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L

RAWEEZERDE O OHWCIT 5 AN & LT, o mEREE
P A T Z & & L,

T, HHEBEOEIKADBAE SIS WESBE TH D, HRIC RS I F
FEL., BABEROMMNRETIZIAL AT 21F0, BUEETITHR AT Y U ORI
X BREGGL, e LB O O, $hE . E/EM, N ¥ BEIBESEOR]
HIZX > T ABHRKOSLEEFICIER LT-, L7z -> T, & FOAEIRREEIZIZEA
K ONBHBROEDDIRIE L, RRSMEK L O E « BRI L > TF ks’
mE LB OBRE N LT MISHOBREZZIT T\ D,

ENOEEMICE L TIX, BEREZEICIAETEIMONTERY, BEEEL LT
IE. K 0K C O/ 72 SRR 1T K DR MR TE IR~ 0D BB S SR b
JETH LI SN TN D, KRR ~DRBIZ DWW TE, DOFE I~ TS
MEVDEWV D T ENE L OEFIECEN ZRRE ClE SN TR D RIS/ o3
EEEPEIC B D R MR RICKT T A AN R RS I N TV D,

L7203 T, ARFEIZBOTE, BREO/NEISM A, fEis, #ILFP ok, &
NERIBERERE DM A VAT TN —T L LAY AT TN —T %R — %D
RANEXBILTY A7 G-l &2 T > 77,

AV RT TN —TITHONTIE, RO IR ERREE & FnaEfa i (1Q) HF DM ATHE)
PRI EA~ O L ORI A - ok — MR OB ROAF IR IC RS & | HER
BRIES M EnEE % 4 ug/dL LT & Lz, NA U RZ T N—T %R — RO
ANZOWTIE, BERFEICBIT2EFPHEOT—F 2RI, X F~v—27 F—2
(BMD) % W TSRO BMD @ 95 %546 FIRME (BMDL) Z#%H L, AEE
A RIFE S WM ERIRE % 10 pg/dL UL T & L7e, EFEOFEDEICKE T H/hEom
FENEEE X, 4 pg/dL & EERTIERW LUV ZHERF LTV D, MR E 1T A8 Lo
WHDOTHY, 4pug/d WO EITH ETHLTH DM, AlHERIR D M e A
4 pg/dL 2B LAWK DIZTH 2 ENEETH D,

MR BIERE~DEBIC OV TIE, TNETELOETARXBRE SN
TWASHOD SrDOENENREIZISIT D AHEEMED LT L HoIZBE I TV &
W) RIRERC, BREH OSRIRE S L @ W B Sz 7o, 7 ARUTHW S
NTNDERTA—=ZNRBT LHBRIZESDRWATREERH L E W o T-ER S 5,
F7-, ANEEELZ ZEBIZANTVWAET LTS, KNEIREIZET 535 A — & OfRHL
SCHR N BB D OGN TR E DN I E WIFE O L O TH A L WO RIER H 5, I 5T, T
TINREE S T T IC LB ), BBk, K&, T, |BNEZR EKEHE L odh
MEEEICBA L T, HARENICBWTHRKER TCar 2056077 — 22170 <
T—HEDIXLDENRKENWEWVWIRIEND -T2, 2D, 7 L& H N CTo
HEMREN S EIEIE~OEHIINHETCH D EE X BT, 4%, FAEIZBWT,
BIRDONEESCERE, Wb DT —Z ISV FERICET LT — X 2E/HEL
TW ZENMETH D,

bz et MAEREELNERELE OBRERTT 2N R+0THDHT-
D, SROMHAIER IR T2 2 S IXREETH D EHIWT L, AELEZ MIT S 20
HFENEE DR ELY b > THEOR R & LTz,

Sth. M ERIEE D DEIE SO T 28 70 A A EE S 2 5 A 12,
MR EORE LR 5,
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FEREOL R

EMIBERICIALS DT AWETHY . b MIEFAFICBWT, Bk, 2E .
Rav BT Lo THERINTERLZELREY. BRSSO RK, THEEOENE)ND
MEIAVREEZZ T TN D EEZ LN TS,

N BE 9 2 FEYED ERRM 2 @A DWW TIE, 1986 420 JECFA (FAO/WHO &7
BN E S F 30 FISE T AL OVNIT XT3 2 B E i 258 R R
(PTWI) 25 pg/kg REAENEE I, D%, PTWI OXISRE N2 TOEMEE
WZIE RSz, Lo, 2010 4F 6 A IZBifE S 725 73 [Bl JECFA ITBW T, filf®
BT — 2 D HHITO PTWI (25 nglkg KEAR) 1384 TRVWERDY FFbhi,
Fio, EEOBRZBEEL PTWI LOEN/NIWVWI &G, 2004 £ CODEX
(FAO/WHO AR MHEERS) I8 W T 0I5 YRh1E K OB LIz B3
HATENE NHINTW5,

— )5, KETIE, KEOLZEEELZBZ HMNBEHCE TN T E-BL D
HERU - REEFELZY, BBETEH, 2007 FI2HEBO -8 S0 L
THEIAZEFENE EFINT 25 E Vo T FEPHRNTEZ 72, TN OF &2 & o)
T BEAETEE IR FEEEDORE - Rt R OB S b2 OB EEOIRITERD
HiMZ B L, 2008 /F 7 AIZRMWEEREANES 11 5113 50 T NOREICERY
BN ST ERBGIEL, I 272 DICRR2E2HT 555 T, 50 O/
FEREITIMAIT O WVWE ENRRNE &) ITEENT 5 Ll LT,

BN EETERT, ShOBRBEERESCENANAOES 2B E 2, 482 - HavtldE (2008
9 AFHMITERE) KOVHEREACEIK (2003 4 7 HRFEERE) OEBIFLUE LR D 2 S i
RSB Cld e <\ B BRICB T 2 B MEELEFMEZITO) 2 ENEY TH D &
HWr L7722 Evn, 2008 -4 A 17 HICBAE S L7235 234 IS A TR ZEIEARIE
%235 1H 2 50HLIT O BMEFFEENMZIT Y 2 & (B HFHL) ZiE L,
F-. AHLFMIL, $yV —F o I N —TF LW - FUEEMFRE S O
i LC, b E - (F R E MRS L O R - AR EERES0EMEER
IO DFEMAZEINZ, FESNbd I Lol
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B WNEFHE OO U WNHOOWOOWJO0 UK Wb+~ O

. R, eEREE
i, JIRF&E S 82, JuFRil s Pb, & 207.2, 14 (4B) &, [Rf{A (204Pb
(1.40%) . 206Pb (25.2%). 207Pb (21.7%). 208Pb (51.7%)). % 11.34 g/cm3
(20C)., HHERONRKODELPWEETH S, R FIR T, Fimici
LRI S T & NER ML SN D, HROREE AT 327.4°C, #B510% 1,740CTH 5
(O'Neil et al. 2006a, WHO 1995),

. BNDEE L RE

i, ACITHT 3000 FEEMNOMEH IN TWAEETH Y, BLEIMELS . FH0
WEDIZINTNES THDH 2 & REITEILEIED R SN TR SV &
M ThHDHZEHEDRBERFOT-OIZEAEWVHERH 5, HARENOUS &I
1990 T UVNTHRI 45 7 t. 2000 FFICB VTR 20 F t D4R & T
I (HE S 2006),

S LA, EICEE . R, SEMOEMm, BRIEE. ~ ¥ Gh-#
Ba) . R - BB 0 7 AFEORIE, ST LT T v s ey
=NVEIE O ZEFNOFEHCHW S D, BHRIZITIETFHES @h-7 o FE
-B) BLEIC L HW ST, 1960 R FETOHARIZBWTIX, HEIEAT VU
DT F ) v rHlE L THBIMEEY DT VX AR IRIMENT-G8T VY o~
S L Tz, JEH A A& N5 B\ S nb A L - TRAHF
SRR @D To, LoxL, 1970 FFRE LG8 T Y U O B HH4Z T
T2 EnD, BIETIIRAFREE ML 2o TWD, £/, KIENSIBFIY)
NN T, S LA MENE R ICEBm E LTHYWBNEZ ERH D | BEFED
g, REBLOMEH L7 &8 B 2 3R AR ISR DB R U 72 2L IR IS s VW TR
MHE SN TVD, KEFE TR, EBERNMEE 2 20 BRI ENOBERIZHW S
. ZOHFEDE DIZAND Z EN/NROBBRORINO—> L o7z,

BADRITRHE DHME

HARTIEZEOEIEITH < 6 S TR Y . BIA 33 (1900) FIZIEMES 15
T TEREW L OM O i BRI B 258 230 S 4, SRR 4 B L)
THEEOMEABEORGINTON -, THLCR, iR ARSI W TRIA W
B CHEEEDNRE STV D,

FAL e = VIR OB KR OH L HIHT 2 B THRMES N5, $HRZEROMREN L b O “HEMERRESA-C i 2ol
EIREA 72 & OESIMEA N H 0 | B - kT, BREOBEE CEMSCEHOMMAMESE 2RO S 58-I f b T 5 28,
IR CIHREAZE L T CaZn 272 FOIMRLERA BHEHIN TN S,
AFNEE (CHs), =F NV (CoHy) 72 EOT VX NFE%E 1-4 HEEA LT AHEMEA W ORI T, 7 b 7 =F 1 ((C2Hs)4Pb;
W Fugn) 27 F 7 AF 8 ( (CH)4Pb s TU A FLER) & &2 LR, TFUMITEAHEH, MkoBEWIRE (7]
M) T, O TET F ) v 2 E LTHBBEABEHIRMEN TV, BICT T = F LIt R & h 6 25 5 (W
S, wELIR,
HYV 2P Dy U —NIZBT B KEOEERIC L W RET HIEBEOERC DU IR 5 Z & 2B
BT 57201047 & AOE (RERICE K LIZFEOROIERENIEN) TV VERASERZLO,
HEhEHEH T A ZE T 5 ML AT L A RKIEHRDE & 72> T, BIETIIZ L OETHEINEAEYE T VY o~
T2 ENEIESNTWD, BARTIE, 1969 LI O AMER O B EHRHENC L > THEBEABEI~O T L LD
IMERNE SN Z LTI E Y | IHWPFEEE I L 2ITBHREHIC L - T 1975 FE 2 HAEESNODL X2 T7—H Y J Ui
I, 198THEIZTVLITH I VY (NAF T TV V) NESRME ST, R THID T H BN HIREL O 52 28R LAY K,
EhTWna,

8
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1. BR REBEERE)

OB A— RO I
DEFENWL &, P EpSY
BOAMA, BEH, WBI 5ES
QEFEINAES. BOHADADHRR
YAC, BRIGL

: 1.0 mg/kg

: 5.0 mg/kg

O&%&
O HRE
BHETLELEDTH-TIELELAL,
QHEEAE
SRIILIF—F—FE. AERESRHRUERHET
SN DEREHEKDIEREK : 0.1 mg/L LT
SRIILIAF—F—EDEK : 0.05 mg/L LLF

ERMWD KA - 140 pglg BT

OFRE - BARVEXIFIINLDEME—RRORE (8F
EREK)
OHREBEIBRIEIZTOEEILEVERONEZBTIOH
BEETHLTITHLELY,
QBEREMIEIDA Y FTRARX, 322 - RHREEDH
& BEAERE : 0.1%UT
QRBE - FROEDIE - BEANVSY  02%LUT

OFE - RRAENF I o DEMHOME R RE

DOHS RS, BHBAFARYODYE|E BHHAR

s RE<25cem : 1-8 pg/lem? LLTF

CREZ25em DED : 0.4-2 pg/mL LT
QEFMBIEXIF—AILNAE - RHRAOE

MERER : 100 pg/g LT, BFHEER : 1 pg/mL LT
Q@I LHFAFE

MEHER - 10 pg/g T, BHFE - 1 pg/mL T
@=BE AHHER : 0.4 pg/mL LI

5. BEH®

OB1 b o XIETZTDEMBDIRIE
5oLk, YK, RUBELE=L, KUTFLY
BHEER - 1 pg/mL LT
QILHEB LAY
MERER 10 ng/g LUTF,BEEER : 1 pg/mL LT
QFE. eBRT /Y —&E
AHERER - 90 ug/g LT

KEE

KEKEEAE

0.01 mg/L LI F

RIEEAKE

KEBBI-FhoBBEESE

0.01 mg/L LAF

TIRBRICHROIRGERE

0.01 mg/L LI (1Ri&S)

ARBRILE

(FUNVESEHE X

10-30 mg/m3 (ERDIEBICK >TEL D)

KEFAMLZX

—2HkEE (BERIRE)

0.1 mg/L

TKEE

BEICHFEHLLIEEYEICD
WTOHHESE

0.1 mg/L,

TIRBEREE

F_ERERENE

0.01 mg/LL

BRELEVEOREADHHEDEERVE
BoREDREICEHT AR

FE—IEICHERE

5 E B BT & G,

6 Rk 34 8 A 23 HERBITF S/ 46 5 (KEWH 22 B 37) DRIFKIC LV BHE,

9




030 Ot W N+

ENTRET D BUTIESH OBEIZHOWNWT, R 1ICE &H=, 2007 FIZHE-D
TN SIRNIEH L, BIAEE N A ERIL L7722 £, RKEIZBWTKEOZ A
BB D BEHIE EN L FTEEB S b0 H EREIL - A KK T D72
EOFMEPHRNTE Z o7, BAEZBHEIZ. ZNL0HF L X oNTIZ, &
BAEDORRE « RBWAER OB L L2 OHBEMED I b INUR KA RE L
776

- RIRHD 5%, B

i, HIEREEEIC 1.5 X108 EE%REL(E L., bW o Findh Lt LA
FET 2, AAaDE(L, BUZ X 2 Tk o7l - BE, KoK X > T
BREE R S D 1E 0 B SR IZ IR B i S D T R T ADRREEIC &
AT 5, 2RO B RBkRO AT EIZFR 19,000 t (Nriagu & Pacyna
1988) LHEE 4L, 2D 9 HAKILUD G OFR LT 6,400 t (Nriagu 1979) &
HEIN TS, L, BRHEKRDE DO N ~DIgER &7 < | BREPICHK
H S TSI BRI HERE S & 7o » TR EJE I ~K 5 (WHO 1995), Z#ubH
HARH S ROPEHEIZ. AAH RO FIICHRT/INIWNEEZZ 51T 5 (Merian
et al. 2004), ANAHEKOEH EZO(LAWIT, S, BB, R, A, F4EX
TEFEEDONTNOEEIZB W T HREF~PEH 415, 1965-1990 FI2EB1T 5
R OERIHE EITIR 2 T L, 1990 F121E 5.6X108 t IZH E~7= (OECD
1993), AT Y VU BMEH SN TV BETIE, KAFOERDIZFEAENRT VY
Y EIREET D HEEHSCHEI N D Th D, F T, ShER LSBT T TIXEIRE O
hE B TPERIZ L > TRAFOHRIEEN Em W, BER AP S znid, L0
FKICIEET 5, BNBICEENIHOZLITIRETNLDOLDOTHD, 2.
KESRKFDOENIEEL) DIRN TV A F ., BY#EE{IZ L > Tk MIED D,
AEWERETH E D KE <2y (WHO 1995),

N Rs O F

NZTEENC X o TR & 2238 TR D ER DS U S VT2 R . R o A#ksn &
OMERESN O BRI DL A= Uiz, 1970 LA AT Y U o BNEE TR
SNDHEHTDHET, HRAOEBEHTOMIC LD KRKIGERD 95%ILT V¥ /L
e EHRINAIHR R Th 5 L HE S 7z (US EPA 2002), Nriagu & T Pacyna
(1988) 1%, B4, 33 1 t DEBEZINI KK T~ SN TWD EHEE L T
W5, BEEEHGUATO BB (KLU0, Sa0Bt, T Ko H 2D
W LSS LA O OREEE) ORKHFINREX, 0.01-0.1 pg/m OFiH
NEHEE STV D, 1975 FFLBEHRE STV 2 BARIRE L, M THIE S
7210 T 0.076 ng/m TH -7 (US EPA 1986),

KEFITHEH SN - EEIE 0L A iE, BTk FIREE L CIFEIEL., BEH K
WEB OB TRRAFNOIEE - BREIND, BRI (ER)FHRIZE>2
m) (XA AR < AZRAE T2 08, PR IR & KRR L S 415, kL
£E3 0.55 umARE ORI -1 64 FELL E 282 il L, 1,600 km DL E & i
EEINDHZEDRRESIN TS (Pirrone et al. 1995, Milford & Davidson
1985,1987, Pilgrim & Hughes 1994), £IEGSCHBRHAT ) 6 K ~PEH S 1

10
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HERi 1, EICE-FiE b A% (PbSO4. PbO-PbSO4, PbS) TH 2 (US EPA
1986)

HARAE 16 #HICERE STV A EBRKKBIER CORKHRIRET — 2 &
OHG BIBIERNMBE I T2 =X ) VT —H 2 HWTEB I, HA2HE
BT A RAFEREEORMEIMEOHRE 2K 1 1T (RS 2006), K& H
\G%Eﬁlw5ﬁﬁ%1%O$ﬁﬁ#ﬁﬂﬁf%ﬁiﬁwﬂi_ %, 1975 FEDH
gAY OEHBRENIC L DEENRKRENWEEZ SN TWD, £/, 1996 FLL
[ D R H 1 /Er“@/szwﬁm T BRI R IR B S NV HEY AR ELEE O E T
X0 Y FEFT NS O RGIEHENRKREBD LizizdtEX 605 (F
75 5 2006),

o~ 160 —
g 150
g 140 iA
= 130
2 1o | W\
- \
g 100
R —
80
oo V'\\
00 W
Z 50
=8 40
® 30
K 20
10
0

1975 1980 1985 1990 1995 2000
AEFE

¥ FEES (2006) 51

1 BAZ£EIZETSKI[RRRED R FIHEDHE

2. TiEDPDER

I DRI FE 13K 10 -20 pgl/g TohH 5 (IPCS 1989), $hili# D2 < 1Lk ak
A" EEMARR TS, M EEEROP T, NABNRINEYRE b =T 551X
1<% 5 (Nriagu & Pacyna 1988, Nriagu 1989), HHErhoéhEE (Mo
%ot@kzﬁ)i,kﬁﬁﬁ%%ﬁﬁﬁ 2RO OREM S 5 3 EMIC b5
FVRL T ORI L 0 BT B, MRS K ONB AR O 5 208 HEEF oo
i%ﬁﬁ%&&éo

i%$®%ﬁ%@%7%i@@@@mﬁ”F@ﬁ\%M@)KM$®%®
JEICWE SN2 b D, WA SNk & k456D, au A NEEYIC
ETHH0, T TEOHHR S k@A%%%m?5%®ﬁ&%&T&5(US
EPA 1986, IPCS 1989), ZiL L DOFREDE L, 1HE® pH, LM, Kk, &
W e g, B a4 R EBILERDGTE., BiA 4 o AR HHE K OV O § E*

11
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IEFE LT 5 (NSF 1977, Reddy et al. 1995), +HEHEH OO KRE /1%, K
T v b Bk Bk~ DAY & HESK XIIMETFRICHE S L TR
D (Reedetal 1995), TEIZTIMREFINLTWATZD, L (HEEKIZEEMRE L
TARRETOH T AKA~DBAT) IXTE AL S22V, $a0UE Lz HENR A
SNDHZ LT, REKIIBITT SRR H S (US EPA 1986, NSF 1977),

HHM & ED % pH 6-8 O HHEDGAIZ T NI RIEME DO A HEENSEIR 2 Rk L |
[ U pH T A &N D 72000 3 CIlIK T L RS IA 2 T a2 2>, IRERA
TRV UEEA A E I B R T A, pH 4-6 D OG-, AL
RINVEIE L, ISR~ A E 5 AlREME 5 (US EPA 1986), Ll
DEYD ISy 7 7 F 7 K L~ULid 10-70 pglg OEFAN (GEMS 1985) THh 5,

FEWZ X B8 DBUAFZT, AR DN 6 DY & KD B ORE R I ~DILAE D —.D
DT BEARD D, thik, NEMEOEMIEREZ AR L, flix OfzA 4 LR %
TRk LT3 LERENCHE AT 28008 H 5 720 AR D OWRINEE TRV &5 %
BN TW5D, BRI SN2 HIEPOEIL, A 4o 23#ie, 15K 45 pH.
HHmE, TSGR, WML EESXBRAORER EORFIEKEFET S

(ATSDR 2007),

FEY) R DERTRFE X T OSRR LI 5, WM R DSRED > 7 75
R L~ LORIE R B EE AL 72 A BRI TIH Y S L7 IR B2
HIHARIZ L 2 HIERIRA DB YR K > CTIREEIC 22 > TV 5, 1B TIE, B Y U ERIR
BT 92 uglg LW ) @mWERELRA B SN TEBY , IEEE LTEHESNTWS T
KIEIRIL., BICEBEEONE S/ LT WA RN D D, —IRBIZIERE LT
&5 FRIBIROEREFE L 1,000 pg/g K T 5 M3, KETIX 26,000 pglg 12
ETAEWVENESNTWS (WHO 1995), (iT4EI2 &> TRED T AIEIE
DNEAT S AT HEEOSRMIEM I, 425 pglg T, FEEA HHEORIERE FIL 47 pglg
Tdh o7~ (Beckett et al. 1979), WEIZIIAVREBE., AFE,. 1 7 ORLEIZIA
A STV BIFETIEZ < O FETHEANHIRE S v, BNEEIOSMIREIX,
KET0.06%LL T, =2—Y—F 2 RTO05%L FICHHI S TWS, Lo,
WEOBAREN D DEIEE (%) FOBCHEEHL, ENEL LT,
HVNEIFREDOBESLHIEHEROFN L 725 Z b b, ZHUIBEIORIE, K
BOEH S, BEIRER EIC KD, FRNADEOEH LU, EEEEnflibil
TWRWGEE LI L T B> THLHGEEDHFREVMEIZ/: %S (Thornton et al.
1985), 1Y Ky OBAENTIN DN L LMo 7= Xk 912, E8dEEtoRiE
O 72 BRENRHIB R BRI RO R E RJRIK & 7e > 72l REMEN H 5 (Rundle
&Duggan 1986),

1999 FEICIHRE TS A &2 B MEHEHlEFHAE] (2B W TaE 10 #
miasr 193 S O—HEF ORRELZRE LizERIcEL D, —tEhD
PR P  18.2 pglg. BTEHERAZIX 2.2 Tho7z, (M) BARLER
2 (1984) BNBEYELTWARWEEZ LD /KE, M, HRREETHE L2
MED IR OERE A 2 1R T, — ik T ORI FE)E 13.2 pg/g
CHEST DL, FRENETEOORE TH-= (Pl L 2006), 7ok, ()
PEEF T B E T E ISR A v 2 — 2N F & OB GREUEE 10
km?2 (2 150EH) 2k D &, IHILIUBRAT T CIIEnBEME L CTaE <. & 6,064
ng/g ICETHHMMAME SR TS (535 2004),

12
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K2 BAOERMFDFFTRIEFDH

R

N TIEDIEE QR TFYE /gl
b
iiia)*itﬁ *ﬁﬁsﬁ ﬁ%i D) -ng 2)
KALIE 231 19.9 15.9
iz 166 14.8 13.3
HZRLiE 236 16.4 14.0
&5t 633 17.1 14.5

1) ERMTIE#E4 0-15cm. FMTIX 0-10 cm
2) HRTHA430-60cm DS EEFELRER 15 cm
X ER (2001) 5 3IE

3. K- EEHh D

i, KRR L Ok, BENSOFMH. &2 WIZPEKORAIL L # @K
HIZAFAET 5, RIEKFH TOSROEREITKD pH RO GH BITEKFT 5
(USEPA1986), $hix. AKHThad 4 OKERbMA 4. REEA . Wilk
AF RN VA ) EERMEOICTFE AR L QLT 5720, 13E A
EDFREAKEH T AKIZE W CTEFREDIREE KV (Mundell et al. 1989)0
Flegal & (1987) OHETIX, FREKDBHKR L ~UL1X0.02 pg/L TH 7=,
— AT T KRR EAKITIE 10 pg/L UL EDOSREE T S v Tz (TPCS
1989), 1970 FROKEA VU J AINTOREIZ LD &L WIIKFOEIT, 27
D DOENENREMEDIREETHFEL TWD EE X LN, Bk & L THFEET S8
CVEIFREL L TCIEET 280 L ki, AEBOMID 4 - 1ﬂ%ﬂm&@ﬂmw
27 : 1 £ TEIT D (Getzetal 1977), MEETIL, SHHYIROEE L BT
PRI DOWE KGR D S ILIEF TR UL D8 LR HE S v TuZen, KOFHEE
D D T OWE K P EEEE X 3.5X 1038 pg/L (S 0-100 m) . 2,500 m UL ED
HRET 0.9X1038 ug/l Tho7o, ILREHED D D CTIX, i TlE 34 X103
ug/L. 2,500 m LA EDOE S TliL 5X103 pg/L TH - 7= (Patterson 1983), Settle
& Patterson (1980) (X, A HATOWKTENREIL 0.5 X103 pg/L Th o7&
HE L CTWD, Flegal & (1987) 1, KEA Y 74 V=T MDET L —{ET
TToT=FHENS . DMK TED 95% 2N EIC K » THEITN TR TH D L #E
FELTWD  (Flegal et al. 1987),

BREEE (2011) A FEfi$ 2 2EET- S O ALK BT 2 §n7E E o HlES
;%@mrmuﬂﬁ@K&ékcﬁE®mE%ﬁun@L%Ezé%ﬁ®%é@\
WTILDOEFEIZBWT Y 1%L FEbT N ThoT,

ERIZBITRIEE

1. BARE

W NBREZ Tl KRR FITIRE u:ﬁe.\ﬁ%rﬁwz o THRIZE Y A E L, M
~BE) L CTHRNEZIERT 5, WARRE 21T, S BRAT-C B T2 81T DR,
I a BT BBROER 2 O 1R, /\/&H FVEZER & DI BBREED b DR ERER |
T3, aébﬁ I IBEENG IO OPEH AT A2 EO—JREREND OBRENH D, F
72 IR EENTEY ., 1960 £ 1980 DRI T 47 R T
%%éhfwk74»&~H%@kﬁ:@¥w%€ﬁ%@24%@T%@<%@
2L BN B ASII, BYVIRIKEBIZAR I ERARESINLTWVWD

13
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17

18
19

(Mussalo-Rauhamaa et al. 1986), H/45 (2006) 1%, 1999-2003 /D H A
RENCBIT D RATNEEOE=FZ Y o 7HIEME Oh) ESLERE - 5B
KOV () BpE iR R (2005) O/NE RO A DOBEEDN S . R
BREIE (BT him « I alb—g 07 ZHWT 0-6 o/ Lk
ANOWARFE EEHEE Lz, ZOMEER3ITRL, /MR (06 EIERDFE) L
RN DO AR B DOMER S Z B L=b D& 215R-T, Zhbnb, /NED
TN LY BREY 720 OREERENZ < /DNROFTHFEERIMEME EREY
720 OBBRENZVMHEAN A LN DS, ZIUL, Fim2MEWIE EIRE Y 72 ) O
BRSENTZDTEAS EEZLND,

F o ZEWREIZ L0 NROMAERIRED BA 5 2 & NEE ORI L VR
SINTEY ., BAROBEFFTO/NE 2B ATOIEIC BN T H , FERES
D/NRIZEERT, BEFEO /N O AR SRE XS -> 72 TGS 1997, Kaji
2007),

&3 MNERERANDRARTES DHERTR

TiiE 5IN—E B34 | 50/8—tE4 | 95 /8 —t 4
S REM [ue/k &E,E] JUE 4 LiE 4 L&
Herke [ug/ke AE/A] | [ug/ke AE/A] | [ug/ke AE/A]
0mR 0.021 0.0037 0.015 0.058
1%R 0.018 0.0033 0.013 0.051
2BR 0.018 0.0031 0.012 0.050
3ER 0.016 0.0029 0.012 0.046
4R 0.016 0.0028 0.011 0.044
5 R 0.015 0.0027 0.011 0.043
6BEIR 0.015 0.0026 0.010 0.041
INR 0.017 0.0030 0.012 0.048
A 0.011 0.0019 0.008 0.030

R

- == A S
% 0-6 % LD X EES (2006) A B

0.07

0.06 | INR
A

0.05 |

0.04 |..

0.03 |-

0.02 |..

0.01

0.00 T T T T T T T T
0.000 0.014 0.028 0.042 0.056
#OREE (pg/kg/B)

B2 MREBRADRABREEDERS M X hED (2006) 5551

7

VIalb—va v ETIBRICK LT, TOATNCKEOREE LS ETHIMEZ BT 5 Z & T, ZOBREHERT)
WL Fik, 22Tk, BBEREOZIHERCHEAMOBRBREOBE N EEET 57201, BREPIRECRERE (BRERE
ROMKHE E) ([ Ai& 52, Crystal Ball® 2000 (Decisioneering Inc)Z VWV /=E T AL E « I 2 b—2 a0 %1T7H 2
LT, BBEEASMELTHEE L., BT han - 3 ab—y g CORIFERNE 10,000 @ E L, $o 7Y v ZFEC
X, MRS % — R MR ORI AEI L, FEBOMESMIH > T, FRENLOEEY TV T 57T - A
SN— e Fa—VEERA L,

14
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2. BOKRE
TSEIRER 2 52 T 72 VRN T, B R OB K DS FE 72 @B R & 72 > T\ 5,
—J5. NRTIE, BHEOECEIKIZINZ T v o 780 B A %2 L TENESR
i@%ﬁ ﬁ&&ofwéo:hgwm 2. 7 U RB LT T ARG AR D
c R BRI E N LA T M BIRERE L TEIALNTND
@i\i@ﬁ%@ WY U7 2. R @Lﬁéﬁﬁ%@ﬁﬁ g
VE A LTEEENSOBRHIC L > TURERTFICE END, BIEY TIL @E.
@fix%%i@ﬁ@% FTR 0 E L EOE TR, gh X aEH L
t IZ X ARG YE, 1980 LA, REBHMFIC L » CTllESN=8h 7 U —
VA LD KIBIZEAD LT sd (WHO 1995),

(1) BYMH LDERE
DEEHILDIEE

WA OB FHROHIBFZE RO & LT $53EFAO/WHOA R SN Y
F&ik (JECFA) (1999) 2% &7 EHMERE L #4179, HEREME
B O F-HIE1X0.3-24.4 ng/kglRKBHME OFPHIZH U | 2 < DETIE2-7 pg/kghHE
MATHoTe, FERPT 7 A TEL, KETIHR? o7, THED h—F L4
Ay NAZT 4 (TDS) LI GEHAE L7 HEHEEERE (1998-20074F D
PIfiE) 133.6 ng/kglKEMATHY . EEEIZFER UL~V ThoT, £72. KA
ENROBIMEZ T 5 L, Z2< OET/NEO T P2HERE VDS, IR
E%t@®ﬁ$%ﬁm @ﬁﬂ%b EMEREHER I NS,

EORENZB T 2EEND OFIRFEIZE L ClX, Watanabe® (1996) 723,
1979-1983 4 (1980 Fif4Y) M (¥1991-1994 4 (1990 FFHE) (2 HAEN19
T (LB 2> & IR E &I R SEENSA) T A (19804714
4844, 19904 FEFRA4674) 7> O R MR K OV RECE 2 H 024 IRFH 25108
ik (19804772934 . 19904EFA3754:) DI 231, B HE K O
TEPE 2 E Uz, 800D A i S8 R O 26 (i X 13 1980454 0 32.2 pg/ H 7>
ElQWﬁ?JT§¢Y71MQEI ﬁu¢?%%ﬁ‘i339uydLﬁw5232pydL WG
AE (p<0.01) | ﬁTLT%tottbw#% T D I B AL & Sn R B
O LA EHIEIZ 1980 FH A &£ 1990 FFHA & b W%L@ﬁ@t@@ﬁﬁg&U
R ENIREE VIR T 27 O - Hulsk ($p4E HLE29-80 pg/ A | 1. $1$06.8-9.2 pg/dL)
D WEFCKIEERE (17-125 pg/H, MmH$71.2-9.6 pg/dL) (ZH_TRM - 72 &
HE LT,

9

~ U7 (mouthing) : HIZAIVTHEDN® DS LFA DOEIE,
=S NE ATy NAZT 43k (TDSIR) : IRKFFH O 2/ NEE%E CREA L, [EREEEH - REREIC L2880 0B EE
IG5 U CREEERNCIRG L. BHCE U TR 2B T - SHEE L 7=#. /98 L. SRS & b E o P EH R
EEENT 5, JHCRFEOEMICE T 2RO EHNREEELZ R CD I LR | ALFEWE OV R H R Z HEE
T, v—7 v bRy NHAE BIEHIN D, BIEOBEMETSE VR, ElT 2RI L > TRAOHEENES T S
O, TR ORIS B L OBBERET — X BRWEERHH, SHIT, BN TEZ ORMEZIRAT 5720, 2 ND &7z
DRFTUVMEM D B D,
TSR RE IHAE LT, — RICEBIR L 72T R CoREY & [FH CFHEEOR CRORAZED TRIEL THL 5o TS \ﬁ?”éjﬂﬁ
&*i@ﬁﬁﬁﬁ/ﬁ@:ﬁ?”@iiﬁ CHESWTHBLLE b OZ ST 5 HIERH Y | T b O FIETHERNZHE BB
KT HIFHBEOBBEAHEE T 5, EERIEIR L IcESENITT 5720, EfMRERE SN2, FFEOEADHETEH @ N
R TRFENENREZR D120, B ONDBUEITRGEAEMIT L > TRERIEETT,

15



x4 FEOEBEHEDNE F'EIEHEWE
B (ug/kg (KH/E)
ST HlER 4, e TR ERETI— i
A=A NF VT 5 2.6-3.4 Bi12F 1.6-2.5
(1998) & 2.4-3.3 w12 F 1.7-2.7
B2Fx 3.1-5.0
B4z 9 »H 2.0-5.1
49 | B& 4.2 Bl 2F 7.0 BICBEKBR < 95% 54Vl
6.3 | Bk 5.6 Bt 2F 11.9 FIBEK & T 95%5 /M
ol 2.4 | 20-33 ¥ B4 (70kg) 3.3 B 1-4F (20kg) 5.25 THERE
P %4 (60kg) 10.1 %4 (16.5kg) 24.4 TDS. #ERE
T4 T R 1.4
77 A B4 (60kg) 8.3 B 2-8F (20kg) 19.4 MERE
Za—Y—=JF B19-F Lk 3.3 Bl 4-6F 5.3
(1998) % 25 ¥ ULk 2.5 Bl 1-3F 6.3
ABNRFT PNy 9.9-48.6 | HYufE — R KAE
RS & 6.7-57 Hp A — A KA
AYz—FT 2-6
B 2.6
H[E (1982-91) 3.3
KIEH % 25-30 F (70kg) 0.4 B4 o611 A 06
(10kg)
# 40-45 F (70kg) 0.3 B 2% (15kg) 1.1
# 70 & (70kg) 0.4 B e6Fx (18kg) 1.4
% 25-45F (70kg) 0.4 B10F (22kg) 1.2
% 70 ¥ (70kg) 0.5 % 14-16 ¥ (60kg) 0.4
% 14-16 ¥ (70kg) 0.4
A (1997-2007) | 3.6 (53.3kg)

T EECHIEESTH SN TR0 B 01X 1980 FER ORIE
() BHEECAW AR

> WHO FOOD ADDITIVES SERIES 44 Safety evaluation of certain food additives and contaminants,
(2000) R UEHAEDFER (L TDS (ESZEHELELAENIEHT. 2006) A 551H

IPCS

S5, TABAEICBITAEMS OMIREBEEIZOWVWT, 197TEN G, HEFYE

© 0 IOtk Wk

e T e S S S Gy S S Gy Y
0 30 Uk W= O

tEpkBs (WHO) |

X AMERERETE =% 7> 27 A (Global Environmental

Monitoring System : GEMS) ®—8 & LT, EZ[EHE LR AT HF
HAEMTEAT & W1 L TR TIEYE O TDSIAIZ X 5 MRz s i A 2 520 L T\

5, :@pﬁﬁf L. BH100-180F D& L& AL, 1BE
WL, (HRE, IR L0 EORIENMTOI TN D, F,

L 72508 2 8- 12K 14

ToOREHZOW T, TEIBAME (LOQ) ™1/2 (ND=1/2L0Q) % % D

FEERALL

A

wmE L TREBEEZ RO TV DI, ZOFREMRRICES S BFND OFHERIRED30
FEMOHERS 2 KSIRT, BEND O EEE] i 19784E1213100 ug/ H LA ETH
ST, EILIERIICI L, 19884 LIRS IXIZIE20-40 pg/ H O T—1E &

—
©

o TWNAD, 1999@7%%200845!5&‘(0)10435%0):!:1’7@%%E' %, 27.6 pg/H (A&
#53.3 kg!2T3.6 pg/kgRE/H) T, JECFA MERE L TV 7= Eiiit 218 2 H

1L S5 Mt S 0y EE AME < ERFRA (LOQ: limit of quantitation) (ZH7=72VMEA. TS OITER FIRELT (ND : not
detected) & LTSN D, HHHERMN ND & 72072356 053 ik L LT, ND=0 & ND=1/2L0Q ® 2 fE¥{D LM
»%, GEMS TIEYMEREDRFMEE ZHRET AT, ND TEARWT —E BREED 60%L EH 584, ND DF—%
% 1/2L0Q & LTEEAET L Z & #BHHIL T D
12 7Rk 10 472 5 K 12 %E@Eé‘é%@%}ﬁ]ﬁé:go% AARNO T E (4
16

B ¥ 53.3 kg, /N 15.8 kg, AT -4 55.6 kg) .



030 Ot W N

©

47

& (PTWI) 25 pg/kgRE/HDFI14% TH Y . 20084-1%30.6 pg/ H ({KE53.3 kg
T4.0 pg/kgiRHEHE) Th D,

(ueg/H)

110
100 R
90

80

=]

70

60

40

\\

30

20

10

1980 1985 1990 1995 2000 2005 (4)

—i— ND=0 - @ - ND=1/2LOD

3 BEMNCDHRENEDHER

Z D, 21.3% KEB 27.2%

- DN, 5.9%

-ANR BR-EE
9.0% 11.6%

4 2008 FOEREHXDHEEZE (ND=1/2L0D) XTS5 14 BERBFOFEE
17
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QBEEBEMMNLDERE

20084E DA K OIEFER30.6 pg/ B Ik 2 14RO EFHREZXATTRT,
4EMBEEOFGRIT, KEH27.2%, WBLFih1313.1%, % - FFEHH11.6%. # -
FLELEL9.0%, MERE - 6.3%. A - II5.9% K ONH OB S 7% CTh » 72, KD %EH.
KNEWEHR L LT, BRENZWZ LICERTALDOTHY . A ENRIC
BWNEWD ZETERY, 2kE LTE, FICEWEREZ TR TREDR LIS
BT A LT, $HIFZ < ORBMBEICIAS M LTS, £o. 2 b ORMEE
DFHFIL, BEIFEROERHEYMICOI > TRE 2 LiZA LW (FH
SRS R AL AR SERT 2000, 2009)

{E B D BEAEBZ DN T AR EER 23 it L 7= B2 ENFEEEM T OMER
FRETHASE B A FBIRT, BROTDS & il L CEREBRNE WD, EEIR
RARHORNENE L oo TWDHMN, /IE, KT, DAL, S0 (o),
9 NAZE D TERBENIRMEWMEZ R LT, 2095, &0y (FHoX)
TERARBRMEEZRET2HE K bE T NAZE O THIBE DR &EE
K OSEEED & HITEWEZ R LTz, KEMIZOWT S, RIEkOSHhE A FEFHA
CERRO-114E5E) MEM SN TV D03, U Y X ThHEfE230.15 mg/kg, VHE
730.038 mg/kg Th o7 b DD, ZN LA D26/ FE TILEEBRARG CTH -7
(BMOKEEE 2008), B K7 AR F/LKERTH S IIZHEEOR MR
TEWEW AN, T DWW TIEITDS T HEBIA S OFHA TH A B L7 o7,
FE AxTa, T AV B TII80FRIT /AT S v /N O R M OShE
FEAROITT, BAERMICEREITE . FRIAE T SN EFE b SR E
OB SN TS (WHO 1995), —75, FehsE TIE R NE AR AT AT
AT EN O AI0 L O E A EZIE LI L 2 A, MR ME0.2 mg/kg
UFTHDHERESNTND (RERIFSLAREAEFEAT 2006), FoASETIZE
7V —HE~OUE R B R, PRI L DEEITIRW EHERI S D,

13 M, %6, 2 — b —. ZOMELFHE

18
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x5 ENEREVOHREER

=R R

EXREHRERER (FR16EE)

o | EE | TERREXRE | EER | KE | THE | FHE | F9E
L2 RE| BRE | oA% FLl L (1) (2) (3)

mg/kg gy | PR | mgkg | mgkg | mgkg | mgkg
ES 200 | 0.02| 194 97% 6 0.02 | 0.001 0.01
INE 100 | 0.02 71 1% 29 0.04 | 0.007 0.02
bN=1 100 | 0.02 85 85% 15 0.06 | 0.004 0.02
MAL & 40 | 0.02 34 85% 6 0.02 | 0.003 0.01

eV (RDF) 34 0.02 15 44% 19 0.14 0.025
EFWIA 40 | 0.02 39 98% 1 0.02 | 0.0005 0.01
IZACA 39 | 0.02 38 97% 1 0.02 | 0.0005 0.01
[Ehl & 40 | 0.02 40 | 100% 0 0 0.01
FyRY 30 0.03 30 | 100% 0 0 0.02
Jawyay— 30| 0.03 28 93% 2 0.03 | 0.002 0.02
Z<E 30| 0.03 30 | 100% 0 0 0.02
LA R 31 0.03 30 97% 1 0.03 | 0.001 0.02
EF5hAZS 31 0.03 22 1% 9 0.34 0.02 0.04
faF 30| 0.02 29 97% 1 0.02 | 0.0007 0.01
f-FER&E 40 0.02 40 | 100% 0 0 0.01
EFpSY 39 | 0.02 39 | 100% 0 0 0.01
NEL v 50 | 0.02 50 | 100% 0 0 0.01
AN 39 0.02 39 | 100% 0 0 0.01
k< b 39 | 0.02 39 | 100% 0 0 0.01
E—<> 40 | 0.02 40 | 100% 0 0 0.01
TPVAITA 48 0.03 48 | 100% 0 0 0.02
WwsZ 30| 0.03 30 | 100% 0 0 0.02
L=t 40 | 0.02 38 95% 2 0.02 | 0.001 0.01
YAZ 20 | 0.02 20 | 100% 0 0 0.01
HMA (HRREDE) 20 | 0.02 20 | 100% 0 0 0.01
BOHNA NEREDE) 35 0.02 34 97% 1 0.02 | 0.0006 0.01
33 50 0.02 50 | 100% 0 0 0.01
L 50 | 0.02 50 | 100% 0 0 0.01
AES 50 | 0.03 50 | 100% 0 0 0.02
nE 32 0.03 32 | 100% 0 0 0.02
M-y (REFZEC WV =-40) 30 | 0.03 30 | 100% 0 0 0.02

) FHHEIXGEMS/Food N Rd AEICHWLWUTICEYER L=,

a. SELH (RfFE) ZRCRBICOVTREERARBOSTREUNESTRBDE0%ZEEZ TL
e, UTFICKYFESE (1) RUFEHE (2) 2FHLE.

Fi9E (1) : EERARBOREZ 0] £ LTHEHY

FHE (2)  RHRFARBOREE NMRHRF) &L, RERFULAODEERFARBDREZ

TEERF £ LTHEH

b. SEVH(RAE)ITODVWTRHEERFRAEDDMRABAEIMRBDE0NRBETH 22 EMNDG,

TERFRFEORELZ TEERFAD1/2) & LTFHE (3) #HH LT,

X BRHMUKES (2008) M 55IA

19




x6 I LI RAFNIAMRORNEE

(ug/kg Bén)
o Vokont 4 AF o TAUL
o ROl (EEPH) o S b RIS SRS
3 1.19 (0.01-2.5) 5
ML (fFEh) 71.9 (27-106) 88 10
GREARZR) 9
LT AR
ShoNv AN RIR 30.1 (1.1-122) 13 10
g7 U —mA D HRIK 1.6 (1.5-2) 1
FLIE AR AL (1985) 96.6 (3.7-19)
WA AN LT s O d 21

a tHi : Dabeka & McKenzie (1987)

b H# : Albert & Badillo (1991) T —#1% 1982 FEiZf5 57z,

c i : Bolger fli (1991) 5 —# % 1980 4\ -2 bz,

d FLIRBEKEe IV DER L ~IUTH IV BEDPT T2 OKIZE EN TV LV OEBERRE VY,

(2) BREKRMSDIEE

HCERK 2D B OFRIRFRIZ OV TR, & LTEAHW LI TV D RHBAKEL, S
FROZDOMOEEMELN O DIEHNBERTH D EB X HNTWND, SnlOs
REIXENICEED AT T, ATEESCIMEICE A, INTOEERES Th D &
W) Bt EEO 720 BAETIZITEE CTILS R SN TEX 728, 8L o)
R MR BE & 72 o T2 72012, IHIEAR B O /KE ITIZEERH O 7220
BOMHAZEEZNE LTS HKE IR EAEXR] 2@ L Bk LR =
fEtey 1989), (M) AGHEELMHFZEE > & — (2000) 1%, 1999 1506 L7~ 7
T CHER 27,000 km %48 2 D900 KENRIZERFL T D A LT,

F£7-. WHO DEEIAKEH A FT A4 OEM (WHO 2004) Z1ERL7T-Z
EEZT T, BAESMA L, 2002 FITEITE T A KIEKDOKEFEAEZLE LT
0.01 mg/L &E®D, 2003 4 4 HHhEfT LT\ 5,

HRERKIE R (2001) 238 2001 4F 6-7 A2 311 o FEHKED TH#—%&
D) O 110 LK L72% oK) OFREZRIE L, $hfaKEEHLEE DR
HWUSD 7 N—TIZK 5y LT AKEKRFERRE DA (RT) 285 Lz, ZhiZ
X5 & H—FDKTIT 13-35%DFJE TAREFLAED 0.01 mg/L ZiiE L TV,
ZOWERREZIT T, HEENIL, SRR EEZEH L TWD —REREICH LT,
=R AGEZ M 5 HESCRRMAGE Z D7 o TG EG1E HWEED DN
—FFEEE (]9 10 L) OXKZBALUSO FRICHEA+T 52 L2 HRERL WD (R
FAKER 2001) ., L2cL., 10 L it L72tk D/K THEERGE/KE O FIAERE 23
3-6 m DFEFEETIE 7%, 6 m LA EOFRETIT 22%H3 /K E A HEAABIE L TV 5,

KBRS OERIRFEEIZHOWTIL, (1) T/RL7Z TDSEIC L DREEMNE T
X, —H%729 1 L OoKEKRKEMZTHELTNDZ END, ZOHITNBKS
nNTnsEEILNS,

1 REKIFBRUREIS L » THFFEE OFGRE LR L T D, BUKE D b AKEZIRY A0 Thakie (lER) £ Tk, Hiik
VMO AL 1AL OHAMTH Y | #KEFOMPBFEIIITEEOAR LR DB O,
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xK1 Sl KEERIERMNDKEKPERREDS

mmeke | HE FI—&BD K [mg/L] 10L& L =& D K [mg/kgl
; 0.01 & 0.01 8
FRERIM] | 4% | 0.01L 0548 01L 0518
0.01LLF 0.05L0F 0.05%8 0.01LLF 0.05L0F 0.05#8
-1 47 87% 13% 0% 100% 0% 0%
1-3 80 81% 19% 0% 100% 0% 0%
3-6 91 65% 35% 0% 93% 7% 0%
6- 93 60% 32% 8% 78% 22% 0%

X RREKER (2001) M 55H

(3)%5' %@“#B@ﬁ"
%%E cli ji ﬁnniﬁk i'lj: UL&Uf%”&ﬂq/}S%E % %% >~ ﬁu
£ hh Lk fﬁ&ﬁun&#ﬁﬁibffﬁﬁﬁ éﬂé'@_“fo)#@un%b‘? s Al

WONAL, RN, A7 EICHER LT E S A T 5 H @ﬂab\%m%ﬁﬁ&
& B U 7= BRI @ﬁﬁm %ﬁbf%%#éTA@ﬁ%é %@tb B4
D E - BastlEOBKILETIT, Fa RME O E - BatlZE0 A EHT X
foijiéﬁ@ﬁﬁﬁxj@mi@ﬁ%% Ebfwé

an L o RErTUERROMOBEERIL, TORTEZN (1) B G OIREE
THEL S OREBEREOBE WS- TDS ICAG SN TWS, T/hbb, TDS T
ES R mﬁ#éﬁm%%ﬂbﬁﬁ%ﬁi_k i@ﬂﬁmﬁﬂ%ﬁﬁﬁét
W, gk, RGO HESEOK TR TR - BasnlE L L TRy, =h
5D @%xifbé P« REEIED 9 B TDS THEDOIBYL X 1TV
RWVDITFEARNZRETHD A TH 5,

Z T, B - BHRUEDOHI L, ShOBANREE R LR, 1T A, &R
K OVEBARER I OW T, BEICHRT HIREE 2 HOICREHET 5,

Ot

Pamiem i, HER-CR R OB E LT, EMEORAZ NP R EZHET 729
2. MEBINTRIMEND Z 1B D, @%@ﬁbfmf%%ﬁfﬁﬁ#ﬂﬁﬁ
EAETER L7200, SR TIEFHLET D EHMN 2, (e AV NL R Sir AVAS
EDHH TROLEWVRE TR 5 & %i?f@ﬂ@ﬁb%ﬁwi LD,
1971 F-OFA T, Faias 119 MIAH 46% 23 ¢nla & 7 ug/mL 2B 2, 6 &
KI1% 100 pg/mL 2Bz - HESNTWD GEED 1971) 73, 4% 230 7=
LT 24 FEGE &V 9 IR D FE B ERRE (ISO) TE® biv, TBEO
REEAEETH 1986 LA I (R 1D, BIEPGEESNTHBHIE, 20X
9 IR FEHNT RN Uiz, BEFTZ R T DA RF O R CR MR & 72
ok$%ﬁ2m5$m1ﬁa2m6$ 3. 2007 I 0 CThH -7z, EWNTH
BT HREIZ OV TIE, 2005 FICENLEIE LB LEAICHTC 25 MK, 2006
L ﬁa%f66ﬁ%@ﬁﬁ%ﬁoto_mgwl TV b BEAl T AN iE
ENTEY., BEHT 2 AREERN B WG AL TH - 7208, BIEZ B X 5
%amﬂm@:%kf%1A7uymLf&ok:wﬁ#mmagﬁﬁﬁzmmu -
HORMEIO T RMEIZB L Z 0.02 pg/mL TH 7228, FBEERLEA S LTix 0.01
pug/mL £ 0 xRN EHEI SN D, 7035, 4%EERE TEAH RO b d
L THoTHKRKTIHAEH LW LRI TV D
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2003 FEERERIEENEICLIVT. ARANOBFOEREIT—H YD
2,070 g TH Y 2D D HEEMERMITHEREE 2 EE2EHTHR 150g Tho7o,
FID % A%EEE & RIS OB 2 L OREHCHAE L TA L L 20g LT TH D,
Fatsgasn7s b OOV HE % 0.01 png/mL, FRIEE S OFRELZ &FE LT 20
g Zlfias 2 O CTHEIT 2 Ll RICIEL TH,. —HY72 D OB 0.2
ng Thod, TOMITEEHROHBHZEERED 1%L FITBE 20,

QHSAHG

—HEEFCH T AN S D AT AT E T ey, L, 7
URAZNITT AT, ML E2RGIC UEE 2T 7 DIl {bin % 10-30% RN
LTEY, BHEBRTINEHT 2208305, 7 U AZLHT A 15 R EHE
W BR Tl ShiE RIS 1.39 ng/mL, ¥ 0.3 pg/mL Tho7o (GFES
1993), Ll Z U RZ T T AN ORI YIEEHEER S <. 2 [BIHIX
1/5-1/10 & KREGIZHADT 5, £7-. ZVAZ LTI A A REame L THEHATS
BETEIFRS MHEHEINAGE LTHUA VT4 AF—D T T AL LTTH
0. BHEEORWEMICEREINDZLIZHED R, ko Z b, TR
REHEOHRIZIAARANDREFZE R L L THEAT DT EDOETITIER B 7w & HEH
b,

RzEE m

pRE  REEIEL LT, AT VLA, TSI =L, 8 ., AKX, FH,
RipLOERBNMHEHIND, BETIZIEBEORMB & L THRNIREAT D Z L1
EAERVWR SREOTIIIINIMNEY B35 FOBRTHEE4E L LTEAT
HZLeNhAH, P 2ITARXELE (a—&F—1Y) TIlI¥%., ~> % T3 10%
EHBZDMEEETDHHLOND D, (ERIORMEAE T, #5 - Faga kol
EEHIHEAT2EBTOMEEESE 10%KR. 2 F Tl 20%A7 & LT
WizToh, ShEg A ENE VR B L Tz, LavL., 200847 HlzENE
AV0.1% LA F R TN0.2%LL T & 2E S, 2m Az EH S 472 2009 4 8 A LARRIL,
BREHEMLCTHEHSNIERBON VX ERAT D EIRIFEAETE
{7poiz,

A RB LR A TIIERUSN DT o FF o  ERATRR E~DOE Y B2 3 A
TWDHR, —HTIXEZRMEHEN TS, % 3%aHT 52 XE5EREC
BTy I HAE I E— LA TEET 60°C 30 2 XX IR 1 B O HEkER
ZFEMELIZE 25 0.1-0.2 pg/mL OEEHAFEO bz, BH LR v
T HWTHARBELSE—/L A 200 mL 8T & $hOIRFE &% 20-40 pg/H & 720 |
BRENODOBEFEEDOIFIZT 1 BICHYT LI LR 5, LML, 20X 9 78l
IO TR TH Y FEE L OREREICHE ST DI EOHEICIZ R B0, 2,
HAHESN-ZLICED S%IIZok s AN mETL 2 213kl b
HLDEEZD,

@E R BEIER &

ARBIETIX, BADOT-DOERH HWVIEIR VL =L ORER & LT, )
ICEER SN D ATREMEN 5 2 & D | B SR AETE TITA AUEHIE M E Th o)
GHEZ 100 pg/lg LFEEO TS, ZIsMbEYwELER E LTHERAL T
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DN DD DD DN DN DN M= 1
DOk WNDHEH O OO0 Utk W = O ©

27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

LRRDPBNLWETHY ALV VW IBETREINTZLDTH D, L
ANION %’é*ﬂrc‘: LT3R ETH D,

BEATIZ BT D AR OFE T, GRBIIEREE - AR oma A ROER
TEFEED O T RE SN TN D, T IFETEEE L TRIRMIIRICHY
AENTSMEEMIZ L D DO TH D, MR O mE S FEITHEE TIIRETH Y |
0 IAENTC BB EMIIMIET TUESITIEH L, D7, Gl
BHFCMPGASIN TV THOZNUCLDBEITIZ LA LR LENR D,

(4) ZENEMSDIRE

Aung ©  (2004) X, BARDOHWN 21 BFORNEEDOED S ENEE 2 HIE L
2l 2 A, BTEMEIL 117 pg/lg Th - 7= & G Lz, Ishibashi & (2008) 73,
AARENOEE 41 BFO=NEE, JEIA T8, E4 0 (BRICHEE > 72R) oR
*ﬂrw‘owa?&%fﬁ%@% L& ZA, EREhOFRAEIL 54.1, 31.7, 153 pgl/g T
BHotz, ZOREFIL, 1970 FE D 1980 4FF TIZFEAME THAE S 78k =08
TR L OFEEOT — 2 G sBNER ORRE (HRAEOFIFH 76-540 pg/g.
#iPH 169-5,580 pglg) &l L CTIE< . BANGLIRDOE S HIT & A E72 0 EEIR
TEhH LGN,

INEROENE—REEED 50 N—t XA UHEIE 0.025 g/ B R OR KEIE
0.200g/H ERAED A Z N TE (BAKLDEK 2009), Tk ERNEDRE
DRI EEIE 117 pglg (Aung et al. 2004) ZHWTEHETH &, /NNEOENE
2O DERIREE B 2.93-23.4ug EHEE LD, BFHKOMIETE E 4.0 pgkg &
HAABIZOWT, /NEDOIRE 10kg & LTEHET S & /NEORFHKOIRTE
HIZTHHS7ZVR6 ug &b, _@115}:%3&‘5”5 &L INRDOENEN S OHE
E&;E_ 2 93-23.4pg TR FHKOBREE L FRENENE KB ERZHELH 0
/NRIZEBIUT B EhigkER {ﬁ@o%gﬂﬂ%@@ﬁrff N7 REWEHEESIND,

(5) TEHILDEE

— i LB OIMREIZ OV TIE, 1999 FFEDHRETICE D [EFE25 M

PR ) OfE R b K8 L b O R B & EHE (2 mm LR ORifR)
1% 13.2 ng/lg Th-o7- (BRELT 2000),

— . Aung 5 (2004) OHEICELD &, HN 23 AR OFEE TEE (149 um
PUFORIER) (2B DEnTRE OB 4L 46.4 ng/g. Takaoka © (2006) @
WhEICL D L \%KW 31 AR DO g HIE PSR (150 um LU F ORifR) 11 55.5 nglg
Thole, —MRITRFIRWE DO ILHRIREIZHOW T, FIEDN/ NI WIE ERED &
KBRHMRARHDHZ ENMBLNATED | ERIONUENEEERT 5 8T,
Gﬂi@@d\é%ﬁ?’(%é LEZ 5N TS, Yamamoto ©H (2006) D¥fEIZ
L5 L&, MROFIfFE Ul L8R ORIRIL 39126 um Th o172,

BREEE T :,t/J\ ﬁ‘ﬁﬁywyéitﬁ@i%ﬂfﬁf 1 H 200mg EH#EFFL TV D, =
DED TEZRAHZ ATEGE . TEPEREA 13.2 pg/lg BREET  2000) &7
Ll IREEIT2.64 ng &5, NEOEFENG OHREIEK 6 pg & HERT 5
2:\ /J\ (Dii%%%ﬁ KO EBREITAEFHKROBFEEOR L Z 1/2 L7220 | /)

BT DNEED O BLTENODOHFGNRRENT ENRHEESND,

15

] N7 [ 5 i A S R AEIFFE T A8 M B AR ISR AT & B ) U C R L 7o R G Y B 0 TDS IEIC K 2R il (2008) 12 &
L&, BERADRFENG OIS 30.6pg/H, A8 53.3kg & L TAH LTz,
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(6) IIEMNLDRE

A HIETHMEZEAT 5D, EE E L TMEEM RIS 5 ATREMEDS
b LHBERRCABMIIE R ETH D A OF T 7 v AT H S0 E A
T, HEOBEERE LT, o bam EIREG LTE, IR, Bk RERED
FRHZEA SN, IARIEIZI NG DOEEZ DIZANTROTZD | M E o T
ERAANTED THZ L2800, O TOEERCHIRIZ L DI L0 ok
WV IAEND Z & 72D,

ENTHET DEEICOWTHA L& 2 A6, B 10 MiAT 4 ik 580
DIFRH A, 3HRIE 3.2-6.2 pglg LI TH - 7208 LKL 220 pglg Th -7z,
F B EARMRIT 45 IR 5K B ER D VB HH S, B id 1,300 pglg Th o7z,
Z T, EBEEORM SNTEBE AR (R—L) 2 BIRIZOW TR R %
[Tole b ZA NThddD I EIZL DM EIEE LI-iERT O R A EORERE
BrEDOE £/K 40C 30 7o) Tk, BHEHIFRO oo (EERS 50
ng/L), —J, MU > THRAIAATESGEOBEIRIC L 5 Z24E Lz 1S08124
ORER AL 0.07 mol/L g 37°C 2 Hjf#]) Tix., BIET 5.2 pglg, KIKT
3.9 uglg DIEHNRO LN QA S 2006), T7bb, a2 EHTHETH
S>ThH, ATRODDIET TIHIEHITET, 2 Co THICA -T2 & ITHhIRE L5
XEIFTEEILNS,

ISO A& CITAN N R Z N L > TIRA AL &% 1 H Tmg EHEL TV 5,
CHFBEOS AR 1 cm2 IZ/H4 5, 0.07 mol/L &2 T 5.2 pglg DIEH 1 H
LA T mg A Z AT A OBFREIL 0.036 ug TH 5, /NNE (IKHE 10 kg)
D1 HYS7Z0BHENDONEIRER 6 ng LIS 5 &, ENFT@EBLE O K KE
M 5HRDT 0.036 pg ITARFHKDOIRFEED 0.6%I21E X720,

(7) BOBEEDHTE

HPE S (2006) 1L, EE. B OECEK ORI EE D> & 2R G p gk 2 2 A4
Z W TN O nE L ORI 5 e O IRER &0 A0 2 HEE LTz, € O R
3 81T, /IMNEEADOROREREOMESMZR LI OZEK 5 (TR
9, £ 3 MO 2 (TR LI ABRER L LT, ROBEREDO T 2 HIEEE W)
BETHDHZ b, ShOXEERBERKIIROTHL Z ENREINTZ, £, W
MNgEEE L [RIREIC, NEROTTMEAN LD HIREYS 7D OREEENZ L, /NNEOHF T
HAERDMEVME CIRFE RN S MERIN A STz, A ORR OBREEOEHE (R
HY20) L LT, NEEETIZ 256, ORI TTIX 35 fFICELT,

16 MRIROWEE T, BRI OV CTEBIE 1g H7-0 OFER (ug) %, BLEAERIC OV TITEEELT
Gy EREER S B A DR TR 1g 720 OFERE (ug) ZRHL TV 5,
24
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&8 ROMBEEDHEMR

T10E 5I\—t A 50 /18—t 4 95 /18—t 4
NREH luo/ke HE/E] 14 JLE 14 JLIE 14 IJLIE
horke lug/ke hE/B] | [ughke KE/B] | [ug/ke HE/A]

0ER 2.5 1.3 2.2 4.4
1R 2.1 1.1 1.8 3.7
2R 2.0 1.0 1.7 3.5
3mR 1.7 0.90 1.5 3.1
4 %R 1.7 0.88 1.5 3.0
5®R 1.6 0.82 1.4 2.8
6 %R 1.5 0.79 1.3 2.7
INR* 1.8 0.95 1.6 3.3
A 0.72 0.36 0.63 1.3

* 0-6 RN X hEES (2006) A 53|

0.10

0.09 ——

0.08 A

0.07

0.06

ﬁ% 0.05

0.04

0.03

0.02

0.01

0.00 | y y -
0.0 0.9 1.8 2.7 3.6

#ORE= (po/kg/H)
B5 NERERADEROBREEDHEERSH

¥ FEES (2006) M o5IA

%9 ROBBECHT21E. B8R, HHKHNLDFERY

T B BRFK
B RE [%] [%] [%]
0mER 13 81 6.0
1mR 12 78 11
2mR 11 79 10
3mR 9.9 80 10
4R 8.0 82 10
5@ 7.3 83 9.4
6FR 6.7 83 10
INR 2 8.9 82 9.2
A 2.5 88 9.4

1) EROEWED 50 N—t U2 IEFRAV-BEICEHINWDIFEER
THY. BEANZE>TEZVDEVNLELDTEEENH D,
2) 0-6mRDFY ) )
X hEES (2006) A 53|
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Aung®  (2004) 1Z. 2000-20034F(Z, BB D/INE DREE R 1] D i % 51
DONT, BARLHGEMDOT — 2 2 THEEZ T 1-0 /INERNWDFEEDEN
BE21 R IR 2 B 28R BRig CUNEE 5 & & biT, TEOE23HTH DI IR46 (K %
BREL L7, 33% DEMHEFEN O/ (F%)5.155%) D24FFMZRERF (BRAK
EEte) MIRZTAREGINEL, 26 OREFEHREBELZRE L TREFENLOD
B EZ RN Lz, RAPENREIIHRFEEOE=2 U 77— %I LTHK
ANIRFE 2 HEE Uis, BRI BISHRZE O FAMEIX, B 546 pg/H, EN

0 30 Ok WhhH

9 EE7~511.7 pg/H, BFHNH4.8 ug/H, KRKDOWAIZ LD 0.4 pg/ A EHEE S 41,
10 ZTNOOEFHEIF21.5 pg/A TH 7= (F£10) . 5ROV EZ18.7 kg & K
11 ET DL, EHMEICEES < BEEREIE8.0 pg/kgRE/H & R S, 2 OfEIX
12 JECFADPTWI 25 pg/kgh i/ % FEl - Tz, 7ok, SRR &M (13
13 25248 ug/lH., BEANEENH35.9 ug/H. BFENH89ug/H., RO A0.8 pg/
14 H. G8HE70.4 ng/H) 128D < BEFEREIT26 ng/kglhkE/HM TH -7, HH D
15 X, BELROENEHREORBEN RSN ERERSIND EHE L,
16 WTIUZ LT, ROBFEEIIWABRZERE L VIZDNICEL, FEROBRED
17 IHLEBEOFENE N END, SO ERFYFIIRFETHL EEZBND D,
18 o BWLS DO Z L 2 555 TIEHIESCENEDO RGN K & WAl REME A
19 H5b,
20
21 #z 10 #HAD/NEOBRERZRANRIRZE

IRERER TiE ENE BE NSO PN &it

EHE 4.6 ng/H 11.7 pg/H 4.8 ug/B 0.4 ng/H 21.5 ug/B

(fKE 18.7 kg D15 (0.2 ng/kg {& | (0.6 pg/kg & | (0.3 ug/kg & | (0.02 pg/kg 4% | (1.1 pg/kg 1&

&) E/H) E/H) E/H) E/H) E/H)

HEER 21.4% 54.4% 22.3% 1.9% 100%
22 X Aung  (2004) i3I
23
24 3. BRERESE
25 0.5 M DREERSR /KA & B N BPE ORI 24 B R &Rk X C 4 M shig e
26 WAL 2y o 7229 Lilley & (1988) DA, FREIRTEIXEE /R IRE
27 BTV EBZ N TS,
28
29
30 VI. KNENEE
31 1. IR
32 KEF O EWANT B & fliTEHSCHONTWIL Z L, R - A RN SWIE E Nl
33 NDOIEERLWINENE L 72D L EZ B TW5D, Morrow 5 (1980) 1L, 203Ph
34 TT L LTHAESR R OV OVKER SR 2. 22X ) FIIIE AR 0.25+0.1 um DRI
35 & LTRRAN 17 41T 5 A3 I S/ TN O ST REZE L 2 BB L 725 5. BN o
36 A DEALEN T 23%., KL T 26% TH o2& L. KATOMITWASND
37 EF TR OB AN SN D EHiE Uiz, KERERH#ET (US EPA)
38 (1986) &, KiFH A XHR/NZUVIE ER FEICIAE LW T2 DT ER D3 & <
39 720 AN DZEZHFE DO RNILE R IXERL - DORE SO EIZ LD B2 5753,

26
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#30-50% & LT\ % (USEPA 1986) , HENEOHER T A OMUINBL 1%, W
ANEND &2 LFMEEICER < TAIEIZIEAE LT E A E (90%L 1)
DEEIZWINEID (Rabinowitz et. al , 1977, Chamberlain 1978; US EPA
1986), /NNRIZEIT Dkl OWAEFRIL, KREZREL, AL /NLOKED A
REEEDENEZEBICANTEHET D L, RAD 1627 (£ THDH (James
1978), B O E GO TROBIRINZE. + FE5EE DDA 5
WD (Ziegler et al. 1978), THILE D OWILE LT, BBE S =FH D
AETREE (FEl. EAIREE. SR OV LY 7 ADBEURAESS) LB F A
btk Chi -4 X, WEfRES) Ick &b L, A% 2 -8 mo/hNETik
FEL 728008 40%% (Ziegler et al. 1978) . KA TIX 10-15%F2E 2 WUV 9%
(WHO 1995), Drill & (1979) 1%, 2-3 DR BB R EH ORI R %
17%, HESEWNEND OSHOWINEE 30% EHEE Lz, KEAEDE - B
BEkSR (ATSDR 2007) (3. i O KIEMESR LA W) DU 2 % 22 JEIRF Tld 20-70%.,
EAF Y II% TIX 3-15% & LT\ 5,

2. 9

ERSEN I, WU BIfR 72 < T8l CIRIN AT 29, I S 7= 8hid, £ 371
PRLZ K0 Tl 2 DB MM~ 53 B IS AE > Tofi L IRV CREREFnTE & &
BRI TR E S NS (Bl 5 2006),

15 7> & (R NAEAR T B0 2 i1k 3 2 AR BRI AR IMER Td 5, I TN S 72 8R13,
i, Pl Fii. PR, B iE e OVE B0 © 72 D #GHAE & B ic %8 &5, Manton
& Cook (1984) 1. EHEIRFEETITMAER DK 96%NIARIMERFIZIFAE L, M
PRIREE DS 40 pg/dL A Tl & g O BEIZIERAI L THmL, Zh X
Db EO I SRR EE TR R BRBEER 2N A B A, I ER T T B il HEn O EA 1T
FICHEERT 2 L@ LT 5, BEMIOEMERESE T ClE, BRR25WE LB R
EDOMITE T DO nENX, B, EFREICHD, 20, mMHPSHREIE—
XEIZIRBEREE & L CHOW B D, $hIREE & I Erie BE O BLRIT— A dh R
ThdrEEZLNTWSD, (WHO 1996, 2003),

7 v M X 28R Clix, 2R AEZE (Morgan & Holmes 1978) X(di#%
OIREZ (Aungst et al.1981) D%, ShIREEIT. K, BIEAL O &S &<,
R CEMREE MK T L CEFIRREIZ 72 DIt » T A SRR OB MM EIE X
NTW%, Kostial (1978) B X, ShOENRFFHIBIZRADOZ v L0 L EEFL
AIDT v NOFPELS HMPSRELRAT Yy FEVHIRT v hOFREW &
HLTWD, Collins (1992) Bk, 4% 48 HDORT v F~Dih5&E% 10
FFICHEIN S5 LSRR A 2-3 fFICHEIN L MER OB EN R b EhoT- &
WE L TWD, B OAIKAEDTIER 72O ERE T D, WA T AT D AIK
b L FRRINRTIZTEITE RIS, A TITER L BREICER/T 5, BROMEM
B OERDNE & WGHRRC MR & O PR Y | ShEtEICE S LT D, ik
BN ORI A Bk B 13 AR & DT B 720 B TICE R T S ShEI AR &
EHITHEMLTWL,, 1960 05 70 FERICHIT T, EEA 7T Rl
JEPEF O TEETHICB O TIThNZlEIC L 5 &, 16 UL FO B F o)
HEN 8 mg fEETHDHDITHK L, 60-70 %D BTl 200 mg FEEEIZE L TV
7= (Barry 1975), Barry (1975, 1981) &, 129 #lDi& KD &0 2 R E L
TeRERZRO X ITHE LTV D, B HREITHEEOE L v &< BHEED
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EBWERE TRLEN ST, /NEOIETD 2.2 ppm 76 E#n B IEORIEATET D
BB E o 50 ppm £ T, Fifit L BBEICE > THIEEITEIAL L8 Lz, Bk
DB OEEEIT LML Y 30%E- 722, NNEE L TIXIFIER U Th -7,
HORAR TIZA RS0 LD 0.1 ppm BL 225 KENRD 2 ppm £ TTH -T2, K#h
AR7e E&2BR< & B4l b 20 sl L CHGHER O SHIREEIZHEIN L s oo 72, BREM
IZENIREE 22 T TV BEOE ORIBEIIBREZZ T TV R0 EED 2-3 55
WA, B IR AUE EDEIT R o T, BFOEITHIET 164.8 mg, &«
+T103.6 mg LHEE SN, BHTIETE LTH (20 70%IFEEE) 120 L
TWe, BERZEOH>T-FETITE2HEDEIL 566.4 mg T, D 9T%HIHEIZ
AR LTz, RN TIZEN OIRN AT E D 94%75, /NETIE 73% 3N BITHFEIE L
Too BESLMOSMBE ITHHRME LV EmWS, X5 2ENKRE L, SOBREFE L
LCliY Tl oz,

D ERINLAR 2 T2 3Bk Tl B & AR O n Bl g LB 5 Mz &
TW5, BHRITIMRICES BB L, T OREBIIREREREZ L SEM TR b
HOETH o 7o, BHERIE D TEHBEREICW - &S 12 & o TEER M Eh
TR TH D B 2 BTV 5D, WHO (1995) Tik, s A D i H & D#) 40-70%.
IR O MFER D 9-65%ITHHKTH D L LTWD,

I8 CHORBTIX, FHREFHRNOOBITIZIEETH S (Silbergeld
1991), MEURMII 2 W13, Bl %o 3 HNZ3IT 5 & GEIEY ORMAO I i
BRI, IR THIIICOMR T3 2523, BIC LR 5, w10 6 hHlic
T T ORHRO M FERIRE AR FIE, AR O iR A RSO REAR & R IR O XTIz 81T
HligasDEEHMEBEE L TWD EE X LD 0, TN LB T TORME
DI R ERREE EH OJFRITE FEr O MR ~DBAT. IHLERE T O OWINEE N 7¢
ElZLDb0EAH EHEEZEL TV D (Rothenberg et al. 1994), HERZ IZRHAD
MHERENFEIZ EFH T2 v o345 (Ernhart & Greene 1992) . #EURICFE
> TH R A ~FBIT L 7= 72 DI HEIE H 12 80 v 33 O IR 28 Ak L 72 9 5l

(Riess & Halm 2007) 3% %, Gulson & (1998) X, A—A T U 7{E(ED
et 22 4 (L P ERTE FEE AR 3 ng/dL, #PH 1.9-20 pg/dL) % *FEIHE
YR K ONHPE % D BEHARE 2 B L FF~D$h OFEAT 2 i~ AR B 1T 8 01T
DOEFRE 2 BICHEER 1 MG 6 A £ T EEDOHOBITIMEG IR
SN EHRELTND,

HHERD DM ~DOBAITIZE D | tMOMBE~DOBIT L RS & 72D, FHE
I TR<BRICL Y 2728725673 (WHO 1995), £< Dt DR T,
HPE R D REAS L A & A7 L T O SRR BE IR RIESE L s, D7 < & b A EICHEET
% L #E (Gershanik et al. 1974, Zarembski et al. 1983, Lacey et al. 1985,
Korpela et al. 1986, Milman et al. 1988, Koren et al. 1990) L CW5H T &
235 AL EN 2 ERE 2l L CRIBICEIET 2D EEZ NS, $hDOIEE
~OBATIZE FTHIE 128 H < HWISIEE Z 0 . JRIZOSIRTE L5 F IR ik
e 5, E M ERiR IR, FHARMHERIEE D 80-100%IZFHYS T 5 Z L b,
JRIBoMPsHEE L LTl SN D & Lz (WHO 1996, 2003), MEVEEHIZAK
IFEEIRZ NI T D R Eh E ORI G L R BRI 31T 5 AIRIkIZ &
STHREBEFRESRELEMT D, =7 A4 BT RBTIE, BE~BITT S
D T-39% D RHAFHEK TH 5 EHE SN TW% (ATSDR 2007), FH OWF5E
TIE IRE D DT LA L7 CTHREBLOE TR IR OREIIZ /2> T D
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1 ZEDURENTWS (US EPA 2006),
2 FHRDOENIRFA T ~BITT D, Ryu © (1983) 1%, BAMUANDOEREF DO
3 ERIREE N DI WKE T A AU HICEFET A R A IR R PR E 2 JE L
4 7o FEEL 29 & O PENEE L 9.6 pg/dL (FEYEFZE 3.2 pg/dL, #ilH 4-16
5 ug/dL) . £ D 5 6 4 4O REFL P ERIREE L 2.6 pg/dL (#iPH 1.5-6.4 pg/dL) T
6 HoTl-, Ong 5 (1985) &, ~L—7T « 77 I 7 — LN OERRH NFFC
7 HPE U 72 n ORCERR TR 252 1 TV W 2otk 114 4 2 kPRI ik, i, REL
8 P OEIRE ZBE Uiz, FERHMARM T e AT 15.18 pg/dL (HiPH 7.49-23.92
9 pg/dL) . PR ML P EaTR A I 11.44 pe/dL (§DH 4.99-25.58 pg/dL) . ) REAL
10 HFENTRIE 1T 4.78 pg/dL (#iPH 2.49-10.6 pg/dL) T, REFLAENREE AR H én
11 TR L AR S 2 LD bz, Ettinger & (2004) 1%, REAEIC L DA~
12 DINRET A2 ERILT D20, AR al T (fEEOREH LI D 255 A x5
13 (CREFLF 80 & AR O i R SRR EE & DR A FR T, HEER 1 22 A ORFL SRR
14 (£ 0.03-0.8 pg/dL CF¥ =A% ZE 0.1520.12 pg/dL) . RHAIMF$HIE 2.9-29.9
15 pg/dL CEBIHATEAERZE 9.4+4.5 png/dL) . FLIR O M e IE 1.0-23.1 pg/dL (3%
16 P AR 72 5.5+3.0 ug/dL) TH o7z, HFEK 1 7 H OFL IR M e, fErm (2
17 BT < AHBIFREL rs=0.40, p<0.0001) | HPERF ORI 87 (rs=0.42, p<0.0001) .
18 RHAMLFER (rs=0.67, p<0.0001) . EZHH T (r:=0.19, p<0.004), HFEE 1 2
19 A ORFLAFE (rs=0.32, p<0.0001) OZENZEI EHFEITHB Lz, I eh,
20 SRR EOZEL, BAOEBEURNEZRET 5 L. BILTHMRBEICB T 55 0.2
21 ug/dL DIFEWAER 1 22 A ORFFLRE IR O MR EIZIIT 5 0.82 pg/dL D1
22 MEBE L7, SR MFERIBEDSED 5> B, FEFLFENTI T 72 08ix
23 12%. BHARIM PSSR TE 72080 30% CThH -7, HHHRWREAL 8 L
24 NTHoTh, FLITROMAPEIEE I LIRWEENH D Z LR L NS,
25
26 3. K
27 EREEN A A NX BT X RV ERIES X BRI L AR ETER L T,
28 LI LIXZ DT TYIR « 434 - BRIk S 4D (ATSDR 2007), FLahE &/NROR
29 HONT U AIEIZEBNT, buglkg KE/HU EOREZROEBERT S &, B L
30 TEREIUE D 32% 3 EFE L7213, 4 nglkg (KE/H UL FTOEBRTIZZERE Lo 72
31 EDOWENH T (Ziegler et al. 1978),
32
33 4. it
34 HLE TR SN2 e BT OIT EICEMERICER S b, —FH., KN
35 IR SN TCTERB IR o2 MIT EICBEEE L CTRLOHEREIND
36 (ATSDR 2007),
37 Ziegler & (1978) 1X. —H%721v 0.03-0.13 mg DOFEEEESN & FICEHKIZIRE T
38 16-208 # fE ¢ 5- S 7= 9B E O sh PR 2 3R =, BELL 7280 D 85%LL_E 3 HEE X
39 . ZDOHH 90%LL ENEMPICHE SN Z E 2R LT, £72. AT
40 WX L7280 D 50-60% I3 HEM X4, Z OAEYFREEIIE 19 B LA S
41 TS, BN & el U CTORIZER R R AME < | 2 E TOHIRTITRIR L 7=
42 D 31.T%ZRFFT 53, BMATIT 1%ZREFT HDHTH 7= (Ziegler et al.
43 1978),
44

29



0 3O Ot~ WD H

5. AYFHF R

WO ClE & — > A — N —3 T < . B TIRIE 2 2B, i & Gk ©
DERDEDZFHIEAN IR AN TE L F36-40H TH D, BNLIMFIZHERITT 580
IZEDFE B RENVD, 3-5HEMANIER L2 E&EN PR EIC KM D,
B COOEWFRNPERENITNLT-2THETH 5, B0 AEY X, Bk
ANEY S ARAEDIEFE 72/ NEO T RNE D DICEWATREE DRI TV D

(Succop et al. 1987), Christoffersson® (1986) %, BEk#Z DIE¥EE 144 D
A O L~ULZin vivoDE X EE W TBIZE L2, 144 DIEEF D H B8
4 2 IBRREZ N B25FEH L2 8 2 A, A B TIEE DK TNRO biv, &
W O SEYME IR TR (EEPH3-164F) CHEE STo, 7RV 064 Tld, fh
VEHG BN CTHE% B 13FH £ TEH L7, 6610 5 H561TEHFEHDIL T 2
BB, FOEFHPERE O EAEILSF (FFHE-EK) TH-o7, i
DORERNO, BENKTT2EFHMTIRTTHZ &0 KOBHFEOIK T EHEE
TFE A DT — X2 D OAERHERI ST e L0 v & s ST,

SROBRBIEE L L T b < b d D3 F e Th 5, i Heh D AW 51
BENTENZ & D R ER T R OIREEE L~ L&~ 3 (US EPA, 1986)
—J7, MPEITMEEE (Fri2E) ICEZ NI bHEKT %S (Manton 1985),
B OEYTFRERIINE < D omEXHE TE R 2 FEREICIE R S 7=
D, BRI OBRBEIEIE L LTREH 2 WIIBEE T O AW T3 kI
ML TvW5 (Christoffersson et al. 1986, Glenn et al. 2003, Hu et al. 1996,
Korrick et al. 1999, Sanin et al. 2001, Wright et al. 2003, Bellinger et al.
1994, Herndndez-Avila et al. 2002) ., F7-. FEEORENG MK (HRiT7=
) P ORI HHIE STV D (Bellinger et al. 1994, McMichael et al. 1994,
Needleman et al. 1979, Leviton et al. 1993, N5, 2004) . HrZBiEFLHE %2
i % 2 & TIHMREER/NEH O RHISRIRER L~V 23 T&E 5 &0 D R
D5,

VI. £ hADEE
1. 2l

=1

I X DAL, B, EHERERECL o TRIEL, B, i
[EEAED Z ENZV, 1D THVREE OLA I, BIRME EE & Ak EE
DAHALILAHD, BETIIRETR - BmIc L EE %5 (Cullen et al. 1983)

PR IR 2 T AIERICHEFE L T2 3 LD T, Wb KiET 5
BRI, MR R, A OELAA SN, 9 1 &, FECIEOM
IR B ST, 3 4L b/hERMEE I, MR ARMERZ5R8D, X ##
B CITEREE OF I8N 2 B -, PSRRI, 77 (HAHFRE ORER]) |
99, 104 pg/dL EWIFNELEMETH oz, ABRRZOF L— hEIFKEGIZE D, f#
TR, &, M ERER TN T I HIE& L7z (Shiri et al. 2007),

WHO (1996, 2003)(2& 5 &, 2R EHOI L RER E LT, BIFHRK,
HHENRN, B ST, FEEBIE, . HRORE X, R, B
LR, FLEOER L ENH D . MEEFIT MR E A AT 100-200
ug/dL, /IR 80-100 pg/dL T Z VW . ATSDR (1999) Ti. ghhEic L ra
MERPEETHTDOY R R3H5H & L,
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2. EHFEE

T K DB ML, W, A7 IR EE 2 52 1T TV D NITAH B L, MRk
KON URBEE D FHRE T A 05, BRATIZA L TRV 20, i
KRR DM O IERFF 72 B RIEIR DI 20, ERBRIMIE N A B L5 25, &, I
. BORERIAREEIXE < 7oy, BRIELR (late’ syndrome) 1E, i JEl, 124 FE
EOMEELZREE L, SIEEREOD L OFAEZRTHOLRIET 5, Sk
FEOBIENBAFIEEL L TROHNDH T & 5% (Cullen et al. 1983)

0 30 Ok WhhH

9 NRIE, — AN FELS O~DEE (FBx LS55, B XIthomz nomh
10 IZHR LIATe) 24TV, ZHDRA LD HEW LV OSIREEIZ DN D, £,
11 INEOEROWIN & ZFEITRA LY b RENWZ END NEDOREYS ) DIRNE
12 I L0 b @M 283, /NRIZ T DA IS K & 7R & RN AT
13 X, REHOBUER R Z v NEOFE A 72 KR4 b (B2, 0K
14 JE. B, MATEVRRERE . EEMREEEERT) B 2 R/MERE
15 (LOEL) %, st A X9 HiE (US EPA 1986, 1990).,

16

17 (1) HRER~NDEE

18 OINRADFE

19 NRIZEB T DR ~OE L IR & ORREZ R LA ZR 11 12
20 FEOTRIHE L7,

21 a. HETEFEHNRE~DEE

22 19804 LARE . $nigig 23/ L DA RAT B 21938 72 2 Ji) 3~ 2 AlREME 2 R 5 7=
23 B, 2 < DIEFHFZEN EIKEICB W T TOIL T\, 25 DOEZAFFED % <
24 X, ShOBBERFIE L LTl om P eniRE (E mHeniRE 25 Z#8A L
25 TWb, —EOWSETIL, BHén - KRR E 200 HDHNNEEND
26 ZOFHLIZ0 LTW D, M RATEN PRI IZE~ OB ED =D D7 A NHE T —
27 ERTIXRWV 25, FIEERR A IS L 5 A1REHE 2L (Intelligence Quotient : 1Q) 7352245
28 L LU TRIAS WS TW S, BT, SFGER O AR b AR
29 272> THREE (RHMAM-C ML) & SRR ORFFA(L 2 BEfRE Lz =
30 R— MIFFEDIE ) FFE OIRFHNZ IR TR - LB MR AR & I E L 72 BRI IE D & 5
31 aR— MEEICOWTIEL, KE (RA M, Yoy F T4, 2V =750 R, 1
32 FzAF— T A ) | AF¥va (Axvarrg) A—ARZVT (R
33 —hE—=V— Vv R=—)  =a2a—V—F K (UIAANTF¥—F) ETITb
34 nNTng (F12) , RENRaR— MFFEEOFEF Z LLTFIZRT,

35 Bellinger > (1987) 723, 1979415 1981FE DI KE ~ T F =2 —F& v VIR
36 A~ U HNOERE TE 72 /NE24944 122\ T, AR B AER 28 F TOR,
37 HAE R OV A5 O SRIR R & WIHIRRENRE T 38 22 O BAGRIC D W TRAFE B FRNT 21T
38 ST, BB DIQ. HOMER 7 —A1T2 a7 | HAERTE DESRY « i) 7 58541
39 KFAZ DWW T H R 21T - 7o, X8/ NI M P a1z X » TIRIBERE (<
40 3ug/dL, 85%41) . HIRERE (6-7 pg/dL, 884) MONEIREERE (>10 pg/dL, 76
41 £) \ZX g ST, PIMIERERE . ~a U —Ish i RERE (Bayley Scales of

17 Home Observation for Measurement of the Environment scale |2, OBBLORIEHIH 5 WX EASG. QW RERFO
[E15kE, OWELRY K OWEFIABREE O, @i IEEE DAL, ORBLE/NEE Dby b, OFx eihE L DS %EIC
BT 2HMEHBsZ L HMIC, BRI LTS v & Ea—BEEZTV., FEICBT /NI T 20 eb ) OfilE L
EELL, FEOBEREOEZHET 2HBENOZ & Th 5,
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Infant Development : BSID) (FEEfR4) Ot %EZEE (Mental Development
Index : MDI) Z HAWCTHAE#6HLIE6H Z L1224 H £ THRAE L7, [RIRFIC
i b 7o, MAFERIEEZRE L, MmAEHiEE & MDIOBEKZ, A A
(K7 % JH%E U CRENT L 7=, 24 20 U CFRRT I o SR B 3 i FE T D it 1 i
D2AFEL D B0 KIRER L SIEERE S OZEIT48K A b (95%EMIXH -
2.3-7.3) . HTIREREL BIREREOZEIL3.8K A b (95%FFHXM : 1.3-6.3) T
bole, ZOZ LD, AL PEIEREDN25 pg/dL LT THIRIEICH E i
R TRIREtED R ST, b, HAEZOMPERRE & MDI & 1XHEB L7
2o 7z, Bellinger > (1991a) 23, AH%STHNH A7 - 7=/ 1694 Z x5
McCarthy Scales of Children’s Abilities 17 > 72 ff 5. 2mFO M ERIRE (F
¥J6.8 ng/dL) 134A%57H> A EFED General Cognitive Index (GCI) A =7 L B
L7=M, KEINil%Ets . BT AFFIZ10 pg/dLUA Eo M EnEE %2 & >/hNE %
br< & MAEBROERERGE AT O T SIFBEE L7 2 b | I
MAPSRIREEA10 pg/dLZB 2 TV EH ThH, ABOIMPEHIEEI10 ng/dL
Z FEIAVILHAERT O B3 e L7e WAl gEME 2 R 12 L 7= (Bellinger et al.
1991a), 107%IZ 78 - 72/NR 1484 Z2 5 RICWRTI Y = 7 A T — LB A REfi A
(Wechsler Intelligence Scale for Children -Revised : WISC-R, ZIEERAL)
FOh w7 < o8B EERE (Kaufman Test of Educational Achievement :
K-TEA, F/gdE) AT ofER. 2RO il iR ASWISC-R & K-TEAD X
a7 OET EARICEE L2, oR RO MR & 1EBhE L -7, 1
FERTREE230-25 ng/dLoO i Tl F1EndR B 2310 pg/dL EFH-4% & WISC-RD
Full-Scale IQ A = 7 235.87" A > b (95% {548 X [H : 1.7-9.9. p=0.007) K F L.
K-TEA®Battery Composite 2 2 7 R8.9781 > & (95%(EHEHX M : 4.2-13.6, p
<0.001) K F L7722 Enn, 2EOMPERRE D DT e ER DS 105K O M
REXCTFERARE DMK T & BHEEd 5 &5 L7z (Bellinger et al. 1992),

A=A M7V TOT7 T L— RP5AEFE200 kmlIAZE 54— hE— Y —i%,
RWES 2 & ORE BB & 5 TEOHT (197940 A H#£J16,000A) T
5D, "= —U—&ZOENOHRHRO/NELT2834 Z x5 L Licadk—

(Z ORI Z Ok CTA =T R TO/REDIO%ITAY) % 1979-19824F(C
bizo> CEBFEE L, AR (FEiR14-200 B R OB E]) . HER: (RHAIM &
ORI | ZE1£6, 15 % U240 A g e OV O 18] i R Enie BE 2 1 E L7,
BRI EFICFEIE O 20 OSBRI e A& K T DIERE DT O O mEZ= R
BUATV, 3k M OBk ICFHIE R B Ol Z HOME R & — /L 2 27 TTU,
BOIQZHE L, B omA L LT, 2mKFIZBSID, 4% R
McCarthy Scales of Children’s Abilities. 7i%FFICWISC-R% 50 L7-, *I5R:
DM ERIREE3.8 GEIRF W ORMAM) -8.8 ng/dL (25%)) Th o7z, 4mkiF
(25374 D/ 2 %I HIE L 7-McCarthy Scales of Children’s Abilities T,
GCIDIE T & &4 L O 250 & 3 F O = N F o i HPEn i B K OV AE 1 0
ZIim R EniR B & OB ERD B, < ORI EIR 25 [E L 7= 48 BT Tl
A% O M EREE12.8 pg/dLo/NR134.3 pg/dLoo/NE & g L CGCIA =
T NT.2HRA4 » MEN o7z (McMichael et al. 1988), 7rklFi24944 /N % it
GUHE S NTZWISC-RTIH. IQA a7 DAL & HAER R OVAES o Mgk &
OBEN B V) ZAGK T 2T LI T AEZROMFEIRE & OENH - 72,
%1570 A -4FE O M PSR E A 10 ng/dL 530 pg/dLic BEF-42 L/NED
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IQIF4.4-5.3R A > MET (4-5%DIQIK TIZAHEY) 9% LH#E S 7z (Baghurst
et al. 1992),

%2 < O akR— MR T, SWEEHPTIC T 2 SR EREE . RRUGRICE 2 W|A
IREE . A7 LAHEFEOIQIK T DOAEEK & 70 D4 SRRF IR IC X DB L)
TWAEMERRICLTOEH, KEDORA ko aR— MFJEILeE iR Rz,
W N EE | FEE R I BR B & 2 B8 2 LRI 1 TV W 2 5 iz LTy
HLEZOLNTWD (F13) .

1990FAAWIBH, T4 6 OMRRITEN PRI B Z KT T Z L 2m"BT 5
%2 < OEFIMFROHRE & T, KERERET (US EPA) KERRE T
Yo% — (CDC) FMfHeniEAE10 ng/dLEB 22 nE 285 L, BifED Z o
FAEFESN TRV, L L, sE0OKERF =2 X =281 % 2d— MIFEIC
BT, MAFERIREE10 pg/dLUL T T b A RATEN FRIR Z IR EZ KT T &35
iz 7 m A ndE Sz, JuskoH (2008) X, 1944 O/NEZ6H 05658 F
TEBFL., 6, 12, 18, 2472 &3, 4, 5, 6 TOMPMREZHE L. 6D
FKER T = 7 A7 —bFRish R HAEERMR A (Wechsler Preschool and Primary
Scale of Intelligence : WPPSI) (2 X VIQZHIE L., — LI T A MY »
7T NVEEM L ERRE L1QL ORRE T 7=, KR 172 & D54
T —H HFFO1744 O M F IR FE D 434 & X612~ 7, Lifetime average.,
Concurrent, Infancy average DIl ERiEE 8TV 72< & HT75%D/NET10
ng/dLAT Td 0 o WL R A T RAE S 10 pg/dLARI T~ 72, FFIC,
Lifetime average Il &AL, FHET.2 pg/dL (FFIfE6.2 pg/dL., i
1.4-27.1 pg/dL) THY . /INNEOT7%H310 pg/dLATE & 72> 7=, Concurrent Ifi
HENEREE L. 6RO M TYBIES.0 pg/dL (HFHRfE4.0 pg/dL, #iH1.1-23.7
ug/dL) . /NRED92%7310 pg/dLATH T - 7=, Infancy average M HERTEEE L,
WHIET. 1 pg/dL (FHAE6.5 ng/dL., #iFHO0.7-28.7 ug/dL) . ShIEHi %2 FH LT
H/ N D81%7310 pg/dLA T > 7=, Peakf HEREE X, FHEL11.4 pg/dL

(FPIf9.4 png/dL, #iPH2.1-45.7 pg/dL) ThH o7, /NEDE5%IL. 6-72/°H D
A#s ORI MR EAN10 pg/dLLL E & 72D Z L7 o 7=, B 0IQ. HOME
R — VA a7 MOEBTER R ZAGHR T2 H#E L7 & 2 A, Lifetime Average,
Concurrent. Infancy Average. Peak® 4 XTI HEFEEE L . Full-Scale
1Q X *Performance-Scale IQ D EBfRIRIIAERAD MLV RER LT,
Lifetime Average DIl F¢R1EE5-9.9 ug/dLEEDO/NRIE, 5 pg/dLAmRED /NE &
t~_C, Full-Scale 1Q & Performance-Scale IQ®D [ 523 A EIZIL T L Tz

(49781 > ) (X7) . Infancy Average® I FHERTREEIZ IV T [RIEED G H
Th o7, & 612, Concurrentlll PR 2 W iFATIZ B W T H | 5-9.9 pg/dL
BEo/NRICE W T, Full-Scale IQ T3.7K A4 » b D& F (p=0.10) .
Performance-Scale IQ CT5.57"1 > N DK T (p=0.01) A BTz, ZDaArR—
NMIFZE S, 5-9.9 pg/dL &9 10 pg/dLLL T DML F e I8V T H 6D
HRBICEE 2 KT T & W I G R STz,

18 Lifetime average IfiL AL 667> H O HEE TOE 2 O/NROFH & i FERHRE & ORMRZ R~ T b BB Sz b
@, Concurrent IfHFEAHREEIL 6 MMFIZENEET A b2 % L7- HICHIE Shizb @, Infancy average If-FSAJREIL 6-24
MH DML P bR S b D, Peak MR 6206 ETEHML TRbEWIRE L L TRlRS
nNe=toThs,
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30
25
o
20
%
’r’E 15
2
(ug/dL) 10 -[ —[

5 N - 1
Lifetime Concurrent Infancy Peak
Average Average

X6 KEMPINEEDSA 3% Jusko et al. (2008) »™535|MH

110

105

-4.9 e 42

° 100 p=0.03 p=0.03 . p=0.09 05

S g5 -2.3 —0.13 p=0.85

3 "|' p=0.34 T p=r. —
| — -

S w1 - i T

c —|— ‘|’

[

oo I

80

75

70
Full-Scale IQ Performance 1Q Verbal IQ
(p-trend=0.006) (p-trend=0.002) (p-trend=0.11)

[ 1 : <5pg/dL (n=64)
[ : 5—9.9pug/dL (n=70)
]

: =10 pg/dL (n=40)

¥ Jusko et al. (2008) ™ 55|H
K7 Lifetime average MHEEE L FEHIOR a7 EDBEER

F 72, Canfield® (2003, 2004) (%, Jusko (2008) L[ U =ad— k&M
T, IQTIEZ < M LB R R (FRICRTBER B R E OFRIE & L CTOEITHRE)
LU RRA L FE LT, 5600 HDIMHFEE L OBEZFHE L-, 28&ELW
228 BfRAT Tl ARSI P SRR EE O mv v NRIZ VLT, ZEREZERLIR. 25/
FLEANRVEDOT A NONRT —< U ZAOIKTF (Canfield 2003) & UMESLEIC
T4 27 D74 —< 2 ADIKT (Canfield 2004) 2358 b7z,

Yorifuji® (2011) (%, [FFREED A FAKEEMITBEBRINT- 7 20— 5D
ak— M HWT, HAERTOSORER & BAEE (R, EEiE,. S35, %
M. FefR) ORFEIZOWTEME L7z, REEELE & LT, IE P eniREn WS
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Nz (STE15.7 pg/L, WUAMNI#PA12-22 pg/L) . WISC-R%: % Fi\ /- 38401
HEIZBE 3 25X, = T N 23 T DIRF R (896%) E 14 DI (8084) D
[l FEhE STz, ZEBERIFBIW (T2 L 2 A, BAMEE LS ORI 5 v
B Z /RS 7evo Tz, L, BElRET VI Hﬁ?ﬁﬁuq%ﬁ?%fﬁ & R L R A T LK
’fEbaf“@iaE{’Eﬁﬁ DEZEMZHE, WISCROZ a7 RAEICEKT L, Mk
FRHERE ~ D BN R S T, 27— MBI D ML 2 T LK SR EE D %%
{Ar-44)1323.0 pg/L (MU A7 &iFH 13.6-42.1 ug/L) T& - 7= (Yorifuji et al. 2011) ,
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IMNRIZEF5BERANOEELNTREELOBGZRETRLEAR

R TR IR S | g |52 SRR
§ STHR I AR SRR R R4 5 B2 8 R TE S R EETXNER BEF féﬁ D HER-ER WHO [JECFA[ CDC [ATSDR
= (ng/dL) mE HE (2000) | (1991) | (2007)

BB IZIE O RARON BRI RERTOAMEIEDY
1 |Seto&Freeman(1964) 30 3.55% 3558 XERARTE R [ o o O tont . oo E EL L i e
—
2 |de la Burde and Choate(1972) 58 4% 4% iiijfﬁoidszinet a O [FiR| B |[WMEEBEELTBICREAHSNIA. IQIEKXEHD/NRTIES. L] o
3 |Erenberg et al.(1974) 60—136 I A [£1aBIPEA (SHAADSRA) HSBAL R MERSE o
4 |Landrigan et al.(1976) 13-97 1-95% 5-9i% FHIRAR I E BE (NCV) K| A PO RBI= L5 /IN IR C5E B 442 7 3503 55 & M R SRR S D RA I B D 4ERE
58.8 (RMEIV 770N Y—F¥: 1041)
45.9 G RTEEE : 1561) . _ P 40 10 g/dLLE D /NRERIRL . T 2770/ SO — B O M SHIEHE . MM GE . SHITHAAEICNS
& |Rummo et al(1979) 51.2 (R TR BE - 2001 4-8i% 4-8i% FIRESIEB LR O PR H |y 2B 13, 2t FBEI= 3 L C % BA A B TIFARLN, ©
6.9 R AR RE)
6 |Yule et al.(1981) 13.5(7-33) 6-127% 6-127% WISC-R 1% O [wiR| A [MmehsaimE Qs ORISR DA, °
7 |Harvey et al.(1984) 156 30 M A 30m A British Ability Scales combined score O |iE| B |MERELIQEORISROMER, XHEFBEEEHT TR, . o
Stanford-Binet I1Q
_ . PSR Mmen R A A3RE (3 g/dLEL T, 6-7 g/dL. 10 1 g/dLLL E) (255 TELER.
8 |Bellinger et al(1984) Py G 6mA Baviey Mental Development Index O |wiE| # 650 B oM ch IR L FABBI U BRI SATEE AT LN EMDIHEBACE T . - o
B8 avley Psychomotor Development Index R M0 £ BE 925 1 g/ dUL F THIG IR~ TR B O AT HEMED Y .
_ ~ _ Bayley Mental Development Index i o $14 28 E S1Q & ORI FLDABRE .
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LR & IETERI AR IR 1 & FHHE L | R E 2 L O%iEt~ = = 7 /L (DMS-IV-R)
DFAEZFL SN TR RN 2 72O ORIZ 2 A s R o /NE K OME:: %
ééﬁm L7z, ZTORER, BEmD Y 27 BRZHE L%, ADHDE O H

(S th) + FERERR S 8.77+3.89ug/dL) & s IREED L P Sh i (%%{Tﬁi’JﬂL
F‘Ea;n# 5.76+3.39ug/dL) ([ZAHEZENED S, ADHDREE I REE & bl L
THIRIN IR 252 T Tz AlRetE S w72 & U iR ERREE 10 pg/dLAT
THHIEHOERFENADHD A I EE 23200 Lt & #His LT,
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1 =14 INROEMBHERE
o * FEEE R
] %ﬁz EfL MR E THEAF FHMR e
BRE FHRAVE (pg/dL)
5 2 it _ ! - “heEs SEHA
?EE\P//M‘J) (1755;1 6-10 |wisci 95.7 23 g%}’*ﬁgiggirwﬁiﬁgwu\ HaE f{és\u o/ dLIEFIRBED1-2 4 o/ dLISHIRLTIQAGH Y | g0 o0 000
i b : .
*E 150 - ADHDO) .2 X BB 22 D — &
) (20-| 817 |WISCIV >100 1.0 4R IRA & AR ATEI A 1g/dL Nigg et al.(2008)
Sl 30%) ZDFEE Thadjusted IQEF B EER
- Rl ATE. BB, OVES .
KE 8,627 EOG = - 1§ 11995~ 19984E I .
(J-2%%054%) (55%) 4FE (BERFE) - 4.5 ;—w%llﬁﬁfjﬁg, RT=ILAT L | inhghs yg/dl Tl pg/dLi- 3 LB BRE S o Rigie T | Miranda et al.(2007)
*E 506 i HEL A HREFHM
Ghh) (100%) 7 |WISCII ft Full scale IQ 80.4 5.0 1%1 RELFTRIEOER. BEOIQ|mF$EDoutcome plotZ B HMRYRAMEAL Chiodo et al.(2007)
0
e 246 HRBHAA, HEL AL, RE |- 10175 pe/dld TvsLl ETHE
Ghoh) o | 75 |WISCI ff Full Scale IQ 84.2 5.4 EFREOEY. ROMR. HE  |SEBEAES ne/dUTFvsU ETHE Chiodo et al. (2004)
T (100%) B = -{ESES
w 4,853| Arithmet 93.5 TRl ATE. BN DXREE. HBEL |- £K7-2(NHANES 1)
XE (15%) 6-16 |WRAT Reading 91.9 1.9 N BEE % = “WRAT reading, arithmet(ZILEh$A >3 1 g/dLTIE T Lanphear et al.(2000)
IEY 501| 0.5-5 |Bayley 1\}/)[311 gg'g Mme$R1 pg/dLtFTMDI 3IET
' REEERBEOER KB,
7.1 EEOARE. B & Solon et al.(2008)
JAUEY 376 3-6 |WPPSII \ﬁg g;'g b8 1 pg/dLERTVIQ 25T
: 590| 6- it MR AR F A, g (LR 10ue/d AT CER S stesper
Y2 590| 6-8 |14 cognitive tests 11.4 Ll B, S = %é;;g;sé‘égfgéru_b L 2{RELTI0LL T T [Kordas et al.(2006)
ORe BELANL AR, FE. H [1esamE .
VA 74| 4-14 |1Q? 95-103 11.1 EIER. 8% 2 =6 point/10 [ g/dL] Bellinger et al.(2005)
F PN & MR <10 u g/dLODFETHEMME K, EFE.
‘L 934| 8-9 |academic performance 5.5 Ei”;j{zﬁ%aqimu‘ BHROH E=N Ei)&ﬁﬁl’a@] Wang et al.(2002)
B ) -language>math
ey 533| .. Beery VMI Fh. BR-RE LKELAIL B R B
¥V TIET ZZDH 6-12 TONT academic rank 8.11 = AL O HIBT TONIUSV E M rh$aL S 48RS Al-Saleh et al.(2001)
X BT : 5.76 |t 4 RS A E . RIRDADHDEE, M . N
P 630| 412 |ADHD (DMS-TV-R) ADHDI: |08, BROKAL <L M B e e 10 e/ LRUS |\ Wang ot al.(2008)
T = TN BIcH
92 8.77 DANAETIILA—IL~DIRE
3 * FNEEHHYIRETIVART AV AADEE
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27

T ORERTEIAITIEIZ I T LSRR EE10 pg/dLLL T T b AR TEN FRYFEEIC
ML NIET L ORENH S, Surkand (2007) 1%, KE~VFa2—F Y
JNARA N OHEHCA A AN T 77— NG T, =2 —A T T K/
BT =TI« b TAT KGR LT26-105% 05344 O/ (7T~ T AT KD
HEHERIRIE 251 T\ W) 2 X8I, 10 pg/dLA O i R & 38 HHE
HEDOEELZFM LT, 2EEET VEHWT, Flin, AN, SrfRRFHIAL

(Socio Economic Status : SES) ., B # DIQ. H/AEMREIZ X 5 M D EZ
L CTHMT &7 T2, ISR I % d % full-scale Wechsler Intelligence Scale
for Children- Third Edition (WISC-MI) 1Q. v =7 X7 — @514

(Wechsler Individual Achievement Test : WIAT) ®Reading & "Mathematics,
U4 AV — R BE (Wisconsin Card Sorting Test : WCST) @
perseveration errors ([HEFGEY ) OEWEO T v v b &2K8IZRT, WISC-IID
SIRERRAS CIE. I TP ENEREES-10 pg/dLod/NEIE1-2 pg/dLod/NE & bl LT,
Full-Scale IQ A = 7 7236.078 1 > b (FE#EFAE2.4) K)o 72 (P=0.012), £7z.
M SRR ES-10 pg/dLd/NEIE1-2 pg/dLo/NE & T, WIAT D854 Tl
Reading & Mathematics D 2 27 TZNEN8. TR A » & (FEHERAE2.6) DK

(P=0.001), 7.9 1 > b (IFEH#EFRAE2.4) OIKT (P=0.001) %7~ L, Wide Range
Assessment of Memory and Learning (WRAML) OFtEMAEIZBWTH,
General memory (P=0.017). Visual memory (P=0.019). Verbal memory

(P=0.032) ®=->MDindexA 27 THARA > hL EIKL< | WCSTD FATHEREM A
ThH, HEHERY X 27 TI2HRA b (FEHEFRE2.7) K772 (P=0.001), — 77,
1 AP AT FE3-4 pg/dLod /N IE1-2 pg/dLoo/NE L i L ¢, Bt oikBaic
BWTHLHEERETR»-TZ, LEOEED | 1-2 ug/ldLo/NE L g LT, 1
HERIEE3-4 pg/dLLL T O/NRIZE W TIIQIK F 23R HiL7a v —F T, 5-10
Ug/dLCENT L DAPRATEN FRIRIZE~ DA ERBED MR S,

(ay  WISC lll Full Scale I1Q and Blood Lead N=389

102
Q100 =i
@ 28.08 57,54
m 98
o EY
w
= %
=
<3
— a7 44
Q 92 = M an
2.
B 80
88 T
85
i 2 3 4 5 6-10
N=176 N=110 N=d4 M=27 N=13 W=18

Blood Lead Level: pg/dl
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(b) WIAT Reading Composite and Blood Lead N=389

100

ite

96
24
92
a0
a8
86
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WIAT Reading Compos

80
1 2 3 4 5 610
N=178 N=110 MN=44 N=27 N=13 N=13

Blood Lead Level: pg/dl

()  WIAT Math Composite and Blood Lead N=389
105

-
R=1
=]

&

WIAT Math Composite
2 S

8

e

1 2 3 4 5 6-10
N=17& N=110 N=44 N=27 N=13 N=18

Blood Lead Level: pg/di

(d) WOCST Perseveration Errors and Blood Lead N=380
105

B
£ 100
L
c
2 9
(7}
%0
2
5
& 8
-
§ %
7 1 2 3 4 1
N=172 N=107 N=43 MN=27 H5-12 3;109

Blood Lead Level: pg/dl
% Surkan et al. (2007) 55|
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2L DEFMIEOREREAZTF I A LEHE S H D, WHO (1995) 1.
EIB A B % 45T (IPCS : International Program on Chemical Safety)
2BV, $h e 1IQ OFHEAMEIZEE T 2 il & = — NMFSE & BRWTIRFSE DRSS %
ARTF VALK > TRAEMIZEHE L 72, Bilf & 27— MFZETIE, KER A
o oyt T 4, A=A T U TOR—-FE—U — ¥ R=—0D 4 F0E%
WFZEMED _EF B, A% O SICBIT I PHnEE & 6-10 E TORED
1Q & DRARDFHI STz, 73, 4 RO FWIEITIS T D il ERR AL & BR i
X, AA M2 (4.6-8.8 pg/dL (6-24 72 H) ). > F 7 4 (FH 6.3 pug/dL
(i) . 5.9 pg/dL (3 2 H) ), A— hE—1U— (4.3-15.0 pg/dL. (FH7IM) |
7.2-34.4 pg/dL (6 7> -6 5%) . 6.6-20.0 pg/dL (7 5%) ). ¥ K=— (3¢ 8.1 pg/dL
(i) ) Thd, EOREHE. MHEFHEEE 10 pg/dL O EFIZKT 2 IQ KT D
INESERE T, BUER O SER I R iR L2 W HEST D 5512 2.0 RA 2 B
(95% (G HAIRS : 0.3-3.6) . FFEDFMN & D\ IXFEHIRE O X i R 2 v
TeHERT DG AT 2.6 WA 2 b (95%(EFIRA : 1.2-4.0) Th o7z, HWHIBFIE T
13,10 FEDFEEIFED Y BT B Rl S A7z, £ OFE R TR 10 pg/dL
O EFIZHT 5 IQ K N OMEEHEIX, 2.2 71 > b (95%FHRS : 1.2-3.1)
EHEE SN, TRODORERG, MARE & 1Q & ORI A OFHBIBIRH
BInn, 1Q A4 v METOEFEXBEOIENIANZ & KEH ORMERE 12
WELTWDHAREEND D Z & AERERIETNEIRNICA X T F U U RITH
D EFORTWAEAICHBEMENBRICHESNIBNRH D Z LR EOTR
REHIT N TWD,

US EPA (2006) X, /NEOMIRITEN FHIRESOREZ RO L 5 IZFHN L
7oo LK OVNE (T3ELT) TORENH (R, #rER, HAEEKR I %O
M) 28T 2 ERIRE OMBATEN LR IE~DOEBIZONW TR, 2R BT
A v, AR N, B2 D3 EIFNED 572 5 2% < ORI Tz - THHE
IREELPEDRRO LTV D, FBAHE ] K UM ORI TN~ D8 OB, £ <
DRAGK T (BEDOHE., BLOFRE, MO SRFERE R E) 2 L% TH
O THD, ZNOHOEEIARAHHTHY, EEMCETETLEEZD
D, 0l K DUREE DS ShHER VT K Ok Pl L D2 I B4 5 & 2GR,
AR 5-10 pg/dL, & L <IZZNLL TFOHEANTRD 5 TS, <
OO ETHEYNIER I N7 L ODORIM & 2k — MIEOREGIITICE S HE
i XX, R oM P EEEN 1 ug/dL 75 10 pg/dL £ TINS5 &
Full-Scale IQ 28 6.2 " A > METT 5 & FHISNTWD,

F7o, HAEZO/NRO M AR & AT FREEE O RIZ I 1T D H &S
RAGRICBIE A 22V & 28538 5, Schwartz  (1994) 1%, Mgy & /R
DIQDBHEDIR S ZMFTT 5720, FEARNBIZLIZMRAEDOAZ T TV A%
1Tolz, Flo, RERFICRE L, BEMIT 1T o7, hiEE L /NEoIQL @
R IEBR MBI S 0 . L PR 2310 pg/dL 72520 pg/dL 12 FA3 2 L1Q
T2.68 A METT 5, FFEDOAFZREMNTIZH H/NRIZIETIQOE T2 Z
HEVWI B R EIFTHATRIIE LN o T2, I P ERTEE 2N =15 pg/dL
DHEFUZOVWTOMETHEENKEL 2D 0510 ug/dLAHEETH S &
T HHWTII Y TRV EEB X BT, M PSR E 2 e b IRWFZEE ) X T
A RNY w7 i b a2 O CTRET L7e iR Tl A ERiRE L ng/dLE CREfE %
RTET RIS SR o Tz,
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Chiodo® (2004) 1Z. & b A FHITELRTEEDT 7 VU B % KE A2464 %
KBTI ERE & MR TEN PRUFEEE & O H B2 BRSOV TIFSE LT,
MR EREE GRS EEEMERR S (FEPH) ) X, 5.4+3.3 (1-25) pg/dLTH Y,
HEE. OS], TR-EESEA . EBiEkee, ) GHTHREEZ ET) . 8
Z AR OV TWRWREOITE), ZRi 23 #HE L729 & 26 0VATEI O W Tz >0\ T
b — R PSR R LR TR b, & 51T, B, ETHERE,
R -EE A, RS TE)., EEGEOERICB O T EENHR SN, 1
EAEDPTRIZEBW T, BIBIZIE WA E-BUGSBHRAFERD Hiv, MiEZ 9 X5
7RI I BTl o 7z, M ERIREEL0 ng/dL T 43 L72Elm AT OfG
RIE, 5pg/dl Ty LIZEURSHT OFER EE B o7z, MRS png/dL
THEL DFTRTEENBO LN, ZhbDT =21 HAEZO/NEDMF
PRIRFE & ARRATENFIIFRIE O MIZ BT 2 A E-ROSERICEME A e & &z,
T haA FHIZELRTSOT 7 U 572K E AN5064 & % 5121T - 7= Chiodo ©

(2007) OHEIZBNTH, WTNOMBATEIFRRIEE S ZOELL T Thil
L2 VI BEE RS-,

Fulton® (1987) . A2y 7 ¥ RO U NI HEEDE-9 D /NFERSS
% (Bl ) xR R 23 ) R OVF R I I T RISV TR
S U7z, Mg o4 1310.4 pg/dLCTH 72, 5014 D R E DN FRINEE S
7 A b }2 U'British Ability Scales (BAS) IZ X AFEMBET A FOETEFET L
7o PEMIZRFEREAEICLD . T ELORLTHBIOBESCHE LIV,
TARPL72 EAZOW TN HERINEZ T T2, 2O DOFEHRZTIZ, KT D
ATREMEDN 8 5 83TH H & B JEIC AN T ERNF AT ORGSR, 1 - Ehi B o s Jfi &
BASOEHE, FHREAES), stV AEN & ORICITAEOMHBENRH U | BEIZED b
2o te, 7212 L, BASORMREICKH L TR b EETH - = EBHIL., mBloEEL
RLRTF-E L DOELEIZOWTORAT ThHY | MPEREEIC LV FHIATE 545
BIEERET VIC L VP TE 5455% DD 5> HOHT000.9% TH Y, 1
HERREDORBORE JIIMOBR OB T/NIShol, LEDZ Enb |
IR EE DR ER I/ NE ORES) L REIC 5 2 2 B BIIRECTH A D LG Sz,

F T PhRER & MRATEN PR E A~ O L OMEBIIRE L L bICHE D LR
i+ 2®ELH D, Dietrichs (1990) 1E, MEVEHI L O A4 D ERIRTE A3 iiRA T
BT S T B2 RSTT D 72029762 SV TR & 22— MFSEA
1To7z, MFPEREE T, HARRMAM & H A% AERNIC4BNE 2> SEER L 72 1ML
WRaRH U, RHAIM, HA%IOR B, 3200 B, 14EH ., 2EH o hspiEs (&
W)+ YRR 2% (B B pg/dL) 1£8.1+3.6 (27) ng/dL. 4.8+3.2 (26) pg/dL,
6.2+3.8 (26) pg/dL, 15.9+8.2 (56) pg/dL. 21.1+11.4 (85) pg/dLCHA%
FERICAEA Lz, MAERTR OB R O M eniR i & A%30°H B X060 H
H 24T 7=BSID - MDI X O'PDID flifs & 13A EICBE L7223, A% 2 H DAk
BIiE, AR s HAEZROIMPSMRENERICEER LR -7 2 Lnn . AR
DERIRTE CA U TEN 2RO BN AR OKRRIC L VIR EEhT-
ET O E K LT,

e VA D EnigER 1Z K A R TEN RO EA~ DB A TSI RIS OV T, &
1512, M SRR E LIS OIREFRIE & /NR OMRRATEN PR3 2 & O BE 4 5~ 7
WEIZOWTIL, R16IZE LT,
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1

x15 HRR

HARR R

ZIC R DHRITHFHEE~D

Enﬂ’\f"ﬁﬂﬁ

5‘/
= IREEE
E . aR—hHASE BRm R ENRE | B F ., 585 4 4T -
5 ik (ripEagcss (B wa) | s | zom ks S ramR Tt
IEIRERDI-F) A chR [ (ng/dL)
. 4 —_— MDI(6,12,18, 24/ A) = -MDI 6-24/ A (X i R $8 iR BE M7 B AMEAE. Mep  TE BRI IT =L WA BAFLE
L P A R R 20| o | | icoem| - |[GOGTARA) RIEEERBOEE SIRH | o157 ), 1(108) [ IAH 10 DI ; . BEOIQ 120/
' ab, : WISC-R(10%%) = “1QIE27% B O 1 ch $A HYBE5E i
% . it -
L XKE 8.09(BFHABARE & MDI(3,6,12,24/, A) BEOEH. Q. SFFMNH |- BIROAMDI6M B)IEH ERTO M EHERT
2 [Dietrich et al. (1990) {7570 g4 4 207 %) (oo OB | Bruininis- Oseretsky (6) [, REEEZOMBIEM F |-MDI24# B)(Xprenatal £ DAER, 6= (AT EIXHABR BHROIAT5
-3 Ef =k Bgrading
*E Boston Teach BEOBBELANIL, BE. A |FBEHLSEEE 10 pg/dL T LzEE BRCIEIMKMOIERICHEZGELIE
3 |Leviton et al. (1993) 157980 1923 | | - 6.8(#Pb OZesiinon::i(;e(eﬁr;i) BRO—AE. REFOR |Belhihennici:E -
B % &R Tlir*ﬂmﬁ‘f&b\ IRTFRY; B )70 SR REAR R | & I A SR BE & DR (< B8s&
- 2AMICITEDR ;ﬁl*(&i&)d)?’i?ﬁ‘—?—h! BITBTEEDEEEA ALY
BHOESH. BROSS, B - : . ot .
_ = o e = Em oy - Hi EERIT D BHA I H $8 (X GCIE K UPerception, QuantitativeD 47" 27— (45%) &F
4 |MeMicheal et al. (1988) | —AFZV7 (R—HE 723 | 91| 95 8ol [aoamm Bolo. REEFTREOIE | =/ mamiL 4B GCI 10048
1)—)1979-82 HOREDBFLANIL BE H VL A O P 4 SR
EIBLL, ARE. 15 % ! SRS
MDI(6,12,24/n B) ¢ . " -
R = BOBELAN)L B, BE (- fosa-Fwm #RE#HRE r=0.64. .
5 |Cooney et al. (1989a.b) ?;823‘8';7')7(/'“‘ ) 318 - o a1 8.1| k%D Zgl}((&&g%\ﬁ) OB, R IREOIEN  |- BRI - S I IX H 2 H (OMDI PDIIZ RSB/ L ﬁ')(ﬁ;‘?;'ﬁ* Bayley
% -HOME 88 <3h< R
MS@65NA)
2 S P RELAFZREBEORK. AE. |- HEOBAMF EEGCIE LU Perception, QuantitativeD¥7° 27—l (485 F) |GCI 80&
6 |Wasserman et al. (1994) 1‘_;;?87;737 21 - 13 15 %J\%Tf% @gg%’\(f%) TR HA R, BELAL, |EABLAOEE 5 i (i o 8
IQREHE % -HEZROMPIREDBEED AT >EEL 39.9)HET
MDI(6,12,24/ B) N - . .
KE(HY—D S5 Rak— 6.6 Stanford-Binet (37%) FHR, MR AR AE, A :’;A_DBI' lz[gili(%ﬁ fé%{%/ﬁl]U)Eﬁ(mlquﬁliﬁwﬁgéﬁj’d\ HERTL Hep-EEMICE
Ernhart et al. (1987, Eedial 1 1 > 6.0 s |WPPSI@4EE10M 8) B IKEE, BEDIQ RELE A < \ L " N, Al
7 [Yo90) r) 160 (GM (GMW)&HE{&% Sequenced Inventory of B IEM . A0 PIEE . 1 -SICD&H ERTD BHAM R R EEH M & (ST EALBELL FNHVNEALN R
1980-81 6.3) : Cofnmunication DevZIopment iéa%xii;f = Rl RAELTHERDSEELHEMOB RN PBIEETSES E
(SICD, 12,24,36%° ) "B -l R HERE =070
. MDI(6,12,24,360° B) BHEOIQBEDHELANIL-B |z _ g
8 |Schnaas et al. (2006) f;;{;'z 150 | 82| 78 -|tE%  |GCI36,42,48,54,60m A) %A, RESFREDRE _%ﬁﬁﬂ&“”cmwmmq]fmie 108 FIQLH B AR -
WISC(6~ 10/ ) B H :
A¥a 24 AR OMAINRE., 5 . \ \s e g gy
9 |Hu et al. (2006) 1967209 % 3271 74| 61| 69 62| -  [mDI2amB) e E . FEOe | EIRATHIO BN 8 EMDIAS 18R MEESH RS AIE
I 'ﬂEElﬂlqjgu:EF? 1.:;7 U g/dLEL Fvsl L TFTI score B E =
) o s BHEOZKBELAIL, HEIR SFERED R24E
Jedrychowski et al. R—32K _ _ | _ FTI(6M A) - S| AT AT R . el o S e
10112008, 2009a.b) 2001-04 452 1.42 MDI(12.24, 365 B) 1;%1&5!1\ BIFRIED R SIREE .%Dg%.z&&(;ﬂégﬁql$utﬁ,§f+ﬁa>ﬁé MDI 100#2
-BAfEEL THAENRES ue/dLEIRIE
11 [Emory et al. (2003) KE 2000 * 79 B -l 072 B - FTH(7AM A) - FTIl score E{A115%& F{AI15% THEIRP D RHAM P ERRE 044, 0.94 pg/dL :;iz)’]';&'y';“

MDI: Mental Development Index
GCI: General Cognitive Index
FTII: Fagan Test of Infant Intelligence

S-BIQ: Stanfird-Binet 1Q

SICD: Sequenced Inventory of Communication Development
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1

& 16 mMAfRELUSNDOBEERS/NEOMBRTIFMNREE

HEEE 220
XAk BERIEE e AUk
BIE F# TAMER
Needleman et al. 1979 Fst 3% o ch g 6-7T7% \EN(,efhsler 1. FHENH A
RE1TEN
Leviton et al. 1993 st 3% s o g 6% R TORETE(ZF) |
Bellinger et al. 1994 it 3% o £ 8i% FRTORETE F |(ERIEx SRR
McMicheal et al. 1994 5 7% i £ SH Wechsler 1Q o)
Hernéandez-Avila et al. 2002 BERO BT H AR FIEDERE =]
1EIRE—3Hh A IO BHA e —
Bayley Infant FEZE=3REORAL. H
Mg (AM+ACD, . S
Hu et al. 2006 e oot |12 2488 | elopment Scale B |EROmPBHEEATEL

b. REHERE~NDEE

Landrigan & (1976) X, $h#STIHICET/NEE RS & LIZfE ATV,
BBITIEVNIE E R, TEROENEFOSRRENE < . /NNEOMmPEHRE
E< 72 T & wRERR LT, BT O 12 1.6km LANIZETe 1—9 5D/ D 99%
IZRWT, MR 40 pg/dL LLETH Y | 22% b O/NRIZE W Tl Fhi
JE1X 80 pg/dL LA ETH 7=, 5- 9% 202 4 D/NRITEBW T, I EREEE 40
ng/dL LA b CHESE R REHE 2MEK T U, MR SpiR B & iE B R R Sl 13 A S
RADOMHEE R LT (r=-0.38, p<0.02) &#ME L7,

Schwartz © (1988b) (%, ShHEiATOUT < IZfFETe 5-9 DFFRIZRJER D 72
/N 202 B i HR SRR FE & RIS E B RS B I O WCRRT 21T o T, 153
il /N 169 4 DM SREEE L 10-80 pg/dL (B b o Aini 2\ O BEE - 30-39
ug/dL) | FEVEYLHtE oD /N 33 44 TIiE 10-59 pg/dL (B b 504 08 %\ FEE : 10-29
ug/dl) ThHolo, T HZMIT LToRR., BEHEERTEZ L2 6T I eniRE
DOFE & LT 20-30 pg/dL 23 HEE S iz,

Erenberg & (1974) (%, /NESAHRIEEZ R L 14 flo 5 B, SelkR sk
JEO/NE 5 N (9B 4 NiZT7 7V BRT AV AN 1%, EFERILERO/NRIZE
NRTRIHRIEE 24 U W AREER & 5 & iE Lz,

Schwartz & Otto  (1991) 1%, 6-19 KD/ 3,454 &4 DT — % Z v Tl
SRR LHET) & ORR A MG LT, I ERREN®ETH 5 & 500, 1000, 2000,
4000 Hz W3 N B £ CHIE BN LH Uiz, mAsnEEN 6 ug/dL 75
18 ug/dL~EFH T2 L BELZTXCTOENEE T2 dB OBIE FRA LT,

QFEANDEE

a. PIRWEHE~NDTZE

Tt T % miR SRR CRMENEE 2 25 2 LIZLHEI LM BTV S, 72D
TEERFICA DI X 9 72 SR EEIRER IR T b PR RB I B 2 - %
HZEDBHLMMZEINLTWS (Hogstedt et al. 1983, Campara et al. 1984,
Mantere et al. 1984, Stollery et al. 1989, Stollery et al. 1991, Stollery 1996) ,
BN O HARFR IR RE IS X9 D BIZ DWW, EEMARZR 1TICE LD,

Mantere ©H (1984) 1%, 1975 LA EM T35 CEMER 2 BHLA Lo 1E¥EE
ZXSUCVEERMART, B 1, 2. 4 FHIZHRE - FUE - TR EEERE - TR -
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17
18

19
20
21
22
23
24
25
26
27
28
29
30
31

ANBIZOWTRHli 21T o 72, 89 4 THIAG L7228, 1. 20 4 FHIZIE 24, 16, 11
DI INBIN LTz, MR ORI EEAIEIR 14-45 pg/dL Th o7, %t
PRI — 7 NV BLESO R BT O ENIRER 2 2 T 72 WEEE Th o 7o el OFF L
BIZWBECIIEL o le, U/ AT —RAMAEHRA (Wechsler Adult
Intelligence Scale : WAIS) X°7 = 7 X 7 —ilEMR A (Wechsler Memory Scale)
REDNL OOLEFT A OFE N RITB B R Tk B TR O

SIS, SMEREE TIRT L A LD LR Do 7o, $MEREE OHETTMRE L 1T
i%ﬂ%ﬁé iﬂi%ﬂ@ZEFﬁﬁfﬁi IR L7z, M éni=iE 26.9 pg/dL DL b4 &gk

FZHE, 26.9 png/dL A 2 (KR ERE & 2 BEOHIT 5 & . WAIS @ 5 5 Block Design
(ZeffEREHE]) & Santa Ana GESEEMBIEETI) OT A MZBWT, EERE
HOBENARIIKT L (WThvd p<0.001) . SAEEFE DT A bR T IX
HIREECTH Y | S BHIZT A MEFEDO B 1720 RE ST b OO, fHh
REE 30 pg/dL X 5 & OO RN EELZ T 5 Z LN L
Toh-o7- (Mantere et al. 1984)

R 1T RADQPHEAEHGEICHT 2EE

X ) ere TEHR
Hogstedt et al. 1983 27-68 (#iE) SERE FEETANEDHEET
Campara et al. 1984 4560 IERE DEFHTAMNHRE T (FELA SR 60 ug/dL LYBELY)
Mantere et al. 1984 14-45 snfERE mege £ RICHVREEBEFET (FE M 30 pg/dL)
Totiamson and Teo <2581 () MEEE |[BEAEETANCHE
Stollery et al. 1989, 1991|  <20-80 (&) FaliE) SRR (PR 41-80 pg/dL) TRHHET
Stollery 1996 14,31, 52(3%) SERE PIRMEQHEE T
Wright et al. 2003 4.5 SEE (F949685) |NERICHSRMNETZINE
O'Neil et al. 2006b 9.4 —BA+IEEE | ERICHOBRERS R
Park et al. 2006 &R BEE (CEHT3R)  |BPRERIGL TEEBEREET

SAREE AL BT A R L IR R IE T T

B LT, M gndR AE 23

60 pg/dL ZHB 2 7= 2 &L D72 WMESESE 40 4 L FERFE R IRFE 20 4 12OV TR L
TSNS D, BBEEES 2 TSR 45-60 ug/dL OFE (20 4) & 35 pg/dL
PUFORE (20 40) (2B L= & 2 A, HEIRE 45-60 pg/dL OFEE. 35 png/dL
uT@ﬁ&#ﬁﬁfﬁﬁwﬁct«fuﬁ%MTXkﬁmmﬁ NE=EINT N
LV ELFRATZ, INDOET, B H D WA AR 72 R & 1XBEE L2 o
Too TR OMTIC LAUE, BOAEIT =L LSRR E SN L, SEERE
fRPHIGAL D K O 2R E ORSRE D EE ISR T 2 BRE XD T 0 Th - 7=, L én
BRENEVIE EARGEITELS . HREGHFLZE LTV, ZROOFTRIZEY
IREREER BV TGRS T 2 S 72 5 91 R EE O BIMEIZBIED 60 ug/dL LA
TTHAHZ LIRS (Campara et al. 1984) |
mﬁfﬁf@$ﬂﬁﬁ1oMMLuFT¢m%ﬁ%bm®%@%%wﬁéﬁ%
OB S, Wright & (2003) 1%, FHFEEK 68 kO min# 1,031 A (R
48



0 3O Ot~ WD H

TEN) RGP ERRE (ERESE 4.5 pg/dL) . EEHERE (G
ZIfiE 29.5 nglg) . BEERENRE GEINFENE 22.4 pglg) K OREBHIBERE 2 | &
L7 5, mlin g Clrau hen e OV hen o BRI KV ERMEE N MNME T L= 2
EMB L SBRFEINEIZLE O BAAE ) DAL T 2 3 5 Al sett 2 Wi L=,
O'Neil 51X, HEYHE L—ABARE 47 4 CFEY 37 k) ZxtGIC i eniRE (F
PIfE 9.36 pg/dL) K VT > — Rtz K 2 $a R ek e OMg gtk i 2 5 A L 7=
R R AL VIBRBE A Z T TCWAIE Y, MPEEENELS 25U 2708k
U, £o, MHPHRE EFOBERENEWEEIZER L TV DHHEIZ EHEE., ]
RO 57, EBrh IR 27 23 5 B RIERS N 5 & #HE L7 (O'Neil
et al. 2006b).,

b. RIEMHZEENDEE

ERTESER OB L 2 E U 7 RIS EE I BT 2283 5 < & 5,
FUESEREE 41 4 (M HPERIREE (IR CEEvERR ) 43.3£17.9 pg/dL) &3
WREZ S 39 AT DOWT, Flix OMRRAEBEIIRAEZIT o TR R, R RS
FETE AR AR R O B (RN AR S L QMR AR L 0 Lo B2 0T nwZ &
DRI X7z (Hirata & Kosaka 1993)

EnEZEFR (MHPEREE 6-34 pg/dL) Tid, 1EFRHRR O IEEh AR E I FE ) MK
TLTEY (FERENSE I N TMRMRENMET T2 S EHEITFIE L
EHEIN TS (Araki et al. 1980) . $AFEMIEZEICHES LI ERIRE DS 30
ng/dL & H#8 2 TW/EEE Tk, B2 TORWEMEES [T R TIEP MR o5
PR DMK T L7z (Seppéldainen et al. 1983)

—7J. Ehle (1986) 1%, MSA%EE 70 pg/dL LA T CiEifi e i & (585
EORNZEE X R 72 E L, Davis & Svendsgaard  (1990) 1. $hoog
B Ko TR EHEME T T 525, M EIRE & ORI 622 Thwne Lz,

Chuang & (2007) 1%, EFFBME 173 4 & FHHES OBELS 25 dB L ETH
L BMEFEE 121 A RRIcihén - v~ - b3 - B L UREA ICP-MS
ECHIE L, i 4 JoFRIRE L) BEE & OB A fat L7z, SEFIRED BIEIEE
FHOMAPEIEE CGRMEE) X, 10.7 pg/dL, xREET 3.9 pg/dL TH - 72, 4
- DELEE R - R E - BREIRER AR - SRR AL O A N 28 K, HE R
TEEEAEKE U CEBIGDINT Z2IT 72 & 2 A BEIME T IXAFER O i $his
G &b ARBRIEOFHEEER DT,

QHIE R~ DIVEFAKEIE
rii=a—m s TEI U RAv BV Dy —L LTEHS DLV T ACE S b
HZEMARTHLZ L, BANMEEI LV D LAF v oV ZHIEL, L
VU LARAE TIVE I RS N-AFIL-D-T AT Xl (NMDA) ¥ X 5 7
MR ZEWE M Z B L Ty P A RELAHET 5 2 &0 =33 UEHEIR
TTrEFAa) roOBHEREL, R—/ "I U ORVIALZHET D Z &ENWE
SN TUW5 (Bressler & Goldstein 1991, Cory-Slechta et al. 1997),
(2) DOOER~NDFE
iR K OVE HERTREE & I & OB 2 et L72aFgE a2 & 18 17, ImHEh

19 7z 3 e NMDA OZARIL, Fofl « 538 SRR KA AR M B8 O B 7 & DI O A I 72 E 0 FAB L
THHEBEZLNTND T AREPEICEERERZ R L TS (FES 2006) |
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20

IREE & OMBRITSREREE O L O I FEHIBEDN SE TH D255 11T —E DR R

2 FE 5TV 5 (Kirkby & Gyntelberg 1985\ Cardozo dos Santos et al. 1994)

F7o, P BmOIER E & BITDEX EICRE 2RO, ¥ L — MR GRZITIERIZ

18 LT RERIDN s ST b (Myerson & Eisenhauer 1963, Freeman 1965),

MEEFH 2T FRA T2 X555 RYIFOBRELZNL Z LT

ELHETHLEFHRBEDO T NMFERRE LY bHEUTHDL LN TND
(Hu et al. 1996, Cheng et al. 2001, Gerr et al. 2002),

& 18 MPswRkUEFPIRESMEEFORERF

X MR ga* Brhiix .
ik (e/dL) (/e wWirE FERR
Kirkby & Gyntelberg 1985 51 - SHIERE BIAREE 1L IR HE
' B4 105 _ e - g
Apostoli et al. 1992 4t 16,0 A SMEEHEICEE
Cardozo dos Santos et al. 1994 36.8 - MEEE MGRHIMELFEICEE (INBHLEEFEETELD)
Factor—Litvak et al. 1996 373 - INE AELGEEGL
5 216 . - .
Hu et al. 1996 6.3 %g% a1 —fEmE BILE LRSS
Korrick et al. 1989 a1 g 133 FEG | BnECEEsL
: ] BEE 173 : =
BE 227 . - B Rfh s B I E LBSE
Cheng et al. 2001 6.37 BEE 327 AA [ ch 8 & I IE & RS EAL
Nash et al. 2001 2.9 - RERH MR LR R I DIGRANEDHICAE-RIGE KR
Den Hond et al. 2002 21-42 - — A mEEFEDREELZL
Gerr et al. 2002 - BB (10 LLE) —HEA INRHIDIBORRTRLE EHOME L F EREE
e - EEPINLREELRL
Rothenberg et al. 2002 ﬁg% I gf B YR - FEEhSAIXIE b 5F(- <R (M XA
w2 S - BEORBEFERFOSME-ME EFICEE
o -IfE R EfE
Glenn et al. 2003 46 KEHE 147 SRMERHE B R LB S —
FIVNRTA)AANBERVETIVART A)AANKEIZE LT,
Vupputuri et al. 2003 3.0-54 - —fEA 1 o 8 S UNHE A I E A3 B (2 BE
Vigeh et al. 2004 5.7 - i3] EENEORMBHILRLCELEHOLFANFRICEL
a ¢ al. 2005 fEHm: 4.6 _ N EELPRREENABVIFEIEHLENFL
ump et & 46 ¢ -G RIS AR LN L MR M S ER A S
Glenn et al. 2006 314 384 EYE ;f’ﬁ HI=YMHRRE 10 w/dl OLRA 09 mmHg OIREMMED
FLE
=] i\ [ 5 e 2B iy e =
Menke et al. 2006 258 B —mA EEqJ:iQ,EE(iﬁ?EIZWEt\ DIMERBET ., DHEE, KNEZEREEE
1ZBg:E
BT, DOERBRVLAAIC o S i FR SRR
Schober et al. 2006 076 B A TK;E_;I:'LJJ:JT%EJ% RUSHAIZEHTE=DARH YR M i E
Vigeh et al. 2006 fE#1 4.3 - AGEOKE | FRMATREDYRIHHEM

* o BREIME, I ST g fiE

1 R ERNIREE DMEAE T 556 T b I & OB % ﬂ*ﬁ@%%@&ﬁtz)%é Glenn
5 (2003) 13, BIEXITEEITT T TR UT AN ICRE L2 T 7125
PEERTEZESE 496 44 (FAABHAAKE 55.8+7.4 i, Itk DERIREE ) %ﬁ’] 18 4F ki)
Z KB 1994-1998 i Hén K DR E FEniEE & % 3-4 [BIHIE L, LﬁlF
2t & OB ZFEAN L7, FAABRAREO M eniR g (BT Py SRR ) |
4.6+2.6 pg/dL, 3 FH OEFHENIREIT 14.749.4 uglg ThH o7z, %Ci@aﬁﬂf)r/ﬂ;ﬁﬁaﬁ
QEMT, ~EHTZ 0 MPENEE 2.6 1 g/dL OIS LT, IHE ML EIX 0.64

(95%fEHEX[H : 0.14-1.14) mgHg/FED EH.. —FH7=0 [ETEEE 9.4 u
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glg OEIMxE LT, IMEHIMIE X 0.73 (95%E4E X[ : 0.23-1.23) mgHg/4F
. IEBE R OREIEE 18.1 u g/g/FEOEEANI) LT, I+ 0.61 (95%
fEHEXH : 0.09-1.13) mgHg/% EH L7z, ZOFREENS, A B CHREERIC
X AUE ML D EF-NEAT S, MEICB T D2k R OB RN — T 5
EHE L7,

Glenn 5 (2006) %, 1997-2001 D], F¥F M 41 m% T 5@ 8.5
FOEIEES 575 NTHOWTIE HER L UMM HR $RTR FE & 1+ o> B 2 3~ 72,
ZOFER, —EMOMPSNIEE 10 ng/dL @ _EF-2 0.9 (95%EHEHXE : 0.1-1.6)
mmHg O LD EH L Bh#ET 2 Lt L,

Korrick & (1999) (%, 1988-1994 ED[], MG #AT 2 6 52 & L ERE 89
% (61.7£7.1 15%) . IEFIMERE 195 4 & MES LA W EE 73 4 (61.1+7.2 %)
& MED ELEHIERWEE 122 4 (B8.7+7.1 1%) T3 7= 3EEICHOW T, I Hén K&
OEHERE L EMED Y X7 & OB EZ T, & OREE, 2ROl iR

(BTt + M AERasE) 13 3.11+2.28 pg/dL., JEB ek O E henms (K
) R YRR S X R 6 1) 13 13.83+9.0 pg/g KON 17.3+11.1 pglg Th o7,
RAEIK 1% di#E 3 5 & 25 nglg ODREEE FEIRE OIS T 5 miED Y
A7t (95%[EHEIX ) 12 (1.1-3.2) Toh-o7=2>, mIfLE & MmFsnEE, 5
VNI E IR & OBE I /e o Te LG LT,

Rothenberg & (2002) 1%, 1995 4£-2001 ED[H. 1,006 FlDOIT4F (31.0+7.7
%) % XU E P EN R O R ENREE & S IEAE . 4R 6-9 2y A K OV pE% O 1f
FHEORREMNT L2, TOME, KELOEE (LxHIZ2) OFFEREE
DOFMFEINE 8.0 pglg KON 10.7 pglg, HIPERT M O PE% O i ERIR FE 0D 8 (m -
PIE 1.9 pg/dL KT 2.3 pg/dL, BE FENREEDS 10 pglg HH-9 % LIEIR 6-9 7»H
ORFENC B I EIEIZ 72 5 4 Rl 1.86 (95%(EE XM : 1.04-3.32) TH - 7=,
ERIMED AN TIE, B PEEED 10 pg/g LF-4 2 L 4E4E 6-9 5> 7 W IuHE
MJEA 0.70 mmHg (95%fE#E X [# : 0.04-1.36) . FLIEHAIMES 0.54 mmHg (95%
EFEXM : 0.01-1.08) EH- L7z, LU, EEPENEEILEMEL)Y 6-9 1A
Wi BH & e ehEE I EZ O M - ME B EBE L 2o 7o &l
% L7z, Rothenberg & (2002) (%, 82 DOFIREE 2NMEURF O &I E - ifn)E A
IR 2 RIF L TWA Z S MR O MLEE O 72 DI ITIEIERT & O FR
AR L TR BENRDH D LiEmATT T D,

Vigeh & (2004) 1%, $hMREE 2T W IEEICEEYT L TV D AR 37+2.5
I (fiPH 30-41 ) DA F o Oifkmzxtg e L, millERE L LTIl 55 4 (27
+5.6 %, P 17-40 %) . RTPREE L U CIEH MLE O 55 4 D MR & &
MEDY A7 &L OREEZF~T-, ZOME, MHRREIX, SIERET 5,712
ng/dL (HiPH 2.2-12.6 pg/dL, & AR OAMEEIC L 5 M EREICE LWFEER L),
KEPRFEC 4.81+1.9 png/dL (#iBH 1.9-10.9) TH V. & MJERED i F A7 FE 13kt
LU L CABICE T2 HE LT, £7-. Vigeh & (2006) 1X. & FEE
T2 a2 T e Witk DA T etk 396 4 (¥ 27 ik, #PH 1549 5%, 9 H 31
KD TRIATE & 2Z2Wr) 2% ERiRE & FRIRTE0D U 2 7 & OBIE 2G5,
FRAATERE CEHLIEMER 7 4.30£2.49 pg/dL) O A7 I T 8 5 BE 135 FRBE

20 JEIRPEIED 1 > TH 2 FMOAEYER, —RIICELE, BAR, #ENSETH Y, B, HOEE, mK, mk, -
MR, AR EOIERE BT D, FRIZTADASCIMMIILO X 5 7O UK L7 IS RO al b 72 £ sk
%,
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44

(8.5242.09 pg/dL) IZHARTHEICEN 2T EWME LT, =Y AT ¢ v 7Bl
SHTTCIE, A Xt (95%(EFEIX[M]) 28 12.96 (1.57-107.03) & 720 JEHs M
SRR E DM T RRTED U A 7 BEIN~E L Z EMB LN o Tz il Lz,

oL T, Harlan® (1985). Schwartz (1988a). Gartside (1988).
Den Hond & (2002) OFHAED X 5 I2—#xA%K (NHANEST) % X%4i2 LT
D EIIMITEIC L » TRERICEEN A B TW5, ATSDR (1999) Tix
— AN E TG L LT WL O OFAE NG | I PSR E & i E DI Wﬁfﬂaﬁé
N5 EDOFIIEONTHRNE LTS, Menked (2006) 1L, NHANES
MZB NN L T2 N13,9464 Z IR I ShiR B 2 e L, JECRE DR # %18
BRAA U7z, 2 OfE R I $hiis B O R 1132.58 pug/dL (#:H0.05-10 pg/dL) |
RGN+ % A BT 5 &L P EniEE3.62 ng/dLLL LR (Ii/ﬁﬁ%o %)

DY A7 HIE, MHER1.94 pg/dLAT O#E CEEFERS6.Tr%) (Z A~ TASEKISE
T T1.250% (95% EHE X [ : 1.04-1.51) | DML &R BAETS C1. 55P (A, 1.08-2.24)
T ol PSRRI OHEZE & M2eF oM )7 L AEICEE L, WEOHRE X
0 {0372 D ARN2 pg/dLLL ECRIEDGRD H i, W E30FEICH - TIMHERNE L
P LTI b Db 59 SR ER 1L —MEE R 0.0 L R BAE 1 O B B e P E K
FTHVHRTTND EME L=, Nash®d (2003) L. NHANESII OFEHHIFE
BB 5N T240-595% O 212,165 A2 W TULHEA M OPRIER £ & fhén
REORBRELIHE L& 2 A, PG ZMEDOIREW )+ DD\ T H &S
Bt & 5 L5 L7, Vupputuri® (2003) X, NHANESII D7 — & ~— 2

(1988-1994) & L 2 HEWHIMFSE L . BHET7,464 N (HA5,360 N, 77 U W%
7 AV 7 N2,104N) | M8,488 N (FAANB,183 AN, 77 U %7 AV F1 A2,300

N) R LA Uiz, ZEEMITOMET, 77U %7 AU 7 ANBMH (95%
EEEX R O PSR 1SDIZ M 5 FUFARE : 0.82, 0.19-1.44) KOT 7 VU I %
7 AU BN (1.55, 0.47-2.64) 1B\ T, 1R & IHEH = o fIic
RPN A B 72BN GO iz, £7-. M SRR & YE5EW )£ o R [F]
BRZM85BEEEME (B4 - 0.64. 0.08-1.20, ZctE @ 1.07. 0.37-1.77) B 5
72, Schober® (2006) [ ZNHANESII & Y i A DS IN#9,757 A\ D I Fh i fE
EHTREDOBRBREME L, MPRIRES ng/dLESHYEL L7k 2 A, #RsE
T OAERE U A 7 3L P8R FE5-9 ng/dLC1.24 (1.05-1.48) | 10 pg/dLLL ET1.59

(1.28-1.98) & 720, LMILEIRE MK QRN AN X DIETITOWT b I R AL

WK Ltifmm W BT,

INFIZ S A 45 TiX. Factor-Litvak & (1996) &iﬂlﬁﬁﬁ?%fﬁkﬂl@@%
RIZHONWT, 22— AT ET O a Y RIFETe 5.5 iD/NNE 281 4 & G2 HF
1T o 7=, R P TR B | X BR R AE O T ¢ 37.3 ng/dL C., JEIREE DB TIL 8.7 ug/dL
Thol-, &R TOMIEEIT S & MHPEHRED 1 ng/dL @ EFIE, IUHEH m
JE1% 0.054 mm Hg #EERM)E X 0.042 mm Hg EH L7223, fHEIZAE Tl
o=,

Gump 5 (2005) 1% 9.5 mkD/NR (H AR WA L 072 FE 4.6 pg/dL, $hE4
DI FERIRE 4.6 pg/dL) A xFGACHHA L, WA I SRR EE A @V IS & IUHE
JEAE < . SRS P ERRE A B WIE ERRIE A RN E <. M ERRE 10
ug/dL LR C b [REDMEA 23588 H iz & sl LTz,

(3) .I:Ifl:l.l{&/)_.ml/\/\o)E;gn
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R DMK - & MR~ DB BT D EE 2 ERRIER I THEAEIZITE L TH 5
2, ZHVUTBETEAIC LALLM VEREREOSGSICLNEZ 5720

(WHO 1995), WHO (2001) %, A TiLinHEniRE 80 pg/dL T, /NNETIE
70 pg/dL THLMREMARD HNDH E LTS, I L 2 MR & $ha
HEMEN, BENTHL RS, BlllOFEETHLI~NET B B L 2REELT S
5 MR ORIMEIL, A T 50 pg/dL, /NETHI 25 pg/dL THDH & ST
W5, $hhEIC LA MIT, RiEKP T~LERICEET D 87X/ LT -
el K% 3%22 (§-amino—levulinic acid dehydratase : ALA-D) 7 =na /o %
—B (NLAEHEER) FORBEEENHEINDI Z LTI D, 7=y
T8 —EDOHETH 2D FeIIERIBITURERTEMEIZ LV Fe3r DN iE L SV TG S
5o SRMIBNETCEERIEE A AET 2 2 20, 7o u s 7 X —BIEMEREIT A
FTEOLDOTHD EEZHND (Taketani et al.1985) , FOMIZAMIZESS- L
TV H o & LT, RIERD TG, MRILEKIEDOREEDEENREZ B D

(Ichiba & Tomokuni 1990) . [ 9 IZ8hFEIC L D ~LEHKIAFEDO 7 v —% 7R
To NLEBUCERT ABERTEESAE SN D & ERERIER 7 2 AR LT ¢
>23 (FEP24) BEMN EH3% (Grandjean & Lintrup 1978) .

-7/ Bk
|<- snu§-F3/LTYUEEEIKEES (ALA-D)

"7|:|7|'f)lzl7«f'ﬁ/
YN aZamkjLaq)y
RILITAL) jl:llw'l'fl)l/?'f'JV ﬂ
JzO43545—%
d ETHR
S > ’\-L\ ;
JoEy \I

9 SPBICEAINLEHBAENTIO—

21 RMRKICEENDMAEHET, BEEGDANLLEZ LV AVBETHL Iy hblD,

22873 L7 Y UBITEDFITIES 5L Y 7= CoA LTV Uint &7 3 L7 VIRERIEEIC L - TEREN
b 8T VT U UEBUKBERIINLERKBE T2 07D 6T 2/ L7 ) VBERAEE LT, R 7 1 ) o AERKRD
PR CHDRAVFREY ) —F & 1 5 FAERT D8 EET 5, IRWTA0TDORAKRE Y ) —FURiEAELTT b7
Er— VENER I, vadRL 7 4V ) = T RO EZE TS, vaRrLvr 4 ) ) —Frn@gbanstovairLrr
4V EELD,

B 4O T — AR’ AF LM (—CH=) Lo THEA LBk T b T ¥ r—Aiilk, RKICIEHRL 7 1) > @ Fe, Cu, Mg
L OEN R EN, ABWICIT SO b L, Jua T 4 AR ERERTH D,

24 Free Erythrocyte Protoporphyrin
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SRIRFE I ) e L BBICRE O DN TV DT, ALA-DIEHOETH 5

(Selander & Cramér 1970, Secchi et al. 1974, Meredith et al. 1978, TeliSman
et al. 1982, Jin et al. 2006) , [F UEBREE CErlRER 45 1T 72 355A . ALA-DIEMEFH
FICBIT DIEEZMEIT B RN <ZMERA=/IEEEZEZX LN TS (Roels &
Lauwerys 1987, Roelset al. 1975) , 21X, ARfLEK7 =2 ALV T 1 U AREE
DA R BT BN BT R 2380-40 pg/dLLL EThEE 2 DITxt L,
RN 2P CIE20-30 ng/dLChE Y (Roels & Lauwerys 1987) | 11-125& D ¥
THRRNZME L R CEA 235588 541 T % (Roels et al. 1975)

(4) Big~0xZ
IR R L > CFanconiEERAR OB EEFE N /NICA IS Z & (Chisolm
1962) LA THRARICBICEENEL S Z & (Wedeen et al. 1986) 1%, ek
MBI LTV, FBERE CEIN-TEF L g-D-JraypI=F—=+
(N-acetyl- 8 -D-glucosaminidase : NAG) O _EF»3#sE 7= (Cardozo dos
Santos et al. 1994, Verberk et al. 1996) , B DOEALITIRAE ICRRE S, R
RIRIIIEB B E SN el Sz (Cramér et al. 1974) . F72. &l
FIXEARER I O BEREREED U A7 BREWZ EER STV 5  (Muntner
et al. 2003, Weaver et al. 2003, Weaver et al. 2005) , F19IZEnlgaR & Bk
HEfEE & OBR A S L2 S0k A £ & D7z, & 4 O 3L TITh - B e R A TE
HNERD 20, —FR2ERIIREECTH 208, P EnEE N EAEEOR TH
M7 v7rF=rD b7 v T7F=0 2 )77 0 AORTIC L 5 BHEREREE

MHE STV D,

& 19 R L BHAERESE & OBR

ik fﬁ;’jm W TEFR
Lilis et al. 1968 74, 88(28) ERE hHIL7F=vLF
Gerhardsson et al. 1992 3.5-31.9(4%) BRISATERIEEE RERAMEE - REEREELDICm PR e IE £
Staessen et al. 1992 11.4 —MABF) ILTF=UHITIU R, MEB2-2/R 5 0T FEbImp i B D
Cardozo dos Santos et al. 1994 36.8 fafERE NAGLER (FZILTZv REELRES)
Payton et al. 1994 8.1 BEEA MmN ERTEEILTF=UIITIVRITET
Kim et al. 1996 9.9 BREA MgpemEIL7F=2 T EDHARE
Verberk et al. 1996 34.2 Fit NAGLE# (a. -MG. RBP, LAP(Z i/ AL 48R 8 F)
Muntner et al. 2003 4.2 —fA BMmEEEFRBEIHSIBREIEEZTOTN
Weaver et al. 2003 37.2 safERE BINE LRRECIIBERERTEZFOTL
Tsaih et al. 2004 6.5 —R&A mEILT7F=0 LR (FBFEEDOBRERENET)
Muntner et al. 2005 eyt —fA M HREAESE, RN ERS RURERRBOF v XA HEI LR
Weaver et al. 2005 32.0 SafERE BEERE (LEMRRICLYRB ERERLPT

* BRI, AR ST R fiE

Payton® (1994) %, 19884-7H-19914-4 7 ®[H|IZNormative Aging Study

(BEHEZALMIZE) (2SN L T-T444 OB RN (B, FHFEE64n%, #iFH43-90

k) RBRICMTPEIEBER O VT F = 7 VT T AERIE Lz, ZFORE,

MR SRR EE (R HHEUERR ) 138.143.9 pg/dL, 7 V7 F=2 2 U T T

2 (BRI + fEAEEAE)  1188.2422.0 mL/4Ay Th o7z, MLPENEE L 7 LT F
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=27 VT T ADRMRE ERUFONT THAT L7- & 2 A, A, BMIL, FlRAME
. BERAIE A 2L CHOIMPNRE L 7 LT F =07 U T 7 A LDMICH
B AOMES (BE : -0.030 (SE 0.014), p=0.037) 2B oL, MAHSHIEE
23100 pg/dLEFRT 5L 7 LT F=0 27 VT 7 A0R104 mLUIGGE F Lz, 2
SO AN OCERERROKBERBREIIBEEEOAEERETEZ2LZ6TE1)
it % R 5 L ds LT,

Kim® (1996) 1%, 19614FLIKE3-54EIR CEMMZ &%) T\ 54594 ik
wEN (B, F#r56.9-8.35., #iPH37.7-87.55%) & xIZICIMFENIEE (G
FHIE9.9 peg/dL, #iPHO.2-54.1 pg/dL) L7 L7 F =% HIE LT, b,
BMI, MYE. ff, ZE LUV, @il EZHREL T, mPshEEimiE s v
TF = ERRBRIEOMEBN R S AU, AR A2 E L iR EnRE 10 pg/dLLL T
DM THARZRMEBEN R SN, M ERIEE EAL /AR TAL/4REZ e ~Thn
ERICPE D Mg 7 U7 F = OIS BN o H#IT L= Z L h | KR
JESNIR TR LTINS TR O BREREDIR T2 N5 & it L=,

Tsaih® (2004) 1%, FEFEF 4484 % *IBIT M PERIRIE L FERIF (2KD6%
RERR) KOVEMEAE (BIRD26% N HEAR) & BHERE & OBIRIZ O W TEHEM D
AT & A 21T - 72, PSR 13 16.5 ng/dL, 5 hEniE i 13 F-1432.4 pglg.
T PN X215 nglg THh o7z, LAEBRBUFSN CTIE, MIEZ LT F
=V O] A & i ERIR EE ORI BN 2 B AV T2 3 FERHFRIICA B TlER
Mmote, LML, M7 VT F =2 OREE(E TR L= FERIE & & it
JENZNEI0 MR - G2 L7 F=0 KOS B HERE - M7 LT F
=V OBMRICERRRZAEERZ L7263 2 ERRO o, Bl IE, E TR
FEDSTALU4AD G EALVAIZE D D & BERFES TIIIEEF D17.665 b i 7 v
TF=rn EH L (1.08 mg/dL/105 % 0.062 mg/dL/104F), ZHHDZ &
NH, FHHIL, EH)RLOHEER LOERE BT 5 BHEREOBRENIIK T I,
FEHIZ D= 28 OKRNERE SRRSO T OEEEZ T H X5 ThY  FRZ
PRI ARE L EMERE CTROBEETHY . I NOLOBENERZEIV—T72
A9 a7,

Muntner®» (2003) X, NHANESILIZZAN L 72 205% DL F o> & i )E K OFE s
M 15,2114 Z 5P G M H SRR EE L ISR R & OB # 2~ 7, g2 L7
F = ERITER 2 EHER A O NFE - PRI D99\ —t X A VP E L EFR
i, [BERE BT Modification of Diet in Renal Disease (MDRD) £ O HL
R HEE SN 7R ERIRTEE R (GFR) 2360 mL/4y K W IRWEE & EES i,
i I3 Je ONE & 35 O i FR SR BE O AR - )134.21 pug/dLK 18,30 pg/dL,
Mig7 V7 F =2 EROFHRFIT11.5% K 11.8%., EHEBEBOFHFEIT10.0%
K 11%ThH o7, milEHE TIE, A EHRIEE FA225%I2B W TIyg 7 V7
=V EREEBEEEROL Y XEEO BN IXBEENTRO ST, M EnRE O
FA25% & TAL26% % HEk T2 L 1fiE 2 LT F = ER EEERREDO A v X
Lt (95%1EHEIX M) ¥ En2.41 (1.46-3.97) £2.60 (1.52-4.45) T. &
MJEFHTENE11.09 (0.53-2.22) £1.09 (0.41-2.89) H-o7-, MAEHIEE &
1B & ORI IBIE R 2 R & TR COXRE T &K L, @ MEH TIEEN
MmAgnEE CHIEMREBARLEE L - fE L7z, 7. Muntner®> (2005)
I%. NHANES (1999-2002 : ifiL H$pii B D % ~-#)131.64 png/dL) & XNHANES

(1988-1994 : I FFHNIEEE DL 14)132.76 png/dL) ZEEBMTLIZE 25,
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I BN FE 1.06 pg/dLAT ORE & g LT, 2.47 pg/dLLL_EDOFHIZ I CRAY I
BIREBOA v XH1.92 (1.02-3.61) | EBHEFRBOA v XE2.72 (1.47-5.04)
MO BT, Ekong® (2006) 1L, —Mx A, $1EER . &£ K OWERIp B
FroE 2 XA M ERIR B & B B & DO BE 2 R T A A SR LT ARES,
MRFEFZ, MiG7 VT F=r, 2VvT7F=22 U774, GFREOH LI
1LHRIZOWTRIL LT, 20T —2 0B I ERIEES pg/dLUL FTE 2 béh
FBEMEICES L, B, milE, FERE., BEBRELT AT 28O LTEH
HLTWAZ ERRBINTEWE LT,

Fels® (1998) %, /hi1124 (GEBREHINS04 ., M@EMIKG624) & XRIC,
I SRR EE & B RE O BEE I D TRAWTIIRIIE 21T - 7, 1A SRR B I IR R i
T3.9%t1.3 ng/dL, BEFEAECT13.3£6.2 ug/dLCTH Y . BERICB N T T a2 x 7
TV, buarARFx B2, EEBERT. p2-MG MK OClaraffifid & > 37
DIFWH EF- Uz, FE 7z, BSREIE, 0 L O RANE I N E MO R~
— =L X T v R RO R — U DL SV K
D BRI EEE TENORBEIN TV, EE DT, MRRRTET TR
JEA~DFEEL HZOTTHE S ~OEBEOBEIZ10 pg/dLE LT 5,

US EPA (2006) 1%, —#EMOIMF SR & RKNICERE L2 8h 23 BHEEED
FEWIM BT LB L TV AT, BED KE TOBREEIR T B TR D)5
DIERINEER DR TH D & VI IRVIELAH D & LTV 5D,

(5) ARR/ REZRNDFE
I A SRR FE 3 425 ng/dLd/NR (Siegel et al. 1989) K U851 ug/dLo &EHLIE
%% (Gennart et al. 1992a) % XRIZT 1 X R K OHIRIRFIE A VE >
(Thyroid stimulating hormone : TSH) JREEZHE L7298 TIE, WTiL b s
DRGSO LR o 1o, MAERIREE N 52 png/dLOEZES T, I FEA D
OTSHIH B EE > TV, Fax v U REICEITRED bt oT-
(Singh et al. 2000) ., L2>L. fitodoffse CEHIMFEREES1 ng/dL) Tik, TSH
REIIEET, TuxP U REO EANRO b7 (Lépez et al. 2000)
T SRR SN B CAMER P L A~OUE FE-IN FEA-FE (HPA)
AOFUSERTEH STV 52, B FOHPAROSIRTEIZ X 280 2w Ic B3
HEFZEIL I N TV, Gump b (2008) 1%, HAERTER OIKIRERERICHKIT 5
SPEA RV (BEaVTF a4 RAESWIZ X 5HPATEMAL) (2634 5/hEo =
TV = VDS G, £ ORGSR, SRIRER I OMER 2 LT — VIR & B
B LMo 728, Atk A b L Z D% I T HZERTE O L P80 B 1 ik = L F
V=V E BATCTA B E WA R L, 202 &1, HAERTE O LRI
WILFERIREE, T 725, BROAREEON L2 HAE LT, CDCAERL
7210 pg/dLLL FIZB W TH AR LRI L » ONE ORI R E SR B2
HZLERRELTWVWD,
3EDOMIGA &/ 7n7 U (IgG, IgM, IgE) REIZOWT, MHFHIEE
2510 pg/dLLA EOgt SRR & 10 pg/dLLL T /N & s 35 & | etk ¢l
TEIgE & i EREEASFEREI L T 7z (Sun et al. 2003) , F 72490 H -65% /)
(M ERIEE1-45 pg/dL) TliE, MmHERERE & MyEIgEFER L Tune (Lutz
et al. 1999) .
US EPA (2006) (. /MNEDOMFERIREEA10 ug/dLEA F OSE ., Pk E
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DR & MIGIgERE & ORICA B2BEEN—H L TRO LTS & LT,

(6) EBE~ADEE

FHEE O TR E LT, BYETIHAME O TR, LETIEZREIOKT
ROMERO LR ERELI »oHESNTEZ, WHO (1995) Tix, #hn %
T IUCE L CH AR E A AT 5 EERGEIE S D EHE LTV D,

@ HIZHITHENE - READOEE

TRZER SRR 2 2 (T 7o BTk, SRR DS 40 pg/dL BA B THRH ORE 1
B BB 51 (Lancranjan et al. 1975, Assennato et al. 1986,
Telisman et al.  2000) | I FérfEm#RE 51 ng/dL UL E TR 5 £ TORFH O
EWit (Sallmén et al. 2000) . M HERHRE 31 pg/dL LA ETHRRED Y 2 773
mE Y (Lindbohm et al. 1991) . V&)l HERIR AL 46.3 pg/dL THIARMET L
7= (Gennart et al. 1992b) & #E ST,

ATSDR (1999) 1%, K ~DORENMHP IR 40 pg/dL (i HHEIIAD 5
ELTW5,

Hauser © (2008) %, 27 ® 89 %D H I 489 N & *G Uz M HEriRE & %6
B N ERTASEAMG U 726 A M OVEFRHABA 4G & DR E M >\ T LA R
VAT 4 w7 EHET NV E RO CREBIAORTZE 21T o 72, ISR EE o th gLl
(25-75 /S—& % A )L) 1% 3 pug/dL (2-5 pg/dL) ThH o7z, LE BN TIX
MHERIEEEDN 5 pg/dL LA ED B IIE, 2 X 0 IRWIRE D B IE & g LT@?{E
DECAE D A X8 43% 0 LTz (7 XE=0.57 ; 95%(5 #HX[H : 0.34-0.95,
p = 0.03), ZIHOFRERNG, ARV PSR EICB TS, FHEMRT%
DB RO ERBECEEYBR MG OEIVCREEEN S - 72 L @iE LT,

QKMICHITHETE - HEADFE

BG4 B V2L & T B O EE R oD R A 1. SR IR FE oD L ESAIE SR T, R IR EE IS ZE 370 <
(Bogden et al. 1978) | DA ZEDfEMT TH HAERTZ I 1T DR ZE D2 TH 6
72T (Andrews et al. 1994) , AERFF IO M FFEATREEA319.1 png/dLE5.6 pg/dL
DiFEmFEZ LB L THREORE -FIRBIBICELZRDODON RN o7
(Factor-Litvak et al. 1991), £7z, I . EniR 5.6 ng/dLOLER] (16241) T/h
WDEHK6H OEREEIm iR ELEOMBIIHm I/ h -7 (Greene &
Ernhart 1991), BIOMFZETIL, B ML AR 2315 png/dLLL R THAVUTIIE IR D
TR T D8 OF EMENEDOOLNZRNOA, 15 ug/dLLL ETIEFHWREEIIHHE
iz (Bellinger et al. 1991a), HEERFRHAIN F$77511.2 pg/dLoOFEELT.5 pg/dL
DREZ L ATFEHT T, BTE IR EEDOERYED m £D (McMichael et al. 1986) | Jiff
WM P ER23=5.1 ng/dLOWIFER X, <5.1 ng/dLOWIFEIIZH ~CHRIED G
DWW (72720 B PEmR CTIlEZEN 720 (Torres-Sanchez et al. 1999) S5 S,

KEAD L (MR ERIRFE0.7-21.7 pg/dL) OFENTIZIAUR, M EREEE O il
I - L B FE VR AL L BE L TV ds, IR RS ITBEE L2 o7 (Wu et al.
2003), L L. WEOT 7V AR KR R ANR=y 7 A DD 4T, 8RR A3
g/ ALORETIET pgdLBEL < CAR L EO RPN T, AARD LT
HFE AL EBDFEED ZITFRD B/ -7 (Selevan et al. 2003),
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(7) EizHEH
TIVET, PO RRE | Witk ikz# (SCE) | #/MEEHE.. DNA $t)
Wiig EZx iAo b & LTUIMOBEERHEEDS e MEHZHRITHE SN TE
7o
PEERBEEIZONTIIEh & OREMER—H L TE LT, WoDOE N & DR

HEZFRO TV S (Huang et al. 1988, De at al. 1995, Bilban 1998, Pinto et
al. 2000) DO, ZODOFAE TILZE DEEITZA BTV 722 (Anwar & Kamal
1988, Rajah & Ahuja 1996) . —JF . B/MEEAICES T 2 SCHR (Bilban 1998,
Vaglenov et al. 1998, Pinto et al. 2000, Palus et al. 2003, Minozzo et al. 2004) .
SCE (297 % 3k (Huang et al. 1988, Bilban 1998, Pinto et al. 2000, Duydu
et al. 2001, Palus et al. 2003) . DNA $H8)#riZ 59 % 3Tk (Restrepo et al. 2000,
Fracasso et al. 2002, Hengstler et al. 2003, Danadevi et al. 2003, Palus et al.
2003) TIX., $hOBIEFEMEEZMHREL TS, 727 L, ZTNDOEEBELRHT-C
BRIZ. A DOXTRE DV EM L5720 & O < BEER 72 SR E OIRE L X 1T TV D
L CTRENHR INTZDOIXTNTILOSCHL T 30-100 pg/dL &9 FEFIZE W
MHARETH L Z L0 M OERRICI 2 ZE LRI 22 nTE T
RVEOHIKIND ST, MAEHRE L ERFY T - FT =V HRAR YR
N7 A7 =7 —F (HPRT) ZEBORRICOWVWTITAAENR D, ~rF—
Ntz st G & UTo A ClEmE OMICHE Z A L Tuv5 2% (Van Larebeke et
al. 2004) . HPRT A RIZE L TIIS % IO R LHIMENVETH 5,

(8) HEAAM

F L LB, BT, HDOWVII IO OEEENSBIE LI A2 (BH)
% G A N Tz, Gerhardsson © (1986) OWFZE TN A (=
#E{LAETC . (SMR) =218; p<0.05) « H 7 A (SMR=143; p<0.05) ®_E5-, Anttila
5 (1995) OHFFETIERAER EANEN A (RR=1.4, 95%5HHIX[H : 1.1-1.8)
i A (RR=2.0, 95%1Z X ] : 1.2-3.2) T. Anttila & (1996) DOHFZETIE
T F—<FEDOAF v Xk EFH (RR=11, 95%/5#EX[H : 1.0-630), Cocco &

(1997) OWFZETITENAD U A7 EH (SMR=142; 95%{5#EX 1] : 46-333) .
Lundstrom & (1997) OAFZETIIMiN A DOIERE(LREAL (SIR) EH (SIR=3.1,
95% 15 #H X [ : 2.0-4.6) , Wong & Harris (2000) OHFSE CTidffizs A (SMR=116.4,
95% fE#EIX[H : 103.9-129.9) & H N A (SMR=147.4, 95% 1@ X : 112.
5-189.8) @ SMR L. Englyst & (2001) OHFZETIIMAA D SMR L&

(SIR=2.4, 95% (5 H[X[H : 1.2-4.5) A =7z, L7 L., Lundstrom & (1997)
X Englyst & (2001) OWFZETIE, OB AME (Rt FBITMN A DA
MELEZEZOND) EORABBENDD EWMESNTWND, 2D DOHZEL Y L
HIZ4T4 2072 Dingwall-Fordyce & Lane (1963) . Malcolm & Barnett (1982).
Selevan ©» (1985) DO TIL, XV SEBEOEEE (EHRBRE) 2200 7-
ANEZBHRBRTHDLEEZONDN, ENAOTRT LA LT RhoT,

. ERBVE~OZE

FERENE 2 T RIEI R, RN 361 5 S MO RN BN B 722 & 03 M3 5
. nREE E A ERELE ORMICE T HDRRBRZRET 2 Z ENTE 00, B
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1 i, WRERIREH], ASHE KT OHIEI 2SN EHE 72 b DR FFIE O 2% M A AT T D FE
2 WARHET 2 Z LN ARETH D, DT, FFEOIERIZE 16T DD EED
3 M % RO AR IR B O & RE T 5 720122 < OEEREMW & v
4 TN Ef SN TE T, 2D TROFRERNG., FilZIX, /NNRERO 1Q DALHE
5 K THHHD 1Q. tEHIRRFHIHIAL K OFEREEDE 7 EORME =T 5H Z
6 x| IERERORBIRIEIC X > TEMEIC/2 5 Z & b 7e s, PO T
7 (I EHEORBREZ H W AEANH > 7B EFO 7 1 b auid NOgER
8 RPN B U2 IR L~V 2 WD K 912> T&TW5 (WHO 1995),
9
10 1. 2SN
11 SRAbLB P DS N A EE & (LDso) (2B 51 B0 72 SCHRIE 72V (ATSDR 1999)
12 /N EERE (LDLo) IS 2W T, HERES : 191 mg/kg (AE (o X) ., HEfkéh : 1490
13 mg/kg (A (£/LE v b)), RSN : 313 mgkg KE (BT v M), BR{L
14 1300 mg/kg IKHE (A X). Fiilgéh : 1366 mg/kg KE (A X). 20,500 mg/kg K
15 O (ELEY M) OERHS (ATSDR 1999),
16
17 2. HRER~NDFEE
18 b N O/ D HRITEI SRR E e EOMBR~D OB L E T D
19 ZEHRENE LTUTThN I BERESCEREL AW EREZE 20 1ITF & TRla
20 Lo 7 v bERAWRBRTIL, HA% DS OFEREN O OB H0RZBLRT 7> 5 157
21 LB E TAE L CHBEE L2 - ISR oS EEE (N 59 pg/dL) .
22 R OBIE (M FPERREE 38.2 ug/dL) . FEEEIOMT (MHERHEE 20 pg/dL)
23 D3B1E2 X7z (Kishi et al. 1983, Taylor et al. 1982, Bushnell & Levin 1983),
24 Bz IR iin ] 7 A B AT U N R T R (26524707 B TH T v b
25 O VEZHATEN PR 72 5 BT B, MHPEHREEDS 15-20 pg/ dL &V 9 K
26 LoULTHFE OENE & OBEPBIZE S 72 (Cory-Slechta et al. 1985),
27 ~ U A% HWTZRBR T, BEEREh 2 UK G LR P o~ AN b A L,
28 AL & EnIREE 2 52 1T 7o % 1 (MR ERIREE 100 png/dL, *FHEEEIE 10 pg/dL A&3)
29 O AEZT IR (PSR E 76-130 ng/dL. *EEEE 3-6 ug/dL) (24—
30 V74—V R E AR — L — VIR D £ CORRI OGN TN, Z DFE 5.
31 HTARHARE TP IS RN ER & 2 1T T R O FE AR BB BRBR & = 1T 7= Bl & SRIFI2 K » T T
32 FX S — N MBI S vz (Draski et al. 1989),
33 —J7 . AZEAHTHN B IR I 48 U C 448 mg Pb/kg KE/ H OEEREN % MOk % 5
34 L7e7 v boMAR (AR DY) 98 ng/dl) %A% 2 H BIZHICHEE S
35 NTWRWERHZEEL TR LIZAEER, 16 B B T rh4ni2EE 2 20 pg/dL G R
36 B 10 pg/dL) T L, MR TENSE EOBRE 1T AT OSIRE DB 252 1) C
37 Wiheholzt T 5HELH D (Rabe et al. 1985),
38
39

% HOHMEICBWTENECTEME SN TWVELOEFEY 1D L ENTWEL0E EfEL L TR S -G 0 K s%E
Bz, Iz, FOT7 U IPRIT LGSR Y V2T, ROT IR EIT LGSR 2 v 2 S0 s 0o KIS & E
fRIZ LA, ST RET 7002 ENENHIRSETT A M5, EFELEWIT. BOOWis Tt A LKEiE 2
S THWIREIT ) FICHRIR AT 2 R R FE T2,

26 Bz X, LN T LR T DEEOLLIFOFICHRAIZ AN, BRMOICLAA—ZH L CHEZGZ - AT, 88
E/AHILTULN—ZML, ZOTENRAICHA THEET2, —EEETLL, —ROICHPOH LB TS L AA—%2 8
TLWITHEI R & B, 2Dk ) RFEEREN 2B,
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£ 20 BYERICEITLHROARRANDEE

o g e EENE BINEME
AE (MR = L=
5| U ggm | mePbke#®E) | Tormeor | (NOABL | (LOABL) | pn
(R s (ue/dL) mg Pb/kg {& | mg Pb/kg {K
= e 5/ B /0
1 | 5vh HA% 3-21 | BEEESR: 0, 45, 90, | RETOFEEE 45 Kishi et al.
(Wistar | BB E Tk | 180 B’E#®T® 10 1983
) BEE mergh: £% 22 B | hRRITERE
10, 59, 152, | L DEEAEL
186
2 | vk X B AT - 3F | EFEREN: 0, 28, 56 HEROREE | — 28[5F] Taylor et al.
IR - $ZFLEARSY | M & $n 3.7, 38.2, | BDEIE 1982
KRS 49.9
3 AN HAE% 78 | BFEESA: 10, 100mg/L | PSR B EM | — — Bushnell &
#O®s mrhga: 20 0.05pg/g tissue Levin. 1983
THPERENET
4 AN BEELER- EEELEn: 25ppm FRHEEET | — - Cory-Slechta
136 HREIgR/K | mA$a: 15-20 AREARTY et al. 1985
#E B o B E | FPEETRMT
0.07uglg FEODENESE
EICTEYER
5 | YDA 9T o HA f6 8k | EFBR$R:608 =77v2- R | — 608[57] Draski et
(HET) Kigs mesA: B8 100 | BREHASERT al. 1989
(xtHBEE<10) | T8I/ S22 —VIC
HAER (5-15 | £ (ARDFE
H) 76-130 | A£BRREOHARE
(xtBBEE 3-6) | E&HICKD)
6 AN RERT-IEUR | BEERSA: 448 HEBAEE | — — Rabe et al.
(LE) BRI 8K K % | Mehén: £% 1898 | T. #RTHZ 1985
5 £% 16820 | #EEICEEL L
*HEBEE 10
7 AR BRE (0-21 | BEERER: 0.02%, 0.2% | RLREARE - AEY | — - Fox et al.
B). BUEER | mosh: HELHICRALHA 1997
(90 B) #xk AR EEEE 1 EOEE
BE BMEH0.02%3 19 | BEDRE., &
R 0.2%E 59 | 1LPRIMEHE LR
REEA 0.2%% 56 | REIBDEEA
eSS
8 vk Ba IR HA-BE 2L | EEEREN: 18, 36, 146 - SHEHT | — 36 Rodrigues
(Winsta | #1 (6 ™B&S) | MH$n: 51, 67,169 | {TEI/NZ—2IC et al. 1993
) B2g
9 | Svth BEILEAAROK | BE BE 8 (0, 50, | REREICHE | — — Cohn et al.
5 250ppm 1993
R 25
10 | vk B2 10 HAT- | EFE&$A: 250ppm £% 21 DR | — — Jett et al.
(LE) TR - B3 DEEEE. 56 1997
HREEER S H.91 BTIZ#
=Y (B4R
EEIGIOE
EhAER 21 A
2R 56 B &
91 HT 41-47%
ET
1 |5y bk %1% 0-21 B | BEE&£R:0, 100, F—nz v - — Cory-Slecht
BSvy h%E 350ppm (D2-Ds) #EH a et al. 1992
BRLER MEHIIHNT S
mp; = BEE AR
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e ] RE (BT NOAEL LOAEL
&5 (B HERTE mgPb/kg AE/H) IV KRS+ | mgPbkgik | mgPb/kg ik e
- megs (ug/dL) &/ H £/H
12 |7HS5HIL | HAE®R1ER | BEEES: 0,0.29,0.88 | FRIFEZEZHD | — 0.287[5F] Bushnell &
#BO®/E 30 | Mk 4.2, 32, 65 EHBOEN Bowman
NEE) s (Fty) : 49-55 h B ERES 19792, 1979b
*HREE 4-6 (4.2) FTEEEEN
KR &8 2542 | B
(32) BERBICHERT
EHEEH® 5569 | HOEL
(65) ‘e HE
#EhiE#: 5 EAEE
13 |Z7HHEYIL | &% 15 EEEEER: 0, 0.29, 0.88 | ZERIRHEEHT | — - Levin &
me$R: 5, 40, 80 Rk CHAETHIR Bowman
ERICEER 1983
RERHT-IEUR | BEEE$A0, 3.0, 6.0, | L. HAERESE
HELEO®| 9.0 BECHR S AV S
5 mehgn: 5, 40, 54 =
SRIRTR TR 3
FYLFEBLT
LEE
14 |(A=949)| HAE®R- HE | $88:0, 1.5 6-7 REFDZERM 1.5 Rice &
#% 400 BRS. | Mh$a:xtEBEE 3-6 BB KR Gilbert
H &% 300 B 58 32-36 | ETRSH#ERA 1990
Bo&O BELER 19-26 | BEMES
®E5 GGME
&)
15 |[A=V4HFL| HAE %KD | BrEkeh: 0,2 56 MAMEE | — 2 Rice 1992
%5 (IR | I8 100 HT 115 | 2.5-3 REBFICIE
&) B3l 33 TR FRIR
B\ 59 (LS ER
THRE#IIHT
NEES
16 |[A=94HIL | K% 29 58 | BFEEER: 0,0.05,0.10 | FALFEEREE - | 0.05 [FE] 0.1[5%] Rice 1985
i (&5 H) mega:t’ -4 | BEXKERED Gilbert &
BrOkE 3, ELWLWgY Rice 1987,
15.4, 25.4, (9-10 BEE T
EHE 3,109, | )
13.1
17 |[A=94F0 | HAE %K O | BEER#R: 0,0.05,0.10 | 7-8 WEFITEE | — 0.05 Rice &
®E GWVE | mesn e 3 RRBEETESE Karpinski
&) B 58 15 25 | BICEE 1988
100-150 BB
T 11,13
18 |7ASYIL | HART, K4 | BFEkER:0, 350, £ 895 HE | — 350 Lilienthal
#-9.75 B#% | 600mg Pb/kg {AE IZINESEREE 5 & Winneke
O#% %5 (#8 | m4$s: 5, 35, 55 REMFATE 1996
#h) L. H58#ICE
B, BERT®
3 BB
19 |7HASYIL | 414 8-3658 | BREE#A:30 A ETIT | 4 MEFRETH | 0.7 — Ferguson &
EF TN VAKY 10mg Pb/kg | BITHFEMES Bowman
EH#O® HEZ 20, | O#E (7 B 1990
5 Ll#£ 0.7-3 TREHLH Ferguson
MRS 55, ) et al. 1996
Tty 36
BERTER 3
FErE5 LT
20 JRHIL | O UR RS Bk | BMAmAER: 21-70 37T mMEICE | — — Newland et
K-iREER S *EBEE 49 | B - EEIEEEIC al. 1996
BIGMEEE
21 |7hFYIL | £#% 8 B8-1. | MmMH$A:35-40 4 BESICERERS | — — Moore et
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/ﬂ}.% FEEBRL TV ZENE<HLNTEY, v VAT v FOWE
iob“(f’&"#@ﬁﬂa:@%@l%t THFEZRH_T-RENDH S, Chetty H
(2001) (X, FEESORAMICHBESETIRT v bO/PNRE YR ICBIT 5
FREREAIIE O — R 22 R A Ak EESE  (nitric oxide synthase : nNOS) D3 B
WIS CTEBAbZ T OF A L) T A, U RAZ T ay MNE R ET
HITFE TR, IR CIIMEAL CA% nNOS IEMER R4 12 B5 L?Z
(2L, $a8 58T nNOS VEMENEINME T L7 2 &b, spnsadantkne
ERTHEFO—>2L LT aNOSTEEDOIK TNB X Hivd L#E LT, Reddy %
DFEICELD L, BT > FOBUKE G K OWHL %18 L“Ci?ﬁ)f‘ij#% TiRt% 21 A
H ¥ Tk éﬁ‘tﬁ7/]\®{@%&0\d HIZB T A~ XSS —8
(heme oxygenase : HO) 28]% | Tﬁﬁiﬂ% TR AERTIR, SRgER TN
HIIZ nNOS JEMEIC 2L KT L, HO TEMEICIT B Z RIT S RN 2 LRI S
7= (Reddy et al. 2002), 27 v F@{ﬁ,%&U/J\EuOD')”Z%/I/:H Vo e = AT
77—+ (acetylcholine esterase : AChE) {EM:ZHE L7/ R CTlX, Findim <
72 HAZHE - THEAL T OTE! %75%&?1/ 1% 35 H DML FRIBIZE Tl 155
DEIEARE & wRE]l, M RE D531 & Bk E ¢ AChE {HMEDE L <
KT L7 (Reddyetal 2003), £7/=, 7' NV —L00H (7 AOHHHRAEK
S OB LT EMEEMH/NNET, VT RAELEI R KU TEET) T
AChE VEMEDIR T ICHEEAFEDS RS S, T2 F L a U REDN B LT,
INOHDORISIE, HFE Ty PTEVBEETHY , ETHRORERENMNADL
AU, M b rRElEE T H AChE {EMEDMES TR b o722 & n, BES O
IRIRE SRR ER IC & - TR O ATTEN 2 5] DS L OVINIK 7R E DO RERAL D = )
UHEENE S AT AR AL _E“EB%E‘Lié Z BRI (Reddy et al.
2007), Zurich H (2002) 1%, K& L7V THillE =2 —w o OENENIC
Yo O~ — T — %l o THERES OEH 2 72 fEF. A L7 L v &
KA 72 M REHIR D FF NG DB % K U R < =0T RO R THlE &
NHG~A a7 V3= ARLT A T Y F—V AL NS TIEFITHRNT YT
%Hﬂﬂ’ﬂ}iﬁl‘?ﬁi\ DI TG L TWD AR H 5 L5 L7z, Devi
(2005) %, 7 > MIShEokE G- L, A% D 21 H if”@?tili NN
(ZEn 2 RE ST, . /J\Hu&()\j(ﬂuﬁ EDA 7T a7 IVHE (mex7)Y
/\ / NWNTEERTZ Y R—=XI )DL EE /)T I ULE%EZE (monoamine
oxydase : MAO) #&EMAMIE Lz, TOREE., 2T h=> FU 7O MAO
EEDIR FICHEREEN R ESNTZN, VF T N —ABEON T a7 3 /ﬁ
DOBRGRETHENT 52—, REERGHETHD L TWEZ &b, hiIRE
J157 NEENME L R T A OFEELDS IR RE ﬁ%ﬁﬁ“@@ﬁﬁ%ﬂ%gl%ﬁ:‘fﬁf
REMED 8 D L5 L7z, Chao & (2007) 1%, £:7 » MTsnE kG L, Wi
%:5% CTAK LI AND 20 HETIMICRBESELZIRT v FOMlE, KIMEE, /)
A 23~ 7- 45 5. Apoptotic and neurotrophic factor T& % caspase 2 &\ 3,
bax, bel-x, HdA#EHFE KT (brain-derived neurotrophic factor : BDNF)
O mRNA &3t LTz it LTc, 202X, AER & OKOEALIZ
TR -7 4% 12 H B O Thie b HE 72 2L A i1, caspase S\bcl-x\

7*@&%% 13 MOKRICEEG T 2 HRIDEWE CTH D Z LR LI, FEPOMBSRICH T 2 RIIEA (RIOHFHREHHE

FLIRICEE ) 2 OO AR PR 2 WET 2 ERRH 5,

28 J\.L\ZL%‘*//T‘/“ Bld, ~bz o LT bFE (CO) ZAmkd 2R,
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BDNF 23A0L ., KMEE &/METIL, FELWEIZA DR o T LA L
776

EEHAEAWEEABR IR, HEROT DAY 1 EMICHhZ>7T 0, 0.29,
0.88 mg Pb/kg {KHE/H OEHEENZ RN LIZ I A7 2R O#&FS5 LIzRER, Fm
HFERIREEIT 4.2, 32, 65 pg/dL Th o7z, &5 1L OG- i H 79 B 13oxt
FREED LUz THEIRAK T L7223, 49-55 7> H lilRE S0 =D O Fp Rl ifilR S
HOBETIT, @O RIWIR B BB S, KRR T
L —ODMBETENN L I Z &2 S RSB 2 EENED &3
5 X7 (Bushnell & Bowman 1979a, b), Z OEBRIZHEW T, BRI S
PRI 218 U CEERR$h 2 0. 3.0, 6.0. 9.0 mg Pb/kg {KE/H THUKFK G L7
MEDT B 7 CER M ERTEEE 5, 40, 54 ng/dL) 726 A L= Y vz 22/
IRHES) T A N BT o T2, £ OFER. AR 25 7= YL CliksEsE
RS TR, AR OSRIRER 252 T T2 R VT 6 e E N O i, #h
IBEKTH 3 EUERIBLTLT A MERICEENRBZEZINTE (Levin &
Bowman 1983),

1.5 mg Pb/kg (KHE/H O &% A5 LTc T =7 A YL o025 i P i FE 1.
ARG (A DGR G L AN D 400 HE OB GHD 2 #)
T 32-36 pg/dL, BEFLt: (HAED 300 HIZ) 205 OB H-HET 19-26 pg/dL C
HY . REGORIREEL 3-6 pg/dL ThH -T2, =7 A VD 6-T mOKHIAT-
7= 22 R 72 R AE AT RR 2O D FRBRFE B D . AR DI FEIC B WV TE, ShikE
IZ X DEEOEAMN 2N EDURBR I Tz, £z, LIRS, BEE 2T
R EEM O CTBRBELZ T - CIIEENBIR I N o G S
(Rice & Gilbert 1990), &z, HA#%725 2 mg Pb/kg (K5 H OEEEEEN % FLIE
I ZICRAELTRAOBE L= =27 4 %) FBBEE 0 mg Pb/kg (KHE/H)
O FERREE L, 100 H £ TIZHRK T 115 ng/dL 12 L7223, Bakeh ik
#% 270 H T 33 pg/dL O EFIRAEE TWA Lo, DFEMOITE) (5-6 72H & 2.5-3
A HE) 1 ZIEZERBY 22 FRRIER IS 3 1) B AR IS K 0 FFME S A, BRI O TEN
IR SZ AR A 7Y 2 —/L (DRL) 30} OV MR 7 R E A AR I & 0 FEAf
ST, ZORER. DTN T DRI I 1T A EE X & 0Tl h
ST, ARG REIIRFRRE &t L C DRL TEWKIGRE /R 72 & O REE
NEIZST= (Rice 1992),

F-PATIET Y LV EITEWD, b FOFE SIS 7B A 5.2 A
SRRIE L RIS D L~V CTHEZENEO O hRTELE P IE LTS5 E I b EERY
OGO b T WERH D, 0, 0.05, 0.10 mg Pb /kg K/ H DR
fedn 2 HZED SRk AICR DR G- SN =7 A Tk, PRI, 200
A O I V7 O IEDORNZENEI 3, 15.4, 25.4 pg/dL Th o725,
Z D% (100-150 HLAKE) 3, 10.9, 13.1 pg/dL OEFIRREITIL T L=, 3-4 ik
7-8 B, 9-10 BRI T oA IRATEN 2T 2 b Tl SPURBERE I IREE L el L T
FRBlR T &R RN E L <S> Tz (Rice 1985, Gilbert & Rice
1987, Rice & Karpinski 1988), EMEA)72En~DIREE & T LT 18 24 Hoo

2 (2, BRI 2 XS ATERORS 2 ZRITTRET, BORTTIEI AR E S LWMFE o7 DR Z 2B
LTENTEDLN, WOIETRIOBITEZRE L TIEELSRZREIZRZ 2T LERSE LD &) ijiE,

o Flz X, —EMROKDVICIEIIET 5 2B ENTEDEREL, —EMBEHFTRVGSIEIREA Y FE
. HE, —EMRES TS LIZHEICElAE LD & D BRRE,
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1 FENEEENT & A EIEFAEIZ R > 727 1 7 WL Tl IR i IE R 35 B BAL O B
2 NEHMMEE L CALND Eo#ENH D (Lilienthal & Winneke 1996) , BgiZ
3 Wik B 8 AR U727 1 7 VT, Mk 22 p AT B P R (F—7 7
4 o =)V RETE)) NIRLNTM, TSRO T A N TRENL LN T8 O
5 EMNBH 7= (Ferguson & Bowman 1990, Ferguson et al. 1996), IfLH$hIEE
6 8 21-79 pug/dL T > 72 U A YL DF-H N THIRE 252 T 72 3515 Tikd J A
7 PO TIE, 78 LEBERE O 2 EE N H - 72 (Newland et al. 1996).,
8 WRFE & JECE R 2 ONE R K AnZE B L Q2 IR B O il R BG5S & D B
9 A TR TR A% 8 B D 12 i E ClethaRnkESni=7 07y
10 v (M ERTREE 35-40 ng/dL) DFSRMRERFEIT o HE & Fhit U TRV ES ROG A 8]
11 EINTWS (Moore et al. 2008),

12

13 3. DINER~NDEE

14 INETEL O@FMHERER T, LDIMEREE~DOIORENHRINTE L, M
15 HERTR EE S R I 20-30 pg/dL 1272 5 K 95 Ze$niEz ik, BisiIC B 728 T
16 IR EE 2 Ik U2 1%% b BRI S S B R 2 2 E AR EN TV 5, £<
17 ? invivo & invitro iBR TIL, K-> THIEE Z EN-EmEDRK & LTl
18 LA NV ADBEEINE I1725H L E LRI TV DY, EBREMIZIS 1T 287D 0
19 M5 B ~D BB IR T, &D LUV DOENRE N EEREIY) O & ILTF % 5
20 XEZITOAHAMETH S (US EPA 2006),

21

22 4. MK/ EMBRANDEE

23 FEERIRFIE CIE, $nHP S IR MER O FF6h 2 48506 L. ARIMER D shit: 2 2k &
24 D IENRBINTWD, MIRFEH T A —% — (CEHMERFAE, M ek~
25 Ea Y EHMERANE v B URER S bERREIC X > THEICED T 5,
26 D OFETIRIMERIC K A5 OIS EER LT 5, JRIMERIE A ifi# L 728h D
27 B 1 = KL X — IR AE LR W RIRIE CTH 0 SR O HL Y AT TN T2 U PRI
28 SHEOREZB LA T R I VRIS S L) ThDH, RMER ALA-D
29 TV (BEBTEME DIEMEAL & FEEMAL O ER) 1%, %55 EICE D & 8hiRdE
30 T DS ENE < . AEREGFENIRENTWS, B MET =7 A4 F o5k
31 ERCOBAIEHDO® DR MSHEICBWTH NI KD REERILE T 7 7 A
32 DR EN TS (US EPA 2006 ),

33

34 5. BEig~ngE

35 R TIL W L 728 ol OZREITE L LTHIBTREZ 2 Z LR Sh
36 TW5, ZiUE, EIRERKIER, Tl CEZ DI Z®ELE TR 5,
37 B &n TR S 2B L OV H &6 CIRER SN2 B O M F Ik VT i
38 IREE D IO 3 I H B RERAEFERE BRI BRI RSN TV D, BEteg Xl
39 TSRO FIEALICEE T DI TIZ B LA b L ADORER= trTFr v
40 DA BRI & R P ERBACD O P BRI 2 B EE D) VUR
41 X Tu\? (US EPA2006),

42

81 PEPRITIIE RN, SRERRIATENAE AN U CRERIEIRAE (GFR) O EADRZ O 2 2 3%V, 2 OSRERUE RN
Zid, DEMET MY AT TR (ANP) | NO, o Y R U UHRERT (IGF-1) 2 EABELT0D LEZLNTND,
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6. AJE - RE~DEE

HEDAEFERMEIZ DWW TIE, 7 > MO FIRED 70 pg/dL U\L“C*i’lﬁ‘ﬂiﬂ@&
U TR D ZEME A O FEEROFEM N O HiLH 03, 54 pg/dL TIHEEOH bR
Mol L HE I TS (Chowdhury et al. 1984), D Sessco 7 v b (1 B
20 JB) (THEEESy (0. 0.013. 0.26 mg Pb/kg (AE/H) % 30 ARIFEO&KE LT
AR CIE, MTPEEEITE AL 14, 19, 30 pg/dL THY . mHEREORRIC
HBENED SHv, W HERE TR REREOHE AR D 517 (Hilderbrand et al.
1973) o 0.3%DFEFEGN /KR iR E LI28E K2 60 HHHEZ »~ & (100 H fn)

W2 LR i, g7 A AT v URE R O TIEAGRE D FH &Ik LT
MHIRFED I, ZORFOIMHFERIEEIL 30-50 pg/d. Th o7z LwiE Iz
(Sokol et al. 1985), WHO (2003, 1996) Tix. MfLF#EE 2 30 pg/dL LI E
T, HET v N CIIR AR~ DB L O B ZHH 03380 %%L WEZ > b CIMEE

DN E STV 5, Sokol & Berman (1991) 1%, #hic k2T ~ +
AETEFEMEIIBRBE ORFIN KR ES BT H Z L 2R A L, v NUSNAOTERETIT
OITRBR Tl BERFHOEREMELZ IR L TR | EOETE~OH DA E L
IZ. T (T2 HRRER SV REHNC T D R BB K OMRFEM KT T 5
ZEEEST WL LEOHRENH S (Foster et al. 1993, Singh et al. 1993),

WD A FEFEMENZ OV TIE, HED Sessco 7 v b (1 #f 20 PB) (/KA EDOEEREER
(0, 0.014, 0.26 mg Pb/kg {K8&E/H) % 30 HRMRO&KL L-RkBRcid, mAh
BEIXZNZ 14.1, 19, 30 pg/dL TH Y. 0.014 mg Pb/kg K&/ H D% 58
THRIGEHOAHANE AL Z D | 0.26 mg Pb/kg AT/ H OF5-FE TIEIP R IR
SN DOWD % £F 5 UL O ENT D b7z (Hilderbrand et al. 1973)

FAETFMEIZOWTIX, HEERTO Long-Evans 7 v MZ, ﬁiﬁ)&iﬁ?'ﬁ%ﬁ L CHERR
#n 0. 32, 48, 64 mgPb/kg KE/A ZfFAKE L7ciBRTlL, RO b -ME—

DOEEITEHEMORLORENE T - 72, 8 WO I-CIRIIE L BUT I TR B 7
Lo tz, B:7 > ORI A B AT X 80-92 pg/dL T, ﬁ}ﬁ)&ﬁ;ﬁF"ﬁqﬂ
1% 53-92 ug/dL Th -7z, ®EFDOZ > N OFHMPEREETL 6-10 pg/dL Th
-7- (Miller et al. 1982),

IR 5-21 H £ T, 0.6%DFEEESh % 7 v MCHkEE (HEEH & 502 mg/kg 1k
H/A) L7=aBRTld, SERER DR AR IHREET zc 2%(3@5@ 2%k LT 19%
Todh->7- (Ronisetal. 1996 ), [F UHIFEHE 7V —7IZ LD FEEROFER 7 1 | =
N AW Z OB OERTIE, k5 H2vH 21 H i’( Sprague-Dawley 7 » h
a 0.45% (¥ 377 mg/kg (AE/H) OFERINZ YOG LT L 25, FERE! Ed%é

H1X 28% Tdh > 7= (Ronis et al. 1998a), Z OURFEERED VT o H AR i+ $hE
r“l//\/u %197 pg/dL le@oto 0.15% DEEFRINITIREE SN T- 56, JET ;tﬂjé
RFDIRHE & BB RN IR U, HERE & S TP -ARGE AR T EEEE (AGD) 23ED
ST, E% 8 HET 0.45%@E’Eﬁﬁf’\%ﬁk7k&5 U727 v MIMEREAHT (puberty)
LG CORERNAEILL 1=, 1tk 55 Hovb 86 H i“(@ﬁiﬁé E S
BEEED STz, (RIREE (0.15% K% T 0.05%HFIES) MREERE CIIRUREOA
ERRITERD 5N h - 7= (Ronis et al. 1998Db) .,

7 v NOMAER, HAE%K, HICRYNZO 280REIC X 5400 - AL
RIEMIENH 5, Kimmel & (1980) (%, D CD 7 v MIBEALE DB AHL,
EUREAR . fZELAR A2 0E L CEERRER 0.07. 0.7. 3.5, 35 mg Pb/kg {KE/H % £k
KRG Uz, WITBEAZ O REM & R CAKZERATS, REM O IIL )3T iR
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21 HE XX 22 HBIZHMm S, IBIREFERnfoin-, SEErt (HEK
fER AR E DO DT el BER 0 oEIE) A5 & Z T H &I 3.5 mg Pb/kg
KE/HUETHD & Eiﬁ STz, I ~DOIFEERIT. MEOZNE, ST EHR ETO
SEURDIRER, R OREINCEE L eh o 7o, IR - IR ENE, A ORAERIZ,
PR L STRREEDRINCEA BN 2172 Do T, TR HAR & HAERMAR TR 1230
7o T2, 35 mg Pb/kg (RE/HEEORED AV TIE, A% —H H OF E%%b:
RTBFRIZ LR THEBEIZE o7, RELERT &R 21 B B O R EniR X
KTHREECIX 1-4 pg/dL, 0.7 mg Pb /kg E/H # Tl 9-12 pg/dL., 3.5 mg Pb /kg
{RE/ B BECIX 20-23 pg/dL. 7 mg Pb /kg R E/H#E Tl 24-35 pg/dL T > 7273,
35 mg Pb /kg A/ HEED ML SRR E DREIT 2o 72,

PV U7 EER T, RWISIRE ORRREME YLV (I EriRE 35 ng/dL)
T, MEH OFERE AR NVE | IR VE RO R R T VA — VD3
L7, —RIERSCHRIZIZH A2 2T D bz > 7= (Foster 1992)

US EPA (1986) (2 X% & S BENE & OMENE o A FEfk RE k%’% 2 —IRFHg K O
Frotm 2% 5. 2 | TUR - T E=A-TER (HPG) Hhic of_fﬁ’ﬁéﬁzaw% %
N CNWHERE R I < ELT 2 LB ST 5, itﬂ%@@ﬁ PRI DN T,
5T D FERERAS R T b SCFF S AU, SRR EE 2 52 1T 7o EBREN T 0w~ < ELOAE
FBFFIZOWTILE L7EFELA H A 3 KN ZIEER L CWADT A MR T a R
kA —HLIE @#u#b%ﬁﬁénfwﬁwtrZBXTD/&Vﬂ—ﬁL
RWEORENH Y . HE-RICBERICBIT 2 RARA v b OFEEZEHIC
TWb, Lo T, Al - BAE~OEBEIZOWNTIL, SIBREICLID A B vx«
DOABFREINC XD b Do, HPG 8z 31 2 B 72 H &- 1R - 56 B
MHTZHTHOROMNME, BIELHLIZEIN TV W (US EPA 2006),

7. EinEt

BLEEMEICET 52 < OFWER TIE~ U ANHW B, $hIFEEN UL EFIR
V‘J&Eréh’ﬁ\éo f/\ IR EEEEICREEL 5 2 T D X9 72 (Fahmy 1999,
Aboul-Ela 2002) \ O3/ T LHREIFRNVE S THSD (Chakraborty
et al. 1987, Nayak et al. 1989a,b, Dhir et al. 1990) . [RAERIZ. B/IMEE KL
O'DNAHEICEET 57 — % & HiEm e dilind v Hﬂﬂ?@mnﬁﬂiﬁ'ﬁ BT
VN (Roy et al. 1992, Jagetia & Aruna 1998) .

—%C, SCE TIZ— B L TEENHEREINTEY . HRIKFIIZ SCE 03755
SNDHZER=ZOOWENLH LIS TS (Fahmy, 1999, Nayak et al.
1989a, Dhiretal. 1993) , 7=, ;% fXE& ZOWVWTHIFRPELWE ZATH
V. X0 BIERZRECEI KD D DI ER HEEL 1ZE N ETXTOEYERT
Fﬁ“%ﬂtﬂﬁﬂ N iaﬂ}ﬁlﬁﬁﬁﬁ A 75>|7 W2 DM HOWN TS

AW BTV, il J; v E)ﬂff@ Z i @“5;@%&% & %7 (Devi
et al 2000. Aboul-Ela 2002, Dhir et al. 1992, Nehez et al. 2000) . ¥ T
bV ASBERLIPENNETH D,

VIbEX Y, BERTIL, SCE OFFHITALNT OO, YfafiiEE, DNA
HEH D WIFE/IMETZ I BT 2 I W EEL RN En ) Z LRI S
N5,

in vitro TOAIMORREZ U T U NLALZ—XITF v A =— AL A

—MIfE) Tl FERRSRIC L DY E R F I OV THR T /RN E LT
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W5, KERRENIE. DNA S K OFEREMEDOBECX v v 7 OB 3N &
. BEEREN & MEREN I T IL I E R e AR A A T T, i bdn & REEREn I XL T v
A == AL AR —=VT9 Hilad HPRT O s 1 TR BT M E2 R LT,
B OFRIE, EROEMEAY TP L 7z BRI Ak Y (05 IR A5 > DNA O —
APEBEEAE T 2L EAHTERD o722 200, OB OKFIT
DNA (EEESIC L DB LD THDH B2 ORI, 2D Z LIk, s
DI & F NN EESMRIR I 2L B o 72— D BB T b R S =23, BFERE
ZTlX, HeLa Hifa T DNA SO EX° HPRT J# CTOZRERNF R I T,
V79 F v A =— AL AX — I T Ok G0 /3 IR A HABEE BN S W72 o
2o LAL, T RTOZY RARA > MTEWT, $MTERINR LS 5 DNA
HBD 7T AT DNA BEEZLZEL, = RRA > FOHEEZENS -,
INLOEFIL AU AT —ERY H—B D L) RIEERFEICL D TEBON L
VUL EAEHORREMERE LT, £, SABEHEDOT X ) O VAR F
VVIE LR B TR T D 2 E NEER O RNEMACIC OB DA REMENH D Z L &
IR LT, v A =— AL AKX —IRRHIAL & 6 > 7 Bt OFFZECTlE, $hic kb
TSRS FNE LT SR AR AT 5 IR L KR D X 5 A iEMERE SR O W AT RIS &
ZAREMENR H D LA X7z (ATSDR 1999).

in vitro TO & b OHMIIE % > 7257 O 28 BLFE K OVt (AR 1 B 35 R MR L2 B
LTI BEL CTRBIIR VW E VI FERPE LN TN D L OO, BLRESCIEREZ
WM B OISR T =2 ™ E6N TRy, £7-. DNAFBEGIZEALTYH,
B THELNTWAETFT—Z 51380 L %5 DNA EITHR SN TRV,
ZHUZONWTHEBRDLT — X DERBBILETH S (US EPA 2006),

8. EMAM

FERENW) L~V TIE, RO AMED D K LR INTWDER, IFEAED
R CEHBEOAORGE Th o720 HHEEBOREICHENRH 720 | HERE T
NHORERTH 720 | BREYBRBEEE N A+ Th o720 755, ik
FIEZHEN O 5T D EENRFHIZ1T ) 2N TE R0 anTnsd (WHO
1995), EEMWZRFHEICEEN 2 WEEZEZ LN TWHHRERE L TIE Azar ©
(1973) OFEBRNH D, Azar © (1973) 1%, HEHES 50 LD T » k& BBEIZ I
e 100 PEZ2fEAH L, 0. 10, 50, 100, 500, 1,000, 2,000 ppm &72% X 9 I
WEERdn 2 IR G LTk 4 2 ARG L7265 5 /Tl 500 ppm (I ERTEEFE 77.8
pg/dL) LA EORETRIEE DR O LTV DA, T 2,000 ppm PLE (1R
JRFE 98.4 pg/dL) ORETOHFRD ALV, SO RKE /3 IXIRME bR o fifE
(EPERERE) TH Y. 100 ppm LA T O E CIIEZIIERD oz &b S
nTW5,

US EPA (2006) TliE. $Mi3@EMmcil W THEBAMZ RT LM STV 5D,
LU, T DT — & Tl SR A X u T F 34 L OFEAEKICEES L, EEE
R DOBS IE I AN Z E DRI TV D (Waalkes et al. 2004) . $n12 &
BT ot D O T st o Al HEME 2 54 L7z in vitro AR ES 255 Tid, RS R
DB L TWRWZ b IBEORIBEICERE LT RDBILETH S &
LTCW5, E2, SABRIEEM RN A S 2 WIS OAL B OB AT 1 T—H
—Th DI & ARET LM 2 TV 5, BB T, &R A D
= X LT 7 B B FEME O AT REME N ST BT b (TARC 2006)
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X. EFRHEE S T 0T

1.

JECFA

JECFA (28T 2 I OFp OFHMIL, 1972 D% 16 Rl TiThil, B M
BT DER DI IR 72 £ & FAT  BRAISKE T D AR RE & LT 3 mg/ NI
FESNiz, ZOffiL. PTWI & LT 50 pg/kg KEABIZFY L, 1977 fEDF 28
FI2#TH 20 PTWI (50 pglkg IRH/H) 73R S,

1986 4RI B S 417245 30 [B] JECFA Ti, U2 & /hEICk+2% PTWL & L
T 25 pglkg REABAN R E Sz, 2O PTWI #EDORILIL, Ziegler & (1978)
KO Ryu & (1983) OMFFEFEREICE S b D THDH, TN OO TIL,
O FHHEIREDS 3-4 pglkg R/ B FLEE ThIUTRN~OERITRD SR,
ERED 5 pg/kg KHE/H U LIRS LERR~OERENROOND EMESNT
B, 0 PTWI (25 pglkg (KEAH) 13, SAAEMEDOHENETH B 701
MOBNARO VDR BINGBT 5 RETHD L VI IHNLRESNIE

(JECFA 1987),

1993 E D5 41 [Al JECFA Tid, a6 FLIL/NE & RIS S OSEEIT R/ LT
RREZMENEN 2 &R0 SRV S (IR A L CRE D DR IR BT 5 Z L e
L. PTWI OIS S TOFMRBITHA Sz, £7o, S0 &
NIEREE L O BIMREZ LT 5720, IPCS # A7 Z)V—F 0N LT/ (2
MULOMKTE 10 kg) DOZEHURE L LT 0.16 (1 BEMERE Y 7= v o M fgpi )
PR TIK S AL, HRATENF RSB~ D BN R SR WML SRR & LT 5.7
ug/dL LLF (Z2fRFudRi ) NHEH Sz (JECFA 1993),

1999 £ D 53 [A] JECFA Tl W OO CHAERTIZ IR E 21 7=
INE O M A & TQIE T & O BIEMEAS T X Au7 23, M PSR EE 23 10-15 pg/dLL
& RIS L& | SR T- 00 B R OV BT I E BE 0 R S A R 9 2 AR e S A8 1Y
M5 Z b, RHBEEICHR B PRI OB AME(ES B ATHENEIL & % 7%,
10 pg/dL BA R O fi RIS X 28N 2Rl EE D LW & S, fEkD
PTWI (25 pgrkg (KE/H) 73k <17 (JECFA 2000)

L)L, £0D% JECFA IZHFHI 21TV, & - BROSHITIC RSN T, ZhvE
TO PTWI (25 pg/kg (RE/H) 73, /NRICBWTRIETS 1Q3 FA v hy Dk
T &R ATE O TS MER 3SmmHg o EF-LB# LT\ 5 EHEE LT,
T DREEREIIEANTHRD L XX EDICEbI A BB 5505040
BB EHRRIC b 72 5 TRBIIR &V, Lo T, JECFA 1XZ @ PTWI

(25 nglkg (RE/H) PEFICEEE RIESRVMETH D L HRTZ LIEHIER
T&E2RWE L, 2010 4F 6 HIZBME S 4725 73 [B] JECFA [Z3B W T, ZH ALY
TFLZ & & L, £, i K DB EICEE T 2 BIEICOW T O @ &
- BUSHRHE» B i B JECFA 1R EEZ b b 2 Lok
PTWI ZH72 25 ET 5 2 LT T 20 EfEsaf i 7=,

k. WHO (1995) OIPCSTIE, e i3 i+ $ni A 43100-200 pg/dL Tk
20 EREZEE ORI AR O o R Eh 2 B S BfE L~ v
L L T3040 pg/dLAMHEE ST\ 5, £io, MHEHIREE 210 pg/dLLL F T 4
RE L B DI R~ BB A R A M AN STV A,

2. WHO BR#KKEHA RS54
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1 WHO OEEKKETA RT7 A4 1F, KRR K- BWEEOAERR TR OHO
2 EAE., ERNENRE, EBREW KL O in vitro DRERFE R, b N TBEIN-TiA%E
3 %ﬁbt%ﬁ%%%bfwé“EW&@W3W11AI%%E®%E%5@\
4 JECFA @ PTWI 25T AEVK D H-2% 50%, SEKOERE% 0.75 L/ H
5 EREL, A FT7A4 ME% 0.01 mg/L & LTW5, £/, shifidsk bRt
6 DEWZ END, ZDOHA NI A4 AMEITMMOFEE I T 2 LZ bR N5 &
7 LTWwW5% (WHO 2004) .

8 AR O & B0, 2010 £, JECFA (Z$h DO FFHE 24TV, £ E THO PTWI (25
9 ng/kg RE/M) 20 FiFHsZ &L L, Fiee PTWI 288 ET 52 LIET&E A
10 A k/nnﬁﬁ{* 7L7L\_o Lﬁ)bfcﬁﬁ) ﬁ.) \_ﬂif ﬁk*/bkfi L 75)%0)?\55% ﬂiﬁz@ﬁ_
11 DRIFRCHIE N2 VATON TE TND Z &R0 T ITkk 2 R BN FET D
12 Z &, 0.0l mg/L EWIHKIREZZERT A Z ENBLEINZHE LW L7 8D,
13 WHO OFEIVKKETA BT A V5 AT, BENREREL LTHA RT4 v
14 & 0.01 mg/L SR s 5 Z & L2 -7 (WHO 2011)

15

16 3. EEMNAHATEHE (IARC)

17 IARC (2004) TiE, $h Kk OE OEELEM DTN AMEZIRD L 5 IZFHii L
18 TW5,

19 Jti2s AACEE L CTiE, KEROEEOFREM TIHEER (o5 AWERE I
20 ﬁim @L)&%&)T AW —F 2 KE (2TH) O T /EEH
21 (B BIZKT2IRABZED V) OH6LE TOEZNIENH S (TIARC 1980,
22 Cooper et al. 1985, Malcolm & Barnett 1982, Hemminki et al. 1986) , Z®
23 IHBAY =2 —TF OB TR Z R &N AT AR OENINIINT O %t
24 FECHEARTHER SN 2N UTD TN TH Y (BEIC L 2BIREZL 65 & &
25 7o A = —7  OBRIBHTHAR] Tl 2 AFEAERD2EITIIN L T3,
26 b BRFEICHKET D AREMEZ RN T D Z L iXTE RVt &N, Z D6 LISk
27 IS ER A2 RIATONTZ 7 4 T FOFHETIE, SBRREEIXZ 0615 X
28 @ HARD S T2 SIRBIREE D A & & IS ASAEITIINT A2 Em &2 R L=,
29 HOO, ZOEMNX, FEHFIIZAET i@%otoit\ﬁﬁ&%$®%ﬁ%
30 ITONT=5T0 5 H4T T, B AMN30-50%HN L TV =ns, AfE - 8 -
31 o U BRI KD REEMENR S D L InT, M, ARCR. T DM O D
32 MR HOW T AT M T e, iR mICE S R oo, —BERD
33 FrUEEE A M R B A PR AR LT Lt%ﬁﬁﬁbhﬂﬁﬁﬁ%ﬁh%$¢®iﬁﬁﬁ
34 IR, BRBWETAIIEEL o7, 2O DHMAEIEIZEHDO e Mot
35 T HRNAMZ R T EEUIIEER) (limited evidence) & &P S4v7-,

36 —J5. B EERTIX, FERREA R 52X DT v BT v MK Y A —
37 7 v MREIBMN AL Ty NMEEIEES N A, HiEERESS (Pb (CH3CO0)2:2Pb (OH)2.
38 lead subacetate) G2 LAHT7 v F « T ADENAL, Ty MNT U A —~72
39 EDBGMERT RN D & D FEN S D EERENM I 2 M AN+ 705E
40 i (sufficient evidence) 2V 5 & §l & 7= (IARC 1976, 1980, US NCI 1979) .
41 AR E LT, E\Rinide M i]b LTBELSBBAEND D (probably
42 carcinogenic to humans: 27 /L — 7" 2A) |23 S, BIRF R THEBE I TR,
43

44 4. BRINBRETEH#EE] (EFSA)
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2010 4. EFSA @ Contaminants in the Food Chain (CONTAM) /%1%,
BE O 5 AfEA R Uiz, CONTAM /<% /L%, /NE Tl et
BN TIRDM A ~D 8 L B3tk 2 U 2 7 3 35 1T 2 IS (E R 72 B R A 2 7
IZRFE Lz, B EEICBE LT, 7L ORBAEREOELEZRTLOL LT
IQ A2 7 OIK T Z MV, Lanphear & (2005a) @ 7 k&N EAT —
2O EISIHTRERE S &2, HE-KISET VERG LIRER, iR
& LT BMDL01=1.2 pg/dL ZHH L7=, BRAIZBT S 0ME~DREL LT,
St B0 e & of A g 3 S Je VIR FR 8RR E D 2 v 8 o H & OGS BARR & i~ Tz
Glenn & (2003) @ 5 2O#FFEN S BMDL #5HH L7-, FOHEE. mhenye
& LT BMDL01=3.6 pg/dL, fE&EHeiEE L LT BMDL01=28.1 ug/g 35 541
7o F£72. RAIZBT 2EHFE IOV TIE, GFR ® 60 mL/42y LA F~DIK T %X
— A BRI RO R AR E 5T Lz, NHANES (1999~2006) %05 — X %
PV, 1fgniEfE & LC BMDL10=1.5 pg/dL 235 H 7z,

MR ED DEIEOHEEIZE L TE, A TIERK L O TECENEN S O
BREEENEMR T 5 LHE L, BE L OMEREZ N o BMDL i
FEIZAEY T A8 O R FIEEEE % Carlisle & Wade (1992) o a2HAWTEHEH L
T2o —H7. /INRICEIT 23 EMREMED BMDLO1 ([CH824 4 2§ oA S M= v
. Integrated Exposure Uptake Biokinetic (IEUBK) 7 /& H W\ CHHL
77

CONTAM /X%, JECFA 233%7E L7- 25 ng/kg K& &5 PTWI (2D
W, FEMREMECHRACB T 2B EERE, WD 027 VT 4 Iz
RARA v MZxT 2 BEOGELA 5 TR Z & 2 B 4 Tk &)l
L. U R OFMEMTICIIRBR~— k27 7 n—F 2@l Lz, FORHE,
N OSBRI 12 BT, BEMEICE T 5 MOE /X 0.51-1.8, A& #2282
B4 2R~ — 13 1.2-4.2 THoT=DIK L, AL EZHE 250 TWS 370
AR, 1-THOFE S, 2040 iDL MEIZB W TR, FHRERTH>TH,
MOE 28 1 K & 72 2560385 2 L3 yn-iz, CONTAM /S uid, E%HY
F—Z OFFI L . MLFEN L~ UATRE L THERR ST DR~ 388 oD B B
TR LTRSS, BUEOSIREE L~V T, AW TLIIE R DE o
WK FZACEE R BN E T D) A7 3BV, b LT EH T 5
BECTHD LiEmftt Tz, =720, LT 8L, @ik, BEOBREL~L
THIMPHRFE IR LZ R TEIENRBERH 0 | 1 &6 CULE vl RE 72 -
J& DL B IR R ER B OBAEN /2 ) A7 InDIR#ET D Z L id. A0 EICE
LR BN DT X TOREZENORET D LR E LTINS,

5. KERZERET (US EPA) EXEXRFBFHEE L2 — (CDO)

US EPA (2007a) 1%, /NEDEK « HEESEIERIE, /NEOTEEE IR & O
FEEEN O T O DRE TR A OB REE L OEIMEZB5IET 5 2 & & R
& L CHCBHK D3 DB R EEME L L C0.015 mg/L& &7z, B D5
YU & U ClE, FEERLK R DOSNEE S O Eh, HIRHEREM DR ENRT 6N D &
L7,

TERESN K OSRME B ~DWRTRIC X DR AN, ikt BREELE, &
JE, WEREE, ~E7 e B alEE, KOBHAMEENESE D D, B
Z LT, INHDOIMIT LD REFREED L X, BIfERIREN o < 2 D TREMEN
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BD, FRNEOBEIIL, BEEENE L S@E oMM L balic, ERARE
B RIET, 6L T O/NRIZFE Lo SAITEINEE 2720, BRBED U A 78
BV, 20Oz LD EPAIT19854F IC RSN D B R & (reference dose : RfD)
DR EZ I LT2D3, & DO MIGEESE DR/ N ORI TEN R A~ DR BT,
AENZBERIESAAE LN S B WIEFITERWIM A ERE TEL L Z b, —D
DORIDZZRET D DIEARIE Y Th 5 &fbamftiT 72, O8O3y EREF D Fn 1,
IZ& DL, BEFOSOERNAM &2 EMICHEAET 2 2 L I3REE 720, EUER 7
FECTEEIHINZ Y A7 MEITEERN2 Y A7 ZEMEIR LTV RNWT L Z0R
e LTV 5D, SN, FRICEICERET 208, (RNAR &EIXF, EEIRRE, %
FRAEIZ L o TR IR TR L O LR R O BB O RN AR mIZ K -
THELLLHEH TS, EPAIZ, 295 LEZHHA LBEN 2V E W ERIZL Y o
RIDZVERT 5 Z I3 E Y TR E#HE LT 5 (US EPA 2004), US EPA

(2006) DAL OFHETIL, 10 pg/dLEL T DI R ERRE TH/NEDIQDIKT &
O BIENE & 7RI T 5 B LIS S A, PSRRI 235-10 pg/dL, & L < 3%
AL D ARWE THIR OFRIMEEE DK T 2 B D2 ERET 2SN A ST
W5,

CDCIZ. 19914F, /NI DUV TIEERMRER D3RI TE) IR~ AL T
T2 & ZRE L 721980 R D % < oA & T I SRR EE 10 pg/dLZ i 2 720
XS Lo ANEO A ERiEE10 pg/dL2 & i 5 L ~L (level of concern)
& L7, 2004 S CHLU T O3RN O RAFHOINEICKH T HRIDEHET H Z
ClIHSRARNE L, ZOEEEF LTV,

O 10 pg/dLLLF o/NEO M En 2 N 2 2h iy 7e kbl (BFRAON AT

%) DR,
O 10 pg/dLLL F O R SR EE & IERE 2 E 3 2 BB vy,
O BMEZRTATRNRL, EOXIREETOD THEENICR S,

F72. CDCIE, ShNZDILaEMEB2 (BZ 5 < b MENAWE : probable
human carcinogen) (24374 L T\ % (US EPA 2007b) .

6. XEEFHFEZEMRKE (ACGIH)

KEPEEMEEMFSE (ACGIH : American Conferences of Governmental
Industrial Hygienists) TiE, $hEEFICXT 2 4EMFHIEEETELE (Biological
Exposure Indices : BED) & L CTIlLH$Rr{REE30 pg/dLA#RRT 25 & & b, HpE
DOFREMED & B 2 MEITkE LTl $niR FE 310 pg/dLEL ETH A 5A 1T IE AR
DI R ERIREE D10 pg/dLA 83 rTREME, 372 O HRBHWEREIR T OB Z 1 © FTHE
MR 5 LEE LTS, ZOBENL, $hEEE L OZE O IR Ok 2 B RElE
FOMIEH 2 WIEE/NMIT A E LTRESN TN D, 7235, BEILLN T EE
MBONDEGEND DD, — B IEIE TR TH D &S TnD, B
PREEREIN « AERIAR NG - HAERMAEIS T, MR S0 pg/dLLL ECTRAT
LETLRENDDLN, MENTITRWNE SN TS,

F 7o, EEE 13T 2 BELM HERR FE30 png/dLIZ ki3 2 K& OFF AR

(fE2EBRBE T OE NRFEIEE) X, 0.05 mg/miICHESNTND, TN AMEIL,
& F OB EME TN — T A3 TEM) IR TIIB D AMEDHER I LTV D0
E R TORBAMEE OREEIZOWTIIHLNTRWYE ] TSN TN5S
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

(ACGIH 2007a,b)
7. BREXRFLEZER
# 21 K O¥ 22 (12 HARPEZERAF2 (JSOH : Japan Society for Occupational
Health) 73FRERRGRFARIEE & LTS L7284 5l E T,

&2 MMOBEBESFFRE (O0EL)

= 1& OEL Ny AR 7 5 A
cadNol | 7 B e e e =
‘ = ppm mg/m3 BE0E | REGE
8 MBS (T %
WEMEEW 2R < 8R) Pb — 0.1 2B 1982
[7439-92-1]
R22 SROEMEHE=A2) DTIZE DS BERESZBREE (0EL-B)
Wt QE 8T A OEL-B A R T
A it T T | i 0 10ug/dL. EE T 1994

X. SRICKSBEFZED—XRRE

EOREICBW ISR Z W O EEZTOMER & L TE L B8P ER ST
HT END, BEEREICB T A M EnEE & AEZEL OBRRERT L
<EINTET, 1970 RICHSR T VU 2 L2 Em S OHER T AT X
LB RN E oo 7o, BRSO EHI At S e Z LT - T
INRDOERFE BN LT, —EREEIZBIT 2EFH LI 7evn, —JF, K
EEICBWTIEL, TWEBR CTEAMEH SN TE G BEn., /NRICK T 28Rz
DIFRRD—>& L THEMRMBE L > TE 2, 8T, WEM 5D DR,
FRERGEIE LTSN TE 2D, REICEHBRZMEH LIZHZED K> TV
Do FDTD, W< ol EEREEHIRIEE L CTHEEEE LESENBITH LA,
VOV TRREEN LU COUNLIOBERIRE 7eo TR Y | KE%TII/NEICET 5%
FHIHANEZ < HEIN TV D,

b MARBEICEENDMORNIRELZIT 256, I EE TR LD,
L& 2B AN R, BRAD 10-15%I2%F L T/INETITR 40% & 3720 @&,
RPN S L7 8hid, BliomR b2 < EM I, A CTIHMEAN AT EOK 94%H3F
(AR LN T RN AR B O 73%H0EF RS D, AW PRI SOV T,
%N O R K OV 5 O #RFAR C 36-40 HIZxF L CTE T 17-27T £ L RV, LMEDF
(CERE L72nid, RMICRAT L Clei 2 @i L, IRIROREIR & 72 5, IHr
SRR FE LT BRI SRR 0 80-100%IZFH Y 35, AT O TH NI RF AT
T 5 REFL SN B LT R L R B D 10-30% D &EPH TLEET 5, BRI D L7 &3
HAER O/NETH MIEMBIF A R TH 5726, I H SR FEZEH O AR R I

32 JSOH D¥E13 AMEIZEAT 5 7 —713FHIE LT IARC O 7 v —7 0 ICHERLT 5, A
P27 Z 2 2BIE Te MIxE L THEPBAMER D D00 LAVRW] I35 T D,
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ERELERITTEEZOLN TS, ZHHDZ ENnD, NRITR A HE LTt
#5W%@#mw&%z%h1wé

ASEIO—RHEIZBW T, BEIRDL, WIER, BEHEELBE L, MR LA
XL T E%@&ﬁ%ﬁotoit /NR _wai KEETHE S TH
PR R 2 T, RIS OWTIE, BRERTE IS DM /L & Hlz
%%Kmuf@%%%@ﬂﬁ%mzf&Di&b%ﬁoto

1. AEROERE

(1) HRRER~NDOEE

O EIRENRTE & T T EER 1T A LN D AEMEESCHS R AL D B
e ié@mriﬁ<#%ﬂ%hiw%>@@¥%®$E@W% AT A5
TiE, BEEEEE DK T 23580 B, EMEEEE O RIEHREEEE ~ DB Z G~ T
MR TIE, MRMERHECHE N EORTREDO ATV D

INB OFRATEN LA E A~ DOV T, %%&ﬁmT%%/\ﬂﬁé
ﬁiﬁmﬁﬁzﬁﬁﬁﬁl%aﬁzf N FEROAH T I 9T 5 D2 7R 0 LD
Z WG S, SRFRESCFERRESEOZKERE T2 L% TH, e
@ﬁwm¢%%ﬁfm%@ﬁ?ﬁ—%tfm®%MTw5

Flo, EREYOIEN AL, B FOgTLE =BT 252 05,
MBI 2EEEZEERMICTHTZ N TEHEEZLNTVD

N OMRCR~DIERSE IOV T ==2— 8 TEI RA v Uy
~kbf@<ﬁw/9A BEHDDLZENARETH D Z LD, BALREMED
N T AT v VERIE L, BT AFRALE V2 2 U EESS NMDA O X 9
IR EEE U A PRLIE L T P ABIE A TRET 21E 0, R—33 U E#%
TTrEeFral) ot EHEL, R—XI VOBV ALEZHET S Z L NHRE
IhTW5s

OO NG| SR K AMRBRR~ORBETH L0 TH D | FR/NEE DR

CBITAEEIIERTHY . OB EREWEEZ HNS,

(2) DIMER~NDEE

PEEHFTECIE, T O BRSO MEZR EOLLESROFE Y AT OHEINE $h1R
& & OBIRBSEBOBIZERERIC LV RENTE I Z LD DIIERA~DREI
HENTHD, ok, BUEOMRE & (ILHERRE) K0 b BELEEDORGR
Faa (BTEnIRE) O3 LIME R~DOREZ T 5 1T XV EE 2R ET
EINTWD (Weisskopf et al. 2009) .

(3)@&/LM%«®%@
EMRBIC LV EMC A ANBEIND Z o~ HE (ALA-D KOV
/T X —PEOBERIEMRE) 6 | MK - SR ~DFEIIA 5/ Th 5,

(4) BlE~DEE

JEEIFSECIE, ShIRERIC L DB EENHLEINTNDL Z & D, WMA® A
X 503 TH DA, 0l %&w&&gﬁﬁmﬁﬂéw\ &M DF EWE DIRE TR
WL DHEBORREELEZ LN TND

73

ool



© 00 30 Ot W N H

DO DO DD DO DD DD DN = e e e e e e e e
DO A WNH O OWOWW-=J0 Ut WN = O

27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

(5) ARiR/ BEZ~NDEE

N R~ DN SN TIE, FRRIRICBIGR T 2 LV TR T 5 31 70N F
ELTEY, ZOMOFRLEANCET MBI A+5STH S,

FIE R A~DFENT DN T N OARIREEOSRIRERIZ X 0 i R SRR DR &
MigA o/ 7v7 Uy (i IgE) L OMICAEREEEN B L GRO S
NTWD R, BEFHERITIA o Th D,

(6) £E~DZE
ik DR ENRER Tl BYE TR ORI M TR REE I DK T K Ui E
RO EFRREPRESNTEY, LIE~DZBIIHALNTH 5,

(7) E=sH

Yutt R E . SCE. B/IMAERL. DNA St/ &2 RaR A v & LT,
bt MEMZRRICHAESNTEY M3t Mo L CEigEtEr A5 2 & v H
ONERSTNDD, WTIhb®IEERELZITEFTORETH DL Z &0,
DA DOEEROFEEYRTE RN EEORIKIN D 5,

(8) EMAM

t N OEFEHFIETHINASLE S ADOFRAEROIE MO A[REMVESRIZ LTV D
ZERT v v ROEMEFT RS, IARC (2004) T Vv—72A (kb b
WXL TBZLSEBLAMERD D) IS TWS, L, dHMliCHW S
72 FOT—ENEBREORERBOMATHY , B FEe L L DRARECWLE
DTN PIC X D& O AREME N R S 41, B MCxF L CTRB AMEE RT3 T
[REMTHD EBEZ LN TND,

2. H=-22E&5
ERICEET DRk & 725 EMEDNEFM oY LR E CHRE I N TR Y | Frlo, #
BRITEZ N ENEEZEZ SN TNS,

ARIOHE TIE, MOBFBE A TERZMEN @O MRR~ORBITE B LT,
/INRIZOWNTIR, AR PR & IQ5F DA TEN AR FE IE A~ D R & DR
TR TGRS S & R AR 21TV, BRSOV TR, EEIRER S
B OEFMEOT =2 2l F~v—27 F—2 (BMD) #EZHWTHE-
SR 21T - 72,

(1) BREREE

MAER . WA AN A T 836-40 H [E] & HRERAOE N2 | I P n i BE
TR ERTE DRFEE TS 2 KL TV D EE X B TWD, gD RNEIRE T
e B M OGRS 2 BB L TV D 2 206, —BIORORMIC K 5 ML Ehe B
IZHEAS W TR 2R R TR & A E 7 SR SRR A XBT 25 2 S L
W, LU, 18R ZRIRESM F O T, BAD8E - MRS omick ) 540
DHXEFIREBIZSH D Z X0V I BRIORS S & T —Hn b |
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DO DN DO DO DD DO DD e e e e e e
DOk WN - O O O0W-10 Uk whh+—=O

27

28
29

HFENIANAR EZHEET D720 OEE L LTt NOEFMIE) OB LR &
THRbEAMHEHIN TS,

WX, IR IEBRE O 5 F CORMMOMER/ELZNET 5720121
HHRHZMBECH DD, HOMNE., K LI-REDOFME, T Oxt%R L3 HE0L (5
FENEW) X OMERTHIREOLEHZZRE L 2T NIE 62N &

(SAHC 1993) . £ ENDMFEFE PR D FNAIC L > THH L THD Lo K
RS 5,

BHEN S WA R [FARIC SR O Z DB AN O EHERIBRERIE CH LN, B RO
PRI R OBDR 5L TN D,

PRAIPERTE. HEMIRFE 2 i AR < BB LOoT 0, E 2, JRP SRR s & oFd
BE2395 <. RRICILFERIREE 10 pg/dL 125543 5 L 9 7RV RE 21 5 01z 13
LTl (Gulson et al. 1998), EZH¢niE, NEORERFE S L THEHI N
Tx72 (Marlowe & Errrera. 1982 ; Wilhelm et al. 1989) 3., Ffa, &
BT AEFT R ORERBICLD2E®#HNH D EmE SN TS (Wilhelm et al.
1989), F7-. BEHFORIREIIINTEN O DIEGERET D Z ENREETHD & L
TuW5% (Fergusson 1990),

AT TIX BRI 2R IRER S O 2 K 5 5B 2 i~ T % A 5RIE B
LT Z EnD,Z< O THRIL I ATV DI ERRE 2 IR &
L CHE-EM AT > 72,

IO BARIZET HEBEEICOWVTIE, 1970 FRELIFEOHE T V U o Ofii
ARHNC L0 232D L Tnd Z Enb BARO/NEONEAM 2 P el E 1%
WL ~ULIZH D LEZ LTS, 2004 4F 7 H-2005 4F 9 H OHIRIZ i I
SEZ ESbiE R LT A% 3 A 15 D /NR 282 N & XA HIE L i Heh
REORMTEEIMEIL 1.5 pg/dL. BEYE(R 2 0.85 pg/dL, H9ufE 1.4 pg/dL, i
0.19-7.7 pg/dl) T -7 (Kaji 2007. HFE D 2006) (3 23),

x23 BERO/MRIZEIFSMFsiRE (2004-2005 )

v | FATEEIE | REUER L fE e/ IME e KAHE
BRI T (ga) | (el | ugdl) | (ugdl) | (ug/dL)
0k id 25 1.5 1.5 0.95 0. 37 7.1
1%l 25 1.5 0.65 1.5 0. 43 3.4
2 ki 21 1.8 0.96 1.6 0. 56 4.2
3 21 1.3 0.56 1.2 0.19 2.2
4 3% 26 1.8 0.74 1.7 0.81 3.8
5 ik 25 1.7 1.4 1.5 0. 68 7.7
6 ki 23 1.4 0. 48 1.4 0. 36 2.2
7R 25 1.5 0. 69 1.5 0.70 3.3
8 kil 23 1.5 0.58 1.5 0. 52 3.3
9 ki 25 1.6 0. 82 1.4 0.81 4.7
10-12 5% 26 1.4 0.72 1.2 0. 69 3.6
13-15 5% 25 1.1 0. 28 1.1 0. 60 1.9
BXIRFE 290 1.5 0.85 1.4 0.19 7.7
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— 77, BCKGEE S O PRI, $hBRpT-Con M T35 70 & o5 Y,
gAY U DRGIGRRIT K DWW ABRTE DR BN RO, 27 A TCORME, &
W T RO E 7 £ O SIRE ) e AR IRV, FWFE RO
BB D~ T U SRR BEEN LTBRBE AR E LIEREREEZL H D,
1991-2006 fEIZ 31T 2 BN THIE S 7u7=/NE oo Il FR g B 4822 2 %] 10 12
s~ (ENHIS 2007),

TILAYT 6-15m% (1999-20034F)
TILAYT 6-15%% (20034F)

[H1-2"AFE7-34F 27 10-14%% (2001-20034F)
[B1-2"AFE7-v5NZ7 10-14%% (20044F)

IL—==7 1- 9% (1999-20004F)
O 7EFR 2- 65% (19974F)

R—35F 2- 7% (1993-19994F)
NIH)— 4- 6% (1996%)

NIH)— 4- 6% (2006%F)

FxaHFE 8-115% (1996-20014F)
IS5UR 1- 6% (1995-19964F)
TSR 0.5- 6% (2002-20044F)
ARSIl 1-10/4% (1998-20004F)
(N 6-14%% (1990-19924F)
(N 3-145% (2003-20064F)
AYI—FY 3-197% (1991-19944F)
AYI—FY 7-115% (1995-20014F)

0 5 10 15 20 25 30
MR T iE (ug/dL)
()

- TV T (1999-2008) 1 TEMIKERETHT—F

- TAHUT (2003) (XEBEBOIET/NEIOT—4

- Ha—= s =4 ReTId T AR KT 57 —X

XTAH YT (2003), FxadfE], Ha—= - <5 F=7 3HAFEHEDO T — 4

10 BRI TRIE S nf=/MNROFH Mt fniz ERAFHIE (1991-2006 )

(2) EEEE

ERIRERIC L DA E O BIRE AR 24 (T, EEUSEETHWLNS —
IXE972 b D& T2, /NEOMIR DB LR D120, FRAHERE (M1 THE)
HI3EE) AHETAHEEL LTIQ WA AnsnTna, 1Q ITAERAIC X
STHLND, FREMRAEIL, FREF ITHEA T 272D O HIWRE /) oHEBERE ), &
b, Bl YN - TOREEZIT D Z LR AlRee = O ERE ) %
FHRD 2 & B STV 5, FIREMR A & O\BEE# 3~ 2 SR AT RERR A & 3% 25
2R,

HBERAIX, MAEZEDMEOMRE F2HP L CGREZ T (Wb s
TARMER) ICL 0 T, AlRERRY BRI LICEDZREL THET D LD
REENHOLND, Bl2E, FHAREICBT 2REICE. BT TREER
EXDRENNEEINDIN, HERBICBITA2EEKIINEOAOEZETH Y | ik
EXDOREINIHLRICHE SN D,

FEEMRA T, BEARMICHIROITENBIZE AT b DO TH LM, BLOBEMZE~D
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1 FIEEZBRLHROE DG &5, BARA L, MEERE & FREON 2 &1
2 DTH 5,
3
4 24 FEIRIEZEDTESE
oL % Sl
DA HE, DR, ARSI
i~ ALA-D FEHE, Ml - M ALA JEEE, ~F 7 o o,
~v ~7 U ME, FRIMEREL, FRIMEK T 1 RARVT ¢ U PR,
S FE B AR R
R AR ke (1Q) - Z0HE - WBLEBIKERE - 2 - AMK - DERER &
DF A b, FEREHEEA
FA B AR
TR C B | O RR B H)
CHBEARE | EEEGE . B
TR R | g momiE (PR
X i JRIPFSER - p2-MG + NAG &
ST fﬁ%V?%ELﬁﬁﬁﬁﬁﬁw%V%E\@ﬁﬂW?f%W
7 B, MiE7 v 7T U mE, FEERR VT RE
IR M A L 707 Y i
B W RS, WER
5
6

7 & 25 FEERERUVEET SRAMHEREDER

A4

C RN

- SE[EFNRERR A

c BT R B A

(Kaufman Test of Educational Achievement : K-TEA)
Uy Rav s s Vg U DEEE IR
(Woodcock-Johnson Psycho-educational Battery)

s U= AT —REMEERA

(Wechsler Intelligence Scale for Children : WISC)

© U= 7 AT —ghFEISh R RE R A

(Wechsler Preschool and Primary Scale of Intelligence : WPPSI)
« Uz AT —NFIRERR A

(Wechsler Adult Intelligence Scale : WAIS)

« RAH T F— RER—HIREMRA

(Stanford Binet Intelligence Scale)

(McCarthy Scales of Children’s Abilities)
(British Ability Scales : BAS)

- XA YU SR ER A
(Bayley Scales of Infant Development : BSID)

77



© 00 30 Ot W N

—
N = O

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

RFER 72 HBERAE TH 5 Wechsler D (WISC, WPPSI) I L LT,
1Q 13, FEARMIT N 100, EHERZEN 15125 X 21T, B E W) Tl
21T 9, R LT, 1mm20myk%%%u1*§Lq$5§%%ﬂﬁ%ﬁﬂﬂﬁﬁ
METWIZE S TED LI DEER S CTHRICHEY T 2 0 2 F R EIC T OR
ETDHPREDZEThHD, BRI i*ﬂéﬁ%’fﬂ