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7RI U A, BEER KPR ORKH O BIRUTIL o4 L, BRERHkRO S
RS AT, B, MEEW I E ORI & IR E CERET 5, BT,
T ETIEREAHICHIRLIIUDR Z S FIELTW e Z &b, I I T AE
< BB L UVIFHEIMT LE R TEVWMENC 5 5,

BNENCBIT 2 - REROBENLON FI U LAEREIX, ~—7 v bR
oy M FRUT X DHEE TiF 1970 FRIZHIT 46 pg/ N/A Th o723, Ll
A LTE TV, BIRERTRIHRER~—7 > M2 7y AR O f2lE
HEDT —HZI2HD< 2010 FLUBEOHRDEORENL DA NI 7 AEIER,
BLZE 13~16 pg/ N/ B (CE¥AE 55.1 kg THRL7-H4A. 0.23~0.29 pglkg &
H/H, 1.6~2.0 ugkg (KEMME) THDHEEZ LI, 2022 FOREICBIT D
BRI LAEREOERMBEOFGERIT, KL OZOMIM (34.1%). RWT
Z OO - WEH (20.5%) DIETH -7,

T RITLELSBEITL - T, BIROENIRME DS b L 2T 0T WML
ERSNTWD, — ., I RITLAOFHIIZENT, AV =—F o TCEBIIN
TR SE, 2 RSV FE L TOEBEDIRT & BB AEROHEIN
IZHEB LTV DI OELH D, AV =—F o TOERFEFETIE, JRPD K
U LREEDY 0.5 nglg Cr UL ETEITRAERNEM L EHEINTWD, 2010
FELLRTO TN E OFEFYHBR TOIR T A K o AJREIX 2.0 pg/g Cr gt TH -
TeML & DO YR DA EHER R BB B AL B 7 AR IXRINGEE O C AT = —
TR bm <. BOREIZRMN THRBIEW L LDEEF L~V THh o7,

EIFRFE S O RBRE AL E T O M RRE A EHIELER LRk Th, X
U —7 UEGTIERKGEE ORERIIMA TR bE <. RBEORBERIIEN
LR T AR LD R 7 ML BIC K D EITRAEROHEMINT, BITH
AROEREIR TR OB REER BN ERRESNTHDHIERDO AT = —
Tr—EHOLTHEINTWDLZ EICHEREZET S, ENETE L~/ TDD
I U LNELSBEDEICKIETRELFMT 57201213, A ETORENIEN
VETHDL, L, BBEICEWT, IKRED FI UL ENEEESET
RAERIZED K S R BE RIFTNICOWVWTRHMEIZHWD Z L O TE 2 FHAEH
FIRDo T Z e KTl BEESFITRERL T FI U LMISED
T RRA Y MEIT LR T2,

Xy, AKFEHHCBWNTH, R B2-MG EE % HVv, 1,000 pg/g Cr &
i & U CRIBO AL RABERRE~ DI T DM FEIC OV THRFETT 5 Z &3
WEITHD EHE 2T,

A RIULAOMEBREZ R T 28, 2 < OEBEEEITERET L2 H
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TWo, LU RS FI U ARBEITEBA~ON FI U LAEHEELIT T,
FlinZe EOREL =T, S BICIARAEHERERE R AN 2 o 7o R I X R R
EIZX S TRP~OH R U LHRENEINT 5, 207D, R I U LR
LA RIVAEREEOBROEETHLIEEZ LN, Torar/i—h Ay
NETAEOHRET LV EAVWTEB SN S S FI U ABREITEEESEHV
=AY & AN

BOAEICIE, ENICBT 28 R 7 A5G & IRV Y gk D1 R % x5 &
L. BENLON R I U AERE &AL R EHEREREE O A% & OBHE %27
NP FREPFET Do D DEFFRENS | AJEICDI > T FOFEL
T ICHEFF T D 2 EMARETHD EBZXOND T RI U LD TWI % 7ugkg K
EAALFE L, 2O, RPEOMAF S K0 LBEZHGRHET VIS T
130 THME L 72 HERINE Tid7e < . EEROEPE O R FHEDOR R HHEH L
TEIETHY , FHEIMREREZEIRVWEETH D,

2022 FFORENGORHEES FI 7 AEBEEIX 2.03 ng/kg (KE/ME TH D\ TWI
7 uglkg KEME DK 30% L VI IRWVETH -7, LId->T, —ixOHAANIC
BITOEMNOLON FI U AEBIRAMERICEEZ KT ARV EE X 5
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I. 5 - ffiokEe

TNEOKRDOH K 7 AREET, MEIZHESTEWEENCH D Kol R
U LAEBEEIL, 2022 FIZEWNTYH, ARANDON RI U AEBEIED 30%LA
EE2EOTHWD, KOH FIUAREZ, 1970 FO R, IS5 O HIS I 1E

(WBFn 34 FFEJEAE SR 870 ) O—HBIEIZLY TRICH FI T LR OZED
{EEMHA Cd L LT 1.0 ppm U EEETHLOTHS TUIR LR EEDD
iz, £72. Cd O&EHEN 0.4 ppm LLE 1.0 ppm KD KIL, 1970 ELIRE,
JEMOKFES OB L 0 IER I SN Tz, — ., EEEBEICB VT,
1989 D55 33 [l FAO/WHO &R EMZE & (JECFA) T KX v
LD EMABEMEBRE (PTWD 23 7 pglkg (RE/EIZEEE i, 2003 D
61 [0 JECFA T Z OEBHEFF S 72, F72. 2006 FFDF 29 Bl —F v 7 A
FESRETIEH. BATON R U LD & LT 0.4 mg/kg (ppm) .
W —KE (DX RORE T IA %) KOSHEE (WigEZRELZD D) 7
2 mg/kg (ppm) & 7z,

DX REERWNE, BBNEOZLKZEDTERMICBIT AT FITLAD
RS L UE 2 [E PSR YE |l A S8 5 2 L3Rk B, 2003 4 7 ARG #E )
HEMMEEIEARIES 24 55 SHEICESE, B LON R 7 AEBEROILK
2R D R EMMELRIZ OV T 1IT/R 5 B F AN A B L 2T B S IR
Iz, 2008 4 7 HIZ WHEYUWEREHmE A FIov s GE 1) CFRk 20 48
TARMZEEZESRE) 2L E LD, MARMEIE (TWD) % 7ugkg (&
HAEERE LT,

2009 2 A, Z® TWILIZHE DN TK (ZKLOKEK) OB FI T LADORS
Bk % 1.0 ppm 705 0.4 ppm ([CWIET B 720, JEATBE O BN SHARE
5524 55F 1 HIZE S B EI A BN Z2Z B S I S 1172, 2009
3 AT EFIEIEA 2.5 ng/kg REAME &3 2N ML 2HERE (EFSA)
DFENAFE SN & b H Y . EFSA OFM &2 H 0B 72 72 50 R O e i, - B P
ATV, 2009 4F 8 HIZ WHYWERHEE H FI UL (B 20 ) (FAk 21 48
SHEMWLEZERIIE) LV ELdl,

Z D%, 2009 F 10 A, /KEIZX VG SN D KOKEEEL EDT= D, &
TR I DRI AT 24 4555 1 TRIC IS < A SRR BT 28, 2010
o4 A, B TSGR IR O E B O EDTD, BREANLRME
BHAVESR 24 -5 1 HIZE S B AN B ZEZBESITKBEI L
Teo 2O DOFHMERE 22T BT OIEMEMER LT & 2 A, BEF A RICE
B AT H T e B F VA O EITRO b o T,

2008 4 7 H. ‘anfiAlE (BEBF0 22 4F7EEE 233 &) 5 18 455 1 HOBIE
2D TR, NI EOBEIEE ) (IBFn 34 FIEAEETRE 370 5) 128
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T HEEMOBRBOEOHRIIED 5> B BRI U LADORHEF IR 5B
WERWESNIZZ &6, FFE 9 A, BMEEEAIESR 24 55 2 HIZESE Y
RAUOEICHR D B in i FE BRI 2N B A T ) b R Z 2E B R IR ST,

ol WHBEWERHEE A FIvA B2 8E D bz LifE
(A DT R SE ORERS B2 ATV AR ERHIE 7 R 7 A G 3 R) |
ELTEDFELD,

I. FHEEMEOME

1. Y, LS

&5 48, t#FEit 5 Cd. i1 112.411, 12 (2B) &, A7 4A (106 (1.25%) |
108 (0.89%). 110 (12.49%). 111 (12.80%). 112 (24.13%). 113 (12.22%) .
114 (28.73%). 116 (7.49%)). ¥ 8.65 glem3 (25°C), H{ATIRAM, HIK
ORI 320.8C, WX 7656 CTHY . WITNbaEILEOH TIHEW (B

1),
AL L= R oAk, REPTHSeNICBb S, t2—21%4E0 5,

2. k. BREUVAR

I RI VAL, BRRTHEOE WA & LIRS 753, fghdia il
SR 1/200 BREDRE TEHENLTWS, EF, WINEEORIEME L TAES
T T2, 1817 HITIL U TRERHEN ) DRI THu, 1920 LI, I R
SULEBRIAYFXORBIZE 2o CTHEEAEOEREMEDNEE Y, SUHIZAE
EBERMALE BHR2),

BRI LAOERART, ERLHBRORN Y=L (PVC2) DEEH
TITAT A7 - TTARMOFER, =y v R U LEBMOEMEL,
xR BB&DR 72 EThH D,

3. HMEBE
(1) BARICET5FRLRER

BRI LI, HEROHGRIZ N 3T D0, £ OFEREITH 0.1 mglkg
THY ., 77 =7 B3R/ NS WILE TH D, HERA I LIX LTSRS

L Ba—2Ab HARERSTEWENZEZR TR L 2o To b D, AEMOLEIT. R
FTEERPEC LV RAET DRIF & T ADRGWITIE LT, ZORAFNE 2 — LY
T2,

2 PVC : polyvinyl chloride

3. 77— U8 MIEROMGBPIAFET DuR O EBE S—E |,
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SRS, WEDY UHEIC 15 mgkg BREG TN TS (B 3), EYLIEM
WCEVEMI BT RN R T LAPEEICHAT D SHlEATWS (B
R 4), KEA~OH R AHEEIEL, FCKEECTH Y | HERBUE T o hkH
BOHEFHINEETH 528, £l 500 FUREL RS LR TW5 (B 5),

WED FI U LREORESAIL, KETERS, BRI TaE R
Lo TR, KRB (FABKONY SR OREESA/SE — ATk LT
% (BH6), 7RI UL, REEEEFRICRBOMM T Z 7 b AT
v, EMOSFEEE EOFKY E L CGRB RS SIND, i RRIICES-
T FRAT DWIR T, EE» DL SN KB FRICEBOD K
LIRENEINT S (B 6-8), ZOXIICHHEICE TS NI ULAREOREE
DAL, A OULRECEAMOFELZ T TETLHEZEL LN TND,

(2) KREMDTE~ADBIT

71 R X7 A RES DN BEER 7 1T S ST Y | —E KIS 5,
PLTER 7 En DI~ Lie KXo Ad, RIS IS A3 - T - 1Ey5 Y
HIAZ IR T D, 7RI U A KD B, ok, BEE, 7])115 O K O
T DS HE % U CTHIZIERT 5 (B 9-11),

(3) TEMSHEMA~DRIN

RO FI U AF, RIS (BF12,13), MOl KT A
N2 % T HEER BRI EO D FI vV ARESE pH THho (R
14), BEO pH B EHR T2 L, HER 7OD RI v AWEENRRKEL 20, +
BRi - oHn Ky ARESHEK L, I BEERT O S KU AR
THZEND, WEMICE DN I U LRINEIFIKTT 5,

L PR O I U A0S EE LIETMHOER & LT, v
TR0, B IREETI NV T LOEREEREDEZ LN TND, KOGE,
TEEHON RI U LMIEICROEFFITHFET D OsNramps &9~ 2 0 i
EEEN L THRIREIND (BP0 15), OsNramps &% /KB, HDHWOITER
SELKTIEA FITLANIZEAEERE L (B15,16), £7=, KHIZH
W, BEOBLETCEM D TN O TEREA~O N R U LAORHIZHE
RIET, BITHAREETIE, HEDOREMED CdS 75 RN D CdSO4 73
BT HORMEI SIS, FEE, BILESCKEERO D FI U A LGRS
W, HREENCK K ZE D (ZBRZERTT2) K EHE W) FRICE D,
THEABITHRIREBIC LT R U 2D AIHIL, kb R U LEES

4

GYH S0, O NI 0 L HIRE YA R L TW D2, A - PR D L ITERN R
2o
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BFEIELZ EITRIILTWA(E] 17, 18),

(4) KPEYPR U EEY~DERE
KEERERICBWTC, BABNARET DIRICK T MY T 77 hoHbo
B RIUARETZESS GRTD. I KI5 DR ERICE TS 7 F
VI N BYEOWREIMICLEBREON RIS UV LAEEERLTWVWDLILORH D
(2R 19), BIzIEX, =2—Y =T ROBFITBWT, 8mgkg WEEDOH R
SULDOERENEEINTWD (B 20), £/2. 1= T AX—D L H 7l
O RBIAOIIENRS 2 L1288 W TH  mIREDON RI UV LAREHINATWD L
DORHDH (B 21),

W SR L IE 72 E O KB A TIX. 7 R U ARKRNICER-T 2 ]
22-24).

b o= rEiE, RRPOEBERFET OB EN, ZNHIZEENL D
RI T AREN, B KT AZK D REIGEO A HKERICFIA Sz (&
& 25),

I REHICHRINEROHE

1. (KREHRE

(1) BEMSDRIN

® WRURFEDEHE - B
EREMMLOE MCBWTH I 7 LADOWINREZ T2 Hike LT, &
R U LAOEERMAREZ b L —P—L L TRAOBERICA—ART 4 « B
U= RV E LN ERNEEEE S LRk D TRINE], KO KT
LOFGED D VITIERED S KRE T OPEEE %2 72 LWz BT oW &
ABREEHDLWVITERETHT AT ORINE] R, <BE>IC, K45
PO R & RS 2B L7z,

<ZE> EMIBTEHENFIVLOALERRICET H1E1RETDORH

1. W RIDLRINIZET 54542
ORIVES

FEHERIGAR T R U L% FL—F—L LTRAKRGH, "=V AT 4 - WD F—IC
KU b= —DERNEARERERFANICEIIT 2, WSR2 7 b L—3 =231k

5 JIFIENR - H R OBV OALE ORISR T ERROBEDOZ LT, H
Wl & LI D, =DV HEEIRIGCA U OH AN D U Z 72 878 ZHITHHY
ERAP
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BRNNLTNTHE SN2 LRBE SN B OERNEEROHEB 287 e v L, #5
EHEOH RI U LAOENEFREIMEL T TRIE] &2,

B, b LR ME < REFR 2 BN G DR o TR AL WIS o T
R =P =T RTHAEN D S PR Sz EARE SN B OFHAIATRE T & - 72 RN
FREBRGEEZEON FI T LOENEFARE L THN TS,

Q@ EhITDRIRE

BELLTERLEY FIvLENLRERICHt SN FI v LAEEZELL X,
BER TR 5,

HERINA S R U L% FL—HY—E LTROZKEG%R, KMEFO L —H—Hkik &
ZRELGIK TANTO M —H—RINE| & BRLEEF L RKERORT NI U LEE
HEST D TRNMTORERD FITLRINE] 12075286 TED,

B EMI E o TE AT OWINRZ IR, HDWEIANT U ARERHIL TS
HDObH S TH— SN TRV, KFME T, BT OWRIERITH— Lz,

@ Y AHE

BRI DKMED) FI U LEERSE, gEGRELEEGRELE O I U LAEBIE LK
fEih R o AR & OZENDHEGHT 5,

2. BEEOHHERHESR

REEIZIE, BRFEHROT I 7 LORBING SN, ELE ERICEY IAENT-&IZTH
L B DOFIBEIZE > THABENICHEH S LD 7 K 7 A0, iyt E2 0 L CEbE
WICHEHH SN DWNIRED S R T AREEN WD, KEFD R v APe&E 255
AV DIEEOBEIL, Z0RELZTD I LICEEEET D,

OR)IES

W= IE, RN AF R U IR N R AR ORI L DR G EZ D b L—)—EfE %
SR L TRD B2, SMEOBICEZENE U S WTREM DN & 5, £ RNERFERICIE, M1k
EPOENICIY A ENRICHEICHH S, S bIcHRIRShE FL—)—b 5
FNTWD,

@ EMITD b L—H—IRILE

KRAEOFRBIIE AN & I SR -T2 b L—F =L NICEET D720, K
R ~O P 82/ NN U IR A RKEHE 5 2 L1270 D, RIEBORBUIM AR
&L T EERNICE A ENTZRICTHE PR SN NEMED B U AR KEHRICE £
ND7o, Pet 2 REHE L, BN/ NI 5 2 & 1272 D,

@ BNTOBEHRH FI ) LIRIRSE

HEBRERICKRERERDHY, v A T RADEERDZEEH D, TOERKE LT, BFEN
OB R U AEBREOES, KEZHIT 2 HMOEN, KEF~ONEMES KT A
Pt 27 E 3BT S ATREMED B D
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@ H Y AHE

B0 AR, B2 ZKEOH FI U LB TICB T [RNToOREF D RI U LK
IE| OENPLRDOND T FI U LARIEORLETH D & ENTND, ZOFET
E RIEFA~ONKMA FI U LHEMEEOZEITFE LA T 528, 1 FI U LAEBHUKYE
DEIp S TWTHREF~ONRKMED FI 7 LPEIZEN RN EZFHRICL TN D &
Bohsd,

WD I v LET v b, v~ A, BIVCHEBREO#KEG LR T, I F
S U LDRINEIZ 1~6% Th 7= (B 26),

BRI U LARNEZHNTE MZEBIT D0 FI U LOWRINE, TR
DY R A FHAR T 502 K 3-1 1R LTz,

BHEL L HiC WnCdCly & EEWINME D 51CrCls & Ha# 5 L, Kf# i 51Cr A3
SN2 2o ThH 1~2 BRI L7z 1mCd OERNEFREEL S &
RO B 7 AIRIZ, B (104, 24+2.15%) TIX2.610.6% (F
P REUHERAE) | AotE (1244, 29£3.25%) Tl 7.56E1.8% ThHh 7= (B 27),

Bl b i=poWs (144, 21~61 %) TiL 4.6+4.0% (FE#¥)+ 1%
W) Tholz, 1 LOWREIZBWT, KMEF 51Cr B &2 72> T
1R D6 94 H O RNERAFER DRERFAIZAL D 3RO 72 =13 10.3% T
B, KEF5ICr N SN2 2o Tovn 1 HEBBICHNE L7 RN EFER
MHRDIZH K7 LRINER (9.7%) &ENENST= (B 28),

INHORBRICEBIT S FIULARINEIZ, BFEE &I LIEED
RITLOH RI v ARINEEZRLTEY, BHPICEBRICE TN H{LFE
REDWINEETIE W, L FOMFZETIX, I K ¥ ADFRALR TE R O£ b % 1
LT DH, I RITARINERERD TS,

15mCdCly T 10 HfE L7——_ DXLy a2 xH Lt LTEHEZ bNT-ED
IR 5 2 B (740, 29~61 %) ([CHEHERSE 73BT, EE26 B#
? 1WmCd DIERNFRATHE I 28 HZ D 87 HE £ TO 1mCd OIRNGE
TERORRBFIZEAL D GHEFE L72 B o AR IT 2.720.9% (P34 = %GR
) Thoiz (B 29),

HRARIEERHZ 106Cd Z RN L C/NE ZKBRES L, 15 b iv7z 106Cd ik NE#y
T ZAERC L. BERRZR AN Zet 344 (32, 46 XUT 51 %) (CHEHERRSH, i
& REF D 106Cd 2 FHEEE 77 A~EEAHrE ICP-MS) THlE L 723k
TlE, 106Cd FEHE) HERE 5 A 4 O REF 106Cd HEfitE 272 L3I\ T
572 106Cd D TR OWRILE ] 135 40% TH o7, T ORI ik
ERHWEHREICBT 20 FI U7 LARINE (5~10%) % EE->Tng, FE5DH
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XL iR 5 A KD S HIZRWEIR O RMEERINS LEZ > T2 Liv/s
WEEBZELTWD (BIR30), k. Z O TII KRB RO 106Cd Dfif & 7%
[PEIANGAY AN

Ferpiiz 13Cd THEEER L7t~ U U OFE DAV A B B g2 —
ARRIZLTCw—HY VERAELIELDE 13Cd NN X—L L TREFEL L
HITR A 14 4 (30~70 5%) (CHEHERSE72, A2 E % 21 A H
DORFEF D 13Cd %2 ICP-MS THIE L7z, #ERTEHRGHORMEFOD R
U AENLARDIFAELL N S | ik N &7 —HSRDOKfHEH 13Cd Z#HH L TRD 7=
FELDNT O | 13, 10.6£4.4% CEHEEFEMERE) TH Y, 1.6%~18.3%
ERERBAENRDH -7 (B 31),
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31 EMIBITSARIVLRMAKZRAW:=A FS D LRIREIZET SHE
il B R R - BT e
7RI U ARB X OES b4
M n FE (%) (ug Cd/H) (%)
M 10 24+1.1 S1Cr TIHALE 2> b O O e 4t 2 #ERd 1 2.6+0.6
i
~ 2 BEBICR—LRT £ - B — % B (B 27)
F 12 29%3.2 | 15mCdCle, M N51CrCls B L & 25 ) 7.5%1.8
usmCd ORNETFRE G, = OERNETFERN
y e (22-29) | 0 g L e
14 91-61 PR AERELROERNETEREFA%ZETHD L L 46440 (B 29)
F TN R % iR
R OIS LB 2 S5 26 A%
5 87 A% E T 11mCd DIRNEER % R —/L
1smCACL % = ERITIRE 72X L v b -
4.8+11.7 RT 4« ho o Z—THIE, EH26 A%OKN
M 7 Z 10 HREHER L 7288 ORI 425 i 24-166 2.7+0.9 (2 29)
(29-61) \ FRAFFE L 28 Ak D 87 Ak OFRRIFIZL)
BH % Hn| i
HAME L TR B BB S DIRNETRED
HEFHMEZ IR & L7z
32, 18.81, [KAb# ICP-MS CHIE L 7=5k 3D 106Cd $#EHR 42,
HRE I 106Cd (RERTEIEEE 1.25%)
F 3 46, . 17.84, BRI 5 H 4y O KEH 106Cd PRt &) D 40, (ZH# 30)
THER LT /R 2 Wil % Hin]
51 16.87 e TEMNTOWRINER) Z2HH 45
Ferriz 13Cd (CRIR(FAELE JRAk#% ICM-MS THIE L7~ U U & —Hk
52+13 12.25%) TG L7-t~U U HET+D O 113Cd FBHUE LR AR 21 Hloe~Y | 10.6+4.4
F 14 14.4+5.8 (&1 31)
(30-70) | OB LR Y — 2 S DA U R 2 — R 13Cd HEt B S8 7- TH (1.6-18.3)
% Hin| T ORI % H
BB X P E AE R 2=, (B 27) 0 A EREE =
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HWNENCAE OB 2 4 (MEE . 35 XX 37w 28175 1 Aok
REFRAE OB KIEFOD FI U AGENOREE L TRT ORIGE ] O
PIEIE 23% K X 25% CTdh - 7= (B 32),

%l@ék@@iﬁif@% (11 44, 73.3~85.2 %), &M (12 44, 69.7~85.5
) (ZBITD 5 HREIOREREOREE REFON FI U AEZENORET L
kfﬁbi®%ﬂéj®$Wﬁ‘ -15% (-188~30%) Th 7= (B 33),

A = —T VDOIEBEYEF T — e B F 2 FIEMICERL TW A Ltk B
WIRRHE DN 5 W B A2 B IEAICIER L CW b Mt RO EEN S O AE 2 BE
IR L T D RMEZXRIZ, BENLON NI v AR & KE fgEi
%%%@Lk%ﬁﬁﬁbﬂhAE%®@%%ﬁ@ﬁ$ﬁﬂ¢@ﬁFi?A€

BT 5 REFOH I 7 LEBEOLROEHMEIZTENZH 98%, 100%.,
101%CTH Y, BENLON FI T AOWIEFENEBLZINTWD (B
34, 35),

TN EOFEME Lo (25 4. 20~23 7%) (K K2 7 42k (0.004 ppm)
GAER (V¥ 4.51ugCd/H) % 11 HEEBESEZHZIZE D R 7 4K (0.340
ppm) SHE (K 48.48ugCd/H) # 1 H (154) Xix3 HM (104) #
WM KD FIULAKRGAREBEMME &0 NI v L KEHEBEBHGE 9
HEOKREF R ORBEFD FIVLAGEEZUELZRERNH D, K KNIV
LKEARBIHME S0 I U LKEAREBIHGRICBIT O RI U LA
BREOZELE KMEH S FI U APEEDZEND, 7RI 7 A TR AZZE) 2B
HEFSNTWD, M FIULKREARELZ 1 B XT3 AR LIZGED TR
DT OWILER | OSFEBEIEE I 23.9% (—4.0~37.7%). 23.7% (8.2~
56.9%) Thol-e —FH. BRI TAD [FVIAHLE] 1TFNFI 47.2% (-
9.4~83.3%) . 36.6% (-9.2~73.5%) TH Y. B FI U ARNLIKE W=
FVEETHo Tz, MOHBILIZBITHI FITLORINEID T FI T A
O TV IAHRZE ] DEhrolcZ EIFFEOEIIL D EBEINTND, F2,
RBENENLETH-T-Z L b FDFERTHLIAREMENH D EENTND
(2 36),

BREOH K U LG (E20 KU ABERIEK) E3E0 20~39
k. 40~59 ik, 60~T9 s DIFMUE LM | UM CAE SN TV DL EMT
TR U7 BEN B ERBREON I v L2 a0 a4 8 HEHR S H,
ZOMIZERER OREEZEIL, 7 KA TRTOWRIE | BHIE S
7o FEEFOATORER, FROHD TENTORINE | L FGEZRBEEAE R L,
20~39 %, 40~59 ik, 60~T79 K DFHIE T3 T TRNTOWIE | %
5 &, FNE. 44.0%. 1.0%. —5.9% TH 7= (B 37),
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@ W RFIDLRNEIZEZEFRIZFTHEHF
a. xRz

EEREIICBNT, Bk, Hligh, DAV T AREAEOREIES RI U LAk
NEREET 2 & EShTnd (B 26),

/NG BRI SR BT D e )E b7 AR —4%—1 (DMT16) %, —
gk DEZEAR & U CRE SN2, /Mg BRI 31T 2 o A4 8 oWk
WIZH R&E2ZENZRZLTEBY, BRI UL BERIICHEEES LT
5o 7w MIBRZERIEZ 5 %25 &, +2HEHICE T 5 DMT1 © mRNA L
ASLREFR L, MERE L OlgaslZB 0520 FIULARENEA L, 20
ZEMS ., BRRZITHED B T DMT1 OFEEINN, B R I 7 AR AR
ELZEEZEZLN TS (B 38),

EMZBWTYH, $-RZDH FI U ARINEL EH S5 2 EnE<lE
MENTND (B 26),

Fo, MNSKEHEEOEE L LTE 7 =V F U REEZ W, I RI T A
DORIE . EKNEARE E OBRRBPTFHION TS, FH&E L7 15mCdCly
kD 1mCd (KPNFERIFERN OHEFF SN2 R o ARIGRIE, fjE~7 =V
T UARED 0~20 ng/mL OFE (BMH:24, LME84) 7. 21~41 ng/mL @
BB 44, M 34) TR 1UN41~100 ng/mL OFE (B4 4, M 14)
TTIH. FNEN 8.912.0%, 2.4F0.5%M N 2.1+0.4% (¥ HEHERR =)
ThO., MiF7 =V FUREMENEERF TIIA NI U 2AWRINEN G- T
(&M 27), 72720, ZOWRETIRME 7 = UV FUREICHENRH D . HZED
ZAEAEH O FlH f_%ﬁféz%ﬁké

A —T O LN (BT 44, 20~50 %) (28T D8 T, i

7 U FUPEEDOBANCENIL T A RS v AEESED LT (B 34),

FEEOFEFEM OB (402 4) KOt (396 £4) IZBWT, IMiE7 =Y
F U REMROEETITIE R Z0RE L il U< 4Rl JE R, R % (BMD) |
W BRI DOFRIE CH DR aF = BE CHEZEOMP H K U A
BEXNE NS T- (B 39),

WAE OB LM (H R Y MMEE L~ 0 JECFA @ PTWI 7
ngkg RE/BEICHY) (2, YiZHil CAE SN TV A A THREL L 725181

BREFRLFEREOS FIvLzahili 4 8 HHEHR S BRIZ N T,

6
7
8

DMT1 : divalent metal transporter 1
FREOPERE ORI Fig 4 2Bt L7z,
Ml Ry AREIL, 2F D FITvAREDZ L,
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I RITLD TENFTORIGE] LMfET7 =V F URE L ORICADOHEEN
OB, T2 L, TENTORINE | 2B Ess L, Fin, miF~7 =V
FUUREE, MIGSRIREE, R NI 0 ARES, il FI U LAJRE AN
BT HERBIRDHTZITO & TERNTOWRINE ] g7 =V F U RE, I
BEEHRE L OMICITAERBEII R IeoTo, Flo, BilD LML EDXIR
HETO TEMNFOWINEE] (21X, AREREX hoTz (B 37),

T 23 [E D FEVG G s D FEMRIEE Lo 2 it BT, B OBRRZ LR R
U LR E ORBRATHRONZ, MET7 =V FURE LM~ ES B R
FENMES L& ZWr Sz 836 4 &, Flin L OEREM AR 2 72 & oD 72\ v
L ORITIRP S R U AREIZIIAEEZT oz, MIE7 = U F g
FEDMEVME Z 7R LT8R R ZHE & JERBEEDOM (% 2804) THIRPA RI UL
BREIZIIAEETI R 2 2006, FHLIZENO—RLLMETRD 5
NWARREOBRKRZIEN RI U LRI AR LW ATEEEN R~ S s & L
TV (2 40),

UL bED X oz, EREE AW R O TO e Faxtg s LToak%E
IZBWT, ERZICE DI RI U LARINORENRES N TS, LarL,
BRENCB W THERZIREN T R I U ARV Z{EH#ET 2 N EDITONT
I, IOICHEMIENRLELEZ B,

b. NAATRASEYTARUONAFTIEIE) T+«

BAFD RI U LORMGHRITIELOFEHICIV ALY Zhboo 1 F
TRAZEUT o (EWFERIFIHEE : bioavailability) & XA A7 7Y
T 4 (FERBEEEE : bioaccessibility) 2MRET SN TWDH, A AT XA T E
U7 1%, OB INTWENEENTHEMR IV, EERNITRIN S 1,
WNTEHEIEER I & 5 WITEER & 72 DR B TX 2B E 277, &b
DOHRITAIBEALTIE, LD RI v LAEEREL Lz b X OMxt e/ A
FT XA ZE VT 4 (RBAY) 2MfEIEE L THWOND, £T. FEBREMIZ
WAL I UL ZNW O OHETERS Y, 7 NI v AHEZBNER,
s R0 LNREZERERE T HEUFKEGEL, RWT, XG5
BRIV LEHAEMEEREOBST A NI U AREZBRRISYE TID,
g KX U ZRENFE— L7258 RI U AL RMEBING D
BRI TAEREDLE LTRBAVRREHIND,

NAFT 7' EY T 1%, HILENTEMI L, BRSNS 5

9

AFHHE T, FRlOFEN 2 WGEIX, RF 27 L7 F =2 (Cr) RETHIELEAD R
SULREEZRP D NI U LARE (ug/gCr) & LTz,

10 RBA : relative bioavailability

21

24



(CEB SN DEIE 27T, A N TR CLBE L7ZBEDH R U LD
fREIS A Invitro A FT7 78 EYF 0 L LTW3,

INES R EAREE S NI~ U AT, IREREDO N R I v A& E el
BRI LETRIN U 2 5 S i~ o A2 /NG g, B
WP 1S ARERSE Do (B 4D, v T ACEOT, B FITAD
RBA /3, K/ NRZOFIHIC L0 Fre v KT 20~60%, /NETIX 40~T70%
Thot, Fio, BRBPON I A0 RBA bBEOMEIC LY o7
(R 42), BEFOH RI VLD invitro XA X7 7Y T &7 v b
IZBITDHRBAZMK LI2E 2 A, invitroxA A7 72T 4L RBA
DRENCIEOHBEN G 7= (B 43), 71 K 7 AGRKE Gtk % i S
NI=w AT, WA R Y ABEEL 725 £ 51D F XY AEUIL
KT S ISR S~ R L TR RS Y AR R o
= (B 49, AKHH R YLD in vitro A FT 7V EY T 4 13KD
FEXAIZ LD 20~63% & Hrp - 7= HERIZ X VI 6~52%2084 L7-, B
¥HOH KT AD in vitro A FT 7L E DT 413 3~32%Th Y . A
KEHARTIRP ST, BRFDON I U LD invitroXA X7 7Y T
A HICTENC X 0 BOK 5.5 RN L, 100 BFC X 0 Bk 88% L L
(S 45),

DIFIC, BENSORIUIET 2MAEE LD D, BT RI T AL LT
FNLAE T R AERORE L, ZOERNERENOHEG L2l K v AN
FIL3~8%EHME SN TS, BENLOH FI U LAERED S KfH P HE
BEEALGIWTER L TRATORSER D R U AR Tik, R
RICKRERENDHY, ~A T AOMWEERDZ b HDH, TOERELT, K
AT 2B OED, KEFA~OEND K ¥ LAOHEH, #5RE OF i
RENDDH, —F. EREMAE RV TIE, BIED RS UL LD K,
INERH KR EDRBGNF DI IV LADNNAFTT XA T EY T 43R
ERWESNTND, ZAB LY, b MNCBTARERD R I v AORIE
1% 8~8%% A% AIBEMED & 5 & HIlr L7z,

(2) %
I CRIN S N7= 0 R o A, EAREICHES LT X > TRN O Al

ZHTHIE I ND (B 26,46), B R T LIV ATA L OBFIMERTRANT- 0D,

TNEFHRVATA ERAERE EERT D, FTH, 0 FHIZ 20 5k
DUVATA VG BT HRDFEEAECHLI AT x4 (MT) (Z5R
WETIMEEZ AT A, MT 121X MT-I, MT-II. MT-III, MT-IV ® 4 f&EO T A
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T —LNBDHN, HRI T LAOENBEIZEIILNDLDT A Y 7 4+ — A%
MTI & MTII THY ., TOFEMIUEFRETH D, MT 1%, EHEMZREET
TITHCH L FEA LTV D, MENOD R U LARBENEE D E MT EH
BOAENFESN, FEIN- MT X, HIRANOERED R U ax2iEE -
LT, DIy 2OFMBEHKE LTEHRTD, PRI TAIZEDMTO
AREE L, AP, B, BB OVEILE BRSOV TR Z 5,

MEFoOH RI U L0 1%, mMERFPIZOM LTS, ~7 A2 K3
U LB DL RaICRIMERTOS R aE MT 28045, Zhit,
BREORFEERIZBNTH R T AIZED MT OFEARNEZDH7-0DTHY
RIMERFOH B0 L%, N THRMERDHE SN D & PRI E/T 25
(M 47),

ARMERIZEEASTIIIEF OB B I U LREITRWDS JEas~D M I HE R %
B2 R, MEFON FITAEIMT T VT I VR EODEHEBEICHKEEAELT
W5, FRZHFEO/NS VD CA-MT #EERITEBA~O D FI U LAERICE 5T
%o

HIEEICB WX, 7 R U AXEEE ERMEICER Y IAE i, MT 2378
T 5, MILETARENIZMT &5 KU LOEEERNIIMHITBITT 2
FEbro TR, L, B T2 L9 MT KA LIS RI U Al
FEANZIEEIRICED IAEN D, BELPOERLEZD RI U LANERICERE L
TWEKD 1 2L LT, HbETHEKkSN CAMT PG L TS LB XL
LTS (B 48),

ERBMEBREOS RI U AICEMBIZ<BEIND L, 2RIV LAEDON
50% B, H 15% 25 I . #9 20% 23 ICRD Hivs (BIR 49), Bl
TIHEEON RIULBENMEEOK 3 FTholzt ST D (R
50), £ 32 1Tt MBI D EERESRFTOH RI v REICETIHwEL L
O TR LT,

x32 EMIBTHEEFFPDAFIVL (CA) RE

FR - i Ed Fih (%) % RE (g/g RES) FhEREEDBR #E e
R—5U K 29 4213 M26 | +=#585:0.28£0.16 | BRICHLIT. 40-60 & TREIE, BHEE TR IE (258 51)
F3 | 228 :0.26%0.15
B : 0.13+0.07
1997-1998 61 F1538.5 - BRE :15.45 BF 41-50%% 1.44 FHEH 39 RO | (2R 52)
FT—Z+5U7 (%568 2-89) BF:0.95 51-60 & 0.91 Cd-U 1518 2. 30
fifi : 0.13 61 LI L 1.46 ug/g Cr. BRHE
43 F1#537.0 M BHE : 14.6 Cd18.6
BF:0.78 B 41504 25.9
fhi: 0.1 51-60 % 22.5
18 F1539.5 F BRE :18.1 61t 21.3
BF:1.36
fifi : 0.17
10 FEUERR | T8 5620 - BEE:10.8 BRE Cd (ZMERICENEML, 50 RBETE— %R, BLEE H b, B | (BHBY)
1Arna53F BF:1.10 ZOHRETL. #UFERFK, L fifi Cd ($IER2YE
(T#EME) TE fifi : 0.09 FITHREIE,
& 57 - M BEE 155 BF Cd (&, ANRISHELMEM,
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FF:1.23

fiti - 0.13
21 F BEE:11.4
BT : 0.76
fi - 0. 05
ZRAL ALt | 50 | 18-80 — | BHHE 146+59 | BEREF50-60 EETLR L. UEET, BREXIERAN | (M54
O (2.4-31) DB (FE
BEHHE : 8.6x43 | BFCdITERICEKTF LIEM, BEEBIEEN
(1.5-16.7) TLAEL, )
BF : 0.98 =+ 0.50
0.32-2.32)
F—RFU7 60 | R 17:8 N33 | B (hkfE) : 7E05 17-38 B (FRfE) B :0.01 FF:0.01 FIKER: 0.01 | BEE. AAF. | (BIEGH*
WECEZEL -87 F27 | 0.01-10.04 H%0-14 B (hkf)  B:0.01 BF:0.01 EURER:0.01| B, FREHERD
1= Styria i B (R fE) 2-30 /A (FhR{E) B:0.04 FF:0.03 E4RIR:0.02 | HBRIKERS,
0.01-1.51 12-18 2% (sh R fE) % .3.68 BF:0.16 F4KER : 0.08
BFRIR (P RE) - 25-36 % (Fh R {E) B 6.34 BF:0.62 F4RAR:0.39
0.01-2.73 45-59 % (th 1) 580 FF:1.51 FR4RER: 1,50
61-69 &% (FR 5 {H) B :10.04 BF: 0.56 E4RER : 0.84
70-79 % (P 5fE) 6,72 FF:0.78 FRKER : 0.84
84-87 2% (P fE) B .8.05 FF:0.79 FRER:2.73
19921994 55 | 0-95 M43 | BRE -39 6+358 | HEhX% ;01 2-20, 21-40, 41-60, 61-95 &% EELIGRIE, 2 | (BIE56)
BA F12 | BF:2.05=1.84 BREC: 0.61, 8.41, 33.3, 69.8, 52.3 DR Bl
BN 394+43.8 | BB Cd: 0.1, 4.65, 11.6, 26.8, 19.9 EE. LRER
BEAE NT ;191340 | FFCd:0.05 1.12, 2.29, 1.88, 3.55 BE. fiets. o
BFMT : 250313 NT RS E L EL R ORI HREE, BE
A (21-60 /%) DERE LHHE B, EEEE
B,
NUHY— 531 - - B 11.58+£9.9 FRX LA SRELIRA, BE | (BIRE])
Tvaalvym BF:1.56+1.68 i AESIEIL
i fii - 0.560. 88 O, BEREHM
297 ] . 13.84=11.28 BAE AR, #hish
BF : 1.66=1.57 R4 (& £ FoKE
i : 0.6420. 95 B EERUL
234 F B 8. 71%6.95 EOELEOH
BT :1.43%1.81 R A D W
i : 0.45+0.77 L. AORUIHE
NoHY— 541 | — — | B 11.99%10.04 MEAEERL 12
TvaaLvHE BF: 1.81£2.62 i T & S
B4+ i - 0.721.69 EThUANDOR
(HEERW [ 287 M % 14.38=11.58 SERTTNS
1) BF:1.75+1.88 M BEGLOT
B : 0.91+2. 16 [EXON
254 F .0 31=7.05
BT : 1.88+3.26
i : 0.50=0. 86
BA GERMER | 41 60 LIt - | BrE 5.2 ERE5 : 60-69, 70-79, 80-89, 90-99 RIEMREIRIK, 2 | (ZH58)
2%E) BERE Bt T—4%&L, 71.1, 66.5 583 EEE. EEE
1967-1971.1981- A 12.5, 31.5, 29.5, 40.4 T8, 35 R
1984 51 - FF - 66.7 3 Bt F—REL, 89.4, 67.3, 139 DREHEIEA
CEEEETE i 94.5, 64.0, 62.9, 36.7 S418 4B
BERURELOD E 18 &, LA
H330) HdE 28 AHE
AT Fhd, £k
BRI ORR
19731977 EN—EIZIE. B
GERHAEN) EITHE M
BWE - EER FEATOEED
BA (GEELME | 103 | 60 LIk — | ®EE 01 EWES : 0-9, 10-19, 2029, 30-39, 4049, 5059, 60- | EFATL3,
HRE) 69, 70-79, 80-89, 90-99
1981-1984 ERE B 7.5, T—4EL, 356, 77.7, 7.1, 116,
g 105 - | F:10.7 88.6, 76.0, 61.5, F—HmL
AR Ltk 7.18, F—4L, 34.3, 154, 107, 139,
EHE 113, 105, 88.9, 81.6
BF Bi:1.46, F—4ML, 3.12, 5.42, 4.79, 9.02,
8.58, 8.30, 8.41, F—AMmL
Lt 1.07, F—2EL, 4.24, 681, F—4E
L. 5.73, 11.8, 19.8, 18.6, 10.4
BA 55 | 0-80 — | BRE 707420 | BRECIEMBICENEML, S0mEETE— Y EnL. | REMRHNRVE | (BH59)
BEE : 33.5+22.7 | ZO®RETL. #UFER. AR BIRRR, RE
BT : 6.3+4.7 DB 20 L)
36 1 BEE :54.5 BF Cd (&, ANESICHELMEM L, 30-40 B TREE. toF,
BHEE - 28.1
fF:4.6
19 F BEE : 96.3
BHEY - 43.5
BF:0.3
1971-1972 30 | F#39 — | BRE 4724 FEWES : 10-19, 20-29, 30-39, 40-49, 50-59, 60 LIt RERBIRE. N | (B 60)
BA BF:5.7+4.6 B CdREAEHELLILR mERSE. Mg
EER PR 2.7£1.7 &, EmttESR
B :1.5+1.0 %, RETIE., &
NG 110,44 EEEETH, B
15 1 BREH : 36 & B A B A
BF:3.2 B,

24

27




PR - 2.2
2% : 0.97
M7 0.8
15 F BRH 58
fF:8.1

FERg - 3.2
Bg:20

WAL, pg/g WEE, XFCOHAM TH D mmollg % pg/g (ZHH (1 mmol=112.4ng)
MT : A¥aFARrA

MIEF OWENEIRICE D A FE N HRREE L LT, mAE R SRR BITT
DI & SRERIRTAI S i=t%., PRIE OB FERID & TN S 5 RRK08 &
e N RITLOEAE, BENPLTHD, MiEFO CA-MT EAEITD &
2 7,000 LA T E/NS Wb, SRERIRTAIE S, I RE O RME T
VR A F—V R Ko THRERIN SN, RS ERAIIZER D A ENTZ
CA-MTHEEIKIZY VY — AN THMES IV IERED R U AL G BRAET DD,
ZZ T, MT O¥HEFEL THO CA-MT & LTIHRE SRS, BN TH R
RTLEMTIE, 2OV AT AZBYVELTNDHEZEZONTEY, ZOZ L&
R H R T LD~ EERIEDRA & 725 TV D RIREMER EVY (2] 26),

MT OEET AV 7 —A5LTH5H MTI LM ZKB LI~ T RH R
RULEGZIEGE, BT RI U AREN 10 pg/lg A2 5 2 EIXIFIER
W (B 61, ., Bk T LI KBEON I UvLAEEMEILE |k
IZBWT, Blgh D R o ABEITH 100 ug/g ITETHZ ERH LD (K 3-
D, BEENTITEI D Z &3y, ZhuE, BIEATI FITARMTIZ
FBELTWDIEHTHY, I RIULEHEES MT 0% - fiaie % LES
LU o e8I, WD RI U AICEDBEREEN RS LB 6 T
% (BH62), 7 FI U AIHESCH THRE I TWDN, £ OREIL B
BT FE TRV, B JEBR T, MEMKBAFT 23 1 R X 7 A D AR R~ D
BATZC E &N TS (B 26),

X 3-1-(a)iZ, 1974~1983 EIZFHA SN E R OUES OB G R 7 K2
U LREDOERIC L DB ER LT (B 63), < OEICBW TR EE Y
NI AREL 50~60 i CE—27 2R L, TRLBEBIMERZR LTz, HA
ANDOBEE R A K7 LEET 50~60 0 B — 7 BF2IX 100 uglg %8B %, 1
S B~10 5D THH-T-, /NRES (1975) 12K D &, 40~50 LI B A
DENEIZBT HIFIEE O AT H R U AREL, BEOBIE 2H0EE
KL (B 59), 3-1-(b)IZ, 1992~1994 T TiIrbh-i#E (B
56) IS HARADHIRE ELEH T FI U LREOFRICE 2 Z2{LER
L7 (B 64), BREHRH FI U AREITFIE EHITHIML, X6 2X K
X H DD 41~60 5% TIEEH T 70 pglg 2. 61 LRI L=, AT
R U AREIXEREICHATR LS, 61 L ORBUMERNIEERD B A7)

77,
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() BREHRH FIVLRE (b) BAANDHBERUVERERH FIHVLRE

140 : 40 Liver

w
o

120

N
v
1

100

Cd concentration (ng/g)
— ~N
" o

[y
(=]

80

w
L

— o W

2-20 21-40  41-60 >61

(=]

60
Age group

Kidney cortex -Cd mg/kg wet weight

Kidney

/ -
:.' v R .
s - s
e 60
40 -
20 -
#-==----+ Canada ©———° GDR #——= Sweden
ge=====-5 Finland ®-~=——e Japan(Akita) #-——-+ USA(Dallas)
L 3 0

France &——a Japan(Tokyo)»—— USA (N.C)
Q--mmeed o FRG  #———= Norway o———0 Yugoslavia 2-20 2140 41-60 >6

Age group

40

20

Cd concentration (ng/g)

X 3-1 HERVBREDH FIVLRE (FHYLEFERE) SFHOBRF
((a) (BZH63). (b) (B 64) (Yoshidaetal 1998 % &IZ/ERL))

a7 FT OEEERRE LIEAFZEICB W T, 7 R U ADBMB R
IR P TR < I I PR B L R AR I R IS R TR D o T2 (B
MR 65), L0 RHEMBKEWERSEORILH G OGOREICHS T, Mk
HOH R 7 AR IR N QWS M PR A & e~ <, IR s B 1
RHAIMHIRE L VK2 o7z (B3R 66), kT v M2 HWFRIZE W TH, IR
M B0 ABEIIRHMARMAPRBE LY @72y, Baih s Ko AR
FEIIRHMAM RIRE X v K- 72 (B 65),

(3) kit

BRI AT FCES, RPICHEESLS, T 1. (1)) TlRR7ZE9H1
R0 LNIEEERIEMEN 2D, BN LEIRENTZ KU LAOKE
INFEEPICHEIE S D, BTNV 2 T A EEZITT- 0 KI U LO—E0
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FRAFIZHEIE S D2 (B 26), B FORBEHICHEE SN DD FI U AT
DOHAHHFKOH R 7 LAOESIIARHTH D (B 36).

RO R 7 LRI, e, Blg~OF B U LAEREE &K OEREE
DR 2T D, FRCBEENEZ > TORWEES, FRPICAE SNz Cd-
MT (FUALRAE TIEIE 100% RIS D720, JRTF~OF R v AHEH &
ITEEITERWEEZ SN TS B 26), —FH. KEBEDOD R 7 a2 EHIC
blzo> TERL, e & BTl FI v aRnER-TLE. RPH R
U AP R R 2 \ZHIINT S, NAR—DTHTH FI U LI BEZITI-{E
S B RPBUTHEFE y B HTIE TR, B R U AREEZRIE LTS
LT, AR E R BERE E DN IR VMEEF ICB W TERER I R v A RE &
JRFA B 7 AREICHEZRMENGED biLe (B 67),

—OARANOBERE 7 K7 AREIL HCKAD 5~10fFE0 (63,
64), F£7o. HRANOBRETH FI v AREITFERE & HICHnL, 50 mfk
TE—ZIZELIEE, RAIKTT 2 (K 3-1), AUkt L, HARADRF
71 R 7 AHEEE (ug/H) 1L 50~60 R TE—2IZZEL, TO®RIK FEM %
T (B 68), Z DX D SRS, SRS K U ABEL, BREERH
RIULAREZRIT HHBEICRDEEZ LN TNS,

1976 FEOFAE TIX, O HARANDRFH K 7 AgEMET 0.5~2.0 ug/H
ThHY., KEFD R 7 a8eEIL 256~80 ug/H TH-7- (B 68), £ 3-3
J OV 3-4 1T 1976 & 2003 FFO HARANDIRF R ORFEH D7 K I v Lk
BER LTz, REE O R OHFEERIZLT LHE U TiEenay, 30 4FEMic—HEH
720 OB Ry AHEEITED LTz (2R 36, 68, 69),

# 3-3, 34 DT —ZL, FRZH RI U L TEHYO W IEFY g Co T —
ZThD, B I TLTEDEMEMEEERELNEZ o756, BRIRFO
CAd-MT OFHEINENRITZ B 7 n a7V (B2-MG) 72 & DMKy &
EAEERBRICIRT L, IR ~OPEEN T 5, EES. 7 Ko AjHYH
WOERORS MT IEBEN ERTLZ 0806 TW5 (B 70), /2. *
78urORREIZ LY | EARME LRI DRk 2 L FTERED 1 K I T AR
JRAPIZHEE SN D (B 26), 7 R U A LEFYHBR OB REEZ L Z LTV
DERTIE, JRPL2-MG EEEMBELTRFTSD RI U ABRENES LTV
(B 71-73), £7=, X —DOTHTH FI v AR BEEINTEEE T, O
MR ERSRERE E 2 R LT EREE RS R o T EEZ OB RETR I R v
LBEEERE D FI T LRBELZLRD L BEER D FI U LARBENRRLT LN
VT AR E SRR E 2R LIEEF ORF I R U AREIXE -T2

1 B D EALIRAME ~ DB DONT, £ 35 DX IIIBRICKRIA SN DS, Al E T
1T DIEALRAEFERERRE | & L7,
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(BB 6T), LT -> T, ImfRMERREREDE Z o 72RFO R R U AR
FEI i 77 % U LI B UV E T B 7200 TR < IERLIRAE T ORI
Hene 25 % CA-MT 72 EOHEMEDORM G KL TWDH EEZ HND,
7KE®7y ML R U LaEHK (0, 5 XL 50mg Cd/L) % 6, 12 XX
24 MBI S E 2R T, BIgE b NI v AREITRE K ORI

U7z, Z OB ORY I K U AREOHENKTDT M THo72 (B T4),

Fo MED T v MIHAET I U AEFAK (0, 1, 5 XX 50 mg Cd/L) % 3,
6. 9 it 12 A MER S -FEBRIZBWTH, 6 2A LK 12 0 H £ T, J&RYF
A RITLAREDO LARIIEFIEE TCH-T- (B 75, 76),

INHORERMNSG, T v b T, BIRA~OREF 2 K U AEREOEIND,
T U BIRE T B U AREOREFRI BN & 5 TIRBLIL W TR DS
ARIND, £, WThoREETY 12 PHBORETORY T FI U A
TR 1T 72 o T2,

& 3-3 1976 FLEHO—MBOBERADKE - Rh~DH 2O L—BHHE
a) W RITVLAORE~OHEME (5 HEOFEE)
RAED H & HER AR ARE Pt
L E R (g/R) 1 (gl H) DW* (%) i (ppm) 1 (ppm) (ng/A)
(mdggga;loﬁ sy 15:23%6.25 65.6525.63  24.32+4.67 1.26+0.67  0.33+0.18  19.4+15.7
22%229?@ 27.11+11.84  117.01+60.51  25.01=5.55 1.36+0.45  0.36=0.18  36.0+17.7
égtzif)' 19.886.00  84.88+30.39  25.10+5.37  1.21+0.29  0.32+0.12  25.0£10.8
P54 55%) 33.35 134.53 25.03 1.19 0.34 45.2
LetE(54 7%) 26.63 112.70 24.30 1.33 0.33 34.5
T BRI + R 22
L ER R E
¥ (R 68) L vAEIH
b) # KI T ADKME - JR~OHRME (#R]T —4)
i KA R
(nglg) (ng/H) (ng/L) (ug/H)
1 1.57+0.28 41.1+6.5 0.91%0.08 0.51%0.11
2 1.34+0.22 59.617.5 1.93+0.34 1.43+0.22
3 2.170.63 79.4+29.7 0.53%+0.17 0.79%0.36
4 1.67+0.53 53.8+13.2 0.84+0.14 0.760.06
5 1.97%0.86 64.647.5 0.67%0.09 0.96+0.32
6 1.74%0.50 52.3£41.6 1.61+0.52 1.01+0.23
7 1.27%£0.24 44.1£4.6 2.15£0.32 1.54+0.12
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*THOEFE (21-22 RO B, KK 4 FRITRATAICERE. 74 3 4 03 8HEE)
5 H D2l = AR e 22
X (B 69 LV EIH

K34 —MROBRANKE" DKRE - R~DH FI VLGRS

q RAE~O P F:(ug/ H) PR~ DR (ug/ H)
(k5% 15~18 4) (kIG5 %% 25 44)
1HH 13.61+7.95 0.338+0.178
2HH 23.10+20.93 0.300+0.163
3HH 10.82+12.37 0.212+0.114
*20~23 7%

X (B 36)D table3 X v #4ra A

(4) EY=2wI3RER

FEEBREICEB N TUE, BRI 7 A0AEWZRNEEIET v b~ T 2T
200~700 H, VAP ALTIE2FLUETHY, FEINIIE FEEIEKF L TE
KBRDHZENRFEIN TS (B 26),

bt MZBWTIL, Tsuchiya (1976) 1X. & K I 7 ADEY -1 2 & i
TI7T4, T 7TELFHELEZ BB 77, Elinder & (1976) (X, FEMRE
IZBITOERETON RI U LOEY TR Z 20~50 FLFHELE (B
f# 78), EFSA (2009) i%. Nordberg & (1985) 23t kO & gz 1T %
TR T LOEMZERPERIE TN 6~38 4, 4~19FLFHE L= LT
W5 (BRI 79), Sugita and Tsuchiya (1995) (%, BREDOH KNI 7 ADEWY
SRR A Aot T 19.8 4E, BMET 12.1 E L HEEF L7 (B3R 80), Bk 31T
57 KU AOAEYFRPERMI, (E<ERENEMT LI EEI RDLEEINT
W5 (&M 81),

Nordberg © (2021) X, Suwazono ©H (2009) OF —H|ZHSX, H K3
U LEYREHI T ORT A KU AOEYFERERE 2 BT 14.2 4, LT
235 FELHEE L, F72, Jarup B (1983) OF —H |ZHSx il K oA
DA FHIREIE 75~128 H & T4~16 4F0 _fAtEA R, L LTW5 (&
8 26),

2. ERTBITEEE

AFHIIZHE 720 | B b TORFRERS EBYEROME ZHE L7, 7 K3
U LADEBEBIIONTIL, B hTORFEREDHTICH T2 b F
HEO—HERNT, & b TORFRAEIIE SO TRBSZEOR I 21T - 7,
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(1) e

@O |AIXLE

SBHEN FI U LAHRETIE, BV RI UL RIULAEGEYNEIRITN
S NTRFIZRAT D 2 — AX BEIN%, R CIEEE N L
TeBIDHE SN TS, AMEEGITIEL, FiR-CHKIEIZ X > TR KR # & 72
Do MBMFEMNS I SNZB{ED R U Ak 2 — A K A8 At
ELT, RHERE 50 mg/m3 O K 7 AIZ 1 RIS BESNZBI LD 8.6
mg/m3 (2 5 FFIES BENTBRNH o7, ZDZ D, 5 mgm3EEz 5
BRI VA SHIIESBEND LICEL LEZ LN TS (BIR 82),

¥, BRES CO®MNEICEIT 2Bk OFFRIREREM, T72bb, F¥XE
251 H 8 IFfE], i 40 BEFAREE . PARRIIZII L < 7oV o5 @ss e o < BRERICE
WTCHEREREENE LN E ISP FI U AREIL, 0.05 mg/ms3 &%
EINTWDS (B 83),

@ #ZOER

1940~1950 FARUTEMHAEL ORI O E VI EL0MEN-, B8R EZ & b
720 AMEETRENTAE LT, JhUE. UK, 7o AOREIC L TSR AR
BIRDA XA RI v Lz, BERSCHEI N LR mN I R
TDANBHLEEZ LI E o TRAELEZLDTH-72 (B1R 82),

Fo. A RI T LABERK 16 me/L OKEMATZBIC AT 2 IIE L.
e RGEIZ[EE L7z & ORERH D, Z OEEIKIBROJRKIL, 7 K 7 A
Ba M THLASL T O N BB OK SR DK Z o 7l - T-, Z O
HEEOHEF] T, BRI X > THBENOD K7 A0% < pBMERRH T &
HENT72DI2, I RI T LADORINEIZ, EDODOTRLNATWZEEZ BN
(2 82),

B, BMED RI U AHREERER LI A2 OBHGREMIIT 2,

(2) BHEE
D BE~DEZE
a. BENASDAWRFIHLDIEKELBESE (BRMAMER)

AT FI U NI BEINDDIE, 7 FI U LE2HS THTEEENT
CBEINLIGE L MBEECTHERPEHSCIANZZN L TUIKEINDY
BRHDH, AIEOBENRIISFETIE, I IV LAZE0LHESCE 2 — 0%
WAL, It LB 2 L THERNIZEY SAENS, %EIZIE, DRI TL%
EATHREMOBOBIUC L 2MHEEND ORI L, BREIZ XD X/ afo
A RITLDOMNEDBRANRSH D, BEMHICHIZD A FI U LEMHRIEE
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S5 e, BEEIZEN KRETOIES BEEMDT., IR S R RE
EE T LT HOBRERENELD Z ENLEBO BN TWD,

JEREIZIE Friberg 12X 50 R U AMEEFOBIENRAIOMITTH Y |
7RI LMEEFITRD DB EF L, K0 T EEHE DR~OYEH:
BEREINT 22 ERRETH DL EESNT (B 84), ZDH%DOHI FI T
LAEZEE DOBRERBIZOWTOFEMARRFHI LV | SRERIKICRB W TAB ST
MOy FR&EAE, 7 /B, ZJva—2x Ay v s, Uy, JREE
72 EDhyF-E 40,000 UL FOWEDIZE AT, EFERRETCHE
PRARE TR SN CHIEIRERICRE SVD 0, I R U A& IThnRME
OFFWIPHEEENME T L. 2D OB OJRF~OHEI &R 5 2 & A3
I L7- (B 85, 86).,

—J7. B ETIEE LRI TERICS W TEEDO S R 7 A HEEYR
Y AR E RIS & Z USRS BEILIEEZ 2T 54 XA A 2 A
MEEZ o7z, Lk, 7 RI v A0BMEIE B L D2EEIZOWTIL, B
BIZERBE NI AN FEAERO N TE,

b. EALRHEREEIEE DI51E

1 R LIS K DU RME BERERE T O FEEE & LTk, mAE IS E LK
EKIR T A D DAL IR TR S 2187 & E 0 E & O R
MEICRROICREEL WD EAEND D, B ORS FEEAEIZIE, U
F ) —AEAERE (RBP), VY F—2A, B2-MG, ar-37nzurzyyv
(«1-MG), MT Z2&End 5, BEOEAEE L TUL, N7 E®FL-8-D7
NatI=F—F (NAG) 2"b 5, FiEORS FEEAEIX, T3 ThEd
IZFAELTWD Z & D i RAEHERERE I K 0 TR RE MK R 5 &
Z ORI U TR ~OPMEIEINT 5, R ~D B 2-MG OFEt I A
R 7 LIS BEITK L THBED DBERFAIIET D2 b, ROy F8EER
HEOF T bR < A RAEEREREEOHEE S LTHWLNL TS,
NAG 1%, BV RAE ERGRD U > — DAFEET D INK Sy il 35
Th b, RPICHEES LD NAG 1%, IEALRME ERHIRE Bl L7z o
T, RAME - MEOEBTEOHYMN T 5,
INHOHREOHFTH B2-MG ITEEN L <. H KA K BIEAIRHE
EREREREE O ITIL U, IRHPIRE D nglg Cr 7> 54 H mg/g Cr £ TIA
WEIPH CEMIICZ (L L, FEEE - EEEOSHENETH D (B 87, IR
H B 2-MG JRENIRT NAG JRE & 87225 mUE, JRMEOENE L b L
T EEDOBHEREE ICHE W TS, BEHEOREIZS U TRY B2-MG RE T
M3 ThHs, LEEn-T, i B2-MG RENIER TRF B 2-MG
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FEEDHEM L TV S 5E I R E RS N o b, 72721, Ho®
IR T A L ARYLIE R Y B 2-MG D PEA NN 2 EBMEAER O X 9 7095
REICB W T, F B 2-MG BEN EF+5720, REKETABEND B2
MG DJRF~OHEM &S I 2,

c. EAETHEMIZALSA T E i REEHEREOHELE
BAETHE, A FA A 5 A TRRIEHIRO BT 5T, %< OHIETH K Y
SRR T Y | (EROTHIERE 2 BWT 5720, B ARERRA 72
EHIESRIB SN TE (#35),

* 3-5 AERIRMEMKEEREDHERE

(&1 88)
ORAME Y > FHIE (%TRP) KT+ MEER+ 2T I JBRIREZTH 0%
Fanconi JEFEREE 35

QB ERER SUT BT 2 VBRIRAH Y . O FRRD 6 HED 5 H 4 THA 277 H D,
K O Fanconi JEWERE 2 28 MEUT AL IR A E FERE R E & 55
- BPEBEIR (Testape 15 >59F5ME) 2 D22 MG IRF B (£
< BT X R (RT X BT
- %TRP LT (<79%)
CREEZ VT T v AEME (>0.19)
- FERBYEIEEKT (<25 mEq/L)
- RAEPER AR REAEBEXVKEI IR RBP >0.4 mg/dL)

(1 89)
UTDsHED S H 4 AL, EET-T 6 D& L HMERARMERR T & T2
- BVYEFEIR (Testape 15 >+) 2 2ZEEIFIFE<100 mg/dL
c R T 2 ) E#E>24.3 mmolig Cr.  (JR7 2 VBRSO H5%)
- %TRPIX T (<79%)
cREEZ VT T AEE (>0.19)
C PRABEMERE ARCAVART Y FERE >+ 0327 V7 I/ B2-MG <13

(21 90)

OQUTFD3HAD > H 2HA Zi7=3 6 O GILALIR A HEEE R 5 ))
AR T EEAR
- BEIR

< BRI X IR
QEHIZUTOHAZRD D b D GENIRAETERER T DO fAE)
* %TRP X T
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- M EREEA A RE <23 mEqg/L

(ZH 87)
LIFD 5 HHE OREZ T X Tl b O & LRI R MEKGERE (Fanconi JEMERE)
Lz

+ B2-MG IR (<0.1%)

CJREEZ VT T v AEfE (>0.13)

- BMEBEIR (Testape 5 >+)

- TmP/GFR <2.5 mg/dL

- MR EREEA A RE <21 mEg/L

7 7 v a=—fEfElE (Fanconi SEMRRE) (X, AL RAE OB E
EHREREEIC LY, 7T B, B ERE, B 7 ORI RANE
THRIN SN WENRP~OBE DR 2 X -9 EGERTH 5, BHEDSIX
77 va=—EfERE & SRMEM RIEEREE A XL TERL TWD
NS 88), MhDHIEIMETIIX NI I TR, BMAEH & L TRiFit
WLTWDHOIE, Ky TREEAE FFIC2-MG)., B, 7I 78k, UV, R
i EREEA F L DR R A~OYE B O STl B REEA B O
EHERTHETHD, WIND 5~6 FIEOMAEZITV, 3~4THHL L%
BT D IR AEREREREE & LTI L T\ 5, BMAER OMAED
., By AT LVUTHIEREIC LY B D,

IS OHERERETFERNRLOTHY , BEICELROS I v LG
il R AR E CO = RRZoMmEHE b EEN TS, L, fE
RAEFEMETIT LFEOH B Z )RS HRDL Z L IFRETH L2, A7 ) —=
YIBRAEE L TR ~OESFEEAEREENISHWLND,

d. BRIZE T 55

FLILECTH A2 EAEIZB N T, BRSSO CTILILBEKICE EN D D
R TR TOE)I, B8, KHEZERL, k2T Lo T 52=EMD
A RIVLEYRESIEREI L CE 7, ERmE)IRICBT2EEDON K
SULBRIZESTAZAAZAHEBEI R Sz, LRI TY,
LN R, R KR & CToghiloBEKIZ XL » T/KE - D
J R DEYEIE Z 0 | JEE R OB C TR A B B N s
SNTWD, 2L OHUKIIKIEHIE TH D72, —IKOBARANTH I I
U AERETEN LD BV LUz h D, BBEICEBWT, B KT ATEY
2L 2 BHEE~ DB, BHALIEER I Lo A XA A ZARD L O I EE
DU R EFEREREE N D | R Al DU R RS RERE E A = L TEAR
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HOFEIENZALT Db O AR EREREOFRIRIT LT 2 W it TH %
LOET, A BRBENRD D, 72720, ThbOBEITERITHY . W
REBIBNE R GG b D, Flo. A XA A ZAWRTHOWTL, Bk o2
WriEHE7Z I T < ATEY e RBERYE] 23D 5,

(@) 131414314 %R

A ZA AL ARTENIRAVEERREREEICNZ TERILED 2T 50 K3
U AR EOREEGTH D, L) koK B 8 R ol B
EYERAR R IZ & A APMSL IR D0 R v AlZiBERES Nz, 2D
DI, IO RENEET ITME) I OKDOIRE~OEAKL T RI UL TH
P SN DBEH OEBIZI D EEOD RI v aE BE22T71-,
ABAAZATRITEMEICE LS BE L, BEITHMLWERZRZ., &R L
DE¥DOEE., RROEHM, ZRETEOIEIREE LT, 1968 FITHK S
NTEEARORANKXAMIZ LT, A A A Z AW I I T L20EM%EPE
ICE D BIEEEZ AT RO TEEBILIEZ 272 L, 2Tk~ 222K (UL,
3, b, RBAEE) BFHERE Lo TEMREINDIERTH S,

ABAAZATRBEFHEOBEREREEFIX, RERKEORFICLDHDOTITRL,
IALRANE BT 2 RINEEN AR THY (B 91D, BHRER, 7/
&R, %TRP DK TFAA S, JWEAPICIT Y 7 v a=—EERETH
S7- (B 92,93), 1983~1984 FIZFTHAE ST~ 60~80 DA XA A X A
JFIEE 12 4 DOIRF B 2-MG 2 EE DA 21X 100,000 pg/g Cr 4 #8 2 (6F
MM 200 pg/g Cr LAF) . JRBE D K{r[E-ME1ELA) 6,000 mg/g Cr (kFHR
#3150 mg/g Cr LLT) 7257z (B 71),

B RKMOA XA A ZAIFERNT, BRI T LEERERIERICR LCHE
ARENITFEEERA 21T E A ERER, A F A A XA J5EE OB
FHARG T O RANE E R OFEHE - AL - FIBEC R AN E NI DL R g ST 5
NTHRERMBIZIZIZEE A EELD 2, A XA A XA JEIER] TITRERIE
AEEMETT DI EDRHDHN., ZIUTIRMEREKIE T 0 — RN 7 it
IZED TIRIEFIC L D B2 N TW5, T b b AL RAIE G
ECTITRME TOF MU U AFRIERE IR T L TV D7D RF~DF
U T LAOPRIEENHEMNL TE Y, ZHUCBEEBE DS L TORERR A &
MMETT 25, EWHIHFTHD (B 87, 94),

ABZAAZATRDOBIE L FEDIAEZHONTIE T, 2. (2) @) T
L7,
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(b) BILEMBENIRBICH T 5BERE

A BAAZAFNELHE LT E LRl ek Tl BRIEA (7)) KOVE L
W3 B2 U AGY s RO E 2 HEET 272 0IZBL NI~ 5 —
WO T N X0 LG Gu e R R B A ) 2 95 L T & 7o, 1969 424
WIDEAR BN L D ERMEFHE CIX, & U COBEBILIEDI RICHRE
DEBRVBEPINTW e, L LEDE, I R U LD IRMEHREICZIT
TREIZOWTH LV FEHICRETT 57291, 1976 4= (BEF0 51 4F) IZER
BEFFsEns £ 0 a0t E Sz (THEf 51 45 ) (B 95),
1985 2B IE, 1979~1984 FOFEIZIIT D AP A & G0 K
O FHIFAENEM S, 1985~1996 £ F TOFERERNME SN- (K
96,97), TOFER, JRH B 2-MG JEE O BIE S v, A RMEFERED
BAENRD BTz, ZOWEZIZBONTL, JRF B 2-MG @ _EFH I3
K OHENRBRIND Z EEIZLY | IRAERERE DO RRFFRZLIZ DV
TABEOT =22 2 LIZR#ETH D, LRIESNTWD,

ZAUTXE UL ARl & A 1 L 72 R B LR B 2-MG iR EE OHEINIE,
BIZMEIZE 72 ) AHBIRTIEER, I RITLAEKEICE-TRHRZS
ZEDNRRMENTWD, TOMME LT, I RIS BT W AEKANT
B SNAIES T EEAE MT ORPIBENIRY B2-MG JRE & [FEkD 2%
rRd &, TOREBIIAZIAAZAREREREERBBELET D
HEISRFEH CTHo L b < RICH R U A HEE Rl REECchH v | I
HEEB YIS R TII b 2 L bR o2 L OMRERHITHN D (B 98),

ITBUC X A RERER AR A © 72 <, &I R Ik cid% < ok
DSERERIC il S C & 72, 1967 FEITIEBfEE 2 b & L2 KRR 2
TAENE SN, 30 L EOBLEREER (6,711 4) x4 L Lzt 2
A, 6,093 40%Z2 LTz (Z2RIX90%LL L), A XA A XA R4
RTI%, FERAEHSERICEXTEAR - RIEGEEZ ST HONRLL, 20
ZRHLNZRDDIE 50 LA ETH Y | Lvh mFEmEI1E &R A ik X
D EWBEMEREZ R LTV (B 99),

1976 41T 5~T0 sk LA L OWE Sl fg o) 1 ik 596 4 & xi5:
(RN EM Sz, SR R 0 AR E T AR Y5 Y o 5 3
Yk L 0 b < REA REE, RPT I BRE ORI IXIH Y g o
FINFEE L L BICE < R D BIMNERD bz (B 100),

1983~1984 (T ) 1[Ik D5 YLt & 5 11 OHEF Ttk 187 4
(55~66 %) ZRGIZTHENEM SN, BEBFEOKOH RI T LREED
EEIEIE 0.832~0.57 ppm, JRHEH R 7 LREOKMAEHEIL 9.3~23.4
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nglg Cr ED CTEN-o Tz, JRFPDOB2-MGIEE, o« 1-MGBE, 73 /HE
EREE RIFRE, v U ARE, pH OEIZWT & G s O %
DOEERD T BRI OW)NFRIE O R EFE DOFER LD b &mo 7o, T RAE
BEREREE A FIE L CW e B X b5 B2-MG R 1 mg/g Cr iz,
OPRFBEMEE 100 mg/g Cr Z#8 2 TW - ML 64 4, &R 38.3%IC kAT

(IR TIIEr) (B T,

& LR ik ClE 1979~2012 4% C 3 Wiz 7= 554K H 8D
WRFENFEM SN2, 1994~1995 T T S AL BBFFRA Tk, FHE0
SETLIEHXOBLZERIZEBNT, KOT FITLARELTKRNLON N
VLI BEROKRTNBIE SN, TORELE LTRP D FI U LRE
DEBRICTERR LN, JRI B 2-MG N ORI X, AEI28m
LCWe, Lo T, 1 R AE< BEOMEN L7 1% T8 AL RS FEBE
DR FITHEITT 5 L E 2 b= (B 101, 102),

X 5|2, HEEE T E S T % OTH YL I K OEE Yeil o LoMEE R (Fh
ZA 129 A MY 123 44) A PGUTHEIWIIEGEDS 2008 I FE L S Tz, KD
7RI AREITRT L, JEGYRMIE LD 1Ko 7, L, AL OYR
i R U AREXGEHIRCE < RF o 1-MG KT B 2-MG BE 5%
S T s o T2 IF R HUBHE RO 9 B 5 4 13 R B 2-MG 2 3,000 ugl/g
Cr ##%2. D9 H 3413 10,000 ug/g Cr 2 Tz, Lz~ T,
BT EEOE T H b ) [k o R oo [ CrEA & 27 i IR A % HE
[ 2 T AN BORANCAFAET 2 Z LB L7 (B 103),

(c) £EDH KXV LLIEERMIBIZEITLHERRE

L RARSE ) RIS O 0’ X0 A L HEH YT 35\ T b (E R
ENFEHINTET,

1969~1984 FF(Z/ T T, WAE D EE 2 F I U A BG4 13T
WFRES 202 B T, KHE, @, BES. Bl o)l B, K& OKRTO
8 RICHWTA NI v A LEE Y i RN S Rt S v/, 25 1 K
~5 3 IR F M S v, AR FEEAR, JRIEL OEMET < BRIRO 3
HHODS H 2 WAL RICHST 558 %2 AR RRERE OV &
L. E5IZ%TRP 7% 80%LL F D Y FRIEEREDIR T, M 8RR A 4>
MEEA 28 mEq/L RO T v F— 3 R &R DHAIIT [T E e
PEE D] L2l Lc, ZOMRAERENS, BILRUNOH FI U L5
BB W T Y, IELIRANEFERERRE R DEEVDS & 5 8 3 TG YL |2
WA_TEL, BRIV LAEERLVEDORICABRMEERH - T- (B
104),
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R IRy ek B O MNEEILIC sk 20 R v A EHEYRRAE L=, IR
0T (Bl xPET™) EHEHRAERO 10 FRIC D7 282 T, PIRFHERIC
JRH B 2-MG #2F£ 1,000 pglg Cr LA EERL7Z 16 L ORET B 2-MG #EE D
KRBT, 10 4F12 1T 2 5 < B&F- L7z oizx LT, MIEIREIZ 1,000 pgl/g
Cr KD 30 4 TiX, BE (LT A D2 -7z (B 105), £72, 1980
~1983 F|Z LS B M Th i T- th OIF Yl E R 275 4 0 1997 % T
LR AT AER, R B 2-MG B2 1,000 pg/g Cr LLETH - 72H D
EAELAE T e (SMRI2, tfE4fA% 100 &9 %) (%138 T. 1,000 pg/g Cr
K DEIL 66 12 -7~ (B 106),

A NRBSNIFEIAC 1T B o B/NESLIL RO B K X o A B85 G i 3
{FAE LTz, & O CIX 1974 R OV 1975 4R IZHID TR R U A
DOREFEZEREN LM S ((I5HE 2,691 4) (B 107), 1981~1983 4
12 3,465 4 DIERZ X BUTIHE N FEhE Sz (2% 91%) (B 108),
B“FEOFE T, JRF B2-MG BN 1,000 pg/g Cr LLEAZRLIZS DI,
THYLHE CIE 50 LA LD BPED 14.3%., LPED 18.4% ThHh V) . FEIHYL IR
DEFME 6%, BEMED 5%L Y b HEREICELH T,

A ) VA J 1 ik 0D 75 P Y it A A2 35 ) D75 %2k I HHECk B 1% 5 4
DB TIX, BIEEBRMAEHCR T B 2-MG 2% 1,000 pg/g Cr Kiii Tdh -
TR E O RE X, 5 AEZICBUVL T 1,000 pgl/g Cr RiliTH v . BN
BT, UL, BIGAEEIC 1,000 pg/g Cr LA EOBUETH - 7= #5r
FCIE, 5 AFERIZIEIA S R EEMNED S =(Z 109), £7-. ER 3,178
AND 9 EMDILTH A B L7ofER, JRF B 2-MG #EEEA 1,000 pg/g Cr LA
EoFD SMR (HALKZEZ 100 &£3%) X100 22 T\ (B2 110),

T P - S A oo H881 %, AABEISIC L D o RS U ATy S
-, IGYHIE D 30 UL EOMER 1 4 UL L BERR ATV, I RI w4
DR X DA R EFEREREE DO RTREMEDN B D L B X HILHH 1344 1318
MENTc, ZOI3HDRPA FI U LREOYHHEIT 13.1 pg/L TH Y |
JREEBGVEF 1T T4 ThH o7 (B 111), F7z, {BYRHBEO 50 oL EOER
DFRFIRZ o8 L7z lE Tk, BAKR, REEE bICKHRMIBEROK 2 %
DEPERZR L, JRT B 2-MG A 10,000 pg/L LA EDOE OEIEIL, 15
I C 7.1%, FEIE Y T 0.65% CTH - 7= (B 112),

MHEBITII AR TN EAE L TV a7z, L1 L ONEERET o
MEE—HTDHEICEHDOD FI U A LBBYHEENTFEL Tz,
1972 KON 1973 4RIZAR 17 BFFD 3,182 4 & RIBRIZH K 7 AIZHOWN

12 SMR : Standard mortality ratio
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T ORI S 4172, B H IR K ORGSR BT 18.0% (kF R
4.8%), JRHEA R U LMBE 10 pg/L LLEOFEOEIATT 4.0% (R 0.5%)
Tho7- (B 113),

FRELZRK B AR 0 /NIRRT C I/ INREE (L & /NIRRT D 7= 0121 KX D A
THEEVE YL N AR LTI Y . SR L JE PH OV TREM 2ok B B R A S FE i
Aize 1975 AR/ NRETD T S DEEPE T 50~69 1k D B LR 156 4 % x5
(2 FE i S AT AR OFER T A N 2 U A EE O M 150 pg/ B Gk
M40 pg/H) . JRFPA R U LREOFEEIX 7.5 pg/L CFR 2 pg/l) T
& B 2-MG JRIE (>700 pg/g Cr) OHBIERIT 14% (X 3%) Tholz (&
MR 72), F7o. 1972~1975 FITIT/INKETOABEETE T 35~70 Ll Lo %
AR R 147 £ % 5 502 F BRI 2N F240E S A, 10 44 S SR MEITAL R AN
BERER FIE L2l Sz (B 114),

e. ERNIZHITHEMRMEBEREETLRPARFIVDLABREXIEIARFIDOA

ENELOBRICEATSHE
(a) APIRMEREEES LIRF D FEIOLEELORAR

Tkeda & (2003) 1%, ENO A R 7 A5 Yl ) OFE1H YR O R %
KGNATONTZIRF T R 0 MR LR B 2-MG I O % E
WENTWD 125X EMRE LTz, £ LT, JRHF B2-MG IRED EFIZo7
MBIREA BRI MBEORELZMHIT L., BE bRPD FI T LREN
10~12 pglg Cr ZBX G EITRT B2-MG IRENE L ERT5Z2 2%
ezl Lz B 115), & 512, Tkeda & (2005) %, FHIZITHRE LI-im L%
Ete 5l gL OT — 2 & AV, IKREDOIRY B2-MG REEIZ DWW T BT L
o MEDRNCA v r—AT 4 v 7 BIOEZ RO R T B 2-MG ¥ 1,000
uglg Cr iZHEY 3 2RI KX U AJRE%E 8~9 pglg Cr, R B 2-MG REE
ER TR NIV LAREOMIEL 4pg/lgCr LI EEFEGR LT (B
116),

ENOA R I U LG & OFEG R A x5 e LT, N F~v—7
F—X (BMD) EZMHWT, RH L 2-MG BEHME BEES RSP h R
U AR OBES STV D, Suwazono & (2011) 1%, AJIEMIGTE
B OTE e R 3,108 4 (3B 1,397 4. otk 1,706 4) N OFETHYe
HER 1,509 4 (B 650 44, ot 859 44) Z Xt GUTIRT K 2 7 LR,
JRH B 2-MG REZHEL, BMDes & X2 F~v—7 F—X{FH T RIE

(BMDL) o5 (N7 7T 0y RIZBIT528WEE 5%, XU F~v—7 LA
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R A (BMR) % 5%& L TCEHE) k72, BMDos (BMDLos) 135
T4.0 (3.5) pg/gCr . &MET4.0 (3.7) pglgCr THoT-LEHELTWVD
(117, —J7 . [ UA)ROHEY I & RGO R E2x4 & L
Kobayashi & (2008) D#E TlEL R H B 2-MG IEEDH v k7 7% 1,000
uglgCr & L7c & EDRY A KX 7 AJREED BMDLos OfEIE, P, FHnIC &
HEBMMPRKE L, 2.4~10.4 pglg Cr E RERFE LT NA LI, Flnn E
%1224 C BMDLos (ZfEVME & 72 o 72 (3% 3-6) (B 118),

13 BMR : Benchmark Response
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& 3-6 BMDZIZ& YRO=-BEikaEEIFE (BR+ B 2-MG)

[CHEERIFIRFH FIVLRE

fi 5 BMDos | BMDLos . B2-MG %1 v FATHH
Hin ok 1o . AN ET IV = OO IEH 2R
(%) (ug/g Cr) | (ug/g Cr) (ug/g Cr) *
55 902 7.7 7.1
. 7 65 963 4.7 4.3
Ytk Call) +
o ‘ 75 713 2.7 2.4
G (Al Logistic regression 1,000 - (=M 118)
i 55 1,174 10.9 10.4
T#)
8 65 1,312 6.3 5.9
75 968 3.1 2.6
g (B + | 633188  [2,047 4.0 3.5 Hybrid 915.5
FEIHYLHg (A1l (Crump 2002) — (BH117)
+
) 8 63.6+t89 |[2,565 4.0 3.7 SPSS 12.0.9 897.1
Ni-Cd EMTHREE | FHL&  [50-59 559 9.6 5.9 Hill model
B (77 A, A7 |Non-smoker 12.2 5.5 (USEPA BMD — — (ZH 119)
=7, KE) Ever-smoker 4.3 3.5 Software 2.1.1)
XA Gyl + 3k | 5 270 11.3 6.9 2,004
o >40 Hybrid (B 120)
15 YL sk -8 411 12.9 8.1 1,815
2.38 1.49 84% AIC=246.67, P=0.30
269 Quantal-linear
3.80 2.18 90% AIC=189.80, P=0.52
FE LS 35-54 (USEPA BMD (M 121)
0.71 0.53 84% AIC=227.15, P=0.67
221 Software 2.0)
0.99 0.74 90% AIC=190.92, P=0.31

7£) BMDLos O HRAEIL 3.50 (7272 L., (B 118) 1Z[R UEMO - ORWTERE) |

%77y A TS BOER 00 2 UE U O/ REM OED DR U7z BIRME G E X BAEERAE) Th D,
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(b) IAGIFRMIERKEEEET L H FS Y LERE L DER

AINR EFKHRITIBN T, BRI T A75 Qe & FE75 Gu itk o {3 R 2 xf
BT, IR ERSRERRE L BN L O K U ABIEIZ OV CREM 72
AN THOITz, Nogawa © (1989) (%, 1981~1982 2, A I ERAL)IE
DA KT AGYHRER 8,508 4D 9 HEHFEEKROAHEZEIL TV D
1,850 4 K ONRIRN DO FETH YL B I, 294 £ 2%tz BfED RI 7 LD
EIE (CAECERLET R ULE) &R B2-MG EEHEM (1,000
ug/g Cr LA 1) OFRE L OO E-FICERE R Lz, HAICBIT 53
H R U LAEBIEIL, ROXTEHE I,

(M CAEPES NI KD R T AR EE (ppm) O 2] X Y IKF D) — H oK
EHUE (333.5 g) T UBFOKDSA ML D —H A FI 7 LAEEE (34 ug) | X
365 H X% YL ttitial {1 W] (4F) + IR Y B8 1T 5 B —H 0 R U A
BHUE (50 pg) X 365 H X FEH Ye sl = A 1] (4F)

KT R LYREONY) (3 B . FmbEmk (4 BE) THF7z 12 BED
WHRFED R v AMERE L RT B2-MG EERMOARRE ORIZITAE
B2 IEOBEDFERO bl (BUEEYR, FliifE2 L), R B 2-MG RE
HIMOBFRENP AL F CICR 228 FI v 8BEIT, Bk bl
2.0 g LEtR N, BEMMZ 50 2L L, KEH- Y OBEBEBEE
B4 DL, 14.4 pglkg KHEAE (2,000,000 pg=50+365+53.3 kgX7 H)
Lol (B 122),

Kubo & (2017) %, BMD %% MW C, Nogawa & (1989) 7% 1981~
1982 H AT - oA O T — & ((HYHIk R 8,013 44 K USet HE Hitdik 278 44)
AT Uz, B R U A EBEEOFE 5151 Nogawa & (1989) @
WIS LFICTH DM, RN OBEALITHIX TI37e <A TH - 7= FElREH
D). R B2-MG JREFEINCXTT 5 RFED R v AEBEREOBRIEICFHE Y5
% BMDos & O BMDLos % 515 L 72#5 5. BMDos (BMDLos) (Z51MET 2.2

(1.8) g. &MET1.5 (1.3) gieo7= (£ 3-7) (B 123),
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& 3-7 BMDEZIZ & YRO-BFiLaEEIFE (BR+ S 2-MG)

[CHEEBZRIEZTEENCDEREEN FIVLERE

B2-MG 7
i FElhin BMDos BMDLos .
Hhlsk li8 N ET IV v NATE T DO TEH Z M
(7%) (& (2
(ug/g Cr) *
N - BFHREIT, KOH B I LR, KEIRE R 333.5
HYek Cal) + | 5B 62.6+9.1 1,491 2.2 1.8 Hobrid 1029.8 ol H . I5UHS O K DS D 1 3 7 MBI 34 pg/H . (=
IEIEY R ()11 Y 5 I (AR 2, IR eI B X SRR 50 | 199)
% 63.2+9.4 | 1,800 1.5 1.3 1167.9 pg/ B FEG YR B DAV, FliREH
1.7 1.3 Log-logistic AIC=693.8, P>0.1
790
¥ 49.5- Gamma AIC=695.3, P>0.1 (W
HE Fic (%5 302, 500
55.3 1.9 1.4 (USEPA AEE, K. FY HD EORLL, AL, K | 124)
% 488) P, REBERERX D Ry AR DL, FRT
BMD2.6.01) B Z 5 B
2.11 0.94 Log-logistic
2.21 1.11 Log-probit BEDH, P for goodness of fit >0.1
2.15 0.88 Gamma
342
LY 45.6- 2.44 0.79 Log-logistic (W
= Fic (5 169, 800
46.1 4 173) 2.53 0.95 Log-probit RH+ME . P for goodness of fit >0.1 73)
Gamma
2.47 0.73 (USEPA BFERET, R EREREX T FI U LARENDE
B, BUEDNS OBEEZ ¥ N HEEX X Nahh R
BMD2.6.01) Y AREEX0.1 & UCEE, ERTREAR L

%7y A TS BUER 040 2 0E U O SRER O BRI L7z BIRME G E X R ERZE) Th D,
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Horiguchi & (2013) %, FkH R OFLIL N KAETT K& O LT O JE A
&/ NRETDOBEZ DLl (40~T795%) ZXtGRICHTHEL T L=, Fio, K
FH RPN O [LAER = FEET « J\IERT | Rk AR Tk B BT 2 ek i3 E L. xf
FRHIX A (ZFERT - J\IERT - T HIT, 222 4) , HYHIX B (KAETT. 623
%), 154X C (FEfaT - /NMKRIT, 355 44) @ 3HIXKITON K v AE
< BB LUL &R FERE S bLiE X Tz,

A BKNC D 3 X DORFEHROFLI R I 7 LAREIZENZE1 3.03,
4.38 ;11 6.24 ug/lg Cr Tho7=7=, {GHROBEITIBH#HIX<CH#IX TH D
EEZLNTZ, REA R U LABETFERKFEL TEL 2D, FRHZ C i
XTI 70~79 i DJRF I R I 7 AJREIL A #iIXOK) 3 5D 9.34 nglg Cr
ThoT,

PR B 2-MG 2 0 Il 2 AR R O X ] T 95 & 40~50 7%
RCITHX R THEZEIZR D 57223, 60 i TlL B HiIX & C XY A H#
XEDHAEEICEWMETH 72, CHIXD 70 5 TIHIRT B 2-MG BE D
F LAY 500 pgl/g Cr ICITVWVMETH - 7=, BT B 2-MG D44 %2 300
ngl/g Cr (FIHOUTAL R MIEFEEEREE) & 1,000 pg/g Cr (R AT O ITAL IR
AR FSRERREE) TR THIZET 5 &, CHIXD 70 R TRT B 2-MG
JE73 1000 pg/g Cr ## 2. 5 NDEIEN25.9% T 0 (A OB H#1X.D 10.0%
FOr10.3% &L 0 morote (X3-2, % 3-8), x2METHIET S &, 40, 50
F Y60 A TIEHAE TIE R =R, T0 IS TIFAETH - 7= (£ 3-8),
CHIKIZIZ.@ED RI 7 MISEIRFP S FI U AJRE 18.87 pg/g Cr)
E VTN RAME BERERE S (R B 2-MG BFE 15,300 ug/g Cr) % /~3 75 D
LMD 1 T,

LEDORERNG, BHIXTIZAMX I bE WS FI U AMIKEEZT
TIFEND S DD BRI IRMIEREE ~ DI A B2 N DIZHR LT,
CHIKTIXL Y EEDOH FI U LI BEELZITTEBY, FFIC 70 A8 TUNL
JRAVERSREREENBIN TV D &2 bz (B 125),
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100%

80% 1 H N
Urinary

B,-microglobulin
(ng/g cr.)

DO< 300

8300 s, < 1,000

51,000 =

60% 9 H [

40% 4 H H

§
.

20% 1 H 1

0%
Area A B C ABC ABC A BC

40-49 years 50-59 years 60-69 years 70-79 years

X3-2 MARD3IME (A, B. C) IZHITAHRF L2-MG BEDELEH D
(B 125)

& 3-8 70mHRICETHRF L2-MCREDDM

JRH B 2-MG 2 A X B Hi1[X C X
Total 30 (100.0) 58 (100.0) 27 (100.0)
<300 pglg Cr 21 (70.0) 36 (62.1) 9(33.3)
300<, <1,000 pg/g Cr 6 (20.0) 16 (27.6) 11 (40.7)
>1,000 pg/g Cr 3(10.0) 6 (10.3) 7(25.9)

n (%) ; x2test: p=0.047
(/R 125)

FIROFKHE DA NI U AGRMBERICKIT 20 I U 2B ERENH
EIN TS, 2000~2001 FOKEETT (B #iX) TOFMERRICESX,
KEBRM O R U ARE S DHQY (BRWEEMHERE (FFQ) @ AD
FHEL N OGABRICRE T 2@ A 2 - b o, BHERMEEIX 110 ) 12X
Dok LR OB E, KO—MKD ABRANDEL L KNE DA R I T LHE
B EBIEENG, I FIvLABRELHEST S &, EHEIL 5.7~6.7
ngkg REME E 720 KD PTWI 7 pglkg KEMEICITVETH 72, F
72, 33~51%D AN PTWIL #2557 KX U AZEELL TCW=, LirL,
Z D& D I HIBIZ BTG B B DRI AL IR E BERE ~ D BN Bl TV R
MoT=DT, KD PTWI 7 pglkg REMIIZYS THL EEx b (B
He 126),

14 DHQ : Diet History Questionnaire
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KO R U A EBREORE 2T H7-DI2, 2003 FIZKEEH (&
125 o B HIX) L EEMATT, /NRET (B 125 © C HiX) 151238\ THT
TRICERSNTWS 100 FEEO R M Z A —/—<—4F v T Tl
ALTH RIUARELZHEL, anRoEREREFHAE CEE L2 DHQ T
BoNT-RBMEREEZ T T FIvAEBREZHEH LZ, ZOME, Bt
XN C #HIX TO Cd BEREO FREIFZENEI 7.2 LT 6.0 pglkg R/
BElpolz, EBIT, BTNV EY R 2 b — 3 K DHERGIHEE &
1T TH. ZNZENT.0 X1V6.0 pglkg RELE L 1FIEF USRI S 57,
7oL, C X CHNE L7 RBFEFRAIIKRO T B X 7 A% ORI R
THHEKEBICEDBEDBESTZEHTH 72720, ZFNLLRTOERD
I RITAERELY HIEWHEEREIZ/R> TV D EHEl STz, ZOFE
RREFVIBZOLMETH Y | AFEEXRZ FITEBIT 5720, #KEROR LM%
RiItEDKDI R 7 MREDEALDRE AR =T T, —F7, B HIX TR
A& 0 L7 DI AKE NG E DEAITH o727, B KD F
U LAEINEOHEEMIIZ Y THL B2 LN (B 127),

f. B DH RIS ILIEFTEMBICE T SRERE

T RI TGOl K 7 AEL< B EREIE~OREIZ OV T
WSO EH L HE SN TS, Chen B (2018a) 1F, FFENLAE DA X KN
Z AT v OBIES DN 8 D15 U e OFEG Y k DE R 342 44 & kP&
2, BENPOOH FI U AEBERE, B0 NI v a8EE, RPLCImAF T R
U LEE LB~ ORE L OBEIZOWTIHEEIT o 7, S T,
FRIZAFHE SN Z RN a2l > TWelzd, Z3abh FI 7 a0
BIRTh 7=, FEHYHES L OVE kI3 1T B Z 3 ah ) RI U LRE
X, ZNFI 1.86 LN 17.6 mglkg TH -7, b KX 7 AEREL, KO
X TRHR I,

(Bdnthl B0 LREX M ERESR) K0 FI U AREXKERE
AN I T AREX Z N2 {HEEX0.1

BHENPOLON FI U LEREIIG R TR, Z23anboiX &%
RPN R AERE L FRETH o, RILGIA D | AR G5
Yl T o 7o, R B 2-MG EE I A, MR ORTON R A
BN S, BFENDON K7 AEEE & bRV 2 BT,

B (B I12D T AKX EZ GG E Lz, (B 125)0 B, CHIXRAZNZ A, B #
XEFHENTND, ZOFHliETIX(ER 125)0 A, B, C KD E £ LT=,
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JRH B 2-MG EE (>800 ng/g Cr) Z—> RikAf hEdbHE, I FID
LEEE D BMDos (BMDLos) (% 2.44~2.53 (0.73~0.95) g L HEE Sz,
BHENLOEREBORIZES &, BMDos (BMDLos) (% 2.11~2.21 (0.88~
1.11) g Thotz (£37) & T73), LinL, ZOMWMETIIMER & Fhmids
=Y O GAVA AN

Chen 5 (2018b) 1%, FEMEEE O L NI v AFEGYME, o245 EET5 Yu it
e, EREVG YL I DR 790 44 (B4 302 44, Lt 488 4) A xtZ L L
ChinaCad Study (BT, BHENLDOBRED F I v AERE & Big~D %
HLOBEIZOWTHE Lz, 7 FIVAREZHE LM, K $v
XY H, EONRB L, &AL, KATH-oTZ, 7 I v AEBREZ, &
BIEEXAMTY I T ARENSFE I, BB R U AEZIE,
PR LM A R0 AREIFGRLVICHE L TR T2, JRY B 2-
MG 2 (>500 ug/lg Cr) # RiRA > hELTHWD E, BED FI T
LEEEO BMDos (BMDLos) 1% 1.7~1.9 (1.3~1.4) g tH#HtwErsni (#
3-7) (B 124), BRI FI U LAEBEE TS LI Tld, NAG KO
Z® isoform B (NAGB) DJRHAEBESIMD A~ XN EH L, Blg~D %
Brrd A A~—T—L LTHBREETHLZ LRI (B
124), 72720, ZOREIZOWTE, I RI U AREZHE LZRMOEMN
DIV ICEE L TR BERD D,

Hu 503, FEFREO 2 >0 NI 7 LG (Ml A & 0K B)
IZBWT, FERELME (85~54 %) ZxRE LR ZIT-7-, Mk A &
UMl B & 20 6 ORI OFA G R, ZEh 139 4 KT 130
4. 105 A KN 116 AT2 o7, R B 2-MG IRED 84%fH T 54 1,000
uglgCr 71 v MAZMEE LI2GE  JRFH R 7 AJREE D BMDos (BMDLos)
I, Mk A T2.38 (1.49) pg/g Cr. Mk B T1X 0.71 (0.53) pglg Cr7=-
7= (& 3-6) (&M 121),

Nishijo & (2014) 1%, Z A O A — Y — k THY MR R 600 44 (B 230
%, 370 40) MOFEGYLHUBE R 814 (B 40 4. %t 41 4) %%t
BUTHEZAT o 1o, EHRHIERORY 7 K I 7 AR O &L MEIZE M
T 6.3 pglg Cr, ZMET 7.0 ug/g Cr, M H K7 AREOKMEEITS
PET6.9ug/L, ZMET5.2ug/L ThHhotz, RPKLOMAP A B 7 LR &R
H1 3 2-MG KO NAG BEEICEI#EN A O N7, KT B 2-MG #REE OB %t
THRFH I T LREED BMDos (BMDLos) 1, BT 11.3 (6.9) pglg
Cr (7 FA71E 2,004 pg/g Cr), ZMT12.9 (8.1) pg/gCr (v b4 T
fi 1,815 pg/g Cr) ThH-o7= (3% 3-6) (B 120),

Qing © (2021a) i%, FE, FHEXIBEBORP I FI U LRE L B2-MG,
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NAG, 7V 7 XV KTORBP & OBFHEIC DWW THHAE L TV D SCERZ R L,
EFSA LRED b2 adx 2T 4 v 7 ET L EHVTEENSDOH FI 74
BIEsH#E L, TDI (HA—HERE) 25 L7, KPS I LRE
& B2-MG KT NAG ([ZBEN A D2, & OfENT T b B2 fEE Ch -
7NAGZHWTHEE LB ENLOH R U LAEBEEIT16.8ug/H THY |
5 60 kg ThRL 7= 0.28 ug/kg KH/H % TDI & L7z (& 128),

Chaumont & (2011) X, = v/« U KX U A LY CREERMICHE B
SRULELSBENTZT T A, NNF =R OKEOIEEEDORT T KI U
LIREE LR B 2-MG RJE & OBIRZFRTo IR R X 0 AREED 10 pglg
Cr ZHz 5 LRF B2-MG EEMNLEF L, RPH KT LAEED BMDos

(BMDLos) 1% 9.6 (5.9) nug/lgCr TholzHEL TS, 5T, BED
BHIZ L > THIT 5 & FEMEE T 12.2 (5.5) pgl/g Cr, MM T 4.3

(3.5) ngl/g Cr Th-o7- (£ 3-6) (B 119),

Gamo 5 (2006) %, —KEEEE T K 7 AIE \EENTER (5
t e O FEIG Yl R & G de) ICBET AR OT — X ORhEHER L, 4+
BCMERNC L W Ky L= 7 EEN S ORP A R v ARE L RF 52-MG
I EEHE N D A & BOS BRI O W TGS Lz, IRF B2-MG IRED T v A7
% 1,000 pg/g Cr L LTAZ T U REITVD, JRFP D RI T LAREDOR
KA RE (B 2-MG HEEE I OG R ELFHEFHNTHEREIC EF Lis Wik
M E L TER) 122~3ug/lg Cr THHLEREL > TS (B 129),

g. B RS LIEFEMBIZE T2 BHAED T

7RI KBFROROHBZIZIB N T, RS R 7 ARE L RT B 2-MG
BELOMIZEOBENDH D Z EXAHREIN TS, Uno & (2005),
Kobayashi & (2006), Suwazono & (2011) 5%, FANEOIEFYME (T
R E LR, BEBELOFEILE) ICBWTRF D R T AREERT B
2-MG BE L ORICAE/RIEOMBEZ7E®, BMD #E2 HWTRY D Ko
D FE O BMEICH Y3 % BMDos & O BMDLos 23RO T % (3 130-132),
RIGUEL, fRATT R B2- MG DA v b A Tl 1T L - TR
5H D0, BMDos 1% 0.56~8.7 pg/g Cr, BMDLos 1% 0.4~7.3 ug/g Cr &, 15
SNFERICIIRE RIEDLSE N H -7 (3 3-9), FEEOMNTIL, T =KL
OCHEOMOIFIEE I L > THIiThb T\ 5 (M 133-135), Sakuragi b
(2012) OHWEIT. BAEOIEHYHIER 17,375 4 (16 1) 2O\ T
HrL Tk b, BMDos (BMDLos) 1, 24K Tix 2.46 (2.32) pglg Cr TH -
T, RP I LT F = BESRRT N R U ABREICK > TREIZH 4 50
X5 NHLNT- (BMDos : 1.05~4.82 ug/g Cr) . (BMDLos : 0.86~3.82
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ug/g Cr) (M 133), Ikeda & (2012) DA Tix, FEGYLHIED 50 At
R 5,306 41238 T, BMDos (BMDLos) 1% 4.11 (2.97) pg/g Cr &#EE
Shic, B, TOMETIL, BRETI FIVLAREOERTAEE S LS
N5 60l EDNTEEN TR (3R 3-9) (B 134),

—J7. IEHELHURIC BN T, ME OMICAERBEEITA LR & T 5
HbHdHDH, Moriguchi H (2010) 1%, I FI TV AIZKFERLLEWESIND
H AR = OFEG Yk (BkH . (L, #i. EILEROHEITR) 12880 Tl
BEEAToT, RPH FI U LREOEKMELEIT, 4 RTR2EOELY AR
W=, JRTP B 2-MG BEX 1 BROATHEREICEL ., 3 R THEICK
Mo tz, Y B2-MG A 1,000 pug/g Cr 225 ADOAIRRIT 1 RO
THEIZEDP TR, MACBT LR R U LAREORFNG, 7 R
U LI T EOBEEITE I otz LTS (B 136),

—MRIZ, R T LT DBIEA~OREN BT DRTORMETIX, JRED
N7 ARER, KRNI BEECBERET I IV LAREZ KT 5 &0
nTnsd (B 137, LoL, BEREZMOLOITES FEEARNEET D &,
PRI MT OPEEOHNN & & HIZENITHEES LIzl R U ADRF~O P
BELHNTHEE26N0D, ZO%AE, RPD RIUARBED EFILZ, Ky
TEEARICEDHERTHY . RPN K 0 AREIMEEZIE < BEE L1
WX IRV, BT, RFPA FI U LRE L RPES FEERRE L OIED
B X, EHEENKAT 210 &E B O FRIOE A B ZEC R & D%
b7 EOAEBNEBNC L2 HDOT, B RIVL2OFEMEEZRTHEOTIERWNE
THEmXNDH D (B 138, 139),

LUb. SEIG YIS OFRA Tld, IRl B I U LRE L RY B 2-MG RJE &
DFNZHRARNCBEIEN DN D00 E 9 Hr, WA IZIEOBERZ b 5E
(ZENZ A FI T LDFMEIZL DD LHW L EH0IIH>N T, ZhE
TORRERLRMFILT L —FH L T, £72, BMD EZHWTRF A
NI LAREORBEZHEE L TOLWMEITZ VD, fRICIIRESRELSE
VAR PR
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(- > — JEE: — 43 L e N
F 3-9 BMDEIZK YKROHT-IEFEMIFIZE 1T 5 BEHEEIEIE (RP B 2-MG iE
> Ny N:::]
E) ITEE%#RIFTRIFA LRI ILEE
B 2-MG 7
F i BMDys BMDLos v AT
gk P N ik eI
(n%) (ug/g Cr) (uglg Cr) (uglg Cr)
3k
Quantal
il ik % 410 0.5 0.4 linear 233(84%)
40-59 (USEPA BMD (B 130)
(., Software
I 418 0.9 0.7 3.1.1) 274(84%)
% 2.9 2.4 507(84%)
1114 L
log-logistic
5 6.4 4.5 994(97.5%)
o ~50 (USEPA BMD ~ 13D
% 3.8 3.3 ottware 400(84%)
1664 3.1.1)
8 8.7 7.3 784(97.5%)
B 547 3.4 2.6 . 708
T >50 Hybrid (B 132)
e 723 1.7 1.4 (Crump 2002) | ;-
Aeff 2.46 2.32 (11{3{11:1112
AA 16 I 48.7+10.1 | 17375 J (95%) (&1 133)
(E1H) (1.05~4.82) | (0.86~3.82) orgensen
2001)
Continuous
! % - — e
HA 16 I iR 50-59 5306 4.11 2.97 (USEPA 2010) ( 134)
5 <10 ~ 469 1.24 0.62 log-logistic 780(90%)
i (USEPA BMD (& 135)
8 >71 465 1.35 0.64 Software 2.4) | 690(90%)

7¥) BMDLos @ H SAE X 1.05 ,

( (B 131) 1 ZF CERMDO 7= DERWTHETD) |
kB b A IR EOE R A 2 E L CRHBRER O B FEH U7z EIRE  GRAT 2

XEMIEERZE) ThoD, () NORIIHYT 5 ERHEN HAXTTHE LT,
h. 1 RSOV ALICK DEMRMEMREEE ICHEZRITTRAF

(a) & - &5
ALA A FAREETLEDRRSEEZ EDDLZ L3RI LY I<mbh
TWAH N (EH 91), %ﬂ IR, HE. AR EREE L TWnWAEEZ D

NTW5, BARETO LI EBMER 728 R ZAIRBEIZH D 72 OITTHILE B D
77l\:WA@%HKWIL@LTb\éTﬁnfﬁﬁ)&)éo Mm. 1. (1)) TR~/

912, 20~30 RO EMEIZTB T HWHEILE PO RI T LD [ENTO
LR A 44%272 5 L OWE L H H (&M 37, — & LB )
ﬂZ’?ﬂﬂ@ﬁ F‘\* 7 A BB CIX o R X U A K DI AL R M B RE PR
EORAEIIIMEZENH VR D LTV (BR 99, 114, 140),

= el ;’cjv % XU AT K BIENLRAE MR S ORI BT S, IR
MEBREOKRTLI RIULOFMA~OERES., WTH bk X > T
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T3 5720, KU AIC L DA RABE ARSI INENC X - T3
HZEITEARTHD ENZ D, AR KX 7 A 55 Yk o M1z
BWTHEREIRT A R U LRETHREWRL TRF B2-MG IREZ Hi L
L2 AL RFH R AEER 10 pg/g Cr LLEOREZHB VLT HIRT B 2-
MG BEIX 60 Ll F Tl EAET, 70 T L2 Z LBl ENT
(X 3-2) (&M 125),

(b) #&RZ

M. 1. (1) ) TR, 7RI T LOME D OISR
REZNBNDHDH ETLET S, Jarup H (1998) £, # NI 7 AEBEED 30 ng/
HEONT0 ug/ H OHA. —REHICBW T, 2RI 1%KL 7% Bk
REfRENBEIND L, o, RZOHDIEMTIE, TNEN 5% LN
1T%ICEREEREENR Z 5 LHEL TV D (B 141),

TS E OB YR BT, Tsukahara & (2003) 1%, A &Mk 1,482
S DRI & —FRERZERE L TRET 21T > T\ 5, FERESE 1,190 45 &
Mt (N7 b <10g/100mL, 7 = U F2<20ng/mL) 374, $kKZ
B (NEZmbr=210g/100mL, 7 = U F <20 ng/mL) 388 4 K& U%
B ("B mbEr=10g/100 mL, 7 =V F =20 ng/mL) 765 & IZ43\7.
B M OBRR Z B DOV T R OVR R 2 — B S B 72 % & SHREED &
B L, BIEE & 2 OXHREED 36 kF, kR ZH/E L Z OXFIREE 280 D g
BT o7, EORER, AL, RZEHEWVWTNORTHIRTON RI U AR
. a1-MG RER DB 2-MG BEITHER LA E2RIholzZ &b,
— WD HARNBRANLHEIZIL BODID, IBRORZIZIT e bR WERED
BER AL OERRZ TIE, 7RIV 20RIUIAER ERICITES
WEFERR LTS (B 40),

Q BADOEE

7RI U AL BT L D IENIRE R E 2 ke L 723, S bl
VUL Y AREREE XL, BILIER EOBEEICES TR, A
FH  RERFE AR NN E DN A XA A XA HETEN T HHE
JE7R B E C BROBMENH D, FEBRITIE, 2D OO ZEITIM TII2
<, SRRSO AT T LEBMRLTND, BBEICBW T, A X4 A A
B ATFIZOWTATEIZRBRENM T T & 7z, IT4E, TEOD I 7 A5G
WCTOREICL Y, BIEELT TR BT R BEESHRE S, TBE
PANDENCEBNTY, HEORREELZLELDLL IR FITLAEBEEISH D &
BEFICEDZEDHALNITR ST, —FH, AV =—7 U TlE, FEGY I
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FELe—fOHARANLVENL LD FI U AEL BT L - T, BHRERESE
EREDTIC, BITRAENEEMNT 2 L OMEN RSN, ZHE A RI AR
BACERER T D AT REME 2RI LT 5, Lo L., JLBEKGEE 4R fin i 2 R R E
WAL E TR AERIT, EEMICR RV LU H Y | B HE, #filgko A
DOFIFFRAER, FEEOT —XZHWOWTCHENEICB T A0 RIvLOFHY
A Y RS DI BT o T, BT AR, BEEICEER KIETHE~4 72 /1
IZOWTHRAET 2 BN H 5,

a. ERDELHig, JEFLHhiE
KNEOH I oA HEBRMICHENT, 7 FI v EEEL2Z T -E
RICB T HEH~OEEIL, KENTTRO 4 BTN TE -,
1. A ZAAFARERESNTZEE (BLR)
2. AFAAFZAIHEERESILTWVIRWD, FHKALIE 2 R~23 5 FE R X
ITRE PR AT AR O b d (FILRESIEH | Rk e
(Bl kPR . AR k)
3. UNIRAERERER E IO 5N D0, X R CEEILIE 2 /REd 5
Bl sy (CED A =X BEGIEE (DXAE), <
A 7Ty A MY —iEDHDWDITEETHIETERESSEEE O
MRD LN DGEN D5 (& LIRARE) I FRiEk, ) RB) ik, o
VA AR BPEE (L&) )
4. JRHP B2-MG O E5ITH 50, B ESEEEORD b A E R
~— =D BITE A LR (BKHIR, RE OB~ Hh 55 FE 5 YLt
1)
I RIVLDE~DEEZmT HEE, B0 4 509 H EDEMEZ FLTu
HONEBERT HLERD D,

(@ 41324143149

& LA @) B O K X7 A BEEeI T, IRIPR FREERE
RETEIMO B DFING Y o FRINFESE R O T v F—v A2 B9 55
JE D YT PR S FERERR 51 & Ol & D Bl DO T IR FERERR = 23 258 L
2o ZTNHD S B BHEDIARMERERER S OFIX 7 7 > 2 =— e &
FICWERTH Y, 77 a=—ERIITERICEEZ S 2T BB H 5 2 &
NS AZAAZAIFCHONDFEHACIEIL, B R I 7 LIS & DI RAME
BEREFEFIC L 20D (U R I 7 LT K DI PR B RE R M dk (L JiE 16)
EEZOLNTNWD (B 88,142), A 7 A A Z A JHid. (LR ERERES

16 cadmium-induced renal tubular osteomalacia
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OibEIERFITHLH Y, JRF B 2-MG BT 100,000 pug/g Cr LA EIZEET
% (B 143),

UL IRANE BERERE E IC X > TR Z D RF~D VU U HEIOBEINC L5 U v
RZIF A RI VAL DEREEOREMTLE L CEERFETHD, U
I, ATy L L BITEMRO B S THDH, 2HDY DK
85% (#J 600 g) 2VEIZIEEL. BIXY » OIFEEOKEIZ R~ LT 5,
—J5, MOV i, BIRORERIRT A S =%, ITARE IRV CTH
WINE D Z LT, ZDMHPRENHFHE S TWD, L7eh > T, IR
BREREEICL > TR ~D Y HERNEEMIZR D L U UNENLIE
NG S D K 21220 | BRI O, BT OB AR O RS
REOHRMBFENSIEEIESND (B 144), b 5O & HOEERETIT,
HIRWEA & DRME COFRINFEFIZ L DREMET > F— 2 TH 5,
ZIUCKHTDREEIER E LTELLDOI LY T ADOBENTLET 7201
B OBIKBETT 5 (B 145),

ABAAZAROEEIRE L, IEAIRAEEREREE LN OEHL X 2E%
EH 7R BHILIE TH D, BHALIEX, AKILEEFIC L D AR L T
LR OBENN U 7R RE AR I ER SN D, BEALIE CIZR2 WEE
HINJEE (Hyperosteoidosis) & & 5728, "HELIEDOZKIZIX, BAEMIZ
X o THB OBP L OSEE OBEINAIRAEEICL 2O THD Z L EFE
HT 2 LERH D (B 146),

AZAAZARLE LRAFREHREREFEESICBVTHER -
NTERENR, TOREREETR 100 LBV THD (B 147),

A B A A ZAIROBEREREIL, 2022 4 9 H DEKES T 201 4 Th 5,
INFETITARRBEIL 27213 & A ORI TITRERLE (4) OFEHAVIEDRT
RN ERBHIC SN TE 228 (200 140), 2022 4 8 HICFRE I L7
201 NHOBFIL, BAEME T LRV TRE SN,

8

AIE S

b=11

K310 1 ZA A3 ARDBEEELDEICHELGEFHRE

1. REOHFA

REOHFEEIT, FIREOBKIEICESE | SOICHFEE OYZEHRIZ OV TOFEDE
FHIREAEREICESZITHI DO THD Z L,

2. A XA A XA IHOBESM

KD (1) 6 (4) FTOTXTOHBIZHEYTLHZ L,

(1) 7 FIUAREJFERIRICEEL, 1 RIVAICHT I ERERH -T2 &,
(2) kD (3) KO (4) ORENERED SO T AL, BAEMLIE (& L THE

HLIME D) IZRB LT &,
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(3) RMMEREENTEOOND Z &,

(4) X#ga SUTERE L <ITRERFFICBIT 28 (LT THERSE] L), ) 1Tk
STHML X IIEZE D BHALEDOHTANEO 6D Z &, ZO5A . BILIED
FTRIZOWTIE, BITROATHER TERWEETH ., BIWIEL ¥ 58T A
WA T, RO 3T 2B EFHOK RO BHAIEC BT NIz E0 5
Z&,

3. WIEICKLHERETFRRE

(1) EFRREIT. HEENECEDDEMHFITEE LRV LALLM RGEZRE,
JRANE LT, BEEERBRIZOWTERT L Z &,

(2) BEFMREONRIL, KICEDD L ZAICEDZ L, L, BEESOLHEGTH
ST, EFANCR CHE LEWRAEHE 2N H 5 & &%, ZOREBICET 2 tho FiEIC
KoTHETLHZ &,

T AP A
(7) BEAERE © 4 R0 LX< B, 15RE, BIEER%
() BRRATH : BASAET, R (FRICIEBNC L 0 HE9R) | EEEE (b U D RBRTE)
s
A IR
(7) MmiEHEREY > % (Fiske Subbaow %)
() MFTLH VK77 H—E ¥ (Bessey Lowry i%)
() MIEA N7 L (RFROEEETR)
() HEIE U TIT O s (REFEEAMTRT 52 8)
RIMEREL, FRIMERIEFRHEE, G2 Vo F =2 ibE, IFeE, g+ ~Y A
MmyEH VoA, MiF7 v—, CO &R, REERS,
v XA
RECENL - BES, B KBRS K ORI AL D,
FThL - B MR, BOERE X ORGSR, BEE,
T JRRE
(7) REAOENE - EELVIRFT I ) BHROER
) REOEMR NER (ALY P ik)
() R FIovag % (FHIE LT—HRIZOWT) (R BIELEE)
(1) MBS U TITHOMAE REFEEMTLT LI L)
R 7 V7 F=v AT LY U,
F ZFOMME LD LN DR
BOARMRE, BHERERES. LEIDG U CTHEY R REZ EiT D,
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(b) BEFZMH S EMRMEREEEZTOHE (12442 4FKLUSN)

B LA ) R0 71 N X0 A B YL 3 TR B 2-MG IR EE
231,000 pgl/g Cr LLED Lt 854 (A XA A XA 3L &EET) T, R
vy LPEEER (FECal?) O, JRMEIZBIT 5 U iR RE
(TmP/GFR) DX, MM Y REOIK T, M7 AV Y RAT 7 X
—BIEEOHEIMME OF 2 P FREEOBDNBIE SN, S5, ZUHE
REBIERE ., Db U ARG OFLE I, R B 2-MG BE & A&7
FHEAMR A DALz (B 143), @& OUNRMIEHRERE (R~ B 2-MG
PEMER 10% LA |) 2 L7oER (BfE214, &M 184, 1444 %A
RO EREE 2 RLS) oMt 25Kk ke ¥ 2> D BEIZIEFHHANIC
Hotm, —Ji. M 1,25 kb % 2 DIREITEE MO EMERL, K
ED Y DITA LI To, SHREEE Il L C, IfiE Y VREMNMEL ,
BIFRIR AR LV VR EITIES EIREZ OB DHE R LTz, b Ok
FLO R Y LOFEAIRMEERER S X 2B R ORAEIL, 6L
PRAVEFIIEIC I T 5 1,25 KRk v 7 2 v D EEAEBEEIC I 28F L0 b R
HE Y ERIBEREIR NI K K Y CERE A EE R E 2 R LT D
EEZ LN (B 148),

& LR ik Tl 1979~2012 4F £ C 3 Wiz iz b LEE T HEN
IThiviz, TEETTNET Ll R U A GG (129 4) KO
Hiti (128 44) DM ERZ %5 L LT, 2003 FEITEZ A0 i S iz,
TEY BB BT, SR B 2-MG A 3,000 pnglg Cr 22 7= DI 54 T
bole, ZD54HERS & G HIR & I TR B 2-MG . R+
a 1-MG REICHEZ2ZITRDONT ., BEREICLET o7, LarL,
JRH B 2-MG JEEED 3,000 ng/g Cr #2725 4D 95 3L4NE L @mWER
H1 B 2-MG B2~ L (29,530~54,640 png/g Cr) . ‘BH&EE (DXA £ ChilE
HAERE) bE LI EhroT, T LT, BEE THES TRICHLEAEIC
EWIRH B2-MG REZR LTz 3 4 DG YL RO B E O T 2N
BlEtasny- (B2 103),

R R F T O A1 KX w7 A HBEEYHURIC I\ T B EE O LR A 1
REfEE 24 5 - DI RBBIERE DO RE L -2 254 (B4, &«
PE204) Do b, 11 LICHOW TR OIFFMMEAMENZEm S, 9
& (B4, L 84) WWEMILIEEDRFT RN H -7 (B 149), Eiko
FAEXI G 25 4 D 15 FRIOFMBIEZRIC L5 &, BREMNR%TRP DI T,
PR B 2-MG RO & AR E RS OB RO b vz, B

17 FECa : Fractional excretion of Ca

54

57



HRAVIE O BE EE 1L, IR A B REFRE (B 2-MG. Y ¥ F— A4 NAG, RBP
DIRPIRE ORI K OMIEAI VT A U R EFIBI L, EBRoHr Ofk
ROMFE LT LV ER S o & REREELH 2 Tz (B 150),
FONEB)NPEISR D A B I U A BRI W T, ~( 7 a7 b
A MU —EEAWEEREOREM T, ITAIREERERE LA T 575
Yuisl o MR ROIE, RGeS R & i L TR EMNME o2 (B
151), {5 G Hiuss O U7 R HERBRE 5 2 R - R Tl FRG s R & b
L CHL L bICEFMIREZ R T IIEA AT A Iy VREREEID
<L CEERIEER O TLHED R ST (B R 152), 1974~19T5 DA R 3
v A B G RO —F 2 I B W) CIAL RS HERE R & 2l S i,
T 7R R EE A FR S L B & E S 372 86 &P, 2 44 2O\ TEE B Ak IR
BNTFEE S, BRED O P EEOFEILIENFRO bl (B 153, 154),

(c) 2EDEE~FEEFLMBDAE

UIRUIREEE A B 2 20 R U ABYRR R S, 2Thve BEEX
ELTHERLTWIRE~FEED D K v LM 4 FT L, FEEY
Hilsk 1 22FTIC IV T, 2001~2002 FIC R 1,380 4 &2 Gc RI ¥
LELS BOHE~DOREBEZONTOEFHE (JMETSS) 2nFE S vz, 45
MUK ORI A R 7 LRE DKM EEEIL 3.5, 3.2, 3.2, 4.1 pg/g Cr, %f
FEHIEE C 2.6 ug/g Cr TH Y, 2ED 1% D A1 10 pg/g Cr 2B 2 T\,
FHUIE D R B 2-MG IR DKM ELEIL 147 pg/g Cr ThH V| HukH D72
1372 <. 2RO 3%DHA 1,000 pglg Cr 82Tz, L~ T, ifliE
XG5 7o 15 Y Mg BT AL PR B RE PR 55 2 35 08 L 72 ViR ~ iR
JEDH FI T LIS BEEZITTWALEMTH D &2 v, BFE (DXA
WECHI & JE) IXPHRRRICIE & & BICIK T L2, L L, T i
g2 L, JREH RI U AREOHEMCHE S BEEOKRFIZOTNTH
ST, BEEZ BER L T50 P25 ¢ v 7 BEIRSHTClE. 4. BMI,
BN Z R U, iR R ORP A R ARERORS B2-MG B
FAEERBEEEZ RS RhoT-, RPN T AR, P R ORP A R
U LRI ONCIRF o 1-MG RE K OB 2-MG IRE EBE L7-, L7223 > T,
IR E RSB E O A LN WBE~TREDO S K I v MXEIE, R
L APEHEE LT L TV A N, BB EADORE TN L B X
iz (M 155),

18 JMETS : Japanese Multi-centered Environmental Toxicant Study
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(d) ENDIEEZHhim

JeRet J5 o FETE Y oM EE RS 389 4 (CE¥J4FE#y (#PH) 54.6+9.1 (39
~T7) W, JRHPT NI U LREOKEMFEEIE 1.93 ng/g Cr, M5 FI DA
TREE D RATEME 1.57 pg/L) [ZBWT, kb0 NI v AHEEERE X
IR R OGS KX U AJREE & HE OF g UL E R~ — T — & DR
ENFHR DT, M OB R, S E M E I X DB AN E A
(OSI'9) TiMiEi7=, HEED FI v AEBIE, kY - MiFD KU AR
JEIE, OSI LIIBIE Lo e, —J7, IR NI U AJRE ORI E I~
— 75— (JRH NTx20) O#IhE A EICEEL T\ (B 156),

WREIZR T R I U A BED RO LMEERZ G, BEEEE
(stiffness) EIRH A RI U AR L OBE A Sz, 40~88 D1
Pt 908 4 DHEE OB LR (BEEE CHE) 3FHe &I TLTW
Too IRAA BT LJBE 8E 2RO %Y 2.87 ng/g Cr) 1%, 55~60
i E TR & & I EA L, 60 mbARE TIXORIK T Lz, HEBYROT %
IToTAER, Fl-CHB 2 2B L CH, JRPD R U LBE L EEER
BELEDORICHERADHENRED NI EnD, —RERENODO I R
UAAMICEVEERON LS &ND LiEmST b &R 157, K
FZEIE. 40~88 i & MR AV VBRI % [RIRFIZ AT L T2 03, AR fE Bl
IZ R DT AT > TOIUE, I R U AOERNAR D LMD BRI
MIZTHEOFEIZOWNWT, LM RMANE N EBbh s, -,
Z OO R GRAE T IETG Y IR O ZMEER L Fld STV D25, R
N U AREEN 10 pg/g Cr Bt D@V MEZ 7~ A0 PAREE O @l O H I
ZEEENTEY, EHROMRORE, EETXEThHD,

Ltk IEVEYHIE C— DO HARNIZEBIT A FI U LAEBIL~L, Eo
FREE B 1T A 5.2 MO TR, EbRLMERRD b5,

b. MBS DIERMIE, JEE i
(@) HEIDH k= LTIEFEMIE
PEICEWTA FI T AL EEIGENEZ > TR Y | KPHRND
DA FI U LERZE U TREHRENEL TS, BREREDOZZ 5T,
FrC iR EEDIHRED & - T Ml TITF X 2B b Bl STV 5%,
HE DI G, PRGN, K OV R BTG G I RS 338 441
OWT, P ROIRPA FI T LREEFEHL X L ORBENRE S

19 OSI : osteo sono- assessment index
20 NTx : cross-linked N-telopeptide of type I collagen

56



7o R R0 LREOVEEEIL, ZZ242.837, 3.89 &1 10.13 pg/g
Cr), RHKEOMAFH I T AEED FH L EHITEHL & 9E (BEED
Z-Aa T2 CEHE) OBARRIIEIM L=, BBERY (Z-A27 <-1) &7
7 kA AE L, BMD #EZHWCTRY A KX 7.0 BMDos (BMDLos) % 3K
Wizl A, FEETIX 5.30 (3.78) pg/g Cr, 60 %Ll E Tl 0.67 (0.52)
ng/g Cr, 60 %A CTld 5.04 (3.88) pglg Cr 720 | FplZ LD ZENKE
Motz (B 158), Z OFH#A Tk, BMD %5 H ORI T 5 FR B K& OMfiL
TR U LREEFEEEDOMOMBITR I TR, Eo, I RAE
BREDT — XN iz, BEEOIK TN RI U AOE~OHEEEHT
B % O IRHIERERERE E 2 N 2 “IRIZRERIZCE 2 b D720 nER
HTH 5,

Bak &R U HBR O R 790 4 (i 35 miLA b)) ZXRRIC, 2ot
WCIEE L7 6 FEORMON NI U LARENGRED NI U LAEBIES
HEE L, BB L OB & OBESRG S 7o, FETG YLk, e REy5 YL
$ e OV FEVH Y R O RAE S N v A HEIT, BETIERERE R 0.48,
2.14 ¥ 11.0g, ZMETIX 042, 2.11 X’ 11.2g ThoT-, BT hiz
BWTHIRF RO A KX 0 AR IETS Y Hgof < oh 25 B 75 Y sk it
< ERETG YIS DN m Do 7oy, SR CHEEICAEZITA LN
Ipinote, THEICBWTRED RI U AEBIEN, 1063 g 2 HHEE
0.58 g RMfFA L, A TIXAML X 9E (T-2Aa722 <-2.5) FIE
DA v R FE Tl 2.836 (95% X (CD) : 1.14~5.16), 60 kLA
T1E 8.14 (95%CI: 1.13~8.85) L AEIZmMNoTz, BT FEEROMER
Tholzn, AEZREEIXALNZR T, TR, BT FI U A8
£ 10.63g B2 HHEOBIY 22713 10.63 g Kkt L D HREICE L, 4 v
RHATEEE T 2.34 (95%CI : 1.23~4.38) ., 60 i%LL = Ti% 2.62 (95%CI :
1.02~5.58) Th oz, JRF B2-MG BIEDT — X TR IV TVRND,
PRI NAG BTN R I U AHFEREL~UREWIEERE -T2, JRT NAG
£ 15 Ulg Cr UL EOFED 15 Ulg Cr KR OREZKT T H5FHITY A7 DA » X
elZ BT 4.38(95%C1:1.10~17.92) . 2P T 3.22(95%CI:1.02~10.05)
EHREICE ST, LTERS T BEBINTA NI U LAEBIEEF~DRE
& OBEITATAL R E BERERE E 292 ZIRIER NS L Tniz e %

21 ZAay LiX, HEEA R & REROEE S i U, R OEER A (SD )
TR L721H,

2 T Ra7 &L, BEEZEFRNEEME L g U RN OFRE#E(F 2 (SD E) TR L7z
i, tHARRERERS (World Health Organization : WHO)  (1994) <TiX, 2.58D LV ¢
BB E RS GAICHHLEYEETHEINTND,
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z bl (B 159, ed, K@mXICBWTHITOU A7 ITAHMFE

(prevalence) & L CRHli S TWD M, EOREAH 5 W ITHIF CoB P8
A 308k L= DN HOW TR N 2o 7=,

— 5 FEIZBNT, I RITVAESBICE o TEHLE YEDY A7 R
FERLTWD OO0, IEALRMEHERER S & OB 2 IR~ 720
T oMiELH S, PTEMEEON R I 7 L5 YL % QTS Y s E K
1,116 4 (40~79 m%) IZOWT, JRHET RI U LRE LB, Bif~DRE
EOBENRE SN, RV RI T ARED BRI THL L HEH
Lk oE (T"Aa7 <-25) OFEGN ER U-, &KERTH BT LREE
T4 FHCH T CHRT 2 L, RPD FI U ABED EFIOS L TEREREIX
AEIIET., BHL X EFAEICHEML., JRY B2-MG LT NAG EE
HREIZEM Uz, L L, BEBIOBEREIR ATV T, EEE L4, BMI
MORF A I T LREEAFERBEELZR LD, R B2-MG LT NAG
RE L IIAERBEEL RIS o T, IEMEFIZHNTEH, Bl bR
NI U LRELFERIZTNEEEELEAERBELZ R L., FE 01X, 7 R
U LI BICEDEML X D IEOHEIN AL R AN ERERER E 2/ LT 7
WRIREMEDN B B EfEimfT T TV 5, LU, 4D S BIRY D RI U LARE
Db E 8.89 pglg Cr LLEDORETIX, BH L X YEEZRLEZEDRY B
2-MG LONNAG IREDOIXLSDE N RELS, BHL L YEZEZ S oz
FIVELLEWVEZRTLONE N7, BHLLIEZT V7 M AL
T LRI NI U AJREDO BMDos (BMDLos) 1, £ T 1.86 (0.83)
ugl/g Cr, ZMET0.64 (0.17) pgl/g Cr TH 7= (M 160),

PLEDOFENS O (Chenetal. 2013, Lvetal. 2017) TiX., \WTh
HEBRECEHLIOEEZT Y ML E LT RY D FI U ARED BMDos
(BMDLos) ZR®HTWAHN, fEREDOIEH X ITREV (B 158, 160),
F72 Chen & (2019) OHETIL, BHES NI U LAEEEXIIRF NAG
FEEFH L X DIEITEIT & OB NGRS HALIZ AN, T Y sk o
BHEH LG ATV (B 159),

(b) KREDIEE i

Gallagher & (2008) %, KEDFERMEFEME (NHANES) @ 4,258
DT =2 Bl L7z 50 i EOZAEIZOWT, B L X HE L R
R LRELOMBEZER VAT (v 7 BRI CRIT Lz, HHLL
EOJEIE, EEREEICESIBEOREED T v A TESCERMICZE S 1L
T HHCHEICLTERSINTZ, TORE, JRYP D FI U LAREN
0.50~1.00 pg/g Cr OHIPHD 50 kL Lo 4cttix, 0.50 pglg Cr LA F O
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CHELTHEML X DIEDO U R 7 AN 1.43 fFm< 720 KER L A
HREOZEHEMETHD 3 pglg Cr LLFITBWTHEML X 2EDO Y A7 MR
RIBEIND LW L (B 161), 72720, JRP I K U LREIT&ME
BIECH R Tl e < BIPESME CORENTWA Z & B L X D IERED
PR R 7 MREITIEFEML X D JEREE i L TET RV, FhdE
W2 &L ETMOTEWIRT A R U LREDOAPEZTENTWND A (R KIHE
1% 19.17 pg/g Cr). Zhidmkd IR NS o RF 27 LT F=REICED
WIEDTEOIZEZ AT EOLOTHARREMENRH D Z &, S 6T
NRAEBREDO B 5N E S BEIN TV RN &2 Y, FHlICEE %
BT DHRDH 5,

(c) R xz—TUDIEFLHi

A7 2 —F DO RERICB T DI FI v MESE L -~LiE, TAED
FEIBY I D —RER L VBN~V THh D, T2 7 FI U LAOERJR L
LCHENREREGZ 5D TS, LML, Raxak— MNEEZEHL
B OEFHEICL>T AR L LD H RI T AFLBICE->TH, BE
FEDRTOFITRAEREN EHT 2 ERREIN TS

Swedish Mammography Cohort (Z& /)1 L 7= —#% 4tk 2,688 4 (JRH A R
RV LREOTIE 0.34 pg/ g Cr) ZXEUT, IRV RI T LARE EH~

DL DB sﬁ_ﬁwﬁﬁémto R A R o ARE % 3 7 (<0.5,0.5~0.75,
>0.75 uglg Cr) (25T THAT LToRESR, ‘BB EOYHEIL E DA THIX
-y E#ﬁiﬁ#o oo LU, JRHEH R T LRED 0.5 uglg Cr A O#E
I2%59° % 0.75 pglg Cr LA EDOFEDOBEMH L X HE (T-A 27 <-25) OA v
Az, Fhn, BB, K., KBS, RE, SLVEVEIEORR, IE
%E%féﬁﬁkf& RO E Z A KERE T 2.45 (95%CIL:1.51~3.97) |

JEHEIZ BT 1.97 (95%CI : 1.24~3.14) =7z, FEMSEL O I DR T
%, ERENRA Y XS 3.47 (95%CI : 1.46~8.23), KX 3.26 (95%CI :
1.44~17.38) 7=~ 7=, 'ﬁ’ﬂﬂu’_/)b\f\ R R o ARE% 0.5 ug/g Cr &
iifi & 0.5 pglg Cr VLD 2 BRI CTRIT T2 &, 2 TIxaEERTITY
A7 D EFITERD IR o T hy FEME LD T % & 0.5 pglg Cr
U EORETEIY A7 OFER EANRD LN (B 162),

Bk LR T aks— FREICSIN L — i tE 2,676 41220 T, FFQ 2
HHEE L7 R U ABHE EBE~DEENHRILNT-, BEND DY
BRI U AERET 13+£2.6 pg/H (1.4 pg/kg KEAAHEY) THhoTz, &
FHNDOH FI U LAEREOHEINL, 28, BH, KRG OEHEEDR
BMETEBHE L T e, £2, U R U AEREL 28 (13.0 pg/ H AR
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EDLR) 2T T2 & 1 R U ABEEO & WEECTEE E O &
WEITHEEE LA O U 2R 7 NAEBEIZE -1, 26 OFERIT, FEBER TH
Ak Ch ol (B 163), 7272L, ZOMETIEN FI U LAEBIELHE
T HERC, ahR— MO 7= 2 X —EEE (1,700 keal/H) THRFEL

TWND, KR LY 0PI 0 LEEE T & TRl 2 L8 N H 5,

BIYEIZoWTH RO NITHo L7, Swedish cohort of the
Osteoporotic Fractures in Men (MrOS) study (Z&0 L 7= 51 936 4 (70
~81 %, RTA KNI U LREONVEIME 0.33 pglg Cr) (IZBWT, JRFEH R
RULRELBEELOMICADOREEZ, BITHEE & ORI IED BB ZF
Wi~ (M 164), The Cohort of Swedish Men (COSM) (2 L7- Bk
20,173 4 CE¥A KX U A8HE 19ug/H) I2B8W T, FFQ O HEE LT
T RI U AEREEFITOMEE L OENRF Sz, BRI Y AEIE
B 3RO THRNT 5 &, 20 ug/ H 2B 2 DRETIE, 17 ng/ H R OREIC
B LT, TXRTOENLOBIONY— RN 1.19 EHEITE DS T2H,
FEWUE - CII A BRI o 1oy TR TOEMLOE IO~ — Rk, BfE
W B R OB OB E N DI N TEN > T2, — . KEEEIEALE
DEPOANY— REld, FEREE TORD B v LEEREN 20 pg/A 28
2 HEETAHEIC LA L (B 165),

WAREEE L, B L & Y IEM VB ORKFTH 5, T"BEICHRTE
FENLOHA RI Y LAEBREDDIRNWA Y 2 —F Tl BYEICHRT L H
RI T ARMH K RP AT R ?A&f_%%ﬁét@@%%gﬁé A
U x—F O 908 4 (60~70 i) 2B\ TC, ARIMERF D K 7 A4
TEFE L RileE R & OB 2 Miat L2 BFSEIC kwf HAZE it IR il
K R U ANREITERE EAOHBEN S - 7oh, HEBF5Hr CHLE 2
HHEET 5 LRHEIIHEAE L (B 166), Li 5 (2020) X, AV =—FT A
FE 8864 (RH I NI U LREOHRAE 0.25 ng/g Cr) (T WT, HE
EEEERTROEIE OREIZBIT A0 R U ADOENRERT LT,
AR (Total effect) I HHAH N RI T LENT 52 (indirect
effect) OEIEIX, BEE (&25) T43%., B (FTXTOEM) TIE 11~
13% Th o Te, FH OIL, B L FEERLOET & OBEIZIBW T, —HiX
HRIVLELBENLEELOTHY, ZTOEEGITEITEEE L OBH
fk%w&%%bfwé(ﬁ%lm)

UUEDAY =2 —F 28T 5 @O (B3 162-167) 1L, 7 KI U A
X< LAV NE O FETE Ye il L 0 RWEEICB W, B RS U AR
<§ ﬁa&fﬁ?%ﬂﬁkﬁﬁbfwé EERRIET D, T DO
T RITVAPEREREZN ST, BOEEOREL KT aetk %
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HELTWD, 2720, 206 —#HOMEIE, T _XTARAT=2—FT &V )k
EO—EHNTITONFHEICESNTWS, BPEO—RERICZ O R
EAMETEXAMEIIZHoONTIE T, 2. (2) @ d. (b)] THIT 5,

c. IMERIZKDIE~DFEDRKEE

Brzéska DX, 7 v N OHEXIIHECER ~ 2R E GBI T RI v L% 5
A CEEEORE, B FRBRAITV, BTS2 A —E  ONE TR
WZRRFTL TV 5,

M= > MCHIIES R 7 L% 0, 1, 5 XX 50 mg/L DIEE CEAT HKE
H.Z27T3, 6, 9 K12 MAKICBIZ LizkER, 5 XU 50 mg/L BETIX, 'BHE
FEITHEROFRFRMEKAFANCTIR T L, B L X O0E (Z-2 27 <-2.5) BEINL
Too BHERBRTIX, 5 KT 50 mg/L BE CHEHE N ONKBEE OmmALES & UTALES
R DWeGatER R ENTo, FEOIL, ZORRITOWNT, BB D 6~9
NHETOERROEALZFFHIZBNT, 7RI T AILSEIZL > THEEK
DINH S0, 9~12 M H ORRBWNITBERINAE E 72720 ThH EHEERL
TWb (75, 168),

Fo, LRI UK TREMBOD R v I EEZT2HET » MiE, 50
mg/L BETIEH O 0 e BHBE O T & 120 fesitE 2 R Lz, L, 1 &
WNHmg/LEETITIEE A EZBIITED b2 hoTz, BRI T AESERITED
12 DA ORFRCTERI -~ — 7 —28M L T, 2, RV T AR
U UHEIES BN L, Z AU U Ch A T AR VE U RAEE LT (B
& 76, 169),

ZOZEXY, BRITVANILDEEEICIIHONREERZENH D LB X
Sz, L L, BEEICKET S KU LAOZBOMRERE T, mh, R &
OKEREH A R T LARECTITHHTE 2o 7, 72, 2 OWFIE TIL B~
DI R 7 LER, IEARMEBREREEICOWTIEHNL ATV RN, £k
. BRI T AL D BRERERRE & F~OREORRIL, I O TITMIT S
TR,

Brzéska H1%, HfEZ v MIHEES R 7 A (1mg/L) % 24 hHRIEOKE S
L. B, B XTI L 20 9 B FRe Bk X 20 (2
FH) IZBTDN RI VLIS BORELRGFI LI, £OMEE, 18~24 A
IZBWT, MBEETHINRIC L 2EBHEEDIRTRRD LN, I FI T AX
CEICE o THBEL VA 10%RREFEENMET Lz, 10%DFEEDIKT
ThoTh, DT v MIBEHEOEIE & BT, KERE S OFITOWTIm
IR B AL, B IIFRER COMETIENEE L Tz, FE DI, 2 o& iz,
FRIZ 2 SR HICBIT 2B OKT & BRINOE KNG L TnD EBE LT
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W5, 727 MBRBECH 0T v MBEH L X YOENR I > Tz, &5
2, XK BERTHROBIT I RI T AREIXS ng/lg LT THHIZHL DD D
7. eGFR OBEERIK T, W v LR PO 2 TTE, EX I D
SCRIFRIR A LE > (PTH23) 72 E DA 7 AFAEIR OB ZED b
(£ 170-173).

5D Brzéska HIZ XD —#EOMERERIL, EREMICE O THIREE
DOHKITEA~OEMIZESBECL > THONRBEEDIK T, JJFMN72HET
WM EOBRENEZ 52 2R LTWD, FRE~—F—0HIEIC
K0 R T LBNEREMIE RO 4 | @mﬂ% ZE WL D %
i LTCWDAEEMN R E T, TOFLE LT, FELIE, I RIULARE
WCEBEHA L TS aREtt s . BEOE TICE D2 v U LKV /1qu§¢
DEALE I Lt%%@ﬁ%@%ﬁ%%ﬁbfwéLm>\:m%®ﬁw
WAL PRANE B REE ISR AR 70 7 — Z 372z BiCkt3 255 F 2
WA@%@WL%M@%@@@w\W%b EE LT 72 6 D72 D)
IZOWT, fEsma T2 ENTEARY, 1ppm O LT KI 7 L% 24 22 H [
BRI H7-FZHRTIE, BlE~OS K7 AL 5 pglg LT EFEFITIRWIC
LD L T BHER LT ALY RO RENEZ > TR FFIZ 24
P AMIE < BEROEROMIRITEEIZITH)> X TH D,

d BZE. BHLLIE. BHOZEBER
NRITAFLSBIZE > THELDB~OEEIZONT, BHNOEFRHET
I, FICBBEOK T, BBREOT-Aa 7  Z-Aa7 CHE LZEHL X HJE
O, FIRAELOBME BRI ST D, L L, 2D OFEEIT
KR OPECAF N, BB DH B8 ORIEROL /2 & BRx BRI L - T
a4 5,

(a) BEEDEHER L MER

§< @ﬁ?n IBWC,BEEIZTICDXAETHESATWD 'ju{};
B b SN EBEDORmWEIETH D, LL, I FI T L i< %Zééa%:
AT A ETIE. BEBEICEEL NITT A OLEEKIICHOWT o7
ERLETH D,

HETIE, 7RI U LMESBEOFEIZ) 000 22 < PRI N & &
BIEBEMETT 5, £7-. BMI 22 EOEKOEE ST 5, LavL,
b B AL S LERIT, BBEORET M THD, TNETHRFIY

23 PTH : parathyroid hormone
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LI BOREZRET LR TR, &8, B, Fu . EER E, B
S TEMLTEEENRIE SN TRV . BEOMFIER R 2 BIBra 53 5
ZEEREETH D, WRITVLMIXDEEE~OREIZE L T, 1980~
2020 FFITHR SN 215w (89 7 — & &> b, 17,9784) ZHW\W A X
FHDITON TN D, JRPAT R U MBEZIX BER BEEZINEEE
& LTCBMD (BMDL) ##ELTWA R 174), LivL., Z O,
SEIERWA (B, Fo., Hik) OFEELZEELOTHITILTNSZ &
MREETH D,

BMD /L% AT 5720103, R RI U AREREOIX BEHEF
R L ORI E-RSERAERAL L TW D BERSH D, L, FTpED
AR XU LG Y I R OFETG e i R, P E o077 Y i R M
OFEGYHIFER, AV = —7 v O—REROWTIIZEBNTS, JRPAT R
U LR LFEE L OMBREIIIRS ., RPI I U LARES 3 5
BHHWT 4 BEILTCBROBEEDOYEEEICITIZE A EENRN, AT z—
T U OMETIX, i, BERE, R, KIEVE. HiN®, SLEURED
B JFENEE O 2 BROEBEFE L9 2 CEEBMNT 21T 72
BRZ, #IDTRFP D RI U LARESH R U LAEBIEEOENEEIC
S TW5,

(b) BHL &L SE. BRAEEDEBERLBER

A RITAFLSBOFRIZO PO LT, FARMILIEO M TIHER L &
HIEBEEMET U, B8RRI TN 5, £z, BE(LEIC X -
THEI LT LK B TNDA XA A FATROBERBFILIEE A ENLHET
b5, PEOT KU LB RMEICIEWN T, BHL X 2ED Y X7 1E,
T EL< 7> TS,

BHLL X DOEOHEICIX, BEEOEEMENS ORI Y %23 4 2 FEiE
THDHZL AT XET-AaT7Rn-25LUFTHLZ ENRHCBENRS, LavL,
PEYEEIL, 5 & T HEMOFEIC L > TEbT 20T, B 2 EMSCED
ML X VEOHES Z-A2Aa 7L T-A 237 2 HW TR 425 2 &
IR Y Tl 7R,

BT RAERIZOWTIE, E, HIRIC L > Tiax KERERDH D Z LICHE
95, X 3-3 1%, BN EEE OB D E O FE R KB AL ERE T (hip
fracture) 4L ZHEE U7X (Johnell H (1992) LV 35IH) &, TS
L (1992 4F) ([2B 1T 2 HAEOHAET —# (Takusari H (2021) LV
SIH) ZERELOTHS (B 175, 176), ftliIsmch o . Win
DENZHBNT S MEZE > CTRERE A E IR AERENBEEIC, L bIE
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ER CHEE THEIMLTWb, TOHRTAY 2 —F 1328 L CEVVE IR
HRERL TS, R CHHOERNREOT — & & T HE . W OER
BT HIZE 5~10 fFEmVWVEITRAERTH 5, AL EOFRFHER
D KERE ITALERE T3 AR E e LRI L B &, Lt gty
HRTRLEW 3 DEIZAY =—F 2 atedtBE#EETH DL (X 3-4) (B
177 R OWTIE BRARRICE A EZ I D ORZ DIV DS,
FERITIE, AEKGEEIZ E X 2 > D OB MR Z W2, RO 25-/KEE
ke 22 D OL~ULiEte LAMOBIMNGEE L D @y (B 178), &H M
RN THDHETIHLDHD, WTHICLA, AV = —TFT LV OBITRERDE
ik, TSE TR DBEEOE RS D WVITEREERZ FFo TV 2 ATREM:
R L T\ D,

BL_XALDOH RI T LA~DIFLBIZ L > TEITREZRNZEM LU L OB
BOWEIT, TRXRTAT=2—F U TORERETH D, Lnh, TAEICE
RTELVDH R T LI BIC L > THEIFHEED LN Z 5 & il
SNTWD, AV =—7 VOIFBYELMEORP A FI 0 LRED >0.5 pglg
Cr OFf (B 162) L OEHENLSDOH I 7 LAEFRE)>13.0 pg/H O
(W 148) THIIRAEROMMNRD LN TWDN, JRFPD K v LRE
0.5 pglg Cr LEFNLOH R I U LERE 13.0 ng/ B, FHEOIEH G
HIBOFEROHF THIR L~V OBETHE YT 5, 7RI U NI BERNEITHR
ey ERIEHIERNE L TCHEETHD LIETIE, FTAEOFIRE
RKITMEHA LV EHLTEL R TS HAREMERH D, LovL, ALK EOFE
Lo - N 1 IR VAT 7 ST =X Sl = oL Ll B i - G e SN s Y ES [N = 7 o
FAT =2 —F U XL, TOTHEOFTHLEW TR (K 3-4) (&
MR 177),

10,000

Sweden
3,000 .
g , Switzerland
RR T 1) ORI AT > © B | B Oszimee
8 Netherlands
T 300 it st
% Yugoslavia
—_—
= 100}
8 Iceland
£ T1]) FRRRRRy (. - A |
3 ’ Finland
> inland
- 10 b i g .
- erman DR
pistaaate
° Malta
1 1 | 1 L

40 50 60 70 80
Age (years)

X 3-3 ExMd 8 MNE. RUEAEDFEEFA KRB ECIEFTRERD LR

( (BB 176,177) &% & ITHERD

64

67



RHz—Fy | )

B4 | m—

4% ||Hl |

| | |
600 400 200

0 -

| | |
200 400 600

0 —

Age-standardized hip fracture incidence (per 100,000 personyears)

X 3-4 FHEIZEITHFEMARE

BROKBEEECBEFRER (S5 178)

A =T @:kj'%)nﬂﬁﬂd:%ﬁ36 BHREREE LT ST FI T L

DF~DEFERIT &

BEBED, ML LD fi@i%‘bﬂi)kﬁi L5 Z LR
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BINTWND, Lo, ZOFIZOWN T, BFERAED 7 O T B EER
IZBWTHAERSCAMMA —F L T 72\, Brzéska HO—HO B FEERD
FERN, NI T LAPNEEICEIERTRILE LTSNS Z &R
b DD, F OFEEE RIL, TN IRMERREE DRI 2T — Z IR T D Z L7

END, T UHEBEHZRTRELE 1372 > TV,

B L X DESCEBIOBIHEE L, 1 R U ALUANOERK GRS, K,
FEERREROIR AR, U A, RFORE EHHEL T T4 T AZ AL,
AREFEZR L) OFENRRKRELS, AV =—T BT LHH RI UL EDOREHE
ERTHEORKEL., BAEEZETT U7 72 S Mo i AfIZizEoF
FUTEDONRWARENELR D D,

@ HFRFRNDEE

MR SR~ DB Z G LT RIT T R TRAFELS BIZL2ATH - 72,

B WHEE, MEEHO EXGEICEBMERIEZ KT Z ERMONTWDH R, HE X
ISEARIRETCE 23RS S e o T,

1950~1960 R DOFHAEIZ LV . B K I U LERIEER R4 72 EHIAEE O
PERAZEMERTE BN RE SN TE T, AV —T U RA XY AT, I RIT LA
AR T, MR R E ORI E & 72 9 iR E N A ST
W5 (B 82), ZibDIEFNE, B REIERCAMTRT LD & MlikE & 2 S i
7o B ERIRERRIL R S AU TV, A F U AT 1942~1970 FEDORIZ 1 4F
UIbED R0 ABEERICHEE LA OBHEETIX. PRI 7201 &
TR LX< BRI L CRE X RICE BRI RN L 7= & il S
LTW5 (R 179),

TBENZBNTSH, AR U LERIEESR & IR 21T - 72
FER. mIE < BREETIIS IMEMEAITE R (FVC24) °— 3 (%FEV:25), FVC
D 75%, 50% K% N 25% D&% O FRMEIXH LB (b L, RIS EHETH
FVC R°%FEV: DIK F 238G S Tns (B 180),

KETIX 1988~1994 H(2 F i S AL 7-FHAEITH VT, 16,024 44 O —fRER
Bl LT, MYERES 2B L ECORP D K v LB & U EEEE
& OBENTA O, Fllin, M, AFE, ZE . W3E. BMI, 258 oWk (4%
FEE DI BRI R (RS 720 DX R a DSy 7 5 X BREAEEY) | IfTE = F
SVREROFEERSGO A FENESFHE L& A, BRERE & AERIC R
WTIE, R R o ARE L —& (FEVi26), FVC, %FEV: OMICAE

24 FVC : Forced Vital Capacity
25 %FEV1 : percent predicted Forced Expiratory Volume in one second
26 FEV1 : Forced Expiratory Volume in one second
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7B DOBEMED GRS B ALY, FEREREIC BV TE, 25 OBHRITZA B L7
oT-y AR EENDN RI AN Z S| ZEE L 72 MR 2R B oD B s
IZEEE LTV S AJREMED R S - (B R 181),

@ DIMERANDEE

bt R OFRREEZ O TERT I R 7 AR ESE TN & o R A~
T KRE OMFETIE, FHSEFN T, @il EREEEE THT Lo h D&
$@ﬁPi?A%E&@ﬁPiVNE%%E%ﬁ%ﬁok(5%1&%

%%%Effnﬁwﬁmf$%ﬁiEﬁmEﬁi@%m$ﬁFi?A%
V?bﬂﬁi ol (B 183), MR e~ v T 7 L&)+
BEETHRREE TP KX v AR ﬁ‘ ElX ol oWwELH D (R
184), Z DOWFFETIX, mlJERE, KTHREEE b, BUEFOMmP D R 7 L RE
MIEME S L 0 HEICE W E R R &,

DI SRR B3 2 B D B TR D TR Z W,

AT 2—T D REREZMNRE L —EHOWMEICBWT, Hh K
LPREE & A FOME RER L OBENHE I TNDEN, ATD 3 SO#HE

TITMRE L L FEMRIE L - >\ T B RIIT 3T hn T\ 5

FI. FELOLMEA NN FOFELOBEEERGF L-ar— FAEE L
T, AV =7 VOV AFEL—RERMZxG L Lo b 2k — MiE
(Malmé Diet and Cancer Study) 235, &ML 7- 4,819 4 (5 1,958
&, 2,861 4) ARSI, M K v AEE (1991~1994 FIZHIE,
HLfE 0.26 pg/L) & 2010 E £ TOLMME A X2 b R OSET R E ORHE I
XoTz, MBEEEMP T I T LRET 4 #2721, Cox il — RIE
IHa T AT o TofE R, 56 1 WA AEEE (<0.17 pg/L) 1Zxt L TE 4 PUAArHE (0.50
~5.1 ug/L) TEMLAHRZESCZ OO LINE A X2 FORENFEIZEL |
DERBA XY MLEARTRIE T b A EICE -T2, £, FEREE (Z[RE
L7t T, 2ETUATIEZFoBEEITAEE TH 72 (B 185),

PR ERCar— MHEICSI LT 4,639 4 (B4 1,875 4. ZtE 2,764
4) X, M NI U ARE (SEEE 0.31 pg/l) & SHEkT = —
TR SN DB/ 7T — 7 Of 8 L OREIZE T 2R T LT,
BYRAT 4 ZERaHT OFER. B 1 WOAEE GTESE 0.12 pg/l) &bk
NCH 4 WAALRE (ST EME 1.04 pg/L) TOA » XS 1.3 (95%CI : 1.03
~1.8) & EH L, FMEAMERELAE THo7, LrL, FEREEZDOLD
et CIIEE IR b oo 7= (B 186),

Mo A R LR L HER LS T A AT L OREIZET A L
T, AU =z —7 O 5,627 4 (B 2,734 44, i 2,893 4) Z x4
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ELim=adk— Fif#& (Swedish CArdio Pulmonary biolmage Study
(SCAPIS)) 2MTbiviz, RU Y UEURGHT 21T TR, mHh RI oA
REDOE 1 W #E (<0.16 pg/L) (Zxt LT 4 WAt (0.89~8.5 pg/L)
T, HEPRA LT AR T8 100 (BREEO [HE ) 27 | OFLHE)
BRI EIENEEICE L (PR21.6 (95%CI : 1.3~2.0)). FEBREE (CRE

LThH, ZOBEIXIZIERERTH -7 (R 187),

TS E O 1L B ) e B LI R E i e 2 8 5 5 40 % LAk
DLME 471 L E RS L L& I, FEEY %W@ﬁizms%kwkbf
mrﬁwﬂwﬁmﬂm&%ﬁw;e%%l&y [FkEIZ, BRBET (1989) 2k~ T

ITONTZENEO S KU A TEG YL 7 2T & TG YU E R o & i+
%$4%w%btﬁﬁfi 15 9L I C do 2 )1 R Tk & & 1L R )|
T R DR IR « PRVER]RERGMEE 0 8 M6 M AR 1, ek B Bk | 2 bE A~ Ve
W Thote (B 104), /o, A XA A FZATFROREBESEBIEF L LT
HE S AT O IR % [F A fn O IREE & b3 5 & | W%%&#%%w?
M®mf%ﬁ#ot(ﬂ%1%:wmo_@io VTR A S K e s o 73 3t

fTLIBEREOE AL, # R U AaiELE @@f@ﬁﬁ%mﬁféﬁﬁﬁ
%%ﬂto

ZNNFD BP0 RITADRGENTND Z & JEERERE BT

DRBNREDD TREN kﬂ%\ﬁ%%ﬁbfﬁmﬁméMtﬁk\vA
DL R A~DO B E T 5 72 DI2iE, BEIZ OV TR ISR L7z (B2E
Iz i%@ﬁ%f@ff%ﬁﬁﬁugfké Dl R IR B~ DR G~ T
W DO Y DIZ ERDODRA T = —F D 3 DOMFEDOIHTH - 7=
(2R 185-187), LML, AU —FT U TCORENLDOA RI U LAEBEEITE
DENICHARTELIELS, EBPEOLIICTEEFNLDON RI U LAEREDS
WENZB T DEERZEIT, AU = —7 o LIEEBNCIEER CEnRn,

Fo. BRIV LELE L MEE DOBRIZOW T, A OHE TIF—E LT
A NS BT (B 182-184), FAE DA R I 7 A 385G sk Gl i
ik & 0 e LA MEMEWN & OWENH H (S 188-190), L7=n3~> T, BikF
RTH FITAMESFE L MEEORBERICOWTHEwRA T Z LILTERY,

® ARBR~NDEE

Mason (1990) 1. # FI U LHY PMEREIT 1 ELL BESE L B4 Xt
LA, WBEEMED N R U LI BEOIWM T ERE —IERRICHE 2 5B E b T
XFXTQ/\ﬁWM$w%/\W%ﬂ@ﬁw%/%h%kLT&%bfw

27 PR : prevalence ratio
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Lo VEEBOZGRT N RI U ABEENSHE L-BED FI U A ERI
AT LT, BOSRERIRBERE M OSTNL IR AN FRBEIZ L3 A DAV A, I T R —
KRR LT KT D EEII L LN o T2 (B 191),

® #HRER~NDOEE
R T AF HEENICIHITZEAETRDIAENRN 2D, T EERBLO
&iﬁ&éhfw&ﬂot@ TG CTOEEZT RS L Lo BEigIck
WL IR R 0 AR & RIS mRRREE | SEM RO DO RE R S Lo
M ERFBEBERR D - 72 L s STV D (B 192),

@D KEHE. FELDEE - BREADEE

2010 FLARRICHE SN, ELOAE - IEICET 2 & LTHK
ME O EH O & BREICET 2 2ERE (maFARE) 88350, BHE
M R 7 NREORECIERICT DB K NAERHERE (KR, &,
SHPH, M OWaPE) & ORFENRE S TS (3R 3-11), BEREICE L X
6 MHFE, 1R E O 1.5 D1 &6 ORERIEFEIE O A v X EH L
N, 2R CIIEEII AL N2 72 o7z (B 193), —FH T, HIRFERBE O
RBLOF EH TIE 2 COREREOHIRTRALNLL 72 E (BZH194),
HETAREY T I N—T0N T D EbER ST D

WA CTOFELOREICETIHAETIE, BBELORNV T TT v adank
— FREICBWT, BBlORF D R T?A/;af“ﬂ IR R AR
EHAERET 3 O &b 0K, RE LG & OMICAOREED R
ENTW5 (B 195,196), Flannery & (2022) (% 2020 £ £ TIZHE S
T2 SCRRZUNEE L, 59 SICHOWT L Ea—%4T\W, BEHOD K v AE< D
MAREO 186 (FrlcZl) OFRESCH K, SEFICEEZ KT T ATeER s 5
LTS (5 3-12) (B 197),

R U LI RARICE i‘ﬂ“é & 75>%§4§&@pﬁﬁf$&ﬁbém (R 198,
199), 7 RI U AXL BB OREE~ET H Z & PR D R U ARE
O LRIV EENMET L, HAERKENME T T2 Z EARESATHD
% (ZH 200),

ITEDWNOWETIE, XV Uy Dak— FABRICEBW T, BEHORP D R

28 &b O L BREICET 2 2EHE (== FE) 13 BN 156 2 Hro #il ‘/§7~

D &> % MBI AET iR 103,099 40 (GFEEMIR 2011 48 1 H ~2014 4F 3 ) Z XA
AW 13 I D ETEB L, BHELOWNE~DOZELIFET S HEaR— b pﬂﬁ“(
H5, TaAFLPFER—L—,  (httpsi//www.env.go.jp/chemi/ceh/index.html)
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TULREE 4 R

0):1T

NG R

nREFE R (1Q2°) & Dl

fﬁ%%é&ﬁwﬁﬁ\ﬁA%Q&IQ&@&@%LM
HEO 2R — MEE CITRBEOHEBRORP S FI v A
KR TOREDOHBENERD b (BR 203),
VITEOESFHABICB W T, FEHO B R AT L&
EHLDER mﬁ FEIEFRRE~ DB RF S,
HMAESND, LDLER6, ZHIZBWThH,

7= (B 202),
JE L 6~T ﬁiz'E‘@ 1Q & oz
UED X9

DFRAA 2T L DI A DN B > 7223,
TREIHET 5 & FEREE CIEBEN 2 o7 (B 201),
BWT, HBILD S mIEORFT N FI U LREL 550
FILars—h% 10K E
RTOHRBD B

ﬁ@&ﬁ@ﬁ) ) %hf;ﬁ)

W D A J

N TTTFva

LD+
HR B R DD
BIRDH AT I TR

MBI, HDVIENTIUC S BERN L LN ol & RN —E LT
WRo Tz,
£3-11 IaFILFEBIZBFTDIHDRIVLAFELDER - REIZRIZTEHE
SoE T RARA B GBS MR
0 14,847 4 | FLPE SRR ORMEIL R B 7 AJRESE 1 WUSAEE | (B204)
(£0.497 ngl/g IZx9 55 4 W AiEE (=20.902
ngl/g) DEFED A~ Xtk EH- (1.91 (95%CI: 1.12
~3.27) . p=0.018. p for trend =0.002)
ihm 16,019 44 | AiTE G SRR ORMARILF A NI U ARER 1 WAZHE | (3 205)
& e (<0.496 ng/g) (Zx3 25 4 WOAEE (>0.905
nglg) DORFTERMBE DO A » XN EH (2.06
(95%CI : 1.07~3.98, p=0.031, p for trend
=0.146) ) . WA & IEEER L
Witar 89,273 4 | tHAEWR A~ D | MERPORMRM P A I v ARE L HAERFOR | (B3] 206)
(N0 S RYE AT | ORFERE RIEFTIZICBE e L
TZ)
HE RN #HAEE | HAER~ORE | RPYORELF S I v ARELIROAER | (B 207)
192 4 *HHERE | (RIBRHER) FRITBIE R L
1,920 4
29 1Q : Intelligence Quotient
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i 17,584 44

AR W~ oD

(HIZERHAE, &
. BHPH, FapH.
SGA)

SEAR I OB MAE O RHRM P T R I 7 AR
1 PUALEE (<0.497 pg/L) (X325 4 WAL
#E (>0.907 pg/L) DL OITIR% I D SGA D4
v X EH- (1.90 (95%CI: 1.23~2.94, p=0.004,
p for trend =0.002) ) ., HARAE, BROK
R, ZIROF GERIRM#I0A) | R ol (O
WRE I D) IIEAIPERRE DA H B

(18 208)

T4 82,230 44

AR~ oD

(HZERHAE, &
. BHPH, FapH.
SGA)

YRR ORMRM A S B X0 AYREE & HARMAE,
HE, MHIicAOBE, SGA ORIERK L EDR
L, W A AT o T REBLO B OENT T B R D
R, 1 RIT LA, BL U ROKERE DT
FRATICIVNC, HAERRE, F&, SAPH, MPHO
K. SGA A v XLt E&H

(18 209)

it 95,010 44

H AW~ o 528
(3 I E TDRL
RS —=2)

R ORMRMF T FI T ARELE 3 ETOD
RS2 — T B 7 E R 7 L

(1 210)

3,545 # »
T

R EfRE
CATh K 2038 22/
4 2001)

WEHR P ORMAM AP A R 7 AR & EREIC
AN TIXBIE 7R L, ARHR B U 7 BBl
T EH | MERFERPBORBLOFEH | b oMk
BB EOHATITRHAM S K 7 ABEED L
FUTPE, 25ERFD 1 &b O TR & 70 DA
BEDMET

(B 194)

96,165 HOHEE
F7

FEIEFEIT
(A AFER ASQ-3
FLO IR T E A
AV —= 7
BRI

PERT P ORMARIL AR A KX o AREESE 1 WU ALEE

(0.496 ng/L) Zx3 5% 4 W AiEE (>0.905
ng/L) @ 6 A, 1ML 1.5 HEOT- b
DFEEERIEFERE DA~ XN EH U2 A, 2 kLA
R Cld e L

(HE 193)

SGA : Small for Gestational Age, ASQ 3: Ages and Stages Questionaries 3rd edition
F) ZRETOZaFGFHETII KANOD FI U LEEBICEEZKTTEEZONLE M
AR OMIE 7 = U F Mg OMIE T2 ST,

&312 WEIIVLAFELDEE - ARICKRETEE

(B 198)

RO & 5
a3k % PEFED R
TRt SCHERER R PR D F
X< BHREE ¢ i
HZE R R ER 9 3 —
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AR R 7 1 —

Gl 4 1 —

X< EBERRAE « R

HIERHAE, (R A RHAE, 50 1 5 WL IE o A2 BE
FPEIC X DK AR R E SOTBIEH AR Z W
SGA. IUGR., FGR 7 3 —

AR R 11 4 2 T AR D A B
SH 8 2 12 V8.0 Fr | Z B

SGA : Small for Gestational Age, IUGR : Intrauterine Growth Restriction,
FGR : Fetal Growth Restriction

EhAE
L E DR AMEFMICEE L C, BEFEMENH 500 E 9 DT E B 72
AL 20 5, BIEEMEOHIE O 7= D12, BRSO EE RS | & 521X DNA
SMIMATE R OF TR RE STV 5,
[EIRE A A EREES (TARC) (2012) 1ZLAFO X HIZiE#H L, 7 I U A%
[ MZBWTHEPAMERD D LHIWErT 27201+ 5 LR’ H 5 L v 9 H)
] (I—71) LLTW5 (B 211),
© B R T AIEIT o WEOEBRIC BV CIMET R 2 N &, ek
Far A Ef U, WILEMIIC BT, DNA 841 M O e i (R B %
fBELTD L. FOERFEMERLLNZN, 1FE A EDBEDITIHBNT
X, BRFMEIIA N7,
- EEBREMW)TON RI UL EAREB AN I o5k, Ty
MZEMPE, AR, RS OEEEMNS, WABRGIZLD 7 v N RO
LA L — DGR 5TV 5D, [ FHEGTlE, ~ 7 AU o)
fiE, BlEE., 7 v MRS, ~ 7 AR T v MI&RGEALO WIENFR
O HILTVWD,
bt MNMZBITDEH RITLILEEBNAMELE OBRRIZOWTIE, 1EEH
XG L LT-MEN < s SN TWD, i & OBENGRD 5T
HEE S H D DRKEE T OFEN R+ 7e EOMBENRH D, SERIx RS
TIERMEA Ay BISEHRDS Aoy BEREDS Ay FLS A L OV NS A2\ Tl
R LESFEICKDIIEY A7 NN RE I LTV D,
o T 1998 I TARC 1T, EEO=> 7 /b1 RI U LAZEBMTIGOIEE
F3,0254 (HBHLEME25594) x5 LIEWRICENT, Bt RI T4
FYEEIZIE < BB ST VEEE ORI R A DIEHELIEELL (SIR) SO0NEEICHE

30 STIR : Standard Incidence Ratio
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< (Sorahan and Waterhouse 1983, 1985) . %= DO OBHHAIC X - THins
A D SMR DT IR BE N A BTz & D%, (Sorahan 1987) M UVA T =
—T D= )b 1 RIULAEBM LSO BMEEERIZBWT, MidA, /i
SEHRN vy ENHEAN A D SMR 23 L Tz &35 %1/ (Andersson et al.
1984, Elinderet al. 1985) (Z DWW T/RLTW5D, Z2F., REIZEIT HHFSEIC
DOWTIE, BEEE O F — 2 XA LRI S, sS& R+ & L Ckig
b= FVOFENRTE TRV E LTS (B 212), EEOHZEO S S
72 2 1BHREHA T, 1947~1975 FITHID TENE L 1 UL EEhe L7z BAEE
926 44 % 2000 = TEBF L, MHEEN A O SMR 28 559 (H123%% 4, WiFF
E0.7) EBEREIZE DS T2 M A SMR 1 111 (135 45, WiFH#E 40.7) .
AINZHRZY A0 SMR 13X 116 (81238 9. HWiIfFE 7.5) E Wb A EREINT
TR o lelod, FEHEOIX, I FI v AMEEWN e MR AZSI SR T &
DRFUT LSV E LTWD (B 213),

KE NIOSH (1992) 31, 7 K3 U A8 - A T OMEEE ORI
SEEBADORIEIZT RI 7 LAREELTWD EORFERREZHRELE (B
M 214), L LZRUCK LT, R—DOLHEA2x% s L-BOMETIL, &F
172 RARED R S V72 (B 215),

BAETIE, 7RI U AR MIBICBIT2THETH, 7RI 7L ELRN
AMEIZ DWW TR 22 B ME IS S TV ZeLy, Arisawa & (2001) (3R IR
BB O K I U AFYHIRIC B W THEZIT-o 7, MEEEREEHEL LT
ROT=E2BAD SIR 1L, 15k D 2355 TiE 71 (95%CI : 44~107) T,
PRI B 2-MG J2JE TR %431 5 & .1,000 pg/g Cr LA EORETIX 103(95%CI:
41~212). 1,000 pg/g Cr K ORETIEL 58 (95%CI : 32~97) THV ., H K
2 U LY I CORN A A7 T L TV iRy o 72 (B 106),

RN ZE B o@®s (2007) Tik, Bt & 180T < & o5 & Ok
EHEDOWMNELSBETH RI T LDORENAEANEDN D LN H 505, —i%
FROBEMESBETHT FITLRENAEREZET D L OFIMITRVE LT
W5 (M 216), EFSA (2009) OFHITIL, # FI U ABHRMEESR DRk
X< BELOMERORIIELS TITE D, FEWE, B EOEEOREN A Y A
7NN 2 MEN S DD, EEANEIT O 72DI2E, 2o 07 —2 2 Hn
HZEETERNELTWDS (B 79),

2010 FFLREICHME SN TV D AR E LTk, AV =—F T FFQ bt
HWLBENSOD RI U LEREEBNIEPA LA AICEERNS D &
Lizads— FREORENH D50 (B 217, 218), BHEN AL 2Tz b

31 NIOSH : National Institute for Occupational Safety and Health
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THRELHD (B 219-221), /-, BENLON FIUVLAEREE TF
PSS A B VIR B 28 A BB X A B L7 o T2 (R 220, 222), SEFI%T HRAF
FRIZEBWT, RFPT FI 7 LR L RN A S OB AN BE A 2 5
niz &3 2HMESL (B3 228, 224), BFENOLON FI U LAEBREKORF A

R U ARELEADATIIEERA LN N> T L ORENRH D (B 225,
226),

IARC (2012) TiZ. # FI U LT T MZBWTEBAER S 5 & Hkd
HIeDICHDRER I H D E N HE] (Fv—71) L LTWD, 72ZL
ZOHEIIRFHRL Y EHEEEZEZ OGN DBEILXE @%5%l%ﬁ%&
L7 riE 2 mie LTy, BihHKROEHEDIXS BEHEIKICZDOE F
BCTIEDDZ EIETERN,

bz nn, BEHEDOD FI 7 LESBICEDRENAY 27 %
ARTAHUIAR 5 THY , SEOFMECTEEO R E LTHnDH KD AN
IZBWT, BAHKXON FI 7 LAOEMKREIXSELDAEZRIESE D &
fammd D2 LIXNEETH D EE X T,

V. [E<ERR

1. RAIXLE

7RI T LNIRESCE 2 — A8 LTHRHASIL, MEHICBE L TERNEZIEER
T 5, WAIEFEIZIT, RREOENZEXNLOIFEL#E GIRHR 11, £ 12, £
13) IRER S ELOYEIZ LD IX<KELDH D, I RI U LOEITBEBEOLA.
@m%ﬁﬁiﬁﬁk@ FERE CTHERCE 2 — 22 WAT L LICE- T, it
DEBBICHEAMIIE<BEINTWNDLEEZEZX LN TNDS

ZoxaEEO I :mh UANRELS FENLTNDZ 9:73» VB NI
M L2V AL H 0 R fiAi<a§E7ﬁ>§<7‘£5k%x%2@Tb\ . —MLE
FIZ B TiE, BE LI Tl RRRCENZEX DR AL L & ﬁ%éﬁ:ﬁm¢@

DX FEITRKTHEDL->TH 80 ng/HR2TH Y, METIHIRELEZEZ LN
o

2. BOFLKE

(1) BEAMLDIELE

BREIZBT2RBMICEEND T RI T AIZONT, EHKEAD 1997 4
NHREFERERHELZIToTND, TDIHH, 2009~2010 4 Ak 21~22 4)

32 SRCHEEAERKQGREMET =4 ) » 7HEICBIT D& 5.0 ng/m?3 & A DT
A7 HAR & 16 m3/H 2 W CTHERE L 7=,
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ICRAE SALIKRICEEND T RI U LSRR ER 4-1 17T (B 227), K
DA R T LEEIE, o L2 ToRENT, BihiAdkic o< EHEE 0.4
mg/kg L FTH Y . FEHFEIT 0.05 mg/kg, T HREITER FRIETH -7z, KLL
AORE T, FRCEHE, BEEER EONBIC T R U ARELLEEN T\
(IR % 1),

xKa4-1 RITEFNDN FEIOVLOZHHER

— e | BRI LRE

i} g | BRSO ERE (mglkg) y
R B hnh Ok PR | SR AR
GERR) o (mg/kg) | ORI | e/ ME | FBeRME | SEHE | FoefE
21-22 | K (XXK) [2,000| 0.04 1,149 | <0.04 | 0.40 0.05 | <0.04 | 2012

SEHMEIZHOW T, EERFRRmOBEZEERBRD 1/2 & LTEH,
(W 229)

(2) BREKMSDIELE

FJBK ST H TR 2 BCEKIZRIHA LTV D546, gk OtHEo D Ko A
BEIZERIND N, — I _ﬁkﬂdﬂkﬂP@ﬁ R U AREIFEV, TAETIE
KETEIZFE D EKEEMED R E S, KERER EOFHNEE ST oNBD
BN 3 FHE DB I féﬁk\?A&U%®m9%@ﬁmﬁmf@@m
RO I S IF RN EHSOIFIET R TUTB W TEAEEO 1/10 (0.001 mg/L) %
TE-> Tz (BIFE 2), HEMIITER TEHARELEZOLNLN, I
HEED 1/10 TH 5 0.001 mg/L 121 HOEKE 2L 2T, mKICAEL - T
b, BB D OBEEIX 2 ug/H TH 5,

3. FKEEDHTE

(1) BENLDERE

BREORERIZBITDH FI U LAOEBREIZOWTIE, 1977 L0 it
SRR (WHO) (12X % GEMS3D—B L LT, ELEENA AT
AT AN HL G AR SERT 8~12 BEBAL W1 L TiITo TWAh~—F v hAXZX 7 v |k
FABUZ L DR OGS @Emﬁﬁﬁﬁ%@ﬁiw%éo_@ﬁﬁﬁﬁ
Z&n e, BRIy LoERE (1M EORFEHmE) 1%, 1970 FR%F1Z

ug/ NIH THoT2h, ZRLBEREAD L CE Tl Y, 2022 421X 16.0 ug//\/EI

33 GEMS : Global Environmental Monitoring System

3 RNFAPHO R 2/ N EEE T L, SEHTE U TEET 2B - JAs L72&, o
Bri., &ltZ &b e E O 5 ﬁ/%fp’i’;%ﬁﬂjﬁ‘é ZHIUCKFEDEMIZE T 5 &
EBED BB B EEZ R D Z LK | ALFWE O AR BIRELHEET D,
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(CE¥{RTE 55.1 kg3 T L7284, 0.29 png/kg AHE/H. 2.03 ng/kg AHE/H)
o TV (KM4-1) (B 228), = 2022 EOHEEEREIL, BRLWEEE
B8 2010 IR E L= TWI 7 uglkg (KEAA DK 30% TH D, 2022 4ED 7
RIUAEREICBT2HEMEOFGRIL, I ETCOME LREIC, 18

CKEOZDNIT.) T 84.1%, IR\ T 8 B (Z DO B - M 55H) T 20.5%
DIFEIZKE o7 (K4-2) (ZH228),

F7-. BEEIT. EFEWED A~DIZL BRERE=Z )V TH#HE] 1ITBWT,
Wopk 23~28 FFEIZ, 3 Ml 15 4 (40 i& LA E 60 miAim) 2 %42 3 HE D
PERERA 21T o 72, MEREFK 42 17T (B 229, 230), £ DOfth, Watanabe
5 (2013) X Ma & (2020) HREREFELIT-> TBYBEENRESNATND

(% 4-3) (& 231, 232),

w
o
i

N
o
b

Dietary exposure (pg/person/day)
=

o
=1

1980 1990 2000 2010 2020
Year

4-1 EABEIZEITHH FEIHOLEREORELEIL (1977~2022 )
(B8 230)

by RIZB L TR I E 2 THET T 2728, Prophet (ver. 1.0)/3y r— U %
W@ 21T o 72, fIE L R, = U 7L kL Ko 80% Tl X[,

35 ERFEHOFYREL 55.1kg & L1z, (P26 3 H 31 H RBRWLELEZESIE)

76

79



127F : 7L - FLi 138 - 20k 147 « &k

118 : Y - Jp

RN ' 1R« KK OV AN L

108 : fa/ ik 35%

OfF : WEAFEIE:

8Hf : TOfLD e

BP3E - VR e

oror | NSl e

THE . AR

28 - MER - T

6 « R

RE: - TN B Wbk - BT

AR - g

4-2 T—45y bRy FPARICKBRABICEDCH RIS HLERE~AD
BRBNF5E
( (B 230) MM S1ER)

F4-2 TR23~28 FEDIEEREICLSH FIVLEREDHER

(ug/kg IAE/H)
SR FEE | R Hh LA Ciid
Rk 23 4R 15 4 0.24 0.10 0.24 0.059~0.39
RE 24 4 154 0.27 0.12 0.25 0.11~0.57
YK 25 £ERE 154 0.25 0.12 0.23 0.11~0.56
YK 26 £EHE 154 0.23 0.086 0.21 0.13~0.47
YRk 27 4EFE 15 4 0.22 0.10 0.19 0.12~0.42
Rk 28 HEFE 15 4 0.20 0.10 0.19 0.071~0.42
BXIRE 90 4 — — 0.23 0.059~0.57

(B 229, 230)

ENEIZBWTEENLON FI U LAERENHREI N TV D ERIZ DN
TH4312F L0z, 2010 FLEOT — 2D BREOBENSLDOH KI ¥
LAEREITB L Z 13~16ug/H (CEHILE 55.1 kg TR L7%H4E. 0.23~0.29
nglkg RE/H) B2 b,
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£4-3 FZHEICETIRENODH FIVLERE

) EHEE R
YooY SR ik - n B
(ug/H) (nglkg 1KE/H)
2001~2004 & | [EfERA A EXH 11.82 | (0.21) (3 231)
rh o fi 0.23
B (P 229,
2011~2016 4 | [EfERE (12.7) 2011~2016 4o 230)
h i 0.19~0.25
. M 0.257%2
2017 4 R fi A AT (13.8) (M 232)
#i 0.018~0.86
2022 4 T A SEHIME 16.0 (0.29) (&1 228)
N-JE 6. . Z
rr NG

1 WA ng/ B OGAIT ¥R E 55.1 kg THR L. pglkg RE/H OEE XA E 55.1
kg #5EUTEEMELE LT () WITRLT,

X2 JHBEFEITZaFASNMED 99.2 R—v L XA NWEDITH KI U LAEETH-T-EH
D,

(2) BIEZLBIECESE

HZRNa 1 RICKI1~2ug DH RI T LANEGEENTEY . ZNaDERICL D
EH20XEHDHbOD, ZDOH 10% NI A X L (B 233, 234), T DK
0% MENIZRIR S D (BT EMRET H L, 1 HIZ 20 ARBYES 5 AL,
A 1~2ug/HOHA RI U LEZWINT 5 EHEES D,

W > TP, JRP LRSI R v ARENEINT D, AVz—T
NCBT DHHAOHFED S, BYEIZ L - Tl h B 7 AN 3~5 80
THEINTET (B 235237), TN LIEOFRERREFE 4-4 17T, 1
EEEICHOWTIR, WS CIRFEMEE ot 7 R w7 AN 0.2~0.3 pg/Ll T
BHDHOITK L, BREETIL 0.8~1.3 pg/L TH Y, BEIC K-> Tl KI v
LPREEIL 3~5 FREEIC LR35, —F, MOBETIL, FEE Yk o FEE
M B0 LAREITEIAN LD 2~8 @\ (K 4-4), FAE DI YL T
%, EEE R BIERUEZ DM R T ARENSUEIN LD @V iod, BREIZ X
LML BT LAREOHMEIG I TE 20 b D0, HINDZAEE 0.6~
1.3 pg/L THYH . TN EIZFEFREETH 5,

A K7 ANREZHE L7ZR CHEBRFICB W CTRY D FI U AREC
WS RAE T B E TS & WA L 0T [E O IR Yl oW s B8 T
b BEIZ L AIRT S R U AREOHINZET 1.2~1.8 (FRRETH - 7= (3 4
4),

TOEIIT, BEIZ L DM R ORFT A R U AREAOREIITENDE H
O, MHH RI T AREDTNBREOREELZ 0T o Tz,
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—J7. BIEP A R U LR
DT, FEBEE OIS 10 pglg

ThoT= (B 238),

ANDOENEH 71 B 20 LRI MK

(%9 5 BEJE 0

RTENEBLRSN TS (B 236) ,

VL, sk K O3 [ o0 FE17 G ttiiei | 2

E/
R

221 ;PZ

HRIZAT = —TFT b
(Z6h LTI C 26 pglg & 2.6 fiF
—J, O BARNTIE, BlEF S FI U LREDONY
EVZIEREE S T 55 nglg, M CTK 65 nglg & ST Y |
IFTHYEDF 51T, BFEHRROD FI U AT

— D A A

B LWEDZBZ T2 DOTH

Do 7. WAEOIGGMIETIE, MR OIRPH R I T LREN S HIm<

IRB T2 MY T AT,

BREEE DA H R o ARE AR

ZHML T

Wb OO R R T AREITIZE A EENRRD 5T (K 4-4) (B R 239),

ZOEHT, BEAHKON FI T AESBEOD R WEMIB VT, BWER
kDB K WA@%@ﬁﬁk%wﬁ\ﬁﬁi_kwfi\ﬁ$m%®wPi?
LELSBEL LN E W=, BERSEO N B 7 LAOFMXH 7255 IRV,
BRI 7 LIELE ﬁkbf@@ﬁ@%@ﬁ@@wi WA E BTN ENCB T LD
R o LD ENEEELZFHMET 5 L CHEEZET LA TH D,
K44 BEAMPRURTHD FIOLEBEICRITTEZE
meh FIHLEE (ug/L) RepAH RFIHLREE (ug/g Cr) HIED
E X [ Hhigh _ S
IR LY I BRfE fEaE
smot
0.19 1.34
AT —F % — — A (B8 237)
(0. 08-0. 59) (0.19-4.14)
0.21 1.04 0.23 0. 41
[N B (&1 240)
(0.20, 0.22) (0.98, 1.10) (0.22, 0.24)2 (0.39, 0.43)2
0.3 1.2 0.31 0.47
XKEH B (R 241)
(0.30, 0.33) 1.11, 1.24) (0.28, 0.34) (0.41, 0.52)
0.23 0.79 0.16 0.26
XKEH B (ZHE242)
(0.23, 0.24) (0.75, 0.84) (0.15, 0.17)2 (0.24. 0.28)2
0.53 1.88 0.36 0.42
==]E3| B (1 243)
(0.49, 0.58) (1.64, 2.16) (0.33, 0.38) (0.38, 0.46)
BA (GE5LiiE)
FIIE*? 0.6 (2.04) 1.9 (1.82) 0.8 (1.55) 1.1 (1.60) C
(14 234)
FNE>S 0.9 (1.88) 1.7 (1.97) 1.2 (1.65) 1.4 (1.46) C
FER 1.5 (1.9) 2 (1.6) 1.1 (2.8) 1.7 (2.5) C (1R 239)
BA (5iiE)
RINE 2.2 (2.4) 8 (1.8) 2.7 (1.9 2.8 (1.7) C (1R 239)
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#RHmE GE2h) THEIHLET—#
a: RIS K7 LARET pg/L
MIAFRE (BEo O WIEER); BRMEEE (BED (O Wi 95%CD;  C, 2%
BIE (B () P M iR 25)
2 K3 S BAFERITN2 T 35~49 1%, %3 T 50~59 %,
Z O OME - FEERBIAE R O n BUEBIREE 10 (2

(3) BE - BELUAMLDIELE
BRFELADNLDOIILS TR (L, ~"TAX R NE) [ IRFENPLDOIXSERL
5 L AL 5 5 bW EEZ b GIEE 11, & 12, &£ 13),
R ASE - BROENSON RI v AE<KEDH B, gk, Wi, ok,
FEHEOK TR THOWONIREMHMGE - A OEICHRT 20 I VAR
ENLOH RITAFLBERICUESINTND EEZDBND, Rk 26 4
ENTHEL TCWAEMART VL ARG &2 0BT - 2 & H 48 O EREH
BEOFRER, 7 FI T LATWTUOREL S IR Leh o7z, HBHENTHDH1E
WITDRN, BFENLON FI v AESTE LR LT, BMARE - Fid
Lrir Lich Ry LIS FEIT NIV EZ 2 bz,

(4) BBEALSDIEKEDFT SR

Ma & (2020) 1% 2017 4, =aFILRHEOSME O NG I HENRE &
WXl RI 7 ABENEW (maF LBMNED 99.2 /N—& X A JUAE
INA Y RT T —7) ihw 37 4 % B RIREE 2 B, ERIEERE (B
FNTRAL AN, FEEOPERNZESR) oD RIULMIKEEEHTE LT,
BHARDSOHEED RI U LIS BEREEX 45T, BRI TAEFISEED
A5 0.019~0.86 pgkg AE/HTHY . FHAOREGRIL, BFEN 99.4%.
NG AKX AR 0.47%., TR 0.087%. EWNZELHN 0.053% TH-7- (B
232),

K45 BFRENOOEEHN FIVLIXEE *

SERAIE + FE R 7
N - HEHR (%) HIH (uglkg (KE/H)
(ug/kg KH/H)
nEH (2.5+1.6)x 101 99.4 1.8 X102~8.6X 101
INTT ALK AR (6.4+0.23) X 104 0.47 1.67X105~1.4X102
+-5 (1.3%£73.4) X 104 0.087 4.13X105~4.3 X104
ENZER (8.1£6.47) X105 0.053 3.17X105~4.2X 104
B (2.5+1.6) X101 1.9X102~8.6 X101
&t 100
0.25+0.16 0.019~0.86

}MAA I T LRENEDANA U R GG 3T /BT 57—
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(B 234)

4. M -RPHKFIDLEBELIECEE
(1) mMeph RIOLBRE

BnEICBFAMp A R v ABEE X, 2010 LN, FETK 1 (GRfE
11.23) ug/L (B8R 66), (YO 4 CEXAEEN 56~59 i%) T 3~4 (i
KA 31.2) pg/L, FE7G Gettilak o 2ot (B4 54~61 %) THI 2 (RoRfE 6.90)
ug/L Th -7z (B 103, 125),

2010 FELBEOMMEICK T 2 M H KX 7 AR, 2010 4LLAT & Hulg L
THDEB 2R LTV D (3 4-6),

2010 FLEDOT — 2 b, TBEIZB T HMF D FI U AREITHRET
0.6~0.8 pg/L. FHMET 0.7~1.0pg/L L &2 b,

Fo WS DOTER 2a—~ R T Z ) T ETRESN T WAL A
RIUARELHET S L, AEZETR7 U7 REEITKES LD b iRE
MEVERPNICH D (IR 18-1, 18-2),

&4-6 BHLEIZETS 2010 FLUBEOMASH F IV LRE

A PIE mHH RIvLRE (ug/L) Z
H gL fE 0.693*
T 2 F )L | 2011- | 4E4F 95,010 4 SEEIfE 0.79+0.40% (5 210)
A 2014 CE2)Fn 31.17 %) 25~T75 /N—& o X A JLfEF
0.525~0.946*
AR 89 4 HiJefiE 0.80
BRI 2022 (M 43 40 Pk 46 4) | FH4)fE 0.94+0.57 (=M 244)
CEXF - 44.7 75%) #iPH 0.17 -2.7

MIRFEITIE nglg OHAL TREE SN TV DR, (B 245) 1250 # ST 72425k 1.0506 THE
U T pg/LIZH#E L

(2) RPHKRIHLEE

BOENCB T DR R o LA, 2010 4ELIATIE, Yo Bt (OF
YIS 64 %) TR 3 (B KME 49.6) ng/g Cr (B 118), &tk CE¥I4H s 56~
59 i%) THI 4~6 (B KMH 57.6) pgl/g Cr (BHE 103, 125), FE75YeHhish o 2otk

CE¥%Ffn 54~61 75%) TR 2~3 Ik KME 16.7) pglg Cr THh-o7- (ZH 108,
125, 156),

BREEAIZ L » T 2010 FFLABRICHE STV AR S K U AR, 2010
FLURIO—RERORF I K 0 LNRE &g LTz~ L Tngd (&
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4-7) (B 244),

2010 FELEDOT —Z 5, BREICBIT DR FI U LAREIFHRET
0.43~0.55 pglg Cr. FEHIE T 0.57~0.81 ug/g Cr £ Ez b=,

Fm WAMNCEBIT A, ERE a—< L NS F T U ETHE XL T
LRI RITARE LT D&, TBEICBTLRP D FI U ARBEITE
ERMEIANC B 208, KEZS L L TREBVVEZ R L TS (BliRE 22-
1. 22-2),

K47 FEH0EE~SHMIEEDRDH KIHLEE (ug/g Cr)

BRIRFH TR TEME | PR | P RE #iPH

90 4
2019 4 3 A (BME43 4. &M 474) | 0.62 0.45 0.52 | N.D.~2.4
Y 48.1 5%

80 4
2021 4 1~2 H (B 274 %M 534) | 0.60 0.46 0.48 | 0.066~1.9
S 89.7 i

121 4
2021 4 12 H (BiE594 . &ME624) | 0.57 0.45 0.43 | 0.042~2.1
YR 438.2 1%

89 4
20224 10~11 H (B 434 . &M 464) | 0.81 0.69 0.55 | 0.093~3.4
YIS 44.7 1%

N.D. : H FERIEAN CESEE & O R4 3 E 9 2 B821E, NDAZ0o & L7, )
(B 246)

(3) M -FREH RIHLEEICEDVEBENODA IOV LIEREDHT

Ikeda & (2015) &, MUERED 2D AARNLZHEDO M F R ORFP T FI U LR
JEIZHSWTEENLOH FI U LABIEZHE T DG OMFH 21T -
7= (£ 4-8, ¥ 4-3), 1991~1997 4ED H A 30 #HlD 20 4T oa k5L L,
M R LRE, RPN U LREZNENORMEIE L OG5
DIzfEREDT — &2 %7 vy M LCTEIFREZ RO, 2003~2011 FO—fxD
HARNBRAZMEDEE M 77 KX o AR 1.28 pg/L ZH0W5 & RRH O
HINDLOYYH R U AERET 16.5 (95%CI : 11.4~21.7) pg/H L HEE S
7eo FE72. 2000~2001 FFDO—D HARNMANZMEDNEERF A B I 7 LPRE
1.26 ug /g Cr W5 L BFENLOLOFE T FI U AEBEREI 11.5 (95%CT :
5.8~17.3) ng/H LHEE SN (B 246),
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F4-8 M- RPN FIVLREZAVTEENIGDN FIVLEREZ

HET LHEIFR
X Y Type =

Ml RITA | BENILOH RI T | 95% UL Y =+10.18 + 7.19X + 1.772X2
IR LEIE ELGEv Y= —1.13+ 14.36X

(ng/L) (ng/H) 95% LL Y= —12.43 +21.54X — 1.772X2
R RITA | BENPLOH RI T | 95% UL Y =+12.84 + 3.33X + 0.169X2
IR EE LAEHE EiLEv Y = +5.35 + 4.90X

(ug/g Cr) (ng/H) 95% LL Y= —2.13+6.48X — 0.169X2

UL : 95%upper limit, LL : 95%lower limit
(Z# 248)

(a) &0

Cd-D (ug/day)
H
o

0.0 ‘5' 1.0 1.5 20 2.5 3.0 35 4.0 4.5
Cd-B (ug/l)

0 1 2 3 4 5 6 7 8 9 10 11 12
Cd-Uer (ug/g cr)

X 4-3 M (Cd-B) RURH (Cd-U) hEIDLREE
BENLODA FIVLERE (Cd-D) DREF (SR 248)
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— 5. ~—=ry vy FTRICHES KK 4-1 DB iE, 2000 EAFHIT OFEEEL
1L 20~30 pg/ H L FiA LD, BEREOHEEEE LT, Tkeda & (2015) @
AT E R ORMRH 2 L EZ DD 0, AT, ZoXEHun
72 2010 AR LIBE DML« JRFEE NS OBEEHEE X TR o T2,

V. EF#EEOTME
1. WHO : 8R#EKKEHA K54 U FE 4R

WHO % 2017 FIZAFR L ZBEIKKE T A 7 4 (with the first
addendum to the fourth edition published in 2016) (Z&W T, 7 RI T LDH
A4 FZ74 E% 0.003 mg/LL & L7-, JECFA 7 2011 42  RI 7 LD PTWI
e U Em A A MERE (PTMI) & LT 25 uglkg KE/H 258 E L7225,
WHO 1% 1993 AR LA R4 ENLEFET, 0.003 mg/L ZHERF
LT (B 247),

2. JECFA

JECFA (1972) 1. &EOH FI T ADIE BRMNS, BREH RI 7L
RN 200 mg/lkg Z % 5 & BHEREREEN I Z D2 RN H 0 . Bl 7 K
U LEEAZHIL (AU = —F 2 30 mg/kg WEE, K[E 25~50 mg/kg B EE,
HA 50~100 mg/kg WEE) LV NI ELXETERWEHE L, 20
HIWrZHIZ, 1 AL O RI T LADORIEE 5%E L. 1 B4 DENA
D 0.005% 235 B SN D EIE LA, 1 BY7Z0 O FI U A0
BEEN 1 pgkeg KE/HEZB X200, BEED FI U LABEIL 50 mgkg
B Z D AREMIT D N2 E s PTWI & LT 400~500 pg/ N ZHE% L7
(B 248) , =Dk, 19894, PTWI & L C 7pug/kg KREAAICENMN ZHKT LT
(B 249) , FRiZ, 2001 FE12i, 6D PTWI Tik, ~NA U AT T A—T D%
FEREREE DI ARN 17% & 72 5720, PTWI % 0.5 pglkg KE/BIZ FIF 5 ~&
ED Jarup 5 (1998) (B 141) D FRICHO W THRFI SNz, L L7enG,
Jarup 5 (1998) Y 27 O RIEITFAEMTH D & LT, HiE2kd PTWI (7 ug/kg
(KE/E) Z#EFF L7 (B8 250),

2011 4, FoREFRESRNZEME SN 6, JRPD RI VLR
JEEPRF B 2-MG IREE & O E-RISER AT 2720, EFSA (2009) & [A]
U 35 SOBEFRHELZHNCTAZ T F Y U A%2EN L7z, 50 mll EOEMIZE
FAHRF L2MG & R U LAREND, biexponential 7 /L& AW T, JRH
B 2-MG JEENZBIMT DIRP A K3 U LR 5.24 pg/g Cr (5~95 /3—%&
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VHAANE 4.94~557) ZRM LT, RPI RITARELEREENGDOT K3
U LEREORBRRICIEERE R T = —F N ZEDO T v a s — A NET IV
WAL, BPH RI 0 LJEE 524 ug/g Cr (5~95 /S—k X A JVfH : 4.94~
5.57 ugl/g Cr) IZxtsd 20 R U LEHE 1.2 ng/kg KRE/H (5~95 /X—t&
XA NVAE  0.8~1.8 ngkg KE/H) (36 ugkg AE/H (5~95 /\—k X A )L
il : 24~54 pgkg AE/A)) ZHHE L=, 7 K7 20EEHAE WO, i
BEREITIVRSEL 1 DAZBZ2HMCIMET 2028084 & L, #Eko
]WWI%WDT?PHMkbfZM@&ﬂN@ﬂ%&ﬁbkoﬁ%(ﬁ~XF?
V7. F UL FE, BRMEEE. BAR, LN v wgE CKE) 1B REND
DRIV LESBERIT, RVLZ VT U R EEZEDE T@ﬁw 2B\ T PTMI
UFThHolzt LTWD (B 251, 252),

3. IARC

IARC 1% 2012 4, WEEMEORXEIT S BIZ L DMMBNA Y 27 Bnmne 358
BOMIEREIZHESNT, W FRITVLLETCH FITVLMEEH%E Group 1
(carcinogenic to humans) (233 L, 7 I U LAKOH RI T MEEHOE |k
KT DIDAMEDOFHUI 75 THD  MinA gl &I L, B A LD
ANZARS A & DRI AN TNDH E L TWDN, B FORMIIESEIC I D%
AMEDFEIUTHRS STV (B 211),

4. EFSA

EFSA (2009) 1Z. 7— FF = — 2B D50 EICET 2R 5800
(CONTAM "3/b) #RELTIU RAZRHMEEZITV, B LOH FI T AD
TWI % 2.5 pg/kg KB/ & L7z, CONTAM /SR LNtTo 72U R 7 G O %
LA TSR T,

JNER 20 MENLEFER ST O R I T AIZEET 5 2003~2007 FF DT — & #)
14 T2 AT L, 7RI U ARENESWVEMIT, MWE, AN E, a3l —
b%f%otok%%@ﬁ%?@%ﬁbk@%@—ﬁi@%ﬁ%)@Aﬁhﬂ
(Maximum level) 36% E[E]> T\, B U (1Y 7 v 7, 0.10 mgkg
mEE), HA (0.20 mgkg WE &), £ (0.10~0.3 mg/kg MHEE) , FhiE 2k
< THH (1.0mgkg mER), BHEHE 1.0mgkg mER, HLNEEZR) T
1%, K 20% DA D ML &8 % 7=,

EFSANREAT 5T — X 2HOWTEENLON I v XL FEEEFHME L7,

36 AL~ (Maximum level) (X, No.1881/2006 OFKINFZESOELTON K3 7 A
DOHEIERETH YD | 2004 FIZEINTZRBFED DI FERHMEICRONEZE S OB MF
FRADIBITIERAEZNMEETRESINTZLOTH D,
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ROHZ YT R EL R ERHED I N—T7 OEREOHEICIE., FEORMLE
BEAEN AW Sz, BN EIC #5@%#%@$Wi<$aiz3%&g
R/ (#PH : 1.9~3.0 ng/kg IKE/LA) | AL T 3.0 pg/kg IAEE (%
l25~MMM@WE@Dk%@ﬂﬁwA/§)7/Ti B, MrEfE T
THOWEEENZ WD, 1T BEEIL 54 ugkg KEMA LB L0 %L A
L OWPAX ) 2% H ﬁﬁﬁ IERDHLANDOLGESL, I ERITZENEIN 4.6 L1 4.3
ngkg REME &7 o7z, BEIIREFELFEROIZBERTHD, "NTAX AR
FEBICH L TTEEERIISER TH -7,

I RITLMEL BICL DA FREBOENIEIRIIBEIR CTH D & OFRFHD T,
B R U LARE LR B2-MG BE & OAE-UNERE A X7 R
DEHE L. JRH B2- MG JREDH >~ hA 7l & LT 300 ug/g Cr &£ u‘:o 50
L OB KR OEEMIZBITART I RI v ARELIRT B2-MG BE L O
AR OCERICHIL =T v E2EA Lz (K5-1), 7406, R B 2-MG
O LR, bbbl y ML EIZ R 2EE D 5%H 35 BMDLs & LT
JRAAH R0 LR 4pglg Cr 238 H L2, ZHIZRF S RI U ABRBEOEAE
% #%E LT CSAF £2%¢38 3.9 Z@M L. 1.0 ug/g Cr ZEH L7z, Z OfFITRkE
IELBENTNEEE DT —ZRFKFENRA F~—H—Z AT < O OEB D
iR Tt VISR SR 4V

FEWUE R 7 = —F Nt (B8~T0 %) BT DRI T —Z > MU
AUNR—=RFANETAEEHAL, BENLOH R ?Ai<$akﬁ$ﬁk
RULREORBRERTE L2, 95%D NN 50 E TORF T RI U AREE 1.0
uglg Cr LA FIZHERFT 2720121, BFENOLOD R U AOFY 1 A EREN
0.36 pg/kg KE (2.52 ng/kg RE/BHICHHY) ZH 22V E I LT iEe s
72N EHERF L. CONTAM /S U3 K 7 A0 TWI % 2.5 nglkg (RE/HEIZF%
E LT,

RN DREAN DI A B2 7 MEL BT, TWI (2.5 pg/kg (K8) (2Bl 5
2, HLNTOTITEIB L Tz, XUZ VT EY, BEE . BREG
PHIEDERFEDORFED 7 NV —7"Tlik, K 2 FHiE L TWDAEEERH 72,
CONTAM /St FRMNICB T 2 B8 H LD DN K I v AEL TIC X2 BHgRE~
DHEEZED Y X7 13O TR, BKOA RI U AISBEEL FRERRY
K _&ETh D &ikm L,

317 *Zf<&§§%. 7‘6 XS BEIX, "RUZX VT D 95 /\*‘*12/54’/1/ BT oEYE
KNP DI BEICEEFICBT 2 ZOMOBMOFEISERELEGFH LI HLOT
%5
38 CSAF (Chemical-specific adjustmnent factor) 24 : ¥ I L/- 2 COMIEEMITE
T AR R T AR EOE A FEBN RS < FRELRE T, WHO IZ L - THEEE
TV (B 254),
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B FEBAMEITONTIE, BB, SRR EROIXS &, —i&
LHADIXS T o Thli, FE R, BEDER OFLE OFD AU A7 OHINZ R
T HWMEITHNTWDED, EENR Y AT ZAT 5 2DIZiE+07 —4% T
T2 E L (B 79),

R B2-MG;BRE (ug/gCr)

r T 1 M | 1 PN S I R R | n R S T W S T
10" 10" 10' 10°

RepA RFSHLEE
% (B 79 XvilH
X 5-1 Hill ETI/L

5. XKEIRERET (USEPA)

USEPA (1985) 1T, LR EARELI SR S0, KkbE e OB
Bl R U LBEL 200 pglg & LTWD, ZOREE, I R ULDOEKNA
D 0.01%213E SN EIREL, B FOEEMLROIEEREZRD
LI OBYEEETT MLV EEHINE, 2 BRADDLOH K7 AL
TN 2.5%., HEIKBD 5% TH D LARET 5 &, BN IX EITHBT
%7 K340 NOAEL 1%, £4% 7T 0.01 mg/kg KH/H . kKT 0.005 mg/kg
RE/A ., RHESFEREZ 10 & LT, 8% oD RfD % 0.001 mg/kg (AE/H., Ak
® RfD % 0.0005 mg/kg IRE/H LB HL=E LTW5,

USEPA (1987) I, 7 RI U A% Bl (b hOBEPAMEORREMERH D) 12
FEFLTWD, Ty b~ T ZDOBRA, PR FHERIZ K DF0 AT DN T,
FIRFEIR B D, Ty B E T RAERAWE T OOMETIE, I K U A (B
BRE. WRERME. MLH) ORROBE TRMAMEE RS -T2 (B 254),
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6. XESHMEKRRESHEERE (ATSDR)

ATSDR 1% 2012 -, 7 RI U LAOFMWFHT 1 7 7 A W0 NEK LT, R
TR U LRE SRS T EERAR EORE- ISR 73 (1990~2006
BAR) ODAZT TV RETWO, R TFEEHROBEBERIV 27 10% & 72 5K
i R v AMEE (UCD%) % 1.34 ug/g Cr. UCDLA, % 0.5 pg/g Cr & H i
L7z, ZDfHEIZ Kjellstrom and Nordberg (1978) @ PBPK®2E7 /L4 L |
55 IFDOBEFENLDOH KX 7 A BEED UCDo & UCDLyy & E T Bt
T 2.24 FOV0.70 pglkg RE/H, 4T 0.97 L100.33 nglkg ARE/H E R L
7o D UCDLio 0.33 pglkg RE/HICARESEIREL (EAZE3) #@AL, 1
L E MR DX EOR/NY A7 L~ (MRL43) % 0.1 pg/kg {A&E/H &
LTW5 (B 255),

7. hT5EEE (Health Canada)

Health Canada I 2019 £, #KEIKKEHT A T4 DT 7 =7/ K% 2 A
v NEARL BEOKFR O R T AORKIFAREZ 1986 4025 8 LT
%, B#EM A critical effect & L. JECFA (2011) Ol H R I v ADSMRE
EEHTHDICH - L bt TH D LW L7z, JECFA (2011) OFF CTHEHY
S’z PTMI 25 pg/kg (RE/A Y325 TDI 0.8 ugkg A/ HIZ, {KE 70
kg, BCBIKDEEHR 20%, 1 HORAOEKE 1L ZHM L., RRITFAREE %
0.007 mg/L & L7z, L)L, I FHXOFEFEXKTIET TIZE=FI T %{T>
TWDHZEND, RKHFREEZ 0.005 mg/L L% E L7 (B 256),

8. 7T UAERREBREFEFGELTELT (ANSES)

ANSES % 2017 4, EFSA (2009) OFRSHE RE% 91 T, EFSA (2009)
L JECFA (2011) 23 L7 BIZAFR S 3CER (2011~2017 FAFK) @
30 MIZONWTLEa—L T, EFLARL TS, HHEFHSRIE

(VTR4) U —F% 77 —7%, IEFERE SNEFRE) S, 2011 £ T
ZREIZHON LN TWERBEA~OREIZRDY , B~DEER T FI T LD
VTR #Z D 7= D critical effect (2725 & LTz, V—F 7T N—TF, AU =
—7 D 56~69 ﬁ@ﬁ‘@ 2,688 44 & xf5t & L7-#f%E (Engstrom et al. 2011,
2012) (MR 162,163) IZBWTH FI UV AFSBELHFEEDOKT (BHL X9

39 mMEMEICHOWT, ZORF R TOmEME & EFRA~OFEZEFRZHRIE 7 0,
40 UCD : urinary cadmium dose

41 UCDL : urinary cadmium dose lower confidence limit

42 PBPK : Physiologically based pharmacokinetic

43 MRL : minimal risk level

44 VTR : Valeurs toxicologiques de référence
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JEXIZEITO U 27 #MZ 5| & 2T AN H 5) ICEEN A LN Z &
5., ZNHDOWEE key study & L., [FIERIC 69 Ll EDO B L RIS & L5t
(Wallin et al. 2016) (2 164) IZBWTHREER AR LZE LT D, R

1 KU AERE 0.50 ng/g Cr % critical dose & L. Kjellstrom and Nordberg

1978 @ PBPK 7 VvEZHWT, # KX v Ad VIR % 0.35 ug kg IK=E/H
(DHT4 2.45 pglkg/il) & LTW5 (B 257),

Critical effect Critical dose VTR
Risk of osteoporosis or bone _Urlnary cadml‘um VTR = 0.35 ug Cd/kg
fractures = 0.5 ug/g creatinine bw/da
Engstrom et al. (2011 and 2012) PBPK modeling Y

9. BAEXFHEFSR
HAREESFT/ET 2 (2022) 13, 7 F XU LI D FFA RS K BV EMFHIFT
BETZEE L TWD (£ 51, 52) (B 83),

K51 HFIVLDHFBERE

WIE 4 TR | i | A | EIEVEDHE | Agamee | RE

[CAS No.] ppm | mg/m3 | W I FE48 556 | e 43449 IR
BRI TLKN

BRI bEY — 0.05 1* 1 1976
[7440-43-9]

*FEIS LIS DR E L IRIE L L TR IRED RSN TV D,

45 DHT : Dose hebdomadaire tolérable

16 FPARIREE LT, EE A 1 A 8 R, M 40 REMFREE. PUARIIZI L < 7o 5785 AL
THEDE XK BE SN GHIC, Y%A EWEOVE BIRED Z OB T Th
UE, 1T E A ETRTOIBHEITRRE EOBNEERL LN LR SN LSEETH
el

AT RPN & XL ETEE =2 ) U ERE OB EORBEA THIIE, 1T A
ETRTOHEEIMEE EOBENEZERL LN EHBISNDRETH D,

18 HARPEEM/ETSIE, IARC R E L TV DA TR L, EELE K O
HYE - BERZGE LERPAMESEREZED TS, FH1HICOEINDLDIEE B
WKL TCRPAMEDR DD LI TE2WE - BN THDL, ORI INLIYE - 3
R, EEATED 5 O+ IR5ER & 5,

19 AAPEEMATRIT, AMEMEICET PRI DO B NI IT L FEL K OE Y FEER
MORFOICFHLIC S & D& ATEmEME OB ZT> T\ D, AR, b MIx
T HAFEFMEDFHLOENG LIICE DD TH Y, AEEEOR S 273 H O TR
WE LTS, B 1HHTE MR L TAEMEREZ R T LM TVWOIWE L LT
Do
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x52 HARIIVLOEYFEHIHRE

T 7E % 52 R/ R
e - ) UBHER Hi s H]
8 Bk wE A * s
BRI YLK i BRI YA 5 ng/L FeEdd 2021
BRI AMEEY) bR BRIT A 5 uglg * Cr FrEwd 2021

VI. BAEREZETE

FEDREICBWTIEL, SELERBYRIRE 3250 K UL HEG YU A 32 < 17
TEL A ZA A FATROREERES, KEERETDRMNODON FI T LE
BOZEBICHET EFHEN RS FEINTE T, il TIEFEIZBN TS
AR LG LD EEOEFERENRE SN TWD, — 7, LA HL
ETHWINTIE, ka2 a AR — MEZIEH L CUIREEOD FI U AEBRIC XK
HIEREE B LRI RNV ED SN TV, ZAEICBW T, =aF LFfh
DT —HNERBESI, RBEEOS FI U A BERNKRIRICLIETHELEZTHD
FEELTUEHINBO TV,

AEIOH R T LKL DEMEREZETMICEE L CTiX, ENS OS5
W, BRFERETHEOLNTWA I RIVAEIKFEIZELR I h~OEEY 27
(B9 B A R A OIS RRET L, MBS U CEMW SRR O L2 N 2. T, #F
MxE1T > 72,

1. AEMHOEF

(1) BRE~ADEE

WIS BED D VIT BRI COIX BE»EBDT, BRNICRVIAENTA
RITAZEY, BHEEEE L CBBERENELD ZERMbLNTND, &
O FERERE T 1L, TARAME ORISR OIR NI X 2Ky FEEARS FE
TR CH Y, —HBEIEFNCIH 5 I D REIRAIBMEOIL T I, AL RS FE R
EIZLD IR DEBEZLNTWD, < OEFHRHENG, FNEICEKIT
HH NI TN EDEEEET, A FAAFZARITHALND LI RBEELRLD
(ML R AERERE R ) D, MICERIRPY 72 B & — R AETE Lo XS
72 RPRSFEEAPEOBRE RO A2 ET- D ERE T 5 H D E T,
BRI TVLADIFSEE LTS BEHMITIISCTHEAWVVFHERZET LSOO, I R
RULZLDERENLL FBIZ L DBEHE~OZEITIHLNTH D,

(2) B~DEE

ABAAZAIFOL I RBEEDH FI U LAPFITEBWTE, EZRME O
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WIS REFE FIC L o TR ~D U B MEMERICF L, Vo RZ (RY »
MIE) (X0 BEREAEESND, £/, BREEA 4 DORFT~DELKIZL D
REHET > R— Rk DB E DO T2 DITE NS DB T LD B TLiE

L. BOBKPEITT D, ZOXIC, I RITVAIELDLDE~DZE FIA
B A A BAFTH LI BEACIE L, AL RS BRRERE iR T 2 B 2
FIZESSbDTH S,

7, MBS DOH R I 7 AIEEYLHIE T OEFRESCEHMER O RN S, B
BREREZ T S TICH NI U AN E~EEICEEL TRERD, AL X9
JERFIT OB AEL 5 Z EWRB I TS, 2017 42 ANSES i£, » K
2 U LDOFNZTT O B, critical effect & L CHEBEE DL T L groEinicE
L. A R U LBE 0.5 nglg Cr 2 BEBEOK FB IR AEROHEMANE
Z % criticaldose & L7z, ZOfEFwIL. AV =—T7 o CEM I NTZEFREIC
BT, JRP S I T LRE 0.5 pg/lg Cr UL ETEITRAERNEIM LT &%
FIZEDSN TS, HDREIZEBWNT, 2O XS ITENL~LD K I T AF<
BN F BT RAERICLIETEEZRRIRERS X202, AT = —
TUDT—H EOEBEOLBITITE 22, 2010 4LIATOF 2N E D FETE G il
TORFP T RI U LREX 2.0 pglg Cr gitk Th o T2, £ OYEFOFEETER]
RIS ST BRI FEE O R AT = —F UM b < . B E
RN TH HARW L~V DE E R~V THh o7z (K 3-3), ElHEES O KERE
WAL E ST OREREZ ERE L2 RICBWNWTH, AV 2 —7 L0 EDE
DEIHRERO S BNMEN->T- (K 3-4),

LED X5, BHL X Y ESEIRAERII, I RIUVARSELITTRL,
[tk & & OBIRIE RO RBEER ORE G 2T 5, BEEIXNE L
RMEFBANC L VFERD 20 | £, TOEOEEEOEWVSEHL X 5 E
DIIEL 72D L AaTIZEBENIFT, LR T, HABPEICBWNTHI RIY
DIEL BB IETHE LML 5 72 DI21E, WS DT —Z B AMEST 50
TiE7e <. BAETOMIEFERICESWTGRHMET 20 E R H D, LivL., FRn
EDOIETH Y A S TeER A2 RIT, 7RI T AIE LV EFITRARS
BEELOBREFT-FHERT T, LEOZ e, BREICEBIT DD
R U LAOFHIZBN T, BEESCEITRAERLFMORIRIEE (= RARA
VR ETDZ LI BRSTCIIREECTH D BT,

(3) MHRBFR~DEE

MR Ze ~D B 2 M L7281 33 R TR ANIZLS B I DA TH - 7-7=
D, BROEBIORER G R ~DREEFIT 5 Z LI TE o7z,
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(4) DINER~NDZE

BRIV LAOEAERIFOIE L OMmERPLEL OBRITEE TSR
WHDD, BIEOEEMC—H I TR EFRHEND D FI UL LD
ISR AR & OBIFRZFHEd 5 Z LITTE o7,

(5) AN MBR~NDEE
b MZBT RS T < FHMICHWD Z LT TE o T,

(6) fHER~NDEE
E MIBTLHMERTITOTNTHY, FHIICHWD Z T TE o7z,

(7) %%, FELDEEF - RE~DEE

HHE, T HDAEF « lE~OEEICONTIL, TEOERNEO T aF L
TROWADEFHET, I RI VLIS BRICLDZEN TR INTNDHN, 8
RZ 75 EOZIGN T OFBENRR+ 0 THLAREMERDH D, /-, I I v AR
KBEEOEHEDPBO NPT BAIND Z &6, fRIT—HL T
W o T,

(8) EAAM

IARC (2012) TiE., 7 FI T LRI FI U MEEWIL, BEEORKE
X<SBEICE DN AV 27 BEmnET H5EBOM R EIZE ST L—7 1
(B MZXFUTHEDAMERS D) ICHEEINTWAHA, B FOROIEEIZE
BFED AMEDFEHLITHRE S Tuauy,

—7J7. EFSA (2009) OFHliCIE, MEIL< 8. BiREGEgREROIT <
f2. —WEROIXEICL DM, FERNE, BREXOIEOFREN ALY X7 O
IMZONWTHRHENTWD, ZbDOHEZX, I FI T AL DOZHEKF 7 DR
ENREECTET, A2 HEMSREREA RIS TWRNZ b, EEFHEioO
b o e o s A S B Rl = =1 A AN

F72. 2010 FFLBEOBENLDON RI U LAEBREERNA Y A7 L O
PEHE LIRS ICBNTH, BRAY A7 LO—EMHDHDERITTRENT
1/\721/\0

L7eRo T, BEMEEDON RI 7 AESTETIEH, BRA Y A7 EMNZRTHE
IR+ THD EEZT-,

LLEOKEHERND . SEOFMZB N TIZ, B R U AEL BT L DM
WEOT L RIRA v he L TEBROITARMERREREZHWD Z & & LT,
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2. RE-RIGEFEOFE

71 KT LOEIEA~OEBZAT DI Z VD, BBIEREZ O v b
ZAE, T RIBEE, MRAT TIEE D R TH Y | IS 7o TIE 20 b OFRER
FEIZOWTRENIZRERE 21T 5 LEDR H D,

(1) E£EEE

ERNSADOH R AOIEREZ T - ik COEFREICB N, I RITA
X< BIC L DENIREHIE~OREIRE L LT, RPICHRtt S 2 EAE,
WET IR A R(TrY RO, Fax7rl ) RBP, 82-MG,
a1-MG ¥ O NAG OBEEN/FEHINTWS, Znb0 o5, B2-MG IXFEK
INFEEIZ L - CTRPPEESEIM L, & R 7 X< K L THEh > Bk
FRNCROET D22 e 0n, B TEEHEOH TH - L bIR<HW LTINS,
PRI NAG 1, BIROUINLIRAME LR D OifERE Th 5720, B2-MG
RPN R 2 0 . B2-MG L0 B ERI DR S D, —
BN MG T DT EBEENEALTLGES . R NAG REIZK T 2528, B2
MG IIBHE I ERT5, ZNE TICEHINLZ OEFRET — % & DOk
WCHARRZEND, BRPB2-MGEEIIAS b Tng,
FIREE AR CHEGRICE Y I R U A< BN L 2% IZIEAL
PRAME BERERE 5 DIBBFAA M Tz, R TIXRY B 2-MG B ik
EHIZ 1,000 pglg Cr LL ETH o 7295 (16 4) O 10 FEORF B 2-MG i
X 2 5 < BEF- LTz (B 105,109), AR TH RIS, SRR
PR B 2-MG #2 1,000 pg/g Cr LLE72 - =458 (32 44) O 5 4E#% DOIEITH
HNTHM L Tz (B3H105,109), —F . WTHOHUETE | FIRIFGHARIC
JRH B 2-MG £ 1,000 pglg Cr K OERE (RIGFR 30 4, AR 42 44)
TiX, TEIBEZORY B2-MG REICBEERE(TADN o7 (R
105), [RIEROBHFHAEIZIBVT, JRF B 2-MG BEDPIEFRARE 1,000 pg/g
Cr UL ETH - 729 H D 9~17 4% SMR 28 100 LYW AEIC EH LTz
(2 106, 110),

B B/ NSET G A8 MR A R A S FE R BRI E I S 7= T4 2B DR T B
2-MG 7S 1,000 pg/g Cr Z# 2 T = (B 89),

IINHOHANS, JRF B2-MG IR 1,000 pg/g Cr Z AN Al 22 0T RAJ
EMREEENEZLI Iy M 7L L, EFHEICBNT, I FIVATEE
AL RAE RS RERREE & O &-ROSFHMI 2 G2 Z ENEb Th D B 2
776
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(2) FLEEE

ERS DA R0 LihR % 2 o il T ORFETEIC RSV T TS BRIEE L
LT, RPH FIULARE, Il FIvLARE, MORFFHENOHEE LT
BRI LAEREENHNGN TN D,

® RFHFIVLEEOHHEMER

INFET, ZLOMEIZBWT, JRFPD FI T AREMNI EHBIELE LTH
WHNTE 2, MEFROD FI U LXK, BRERIEICENT CA-MT & LTAH
S AR ME CHWINEND Z LIk > TEREICEB SN D, MEZE
STEREF D RITVLAREZER L, 50 Rlce—27IZEL, 2D%, I
B2 & 2 BEIROZENE D 72 DIZ 60 A WLARRIZMN 32 (X 3-1) (B 56, 112),
FWMRIR X < 88 Tl i RMEFERERE E 23 U TV RWERD | JRFT R
ULAREL, BRETI FITLAREEKMT S (BR6T), LiL, I R
U B2 K DT IRAE B RERE E N E U D & JFURF O CA-MT 235 ITh R AE C
HIRIN SN EER™ A L, R~ CA-MT & L CHEIES 2 EIA 2 89
5, T7bb, EMIRMEKEREL AT O2HICBT DRI FI U LRE
L IEKBEOEIE L WO I TR MEBOEIE L b d, o, BALRFHY
720 DRF~D 7 LT F = it EII A EICKTET 5720, BTtk
D%, MREITEFE LV VR REMRZH D, LIER>T, RS R
DARED Y LT F=UMIEEL T D551, EXFER A ZE T DN
D,

R RI U LAREZIZ BREEL LURAEREZEHT 2546, Hin
ETNERNT, JRP D RITLARENO D FI v LAERELY THT 20
MWD, LinL, A RITULAERELIRE D FI U ARE L OBRIZEMETH
D, BEEORESCEBEENEAE LB OWIR, HEOERIC L0 EE ST,
FIEANEFIZ LS TS AT A T T 4 RR PRI R 25, L
MWoT, DoraN— AV NETFIVHOBHBET LV EZHWTCRF D R Y
LDIRENS A FI U LAERELZRKELCHET L2 LITRETH S,

(V. 4. (3)] THdR7=X 912, Tkeda H (2015) [TFNEDRF A K
UARELERENODON R U AEREICET 2 S EICE SV THE DR
IR A ER L. 2000~2001 EDOFHAIC L DAL HEDOFEHRP I K o7 Ll
F£1.26 ug /g Cr # Z 0EFRICE TLH T, BENLON I U AERES
11.5 (95%CI : 5.8~17.3) ng/H &H#EE L7z (B 246), LU, [ CKEHLC
fTotnviz~—72 v b2y P EFRITESLS I FI 7 LAEBEE (20~30 pg/
H) & OMICTERENR & 2728, RFHHIZBWTIE, Z ORYFZ HWZRB S
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FITLRENSDOD FI U LMEREBEOHEIIITHOR M- T,

@ MmMAh FEULREOHHEBER

Ml B AREZ, —RICENSEHEEL D SR HA RO 82 Rk
T 5, BFICLDN R U LEBIREOHMEE 255 AW FHfeiE s LT, M
T R U LAREIZRT I FIVLAREIVESTHL, 7 FI U LER
BEMFH NIV NRENOHEET D720 O Y RBEERE T VTSN T
1/\721/\0

(V. 3. (2)] THA_ZL DI, MHORFEIC LV A FI 07 AREX

WEEE (current smoker) |ZIW T, FEEUEZ L VK 3 (Gm< 72D & OHE
NN, A CBRIEE DJRFP S R 0 ARENIERESR D 2 fFI0ETDH 2L
FEEAERY, T2 RPT R U LAREIZHASTIAH D R U LARE
DI, EORFRTOMREZ L 57 I T LARADEELR ZITLH LB %
b5, WS TIE, BEEN A FI U LRE G BEE CTIIFREEE O 2~3 f%
IZET D EOHRENDH Y (B 238), I FIUAXEEOFHMIZIS T
JEDO T GITEA TE R, —J, BPEICBW T, BEEIC L5 FI U AE
SEEICHANTRERHFHROD FI U LEREORENREWIZD, FFIZU K
U LHYEHBEROM P A FI U ARE~OESEOZEII DTN ThHo T

(% 4-4) (B 239),

Q@ BELNLDARFIHLENRENHHEEER

—OBAARNICEBIT A FITAILSEIL, FEAENRFLBYEICLS
LOTHY, FEREE TIIAENITETOIEBER L > TWNS, FDT-
DA RITALADOMFEBRELZRET D LT, BENLON FI U LAERELE
R~ DOEE L O E-SBROMHNEE CTH D EE2LND,

BRETIE, EFRTHLIKOI FITARENS D NI U LAEBRELZHE
LTWBEHRENNS O0nH LR, KOA FI T LARERZR UG TH-TH
EFERICLVEHT L2 L0, KOBIE, KDANPLOH FI U AEBIRED
REFLER ENRKR L7 | HEEMICRRZZZ A U D ATREEDN & 5,

BENOOH IV LAEBRELHET D HEE LT, FFQ, ~—%7 v kA
27y bR, BEFAEENSHNONTE L, WTNOFECBWTH, &
FOH R0 ARESCE S OEREOHEGHEITSEZFEORECEEE & 13872
LA REMEN B D,

flOFER E LT, BESCEMICFE I BR= R LX—&L T FI 7 A
BOBLE EREOIZLS BEMFICBOWTED I HIICEBETINEV D Z LR
H 5,
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(3) EEBEELIIKEHREZDEE
@ RFHRFIOLEEZIEKEBZL LE-EFHRE

EPNA DT R T A7G YL & FEHG YRS I T, IR R I U LRE
ERY B2-MG EE & OBEATHRSNTWD, Tkeda & (2003) 1%, EHNOD
71 R X0 LG G K OGRSk O &2 JER I T 12 FaCa g
L. Bl bRP D FI U LAREDN 10~12 nug/g Cr B2 I25A112 R+ B 2-
MG BENELLL EHT 22 L 2R L (B 115), X512, Ikeda B

(2005) 1%, FrlCHRB LIl Ea 0 51X OT — X & fhr L, R4 B 2-
MG JRFE 1,000 pg/g Cr IZHYS T D RY I FI U ARE A 8~9 pg/g Cr, R
B2-MG IREZ LA SEDRFPAT NI U LNREDOBEZ 4 ug/g Cr LLE & #5Gm
L7- (&8 116), Gamo o (2006) 1%, KRFB2-MG REDOH v A T7E%
1,000 ugl/g Cr & LCAX T F U A&7V, JRF B 2-MG HEIHE IO A5 %
MABIZEH LZRWRF D FI T LAREIT2~3 ug/lg Cr K ThH 25 & HAED
> TV (M 129),

BMD 4 W T, JRF B 2-MG IREHMEBEST HRF A FI U LRED
BEAKRRI SN TWD (E 3-6), BBEON R 7 Ay5YHIE & OB Y
1 & %t 5 & L7= Kobayashi 5 (2008) O & T, M. 41 L > T BMDLos
1% 2.4~10.4 pglg Cr L RERIZLOEXNRHALNTZ(ER 118), ¥ A D K
U A5G YU 351 2 AR TlX, BMDos (BMDLgs) 1% 11.3~12.9 (6.9~8.1)
ug/g Cr Th o7z (B 120), —F57, FEDIGYLHE L OFETG YLk 4 x4 &
L7-ii#& T, BMDos (BMDLos) 1% 0.71~3.80 (0.53~2.18) ng/g Cr &%
WMETH-7 BGR121), 770 A AV z2—F U RKEDO =y v 1 R
R VLB THEEES x5 L L7-#E TiZ. BMD (BMDLos) (XFYEH T
4.3 (3.5) pgl/g Cr. FEMLMEE C12.2 (5.5) pglg Cr Th-o7= (B 119),

ko XSz RF B 2-MG EEHM L BET 2R P K v AREORIHE
ZHEE LTI VT, 1.0 pglg Cr Kii~10 pglg Cr LI E EfERICKE 72
LHOENRROOHND, BMDLes IZHRERIXH DX NALNDLH, ZDRK
ELTIE, HTEDLEEK (£E7 V) OFEV, Iy MFTEDED, FHRE
DFEDBEBNENZ X HND,

VI 2. (2) @) THERZEHZ, RPH FI U LRELZ T EHEEE
LT, RH B2-MG JREHMN E OO &SR Z R 5256, EM0R
A BRI E ORI FI U LD RPIEMENZNT 5 &0 ) REDR &
D (B T0), JRPH I 7 AREIIMA2IT BIEE L TV 2 e, £,
R B RERE E N R AT 2 RBBICE L TWA &, W BRIk > THh
RITAESBELUBKTL, B & & HICBRER D RI U LARERD
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R BRI T AREMET LEEATH RT B2-MG EBEITIK T LR2NWEES
W5 (B 103,105,109, 2O X 5, JRFA R 7 ARE LRY B2-MG
B L oRIFRIL, BREERARZICRHMERE LZGEI23 2 kT 552
AL, IRFE A FIVAREZIIKHERELEL L THWABEORMER L 725,

@ EMEZIIEHEEL LI-EFRAE

m. 2. (2) @ e (b)) THEZE I, AR EKHRIZBWT, I
PR BERERR S & BN OO D K U ABEE & OBMRBFERICRET S
TW5,

Nogawa © (1989) 1%, A JIEE)IFIRD A1 N I ¥ A5G Hls A R 1,850 4
Fe ORI N D FETE Y s (F B 294 44 & %52, BFEL R v A BERE (—4&
JEICEIR LA FI v o) &RY B2-MG EREH (1,000 pg/g Cr UL 1)
DEFRLE OMORAE-SOSBRE M Uiz, JRT B 2-MG REHEMOAFRHE
INXTRRREL A CIC 72 2 B8 R U ABEEIT, Bl bf20g L3HE IR
Too BEUHAMZ 50 FE L L, KEH - OBEBHIEREZFHET5 & 14.4 ng/kg
{RE/AE (2,000,000 pg+50+365+53.3kgX7 H) L7ro7= (B 122),

Kubo & (2017) 1%, ik Nogawa & (1989) & [F] UiBHYeHutsl D E R
3,013 44 M OFEH Y Ik (E R 278 4 &2 %1512, BMD E2 W TR R v
LEEEO BMD (BMDL) #&HHE L7z, JRP B2-MGIREEZ = RAKA > b
ELTEML, BT R v AEEEO BMDos (BMDLos) Z BT 2.2 (1.8)
g, ZMET1.5(1.3) g & Lz (B 123), LV {RVMEZ R L7= &M BMDLos
IZHEASNWT, BEHIMZ 50F L L, KREHZY OBEMEBRELZFHHET L &,
9.4 ng/kg RE/H (1,300,000 png+50+365+53.3kgX7 H) & 7257250,

Horiguchi & (2013) 1%, BKHRE O R I 7 Ay5 Yl & RPN O FETE Ye i
DER 1,200 4 (40~T795%) 12O\ T, & FI v A EEE &N RS FEHE
~DORBEL OBMRERGET LTz, AENREITRANOXBMX A (222 4) . L
L0 FOTHEYHIX B (623 44) . SLILE L OEYHIX C (355 4) DEFE
DEMETHH, A, B, CHIRDORFT I RI T LARENGHESNDSG I RI Y
LFELBEL VLT, AR <BHIX <CH#IXDIETH - 7=, R B 2-MG
ZFEAR AL R AN FE RE R O R 2 AR L O UK R Tl 95 &, 97
TOERBEZBWT, A Xt B HIXOMTRF 82-MG EEHE (1,000
nglg Cr LA L) OFFRIZIFE A EET -T2, CHIXD 70 BT, R
1 B 2-MG ¥ O gAY 500 pg/g Cr IZITVMETH Y . JRH B 2-MG HEFEH
MOETREDN A OB HIX DK 2.5 (5 Tho7z, $70b06, B HIX TIIx

50 SRR 10 A7 B FhR 1242 O [F R BT EE S < BARANO R E (225 71 53.3kg,
/NEAEY) 15.1kg, fFEAEY) 55.6kg) o
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ko> A HiIX XV &7 FI T AELSBE LB ENS OO, FH 720 R AR
EHRE~DOREBIIH LN oTe, —F, CHXKIZBHX IV &EEDOH R
U LIS BEEZITTERY ., ORI S TR S B RERR E 3 8L
NTWbEEZ LN (B 125),

ik BHIKIZE T 2EENLON K I U AEREIC OV T 2 FlEHO ik
THAEMTHIL, 2001~2002 FEOFETIX, 5.7~6.7 uglkg (K&E/H TH -
7oo 2003 4ED X 0 FEMZ2FHA TIX, Bl NI U LARE &L &M EREND
HEE L2 R o AEIREO P RAEIE 7.2 pglkg/ill (25 /8—%& 2 X A )LH 5.2
uglkg (RE/M, 75 X—t ¥ A VHE 9.7 nglkg KEHME) THY ., BIWREE
BN 2010 4EICF%E L2 TWI 7 pglkg KEAA L IZIER UM THH- 7= (KE
50kg b5 &, TOETORMY FI U LAEREIT1.3g&72D), T7hb
B, B FI U ABREOHRAEN, TWI 7 nglkg REE & IFIXE LWE
MIZBW T, IR ESRE~ DO EBITBE SN o2 2 LR SN, &
YTHINEY R al— g Th 7.0 nglkg KEAA LW HIENESEZ, K
ML T, AKREOH K 2w KERINH R & L C, K H Ok E B NER F i
SNTE7D, B HIKITFHAER S CTITE 72K E B T T\ e o7, L
TRoT, BEHAEOKRITEBENSLON FI T LAERELZRL TS L
EZ B (B 127)16,

BFEH R v LEHEEDO BMD (BMDL) OEH3 0 [E 0 75 Yuttiilg & 05
G DR 790 44 (B4 302 44, Zotk 488 4) Z%xf5 & L7- ChinaCad
Study THAITOLITWAH(EH 124), JRH B 2-MG £ (>500 pg/g Cr) %=
YRRA L FELTHWS E, BED FI U A8EEDO BMDes (BMDLos)
12 1.7~1.9 (1.3~1.4) g LHEEINTZ, L2L., ZORETIEZ, P FITL
BENHE SNSRI 6 HE L7, B, KAOFL /NS0
ST DEBREOFHENS IR SN TE Y, F K U AEIUERTE /NG
SILTWDA[REMED B D,

WLV DIV Ye s ) QG YLk DfE R 342 44 255 & LBl o
HLATHON TV D, MRHRTIE, FERIZABFEE SN2 Naz ko Tl
D, ANRab N RITLADIRSBERTH 7=, JRF B2-MG EE (>800 pg/g
Cr) Z= FARA U hETHE, U FI v AEIED BMDos (BMDLos)
1% 2.44~2.53 (0.73~0.95) g LHEE SN, BENDDIETBEDOAIZRED &
BMDos (BMDLos) % 2.11~2.21 (0.88~1.11) g TH-7= (M 73), Kif
2D BMDL OH#EE Tlix, EEEN V72 FIIBE SN ho 12729,
BMDos (BMDLos) DOfEOFERICIIIEE ZHET 5,
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3. EAEICEFBHIEERR

(1) BEMSDER=E

—DOHAARNOBEENLLON FIULAEREIZ~Y—F v 32Ty K
FORRREREIC L > THEESN TS, ESLERLESHEEMETO~—7 >
2y FHFRITE D R U LOEBEREOHEEMIL, 1970 FREZ I
46 pg/ N/H ThHoTeh, ZURERD L TETEY, 2022 H121% 16.0 pg/ N/
A (CE%AE 55.1 kg T L7284, 0.29 png/kg RE/H . 2.03 pglkg A HE/H)
Tholo, 2022 FOHEES NI U LABIREIT, BMZEEZESN 2010 FITH
T L7z TWI 7 puglkg (KEAE DK 30% Th o712, 2022 FEICHESNTZH B3
U AEREICBIT A EMEEO TR, 17 CRERZEDON T M) T 34.1%.
WNT 8B (ZDOMOEFR « HEFHE) T 20.5%DIEIZKE o7z (B 228),
F7o. BEAE D 2011~2016 4FE (R 23~28 4R ) 12T » -2 A Tl
EIRORGE O YAEIT 0.23 (B4 O FHE 0.19~0.25) ug/kg A/ H (1.61
ng/kg (REAE, YR E 55.1kg Z#F Ui=4 12.7ug/H) TH 7= (SH 229,
230),

~—2> v bRy FEXATHWAREMEEFTOD R I 7 AREITERANET
B DN, B TEE R ITE R - B EE O FEH LI EBIREHEE TH 5,
T, BRERAEIL, JRENERIERLZD R U LABEOERMEEZ VD28,
BREEE OREREFRE TSR D e MGEOY 7Y o IR RE M A
TEDLEHIBRFETERSINL TR, WTHOHEICS 20 X5 72 BEAT
H DN, @?%ﬂtZO@ﬁiﬁT%ﬂk%@fi&ﬂoto
IR - BEAENSDOH KU AELE @9% wos, g Ak
FEEOR TR THOW LA MM - BRaOZEICHkT 20 FI U AR
FENLOH I T MIL BRI aaéﬂfwék%z%h BHN TV DGR
TR, BENLON FI T AISZEL LT, AMAGE - Rivadk
ZAH LTS RI AR EITNIVWEEI LN,

L7= o T, RS CRIARRE /e T — X IS E W95 & 2010 4ELIRED
ENREORENSOD FI v AEREIZBSLZ 13~16 ng/H (0.23~0.29
ug/kg (KTE/H. 1.6~2.0 pg/kg KEAH) ThsdEEZ B,

(2) P RVPREA FIILEE
WAETIL, 2010 FoARE, =aFAFETMH D FI U LRE, BREE OR
BT LORF S FI 7 ARERREINLTND
i:%wﬁﬁiﬁ%®ﬁ@7 &T%é_k\mﬁﬁ@?~&ﬁﬁﬁkﬁﬁ
DIRNWZ EFEORERH Y, WTNHRENRT —FTho, LrL, HDE
Kﬁwfmﬁﬁ%lf% ITONTWDIEEWEIZHT 5 —ERKOE 2 —
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VR F =X U TFEESNTW WD, EEH L TR
HZEXTE o7,

BURE S CRIRFTRE R T — Z IS KD X5 & 2010 FLUEIZTR DN E T
HEINTWDMAF T R T AREIE, ZALLETE g U CTRUIMEN 27~ L TE
V. FRAEIZE L E 0.6~0.8 pg/L, FEEITB LZ 0.7~1.0 pg/L THH L E
Z BTz, 72, 2010 FELURICHE STV D —fRERDRRF D NI 7 LREE
%, 2010 4ELLAT & bR L CiMEm 2R L TR Y . OB 0.48~0.55 pglg
Cr, ‘F¥MEIZ 0.57~0.81pglgCr TH D EEZ BTz, Lol M &KOYRH
I RITAREWTAL, WAOEE i L CREEVEZ R L TV 5,

4. THEEREDRE

N RIVADMAEBREZRHT 256, @EREELZISEITRFPD FI
U AREOBIMEZ RS, HERTT A E AT, HEMREDORT Y NI U LRE
NHZIUZKIET DREFNGOH NI U LAEBIELEZ THIT L HERD D, L
L IR R U LAREE T R U ABEE L ORRIIIEFICEMETH Y | BRE
EORREE, WM., Fim, R AAEZEICL TS FTT A T T 4 0RF
BEERIIE D 2 emD, T al /X=X FETVEOHGET VA2 W
THRIEEND T R I U LAEREITEEEN &V & IEE 2720, Amzal © (2009)
DOHETIZ, BRI T LOEYFRIERIRONA T A Z 80 7 ¢ JRPET
FOMANEEZRTHE, HDL—EDRTH FI T AREEZBLXLWTZODOHM
EELTHEHENEZEENLON RI U LABIEIX, ZO0MDOIENRIAN &
MRS TWD (BIE 258),
ABIOFMICBNT, BRI AL BB KR A > hE LTI
MR EERERELZ WD Z & & Ui, IR B2-MGIREIZ, 7 FI U LAE#E
2% L CHB D BARIFMIC ST 5 2 &0 s IR ANVE HERERE = o B R
L LTRSS HWHTWD, JRF B 2-MG 2 1,000 pg/g Cr LA K Tl
UL RANEHERE D ZALIZAIEMETH U | BEIR B 1GERTSR &1L A7 SILTUVRYY,
BMD k% HWT, JR¥ B2-MG REHINMNCX T 2R H KU AREORE
BMDos (BMDLos) % RO7-8HE 1TV, R EMIC L > T BMDLos i% 1.0
nglg Cr ARii~10 pg/g Cr LA E L FERDIXT S SE N K E W (R 3-6), FEIHYHIN
FERDOBZZ %G L LIZiliE T 5 7= BMDLos Offi (P 9REX 1.0 pg/g Cr, 3
3-9 JE) 1. T MUSE ROMCE IR BAa = T L EF A2 B LA TR L E
(HFYLfE#) 3.5 pgl/g Cr, 3 3-6 H7E) L v {KWEmAH 7=, L= > T, BMD
LD, RPA FI T ABREBICESOTEELZRET 2 Z L IIRETHD & &
2770

—J5, BAENZIE, EWNIZEBIT 55 R U L7655k & JE75 Ye sk o {1 B 4t
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Gl L. R U LAEEIE S EARME SRR S OFRER L OB &2 i~ 7o
FIRENFAET D, LT o T, RAFHIIZB W T, ERNICBIT S0 I U LAE
i &L R B RERR S & OB 27~ L 7= Kubo & (2017) & Horiguchi ©
(2013) OHEMNS, BREANOLOHD RI U AMERIZ XL Db b ~DOEFFEIZS
WTIRD L HICEZ LTz, Kubo 5 (2017) 1R T B 2-MG JEE & ORE )5 H
HER2D B0 FI v aEEE (BMDLy) % 1.3g EHEE LT, BRI FI Y
LHERE 1.3 g NORHEND 9.4 pgkg KEMELITON B 7 AERET,
E RN RMEREICEEZELZRIFSRVWERETHILIEEZ LN,
Horiguchi & (2013) O#EFIHAETIE, BMEZEZERN 2010 FITHE LT
TWI (7 uglkg RE/HE) ([ZHWIEL< BEZT D M ER & IEHYHgER G
FREE) & 2 Ml UC, i RAAEHERERE S (JRH B 2-MG = > 1,000 pg/g Cr)
DEIRRIZENHR LN D -T2 (B 125),
InNsogENSEIHINZY FI Vv AEREOREIT FTELNE
BEIZ SN TR Y BERTT VI L » THIE S A EIESC, BmERN L5
SIVTAE D ARHERREE AV CTAHMAE LML W b FEEE XML TV & X
bid,

2B, FEICBWNTSH, BN R v AEBERELS I BEL S, KT B2-MG
JEA BRI L LTl R U A EED BMD (BMDL)) #E L7-&5 i
N2 A FET 5, Chen © (2018b) D#iE TiX, BMDos (BMDLos) 7% 1.7~
1.9 (1.3~1.4) g THH (B 124), Kubo & (2017) O L 1ZIEFR L TH
STl (B 123), BEINTWARMERHEN DR, I R U LAEBRENR
/NG STV D RTREMER B ETE 72y, F72, Chen & (2018a) DOFHAET
IZ. BMDos (BMDLos) 1% 2.11~2.21 (0.88~1.11) g ThozEHEIN T
L0 (BRI T3), REBN VRS- OEHEXBNIALS . £T-E Ik 2%
ORI NTE 53, BMDos (BMDLos) 23i/NGFlE STV 2 ATREMED & 5
72, TWIREDHRILE L CHRAT D ICIEEL 2o 7z,

Uboz &, TWITugkg REMEERETLZENRUTHD EE XTI,

5. FEHRUVSHEDERRE
(1) F£&b
71 R v aE, HEP KB EORRHP 0BRSS 9 L, BREEHERO
T R ANTESE, BIE, WEM R ORIk ARIRE CERET D, B
12, BAETIEHEESHICHROIILNA S FEL TN &b, BRIy
DL F VAUV R TEWEANICH D,
EOREICB T —BREROEENLOD RI U LAEREIZ, ~—F7 v FNX
oy MR X DHEE TIX 1970 FREZ T 46 pg/ N H ThH o 7oy, Ll
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T L TETW5D, B RCRIAFRER~—7 > Ry AL Oz fE
HEDT —HZI2HS< 2010 FLUBEOHRDEORENL DA K 7 AEIET,
BLZ 13~16ug/ /B CE¥IAE 55.1kg THRLIZHA. 0.23~0.29 nglkg &
H/H, 1.6~2.0ugkg KHE/M) THDHEBZ LT, 2022 FOFRHEIZIIT 5
7RI U LAEREORBMEEOFRGRIL, KL OZOMTH (34.1%), RWT
Z OO - WEH (20.5%) DIETH -7,

7RI T LIS EIC L 5T, BIEOENIRAE D e b B L TR0 WEML
ERSNTWD, —H, I RITVLAOFHEIZBWT, AV =—T7 CHEMES
NTEFREICESE, =V RARA LV ME L THEEEDIKT & BIIHEAEROHE
IMZEB LT DN OEE b H D, AV =—7  TOEFHFHETIE, RPD
NI T AREN 0.5 pg/lg Cr LA ETEITFARDEM L EHESNTND,
2010 “ELLRT O N E OFETGYHIE TORT A B2 7 LB 2.0 ng/g Cr Rtk
TohoTleDy, & O YRFOFERTEER KRG WAL EE S BRI N FEE o T2
Ux—T P bE < BAEEFRIN TR LKW LV DEE R LNV TH -
776

RIS O KB B LA B P O M B & E R i L 72 2EicinTh, A
Uz —7 U EEGHIEGEEOREBRIIHA RO E L, BMOBEORBRIIEN
L& o7, IRL-vDH RI U MELFEIC L DFITRERORINT, Fi
FAEROEBREE CROBEITBBERNENZ EPHREIN TV DHIEKDO AT
=T U —EHOLTHREIN TS Z EICEELZET S, HAETIKL LT
DOH RI T MIL BEWFICKIETTEELFMT 572D, FTETOREN
BNRVETHDH, LrL, BBREICBWT, IKEED FI v AR BNVEEE
RBIFHERICED L D 0 BE KT T I OWTEHMEICHWA Z LT
LHMERE LR oTZ LD RFHITIEL, BEESCEITBEREZ I NI Y
AELBEOZ Y RARA R ElZLirroTe,

PLbEXY RFHMEICBWNTYH, JRF B 2-MG EE % HV, 1,000 pg/g Cr % 4
i & U CREIEDOINLIRAMERREE~ DR ZEIZEAT 2RI OV TRHRET 2 2 &
PEEITH D EF 2T,

7RIV LOMFEBERELFEHT O, £ < OEBEEEITERTT L2 H0
T, EFEELZSI SR TR RITLARENL, 7RI v AEES TH
LTW5b, LML, RFPI FI U LNREITEHA~DOI NI U LAEME T TR
<\ AEMR EOREEZ T, S OICIENIRHIERSRER E R Z o 72 RFICII IR
WREEIZ X > TIRFA~OT FI U LPREENEINT 5, 2070, R I
UARE LN RIVLAEREL OB OEMETHLIEEZEZ N, Vrar/N—
MAV METNVEOHGET VEHOCCTEHIND I NI U AEBEREIT(EHE
PEDSED 1TV 2 720,
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FEAENIX, BRSBTS K 7 A5l & RO FE R 2 x5 &
L. BENLOH FI 7 AEEE &R E BERERREE O A & o B 4 31
NIEFRENFAET D ZNDOEFIEND ., AJEITHDIZ> T O
ECHERRT S LN TH D EEZ LRSI R AD TWI % 7 uglkg
REME EFRE Lic, 2O, JRPLECME S FI T LREZBGEGET VIS
TIID THME LI HERE T3 < . EBROFRBEOBFEREOR R HEEH
LTEERETHY | MEFERB R ELEIRVBIETH 5,

2022 FORENLOHEED NI U LAEBEEX, TWI 7 ngkg K/ OK)
30%EWVWIIERVMETH 72, LR -T, —ROAARNZEBTL2ELNEDH
R0 AER RIS L T T AR IRV E B 2 Bz,

(2) SRDFE

ARFHETIE, I R U LAORFEEZEIZET 2= AR A v b LTEBOT
NRAERSRERE E 25 L7z, L LITEE, (KL_Xro B K U L E<@EN
B RAT TR L CEBEMZREBELDNREE > TWD, A XA A X AWK EREER
L7ZBBREICRBWNT, EEOD K I v A LG 2 - iz s 25k
JEDIIEIZDOWNWTE L OIFEIMTHON TE 2, IEFERHEOFERIZE T 5K
LAV TON RITAELSBEEFTAL X YVIESEITRAR L OBKREFH
THEWE MRS D Z LI TEX oz, WA TIE. KB ok — MNFSE A TS
HALTHRITAESBE LV EFHL & Y ECHMOEER L OBIRBHNS
NTN5, S%IEFELEICBNTH, KL~ voh FI v MERICE 25/
Lk YOEEZEOREFERZEIZONT, MIAZERMTLIZENEEND,

WOKREECTIE, 7 RI VA0S BIRE L THENR K& 2EEE2 HDTND
N, BRANTIEEENLON RI U ABROFSGENE N, L, E+4Em
W2, BENLON RI U AEBIREITEDU FICHEH> TE TS, Lo
T, SHRIZBARNZBNTYH, 7 KX U A0 BEIHICIIBEOREE E ffd
THRHFHLTWS ZENUETH S,

—F . BAREOZ aFARESCHINOBRENG, FERON FI UM EIS
L DR~ DEFEEEZER L TS BEERDH D LB 2 -, kit zETe
—DHARANEEEZ G L LT, BRECEMENLON FI U MIEEZRLY
AL S ERIFHE L, BES~OEEZ R AR L T 2o, RS
M aRE 2 W TRNIE K 88 LU & RSB FRIE 2 ke 19 E - FFME3 2
L=~ A G =X U ITRAHTH D,

103

106



<BEFF>

o 1-MG o1 -microglobulin : o172/ a7y

B 2-MG B2 -microglobulin : fo-I 77 7Y

ANSES Agence nationale de sécurité sanitaire de I'alimentation, del’
environnement et du travail : 7 7 » A B LEREE @ E L 2T

ATSDR Agency for Toxic Substances and Disease Registry : K[E#HM4
W TR I R ki B

BfR Bundesinstitut fiir Risikobewertung : - > ## Y 2 7 ZEAHh#F
ZEHT

BMD Benchmark Dose : XV F~v—7 K—X

BMDL Benchmark Dose Lower Confidence Limit : X F~—7 N —
ZEFUTRE

BMI Body Mass Index : {K#F5%L

CI confidence interval : {5 FE[X [

CONTAM | The Scientific Panel on Contaminations in the Food Chain : 7

NIV — FF = — 2B D150 E BT S B 1L

DXA % Dual-energy X-ray absorptiometry : — 8 T /L —X U ILH]
TEVE

EFSA European Food Safety Authority : BN £ 522 %R

FFQ Food Frequency Questionnaire : )48 BUbE B iR A

FSANZ Food Standards Australia New Zealand : A—A N7 U7 - =
2 —T— 7 v NR A ERES

GFR Glomerular Filtration Rate : & ER{AIE 5 &

IARC International Agency for Research on Cancer : [E 5725 A ZeiE
£

ICP-MS Inductively Coupled Plasma Mass Spectrometry : &GS 7
T A E 'L

JECFA Joint FAO/WHO Expert Committee on Food Additives :
FAO/WHO & [RI& I EM xRS

MG Microgloblin : X7 w27y v

MT metallothionein : X ¥ B F 4 %A >

NAG N-acetyl- B -D-glucosaminidase : N7 &£ F/L-B-D-7//Lath I =
2—

NHANES | National Health and Nutrition Examination Survey : (Ck[H

D) FERMEFEERE
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NOAEL No Observable Adverse Effect Level : #7514 &

PTMI Provisional Tolerable Monthly Intake : & &z H 48 H &

PTWI Provisional Tolerable Weekly Intake : ¥ <& fit 2% # [ 15 HL &

RBP Retinol-binding protein : V' F / — /LA EHE

RfD Reference Dose : &R &

RIVM Rijksinstituut voor Volksgezondheid en Milieu : 4 7 > Z[E7
INRAE AR SRR AT ST P

TmP/GFR | Tubular maximal transport of phosphate per glomerular
filtration rate : YTAZIRANE U > PN BRI

TWI Tolerable Weekly Intake : ffif%¥ i [ 15 B &

US EPA United States Environmental Protection Agency : K[EERBi{x%
T

WHO World Health Organization : 5 Crfdi e

%TRP % tubular reabsorption of phosphate : RHE U o BN R

105

108



<&HE>

1. ROR GERI, KR FIRE, B soin, TR B, R AR 55 1R, 55 6 il Bk
At AL FFA 2001: 453-54

2. Wilson B: Investigation of trace metals in the aqueous environment: Final
report( January 1986-December 1987), Houston, Texas Southern University,
1988a, p.28( Report No.DOE/CH/10255-T1, prepared for the US Department of
Energy, Washington). 1988

3. GESAMP: IMO/FAO/UNESCO/WMO/IAEA/UN/UNEP Joint Group of Experts
on the Scientific Aspects of Marine Population: Report of the Fourteeth Session,
Vienna,26-30 March, Vienna, International Atomic Energy Agency(Reports
and Studies No.21). 1984

4. GESAMP: IMO/FAO/UNESCO/WMO/TIAEA/UN/UNEP Joint Group of Experts
on the Scientific Aspects of Marine Population: Report of the Seventeeth Session,
Rome, Geneva, World Health Organization, (Reports and Studies No.31). 1987

5. Nriagu J O: Global inventory of natural and anthropogenic emissions of trace
metals to the atmosphere. Nature 1979; 279: 409-11

6. Boyle E.A., Sclater F., and Edmond J.M.: On the marine geochemistry of
cadmium. Nature(Lond) 1976; 263: 42-44

7. Martin J.H. and Broenkow W.W.: Cadmium in plankton:elevated concentrations
off Baja California. Science 1975; 190

8. Simpson W.R.: A critical review of cadmium in the marine environment. Prog
Oceanog 1981; 10: 1-70

9. Forstner U.: Cadmium in the environment, Part I In: Nriagu,J.O., ed. Cadmium

in polluted sediments, New York, Chichester, John Wiley & Sons, 1980: 305-63

10. Sangster B, de Groot G, Loeber J G, Derks H J, Krajnc E I, and Savelkoul T J:
Urinary excretion of cadmium, protein, beta-2-microglobulin and glucose in
individuals living in a cadmium-polluted area. Hum Toxicol 1984; 3: 7-21

11. Yamagata N. and Shigematsu I.: Cadmium pollution in perspective. Bull Inst
Public Health (Tokyo) 1970; 19: 18-24

12. Alloway B.J., Thornton I., Smart G.A., Sherlock J.C., and Quinn M.J.: Metal
availability. Sci Total Environ 1988; 75: 41-69

13. Lund L.J., Betty E.E., Page A.L., and R.A. E: Occurrence of naturally high
cadmium levels in soils and its accumulation by vegetation. JenvironQual 1981;
10: 551-56

14. Davis R.D. and E.G. C: Cadmium in agriculture, with special reference to the

utilization of sewage sludge on land, Medmenham, United Kingdom, Water

106

109



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

Reseach Centre (Technical Report TR/139) 1980

Sasaki A, Yamaji N, Yokosho K, and Ma J F: Nramp5 is a major transporter
responsible for manganese and cadmium uptake in rice. Plant Cell 2012; 24:
2155-67

Ishikawa S, Ishimaru Y, Igura M, Kuramata M, Abe T, Senoura T et al.: Ion-
beam irradiation, gene identification, and marker-assisted breeding in the
development of low-cadmium rice. Proc Natl Acad Sci U S A 2012; 109: 19166-71
JIEy 52, i &, A1 5 BOKEBIZL D0 R U AOR~OERBRR &+ o/
RS BRI EHES 20125 67: 478-83

Arao T: Chapter 10. Mitigation Strategies for Cadmium and Arsenic in Rice.
Springer 2019: 125-38

Bryan G.W. and Langston W.J.: Hummerstone L.G., The use of biological
indicators of heavy-metal contamination in estuaries with special reference to an
assessment of the biological availability of metals in estuarine sediments from
south-west Britain, Citadal Hill, Devon, Marine Biological Association of the
United Kingdom, pp73 (Occasional Publication No.1) . 1980

Nielsen S.A.: Cadmium in New Zealand dredge oysters: geographic distribution.
Int J environ Anal Chem 1975; 4: 1-7

Buchet J P, Lauwerys R, Vandevoorde A, and Pycke J M: Oral daily intake of
cadmium, lead, manganese, copper, chromium, mercury, calcium, zinc and
arsenic in Belgium: a duplicate meal study. Food Chem Toxicol 1983; 21: 19-24
Martin J.H. E P D, Anderlini V.C., Girvin D., Jacobs S.A., Risebrough R.W.,
Delong R.L., Gilmartin W.G., Mercury - selenium-bromine imbalance in
premature parturient California sea lions. Mar Biol 1976; 35: 91-104
Stoneburner D L: Heavy metals in tissues of stranded short-finned pilot whales.
Sci Total Environ 1978; 9: 293-7

Nicolson J.K. and Osborn D.: Kidney lesions in pelagic seabirds with high tissue
levels of cadmium and mercury. JZoolLond 1983; 200

MARC: Biological monitoring of environmental contaminants (plants) , London,
Monitoring and Assessment Research Centre, Chelsea College, University of
London, pp247 (MARC Report Number 32) . 1986

Nordberg G F, Akesson A, Nogawa K, and Nordberg M: Handbook on the
Toxicology of Metals. Fifth Edition. Volume II: Specific Metals. Chapter 7.
Cadmium 2021

Flanagan P R, McLellan J S, Haist J, Cherian G, Chamberlain M J, and Valberg

L S: Increased dietary cadmium absorption in mice and human subjects with iron

107

110



28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

deficiency. Gastroenterology 1978; 74: 841-6

McLellan J S, Flanagan P R, Chamberlain M J, and Valberg L. S: Measurement
of dietary cadmium absorption in humans. J Toxicol Environ Health 1978; 4: 131-
8

Newton D, Johnson P, Lally A E, Pentreath R J, and Swift D J: The uptake by
man of cadmium ingested in crab meat. Hum Toxicol 1984; 3: 23-8

Crews H M, Owen L M, Langford N, Fairweather-Tait S J, Fox T' E, Hubbard L
et al.: Use of the stable isotope (106)Cd for studying dietary cadmium absorption
in humans. Toxicol Lett 2000; 112-113: 201-7

Vanderpool R A and Reeves P G: Cadmium absorption in women fed processed
edible sunflower kernels labeled with a stable isotope of cadmium, (113)Cd.
Environ Res 2001; 87: 69-80

Suzuki S. and Lu C. C.: A balance study of cadmium - An estimation of daily
input, output and retained amount in two subjects. Industrial Health 1976; 14:
53-65

Bunker VW, Lawson M S, Delves HT, and Clayton B E: The intake and excretion
of lead and cadmium by the elderly. Am J Clin Nutr 1984; 39: 803-8

Berglund M, Akesson A, Nermell B, and Vahter M: Intestinal absorption of
dietary cadmium in women depends on body iron stores and fiber intake. Environ
Health Perspect 1994; 102: 1058-66

Vahter M, Berglund M, Nermell B, and Akesson A: Bioavailability of cadmium
from shellfish and mixed diet in women. Toxicol Appl Pharmacol 1996; 136: 332-
41

Kikuchi Y, Nomiyama T, Kumagai N, Dekio F, Uemura T, Takebayashi T et al.:
Uptake of cadmium in meals from the digestive tract of young non-smoking
Japanese female volunteers. J Occup Health 2003; 45: 43-52

Horiguchi H, Oguma E, Sasaki S, Miyamoto K, Ikeda Y, Machida M et al.:
Comprehensive study of the effects of age, iron deficiency, diabetes mellitus, and
cadmium burden on dietary cadmium absorption in cadmium-exposed female
Japanese farmers. Toxicol Appl Pharmacol 2004a; 196: 114-23

Park J D, Cherrington N J, and Klaassen C D: Intestinal absorption of cadmium
is associated with divalent metal transporter 1 in rats. Toxicol Sci 2002; 68: 288-
94

Lee BK, Kim SH, Kim N S, Ham J O, and Kim Y: Iron deficiency increases blood
cadmium levels in adolescents surveyed in KNHANES 2010-2011. Biol Trace
Elem Res 2014; 159: 52-8

108

111



40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Tsukahara T, Ezaki T, Moriguchi J, Furuki K, Fukui Y, Ukai H et al.: No
significant effect of iron deficiency on cadmium body burden or kidney
dysfunction among women in the general population in Japan. Int Arch Occup
Environ Health 2003; 76: 275-81

Ramachandran B, Mikela S, Cravedi J P, Berglund M, Hakansson H,
Damdimopoulou P et al.: Estrogen-like effects of diet-derived cadmium differ
from those of orally administered CdCl(2) in the ERE-luc estrogen reporter
mouse model. Toxicol Lett 2011; 202 75-84

Zhao D, Liu RY, Xiang P, Juhasz A L, Huang L, Luo J et al.: Applying Cadmium
Relative Bioavailability to Assess Dietary Intake from Rice to Predict Cadmium
Urinary Excretion in Nonsmokers. Environ Sci Technol 2017; 51: 6756-64

Wei Y, Zheng X, Zhang Z, Liang H, Gu M, Shen F et al.: In Vivo-In Vitro
Correlations for the Assessment of Cadmium Bioavailability in Vegetables. J
Agric Food Chem 2021; 69: 12295-304

Yao L, Wang Y, Deng Z, Wu Q, Fang M, Wu Y et al.: Study on the bioaccessibility
and bioavailability of Cd in contaminated rice in vitro and in vivo. J Food Sci
2021; 86: 3730-42

XuFF SongJ, Li Y Q, Lai Y F, Lin J, Pan J L et al.: Bioaccessibility and
bioavailability adjusted dietary exposure of cadmium for local residents from a
high-level environmental cadmium region. J Hazard Mater 2021; 420: 126550
Zalups R K and Ahmad S: Molecular handling of cadmium in transporting
epithelia. Toxicol Appl Pharmacol 2003; 186: 163-88

Tanaka K, Min K S, Ohyanagi N, Onosaka S, and Fukuhara C: Fate of
erythrocyte Cd-metallothionein in mice. Toxicol Appl Pharmacol 1986; 83: 197-
202

Min K S, Ueda H, and Tanaka K: Involvement of intestinal calcium transporter
1 and metallothionein in cadmium accumulation in the liver and kidney of mice
fed a low-calcium diet. Toxicol Lett 2008; 176: 85-92

Kjellstrom T: Exposure and accumulation of cadmium in populations from Japan,
the United States, and Sweden. Environ Health Perspect 1979; 28: 169-97
Svartengren M, Elinder C G, Friberg L, and Lind B: Distribution and
concentration of cadmium in human kidney. Environ Res 1986; 39: 1-7

Ortowski C and Piotrowski J K: Biological levels of cadmium and zinc in the small
intestine of non-occupationally exposed human subjects. Hum Exp Toxicol 2003;
22: 57-63

Satarug S, Baker J R, Reilly P E, Moore M R, and Williams D J: Cadmium levels

109

112



53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

in the lung, liver, kidney cortex, and urine samples from Australians without
occupational exposure to metals. Arch Environ Health 2002; 57: 69-77

Garcia F, Ortega A, Domingo J L, and Corbella J: Accumulation of metals in
autopsy tissues of subjects living in Tarragona County, Spain. J Environ Sci
Health A Tox Hazard Subst Environ Eng 2001; 36: 1767-86

Torra M, To-Figueras J, Rodamilans M, Brunet M, and Corbella J: Cadmium and
zinc relationships in the liver and kidney of humans exposed to environmental
cadmium. Sci Total Environ 1995; 170: 53-7

Tiran B, Karpf E, and Tiran A: Age dependency of selenium and cadmium content
in human liver, kidney, and thyroid. Arch Environ Health 1995; 50: 242-6
Yoshida M, Ohta H, Yamauchi Y, Seki Y, Sagi M, Yamazaki K et al.: Age-
dependent changes in metallothionein levels in liver and kidney of the Japanese.
Biol Trace Elem Res 1998; 63: 167-75

Takacs S and Tatar A: Trace elements in the environment and in human organs:
analysis according to domicile and sex. Z Gesamte Hyg 1991; 37: 53-5

Nogawa K, Honda R, Yamada Y, Kido T, Tsuritani I, Ishizaki M et al.: Critical
concentration of cadmium in kidney cortex of humans exposed to environmental
cadmium. Environ Res 1986; 40: 251-60

INFCEF R U AOARNEIREIZ T 5 AMAONTSE. B AR ETERES, B
50 £F; 5 30 & %5 2 7 Bl 300-324. 1975

Sumino K, Hayakawa K, Shibata T, and Kitamura S: Heavy metals in normal
Japanese tissues. Amounts of 15 heavy metals in 30 subjects. Arch Environ
Health 1975; 30: 487-94

Liu J, Liu Y, Habeebu S S, and Klaassen C D: Susceptibility of MT-null mice to
chronic CdCl12-induced nephrotoxicity indicates that renal injury is not mediated
by the CAMT complex. Toxicol Sci 1998; 46: 197-203

Saboli¢ I, Breljak D, Skarica M, and Herak-Kramberger C M: Role of
metallothionein in cadmium traffic and toxicity in kidneys and other mammalian
organs. Biometals 2010; 23: 897-926

Elinder C.G.: Normal values for cadmium in human tissues, blood, and urine in
different countries. In: Friberg L., Elinder C.G., Kjellstrom T., Nordberg G.F.
eds., Cadmium and health: A toxicological and epidemiological appraisal. vol I.
CRC Press, Inc. Boca Raton, Florida 1985: 81-102

Himeno S and Fujishiro H: Essential and Toxic Trace Elements and Vitamins in
Human Health. Chapter 12. Emerging importance of manganese and arsenic as

modifiers of cadmium accumulation. Elsevier Inc 2020: 171-79

110

113



65.

66.

67.

68.

69.

70.

71.

2.

73.

74.

Piasek M, Mikoli¢ A, Sekovanié A, Sulimanec Grgec A, and Jurasovié J: Cadmium
in placenta- a valuable biomarker of exposure during pregnancy in biomedical
research. J Toxicol Environ Health A 2014; 77: 1071-4

Iwai-Shimada M, Kameo S, Nakai K, Yaginuma-Sakurai K, Tatsuta N,
Kurokawa N et al.: Exposure profile of mercury, lead, cadmium, arsenic,
antimony, copper, selenium and zinc in maternal blood, cord blood and placenta:
the Tohoku Study of Child Development in Japan. Environ Health Prev Med
2019; 24: 35

Roels H A, Lauwerys R R, Buchet J P, Bernard A, Chettle D R, Harvey T C et al.:
In vivo measurement of liver and kidney cadmium in workers exposed to this
metal: its significance with respect to cadmium in blood and urine. Environ Res
1981; 26: 217-40

Tsuchiya K.: Cadmium in human urine, feces, blood, hair, organs, and tissues.
In: Tsuchiya K. ed., Cadmium studies in Japan: A review. Kodansha 1td 1978:
37-43

Tati M. K Y, Kawai M.,: Urinary and fecal excretion of cadmium in normal
Japanese: An approach to non-toxic levels of cadmium.” In: Effects and Dose-
Response Relationships of Toxic Metals.(G.F. Nordberg, ed.) Amsterdam: Elsevier
Scientific Publishing Co 1976: 331-42

Tohyama C, Mitane Y, Kobayashi E, Sugihira N, Nakano A, and Saito H: The
relationships of urinary metallothionein with other indicators of renal
dysfunction in people living in a cadmium-polluted area in Japan. J Appl Toxicol
1988; 8: 15-21

Aoshima K: Epidemiology of renal tubular dysfunction in the inhabitants of a
cadmium-polluted area in the Jinzu River basin in Toyama Prefecture. Tohoku J
Exp Med 1987; 152: 151-72

Kojima S, Haga Y, Kurihara T, and Yamawaki T: A comparison between fecal
cadmium and urinary beta2-microglobulin, total protein, and cadmium among
Japanese farmers. An epidemiological study of cooperation between Japan and
Sweden. Environ Res 1977; 14: 436-51

Chen X, Wang Z, Zhu G, Ding X, and Jin T: The references level of cadmium
intake for renal dysfunction in a Chinese population. Sci Rep 2018a; 8: 9011
Brzéska M M, Kaminski M, Supernak-Bobko D, Zwierz K, and Moniuszko-
Jakoniuk J: Changes in the structure and function of the kidney of rats
chronically exposed to cadmium. I. Biochemical and histopathological studies.
Arch Toxicol 2003; 77: 344-52

111

114



75.

76.

7T,
78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

Brzéska M M and Moniuszko-Jakoniuk J: Disorders in bone metabolism of
female rats chronically exposed to cadmium. Toxicol Appl Pharmacol 2005a; 202:
68-83

Brzéska M M and Moniuszko-Jakoniuk J: Bone metabolism of male rats
chronically exposed to cadmium. Toxicol Appl Pharmacol 2005b; 207: 195-211
Tsuchiya K: Proteinuria of cadmium workers. J Occup Med 1976; 18: 463-6
Elinder C G, Lind B, Kjellstrom T, Linnman L, and Friberg L: Cadmium in
kidney cortex, liver, and pancreas from Swedish autopsies. Estimation of
biological half time in kidney cortex, considering calorie intake and smoking
habits. Arch Environ Health 1976; 31: 292-302

EFSA: (European Food Safety Authority). Scientific Opinion. Cadmium in food.
Scientific Opinion of the Panel on Contaminants in the Food Chain. (Question No
EFSA-Q-2007-138). Adopted on 30 January 2009. The EFSA Journal (2009) 980,
1-139 2009

Sugita M and Tsuchiya K: Estimation of variation among individuals of biological
half-time of cadmium calculated from accumulation data. Environ Res 1995; 68:
31-7

Akerstrom M, Barregard L, Lundh T, and Sallsten G: The relationship between
cadmium in kidney and cadmium in urine and blood in an environmentally
exposed population. Toxicol Appl Pharmacol 2013a; 268: 286-93

IPCS: (International Programme on Chemical Safety). Environmental Health
Criteria 134. Cadmium. Published under the joint sponsorship of the United
nations Environment Programme, the International Labour Organisation, and
the World Health Organization. World Health Organization Geneva, 1992
HAPERERA P2 FPRIRES OIS (2022 421) . PEERAFHERE 2022; 64: 253
85

Friberg L: Health hazards in the manufacture of alkaline accumulators with
special reference to chronic cadmium poisoning; a clinical and experimental
study. Acta Med Scand Suppl 1950; 240: 1-124

Adams R G, Harrison J F, and Scott P: The development of cadmium-induced
proteinuria, impaired renal function, and osteomalacia in alkaline battery
workers. Q J Med 1969; 38: 425-43

Kazantzis G: Renal tubular dysfunction and abnormalities of calcium metabolism
in cadmium workers. Environ Health Perspect 1979; 28: 155-9

Hh &, G5l F, ONERE 35 0 P U LAREEGYIC K L /EEEBICE T S5
%1 R IR N XU DG Y I E R O JRAERRE, & <IZIR Ba~v A 7

112

115



rr a7 AEE OREICIBVT. A ARRA MRS 1988a; 431 853-63

88. Mk TE, MEEK FE, S TR, A E, FRER B, KOF B 0 B U ABREEIG YR
(26 &< B R U At EOMRFERK R NI HITBO U RIS H L7e R R
T ST K D R IR E (S R AL R A B RE SR E) I D W T B AN 2 MRS
1975; 64: 1371-83

89. ik =, sk v, PEF R, B L T, &mH R, Rk M fh T R0 ABRBEG R
R OPRH B 2-microglobulin, — HARBI BT O ET, 72 H QN ITAL R A A pis
EOWE . AABETREE 19815 23! 45-62

90. ARk L, T W U RN U LBREEGS & N O, AP EENT T —F
—fra b van =" (K K EARREE, JERHRIER) . PRI AR 19838 119-
26

91.  MH B A XA A ZAROHFE. HAREMIMERE 19715 65: 15-42

92. WKW EIE, A L A2 A A2 AW, BUINBIERER 1969 FTLEH, filiF
i 1969: 366-94

93. Aoshima K.: Environmental cadmium pollution and its health effects on
inhabitants in Japan. Jinzu River basin: Clinical findings in Itai-itai disease. In
Advances in the Prevention of Environmental Cadmium Pollutiion and
Countermeasures, 13-19, Nogawa K., Kurachi M., Kasuya M. (Eds.), Eiko
Laboratory, Kanazawa 1999

94. W BE, I EE A2 A A ZAIRICRO LN DRRLBEN. EFOH DI
1994; 168: 196-97

95.  REIT B FI U AL DBRETGYE E A REEO B (EREREHET ) Ik
(ZoWT, (B 514 5 A 10 BT BREGTAEGEFREM) 1976

96.  EREIT U R U AGRMIEE RIEFGCER ARG . Pk 14 4 3 . 2002

97. B LR ) | e R R AR R S E. R 16 7 A, & L RE AR
k. 2003

98. Tohyama C, Shaikh Z A, Nogawa K, Kobayashi E, and Honda R: Urinary
metallothionein as a new index of renal dysfunction in "Itai-Itai" disease patients
and other Japanese women environmentally exposed to cadmium. Arch Toxicol
1982; 50: 159-66

99. REEIEM: A ZA A X2 AR AEMTROBEEEICHET 2 7RG 1) i)l
DI RO R RAT. HANEEE 19745 211 65-73

100. /AR P BRBETRD R XU LD NSRS 5 A RINEIE- 11, AR 1 R A Rk
TE. HARNRMTAMESE = Japanese journal of public health 1982; 29: p123-33

101. %% /W, HRE OET, G R, P B8, IR ED E I EAE) s R
U LBREG Y RO JRAE FEE (BT 2B SE 55 1 W REEER R

113

116



BAAGTE DA X 0 LIRER O ZAL & JRAVERE S O T, HHEE 1998; 53: 545-57

102. Cai Y, Aoshima K, Katoh T, Teranishi H, and Kasuya M: Renal tubular
dysfunction in male inhabitants of a cadmium-polluted area in Toyama, Japan--
an eleven-year follow-up study. J Epidemiol 2001; 11: 180-9

103. Horiguchi H, Aoshima K, Oguma E, Sasaki S, Miyamoto K, Hosoi Y et al.: Latest
status of cadmium accumulation and its effects on kidneys, bone, and
erythropoiesis in inhabitants of the formerly cadmium-polluted Jinzu River
Basin in Toyama, Japan, after restoration of rice paddies. Int Arch Occup
Environ Health 2010; 83: 953-70

104.  EBREELRMEL AR — Rt BRI U LI KD EEG YL RAERRE. T RI U A
£ D LHEh Yt RO RERN A | Rt 2 B 1989; 561 69-345

105. Iwata K, Saito H, Moriyama M, and Nakano A: Renal tubular function after
reduction of environmental cadmium exposure: a ten-year follow-up. Arch
Environ Health 1993; 48: 157-63

106. Arisawa K, Nakano A, Saito H, Liu X J, Yokoo M, Soda M et al.: Mortality and
cancer incidence among a population previously exposed to environmental
cadmium. Int Arch Occup Environ Health 2001; 74: 255-62

107. Nogawa K, Ishizaki A, and Kawano S: Statistical observations of the dose-
response relationships of cadmium based on epidemiological studies in the
Kakehashi River basin. Environ Res 1978; 15: 185-98

108.  HF M M N XU LTG0 NEEEEIZBE D05, BOARRIAETFHERS 19955 49:
960-72

109. Kido T, Honda R, Tsuritani I, Yamaya H, Ishizaki M, Yamada Y et al.: Progress
of renal dysfunction in inhabitants environmentally exposed to cadmium. Arch
Environ Health 1988; 43: 213-7

110. Nakagawa H, Nishijo M, Morikawa Y, Tabata M, Senma M, Kitagawa Y et al.:
Urinary beta 2-microglobulin concentration and mortality in a cadmium-polluted
area. Arch Environ Health 1993; 48: 428-35

111, ZEBFgRLEI i B U MG a AR S E ; W47 £ 4 1 1972

112,  EWEA IER, /MR EA, L S0 Hug{ERORT B2 -microglobulin & 12 RH
TR, BAICEEND T NI T LAOZEMICET D078, 1R 52 4R
an i AR AT S & 1977

113, ISl A BB L AN — K 1976; 361 124-25

114. Saito H, Shioji R, Hurukawa Y, Nagai K, and Arikawa T: Cadmium-induced
proximal tubular dysfunction in a cadmium-polluted area. Contrib Nephrol 1977;
6:1-12

114

117



115. Ikeda M, Ezaki T, Tsukahara T, Moriguchi J, Furuki K, Fukui Y et al.: Threshold
levels of urinary cadmium in relation to increases in urinary beta2-microglobulin
among general Japanese populations. Toxicol Lett 2003; 137: 135-41

116. Ikeda M, Ezaki T, Moriguchi J, Fukui Y, Ukai H, Okamoto S et al.: The threshold
cadmium level that causes a substantial increase in beta2-microglobulin in urine
of general populations. Tohoku J Exp Med 2005; 205: 247-61

117. Suwazono Y, Nogawa K, Uetani M, Nakada S, Kido T, and Nakagawa H:
Application of the hybrid approach to the benchmark dose of urinary cadmium
as the reference level for renal effects in cadmium polluted and non-polluted
areas in Japan. Environ Res 2011; 111: 312-4

118. Kobayashi E, Suwazono Y, Dochi M, Honda R, Nishijo M, Kido T et al.:
Estimation of benchmark doses as threshold levels of urinary cadmium, based on
excretion of beta2-microglobulin in cadmium-polluted and non-polluted regions
in Japan. Toxicol Lett 2008; 179: 108-12

119. Chaumont A, De Winter F, Dumont X, Haufroid V, and Bernard A: The threshold
level of urinary cadmium associated with increased urinary excretion of retinol-
binding protein and beta 2-microglobulin: a re-assessment in a large cohort of
nickel-cadmium battery workers. Occup Environ Med 2011; 68: 257-64

120. Nishijo M, Suwazono Y, Ruangyuttikarn W, Nambunmee K, Swaddiwudhipong
W, Nogawa K et al.: Risk assessment for Thai population: benchmark dose of
urinary and blood cadmium levels for renal effects by hybrid approach of
inhabitants living in polluted and non-polluted areas in Thailand. BMC Public
Health 2014; 14: 702

121. Hu J, Li M, Han T X, Chen J W, Ye L X, Wang Q et al.: Benchmark dose
estimation for cadmium-induced renal tubular damage among environmental
cadmium-exposed women aged 35-54 years in two counties of China. PLoS One
2014; 9: 115794

122. Nogawa K, Honda R, Kido T, Tsuritani I, Yamada Y, Ishizaki M et al.: A dose-
response analysis of cadmium in the general environment with special reference
to total cadmium intake limit. Environ Res 1989; 48: 7-16

123. Kubo K, Nogawa K, Kido T, Nishijo M, Nakagawa H, and Suwazono Y:
Estimation of Benchmark Dose of Lifetime Cadmium Intake for Adverse Renal
Effects Using Hybrid Approach in Inhabitants of an Environmentally Exposed
River Basin in Japan. Risk Anal 2017; 37: 20-26

124. Chen X, Zhu G, Wang Z, Liang Y, Chen B, He P et al.: The association between

dietary cadmium exposure and renal dysfunction - the benchmark dose

115

118



125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

estimation of reference levels: the ChinaCad study. J Appl Toxicol 2018b; 38:
1365-73

Horiguchi H, Oguma E, Sasaki S, Okubo H, Murakami K, Miyamoto K et al.:
Age-relevant renal effects of cadmium exposure through consumption of home-
harvested rice in female Japanese farmers. Environ Int 2013; 56: 1-9

Horiguchi H, Oguma E, Sasaki S, Miyamoto K, Ikeda Y, Machida M et al.:
Dietary exposure to cadmium at close to the current provisional tolerable weekly
intake does not affect renal function among female Japanese farmers. Environ
Res 2004b; 95: 20-31

Horiguchi H, Oguma E, Sasaki S, Miyamoto K, Hosoi Y, Ono A et al.: Exposure
Assessment of Cadmium in Female Farmers in Cadmium-Polluted Areas in
Northern Japan. Toxics 2020; 8

Qing Y, Yang J, Zhu Y, Li Y, Zheng W, Wu M et al.: Dose-response evaluation of
urinary cadmium and kidney injury biomarkers in Chinese residents and dietary
limit standards. Environ Health 2021a; 20: 75

Gamo M, Ono K, and Nakanishi J: Meta-analysis for deriving age- and gender-
specific dose-response relationships between urinary cadmium concentration and
beta2-microglobulinuria under environmental exposure. Environ Res 2006; 101:
104-12

Uno T, Kobayashi E, Suwazono Y, Okubo Y, Miura K, Sakata K et al.: Health
effects of cadmium exposure in the general environment in Japan with special
reference to the lower limit of the benchmark dose as the threshold level of
urinary cadmium. Scand J Work Environ Health 2005; 31: 307-15

Kobayashi E, Suwazono Y, Uetani M, Kido T, Nishijo M, Nakagawa H et al.:
Tolerable level of lifetime cadmium intake estimated as a benchmark dose low,
based on excretion of beta2-microglobulin in the cadmium-polluted regions of the
Kakehashi River Basin, Japan. Bull Environ Contam Toxicol 2006; 76: 8-15
Suwazono Y, Nogawa K, Uetani M, Kido T, and Nakagawa H: Reassessment of
the threshold of urinary cadmium by using hybrid approach in a cadmium non-
polluted area in Japan. Int J Hyg Environ Health 2011; 214: 176-8

Sakuragi S, Takahashi K, Hoshuyama T, Moriguchi J, Ohashi F, Fukui Y et al.:
Variation in benchmark dose (BMD) and the 95% lower confidence limit of
benchmark dose (BMDL) among general Japanese populations with no
anthropogenic exposure to cadmium. Int Arch Occup Environ Health 2012; 85:
941-50

Ikeda M, Moriguchi J, Sakuragi S, and Ohashi F: Bi-linear dose--response

116

119



relationship in general populations with low-level cadmium exposures in non-
polluted areas in Japan. Int Arch Occup Environ Health 2012; 85: 427-35

135. Wang X, Wang Y, Feng L, Tong Y, Chen Z, Ying S et al.: Application of the
Benchmark Dose (BMD) Method to Identify Thresholds of Cadmium-Induced
Renal Effects in Non-Polluted Areas in China. PLoS One 2016b; 11: e0161240

136. Moriguchi J, Inoue Y, Kamiyama S, Sakuragi S, Horiguchi M, Murata K et al.:
Cadmium and tubular dysfunction marker levels in urine of residents in non-
polluted areas with natural abundance of cadmium in Japan. Int Arch Occup
Environ Health 2010; 83: 455-66

137.  Lars Friberg, Carl-Gusraf Elinder, Tord Kjellstrom, and Norberg G F: Cadmium
and Health: A toxicological and epidemiological appraisal volume I Exposure,
Dose, and Metabolism. CRC Press 1985

138. Chaumont A, Nickmilder M, Dumont X, Lundh T, Skerfving S, and Bernard A:
Associations between proteins and heavy metals in urine at low environmental
exposures: evidence of reverse causality. Toxicol Lett 2012; 210: 345-52

139. Akerstrom M, Sallsten G, Lundh T, and Barregard L: Associations between
urinary excretion of cadmium and proteins in a nonsmoking population: renal
toxicity or normal physiology? Environ Health Perspect 2013b; 121: 187-91

140. HE B A XA A ZAHOBUR &A%k, AARGEAEZHESE 20125 67 455-63

141. Jarup L, Berglund M, Elinder C G, Nordberg G, and Vahter M: Health effects of
cadmium exposure--a review of the literature and a risk estimate. Scand J Work
Environ Health 1998; 24 Suppl 1: 1-51

142, JRAE T8, B o=, I PEORER, MEEK MEIR, ATl B, EHk B U MU LAEESE
- BHED RITLFHREBIRNDDDL A XA A ZATROBIRE & FHALIE. A AR
IR 1978; 36: 145-52

143. HE &, 50 FE, AR E o I U LREGEIC L DEFREEZEICET 240
g8 9 2 . B ILRARE) IR B U AE R OMIE I LT L U TV
BV HRAT 7 Z—PfEle b NTEZEMEIZOWT. AfiEE 1988b; 431 864-71

144. )= B E U R AABEITEREE 1983; 18 26-32

145.  FHhE E7, AW FE, ONAR E U FI U LBEFICRT oM AR, E
FEPEF 19905 32: 270-71

146.  HHEACIERFZEHE: HEHALEOBZWIZ BT 058, BRERIE LR — L 1993; 60: 267-
73

147.  BREEAA: ANEMFEGE OMIES BT D IEEICR DB HEIZ S\, TR 183 4E 5
A 24 B BRERWE 587 5, thiE Rk 13428 H 16 H  BRIRA 761 & 2001
148. FE FE, Mg R, SEE FE, o =R AR 3 o I v ABIEICBT

117

120



HANTT LY B F 22 D ARG LR T B X0 L5 G ik
(ZRNWE ST IRMIAE PR 34 BIORGET. AfES 1993; 47: 1009-20

149. Takebayashi S, Jimi S, Segawa M, and Kiyoshi Y: Cadmium induces
osteomalacia mediated by proximal tubular atrophy and disturbances of
phosphate reabsorption. A study of 11 autopsies. Pathol Res Pract 2000; 196: 653-
63

150.  JRH FE, R PERE, D7 RRRE, vAAS W, =B P, A 7o RIGERE
R0 LBRESG YO 1 2 R B # O LB AT R OHER. BREElrfd LR —
k 1991; 58: 205-11

151. KidoT, Nogawa K, Yamada Y, Honda R, Tsuritani I, Ishizaki M et al.: Osteopenia
in inhabitants with renal dysfunction induced by exposure to environmental
cadmium. Int Arch Occup Environ Health 1989; 61: 271-6

152. Kido T, Honda R, Tsuritani I, Ishizaki M, Yamada Y, Nakagawa H et al.: Serum
levels of bone Gla-protein in inhabitants exposed to environmental cadmium.
Arch Environ Health 1991; 46: 43-9

153. 7 Mz, KiE EF, )l 2, &% B, $98 57, Al BR i Al
WABE )it Cd 15 E R (REFEE B R ) O —FER] — BiRIR K& O BAR AL AR — .
BREEORE L AN — 1 1991; 58: 161-65

154. Il FHHE, WE B, A AT, BM IESE, TH OIESE, =W g il FEE
MR AT T BT R X 0 MG QIR EAE B O 1 fl. REEREELHR— |
1993; 60: 130-35

155. Horiguchi H, Oguma E, Sasaki S, Miyamoto K, Ikeda Y, Machida M et al.:
Environmental exposure to cadmium at a level insufficient to induce renal
tubular dysfunction does not affect bone density among female Japanese farmers.
Environ Res 2005; 97: 83-92

156. Osada M, Izuno T, Kobayashi M, and Sugita M: Relationship between
environmental exposure to cadmium and bone metabolism in a non-polluted area
of Japan. Environ Health Prev Med 2011; 16: 341-9

157. Honda R, Tsuritani I, Noborisaka Y, Suzuki H, Ishizaki M, and Yamada Y:
Urinary cadmium excretion is correlated with calcaneal bone mass in Japanese
women living in an urban area. Environ Res 2003; 91: 63-70

158. Chen X, Gan C, Zhu G, and Jin T: Benchmark dose for estimation of cadmium
reference level for osteoporosis in a Chinese female population. Food Chem
Toxicol 2013b; 55: 592-5

159. Chen X, Wang Z, Zhu G, Nordberg G F, Jin T, and Ding X: The association

between cumulative cadmium intake and osteoporosis and risk of fracture in a

118

121



Chinese population. J Expo Sci Environ Epidemiol 2019; 29: 435-43

160. Lv Y, Wang P, Huang R, Liang X, Wang P, Tan J et al.: Cadmium Exposure and
Osteoporosis: A Population-Based Study and Benchmark Dose Estimation in
Southern China. J Bone Miner Res 2017; 32: 1990-2000

161. Gallagher C M, Kovach J S, and Meliker J R: Urinary cadmium and osteoporosis
in U.S. Women >or= 50 years of age: NHANES 1988-1994 and 1999-2004.
Environ Health Perspect 2008; 116: 1338-43

162. Engstrom A, Michaélsson K, Suwazono Y, Wolk A, Vahter M, and Akesson A:
Long-term cadmium exposure and the association with bone mineral density and
fractures in a population-based study among women. J Bone Miner Res 2011; 26:
486-95

163. Engstrom A, Michaélsson K, Vahter M, Julin B, Wolk A, and Akesson A:
Associations between dietary cadmium exposure and bone mineral density and
risk of osteoporosis and fractures among women. Bone 2012; 50: 1372-8

164. Wallin M, Barregard L, Sallsten G, Lundh T, Karlsson M K, Lorentzon M et al.:
Low-Level Cadmium Exposure Is Associated With Decreased Bone Mineral
Density and Increased Risk of Incident Fractures in Elderly Men: The MrOS
Sweden Study. J Bone Miner Res 2016; 31: 732-41

165. Thomas L D, Michaélsson K, Julin B, Wolk A, and Akesson A: Dietary cadmium
exposure and fracture incidence among men: a population-based prospective
cohort study. J Bone Miner Res 2011; 26: 1601-8

166. Rignell-Hydbom A, Skerfving S, Lundh T, Lindh C H, Elmstahl S, Bjellerup P et
al.: Exposure to cadmium and persistent organochlorine pollutants and its
association with bone mineral density and markers of bone metabolism on
postmenopausal women. Environ Res 2009; 109: 991-6

167. Li H, Wallin M, Barregard L, Sallsten G, Lundh T, Ohlsson C et al.: Smoking-
Induced Risk of Osteoporosis Is Partly Mediated by Cadmium From Tobacco
Smoke: The MrOS Sweden Study. J Bone Miner Res 2020; 35: 1424-29

168. Brzéska M M, Majewska K, and Moniuszko-Jakoniuk J: Weakness in the
mechanical properties of the femur of growing female rats exposed to cadmium.
Arch Toxicol 2005; 79: 277-88

169. Brzéska M M, Majewska K, and Kupraszewicz E: Effects of low, moderate and
relatively high chronic exposure to cadmium on long bones susceptibility to
fractures in male rats. Environ Toxicol Pharmacol 2010; 29: 235-45

170. Brzéska M M and Moniuszko-Jakoniuk J: Low-level exposure to cadmium during

the lifetime increases the risk of osteoporosis and fractures of the lumbar spine

119

122



in the elderly: studies on a rat model of human environmental exposure. Toxicol
Sci 2004a; 82: 468-77

171. Brzéska M M and Moniuszko-Jakoniuk J: Low-level lifetime exposure to
cadmium decreases skeletal mineralization and enhances bone loss in aged rats.
Bone 2004b; 35: 1180-91

172. Brzéska M M and Moniuszko-Jakoniuk J: Effect of low-level lifetime exposure to
cadmium on calciotropic hormones in aged female rats. Arch Toxicol 2005¢; 79:
636-46

173. Brzéska M M: Low-level chronic exposure to cadmium enhances the risk of long
bone fractures: a study on a female rat model of human lifetime exposure. J Appl
Toxicol 2012; 32: 34-44

174. Qing Y, Yang J, Chen Y, Shi C, Zhang Q, Ning Z et al.: Urinary cadmium in
relation to bone damage: Cadmium exposure threshold dose and health-based
guidance value estimation. Ecotoxicol Environ Saf 2021b; 226: 112824

175.  Johnell O, Gullberg B, Allander E, and Kanis J A: The apparent incidence of hip
fracture in Europe: a study of national register sources. Osteoporos Int 1992; 2:
298-302

176. Takusari E, Sakata K, Hashimoto T, Fukushima Y, Nakamura T, and Orimo H:
Trends in Hip Fracture Incidence in Japan: Estimates Based on Nationwide Hip
Fracture Surveys From 1992 to 2017. JBMR Plus 2021; 5: 10428

177. Cauley J A, Chalhoub D, Kassem A M, and Fuleihan Gel H: Geographic and
ethnic disparities in osteoporotic fractures. Nat Rev Endocrinol 2014; 10: 338-51

178. Lips P, Duong T, Oleksik A, Black D, Cummings S, Cox D et al.: A global study
of vitamin D status and parathyroid function in postmenopausal women with
osteoporosis: baseline data from the multiple outcomes of raloxifene evaluation
clinical trial. J Clin Endocrinol Metab 2001; 86: 1212-21

179. Kazantzis G, Lam T H, and Sullivan K R: Mortality of cadmium-exposed workers.
A five-year update. Scand J Work Environ Health 1988; 14: 220-3

180. Sakurai H, Omae K, Toyama T, Higashi T, and Nakadate T: Cross-sectional
study of pulmonary function in cadmium alloy workers. Scand J Work Environ
Health 1982; 8 Suppl 1: 122-30

181. Mannino D M, Holguin F, Greves H M, Savage-Brown A, Stock A L, and Jones R
L: Urinary cadmium levels predict lower lung function in current and former
smokers: data from the Third National Health and Nutrition Examination
Survey. Thorax 2004; 59: 194-8

182. Schroeder H.A.: Cadmium as a factor in hypertension. J Chron Dis 1965; 18: 647-

120

123



183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

56

Glauser S C, Bello C T, and Glauser E M: Blood-cadmium levels in normotensive
and untreated hypertensive humans. Lancet 1976; 1: 717-8

Beevers D G, Campbell B C, Goldberg A, Moore M R, and Hawthorne V M: Blood-
cadmium in hypertensives and normotensives. Lancet 1976; 2: 1222-4
Barregard L, Sallsten G, Fagerberg B, Borné Y, Persson M, Hedblad B et al.
Blood Cadmium Levels and Incident Cardiovascular Events during Follow-up in
a Population-Based Cohort of Swedish Adults: The Malmé Diet and Cancer
Study. Environ Health Perspect 2016; 124: 594-600

Fagerberg B, Barregard L, Sallsten G, Forsgard N, Ostling G, Persson M et al.:
Cadmium exposure and atherosclerotic carotid plaques--results from the Malmo
diet and Cancer study. Environ Res 2015; 136: 67-74

Barregard L, Sallsten G, Harari F, Andersson E M, Forsgard N, Hjelmgren O et
al.: Cadmium Exposure and Coronary Artery Atherosclerosis: A Cross-Sectional
Population-Based Study of Swedish Middle-Aged Adults. Environ Health
Perspect 2021; 129: 67007

REJIL ¥, TEF B— A Z A A XA FBEOMEICEAT 5 -85, @RRNF+2
FRMEEE 1969; 31 357-63

W BE, BF] EA, TN BRED A Z A A FAIREE OBUR—NERIET RIZ DN T
—. BREREEL R — b 1977; 41: 44-52

Kagamimori S, Naruse Y, Fujita T, Watanabe M, Nishino H, and Shinmura T:
Factors associated with blood pressure in females with heavy exposure to
cadmium. Bull Environ Contam Toxicol 1985; 35: 386-92

Mason H J: Occupational cadmium exposure and testicular endocrine function.
Hum Exp Toxicol 1990; 9: 91-4

Viaene M K, Masschelein R, Leenders J, De Groof M, Swerts L J, and Roels H A:
Neurobehavioural effects of occupational exposure to cadmium: a cross sectional
epidemiological study. Occup Environ Med 2000; 57: 19-27

Masumoto T, Amano H, Otani S, Kamijima M, Yamazaki S, Kobayashi Y et al.:
Association between prenatal cadmium exposure and child development: The
Japan Environment and Children's study. Int J Hyg Environ Health 2022; 243:
113989

Ma C, Iwai-Shimada M, Nakayama S F, Isobe T, Kobayashi Y, Tatsuta N et al.:
Association of prenatal exposure to cadmium with neurodevelopment in children
at 2 years of age: The Japan Environment and Children's Study. Environ Int
2021; 156: 106762

121

124



195. Lin CM, Doyle P, Wang D, Hwang Y H, and Chen P C: Does prenatal cadmium
exposure affect fetal and child growth? Occup Environ Med 2011; 68: 641-6

196. Kippler M, Tofail F, Gardner R, Rahman A, Hamadani J D, Bottai M et al.:
Maternal cadmium exposure during pregnancy and size at birth: a prospective
cohort study. Environ Health Perspect 2012b; 120: 284-9

197. Flannery B M, Schaefer H R, and Middleton K B: A scoping review of infant and
children health effects associated with cadmium exposure. Regul Toxicol
Pharmacol 2022; 131: 105155

198. Esteban-Vasallo M D, Aragonés N, Pollan M, Lépez-Abente G, and Perez-Gomez
B: Mercury, cadmium, and lead levels in human placenta: a systematic review.
Environ Health Perspect 2012; 120: 1369-77

199. Chen Z, Myers R, Wei T, Bind E, Kassim P, Wang G et al.: Placental transfer and
concentrations of cadmium, mercury, lead, and selenium in mothers, newborns,
and young children. J Expo Sci Environ Epidemiol 2014; 24: 537-44

200. Punshon T, Li Z, Jackson B P, Parks W T, Romano M, Conway D et al.: Placental
metal concentrations in relation to placental growth, efficiency and birth weight.
Environ Int 2019; 126: 533-42

201. Kippler M, Bottai M, Georgiou V, Koutra K, Chalkiadaki G, Kampouri M et al.:
Impact of prenatal exposure to cadmium on cognitive development at preschool
age and the importance of selenium and iodine. Eur J Epidemiol 2016; 31: 1123-
34

202. Gustin K, Tofail F, Vahter M, and Kippler M: Cadmium exposure and cognitive
abilities and behavior at 10 years of age: A prospective cohort study. Environ Int
2018; 113: 259-68

203. Zhou T, Guo dJ, Zhang J, Xiao H, Qi X, Wu C et al.: Sex-Specific Differences in
Cognitive Abilities Associated with Childhood Cadmium and Manganese
Exposures in School-Age Children: a Prospective Cohort Study. Biol Trace Elem
Res 2020; 193: 89-99

204. Tsuji M, Shibata E, Morokuma S, Tanaka R, Senju A, Araki S et al.: The
association between whole blood concentrations of heavy metals in pregnant
women and premature births: The Japan Environment and Children's Study
(JECS). Environ Res 2018; 166: 562-9

205. Tsuji M, Shibata E, Askew D J, Morokuma S, Aiko Y, Senju A et al.: Associations
between metal concentrations in whole blood and placenta previa and placenta
accreta’ the Japan Environment and Children's Study (JECS). Environ Health
Prev Med 2019a; 24: 40

122

125



206. Miyashita C, Saijo Y, Ito Y, Ikeda-Araki A, Itoh S, Yamazaki K et al.: Association
between the Concentrations of Metallic Elements in Maternal Blood during
Pregnancy and Prevalence of Abdominal Congenital Malformations: The Japan
Environment and Children's Study. Int J Environ Res Public Health 2021; 18

207. Takeuchi M, Yoshida S, Kawakami C, Kawakami K, and Ito S: Association of
maternal heavy metal exposure during pregnancy with isolated cleft lip and
palate in offspring: Japan Environment and Children's Study (JECS) cohort
study. PLoS One 2022; 17: 0265648

208. Inadera H, Takamori A, Matsumura K, Tsuchida A, Cui Z G, Hamazaki K et al.:
Association of blood cadmium levels in pregnant women with infant birth size
and small for gestational age infants: The Japan Environment and Children's
study. Environ Res 2020; 191: 110007

209. Takatani T, Eguchi A, Yamamoto M, Sakurai K, Takatani R, Taniguchi Y et al.:
Individual and mixed metal maternal blood concentrations in relation to birth
size: An analysis of the Japan Environment and Children's Study (JECS).
Environ Int 2022; 165: 107318

210. Taniguchi Y, Yamazaki S, Nakayama S F, Sekiyama M, Michikawa T, Isobe T et
al.: Maternal Metals Exposure and Infant Weight Trajectory: The Japan
Environment and Children's Study (JECS). Environ Health Perspect 2022; 130:
127005

211. IARC: (International Agency for Research on Cancer). IARC Monographs on the
Evaluation of Carcinogenic Risks to Humans. Volume 100 C. Arsenic, Metals,
Fibres, and Dusts. 2012

212. IARC: (International Agency for Research on Cancer). IARC Monographs on the
Evaluation of Carcinogenic Risks to Humans. Volume 58. Beryllium, Cadmium,
Mercury, and Exposures in the Glass Manufacturing Industry 1993

213. Sorahan T and Esmen N A: Lung cancer mortality in UK nickel-cadmium battery
workers, 1947-2000. Occup Environ Med 2004; 61: 108-16

214. Stayner L, Smith R, Thun M, Schnorr T, and Lemen R: A quantitative
assessment of lung cancer risk and occupational cadmium exposure. IARC Sci
Publ 1992: 447-55

215. Lamm S H, Parkinson M, Anderson M, and Taylor W: Determinants of lung
cancer risk among cadmium-exposed workers. Ann Epidemiol 1992; 2: 195-211

216. EU: (European Union). European Union Risk Assessment Report. Cadmium
Metal. Part I — Environment. Part II — Human Health. CAS No: 7440-43-9.
EINECS No: 231-152-8 2007

123

126



217. Julin B, Wolk A, Johansson J E, Andersson S O, Andrén O, and Akesson A:
Dietary cadmium exposure and prostate cancer incidence: a population-based
prospective cohort study. Br J Cancer 2012a; 107: 895-900

218. Julin B, Wolk A, Bergkvist L, Bottai M, and Akesson A: Dietary cadmium
exposure and risk of postmenopausal breast cancer: a population-based
prospective cohort study. Cancer Res 2012b; 72: 1459-66

219. Adams S V, Newcomb P A, and White E: Dietary cadmium and risk of invasive
postmenopausal breast cancer in the VITAL cohort. Cancer Causes Control
2012a; 23: 845-54

220. Eriksen KT, Halkjeer J, Serensen M, Meliker J R, McElroy J A, Tjonneland A et
al.: Dietary cadmium intake and risk of breast, endometrial and ovarian cancer
in Danish postmenopausal women: a prospective cohort study. PLoS One 2014;
9: 100815

221. Eriksen KT, Halkjeer J, Meliker J R, McElroy J A, Serensen M, Tjonneland A et
al.: Dietary cadmium intake and risk of prostate cancer: a Danish prospective
cohort study. BMC Cancer 2015; 15: 177

222. Julin B, Wolk A, and Akesson A: Dietary cadmium exposure and risk of epithelial
ovarian cancer in a prospective cohort of Swedish women. Br J Cancer 2011; 105:
441-4

223. Luckett B G, Su L J, Rood J C, and Fontham E T: Cadmium exposure and
pancreatic cancer in south Louisiana. J Environ Public Health 2012; 2012:
180186

224. McElroy J A, Kruse R L, Guthrie J, Gangnon R E, and Robertson J D: Cadmium
exposure and endometrial cancer risk: A large midwestern U.S. population-based
case-control study. PLoS One 2017; 12: e0179360

225. Itoh H, Iwasaki M, Sawada N, Takachi R, Kasuga Y, Yokoyama S et al.: Dietary
cadmium intake and breast cancer risk in Japanese women: a case-control study.
Int J Hyg Environ Health 2014; 217: 70-7

226. Adams SV, Shafer M M, Bonner M R, LaCroix A Z, Manson J E, Meliker J R et
al.: Urinary Cadmium and Risk of Invasive Breast Cancer in the Women's Health
Initiative. Am J Epidemiol 2016; 183: 815-23

227.  JEMOKPER: AE(CFWHEE A REHEMRT — 2K (PR 16~22 F%) 2012

228. 12 B, gk ERk, R F, il BET RMEN LIS A AR SR
Y EE I E O & & OFIERIICET 2058, AT T BOHEE A 2 R
Bid (B OZEMAHEENIIEFIE) . F0 4 FERT - e EEE 2023

229.  BRETE: PR 28 FEALFME D ANA~DIFLSTERE=F Y & ZRERERIZONT, F

124

127



R 29 4 3 A BRETHBRBIIRMETIBREE L ARREREL Y R 7 5 iR ALFME O A~D
F<BERE=F U 7HEMRTIE 2017a

230. EBRIEA: Rk 28 HFEHARKANIIBIT AIEFEWE DX FEEICHOWTLFEWE
~OELFERT=2 Y A (2011~) — éfﬁiﬁ% YREREE Y Z?E%ﬁ%
2017b

231. Watanabe T, Nakatsuka H, Shimbo S, Yaginuma-Sakurai K, and Tkeda M: High
cadmium and low lead exposure of children in Japan. Int Arch Occup Environ
Health 2013; 86: 865-73

232. Ma C, Iwai-Shimada M, Tatsuta N, Nakai K, Isobe T, Takagi M et al.: Health
Risk Assessment and Source Apportionment of Mercury, Lead, Cadmium,
Selenium, and Manganese in Japanese Women: An Adjunct Study to the Japan
Environment and Children's Study. Int J Environ Res Public Health 2020; 17

233.  Friberg L., Piscator M., Nordberg G., and Kjellstrom T.: Cadmium in the
environment, 2nd ed., Cleveland(OH): CRC Press 1974

234, ZEHR B, I CEEDT, BAL CUZ, Hah A, %R B fmk —B8 i Ly

NRIEIZIRT 27 K0 LSt & T ORE. BARATHES 19915 461 1014-24

235. Elinder C G, Kjellstrom T, Lind B, Linnman L, Piscator M, and Sundstedt K:
Cadmium exposure from smoking cigarettes: variations with time and country
where purchased. Environ Res 1983; 32: 220-7

236. Friberg L and Vahter M: Assessment of exposure to lead and cadmium through
biological monitoring: results of a UNEP/WHO global study. Environ Res 1983;
30: 95-128

237. Bensryd I, Rylander L, Hogstedt B, Aprea P, Bratt I, Fahraéus C et al.: Effect of
acid precipitation on retention and excretion of elements in man. Sci Total
Environ 1994; 145: 81-102

238. Nilsson U, Schiitz A, Skerfving S, and Mattsson S: Cadmium in kidneys in
Swedes measured in vivo using X-ray fluorescence analysis. Int Arch Occup
Environ Health 1995; 67: 405-11

239. Uetani M, Kobayashi E, Suwazono Y, Nishijo M, Nakagawa H, Kido T et al.:
Smoking does not influence cadmium concentrations in blood and urine in
relatively high levels of environmental cadmium areas in Japan. Biol Trace Elem
Res 2006; 110: 107-18

240. Hoffmann K, Becker K, Friedrich C, Helm D, Krause C, and Seifert B: The
German Environmental Survey 1990/1992 (GerES II): cadmium in blood, urine
and hair of adults and children. J Expo Anal Environ Epidemiol 2000; 10: 126-35

241. Kim K, Melough M M, Vance T M, Kim D, Noh H, Koo S I et al.: The relationship

125

128



between zinc intake and cadmium burden is influenced by smoking status. Food
Chem Toxicol 2019; 125: 210-16

242. Jain R B: Cadmium and kidney function: Concentrations, variabilities, and
associations across various stages of glomerular function. Environ Pollut 2020;
256: 113361

243. Sun H, Wang D, Zhou Z, Ding Z, Chen X, Xu Y et al.: Association of cadmium in
urine and blood with age in a general population with low environmental
exposure. Chemosphere 2016; 156: 392-97

244.  BREEAE: PRk 30 EE~TMAFE (LFWEDOAN~DIIK BRE=F Y VA

(A oy R FRICOWT, BREGA BRBE IR BR B A R BREE U R 7 BTl =

2023

245. Nakayama S F, Iwai-Shimada M, Oguri T, Isobe T, Takeuchi A, Kobayashi Y et
al.: Blood mercury, lead, cadmium, manganese and selenium levels in pregnant
women and their determinants: the Japan Environment and Children's Study
(JECS). J Expo Sci Environ Epidemiol 2019; 29: 633-47

246. Ikeda M, Nakatsuka H, Watanabe T, and Shimbo S: Estimation of daily cadmium
intake from cadmium in blood or cadmium in urine. Environ Health Prev Med
2015; 20: 455-9

247. WHO: (World Health Organization). Guidelines for Drinking-water Quality.
Fourth edition - Incorporating the first addendum 2017

248.  JECFA: (Joint FAO/WHO Expert Committee on Food Additives). WHO Technical
Report Series. Evaluation of certain food additives and contaminants. Mercury,
Lead, and Cadmium. 16th report of the Joint FAO/WHO Expert Committee on
Food Additives. 1972

249. JECFA: (Joint FAO/WHO Expert Committee on Food Additives). WHO Technical
Report Series. Evaluation of certain food additives and contaminants. 33rd report
of the Joint FAO/WHO Expert Committee on Food Additives. 1989

250. JECFA: (Joint FAO/WHO Expert Committee on Food Additives). WHO Technical
Report Series. Evaluation of certain food additives and contaminants. 55th report
of the Joint FAO/WHO Expert Committee on Food Additives. 2001

251. JECFA: (Joint FAO/WHO Expert Committee on Food Additives). WHO Technical
Report Series. Evaluation of certain food additives and contaminants. 73rd report
of the Joint FAO/WHO Expert Committee on Food Additives. 2011a

252.  JECFA: (Joint FAO/WHO Expert Committee on Food Additives). WHO Food
Additives Series 64. Safety evaluation of certain food additives and
contaminants. Prepared by the 73rd meeting of the Joint FAO/WHO Expert

126

129



Committee on Food Additives (JECFA). 2011b

253.  WHO: (World Health Organization). Chemical-specific adjustment factors for
interspecies differences and human variability: Guidance document for use of
data in dose/concentration-response assessment. IPCS harmonization Project
Document No.2, 2005

254. US EPA: (U.S. Environmental Protection Agency). Integrated Risk Information
System (IRIS). Chemical Assessment Summary. Cadmium; CASRN 7440-43-9
1989

255. ATSDR: (Agency for Toxic Substances and Disease Registry). Toxicological
profile for cadmium. September 2012. 2012

256. Health Canada: Cadmium in Drinking Water. Guideline Technical Document for
Pubric Consultation 2019

257. ANSES: (Agence nationale de sécurité sanitaire de 1’ alimentation, de 1’
environnement et du travail). Expositions au cadmium : Propositions de valeurs
toxicologiques de référence par ingestion, de valeurs sanitaires repéres dans les
milieux biologiques (sang, urines, ...). RAPPORT d’expertise collective. 2017

258. Amzal B, Julin B, Vahter M, Wolk A, Johanson G, and Akesson A: Population
toxicokinetic modeling of cadmium for health risk assessment. Environ Health
Perspect 2009; 117: 1293-301

127

130



<Al#&>

EERMEFHEE M I VL (F25HR)
LRIZFon=X<EICHT 5 —RIFH

128

131



L. IR BRI 130
1. BENODIESE. 130
(1) B . 130
(2 BN 143

2. BEENSDIECE. 144
(1) R e 144
(2) B 145
(B) BB . . . 145
(4) EFRG. BE B . 145

3. BEANODIESEEWTE. ... 146
(1) BIEICRBIESCEE . . 146
(2) BREAFHDRFIVLEENSDIEKBERVESHMETE....... 149
(3) ETALEFEZRAVERFICEEHTE ... 151

4. MR RSO LR, 152
(1) B . 152
(2 BN 155

5. RN RS LB, 157
(1) B . 157
(2 BN 160
BB > 164
BB > 165

129

132



I. (X<CERR
1. BEMDIELCE
(1) ER
DBEGFDOH FIHLEE
a. BBHTDHKFIVLEE
EMOKEA T, BE(LEEESHEZREREERT —X4E) ITBW T, &
HoA R U MREOT —F % 2012 42, 2014 4, 2016 4, 2018 4=} 1 2023
FlzhFRLTWD,
ERER 1LIORT(EH 1-6),

K1 BmITEFENDIN FIVLOSHEER

oy L L BRI T LRE
i fi o | e | e o e i
CEA) P (afig) | o | oI | BRI | PR | SO
% %1 B3 %3

21 e 120 0.01 0 0.02 | 043 | 0.12 | 0.11 | 2012
21-22 | K (XXK) 2,000 | 0.04 1,149 | <0.04 | 0.40 0.05 | <0.04 | 2012
21-22 [IEFNL x 240 0.01 47 | <0.01 | 0.08 | 0.02 | 0.02 | 2012
21-22 | AL X 240 0.01 211 | <0.01 | 0.02 | 0.01 — 2012
21-22 | &LV H(EfT ) 600 0.01 71 <0.01 | 0.42 | 0.04 | 0.03 | 2012
21-22 [RFEND 240 0.01 131 | <0.01 | 0.08 | 0.01 — | 2012
21-22 |7V Z A 240 0.01 194 | <0.01 | 0.05 | 0.01 — | 2012
21-22 [ICA LA 600 0.01 157 | <0.01 | 0.14 | 0.02 | 0.02 | 2012
21-22 | ZiEH 600 0.01 37 | <0.01 | 021 | 0.03 | 0.03 | 2012
21-22 [1E< & 240 0.01 141 | <0.01 | 0.04 | 0.01 — 2012
21-22 | F XY 240 0.01 234 | <0.01 | 0.02 | 0.01 — 2012
21-22 | LA XL 240 0.01 45 | <0.01 | 0.40 | 0.03 | 0.02 | 2012
21-22 [1FH2NAZD 600 0.01 10 | <0.01 | 0.59 | 0.06 | 0.05 | 2012
21-22 | ¥ 600 0.01 427 | <0.01 | 0.05 | 0.01 — 2012
21-22 |7=Fh& 600 0.01 249 | <0.01 | 0.12 | 0.02 | 0.01 | 2012
21-22 [12AlZK 240 0.01 50 | <0.01 | 0.18 | 0.02 | 0.02 | 2012
21-22 | T AT T A 240 0.01 154 | <0.01 | 0.05 | 0.01 — | 2012
2122 [ZwH Y 240 0.01 231 | <0.01 | 0.01 | 0.01 — | 2012
21-22 |72 240 0.01 167 | <0.01 | 0.08 | 0.01 — | 2012
21-22 | b=k 240 0.01 141 | <0.01 | 0.03 | 0.01 — 2012
21-22 |47 T 239 0.01 19 | <0.01 | 0.11 | 0.03 | 0.03 | 2012
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A BRI T LRE
e TE | B
o e, i el ek i
Erk) HH ot (k) | 0 ALK BAME | ROKE | CEEE | PRE | 4R
mg/kg - 1 o s
22 AV A A T3 (A 300 0.03 0 0.03 1.0 0.25 0.22 | 2012
22 Z v A A T () 300 0.03 0 1.7 48 15 14 2012
22 KT A (B 300 0.03 3 <0.03 1.6 0.45 0.32 | 2012
22 RETHTA(HA) 300 0.03 0 7.3 68 33 31 2012
22 KT A (AFERR) 300 0.03 0 0.59 6.0 2.2 2.1 2012
22 ~ 7 & (AT E&H) 300 0.03 0 0.15 1.3 0.43 0.29 | 2012
22-24 | R=RXU A H=FHpA) | 300 0.03 8 <0.03 | 0.49 0.16 0.13 | 2014
22-24 | R=RXT A H=(NlK | 300 0.03 0 2.5 28 7.6 6.1 2014
23 A — bk a— A 39 0.02 39 — — 0.01 — 2014
23 D THT X HE 39 0.02 39 — — 0.02 — 2014
23 k< MMERE 33 0.02 30 <0.02 | 0.02 0.02 — 2014
23-25 | Kol 1,800 | 0.02 8 <0.02 | 0.87 0.11 0.10 | 2016
24-26 | /NE 1,800 | 0.01 112 | <0.01 | 0.50 0.05 0.03 | 2016
25 A DOHA 30 0.01 30 — — 0.01 — 2016
25 PEEEZR L 10 0.01 9 <0.01 | 0.02 0.01 — 2016
. 0.02 2016
25 [0yP 1 0.01 0 — — » —
4
25 B RIA 30 0.01 30 — — 0.01 — 2016
NRY —FHERZE DM
25 o 5 0.01 5 — — 0.01 — 2016
DY TR o=
E RGN e
25 . 25 0.01 25 — — 0.01 — 2016
¥R
25 Ll 40 0.01 40 — — 0.01 — 2016
25 eSO 30 0.01 29 <0.01 | 0.03 0.01 — 2016
25 L 40 0.01 40 — — 0.01 — 2016
25 B LR AT et 20 0.01 20 — — 0.01 — 2016
i ” : (0.0013)
- 0.01
25 Tre=Ty7 V) 10 0.01 10 — — 0.0014) — 2016
N 0.02-
27 TN T K %6 60 0.01 26 — 0.12 0.02 0.01 | 2023
» 0.03-
27 BT 30 0.01 1 — 0.05 0.03 0.03 | 2023
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p— B - 71 R 7 AR

i i o | e | e o e g

CTR) S (mglkg) | O Atk Ei/.MIE Eﬁtﬂﬁ qzi.’%ﬁ EPJEMIE E

% %1 B3 %3

27 FLh VR K ke 13 0.01 7 — 0.11 %%‘Og — 2023
27 FA ALY T 10 0.01 0 0.01 | 0.11 | 0.04 | 0.03 | 2023
27 /R %10 5 0.01 0 0.02 | 0.04 | 0.03 | 0.03 | 2023
27 Y2 e I FE 1 30 0.01 25 - 0.02 060(())12- - 2023
27 Kgrn 79 0.01 3 — 0.17 %‘%%' 0.04 | 2023
27 FL5h R A K s 30 0.01 1 — 0.16 %.%%' 0.04 | 2023
27 FnAE gL 1-Ha 22 0.01 13 - 0.09 %‘.%12' - 2023
27 N AR R 1 0.01 1 - - 0-0.01 - 2023
27 Fnp- g7 3 0.01 2 - 0.02 060(())17 ) - 2023
27 fr14 2 0.01 2 - - 0-0.01 - 2023
27 IR 15 15 O'(()).(())Of- 5 - 0.02 %'%%47' 0.002 | 2023
27 KEE M UK R EE 10 0.01 10 — — 0-0.01 — 2023
27 K Iz 30 0.01 5 - 0.12 %,%?é_ 0.03 | 2023
27 T AT T A 60 0.01 45 <0.01 | 0.05 | 0-0.01 - 2018
27 tay 60 0.01 9 <0.01 | 0.04 %%22' 0.02 | 2018
27 X I DEY 38 0.01 32 <0.01 | 0.09 %'.%11' - 2018
27 KRG DG < ST F 10 0.01 0 0.01 0.05 0.02 0.02 | 2018
27 Ty LM 30 0.01 27 <0.01 | 0.02 | 0-0.01 - 2018
27 KEHIVa—R 30 0.01 30 - - 0-0.01 - 2018

27-28 | WiIREAR 150 0.03 0 0.04 1.4 0.56 | 0.52 | 2023

27,30 | &R HAE 16 41 0.01 41 — — 0-0.01 — 2023
28 BAT 3 0.01 3 - — 0-0.01 - 2023
30 4fg 5 0.01 5 - — 0-0.01 - 2023
30 FEf 7 — K 5 0.01 5 — — 0-0.01 — 2023
30 ~—HU 5 0.01 5 - — 0-0.01 - 2023
30 77 v hAT Ly K 5 0.01 5 - — 0-0.01 - 2023
30 va—hb=v 5 0.01 5 - — 0-0.01 - 2023
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— . BRI U LRE
e EE T8 (me/ke) "
g . sop | : gkg it
‘ R o | TB | BRI e T o | rsoie | i | s
P (mg/kg) | DREL » . . .
*1 %1 3 %3
SF1-2 | e 150 0.01 150 — — 0.005 — 2020
1 e/ ME R O KB, o B 0RE O 2 T TEERAR TH - 7255 1350
L72uy,

¥2 L, TSRS EIO 2T TER FRU EOEAITEHEO, & & FRAE
MOREIN S HGE X, FHHEOKRVOO®ZRE T, ZALOFEED H B, FEHE
OXiE, EHMEO K OCEEIME@ O #iFH & 5id, (2018 4K Y 2023 422\ C)
72k, 2012 4E, 2014 4, 2016 4 KON 2020 EOFEEMEOE 515 E LR
T

SEEEQ « R D B i A B,

EEIEQ : E R N IRA OREZ ER FIREE LTHEI (UB),

EEIES : EE NRAmORELZERr & LTHEE (LB),

%3 HUfEIL, 50%% HE 2 5 eUE CHIA X R E N E & SN2 O AL,

¥4 WIS 1 D= DM % ok,

#5654  H oy aNITMKRERME S 72 & T OEM, FREHZ W T, BRIRECHIE
LRz RS REICE R IN TV D HRER TE - 72l 5 B, f/ME,
RARME, FEE, HRAEO BT mg/L,

X6 BEMEE UL ML R KRER KRR, R TR K AR, AL R E A BR <

7 bLbKk MEEi) #EEMEE LEZbb0 b, LA E L TadE L THE
EhTnsbHo,

8 BEMEEELIZL MV RKER - CAGESED Y B, B TH D = & & aldE%% 1
BELTWD b0, BEEZMATREROIMAREDO LD, TOEEFRD L OM S
Ete,

%9 KA TFEMEIE L U TR BRI U TR0 TN—5), REH
TR EFR L CTHIRGE STV DB OB L & G e,

10 KLU 2 RN & e,

K11 KO EEH L2 DIZRS,

12 RKEFEFEMEE LIAMZRAE L, BEW UIHT 0T, Wbhwsb, #
AN B, BhE, AKX EIZEEND bDOERL,

13 KEDOI DL, HEATHL I L 2UESTEREL VDL LD,

14 KEFEEHZE T,

¥15 KEOKM LA EFEHCETe, HIEC, KA MOl 5 RS O T4 i L T

1 2012 4, 2014 -, 2016 4K Y 2020 4 :

VEMEL, EERAFARN OB ERUEHL D 60%LL T ORI OV TILL TR
B % , EEBRFAN OB 60% 4 H 2 5 R i OV TIIFAEQ K ONEEES)

ZREREL, B#l7 =2 T INLOFED 5 b, PEMEOSUTTHIED £ fi#,
FEED « EBRAARM ORE 2 ERIRR O 1/2 & U THH,

FREQ - B BRAARGEG OB IOV TIRHH IR O, BHBRALL oo xE SRS

A DPRFEZ SN TTEERBROEZHWTHEE, (2012, 2014, 2020)
MA@ - EEIRFR OEE 2 ERRA & L CHEH, (2016)
SEHE®R - EEIRRROEE 2P e & L TEH,
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EE LD, F720E, KICHFIRL TRINTEE E L TIEE T 2R 2%t
Gl L,

¥16 B0, BFKTH, AAR-RM, BHIER (BRZEOERLE
HDIZIR D), BH N— A,

b. BREKbDH REIHLEE
(a) AKEKIZHITBHERBIRR
2021 FFEDOAKEFHFTBIT 20 KI 7 AR OZEDILE DB KIEKTD
PR DL & | S REHSIZ I 2 B R TA 5 & | 42 8,482 JlEHS
8,478 1,5 0.001 mg/L LL FTH-7= (F2) (At BHAKEWHS S
3 AR RS T),

K2 WKEKTDOHFIVLRUVZDILEYDRERR

X% (mg/L)

KU | HEH |~ ~ |~~~ ~|~ |~ |~ 1] ~oo1
R S5 | 0.001 [0.002/0.003[0.004|0.005|0.006/0.007(0.008|0.009]0.010] ~
ESXEN 8,482 8,478 0 4 0 0 0 0 0 0 0 0
FUEIK 1,971 1,970 o 1 0 0 0 0 0 0 0 0
X LA 295 295 oo o0 0 0 0 0 0 0 0 0
K 4,289 4,288 o 1 0 0 0 0 0 0 0 0
Z D, 1,927 1,925 o 2 0 0 0 0 0 0 0 0

(b) TRV F—E2—HITHEITHEEKR

RIS (2017) 1%, 2013 4EE KL TN 2014 4R IR U 7= [EPE K O A 2
XINTF—F—F (X VT, 7T72A, BAR, KE%E 15 0EH) OF K
JULRELY ICPEEIAZ XV ENE L. (EERA (LOQ) 0.00070
ug/L), 2013 4EfE D 115 ik TlE. 61 ik (BRHE 53%2) TR S, B
FHIREE ORI 0.039 pg/L, HRfEIX 0.0034 pg/L (Fk & 0.00074~
1.5 pg/l) Th o723, £z, 2014 FE O 110 Ak T, 39 &k (K=
35%3) TR S4v, BHRE OFEIMEIL 0.015 pg/L, 1 EAIE 0.0058 pg/L

(i #iPH 0.0010~0.12 pg/L) THh - 7=4=HK 8),

2 ERE NRIEZE X DI T SN2 B ORI aUEH Uk T Dl R A R L L
TW5,

3 5 (2017) @ Supplemental Table S1 7 —# & HW\ T, 4 115 B O FHfE %2 &
HLUZZRESE, ND=0 & L7284, ND=1/2L0Q & L7854 & $12 0.02 pg/L Th - 7=,

4 F s (2017) @ Supplemental Table S2 D7 — % % HW T, 4 110 iEIO S E 2 H
HL7RES, ND=0 & L7284, ND=1/2L0Q & L7854 & $120.01 pg/L Th 72,
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c. BmARE - ARAEMILDIELKE

HARBENTHEBLTWAELHZAT v L 28 25t B0 E 4 4 s 0 FEEET
THEAT T2, Kk 26 FEEIZH N CTHA LT ATV L ARDO AT — 0 A 7
T x—7 ROEREORR 61 B (64 3 EH ., W= E, Fro, Al
&, BALA, LR —/ L EoFiEasE 103 B (108 &k . A FF 164
L (172 30k X8, B EEOSR AR OEISREED EHRERICE
T HRBRISIR OFHEE) ICHEL | BRSOl A Ea Lo, Foie
W Z ICP BN MTETHE LSRR, 7RI T A30nThoRENL b
WH L7Ze o 7= (LOQ 10 ng/mL) (B 9)

QBEMNLDIFK EEHT
a. Y=y hN\RTy FARIZKD D FEOLEREHTE

75 (2022) 1%, ~—47 v bRy P FRUCE Y BEeRFH42m UzE
B o—H D RI v MBREZHETE Lz, 2022 4F 5~10 AIZ42E 10 Hik
DO GEEMICATZEICB T, INBIENDEA L&A 14 BF (18 k&
OZEDOMTI G, 2 B Mg - 35 3B wbkF - B0, 4 8 sk, 5 #F
o EINTAL. 6 BE : SRSSMEs, THRE AR, S TOMOEE - HEH
6. OFE : MELFRCRIT, 10FE  MAME, 11 BE: 9 - 9P, 12 8% : %L - TS, 13
BE  RMEE, 14 BE : @OBKS) 120 E L CGRENEFRRL L 7=, ICP EE&ENHTiEIC
LI RI T LBEEZNTE L%, 2017~2019 £ O [E A « S8 PHE O
EOOEBMEEOEHEEZ RO THRELZHEE Lz, k., AFE T,
LOQ (0.002~0.3nglg (BB IV Bl D)) 9% Flalo 7208k R 2 A
i (ND) & L. ND=0 X% 1/2L0Q & L CEEREZHEE L= (ND £iz-ow
TIFRt#E7Z2 L),

2022 FEOEFEEE (1 LlE) OB RIvAD 1 N7 OHE— BB
® (REPEYME) 12 ND=0 & L7484 16.0 pg/H., ND=1/2L0Q & L7=%&
16.1ug/H TH -7, 1977~2022 D7 K I 7 AOHEE — HERE (ND & 72
ST —ZI2F 0 ZRALEBEZR L) ORFELE(LZXK 11T 7T, IR
U AT 1977 FEOFREBBLUSKIBEREFED L TE TR Y, 2013 FLIRRIIN
TYXRNWNEL o TE T, 1977 OB L i+ 5 & 5T £ TR

5 6 BEICITRSE, it - BB E £,
6 SEHICITM OB ZH, &/ o, WBEENLEEND,
TOREICITEEA, BB S END,
8 14 OB E LT, EIZKEK BRI XTIV +—4—H) BNMibhbd, 728,
14 BEUANORMBEOFIROBRIC S (B2, 9FHOERS 2 — B —EIZHOW TR K &
LCHE), EIKEKDBHNSND, EHE»DOEHREMIC X D,
O FEHEND DOIEHMERMIZ L D,
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L CTWA (& 10),

BRI U LAEREICHT S 20183~2015 £ 3 EMS OB LEEO S HHR
KX 2016 H-~2018 FOEKFICBIT HEBNFOFERZX 2 1[TRxT, UK
SYLERETITZ 1L S HOBEERNEGL 2o TW5ER 11),

2006~2022 DA FI U LAO RN 1 N48720 oHE— H#ERE (ND

Elpole T —2ITIX 0 #RA L EMEZREH) 2% 312R-T (2 1029, # R

RV LAOEREICBITAERLIEOFLGEZ, ZhEToRE LFEEEIZ, 1 8
(34.1%) ., WWT 8FE (20.5%) DIHIZKZ - 7(HHE 10),

(%]
o
I

IS
o
L

w
o
1

N
o
1

Dietary exposure (pg/person/day)
=

o
L

1980 1990 2000 2010 2020
Year

1 BEAEICEITAHD FEOLEREORELIL (1977~2022 &)
FLYFRICELTEERHBE R TEMT S8, Prophet (ver. 1.0) /Ny 4r—
HRAW-BITET o=, BEEIXMLU R, TUTIRMLY FD 80%FRIXRE,
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20164

20174

20184

M2 #5HKIYLERBICNT ZRERBOE5E

&3-1 FEBFEINOHAKRIVLOI ALY —BERE (ug)

(2003~2009 )
A g0 2003 |2004 |2005 |2006 |[2007 |2008 |2009
GB 6B GB GB &8 (B 6B
1EE KR OZ O T 4, 132 946 |10.38 821 |7.84 840 |8.82
2 BE M - F 2.99 209 |276 [1.85 (273 [239 [2.38
3HE : WOHE - BT 0.27 |0.24 |0.38 023 |0.28 |0.44 |0.43
4 7 : AR 0.01 [0.01 [0.00 [0.00 |0.00 |0.00 |[0.00
5HE o ENTAh 1.04 |0.84 [0.79 |1.04 |1.05 |1.16 |0.82

10 $E5 (2022) CTHE SN CWAEOSEATTHE LT,
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R AL L 2003 |2004 |2005 |2006 |2007 |2008 |2009
dE i 1 dE dE i i
6 BF : R 0.07 ]0.31 [0.08 [0.17 |0.16 |0.15 [0.07
THE AP 1.23 |1.61 [1.17 |1.58 |[1.25 |1.56 |1.06
SHf: TOMOUFN - MFHFH | 3.46 352 277 |264 |351 |361 |246
9 B« ELFHCEL 0.30 |0.31 |0.21 |022 |0.11 [0.00 |0.12
10 B : f 8 2.74 231 |2.86 |210 [3.39 [3.19 |6.41
118E: W - R 0.26 [0.09 |0.05 |0.06 |[0.10 |0.17 |0.45
12 B - 7L - LA 0.08 [0.20 |0.03 |0.06 |0.02 1.05 |0.01
13 B : FAE 0.04 |058 |0.78 |0.77 |0.66 |0.73 |0.44
14 #f : foBbK 0.00 [0.00 [0.00 [0.00 [0.00 |0.00 |[0.00
A 25.6 [21.6 |[223 [189 |[21.1 [229 (235
x32 BERHBANDOAFREIOLDO1 ANE-Y—BER=E (ug)
(2010~2016 £)
AAnfE Y 2010 |2011 |2012 |[2013 |2014 |2015 |2016
dE R R dE R dE B

LEE : KEOZOM T |5.40 [14.24 |7.19 |65 6.9 5.67 |6.26
2B MR - F 1.96 191 |214 |22 2.1 2.29 |2.25
3HE - WOHE - BT 0.30 [0.51 [0.41 |04 0.4 0.450 |1.02

4 Ff - ek 0.00 [0.01 |0.01 |0.0 0.0 0.00 |0.00
58 : B - BT 098 (082 |0.74 0.8 0.7 0.688 |0.784
6 1 - I 0.02 |0.16 |0.11 |[0.1 0.1 0.0843 | 0.0938
THE AR 2.09 (201 |[1.57 |16 1.3 1.25 |2.05
8 OO Y EFH [ 3.15 341 |3.83 |3.3 4.1 3.44 |3.09

9 BE : AR 0.11 |0.08 [0.01 [0.2 0.2 0.0899 | 0.0755
10 % : fa A 433 |4.08 |3.44 |18 2.7 3.01 |1.59
118 : A - 9 0.21 (005 |0.06 |0.1 0.1 0.0701 | 0.0598
12 #f ¢ 3L - IR 0.03 [0.03 |0.03 |0.0 0.0 0.00 |0.0140
13 Bf : FAskkt 0.56 [0.62 |0.80 |0.8 0.8 0.807 |0.825
14 B foBbK 0.00 [0.00 |0.00 |0.0 0.0 0.00 |0.00
A 19.1 |27.93 [20.3 |176 [19.3 |17.8 |18.1
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x33 BHEMBEANDOHEFIVLO1I ANE-Y—BERE (ug)
(2017~2022 %)

R AnE 1 2017 |2018 |2019 |2020 |2021 |2022
dE dE dE i i i
1EE KR OZ O T4 6.3 7.3 5.36 |5.76 |5.06 |5.60
2/ MR- F 2.4 2.2 2.31 2.49 |2.38 |2.46
3HE : WOHE - BT 0.48 |0.48 |0.50 [0.50 |0.46 |0.37
4 B ;s 0.00 [0.00 |0.000 |0 0.00 |0.00
58 : B - BT 0.86 [0.87 |1.00 [1.01 [0.85 |0.92
6 1 - I 0.11 0.09 0.08 0.06 0.06 0.08
THE : AR 0.88 1.8 1.28 1.50 1.35 1.44
8 . ZOMOEFE - WEHI | 3.1 3.1 3.64 [3.18 |3.55 3.30
9 Bf - AR 0.16 |0.12 [0.03 [0.08 |0.04 |0.04
10 #f : M 2.7 2.1 2.05 227 197 |1.13
118 : - O 0.06 [0.07 |0.09 |0.03 [0.04 |0.06
12 B - 7L - S 0.00 [0.00 |0.003 |0 0.00 |0.00
13 B« FHRE 0.83 |090 [0.79 [0.77 ]0.73 |0.58
14 B ¢ B 0.00 [0.00 |0.002 |0.001 [0.00 |0.00
At 17.8 19.1 17.1 17.7 16.5 16.0

Ohno & (2010) iZ,. v—7%7 > b XX 7w M HFRUT L D /ER L 72 malel (f
H 5 2008, 2009) OfEfEZITC—HI FI v AEBRELHEE L7-, BhiZ
OWTIE, ICPEEDHIEICEI D A RI U AREZSHT L, EK 16 FDHEE
fRE  RBREOEREN LSRN - HERELZ RO TELNSDO—H A K
S ULERECHE L (BAINESE, SRS (LOD), LOQ. ND # kW
ND 57— OEY PN HOWTIERE#HZe L), SEPKIZ DWW T, ICP B &%y
HHEIZED I RIULRBEEZSHT L, —H 2LEIRT 5 & L TEEKRNHD—
HA RI U LAEBIREEHE LT, ZOME, BHLOIEKNED—H I K3
¥ AEER O E R 21 22.83.08 ug/ H TH o 7=, ZHUTiE, KKk
O DOMOEEMEEOFTFENRKE L, ZTNENON R U AOHERIEIL
4.3+2.6 ng/H, 3.7t1.2 ng/H TH - 7= (M 30),

b. BEAEICESHD FIHLIEREH#HT
Watanabe & (2013) 1. 2001~2004 D& Z (12~3 H) 12, BIHKED
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/NHE1296 4 (B 159 4, Zclid 1837 44, 3~6 %) &R 24 FEH OREER
TIZEV A R T LAEBIREOHEEIT- I, HEME I RENHEE LR
i & FERO B D (B RITMA, BESLK, TOMODKED L EZILAT v T) %
SBOEHDIRNT T ATF v 7 BEIRE L, MEEZHEH L THERMZ ST,
FRLOBEELZHE L%, 2REY R — M2 L, ICPEESHIEICLY
BRI LREZIE L, 7B, AFETIZ, LOD (0.1 pg/kg) % FEl-
T2 ATRERIZ, LOD @ 1/2 & L TR L7z (ND oW CERE#EZz L), B
R X0 AEECE O S (SR ER Z22) 13 11.82(1.80) pg/ H (0.60 (1.81)
uglkg RE/H) THotz, — HEREITERITEOEIER CTH > 7243, KE
Y72 OBREICHEEBEREIMIGERD N2 ole, ZTOZEMNDL, I RI T A
RO AE O BN REICHB L7 A HERERINCER T2 2 LA
REND ELTWD(B]E 31,

BRBEE (2017a, 2017b) 1E, “FAk 28 FEALFME D AN~DIT BEE=X
U ZHEICBWT, 3 il 15 £ OFE R %E (40 %Ll E 60 moARm) o
3 HHDORRERELIT 7o, BREREZ B L%, ICPE&OIEICEY
A RITAREZRE L7 (BH TIRME 0.033 ng/g, ND #IZ->W\ClEitdk /e
L)
ZORER BENOOH FI U7 LAEREOEEEIX 0.20220.10 pg/kg K/ H |
OB 0.19 ng/kg RE/H . 7 — & OFiPHIL 0.071~0.42 pg/kg KAH/H TH -
7o IBEFERA & Ok E R 4 [T (B 32, 33),

x4 FR23~28FEDEEREICLDN FIVLEREDHKR

(ug/kg A& /H)
RFREH FEIE | AR Hh LA Egiid
Wopk 23 4FE 15 4 0.24 0.10 0.24 0.059~0.39
RE 24 4 154 0.27 0.12 0.25 0.11~0.57
YK 25 £ERE 154 0.25 0.12 0.23 0.11~0.56
YK 26 £EHE 154 0.23 0.086 0.21 0.13~0.47
YRk 27 4EFE 15 4 0.22 0.10 0.19 0.12~0.42
FRK 28 HEFE 15 4 0.20 0.10 0.19 0.071~0.42
BXIRE 90 4 — — 0.23 0.059~0.57

R, AR~ E Ta/hNEEERSIND,
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c. ETIVEZRAV:IEKESHTE

JEMKEES (2016b) 13X, [EEREM TN NI U LREFERBFHERER L EAE
FEE LR E R EIUERE - BIERE ORFRIERES ) 2B 5k 17
~19 (4 Z=Hfix3 H#]) OBIEEFHER LT HERET—%1 L0 ),)
EHWT, BEMNOLON R UL EIELZHE LT,

9. QL LT, EEREICBITHIKEREDTOH FI U LY RELZLE
W7 — % O Y REYE IR 2 0T bR E B L > T RI T A
OFERBRIRZRE Lz, & 5 MUK 312, OIZ XL 2BIMEHEMRLE R
T, ZOEMTME CK /hE, KRB, BNWL X, EO2NAZEH, EERE,
IZALA) IZOWT, QL LT, BTy Ial—rva il 3ERE
DOHEEZEAT o7, FTo, TEBUANDREMIZOWVWTIE, I FI U LABRES
RADEBIT/NSNWEEBEZBNDZ END, TRTDOAN, B K UL FEHE
i (0.04 pgkg (AHE/F) 2 ABRIRT 200 RE L, S HIZ, KA
THNR=TETWRWVWEMNICONTIE, =L F Ay FAFZT ¢ (TDS)
THEOLNT-E (0.08 pgkg AE/H) ZHV, TXTOARELL ZOEDOH
R LEANNOEEAERTIEOE L, K4 KUK 612, OICLkHE
BEHEE R AR, BMOKERIL. ZCOHFENS, BARAOBRNNSOH R
SULEREN R ISGELY LD L TWDEI ENghoTmE LTEY, @
HWORAEEZLES TOIUE. BENLOH K U AOBEUZ X 0 @~
BRAHDZ LT nEEZLND L L TNA(BIR 34),

x5 BEEVHLDN FIVLOFEHERE

BRI 0 LFRE | REY OB E JEFER) I & D
JEFER) (mg/kg) (g/HIN) 1R U LR R
(nglkg RHEHE/H)
BN 0.05 164 0.149 (46%)
INE 0.05 59.8 0.054 (17%)
KE 0.11 18.3 0.037 (11%)
FhoLox 0.02 38.4 0.014 (4.3%)
EONAED 0.06 12.8 0.014 (4.3%)
mERE 0.02 31.2 0.011 (3.5%)
AT A 0.02 18.8 0.007 (2.1%)
AN 0.01 34.9 0.006 (2.0%)

12 ERRFRMGODSHENFET D56, ERRARMEORBLSEZIZ»0b 6T, 20K
BIr o RI U LRENERRIND 1/2 Thd LE L CREHEE KD T,
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F= K 0.01 32.1 0.006 (1.8%)
Xy XY 0.01 24.1 0.004 (1.4%)
XLy 0.04 5.2 0.004 (1.2%)
EXCI M) 0.01 20.7 0.004 (1.2%)
< Ewn 0.01 17.7 0.003 (1.0%)
AN 0.01 12.0 0.002 (0.7%)
ZIED 0.03 3.9 0.002 (0.7%)
nE 0.01 9.4 0.002 (0.5%)
ALk 0.01 6.8 0.001 (0.4%)
L AL 0.03 1.5 0.001 (0.3%)
* 7 0.03 1.4 0.001 (0.2%)
RFEVD 0.01 3.1 0.001 (0.2%)
T ARG T A 0.01 1.7 0.000 (0.1%)
iz Az 0.02 0.4 0.000 (0.0%)
ol el 0.12 0.03 0.000 (0.0%)
At 0.322
MKHARANDFEHERES 551 kg L LTEHE L, £2, () @FaEICHED5EE,

A CAh
2%

Z0fth
12%

ERE
4%

Ehovwi x
4%

46%

KL
11%

468

<
598985585559596%9

INER
17%

3
53
<
3

X 3

142

EREYHLDH FIVLOTHEREDEE

145



FH 5 B8 3
35
3.0 -
25 -
2.0

1.5

1.0 4

0.5 |_
) [Ha/kg ffé/Ei]

4 LT REOREYHODH FIILEREDSHDHE

n = 1n
o - -

&6 HFIVLEREDOHH

1 KU LEBRE (ugkg KE/H)
S 25%ile | HHRAE | 75%ile | 90%ile | 95%ile

e PE W | KL MR KREL En
oD | LEAEFO5NAES 72| 028 | 017 | 024 | 0.34 | 048 | 0.60
HHE | ERE, ICALA

ERLIAk 0.04
D OB 0.03
&t 0.35 0.24 0.31 0.41 0.55 0.67

K ZDOERTO%ile | T X\—E 2 A NVEDOZ L,

(2) @5

MO EFEROS FI U LEREE LT, 5 73 [Bl0 FAO/WHO & R
525 (JECFA) (2011) 1BV TE LD bRMADHEED K3
LEMEEZER TIRT, ML 6 0H~128) 1250 T, A=A T U T ED
KEOHERHL 8.9~20.6 pglkg EMAEINTE Y, BINEMZEHE] (EFSA)
OHEFHE, NP Z U7 T 23.2 pglkg RE/A Tholo L ESN TV D (B
35),
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=7

FENDBERRXROHEEH FIHLERE (BRA)

ESpYqEs:ibi HEE DEEON.D.DOH miiﬁgiw <%Zfigﬁ)
F—A LT VT N.D.=03 /% LOD 2.2~6.9 —
7V FLHk7 L 9 _
aREs| N.D.=LOD/2 9.9 —
R N.D.=LOD/2 9.1%1 12.1%2
H A AL 7R L 12 _
LN v N.D.=LOQ/2 5.2 6.9%3
i [E] N.D.=LOD 7.7 —
KE N.D.=0 4.6 8. 14

1 AE (16 20[FE) OFHHEEEO Rl

22 BRI TLDIZLFEDOE W LN 2 SDOBMEED 95 /3—t X A JUE L Z DO
HED LB 2 INE L 7= i

3 HRMAIT IV —ORbEWE R U ARE & EEIE SR

¥4 BHEENEL D FIVLEPLRHB LZIE TS O 90 /3—& > X A JVEICFHY

JECFA (2021) 1Z3\W\\T, 32 2 E T IE 44 OEBIFHAE N E & 5
N, B R LOEEHEREORIMEIL~ V) 3EREORAD 0.6 pglkg RE/ |
BRI E O (4~115%) D 24 pglkg (KE/A TH 5 Z LG Sz (&
ﬁ\g\ 36)0

EFSA (ZFINES IR E O 5 5 22 73 E & ORI R 3 s8I O 3 E DO FiA 4 £
EOBEHEROD R U L EHEREIL BRI B T, 18 AR T 1.23
~7.84 ng/kg IKE/H, 18 Ll ET 1.15~2.53 png/kg IKE/H, miEEHEE (95 /%
—B U HA) ITBWT, 18 M T 2.19~12.1 pg/kg K&/, 18 Ll LT
2.01~5.08 pg/kg IKEHTH 5 & #iss L7 (B 37),

2. BIBEHILDIELKE

(1) KK

BRBEA (2021) 1E, BRITEEAERRGYMET =4 ) V THEIZB VT,
BERKIGYICELT DR S 2 W E LS OWE3 L L TRET O K3
7 LR ONFEDOMOAEMREZRIE L TWbH, x5 E L 3R (BER., HiBE

B IHERKGRWE AT 2 elE0d o2WE (BB ELSN | ITE Enzn
WETHLN, THERKIGEWENEFiE~ =27 V] BREAK - RRERER KRR
BEER) 12T, SRR S FTRERME O —H 2R & LIz b D,
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M OMERIR) O—fixEREE1415 o H 1 BIORER ROFERFEEZ R L7

(LOD, LOQ KT ND #UZ DWW TIERt#R L), KEAF I FI U ARE DL
B2 5 & i VO HLRUI AR B T 5.0 ng/m3, fx b ARSI R T 0.0040 ng/m3
Th-oT= (2 38),

(2) L
BRBZIT 1 2000 4F, 42[F 10 i 193 HSoFE 3 (0~5cm) Yo7
NDF RI T LNREOHEEZIToICREREZRE L TWVD, ZORKE, 10 Hko
71 KU AREOVHEIX 0.19 mg/kg, FHEIE 0.13 mg/kg, #iPHIL 0.04~
1.01 mg/kg TH - 7=(ZH 39),

Takeda & (2004) 1L, HAD 78 NPT OFRM L R HEEL 72 514 D 1=
kR 2 Ry fiEt% . ICP BEONHEICL YV 7 R v AEEZIE L= (LOD,
LOQ KT ND #UZHW Ttk Z2 L), EO/EE. I R v MREO R REIX
0.27 mg/kg. FFFE¥EIZ 0.33+0.28 mg/kg., #iPHIE 0.021~3.4 mg/kg TH >
Too THETBIZHARTRBIZBWTY U EEHICH RITAREREL, U U8R
JEEHZEER T2 Z ERRBE &z & LTV A (B 40),

Ishibashi & (2008) %, [EMN 19 D 41 OFFEN S . 2006 F12—HrFE)E
WEBICEEND T R I U LREZIRE SR ICP EE&SWEICL D E& LT,
+HEF S I v AREORIE (FBH) 1% 0.563 (0.123~2.89) mg/kg THh -
7= (&M 41),

(3) ENE

Yoshinaga © (2014) (%, 2006~2012 4E D> D H 72 2 BBV CTEN O
—WRFERE 100 BFOFRFERME S AN HE O NIZENEO L TR otV T, Uk
Wy, ICP BEOWECIV I FIVLAREZHE L, 7RI U LR
JE DR /ME, HIE, RORIEIXZNE4 0.175, 1.04, 5.62mg/kg TH Y, %
WHE GRTEAERZE) 13 1.02 (2.01) mgkg Tholz, HBRGFEE LD 10
UL MG SN TV (B R 42),

(4) £;FHAR. $Lb»
PHER S (2011) 1%, 2010 4F 5~11 A2, #NDEED/NFEJE T, FEEN D

W —fREREE & T EE R AR BB IS & D EEN BN L RIS WA Z ETHY |
ZOML, EEFRAPED (EERAE (FEAE) OIBFOMS) . Il GEEIIHEO
R bENLEN 3HATHOMES N TVD,
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AR ZERNC L B2 i BV R EE CTE L, AR T 2 RO H 5 &
BRI EA GL 185 A LI 28, ~—h—r | A=A F—&K
VAR TR, R ONT B S, BT R OVEAG S, BEAR D |
BWE, 7V RO E, T U —EHEOMAS) FREA L, BE LU
GO BERTRE /RIS B . BIED it S 3 TR WA AR 36 4y SR IR A B Y
bR B R IR 2y 2 BNy, Eh ek s Lz (Bt 150 i), ISO
8124-3 DEARHFRERZ FE L, ICP EENHIEICE D I I U LADEHEEH
E L (R OVER FIRMEIX 1.33 X (N 4.43ng/L), TOFER, SRETHRE
FRAARG ~1.19 ng/kg D#FPHTH Y ISO HA&E OIRH IR (50 F 721X 75 mg/kg)
LIFTHoT- (M 43),

3. BEAMSDIEI EEHT

(1) BEIZKBIEKESE

Uetani & (2006) X, HAOH I 7 AFEFHYHEE (TERBERYE : A H
) (ERBME5674 (50 MLLE). B N v A Ca)l|REES LS - B i
% O C k) (ERBME 8348 4 Y219 44 (WL 50 kbl b)) % x5 Iz
L DM R OIRF A R U LRE~OFEBLPE L, ZTORE, FE5YH
BCCIEBUEE S O M L OYRF A R 7 LRENE - T2, (HYHIs ClIElx
INEL IpoTa(F 8, £ 9), FEOLIL, IRFH KI U AREOFEMEN 2.0 pug/L
(2.3 pg/g Cr) Ll Fiz, s R T AREOFEHMHEN 2.4 nglg L EIZ7
5B L HRBII A LN 0D EBEL TWH (B 44),

&8 FEREERVEEZM@MmMAH FIVLEE (ng/g)

FERRJRE WA
Husde | A% 0] Zah) NEK Zal) ) | PfE*
PEE | RS PEME | PR
A 255 15 1.9 2217 2.2 1.6 1.5 | <0.001
B 79 2.4 1.8 136 3.6 1.7 1.5 | <0.001
C 88 2.2 2.4 121 2.8 1.8 1.3 | <0.01
RIEBYEE & DO

x®9 FRMEERUVEEEDRTH FIHLEE (L ug/l. F : ug/gCr)

FERRJRE WA
Hisde | A2 Ao ) N ) 0] | PfE*
VEME | PR E TEE | RS
A 248 0.9 2.6 223 1.3 2.1 1.4 | <0.001
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1.1 2.8 1.7 2.5 15
B 84 2.0 2.6 143 2.5 2.4 1.3
2.1 1.9 2.6 1.7 1.2
C 88 3.3 2.5 121 2.1 1.8 1.0
2.7 1.9 2.8 1.7 1.0

RIFLYEA & DO

Ikeda & (2005) I%. HARDIEGGLMBAE R M 12,846 £ (40~59 7%) %
KGRI L DR B U MRE~DOREZ A LT, £ ORE., BEH O

RAIA R0 LREIIIEMIEE L0 b & 72(Z ] 45),

H A OS> B34S ST 2 FEBUEE ) O o i L OVRP S R
U LR A FR 10 [TRT,
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& 10 BUEAMAPRURFHD FIVLRECRIETTZE

HIED meh FEOLEE (ug/L) FReph REHLEE (ug/g Cr)
= % - i i
s JEmRfEE (n) R (n) JEmRfEE (n) BRI (n)

B
0.19 1.34

Ay xz—FF N 17-77 A 144 40 | — — | — — (1R 46)
(0. 08-0. 59) (0.19-4.14)
0.21 1.04 0.23 0.41

a4y M, F, 25-69 B 1,670 1,258 1,689 1,260 (PR A7)
(0.20, 0.22) (0.98, 1.10) (0.22, 0.24)° (0.39, 0.43)2
0.3 1.2 0. 31 0.47

*E M F, >20 B 2,118 799 2,118 799 (B1R 48)
(0.30, 0.33) 1.11, 1.24) (0.28, 0.34) (0.41, 0.52)
0.23 0.79 0.16 0.26

*E M F, >20 B 3,948 2,057 3,948 2,057 (B1R 49)
(0.23, 0.24) (0.75, 0.84) (0.15, 0.17)° (0.24. 0.28)°
0.53 1.88 0.36 0.42

FE MF, 18> B 613 217 613 217 (513 50)
(0.49, 0.58) (1.64, 2.16) (0.33, 0.38) (0.38, 0.46)

BA (FEFLihis)

FIE M, 35-49 C 0.6 (2.04) 16 | 1.9 (1.82) 31 10.8 (1.55) 16 | 1.1 (1.60) 31 (/R 51)

=R M, 50-59 C 0.9 (1.88) 30 (1.7 (1.97) 32 1.2 (1.65) 30 | 1.4 (1.46) 32

FTER M, >50 C 1.5 (1.9) 255 1 2.2 (1.6) 227 | 1.1 (2.8) 248 | 1.7 (2.5) 223 (=08 44)

BA GE#ihi)

RINE M, >50 C 2.2 (2.4) 88128 (1.8 121 1 2.7 (1.9) 88128 (1.7 121 (=08 44)

#:RHmE GE2R) TR LT —#
a: KRPA FITLRED pg/L
¥OAPE EPH); B TEME (95%CT);  C (Ml (S faris i 72)
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(2) BEEXPARFIIVLREN DI BEERVFSEETE

BREZTIE 2000 4, A2E 10 #i0> 193 HiSoFE 1 (0~5cem) ¥ 7L
DH R BPEEOREREREBE LTV 5, £, 155 OBRRICMA,
R BOBK, BEFEHEROD NI U MEREZHEE LY FI v AEREO%5-H
ZHEHUICRR. BREHERD 99.9%%2 DT (R 11) (ZH 39) [HE],

&1 KR, BEK, BERBAOH FIHLERE (ugke/H)

KRR BICRE K% H %2 BERHBS | R s TTTUR &t
R e
0.00029 0.0002 0.58 0.00003 0.58
(0.05%) (0.03%) (99.9%) (0.005%) (100%)

1 TR 4 HiR 0O 1992~1996 A 1.9 ng/m3, HARNDE¥AE 50kg, 1 HH7-
D OSHIME & 15 m3, itk 3 50% CHEE

2 HUF/KIREE 0.005 pg/L, HARANDVHAE 50kg, 1 HH72 0 ORKEIKIERE 2L, %
V=R 100% CHEE

%3 F—HNAFA Ty FAREZT ¢ (1988~1997 4E) EHMHE 29 pg/H . HARNDFHLAE
50 kg CHEE

¥4 T0FEMANY 7 7T Ty RHIRICEFET 2 ERE LHAOATE 1 B PR #E 2.2
nglkg/ B, /N 7 7T 0 FEHERE GHICZE LSO EEME) 0.14 mg/kg, WL
F 10% CTHEE

Yoshinaga 5 (2014) (%, 2006~2012 4E1Z, ENO—#RFEEE 100 i O fm ik
THDHLIRE L BB A%, ICP BEOVIEICID I FI v LABE Y
WELZ, 7RI vLARBEORRAE 1.04 mgkg & KEREA#ET (US EPA)
MAFELTWD/NNEOENBERLEDOT 7 +/L ME (100 mg/H) MHHEH S
TZENEREOHEE D B 7 LAEEEITL 0.10 pg/H TH-72(ZH 42) [H#B],

Ma & (2020) 12017 4, =2 FAFAEBEOSMEOF 26, MHEREREE L
IAFIMAH A B 7 MRENE ONA U AT T )V—"7) flhat 37 4 % B3R+
HHEY, EREERE (BF, NURAL AN HEETERNZER) NHO
I RI VAT FEERELHEE LT,

FTRTOREHI ICP EEOWIEIC LV HIE LZ, BT, 24 R ORREFE
3 ATV, 3 BIZA, ZAF v, 7T A b (WHEZRLS), KED
DB ERY) Tr B L OREHICRFE L, EEAZHE L7, LOD (0.00005
ugl/g) Z Tl 7ealBHI 2o T, N A A NI fbeig Z A28 H L 72, LOD

(0.0002 mg/kg) % Flalo7=ikEHI o7, HHEIZ, FOIEL< D 5 DAL
BRHELL 72, LOD (0.0006 mg/kg) # FlElo72ilbHIzolz, |EHZESIL,
=R T % 1 EMRE L TR E 28 L7-, LOD (0.4ng/m3) % L[>

149

152



72 BHI 2R D 183.5% Th - 7=,

BWARP O RI U LREZFR 121277, £72. USEPA Ok A DX < %k
W (A A NERE 30 mg/H, THEERE 20 mg/H., EXWAE: 16
m3/H) ZHANWTHEE LESEENS0OH R U MIBEEEE 13177,

BIARD O DO FHHRIT BFN 99.4% ., T A X A ND30.47%., 1373 0.087%.
ENZELN 0.0563% T - 7-, Hazard Quotient (HQ) D -HJfE (#iPH) 1% 0.25

(0.019~0.86) (FHARND DA K 7 MEL BEO GO FHE &) :0.25
+0.16 (0.019~0.86) pg/kg RE/H, MEHMEE": 1 ugke KE/ B LEH) T,
HKAETH 1 ZFEloTWeZ b, I RITVAMIKEICIDIIERNBAY X
TIIRNEBER LTV D (B 52),

K12 FEARPDOH NI IVLRE

R i 5%ile | 25%ile | FAE | 75%ile | 95%ile | I £
o 0.0011-0.036 | 0.0036 | 0.0051 | 0.0069 | 0.011 0.015 0.0087 +
(ug/g wet) 0.0060
NI AL AN | 0.03-29 0.12 | 0.26 0.45 0.68 1.42 1.3+4.7

(ug/g)
T+ 0.13-1 0.16 | 0.23 0.28 0.4 0.64 0.34 =+
(ug/g dry) 0.18
HENZER LOD-0.0015 |LOD |LOD LOD LOD 0.00052 | LOD
(ng/m3)

x®13 BEENLDH FIVLELSEE

TR (ng/kg RE/H) B R R i
g (2.5£1.6) X101 1.8X102~8.6X 101
INT AH AR (6.40.23) X 104 1.67X105~1.4X102
R (1.3£173.4) X104 4.13X105~4.3 X104
FENZER (8.1£6.47)X 10 3.17X105~4.2X 10
ah (2.5£1.6) X101 1.9X102~8.6 X101

B fEEIR BEAEFEE TR UM, 1 X0 L/hSWEA, FEREBRALY R 713730 EHE
HWzns,
16 B ZeREANHE Lz TWIL (7 pg/kg (AE/AH) 21 BY47-0IC Lz,

150

153




(3) ETILEZAV:IEKESHTE

Ikeda & (2015) (. 1991~1997 £ HA 30 HililH & 45 Hitsl 20 4 % *f 5
EL, M RITARE, JRPD RI U ARELRNEEZERL, M0 K
U LIREK ORI R I U LREORMNELE L EDOMRE DT — 4 2
a2y b LClRRERD 7 (F 14), FH-IE S5 5 7= I EME O %M E O
AL, F2FET12.5~70.5 ng/H, D FI 7 ARET0.46~3.98 pg/L, JR
il R ABET 1.1~11.02 pg/g Cr Thot-, BHFHPH NI v ARE LM
HROYRP A R U AREOEINO—)BEHE LTl MEREILENnE
L r=0.76 L r=0.79 (W TN p<0.001) Th-o7z (K5),

2003~2011 D HAR NN ZHED LM A B NI U LMREZ 1.23 pg/Ll &
e, REMOBEETR Y Ko AEEIT 16.5ug/H EHEESNTZ, 72, FHED
BRI LELS BERROERALMED 2000~2001 FEDOEENEHF IR A R
U LR 1.26 pg /g Cr # HWTERFEN D R U AREZHEE LR E 115 pg/
HTh-o7z, 95 WE XM OHPHITZNZI 11.4~21.Tpg/H, 5.8~17.3 ug/H
Thole, ZOZOOHFHPAITERY bALINLDLMN, MHPLIRP A RI U ARE
DOHEE D RENTITH 40% DZEDZRD BT,

MK ORF D RI T LAREEZBEDIRLAE L, X<ERT A —Z2DOZEN
U U7, Ml RI U AREIIRF I RIVARELY OZETH-
T2 b FEHEOIXRF I FITVAREID P FITARBELZHNWS
TN, XOBELIEANRTA—FIZHESSHEEEIZRD Z ENRBEINT-E LT
W5 (S 53),

K14 BERAFIVOLREZHTET HEIFK

X Y Type 2V
mHh K 7 LBE | BFEF D FITARE | 95% UL | Y=+10.18 + 7.19X + 1.772X2
(ug/L) (ng/H) FIE | Y=-1.13 + 14.36X

95% LL | Y=-12.43 +21.54X — 1.772X2

R RI T LRE | BFEF DRI TLARE | 95% UL | Y=+12.84 + 3.33X + 0.169X2
(ug/g Cr) (ng/H) MR | Y=+5.35+4.90X
95% LL | Y=-2.13 + 6.48X — 0.169X2

UL : 95%upper limit, LL : 95%lower limit
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0.0 ‘5. 1.0 1.5 20 25 3.0 35 4.0 4.5
Cd-B (pg/l)

Cd-D (ug/day)

BEEEEEEEREE LK.
Cd-U¢ (ug/g cr)

X5 md (Cd-B) RURH (Cd-U) DRIV LEELEEENLDHARIDL

= (Cd-D) D%

4. MphAHRIHLEE
(1) ER
DFELDORELREBEICET 22EHAE (TaFILHEE)

T-E L O EREICET 2 2EME (maF @) (X, EN 15 »FTo
Wil o Z — D B D M ET e 4T 103,099 44 (R 2011 4F 1 H ~2014
F3H) Xz, HAERN 13mIZe D ETEH L, AR UVNE~DFE
AT HHE R — NEETH H1(Z2 K 54, 55),

WS SR/ B o E 95,010 4 CEX4ERS 31.17+5.05 %) O
s B3 APEEO R IAE (25~75 /S—F % 1 JUHE) 1Z 0.66 (0.50~0.90)

1T T aF V&R — L= (httpsi//www.env.go.jp/chemi/ceh/index.html) ,
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nglg. FHIEIE 0.75%0.38ng/g18 T d - 1= (B 56),

Nakayama & (2019) (%, fLFFH FI U AREICEEZ KIFTF72THIK
T & U CHER LM Z 217 TR Y CKOBIREIRIM P I U AREIZKE
B ERFTIRNEEZERLCND, 70, Emofdh K U AREITE
EOMmPFd R 7 LARE L ET S & 2.3~35FEVETH - 72(ZH 57),

Q®Eidahr— FAE

WAL = A — MR TR T O T M R FE A AT iR 22 3 o BLAR AT
BROENE 749 4 (GEEHAR : #BTHHE 2001 45 1 H ~2003 4£ 9 A . I FH 2002
12 H~2006 4= 3 A) #xfgc, HAEREZEBH L, RHELKOVNE~D
PRETHHATR—FREAETH D,

I TS 2R (ORI RERE . PR, SR, RN, MR R
) N, BEFENEAETHDHZ L. EETOHE (HR 36~42 #)
ThbHZ &, HAEROHARMKEN 2400g L ETHD Z &, HAERITHEKE
WOUTRBN RN EEESNEREL LTV 5 (2 58),

Iwai-Shimada 5 D4 (2019) <TiL. HILHIG OEHTHEOIT s 594~649
S DFIRF ORHRM AT BT LRE (MR 28 ITEIN) (n=649) L+ KA
1.18 (#iPH<0.10(M R ) ~11.23) (25~T75%ile : 0.74~1.79) ng/mL. [y
M R 7 LARE (n=594) (X HE 0.53 (#iH : <0.10(8 R ~10.52)

(25~T5%ile : 0.10~1.25) ng/mL, RS FI U ARE (n=617) %
E 16.95 (3.52~51.49) (25~75%ile : 12.97~22.72) ng/g ERE TH 7=
(2 59),

RZ Dt

Imiawati ® OFHA (2015) TiX, ALHEEE) T % OWiARR T oo/~ 229
4 (9~107%) (2008 4E K X 2009 SEDFICTAEICSIN) oMb h K 7 L8
FE DI (R 221% 0.860.12 (HiPH : <0.3CE &R ~0.87) pg/L TH
STz, HRAEIE 0.35 (MUASALHPH 0.20) pug/L Thoi-, Ml K3 o Lk
FRNEOFENROBREL FETOMBREL 7 KU X BICHFET
5 ENEZLNT(EH60),

18 JFZE 21X ng/lg OB TREE S LTV D23, Nakayama & (2019) (ZFRHE S LTV 4R
$1.0506 THEU T pg/L IR L72E 2 A, FIRAE 0.69 (25~T75 /S—t & A /L :
0.53~0.95) pg/L, F¥IfE 0.79£0.40 pg/L Th > 7=,
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BREEE (2017a, 2017b) 1&, “FAk 28 FEALFWE D A~DIT BEE=H
U o ZHEIZBWT, 80 4 DFRERISRFE (40 klh I 60 ARl - F ki 49.1
e B 444 836 4) oI R X w AR CE¥IE 1.220.63 ng/mL,
HIfE 1.0 ng/mL, 7 — % O#iHIL 0.27~2.8 ng/mL. ThH-o7= (FHH TIRIE
0.08 ng/mL), WA L D E K 15 IR (B 32, 33)  [148].

=15 FR2U~EEDORHEIZLKAMFH FIVLEE (ng/mL)

RFREH FEIE | R Hh i i
Wopk 24 4EFE 84 4 1.2 0.59 1.1 0.25~3.5
Rk 25 4F 83 4 1.2 0.57 1.1 0.40~2.7
Rk 26 4EFE 814 1.1 0.60 0.97 0.37~4.4
YRk 27 4EFE 76 4 1.4 1.0 1.2 0.38~6.2
YRk 28 4EFE 80 4 1.2 0.63 1.0 0.27~2.8
BXIRE 404 4 — — 1.0 0.25~6.2

F7o. ERk 830 FE~TTAEE LFWEDN~DIRL BET=F ) T
FE A oy FEED) ICRBTAMT Y R U LABEOR R 16 (TR T
(% 61),

£16 FH 30 EE~HM4 FEORECLSMPH FIHLRE (hg/ml)

B4 A JIE = EHME | RS | P fE i
2019 4 3 A 90 4 i E i3 1 E ifn
(531 43 44 ZzE 47 4) | 0.020 0.020 0.026 N.D.~0.078
P 48.1 7% 1Bk 1Bk 1Bk 1 Bk
1.9 1.3 1.6 0.21~17.0
2021 4F 1~2 A 80 4 0.77 0.47 0.68 0.17~3.0
(BYE27 4 APk 53 4)
SRR 39.7 ik
2021 4 12 A 121 4 0.64 0.38 0.54 0.16~2.2
(M 59 40 &k 62 44)
WL 48.2 7%

19 RPAIL, TRk 29 FEICHED B 0 5 R OEAMTHEDORFHI BT 5 RAET, F
B30 R B 1E, A HE D U 2 A— TR R AR 2 21 B % R O
VI L & W ROBRME HR L L oy bt LTERBL TS, 2070, 7
EHORE S, WA GH OEBENH > TH LT, BEEORERE L o e
A L ORI Ch 2B ET B UERH S, EShTV,
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2022 £ 10~11 A

89 4
(B 43 44 2k 46 44)
SER A 44.7 7%

0.94

0.57

0.80

0.17~2.7

ENTHRE SN TWD IO H DM FI U LREEZR 1TITRT,

x17 EBATHESATWD 24D FIOLRE

Hul - FRAE NHL - Fo BRI (ug/L) 5| ik
IR SATVEIE (HFH) | B3 62)
OFEVH Ye g R O#4ME 144 4 D2.21 (0.71-6.19)

CE¥4EH 54.8 7.9 1%)
@5 YL I R @&t 129 4 @3.21 (0.51-15.42)
(kfrie )11 J&1522) CE¥I4FEHD 56.6 8.1 1%)
2003 4F
g E|a: i) LA (RPH) (B 63)
A 2 IEG YR A B 222 4 A:2.15 (0.76-6.90)
(2006 4) CEYFH# 61.9£7.5 1%)
B : {5 YLl B : 2l 623 4 B:3.83 (0.55-13.1)
(2001-2002 4-) (CEE) - 59.1 8.6 7%)
C : V5 YLl C: Bl 355 4 C:3.47 (0.74-31.2)
(2003-2004 4-) CE¥4EH 57.5E8.1 1%)
A ek ot 429 4 I (FEPH) (B 64)
FEiH Yu ik CE¥4EHT 54.629.1 7%) 1.57+2.11
2003 4 (0.50-10.00)
(2) &5

AP LIESNTWA N RERE 2 —~ o A =% 2~ (HBM)
FETHESINTWAIHF D RI U AREAZFR 181, F 182 1T7-7,

*=18-1 \BHAMLLGHESNTWAIMAFA FIOLEE (OCHK)
Hudd - FHAAE NEL - Foifip B (ng/L) 5| FH STk
TOT
HIENLEE el (5-95%ile) | (B 65)
OFIR S RZEHE D123 4 @1.3 (0.5-4.7)
CE¥IHH 45.6£11.2 %)
@15 e s (R @219 4 M12.1 (4.4-38.7)
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CE¥)FEE 46.1111.4 7%)

12-19 7% : 565 4
20 Ll | 1 2,610 4

*:

12-19 7% : 0.133 (0.123-0.144) (0.130, 0.330)
20 B LA E ¢ 0.295 (0.277-0.314) (0.270, 1.35)

Not calculated: proportion of results
below limit of detection was too high to

provide a valid result.
LOD=0.1 ng/L

H ] P gl (5-95%ile) | (ZH# 66)
DTG Gl K D253 4 D1.4 (0.4-4.1)
CE¥I4FEh 55.83+12.9 ;%)
@) F &5 i 5 Y Ml 12 I ©243 4 ©4.0 (1.0-11.5)
CEEIFHin 49.5+111.50 %)
QT FET5 Y il | @294 4 9.3 (3.1-34.3)
(ChinaCad study) CEHH 51.7E12.1 7%)
HA A——] AL L) (M 67)
DTG Gl K D81 4 OFM: 0.9 (2.2),
(A {rT 254l 61.1/ 58.1 73%) ) #ZPE 2 0.8 (2.1)
@15 Ye il ) @600 44 @B : 6.9 (1.9),
(A fr] - 1514l 55.6/ 53.1 7i%) 7t 5.2 (2.0)
R
YL X — RS 736 44 Ol (5-95%ile) | (B 68)
FH175 G Hitak (PR A fp 15.4 %) 0.18 (0.14-0.28)
#1822 wBitproRESNTWLWSIMFH FEVLRE (HBMFH)
U | A PoE Sy N A FI v ARE (pg/L) G1V; BT
>k[E (National Health and Nutrition Examination Survey : NHANES)
2015- | 15%LLE | 4,988 4 KA HfE(95%CD) (50%ile™ !, 95%ile) (B 69)
2016 4£fK : 0.238 (0.224-0.253) (0.220, 1.22)
B ;2,488 4, B 0.215 (0.201-0.230) (0.180, 1.17)
et 2,500 4 #ZHE : 0.263 (0.244-0.282) (0.250, 1.25)
1-5 % : 790 4 1-5%% : * (<LOD, 0.160)
6-11 5% : 1,023 4 6-117% : *  (0.100, 0.200)

#1+ % (Canadian Health Measures Survey : CHMS)

2018-
2019

3-79 7%

4,596 4

B 2,330 4

M 2,266 4

AT (95%CI)

il (10-95%ile)

4K 1 0.24 (0.22-0.26)
0.21 (<LOD-1.7)

Bk 0.22 (0.19-0.24)
0.18 (<LOD-1.9%)

Mt 0.27 (0.24-0.30)
0.26 (<LOD-1.5%)

(B 70)
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= - Hgk | FAAES pog- Sy N¥ s Ko AEE (ug/L) 51T
3-5 7% : 482 4 3-57% : —
<LOD (<LOD-0.21)
6-11 i : 500 4 6-11 5% : —
0.099 (<LOD-0.20)
12-19 1% : 504 £ 12-19 7% : 0.13 (0.11-0.15)
0.13 (<LOD-0.32)
20-39 5% : 1,053 4 20-39 7% : 0.24 (0.21-0.27)
0.21 (<LOD-1.8)
40-59 7% : 1,083 4 40-59 7% : 0.32 (0.27-0.38)
0.26 (0.11-2.4%)
60-79 1% : 974 4 60-79 7% : 0.36 (0.33-0.39)
0.34 (0.14-1.8)
*Use data with caution
LOD=0.097 pg/L

[
KNHANE | 2017 19500 | sk L RIS fE95%CD)* 2 (B 71
S $2008-2017 T 16,873 | 4{A& : 0.72 (0.70-0.74)
(Korea £ B 0.64 (0.62-0.67)
National 41k + 0.83 (0.80-0.86)
health and
nutrltgion ' 30 mEARTE ¢ 0.42 (0.39-0.45)
examinati 30-39 7% : 0.60 (0.57-0.64)
on survey) 40-49 7% : 0.89 (0.84-0.94)
50-59 7% : 1.00 (0.96-1.05)
60 L0 E - 1.08 (1.04-1.13)
H
. PEE. | 2009- 6-60 % 13,775 4 MATEEO5%CD, (50%ile, 95%ile) (B 72)
o 84 | 2010 4K+ 0.49 (0.48-0.51). (0.49, 6.16)
(dbstrf, H: 6,635 4 B 2 0.60 (0.58-0.62), (0.52, 8.58)
IR, 1T M 6,840 4 2otk + 0.41 (0.40-0.42). (0.48, 2.07)
R, R
B EEE 6-12 5% : 2,082 4 6-12 7% : 0.21 (0.20-0.22). (0.27, 0.84)
s, & 13-16 7% : 2,443 4 13-16 7% : 0.30 (0.29-0.32). (0.37, 2.07)
. R 17-20 7% : 2,045 4 17-20 7% : 0.47 (0.44-0.49). (0.45, 5.15)
) 21-30 7% : 2,390 4 21-30 7% : 0.68 (0.64-0.72), (0.60, 8.52)
31-45 7% : 2,383 4 31-457% : 0.77 (0.73-0.81). (0.73, 8.39)
46-60 7% : 2,432 4 46-60 7% : 0.84 (0.80-0.88). (0.82, 7.17)

X1 ZORTOY%ile T/ S—v L FANVEDZ &,
2 PER. AR, SR Mg, BRIEIRRE, MR OWGEE IR, BT U 7 GERHE OIS W ONSIE RS
1B CRE L7

5. REDRFIHLEE

(1) EA

Watanabe HOFH4 (2013) Tix. 2001~2004 H£DLZ (12~3 A) 12, =
WIR D/ 296 420 (BIE 159 44, & 18374, 3~6 %) ZXIRICHIE L= F
IR DRI B X7 LYREE O S EAE GREERZ) 13 2.45 (2.19) pg/g Cr

20 REAfRZMIE LI AEL 2554 (BIR 136 4. &R 1194),
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Tholo, B HITFEME L LICTHEREIZEML TV, JRFT o 1-MG EBED%
T EE (TS HEMR ) 1% 0.84 (1.82) mglg cre TH-o7-. EH o 1-MG 2
JEIZEROEEBIIA LN - T2(B2 31)  [HB],

BREEE (2017a, 2017b) (. Fak 28 FFEALEME DO AN~DIEL BREET =X
U ZHREIZBNT, 80 4 OFAEXGE (40 mklh [ 60 A, )4 n 49.1
ik B 44 4, LPE364) OBRFIRORE S NI v AREIL, EHIE 0.90+
0.61 pug/g Cr, "HAE 0.70 ug/g Cr, 7 — % O#HiPHIL 0.12~2.9 ug/g Cr ThH - 7=

(FR ) FRRME 0.12 ng/mL), @EEFHA L O£ 19 ([T (B 32, 33)
[Fa].

#=19 TR 24~28 FEDORHEICLBRHPH FIYLEE (ug/g Cr)

RFREH FEIE | R Hh i i
RE 24 4 84 4, 0.98 0.56 0.89 0.21~3.1
SRR 25 AR 83 4 0.84 0.56 0.64 0.11~3.1
YK 26 £EHE 81 4 0.93 0.58 0.81 0.16~2.8
YERE 27 4R 7 4 0.99 0.76 0.69 0.12~4.7
YK 28 £EE 80 4 0.90 0.61 0.70 0.12~2.9
BXIRE 404 4 — — 0.74 0.11~4.7

£z, FAk 30 FEE~TF A FE ALFWEDOAN~DIESERET=F Y 75
A (A vy FEA 20) HEICBT DRTA B IV AREORRE K 20 1R T
(S 61),

£20 FHINFEE~SHN4FEORAECLDRFAFIVLRE (ug/g Cr)

ERIRAEA xR EE | RS | R A
2019 4 3 A 90 4 0.62 0.45 0.52 N.D.~2.4
(BYE43 4 P47 4)
LAl 48.1 7%
20214 1~2 H | 80 4 0.60 0.46 0.48 0.066~1.9
(B 27 4 2k 53 4)
T 39.7 1%
2021 4 12 A 121 4 0.57 0.45 0.43 0.042~2.1
(B B9 4 k62 4)
LAl 43.2 7%
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2022 4F 10~11
H

89 4

(B 43 44 2t 46 44)
SER S 44.7 7%

0.81

0.69

0.55

0.093~3.4

Imiawati 5 OFEA (2015) Ti, dLMEEME) T O/NE 229 4 (9~10 7#%)

(2008 4E K TN 2009 FEDOFIZFHAEICSIN) DOIRFH B 7 LJEE O+
Y7213 0.4010.36 (#iPH : 0.13~4.67) pg/g Cr TH - 7=, FHRAEIL, 0.33 (I
SIPLHERH 0.20) pglg Cr TThHo7z, RKHEH RI T AREIIEME 2T

(Kelp) OfEHE L OR#ENRLNT-(ZH 60) [Fi],

ENTHE SN TOD RIS ODH D IRP I FI U LAREERK 21 (TR,

#21 EARATHRESNTWSIRPAFIDVLEE
Hulk - FRAAE NH - B (ug/g Cr) 5| ik
LR SATVEIE (FFH) | B3 62)
OFEVH Ye g R O#&ME 144 £ D3.36 (0.33-13.22)
CE¥4EH 54.8 7.9 7%)
@5 YL I R @t 129 4 ©6.30 (ND-23.67)
(kfrie )11 J&1522) CEH4 1 56.6 8.1 1%)
2003 4
g E|a: i) LA (RPH) (B 63)
A 2 IEG YR A B 222 4 A :3.03 (1.04-16.7)
(2006 4) CE¥F 7 61.9£7.5 1)
B : {5 YLl B : Bl 623 4 B:4.38 (0.51-27.3)
(2001-2002 4F) CEEIFHiE 59.1 8.6 %)
C : V5 YLl C : 2w 355 4 C:6.24 (0.35-29.7)
(2003-2004 4=) CE¥4EHR 57.5E8.1 %)
3 ik (& LR, WER K | 828 4 24 WS R (2 73)
OFnaR L B) Bk 410 4 (2t~ h)
FH175 G Hitak T 418 44 EEIfE (5-95%ile)
1997-1998 4= D 49 %) B 0.8 (0.2-3.8)
(INTERMAP) /1.3(0.2-4.8)
% 2 1.8 (0.4-8.1)
/1.6 (0.4-7.3)
24 FF &R (B 74)
AR
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40~49 7%
B 0.6 (2.8)

k1.5 (2.4)
50~59 7%
BEE 11 (2.4)
2.2 (2.4)
b e 1 e ik 429 4 FAEE (FDH)
FEVH Yu ik CE¥I4EH 54.6 9.1 73%) 1.93£2.05 (2 64)
2003 4 (0.29-11.83)
A )1 B ) 1 o 6,032 4 KA EEIE (FPH) | (B 75)
175 G Hiv sk B 2,578 4 H% 3.0
Shimizu 5 (2006) | (GE(TFLEFE 64.0 75%) (0.01-49.6)
Kobayashi & (2006) M 8,454 4 M 4.2
(T P25 lip 64.1 7%) ) (0.02-57.6)

(2) B4t

AP DHRE SN TWD L O FEZ HBM S THE STV ARF I R
U LRE AT 221, £ 22-2 TR T,

5+ 22-1 BHADILOHMESNTWASARFPD FIILEE (OCHER)
Hulgk - FRAE NHC - ol B (ug/g Cr) 51 FH STk
TOT
HEVLEE PRI A (5-95%ile) | (B 65)
DFF7 G Ut (1 D123 4 @®3.1 (0.5-10.6)
CEY4EH 45.6£11.2 1%)
@iH YL s @219 4 @13.5 (3.2-43.6)
CEYEH 46.1£11.4 5%)
HEI R P JRI A (5-95%ile) | (B 66)
DI G MUt (1 D253 4 (¥4 55.3+£12.9 %) | @2.1 (0.3-5.2)
@ H & B Yu I R @243 4 CEY4ER 49.5+11.50 %) | @3.9 (0.7-12.2)
D HE PTG Yl R @294 4 (CE¥HER 51.7112.1 %) | @11.2 (3.4-40.9)
(ChinaCad study)
HIE RSB Pl (5-95%ile) | (B 76)
DFETG G tidg R DFF% Yt 284 4 D1.70 (0.67-4.60)
@15 Y el (F B @15 Yk 832 44 @5.53 (1.41-29.16)

FEHRELPH 40-79 %
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A A A—=Y—] PRS- (B 67)
OFETE Y= M R D81 4 OB 0.5 (1.9),
(BT )l 61.1/ 58.1 7%) ) #ZPE 1.1 (2.3)
@5 Y s (R @600 %4 @%BM 6.3 (1.9),
(T -2 ln 55.6/53.1 %) k7.0 (1.9)
KM
A xz—Fr A—FTRY | FEEEH 30 4 24 RSB IREEIE | G T
FE17 Y it (S fileFfn 39 7%) 0.11 (0.01-0.52)
AV z—F v YT 1tk 2,688 4 gLl (5-95%ile) | (B 79)
PAONVIE S-S e A (2004~2008 £EHFD 1 RAEF KR | 0.34 (0.15~0.79)
(Swedish 63 X% 64 5%
Mammography Cohort)
FE1% Y Hirdsk
Ay z—Fr A—TRY | Bt 886 4 SEHIE (5-95%ile) | (B 79)
(MrOS study) (2002-2004 “FERFD L) FE 75.3 | 0.31 (0.11-0.71)
FE1% Y Hirdok ik
AL — 736 4 PR A (5-95%ile) | (2 68)
FH175 G Hitak (P RAE AR 15.4 75%) 0.09 (0.07-0.13)
AZTF VA
XHR30HD 92 7 — X & v | 26,051 4 A E (%M 80)
= 3.43+3.17
(25 80 77—t kR 50 LA T -
VDN SIVRY S 2.26+2.66
1993~2015 4 50 LA |
4.19+2.76
TITN
3.98+3.20
HA
0.48+0.44
ik 21 WD 89 T —H & LA (B 81)
= 2.06+2.83
1980~2020 4 TIT N
4.31+3.45
HA
0.60+0.34
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=222 BHADLHESINTWARFARFIIVLEE (HBMFH)
E - i | AEE pIE = N¥ SRR R ABEEE (ugl/g Cr) 5IHT
k[E (National Health and Nutrition Examination Survey : NHANES)
2015- 1Ll | 3,058 4 Wi I (95%CID) (50%ile™ *, 95%ile) (2HH 69)
2016 2K 0.144 (0.135-0.154) (0.139, 0.781)
BYE 1,524 4 Bk :0.116 (0.109-0.123) (0.111, 0.561)
ot 1,634 4 #E : 0.178 (0.162-0.196) (0.185, 0.915)
3-5 7% : 4854 3-5m% :* (<LOD, 0.227)
6-117% : 3794 6-117% : * (<LOD, 0.157)
12-19 7% : 402 4 12-19 %% : 0.052 (0.047-0.058) (0.050, 0.147)
20 % LL I 1 1,792 4 20 7% LL 1 :0.190 (0.175-0.205) (0.188, 0.882)
* Not calculated: proportion of results
below limit of detection was too high to
provide a valid result.
LOD=0.036 pg/L (7 L7 F = AHIEZ L)
2015- 18-6575% | 1,899 4 ug/L (7 V7 F = 4HEH D) (&R 82)
2016 B FEHIM#(95%CT)
Lotk 51% 1A : 0.17 (0.16-0.19)
26-44 7% : 40.7% Bk 0.13(0.13-0.14)
etk 1 0.22 (0.20-0.25)
18-25 7% : 0.09 (0.08-0.10)
26-44 7% : 0.15 (0.13-0.16)
45-65 7% : 0.26 (0.23-0.28)
#1F % (Canadian Health Measures Survey : CHMS)
2018- 3-79 7% 2,531 4 LT #(95%CI) (B 70)
2019 il (10-95%ile)
4 : 0.20 (0.18-0.23)
0.21 (<LOD-1.0)
G 1,254 4 B 0.17 (0.14-0.19)
0.18 (<LOD-0.79)
k1,277 4 ot 1 0.25 (0.22-0.28)
0.27 (<LLOD-1.3)
3-5% : 5154 35k —
<LOD (<LOD-0.40)
6-117% : 498 4 6-11 7% : —
. 0.094 (<LOD-0.24)
12-19 %% : 505 4 12-19 #% : 0.074 (0.060-0.093)
» 0.082 (<LOD-0.29)
20-39 7% : 329 4 20-39 5% : 0.15 (0.12-0.18)
0.16 (<LOD-0.46)
40-59 7% : 3414 40-59 7% : 0.30 (0.26-0.35)
0.29 (<LOD-1.2)
60-79 7% : 343 4 60-79 7% : 0.44 (0.41-0.48)
0.41(0.17-1.5)
LOD=0.047 pg/L (7 L7 F = HHIE/R L)
5 ]
KorEHS-C | 2012- 3-18 7% 2,379 4 wg/L (7 V7 F=UfiER L) (B 83)
(Korean 2014 24 (95%CT)
Environm 95%ile (95%CI)
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E - i | AEE pIE = N RS R0 ABRE (ugl/g Cr) 5IHT
ental 42K 1 0.40 (0.39-0.41)
Health 1.07 (1.01-1.14)
Survey in HPE 1,228 4 Bk 2 0.41 (0.39-0.43)
Children 1.07 (0.99-1.18)
andAdoles M 1,160 4 Zott : 0.61 (0.57-0.64)
cents) 1.58 (1.39-1.83)
3-57% 1 4274 3-5 5% : 0.39 (0.35-0.44)
1.37 (1.23-1.53)
6-11 5% : 958 4 6-11 5% : 0.37 (0.35-0.38)
0.84 (0.79-0.94)
12-18 3% : 1,003 £ 12-18 %% : 0.44 (0.42-0.46)
1.00 (0.92-1.11)
KoNEHS | 2012- 19wl | | 6,469 4 ng/L (7 V7 F=UHIER L) (&1 84)
(Korean 2014 WA (95%CT)
National o LB (25-95%le)
Environm 4K : 0.38 (0.36-0.39)
ental 0.40 (0.24-1.36)
Health Bk - 2,769 4 B ¢ 0.39 (0.37-0.40)
Survey) 0.40 (0.25-1.29)
Ltk + 8,700 4 et ¢ 0.37 (0.8570.39)
0.39 (0.23-1.46)
H
B, PEER. | 2009- 6-60 1% 13,427 % pg/L (7 L7 F = 4HIER L) (B 72)
Hi o 844 | 2010 (I (95%CD), (50%ile, 95%ile)
(dbstrf, HH: 6,844 4 424K 1 0.28 (0.28-0.29). (0.30, 2.40)
IR, 1T #k ;6,583 4 B :0.29 (0.28-0.30). (0.33, 2.15)
fRg ., LU 2otk - 0.28 (0.27-0.28). (0.28, 2.70)
B 6-12 7% : 2,295 4,
e 13-16 7% : 2,344 4 6-12 5% : 0.19 (0.18-0.20), (0.16, 1.35)
SN UL::] 17-20 7% : 2,123 4 13-16 7% : 0.27 (0.26-0.29), (0.29, 2.27)
) 21-30 7% : 2,187 4 17-20 5% : 0.31 (0.29-0.33, (0.35, 2.40)

31-45 7% : 2,328 4
46-60 5% : 2,150 4

21-30 7% : 0.27 (0.26-0.29). (0.29, 2.12)
31-45 7% : 0.31 (0.30-0.33). (0.35, 3.08)
46-60 7% : 0.40 (0.38-0.42), (0.48, 3.18)

X1

ZDRTOY%ile T N—k vV ZANED &,

163

166




<BEFF>

a1-MG « 1-microgloblin : a«1-I 7 a7V 7Y

EFSA European Food Safety Authority : KRN & 22 2ERS

HBM Human biomonitoring : t =2 —~ > A 4 =% L F

ICP-MS Inductively Coupled Plasma : FEHESG 77 X~

ISO International Organization for Standardization : [E FAZ #E{ b4k
Fiig

JECFA Joint FAO/WHO Expert Committee on Food Additives :
FAO/WHO A& [R&Z i s 5%

LOD Limit of Detection : & HiFR 5

LOQ Limit of Quantitation : & &R

ND Not Detected : i H

TDS Total Diet Study : h—# VXA v NAXT 4

US EPA United States Environmental Protection Agency : K[E BRI~

7
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JEMOKPER AEFWE
JEMOKPER A LT
JEMOKPER AEEWE
JEMOKPER: AEIEWE
JEMOKPER FINTH D%
JEMOKER: AEIEWE

REAARIR T — 2% (FRk 16~22 F£%) 2012
REARARE R T — 2% PRk 23~24 4R ) 2014
REAAER IR T — 2% (FRk 256~26 4££) 2016a
AR IR T — 28 (ERk 27~28 4£%) 2018

REFHAEAS R T — 24 (FRk 29~30 ) 2023

AR (faAkfeAK) HEfE
(https://a.msip.securewg.jp/docview/viewer/docN7C2D24C7932B612c9166b34a5
6a4ca823e5c5bbca9193e064a952617366135d3fb1a6a5367ab) (2023 4= 10 H 17
HERERD) .

AR PR, BEE WOE, B D 2, AR B, ML v FE B IXRT AU
— X =P OITLEE—FONIEOZ Y MR & A, fnLfESHEE 2017
58: 59-64

W E, Pa B, R K3, IR B3, &R Kb, B OB M AT
V2RO RSB L0 R oS AR T 5 FZEHA. Rk
a6 2017; 58:166-71

O, R ERE, BE ROF, sl BE T BWMEN LA AR VSR
EYEBEIEOFN & Z OFIERRICBT D08, JEA I 1T BOHEHE T A S S B A
B (BaMOZeMERHEENIZEEZE), T 4 FEREE - R mEE 2023
Ml v, U Wos, 1RO, Rz b i, O, il BE S BRRE A LY
A A CFEHEREYEEREO TN & E OFERBICET 20, BB TE
HEEF A FEEMDE (RO LMERMEENIEEE) . Tk 30 (RS - A
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