -0.27~-0.026) .
p=0.017), BRI CTIX LR OIRIEBEN A LT, (B 153)

HEO LA TV T 2003~2016 4F, APEEEAROH L5 LS (GEFIRE) 92
4. RERREE 200 40 G 7 5128 29 ik BAT) & RESUITHREFI B TE 21T - 72,

JEHF LA 7 R 7 AR O R JAE (25~75 /3 —1 v X A JVAE) ITJEBIRE T 2.72

(1.84~4.14) ngl/g. *HRFET 0.98 (0.48~2.94) nglg THh - 7=, P R
SULRET 2 BT, v RAT 0 v 7 RGN (BB OFE,. BMIL, #E
JEWRZE (BZEDE 9 D) HEEREL, Je REF % £F © iT4R (history of pregnancy
affected by birth defects) . #EARWIM., MEARATHZ OEEREY 7" U 2 0 NMER, TR
H DM S RIS E < 82 K ORI CIlEE) 21T o 7o i, mifh s K A
TEEE<1.70 ng/g OFEL Ll L C>1.70 ng/g DEETHE SO OWEERZY) A7 D
o RN ER L2 (7.22 (95%CI : 3.81~13.71)), (B 154)

Esteban-Vasallo & (2012) 1%, & MeEHFOH R I U AIZOWTHRILEZ AR
LT % (B 165), BB OHKEE LI FITRT,

AR, RMAL ORIEDIXS BICHET I RERIE T 2N TE D, 1A
DT FI U AREZRE L TCOWDAHRIZ 46 EH YV . 1 FI U LAOFHfEIT |
D 1.2 ng/lg (Yang et al. 1997) 75 K[E D 53 ng/g (Karp and Robertson 1977)
FCTLENIAL . FFIZHA (Tsuchiyaetal 1984), /X7 F5 = (Kippler
etal.2010). kL= (Kutluetal. 2006). #EX (Fagheretal. 1993) ®O—d
WEim 7 v —7"Tld 20ng/g L EZBR D EVMETH o 7o, leEou FI U LR
FEIE, 144 (Truskaetal. 1989) % [r< X TOWFJE (Hubermont et al. 1978,
Korpela et al. 1986, Kuhnert et al. 1982, Lagerkvist et al. 1996, Needham
et al. 1978, TR 5 1984) (2T, RIS L ORI ORE L 0 13500
RV EDVHIB LT, B0l B U LREIL, Roels b (1978) OHFZETIL,
FERIM AR 2R E D 10 %, Needham 5 (2011) OBFZETIEL, I L
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DIREDORK 100 (G Tho7c, ZNHDOT—Z X, REOH FI U ARENIT
IRWIH & R THRe % (Kantola et al. 2000) & & H12, AR ICERE T
L2 ExRL, ZOHENZOERBICHT L4=A  (Baranowska 1995,

Kuhnert et al. 1982, Roels et al. 1978, Schramel et al. 1988) & %\ &4y
1) (Korpela et al. 1986, Needham et al. 2011) 7gfEEEL 72> TWH E WD R/
FiEXFFT LD THDEERD, £lo. REIZLKFED O b, BT G IA W
THINTWOLERKTH Y, IHIREEZ ORI N I U LR EE DS IEYRIEEEE O
FNE0 Y 2~3FmEmN o 7= (Bush et al. 2006, Lagerkvist et al. 1996, Moberg
et al. 1992, Osman et al. 2000, Peereboom-Stegeman et al. 1983, Pereg et
al. 2001, Piasek et al. 2001, Roels et al. 1978, Ronco et al. 2005a, 2005b.

Sorkun et al. 2007, Stasenko et al. 2010, Zhang et al. 2004), L/»L., Z 7
B OB IRAFFE T, BN E— AT —Hh— (20~60 A/H) 1ZFHE LY L
KETHY, BWRIZRFHINDIIRITVAOEIBELNL TS EEZZOLND

(Peereboom-Stegeman et al.1983),

Flannery © (2022) 1%, 2020 £ F TITHE SN TV D SCERZINE L, 59 #H
IZOWTCAa—E 7 L a—%fTo7,

FEEOIL, BEON FI U LAE<EPHERO L HICREE KT T AIHENE
N5 ELTND, (B 156)

FRET SCRRE BlE o & 6 | P omET
72 SCHREL

(X< BRIEEE © T I
H A IR 9 3 -
AR S R 7 1 -
SEPH 4 1 -
(< FRAEEE © BRI
HIZERHAE, (KHARMAE, | 20 13 5 #ix 2 oo Ao BeE
FPEIC X 2K AERAE N B 2K &
SGA. IUGR. FGR 7 3 -
AR R 11 4 2 WiT A R oo A B
SHPH 8 2 D F i B

SGA : Small for Gestational Age. TUGR : Intrauterine Growth Restriction. FGR : Fetal
Growth Restriction
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OER

T aF VPRSI LT 14,408 4 CEHI4Fi A YE(R 22 : 30.9+24.9 7#%)
EXRICERYORBEILAF D NI v LARBELGEE e 7Y v E

(Immunoglobulin E : IgE) R & OREZFHHA L7, # IgE X OUIH, =N
BE . 2R, B DST RO DT LV U ERRE IgE O RIE I TAERRTE (F
JAE 15 ) (CERIM L 72 iEs0E CIT0 L 7 R U AORIE IR 3% (
JUE 26 ¥8) (TERIL U 72 MERE CIT o 72, MLl B S 7 AR EE 0O SR ff + 4 v
fM751% 0.7520.38 ng/lg Th o7z, MHAH RI U LREIZE Y 4 BT, 24
BEIFSHT GEE, BMI, 7 LVX—HE (E, 7 UAXF—MHEREK, 7 hE—
PERZIE . T LIV X —PEfEER . BT LLX— KOS 7 L L X —) | iEiETh
O/, 73— h T —OBEEE . fil > TV DXy b AEYRATH 5 i R
T OVEAE Hulsl CREHE) 24T o740, bl R o AEE L IgE B ICBE I
oI hoT-, (B 157)

@i
K [E NHANES 1988-1994 07 —# Z T, 12,7324 (B4 5,988 4., #«
P 6,744 4, FEJFE 42.2 (20~74) #%) ORI NI U LRE & JFE~DR
2 (IFlssESEESAE. NAFLD) K OYET v 2 — WG EF 2 (non-alcoholic
steatohepatitis : NASH) ), W NI TR E OBFENFHE I N, RFT FI D
DEIE O SRIE + E AR 21T 0.52+0.01 (3B14:0.45+0.01, &P:0.63+0.02)
pglg Cr Th o7, 2006 F£ T (FPIfE (FiPH) 14.6 (0.1~18.2) F[H) DiB
BRI, 2,065 A3 BT L, 2D 95 542 AN A T, 35 L NHFIRIZ L 5
R THLE Lz, JREA R U LBET 4 BHIOT, P2 T 4 v 7 BlRoHr
(FEfm, NFR/RUR, ZOBIE, WUE, Y N HRAETEA X AL, BMIL, 8GO
oL AT o — LR CHEK) 217728, 8 1 ~3 WA EEICKd 58 4 U
SRR (B1M>0.65, Zct>0.83 pglg Cr) DOIFIEREEIEIERIED A » XS EH- L
7= (B4 2 2.21 (95%CI : 1.64~3.00), p=<0.001, &M :1.26 (95%CI: 1.01
~1.57). p=0.04), NAFLD K ! NASH ZBMoH Ay TN EH LT
(NAFLD : 1.30 (95%CI : 1.01~1.68), p=0.04, NASH : 1.95 (95%CI : 1.11
~3.41). p=0.02), £7=. EERK DA LD ERONY — RN EFH L7Z
(RFER : BiE 177 (95%CI: 1.41~2.24) . p=<0.001, ZtE : 1.29 (95%CI :
1.02~1.62). p=0.03. 2NA : B 2.43 (95%CI : 1.59~3.72), p=<0.001, %
PE1.57 (95%CI : 1.10~2.23). p=0.01), (=M 158)

#([E NHANES2011-2012 5 — % Z T, B 484 4 (th-fEisE i 35 (18
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~55) %) ORFA RITLARELMFET A NAT U BE L OBENHE S
Tz IR KX T AR O RTEAE (10 /3 —& > ¥ A ME~FKIE) 130.162

(LOD (<0.056) ~4.830) pg/L. MH 7 NI 7 AREOKMELME (10 73—
A A~ RAE) 132 0.28 (LOD (<0.16) ~6.90) pg/L TH-o7=, £ H
MIEER (Rl BMI, &R, AR OLE 2 F = R Tl 21T- 74
B R U LARE 2MEEIMTT A N AT v URENEI L7 (%Change :
4.66 (95%CI : 0.62~8.87), p=0.023), (& 159)
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1 <B&FA>

a1-MG a1 -microglobulin : a1-I 7 v/ B0 7Y

B 2-MG B2 -microglobulin : oI/ 7 7Y

ALP Alkaline phosphatase : 7V UHRE A7 7 X —+F

ALT Alanine aminotransferase: 7 7 =73 /) N7 A7 =7 —F

AST Aspartate aminotransferase: 7 A/XT XTI ) T AT
= 7—

ATSDR Agency for Toxic Substances and Disease Registry : K[EHM4
W R T 6 Bk B

AUC area under the blood concentration-time curve : Ifi.H - R
AR T TR

BA bioavailability : /XA 47 XA 7Y T ¢

BMD Benchmark Dose : X F~v—2 F—X

BMDL Benchmark Dose Lower Confidence Limit : X F~—7 F—
Z{EHE T BRAE

BMI Body Mass Index : &k $54%

BMR benchmark response : i L ~/L

CAT catalase : 7 &% 77—+

CI confidence interval : {5 #H X [

CHO cholesterol : = L A7 11—/l

CT calcitonin : /L f =2

CTX C-terminal cross-linking telopeptides of type I collagen : I %!
a7 = URECTeXTTF R

DMT1 divalent metal transporter 1 : _flié)g b 7 o AR —4% —1

DXA Dual-energy X-ray absorptiometry : — BT /L ¥ —X U I H]
ETE

EFSA European Food Safety Authority : FRNE 522 2R

eGFR estimated Glomerular Filtration Rate : #EB RERIA A&

FFQ Food Frequency Questionnaire : 4948 B 5 A

GSH glutathione : &L 7 V& F 4

GTT glucose tolerance test : 7 /L 21— A& faf kiR

HDL High Density Lipoprotein : @& U R X7

ITT insulin tolerance test : { > A U U Efafaklik

JECFA Joint FAO/WHO Expert Committee on Food Additives :
FAO/WHO &R SIS Z 2 ik
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LDL Low Density Lipoprotein : IRV R & X7

MDA malondialdehyde : v 2 Y7 /L5 b R

MT metallothionein : A % 0 F 4 (A

NAG N-acetyl-B8-D-glucosaminidase:N-7 & F/1-8-d- 7 /L a2 I =&
—¥

NAFLD nonalcoholic fatty liver disease : FE7 /v = — /UL AR A

NASH nonalcoholic steato-hepatitis : F£E7 /L = — L PERRL 4%

ND Not Detected : & H

NHANES | National Health and Nutrition Examination Survey : CK[E X
FEEE ) EREF R A

NTx type I collagen cross-linked N-telopeptide : 1 % =25 — /7 2Lk
N-7wa~X7F R

oC osteocalcin : T AT AN

OPG osteoprotegerin : AT AT T Y

PTH parathormone : | FRIRAR R £

PTWI Provisional Tolerable Weekly Intake : B & i 2% ¥ 45 B &

RBA relative bioavailability : fHx}/ XA 7 X4 Z U T ¢

RBP Retinol-binding protein : V' F / — /1 fEG& X 7 E

RIVM Rijksinstituut voor Volksgezondheid en Milieu : 4 7 > 4 [E]3%
INRAET AR SR AT e P

SOD superoxide dismutase : A—/X—F4F L RO A LHX —F

TG triglyceride : FHPEARRS

US EPA United States Environmental Protection Agency : K[EERHi{R
T

US FDA United States Food and Drug Administration : >K[E £ 5= 3 5%

5
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	a. 非汚染地域／汚染地域
	b. 非汚染地域
	c. 汚染地域
	d. メタアナリシス


	（３）呼吸器系への影響
	①国内
	②海外

	（４）心血管系への影響
	①国内
	②海外

	（５）がん
	①国内
	a. 発がん
	b. がん死亡

	②海外
	a. 発がん
	b. がん死亡


	（６）神経
	①国内
	②海外

	（７）内分泌系
	①国内
	②海外

	（８）生殖
	①国内
	②海外

	（９）その他
	①国内
	②海外
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