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HHEE BlxiE, = TYad—h) ZEETARAL, GRICKVBEINREZRY RTFF R,
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EiCHBE LT,

BEHREC/E L EBARKOT —ZBRWVEA. XUIT —F B35 2 NEEMEIC 52 & 135
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1. ETEAE 100 TR LU-E 0% ED PDE B2 AWVWT, EHEO/ XUIKRAD PDE EZHH L
7= (Ball et al., 2007) ,

T DO EARE

AHA RS54 2Tk, 80, BRREVBEAOHRSEKEICE LT PDE EERE L, £OMDE
55278 LT PDE EANLEREEITIL, PDE EOBHICATA K74 v OEANREZ T
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BEMTARGBRICIVEEISNZ L ZIC, TR AMIRRBIREELRTZ ENTFHR
NEMNE D LEFHET S,
o RFEENRFREINDIFEEIZIL, REPDE EDEERLETHINE I hE il
Té’)
o FREPDEEOCEHICAW-EEREICEEL T, BFEEOREN TR INSH
BERUOBRBELZZIET D,
Eﬁ%@@%ﬁb:%’@ SHNBRVESIZIX. REPDE [E2 AT A XLE T2,
%IJ)%‘I RBEICE., BRTARERKIC otéjr:%@&%%miuﬁ:@%%ﬁb hE
R E PDE fﬁkﬁ?éi’;’éi‘rﬁ“% L DU TEROAEMFENFIRE L T 5,
o AMFEHNFIARICENED ONHBEAITIT, FE PDE EICEEFEEEZEALTY
v, FlziE, BREZBORANTERINT, TR OKOBRERO LY EHFR
EN 0% THY, BT IBRERBEICL D TROLEMFENFIBERN 10%THDE
BIiE, BERES 2@EAT 5,
BFi- R EREODIRESIN PDE N, %€ PDE E% LB 2HACIX. SEE
HECOWTDERENELTHIEND S,

#X%E PDE % LBl 5 R A B o 22t

SRE PDEfE (R A2.12H) 2 ERSZTRAMPEIX, UTICTRTEHICBOWTIFE IS D
ENRHB, B, UTICRTEMI—FHITHY., ZTROHIZBESIND LD TIEARV,

MR&EE

M (B2, 30 BRI &kE

FERRIZZIEE - AR (BIZIT, EmE B THRA, JEOHESL L TORWERR, KR
)

BEREOY T 777 Z— - 77Fa—F (IPCS, 2009; US EPA, 2004) %\ /=, %F PDE &%
LEID B R BEDOZYUHEFRAOH Z LATICRT, TOMOT Fu—F%HWT&RE PDE
 FEIATHZE R EOZYHEZFTAL TH LV, RE PDE % LA EEZE NI EDIREIC
BL ik, ARCZEDZYMEHAT RETH D,

il 1

CROBIFFICTE X BEENTWD, &3 DE X OF/ 7575, NOAEL 28 1.1

mg/kg/day TH o7z, EEMHRE FI~F5 iX, ThEh 5, 10, 5. 1 K1 LRESN T 5, g1
IZEEH LI EERROREN T 7 r—F 2 AWT, BUTOX S IZPDEEARHI NS,

PDE= 1.1 mg/kg/day X 50 kg / (5 X 10X 5 X 1 X 1)=220 pg/day

TOEAE, BEMRE F2 FIHE=10) I&2WTiX 2 20OV T 77 7 X —ICHBTHZ LN TX
B, 1O FFYVaFxxT 427X (TK) . I 1 DI MFLaF A FIT7RTHY, FRERLOD
ﬁulﬁ!i 1~3.16 TH 5, Jﬁlﬂﬁ*#iﬁﬁﬁis BRETHAZ LMD, B 1 EES (~1 EFEH) i

ik TK FABMRE A 1.58 £ C, /A 1E#%E (~5 ¥EH) OB TK 7B HEEE 1 T

TﬁTé EMTED, BERE R LY T 7704 — - 7T a—F2HWT, A 1 E#H
EXINATEXDEXZERNICIVEHL, BETHIENTEX S,

BRI NT-E=1.1 mg/kg/day X 50 kg / (5 X (1.6 X3.16) X 5 X 1 X 1)=440 pg/day

EKIC

BTALDETHIED, ZOEICHOWTHEMETA LT 400 pg/day &35,
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Bl 2 - TK SHEBARIKT Fu—Fit. BEERET 7o —F 2 HWTIC PDE BRE SN TR MY
R LCHEALTHEXZIRY, TF Z KBLTI MRL (B/NY A7 L-U0) THD 0.02
mg/kg/day DME OHIF| O PDE EAFRETHICAV b ((H& 1 38) . TR CTMmEEH 5
A 4 BRI HEINTWD, ZOTHIE. 3 BRIC 1 EfRSE (~5 1) OoRORAICSE
NARFHTHD, —REISEERZ AT, MRL 7 53R E S #7- PDE fE 1000 pg/day ZLAT
DL HITIEE LT,

BRIN7-8=0.02 mg/ke/day X 50 kg / 1/3.16=3.16 mg/day

ERICETELDETHED, ZOEIZHOWTEMET A LT 3000 pg/day &35,

HEHA
BEX—BEEAEN 2L UTOENFICEL TR, FXk—B&E5EES FAVTRE PDE [EbFF
REEYEHTHIZENTES, REXEBCTHEINTWI— ABREREIERORR ED—
A EREN 2L 81 8% (FxiX, £AEAEK, 7 FURER TEBREEAN. HERK)
B LT, REPDEMEMNLDHFFRECHBIZAE 2L 2AVWDZ L3 TE % (Holliday et al.,
1957) ,

LR D

KAA FF4 B FEINTWEERIL, FRbOEN (PDE ) R UORATIZFET 5 ARtk
CESNT 3 207 FRCHEENT WS, FEDTREMZ RRTIER L LTk, EERHDR
ETRCEAINLAFENE, EELOSETRTERINIEE - EM PO OMOITEARHY
b 2T R LT X - R T d B ATREME, BN EN S TR D EBDORREERER CBRES AN
BTFbND, AHA RTAL BN TIE, FOEBMEREE 2, RAGEEMBEONER EIX. XA
FEENSIEF100EY 7~ 1 EFUTEREINTWBILE (Haxel eral, 2005) 2D bDE
T3, 7ITASEDOFER. ELBEDOYRITERAY MIEREELET, EEXEVNE D
2, BFNCESENAABARTRENHENE I NEEE L (R 5.1 2R) ., Rz Mmns
SZIIUTDERY TH B,

75 A1:As. Cd, HE RU'Pb X, b MIT2HEMEMETHY . EERLOBLEICBWTHEAD
HERSH TS, UHMFEAINRTHWARNWLDTHS, BAIKEEND INbDOILEDHKDH
BT, REAINAEE - B BlziE, ko RmA) Thad, b 4 BREOITRDY
R TRAAY MIBWTHE, ThDLORRREE DD, TR OETERRIFEKL T 58
BRDERIC DT AEMENRNLETH D, UV RITEAAV FNORER, BRIEBENELTD
BRSO PHLMCRAZ ERH Y. YEEBRIOIERRSFT DI 77X 1 tROBRBBIEEND
EARH D, TRTOEEESICEL T IR 1| TR A HOERNEZMNELTHZEITBESH
TV, YUARZTERA L FDOFER, PDE HEG2HERT 2 ECHLERGEEICRY . B
HDy S Al TRAMHOTOERANBERIND,

JTRA2: DY FAOTEIT. RIS, BERKIEFELTE MNIXLEERZRRT5WE
ThiHLEILND, 752 TERIL, HADIEETIHEMARTEECESE BigyT 7
5 Z2A RO2BIZYEEEN D,

o U TR 2A THEIL., HRPICIEET S AEENSEEBHE VWD, TR OBENR
BEROBREBREORBICDOEDVAITERAVIRBETHD, 7T R 2A ILEEN
AL, Co. Ni RV TH D,

o U TR 2B TERIT. RREEENDRL, TOMDFE - B H 6 WeBE S 15 FTREMED
BV o, BFITICEET D AREEIEN, BRELT, 77X 2B nFiE. JRE,
WINFI 32 Ot DRIFIMERR RS ORIE P ICERIICIRIM SN RWRY . VX7 T7TER
AV RN TAILENTEARLDTHD, 7T A 2B ILEENDTHRIL. Ag. Au,
Ir. Os, Pd, Pt, Rh, Ru, Se XU'TlI TH 5,
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IR I: DT TADOERIT, BOREIZLH2FEESHBEAEVHO (PDE ERAE L, —#%
AIZIE 500 pg/day 88) THEIN, BRARVEHICEIBZBEIHRDI IV R TEA AL MBWTIX
BEENRMNERLDTHD, 773 LKL, BRICENMEIN25BEE2KRE, BOREICED Y
RITHAAY MZBWTERINZ LB 2V, ENARVCRARNCEL T, Z0oRKES
DFXTE PDE {EAS 500 pg/day LW KEWHEERE, VAITERRAV MIBWTIZ T X 3 Tk
T OBADAREMZ M T RE THDB, 207 T RZEENB7THEIL, Ba, Cr. Cu. Li,
Mo. Sb X1XSn TH 5,

FOMOTHE  BEETHE7-01I2, RO/ I BHAG TORFEWBEZR S 7-DIZ PDE EH
BE XN T TERMBIIZHOWVTIE, ZOHA RTALATBWTERY bR, Zh DT
ERMHRBFFICHEEL, XEEEN TV BBAICIE, YETHRERAHYIL, BEOTE BFlx
i, BEGEEEEICAT S Al FBEREEEICT S Mn RO Zn) XIIERBROME L0E
B (B, BBV EF 0 W A OEFETE) IWERASNZZOMDOTA FTA R
ST ERBRES)  BEIC X VRO Fboh s, R LZHELRITIE, Al B, Ca, Fe, K, Mg,
Mn, Na, WEOR Zn BZEEN B,

TRAHMH DY R TERAA Y FROER

BRI F TR RMPOEFBRFEOREIZBWVWTIL, ICH Q9 KEHEINTWEIREY R <w XY
AV bORANZHEV, URIZTERAY M, BEHAREORANCESSVLERSH D, -,
VRIZTERARAY M, BRHREOZORETEROEM (ICH Q8 AV QIl) OF, BEDHD
BEMRE L BTN bDETRETHD, LER-T, BEDOTHIERMBIRZEY R/ T
ARAY M, AHA BT A AR ENT PDE & OBBRIZRW T, BATOTERMmEL T
3B LICEAZBNbDERE, ZTOVRITERAY FOOOERE LT, FxIE
HEEEMER L7 — 4, RERV/E L IHFNAREEE N RBET 2ERE NN,/ Tk
XD OB/BOINDIT —INRFETONEN., TNGIZRBEZIND LD TR,

HEEEIL, VA TER AV PRUEBFEZEYRIFEXNTLELTRETHD, VRITER
AV MIDTBIHIDLANVRERYRITERAAY FOERIL, VAIZDOL_XVICREG>T-HD
LT REThAB, BRIV RIZRXIPA L M FatR (FlziE, RashiEy—1L RO/
ITEHEREFIEZ O ARDOFIE) REICEDRLOTHD LB LT, EFICHLERLDOT
LR, BRICE bW R7-FX VA b ROFER (BBRGR Y —V RO XN
WAL FIEOER) bFAEIND, VAITERA Y MIESNLSFEIZOWTIE, ICH Q8 kTt
QY IZEMENTEY ., AV A FFA 2 TIHEY BT,

— IR

KFA RSAVOBBEBHRL, VAITERARAL FOTBERIZDNTIE, BUTFD 3 D02
F oS THATH LB TES,
o BFKIORLERBE TOTREAMPOBARZ AT 5,
o HEIFO@EL DTRAMPOFEICE LT, EEME T FRNE LR E PDE BL OH#k%
752 LIk 0EHEEFT S,
o YUEVRITERAVIOBREMEL., XE(T D, YR TRIHEMATN-EEMN
+3RbDTHHINE I PERERL, XIRAPOTERMD LIBT3 DI ZE X
N2 REBEMOEFERIZOWTHRT 3,

ZL DBPAICBNT, TNODAT vy FIXRBICHRFEN S, BADTREELSH B TREAMB D
&7 PDE A BARWI L2 RIETIRERT o —F2EETIET, VAITERAY
MIBDRENDZEBH D,
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AT LY . BAA~OTERHDOBACEETLIZENH D, VAIZTERA L MTIE,
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BT BHETHD,

WIS - B —

HE|IRD
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e [ mmE |
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e EE R OREESRE CNREERICETHIEE (GMP) eIV ERT LI LR T
x5,

s BETRICBW TRERAUIERAKE AV TWRHEICIE, Kb DOTRFMADOREAY
Z&M AEE W, BRNERS, BARRE., KEERS) OKOMEEHLZETFTLHT
WEVERTDZLBTED,

WAL TR AP DR E

RTINS N A R ORI IC R T A IBERN TR MY « £ 51 (BT LR/ TRD
WA BERMICEMENZEEIIE, YZaRIX R 7T ERARA L FOMRICE D RITIE
&6ﬁw°:®wT:J—k%Lfi TR OREIIBEMTH Y, Ui mﬁ?ﬁ%@ﬁﬁ
FEIES ICEBMGT b, AL bDTH D,
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RO GMP FEIL, SR - FEAXROTB Y OBAZES MDD LN TESE, BED
HDREEDTR MBI OV TIL, BABAR I BT 2 BUERR M - SFEOBRER OMRIC
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HEEEIL, VA TERAY MIRBW THRAIRIERKE - ZEBRROTRAHDOBADATEEM 2
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BRERRD GEHY SR AMY  BERMARTRNDIRBAYT DA RSN H D TR DIFEIL,
AR L noaEL O TAE LB HEERICET IRFNERICE S RETHD, FHEERR
NIRRT HBEZE LRV L2, REMEEREZHERTIEMEBEORMEIZ L FETE 2BE10IT,
ERDVRITERAL FOEBIFETHD, £7c. BREATIE. TRBERT RN
BB N, SbR2TERAY MIRETH D, RARCFEFRANCEL Tk, BAloF
SER I AR R R O IRR M B EL T AREES L &V, BRBHERRN O OBTERR
B (B2, TRk, BER. BARSCET2H0) 2BEI5-00MELITINET
D, TRIMYOZORFUCHOWTIE, BEIL. BAOESRERROFEDOERIZKRTT S D,

BAROCY-ERHAICE L TERTREERLUTICRT, 2B, UTIRTHEEBEIE—HITHY,
IHHIZBESIND DO TIX2W,

Bk BRAKM

AF U EE

pH

BE (BEERUCERRICBT HIEESRG, RERBESMY)
R m A

wer/ HERRER DR

R AW

WIETE

HERER ORE

RE M
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54 UVRITERAY MIBWTERTNELRICHTHHERTEE

KOFIL., )V ARIZTEAAY MBI ATHZARMYOEBIZETHHBEEELZRL TS, A&
1. BAIFORERAMOBEOT X CICERATIZILENTELHLDTH D,

#51: URZTERAY MZBOWTERTRETH

AVt 77 A | BRMIZENEIhGE ERMIZEmM SN 2WES
(FTRTOH 5K

&N B ’A
Cd 1 = = o =
Pb 1 = = B =
As 1 = = 7= E::)
Hg 1 = 3 = =
Co 2A = = C:2 )
\' 2A = = = e
Ni 2A = = ES B
Tl 2B d NE RE 3
Au 2B = = RE B
Pd 2B 2 E AE RE
Ir 2B ) B RE AE
Os 2B B B ANEL AE
Rh 2B = AE B A2
Ru 2B = RE RE B
Se 2B B REL ANE B
Ag 2B B AE RE RE
Pt 2B = RE RE B
Li 3 = R = =
Sb 3 = & B LA
Ba 3 = RE RE B
Mo 3 = REL ANEL =
Cu 3 3 RE = =
Sn 3 B RE RNEL 223
Cr 3 = RE RE 3

55 FFMf

BEMTEAIMEZREET 2702 A0/MmE LTI, 2B H5,

) VAITERAAY FFRERCED, WL IBENTR M LIEES LN, YR
I T ERAAY DO MBI L 72 2RI T —F 2 XELLTRETH D,

2) YVAZTEAAY M BERICLD, | DU EOBWEMTRIMIDBHE SN D, BET
BERCBWTHRESNIETRRMMICELTIZ, VA2 TEAAY ML) HREAHM
MOHLOHREDEELZERL, YUK AT TEAAY FORERER ORI L 72 5 FH
ZTXETRETHD,

EE . WA, FRMSREOENERM - BEOHREIC LV B SN D BEN TR MY EE
BRI, HEEOVRITERAY FERETSD, TOVRITERAY FNORELERDT—F
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E, BIZIEUTIRBTb0RE, HoWBIERENLB/BLIENTELLOTHEA, Zhb
WCIREIND b D TiEZ20,
o BEFFOxmEE
INFR ICHR
BULE-IENSEONET—H
HiRE N L OBERUILT —F
BUR| ORERLER 73 DB
RFDORBRFE R

YR TEARAY MZBWTIE, BAROEBENSREIMHORITHKELRIZL ) 5% < DER
HFEFETREThHD, YFERE LT, BIZIEUTOIIRLDORFETHNE, ZHHIZR
EXNDHDTILZRN,

B H8LE T 0 RTBIT B TR OBRERR

TLERORARETEE (BERNICHEMEINLWEROI T TY —IZB L CTIHFICEE)

15 7E DORLIE D> BIRAT B FTER MM O MR EFE R I B 2 BEF 0 &l

BB DR T

VDRIZTEHRARAY ok ROBE

YR F7ERAY I, BHIDIZE w&néT%@@ﬁumiTm%é%m?ét o, BEET
HELEL SIS ICER DT —& & B XIRLE T a7 X0 BRI E S - TE R & SRk
EREODOITTEMI Ao LI, BERENS.

WEE T, RE PDE L BESIT CaRAMBOEREIIFRIECFTEL2EBRTRETH
b, TEAHHOEABEOCEEMDIIEL LT, RE PDE D 30%D L)L EHBEL €5
T35, ERAEHOBELZOREICEHBELZHAWS Z ENTE S,

HHWwABBEICHKTARAPERZMB OSSN —E L TRE PDE HD 30% %4822\ F
HBENDHZERICBWT, HEENT X2 EUNIFHE L., T2 M OEN 2 EB 2 EEL- L
XX, ER32EHIISLEL IR,

i%TM%@%ﬁ—ELTMEEﬁ%Tﬁé EEVRITERAY MZX D HEIETERWVES
T, BFPICBWTCEE NI ENRE PDE HEEB2R2WVWI L2 RIETAD0OERFEY
m4¢~%f%é (6 THZH) ,
TR A OEDNT Y X ik, BEA~OFRBEOHAICB N TER I NRITHIER B2,
FYFXFOBRIZIILUTOLDOREEND,
o  IETIRIZRDNNT VX
o HEOERFPOILEAMBED TV F
o HEHFOTRETHMED TV X

BB AIZRB W T, IENICRYUMEZ R T HERRWEEIZIR, BB S X IIRF| ORAEER r—
AORFENLI oy FIAM 2y NAT—LORBHIR 61y v LEONTZT—F % 5T
TTERAMMEEEONTZTY X LT EIENTED, BEONTYXIRHIBHMRS BlIIiE, &
HEOFEMAD) LTk, FEREZERTADIERAIT —IBPMNBLEEINDZ EXD 5,

VRITEARAA FOBMEOTY L OROTENMIZYE o Tk, BFL, BEOENEY X
T HERAAY PORBRITBREVSTEHHDAT e —FRNHEREIND, BEIX. =251 My, 7
DBRFEF N SLEIT S CTEBRFERVHEREZBELELDETRETH S,
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NAZXT 7 ) n— s ARG TRINICERT~&EZ &

NAZATF 7 ) ud—SARBICEL L. BEEORBICBWTEEE EOBRENELDL LI RV
RN TCREERFYNEET DV ZAZIIMBENLEZEZOND, Zhid, a) (AT 7/ ad—gH
S OREEIC BV T — AR TE N MESUIRIE L LTEA ST RN & b) Hia®
TRICBWTEBHICEMRED TER/RMENS BN, ZhbEEEINT, £OROEETKIRIC
FER/BREEINAZE, ¢) Wi, Zu<x 757 0 —T8, BHXIIRLA1E/ZHF 56
(UF/DF) & \Wote, A FF 2 ) no—BETRHA S h 2 BEMBRITRIT, MiakE ik
TREXIRIERME - BE L OBEMIZ LV BLATNAITREZEEAL S 2 LTk THRET D
HEHELTWA, FOEH, " AT 7 ) uP—SRREE TORT v BN TR O
%%&%ﬁu~%%m%%&én&woN%iT&/u/—ﬁﬁﬁ%ﬁAﬁ%L%ﬁ?éﬁwf
HAEE WxE, FE—Far P2/ — ) [, TRAMDICE LTRSS FRS DE L]
REBIZOVWTEMT~NETHD,

UL, BRORECELAENS TR MY OBENER (B, Bng) ROEOfBRE
BREBIZOWTIE, N AT 7 7 u PSRRI TH o THLERTRETHD, “hbDER
i, FRUBICE TR SRESNAZVMETRICB W TEASND ZEBENT b,
BRELRICHT 5 2N b DREOEBIC OV TIHET R E TH B, ZOFHEICRVTIL, é%ﬂ
A FF 2 ) u o= SREFIORECAV I ENFIORE, BE vt AEERUREERIC
REHBEAD LT & (2, EEBRMEEIC L 285ED 7D O K, &Uﬁi*@ﬁ%)
DIAONNET A4ﬁ77/u/—Eﬁﬁﬂwé&mﬁﬁﬁﬁﬁé%ﬁf«%Jxaw%kLfab
BRETHD,

TER R plid 0 EH

TERMYOEEIL, TERMWPRE PDE HEBXRWI L2 RIETH700, MAOEE
B 2ED—WMTH D, TEAMDENETERELBEX 5 FRERH IHEIIE. TE MY E
bn‘“”‘ PDE BRIV L EARETHDICERINREEBT RETHD, HFEEIL, H
ZIBTUTOL SR T7 Fu—F LD LN TE S,

° ﬁi%x&#ﬁﬂm@FizT/7&@LTE$Tm%émﬁ§ﬁuT_ﬁﬁféiL

TERPDORTF vy 7OER

o HAFOTERMMEEZEFEBEUTICMZ S XD ICRFEF SN TRATEXT IR
EHEDOE
BMFISGIERE - BF FlE SRPEE) ORBEORE

FEDOHIEEDOHRE
@ﬁmﬁ%ﬁ@-’““‘
HE R B ERHEE R DER

ICH Q6A ICEHENTWBRANCHE - T, EHWRBREZ TR ER L TH XU,

HEI S R~OBFZB W TRIAT 2RI OTESFIECHET5E®E LT, fIxiE) 27
TEAAY FOBE, VEICSUEEERT —4F ., TRIMMEHIRYT D7 DICRE LICEERY
BIZOVWTOBAERET HN 20, THHIZRESHD bO TR,

PDE & & & EIREE & ORI OH#E

T OXEITBWTIRME SN AFRE PDE HIX. 1 BYEY DO~ s a s T A (pg/day) THEIH
TWALDTHY, BHIOER—RREEPICEENIZTROBERFEELRLTND, RE
ImEﬁiiﬁm6@$%§§®$%ﬁ%waé Enb, BRI XIEE ORERRRS ¢®E$T
W E T ABEDY—NE LT, RE PDE ENPLRBRE~NMETLIZLAFATHS, FIEIZ
BT ATy 3 ik, BRNRE PDE HEBIRWVWI E2RET D <, WRASUIERAES T
DIEERMDEEBEOBREICHIT TRV BINL 20D T 7o —F &2 RTHDOTHD, BAINT
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ERMiODORE PDE [EEBLRVWI LE, BONEHBFRENMRIET AR, HFEHFZXIND
DAFarDbENTRIZOVWTHBIRTAZENTE D, BEDAT T a v OBRIZYT=YD
HEEE L, YHAO—ABRERZREL TVE, XIIEETILENDH D, FRREREHRE
X, UTFTOX S RESIERTLZLEMRTE D,
o ERMENXITITEMELHREPDE ELEZ2UBKTIVRITERAV MDY —)LE LTERT
SkEks
o HUKIMERTE PDE EZBARVI L RERIETH7-0IC, HEEZFLDFE LAV LS LR
TOER»XET 5,
o AEEAHMOTENEHEROFELZRETHICEY, BEEEOREERTHIZE,
o FAIRHEIZY o T, TEAHHOBERFIEICETAERERH Y BICEET B BICE
RAT5Z Lk,

52 HTRAE L Sz, MAPOTERMDIIIEEKOER» H D, UTIE T4 73 o
WP EBEAT 2BEICBNTH, %@@@%&&%(%Mﬂ&@ﬁ%)¢®%kﬁ§ﬁ§%%
HT 2R, £ TR SBEERECRLER ﬂ#%wiﬁTm%E%EfA%T%5°U29
TkR%/FkkwT ﬁ%mﬁﬁ&oﬁ&ﬂw SREABHAAF OB OEIZEEL W
ZEDBBALNIRoTEHBEAIE, TN EBETAILEILRY, At R Rk OERE - B8
NHDIRBANRS DHEI i FIFI P R OREFOFABRELE N TN, H 52U ORI
R R OBLERR - SfE»DOHE— BERE LR Epmaﬁma%%bfk< 3 e ) I
NHEBENDLDRBAEEZBEICANDZ ENTE S,

A7vav1: —HEREN 10 g 2@ RVOEADIH O, BAERST EM O TR MY OFF
LB R BERRBE M :

IOFTvavit, TRTORRNEA—RETHEETDI I LLHITRODIILEZERLIELDT
e, FAREREEOBEHICHRILINTZT 7 —F 2R % T5b0TH S,

AAFavit, MEO—BEREEN 10T THY, 30, URITERAY MIBWTHE
IN-THEZR MY (HHxH) PEFOTNTOEBERSFIEETIERELTVS, KR
(1) #HV., BXO—HBREEZ 10g &L, Z0OF7 v arid, BEFOSERRSICIED
R ETEEEFEHTALOTHD, 20T 7a—F Tk, ERBEHBICEL T, BEIN
1 OOEBERBEELZEERES 1 77 L4V~ 0l T L LTRETDHIENTEX S,
HRBELTE2 DR A22ITTT,

PDE (ug / day)
A D—HREE (g/day)

TRE (ug/g)= (1)

BIFFDONWTNOHEHEE TS, VA TERA Y MIBWTBESN-2BETHEOA 3 v
| FEBEZBLRVESICIE. ZNOOBERERSITED L S REETH > TH YZBANCH N
5z &%T%é%@k#éo_®¢7/a/@%%mmﬁﬁ4$A42_rénrwé 6% 2
FA22 DFEBENSERINR2VFEICIE, 73 2, 2b XT3 IS RETH D,

FFar 2a: —HEBERESREINLTHARAADEZDD, %ﬂ%&&%@&@i%ﬁﬂ%@
FALRPREREE . —oA Ty aid, —BEREEDN 10 g ERESNNTOARVWEERTIE
FFar 1 ERALTHD, TR L #ﬁ@#aﬁﬁi'ﬁﬂ)&@%%@%k 5&5%
EFHWTHRESND,

IOT7TFa—F T, ERBRTBICE LT, ERO—ARESEICESE, BEINE 1 DD4b@E

BREEASEBRES 1 V724810~ 0T h LTRETAILENTES, 204
va vOTERBINI 4 EALIITTRENTWS
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YR TERAY MEBOWTEE SN TR TOMERERICEE LT, BAIT OV IO
b ATy 2a FREERBIROVEASICIE. T DOBEREMIEED L > REETH-T
HYFRANCHANDZ ENTEDE LD LT B,

FFvar 2b: —HERESREESNLTWAREAOD O, ERERES S OITE M D
AR R EE A

TDOA T a it BEORKERES P EO TR AMYHFET HAIREMEICE L T, BiF
ENEMTIEMEREZERTEHLDOTH D, HFEEE., BRRSFROILRDOLSMIEINTEF
KEEZRETIZE @2, BEER> TWVWAITENEETHAHERESTITBITHE%TRD
HREERLVESRETHIL) BN TE S, HMADERESPICHFET DRTREMED H D & HER
ENFEATHICELT, R Q) KEHLEL I, FBRESOEEBICHFENRE LIZER
BB RBEEZREZbDE, MAPOSBEEMESICBEBL T TSI LITX o T, KA
HMOTHERYOFEERKBLEHTAZENTES, ZOHA RIA4 POEDOMOEREERIC
o TRUMENRENRVIRY , BAIFOTRERMY OREIIMFE2ORA2NITENTRE
PDEMEIZEATRETH DB, VAIZTEAAL FOER, HHREDHERMIICENT, H5%5
EDTENBIERRTHY & 137 bRV ERA LN ENZHEICB W TIEL, YERS T
DU TECE L CEENRELERTAILETRY, 207 7a—Ficky, "AOHDFE
DHEBRESTOTEDRRAEREEY, 7 avIXIA Ty a L 2a0RERIY bEL TS
TEMTEBN, TOESIZONWTIE., EOMOBRRSFOFBRREZESTHI LICLHE
HEDERITIIER SR, BBOKEEESFOETRICE LT, Mk BA OMREHE
FEPDEMMEE ZHRIET A2 %, R (2) ZHWVWTIZIELTH XV,

N
PDE (ug/day)=>.C,-M, @
k=1

k=  SERONBOMRES TENDA ¥ F v 7 R
Co=  MRBRAKNOEERMMOTRBE (1g/p)
M= MEIORA— BERRIC LD 5 BRRAOEE (9

TOF Ty a v OERPNITES RAAA~FTRALSITTRSIINL TN D,

FFv a3 BREEROSH
ZILRBEICONTIE, EREBDTRHETHIENTES, X (1) HVWD &, HAIDEX
B—EBRESENOTREAMDORRKFRBEELEHTLIZ LN TED, 20X TV a v OERI
184 RAAGITRENTWS,

ARy T— g VR RFEOMOBRNEIE

ARy =g v kit FNEER. EFRE, BERERC/ UIBEHERE L Eo gL
Wo T AL FREBORREONM TH D, R—ER CRRDMEROBENBEMTH 25 ST,
PDE fEiZ. BAIFICHET S L FRINDEFEICHETIEEFRZAVTRES LTS,

TERMDOREEE Y R TERA Y MCRAT2HEICE. BAFOTREI D OBEELZR
% PDE {E~DBEAEHOTEICAVE Z N TED, BFEEIL. AV =—va VICET21ER
DIRHEEE B SRRV, BESNI{LEBOHER 3 OF /) 75 78T PDE EOEHICH
WHENTWALFEREL Y MRV, UIPWBRICBW T, YZERE EENIKENNT
BEORYMETRTOICERTRIZENTE 3,

BRRS ORI OREL Y R TEARA Y NIRRT 2HEICE. BFEEIL, TR
WA S VI HERRAL Y 0> B D TR A M ORI BT S IERORBH 2 M Sy, Ll
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IHHDERIT. MAFOTERHPDOREBIZESS LNV E Y b EEORENRELNT-EED
HUMEERTDICANWSZ ENTE S,

ST IR

IREAMPORET, BERLZBMICEL-EE2FIEZRANVTERINREIRETHD, BT
WHEEAGRENRWED . BRBRIEIL, VAT ERAY MZBWTEENSR E SN-E TR MY
W25 LEREOH DD ETRETH D, TRIMPOEZRALNTTIHEDITIE, EBFFOF
B, ILEGZ2REFIEZAVTS KU,

FGATHAINTRTAV B

ICH Q10 iZR#ENTZME VAT LARUREHMOREIL. 74 71 A 7 VOFEBIZE W THZ
BV RIZEIL T a—FOEREHEL, THCEVRET A 7Y A I V2RI 72 B ik
BHISNELET S Z EABER SN b D TH D, BEROCIROMMIL, BHAERMOHR, B
DHFEICEDLETERINDIARNETH S, .

BHREMNOEOLN-IMIT. BEEEORBRE VT —# LHEUDIT T, TROBEFEROTREOBES
HEEOERLAREIERATEALDTHD, FOLIRUREL, TERMYOETELRELES,
TDOHA RTA UBARINBFERICBWTIE, FEENFEOCEERFHEEZRETH-DICE.
BRSSP OTREAMPICE T 7T —F B oA THDEEBbhS, BHOT—4 35 Lt
FIUTBEBFEORBE LICORBAENE LA,

RFI IR RSCETAEERMA T OTE NI EEZE X DAREELSH 2 B810I%, Y%
RARMPICE L TREINTCERLFELZED, BFEOV R I TERAA Y MERIZOWTEMET
RETHD, TOIIREEE LTk, FlAEAKREE., BmAloftkis, Bl TR, 32 -
BE,. ABERRANIHBOEENEZTOND, WTHOEELNEBOEE-RIA L FFot
Z (ICHQI0) DOXEBTHY ., MBS UEBOBRFIEFDE L5,
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A

ACGIH (American Conference of Governmental Industrial Hygienists)

KEEEHEFEMRH

3

ATSDR (Agency for Toxic Substances and Disease Registry)
REAEDE - HERFBERRT CKE)

CEC (Commission of the European Community)

RMERE

CFR (Code of Federal Regulations)
BEHHAIE CKE)

EE<FXY A+ (Change Management) ‘
EREXBRL, FMBL, ARL, EHL, ROV E2—F 24RMEY A%, (ICHQL0)

CICAD (Concise International Chemical Assessment Documents)

EER L ME RECE (WHO)

KNEHMKRF (Container Closure System) :
B 2 I LR A EEOBREROSE, EEEELZETN. ZRAEIC L > TS HITRA
PRETIHEE. “KkBEVEEN S, (ICHQIA)

G (Control Strategy) :

ESOMA R URETROBMNLEIN S, MiE7 o A0BRIERERVCRGRE ZRIET D
HEINEFEHO—R, FEIL, FERUCHEAOEMBIE OEREMICBEES 5/37 A —F k)
Btk REROCEBOEESE, TREE, SREFKEVCEETE=4 Y VI ERICERD
FERVEE2EA2/%5, (ICHQI10)

=EA{E (Control Threshold) :

FTEEREY OTMICB T, BRP CUETERMY IR EPDEELBA RN & 2 EkT DI
DB SEERERRDONINE I DERET S ETRAVWONAREMR, H%MREMIZ,
RS L AEEOTE R DR EPDEED30% L RSN D,

— A% 5-& (Daily Dose) :
BEMBYVHET SRAORE,

EFSA (European Food Safety Agency)
BRI B di B A B

EHC (Environmental Health Criteria)
BIEREs 5457 V7 (IPCS, WHO)

EU SCOEL (European Scientific Committee on Occupational Exposure Limits)
BRI DORGRRER T 2RFEZRS

EU SEG (European Union Scientific Expert Group)
N ESRFHEMAR I N —T

43X (Herbal Products) :
BEHRLS & LT, WMEE-CHEDEERL BB DL 2 ST ERR, GHRNIC, S 38 H
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kobLoEESLHEELH D,

IARC (International Agency for Research on Cancer)
EBRHS A FEREES

B{AL=x kY X~ (Inhalation Unit Risk) :

K1 pg/L IIKREH 1 pg/m® DEEDH ZYWE~DMGHREBIC LIV AL LHEEShDE b

DEEFRIRENAV RO LRE, "BAZ=y Y RIORRITLUTOEEY : 2=y N X7

=2x10%/pg/L DHFAITIE, 1 L DERBKTIZ 1 pg S ENDILEME AR > THEHRES

e T, 100 FAYY 2 AORIKENAES HEELRME) BRETDLETAISHS,
CKRERERET)

IPCS (International Programme for Chemical Safety)
ER L EME TR E

IUPAC (International Union of Pure and Applied Chemistry)
ERME - SAEES

IRIS (Integrated Risk Information System, United States Environmental Protection Agency)
HaE Y ATERVAT b CRERSERET)

B/NEMER (Lowest-Observed-Adverse-Effect Level, LOAEL) :

—EDREBERMET C. ENEDOIRE. #iE, Bk, REXIIFEMIZ, A—OBRURKEOEER
(RER) AL IR LB AERHEEBLZSIXEI T ENERIBETRDLONG, HD2Y

HoOB/NMNREX IR/ (&) . (IUPAC)

EEMRA (Limit of Quantitation, LOQ) :

SHTEDERBREIL. BURREELEEZH-TEERTE S, REFICHFEETIHWEBO
REDCEDZ L THD, EEBMI, RBPICFETIRRECHE 2 ERT DHEDHITEEN
FA—ETHY, HIC, THBSSRERDOERIZBWTIHES D, (ICHQ2)

B/NEEE (Lowest-Observed-Effect Level, LOEL) :
HARBRUIRBRHEICIBWT, BEEZT7-t bUIBICEBIT 250D BOREEE L
BEOAMFOICEEREBMEAE LS., b5WEHOKR/MAE,

EIER K (Modifying Factor)
EMFEEFOFMMHEMWICEI VREIN., EROT7T—F 2t NOLZEMITHFET 2D DRE,
(ICHQ3C) (BEEME [Z2fR¥k (Safety Factor) | &)

B/NY A7 L~V (Minimal Risk Level, MRL) :
AR R NRWEEZ NS, BEWEIZHTI 2 FO—BRBEDOHEME, (ATSDR)

NAS (National Academy of Science)
EXABETHT I—

fiEFE A (No-Observed-Adverse-Effect Level, NOAEL) :
—EDOREREGET T, ENEYOTEE, BB, k. BEXIIFMICREFTREALAGEER(LEMS
FIERZ XNV EBRERIBETRDLND, b Z)%E@%K?%EX(i%jtio

BB (No-Observed-Effect Level, NOEL) :
BEAZT- FXUIEBICBWT, WHRZEZEBICEL TS, TOBAEHEE IREOAYE
RINCHEREMMB 2, HEMEOERKXKAR,
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NTP (National Toxicology Program)
KEERFEE 2T A

OEHHA (Office of Environmental Health Hazard Assessment) : .
REGEFEMTME W) 74127, KE)

OELV (Occupational Exposure Limit Value)
TR FR R AE

OSHA (Occupational Safety and Health Administration)
FBEeEET CKE)

PEL (Permitted Exposure Limit)
AR ERIR A

F75— HIRER (Permitted Daily Exposure, PDE) :
18 %72 ) OERLBFPICE TN D LB ORKRFTFEERE,

BS54 794 7 v (Product Life-cycle)
OIERBAR ) b THIR 2R CRUEIRFE P ILICE S £ CoMAFMOLIBE, (ICHQI)

M (Quality) :
fE . AT A, VITRIUESIAKEEE ORAEOEREREFEEZFH - TRE (ICH Q6AIZ
BT ARERORF O [HE] BT 3EHSR) . (ICHQ9)

BBV X7 XY AV (Quality Risk Management)
RS TFA I NEBLT, BEEROBEIHRD Y ZAZIZONTOTEAAV b, 2 br—
N, aAla=s—vay, LEa—nbR%RHKEE-T=7ekRx, (ICHQ9)

R A7 A (Quality System) : ,
BB EETL, REREAOBEAREFRILTIVAT AL H bW A AEOKRM, (ICH Q9)

Y 27 (Risk)
EEOREDHEL TNANFREE L L EOEXREOHEAEDYE, (ISOIEC Guide 51, ICH Q9)

Y X7 %% (Risk Acceptance)
U R7 &SRTHERRE, (SO Guide 73)

Y 27 434t (Risk Analysis)
BE SN — NCBEES 5 U 27 O#EE, (ICHQ9)

Y27 T7EAAL b (Risk Assessment) :

YRR A PR EBAOF T, JAZIBROLAIREL X TAERL2BHETIRMIE

Fuat A, "N FOBE. ROFNLAY— F~OBRBEIZHED VAT OO EFHMI» B S,
(ICH Q9)

Yz ay ha—/,b (Risk Control) :
YRZZEZPA L FOBBRELEHRT 5178,  (ISO Guide 73)

Y X 7% (Risk Identification) :
Y R ~OERIEECEREZZR LT, BEOBENRERE (NF—F) 2FETH-HD
@A RMITCEATHZ L, (ICHQ)
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YR7<wXxPAV b (Risk Management)
YRIZDTERAV M, avibo—)b, ala=bs—Yay, LE2—OFEEIIRHL, RE~
XAV OFE, FIE, EEEZRMILTTGERTS L, (ICHQ9)

etk (Safety)
BEORRTIZRBWT, HHE~DRBIZLVAEERZERECRVERN2ENS,  (IPCS,
2004)

FLMFHM (Safety Assessment) :

b2 E Y — FROEEHEREL CIC BT ENOICEE LY X7 2OV TORFER
REEROSHIZER L7 e —F, ZOREE. LIEULIE (BVA Fo1 280 Th) U
R TERA N ERBEOICAVLNS, (IPCS, 2004)

2R ¥ (Safety Factor) :
NOAELXIZZ DMDBEAR (FIZIERNrFv— F—AIZOEETRME) L TY XS
TEAAVFEMRIZIVERINIEESS (BER) RBETHY, FF —HERE
[acceptable daily intake] I — HIEEUE [tolerable daily intake] &V o 72N iLBRE/Y
RPN EZONIZRAE (EBEMHEIZOMOBRBEZREEETHRITIZLICLYS
BHEENEHENS, ) 2EEHTEDOLDOTHD, TEBROMET, EHEEOE, RE
EhB_E NDEMFOHFER OREEY NI AFRELREEFHIEROBEIEKFT S, UTOH
HAFEEYSR . [TEXA MRS . TAREREMERLE . (PCS, 2004)

BHXM: (Severity)
NP =R bAEUELFBRORE, (ICHQ9)

BREEFR A BAME (Threshold Limit Value, TLV) :

FELALOEBENEERER{BEARBEINDIZENTEZLELLR TV AERFEE (T

rbhb, EEMICIIZERELGREBE L ORICHHEME) . ZOMEIK, ACGIHIZEIVERESH
(FEIC1EIRETE ) o 18 78R 8BS A DB 408 0 5 BT 36 1) B IS M N E Ly g
(TWA) THY., Lo TEEZBRIIEELZbOTHS, (IUPAC)

RERINEEEME (Time Weighted Average, TWA) :
ACGIHIZ L > TEBEIINLTWA LIV, BHO 1 B 8 BN 08 40 B0 @ 331F 2 BEREHN
HIEHRE, (IUPAC)

URF (Unit Risk Factor)
o=y N RI7IRE

US DoL (United States Department of Labor)
KEFEE

US EPA (United States Environmental Protection Agency)
KERERET

WHO (World Health Organization) :
1t 57 O bE % R
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1. Ball D, Blanchard J, Jacobson-Kram D, McClellan R, McGovern T, Norwood DL et al. Development
of safety qualification thresholds and their use in orally inhaled and nasal drug product evaluation.
Toxicol Sci 2007;97(2):226-36.

2. IPCS. Principles and methods for the risk assessment of chemicals in food, chapter 5: dose-response

assessment and derivation of health based guidance values. Environmental Health Criteria 240.

International Programme on Chemical Safety. World Health Organization, Geneva. 2004; Table 5.5.

US EPA. 0410 Boron and Compounds. Integrated Risk Management System (IRIS). 2004.4.

4. Holliday MA, Segar WE. The maintenance Need for Water in 812 Parenteral Fluid Therapy. Pediatrics
1957; 19:823-32.

5. Haxel GB, Hedrick JB, Orris GJ. Rare earth elements-critical resources for high technology. US
Geological Survey 2005;Fact Sheet 087-02.

W
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i1 REREMEORET

AHTARTA BN THE, Z<O0RFIRELT, EXERICBITI2BRBREMBREDFIE
(Pharmacopeial Forum, Nov-Dec, 1989) K TNMPCSH{LEME DL MERY X 7 OFHE D 7= DI
B L7-J%: (IPCS, 1994) (Z9E-> T, PDEMEZEMT A Z &IC L O eR P OFEFRE L~
NEBEINZ, ZhbDFEIZ, US EPADIRIS, US FDA (US FDA, 2000) RO Dz X v A
w%nfwé%waﬁubrwé %*Hmﬁ@m%komfwxwiwﬂﬁwtbh T

DEREFIEICHOWTHE T 5, PDEEDREIZMRLAA WV b N=HEITE, EEREIIMRLO
%m_ﬁ#ﬂinfwéwf BMOBERBITIAV LA TR, %mhﬁmﬁ R L T
1:100000D Y 27 L)L Az =y kU X7 {ZEHPDEE DR Eh%“%ﬂtogﬂBiﬁ
G3D@EBIDE ) FT7 7ICREBEINT VD, RABRBEREOREPDEME DOV D2, BREMRE
RAEZHAWV, EEREZEAL, b ﬁ&%+m@ﬁ%#@ﬁﬁ%&%§%%@bf§mén
T3,

R EPDEMEIL. B bEUIARBYWRRICEIT ANOAELIILOAELN RO LBV #EH ST
D ‘

PDE=NO(A)EL X t MEEHIEfE/[F1 XF2XF3 XF4 XF5] (4.1.1)

HEPDEMEIX. EF L IEINOAEL»HEH I B, NO(A)ELZ‘P?%Bﬂ’LTb\fib\i}Z-/\idi
Lqmmﬁﬁwanfbiwo::f%%éné%mﬁﬁi TFT—EE%E MISMETEH0D
DTHY, BERES ATV T (IPCS, 1994) IZBWTHWLANTWS TRFEEGE] RUK
EEBFF 7+ —TF 2B THNLONTWD MEEAE Xid |ZE2FH] LEEOLDOTH D,

EEREIILLTOEEY TH B,

FI=FEM CTONEZIT 5 =D DRI

t FDOF—F I L CIEFI=1,

S v Fbt hA~DAEICIIFI=5,

T ANBE h~DSEIZITFI=12,

A4 X035 E b~DIMEIZIIF1=2,
7HENDE hA~OAFEIZITIF1I=2.5,

P b b h~DAFEICIZIF1=3,
FOMOE S B b ~DAEIZIZF1=10,
FliZ, BESWES b M DEREE,. TRbbEEREZZERICANEZLOTHD, KREHE
(S) 1%, KRz XvEHENS,

S=km"¥’ (4.1.2)

IIZT. M=EETHY., T kI 10 THHEEN5, X AL2 ITAVLhAEEIIEZHDOE
AL1ITRENTZLEBY TH S,

R=EEMDNT7 Y X2 ZRBICAND=DDOFEL L T10,

— R, TRTOTERFDICKT L TREIOBEZ LN, AHA FF7A4 B NTHION—EL
THWwWbLRATWD,

F3=48HRRE0EERBR L BEICAND =D DEH,

Hip EHEEE FomEXR VX TIINERM, 22, A XKL TIEITER) TR
BRIZIIF3=1,

BERROEEN D S — SN D AFEEERRIZIIFI=1,

T o BEIE D6 A MIRER XL > w3 SERRBRICIZF3=2,

o EEO3IE A BB T FET - R O2EMRRICIIF3=5,

X 0 EHRORBRIZIIF3=10,
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FTRTOEFIZEBNT, SHEAOTHOHEORBRICITEVFOREBAVLND, B,
o R DIE A MBI IR AVWb D,

FAa=FEREN, FlxIE. BEREEZEDRVEN AL, BREE BSOS S ICEA X
oz eNbh 5%, AEEERBRICBO T, KOFBESANLND,

B E# O RIREEIZITFI=1,

BEEME DRV BIREMEICIIF4=S,

RHEFRM 54 O BHFFEIZIIF4=5,

BHAEME & D W MEFEMEITITF4=10,

FS=NOELWE oo mHBAIEA SRS Z L B35 D EH,

NOELIZ I3F5=1,

NOAELIZIIF5=1~5,

LOELIZIZF5=5~10,

LOAELIZIEF5=10,

IFEALOTEICBE LT, 2R L7=3BIX, NOAELENOELE OEVIZOWVWTHEELTE LT,
R EPDEBEOREITERR LIZABICRITAEMEDR THE] 2bO0ENTOVTERL TR
Mof-1H., BROBEROPDEEDREICNOAELAS WS, F5& LTIBAW LT,

bt MEEMBTEIL., b MEABKOEELS kgt RELELDOTHD, ZOFEDFEIZIVTEH
XN AIEHEKEEGD kgXi70 kgioxt L CL VIRV Z OREIX, BNOREHEERMT D, BEIZ
X o TIHEEAS0 kgRiE THD Z LTS LTV AR, ZhbDBEIIPDEEDREIZHAVS
NIEHARSEEICIVRBENLTWA EEXbNDEZ &, RUAEERRPER SN TWD Z &IT
B INABREXTHD, SHICEL T, AEADEMABROEZESEVADEATHDLEZDL
. ZOAOEMA»SDF—F BPDEEDOREICHA VDA TWS, LEd->T, REPDEEIL, />
RANEAZERLEEMCLETNRLOTHD LEX OIS,

itA.l.mi@)%ﬂﬂJk LT, Tvermoes®H (2014) Ik v #si &N/, b MEBEEICBITH=a .5V FD
EHRABRICHOWVWTERT S, RIIEKEIEICSE DNOAELIZ] mg /day TH D, ZDRRICEITS
a9V MR APDEEIE, RO LS ICEHINS,

PDE=1 mg/day /[1X 10 X2 X 1X1]=0.05 mg/day =50 pg/day

Z OBV T,

bt FDORBRTHDHIZHFI=1,

b MEEZEEZZBET HT-DF2=10,
SEAHATIA90 B I Th B 7= HF3=2,
HELEENL/BD bR TWRRW-DF4=]1,
NOAEL BAHWHNTWA D F5=1,

FALL: ZOXEICBWTEHEICAVWSRSE

7y hOBE 25g | <VADONERE 43 L/day
RS v POKE 330 g v Y X OFER B 1440 L/day
<~ ADKE 28 g E)LEy FORERE 430 L/day
MR~ 7 A DIKE 30 g bt N OFERE 28,800 L/day
ELVEY FOBE 500g | A XOMRE 9,000 L/day
> FFLDEE 2.5kg )L DOFEIR B 1,150 L/day
UV XOME GHREXIHFER) 4kg | <y ADOEKE 5 miL/day
E— A ROKE 11.5kg | 5y FOFEKE 30 mL/day
5 FOFRE 290 L/day | 7 v F DR 30 g/day
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1.

United States Pharmacopeial Convention, Pharmacopeial Forum, Nov-Dec 1989.

IPCS. Assessing Human Health Risks of Chemicals: Derivation of Guidance Values for Health-based
Exposure Limits, Environmental Health Criteria 170. International Programme on Chemical Safety.
World Health Organization, Geneva. 1994.

US FDA, Guidance for Industry and Other Stakeholders: Toxicological Principles for the Safety
Assessment of Food Ingredients (Redbook 2000), available at
hitp://www.fda.gov/Food/GuidanceRegulation/GuidanceDocumentsRegulatorylnformation/Ingredient
sAdditivesGRASPackaging/uem2006826.htm.

Tvermoes BE, Unice KM, Paustenbach DJ, Finley BL, Otani JM, Galbraith DA. Effects and blood
concentrations of cobalt after ingestion of 1 mg/day by human volunteers for 90 d. Am J Clin Nutr
2014;99:632-46. )
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{18% 2 : TRRNHMI4R DR E PDE B
# A21 : TEARDICRLITE—AIREE

TTH 75 x? % 0 8% O PDESE EHNHOPDEME, | WAKIOPDEME,
pg/day pg/day pg/day
Cd 1 5 2 2
Pb 1 ' 5 5 5
As 1 15 15 2
Hg 1 30 3 1
Co 2A 50 5 3
v 2A 100 10 1
Ni 2A 200 20 5
Tl 2B 8 8 8
Au 2B 100 100 1
Pd 2B 100 10 1
Ir 2B 100 10 1
Os 2B 100 10 1
Rh 2B 100 10 1
Ru 2B 100 10 1
Se 2B 150 80 130
Ag 2B 150 10 7
Pt 2B 100 10 1
Li 3 550 250 25
Sb 3 1200 90 20
Ba 3 1400 700 300
Mo 3 3000 1500 10
Cu 3 3000 300 30
Sn 3 6000 600 60
Cr 3 11000 1100 3

U - DRICBWTHE SN APDEE (ug/day) X, FER3DE ) 7T 7ICRBENIZREMET —F
PERICREINTEY., FRFICERAINS, £/ 77 7HOPDEMERMUEREA I TN,
ERIZETHIHD LT BN, ZOROPDEEIIAESEF N ULHICHEZE LA STV D,
10K OPDEEITE N TFIHTE L, EROBEAICIUEREAT S, 1050 HRKEVPDEREILEE
BN XU HEEA SN TWS, ZORICBOWTHERAERSWAFRIX, 1
OB EREICE L TEE H XN /-PDEEIC b EHE S hED,

PAEICBWTEESN TV A0
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FA22: TS a 1D D ORI MG T ERE

ORISR ENT-HEIZ, WA, FEROFENFIPOTERHMICE LTI T 640 <A1 7
0J5 ADHERTREEZRTLOTHD, —HHEDN10 gl TORA P DOTLRERMY 251 M4 5 7=
DIZA T a VIBNBIRENTEHEIZE, TUOOREREMEPANVONAZ ERBKEINLTY
B, ZORPOEFIL, RA2UZESWELDOTH D,

JER 7 IR 2 0 B oo 32 BE FENBIORBE AR DI E
pe/g rg/g ng/g
Cd 1 0.5 0.2 0.2
Pb 1 0.5 0.5 0.5
As 1 1.5 1.5 0.2
Hg 1 3 0.3 0.1
Co L. 24 5 0.5 0.3
\% [ 2A 10 1 0.1
Ni 2A 20 2 0.5
Tl 2B 0.8 0.8 0.8
Au 2B 10 10 0.1
Pd 2B 10 1 0.1
Ir 2B 10 1 0.1
Os 2B 10 1 0.1
Rh 2B 10 1 ) 0.1
Ru 2B 10 1 0.1
Se 2B 15 8 13
Ag 2B 15 1 0.7
Pt 2B 10 1 0.1
Li 3 55 25 2.5
Sb 3 120 9 2
Ba 3 140 70 30
Mo 3 300 150 1
Cu 3 300 30 3
Sn 3 600 60 6
Cr 3 1100 110 0.3
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f18% 3 - BRI D Z2VEFAE

T TR
7 v FE 0 PDE {EOMEE
7 vFE (Sb)
e gn| HE A
PDE (pg/day) 1200 94 22
P

TrFEy (Sh) 1F. RARICEETHIRACOEEBILRETHY ., Kax REEIRICBOTHN
BB, MNEDT FEVRHBRPIZRWNEEND, TYyFEUIE, 43 RUYS OB{IRE THE
ETE, EBLELTOTVFEVRN 2~3 D=7 vFE AN, BEAREROEMEIZ
BLTRLAETHD, BREIV ILATVFEY (APT) N2z DD T U FEAbE
IR HEERIEL LTEZMICRIASATWS, ZBET7 U FE VG, ML LTRHVWLR T
5 (BlxiE. BREHRAOEBRERIZAVWONIRY =F L F 7% L— | [PET] OfLEIC
BNWT) , TVFEVIIREBEBFNICHLATE R, REEHEZOEEIIAOL TV
(ATSDR, 1992) , 7 v FErROZELT v FF IKEEMENS D TH B P5, APT 1IKE
5 (WHO,2003) ,

RRPEFEEDIRIL L 2o Btk

APT 1. S9 DHELIZIPDLOTYHLEXTHEHEAVIEERERRIZBWTRETH 2
(NTP, 1992) , 7 v FEV3)IREERREFRECHL TUIBETH I LB o), BIcE
PEDOLE 2— c%wrmﬁ&f%ﬁ%m%enfwé(wm)mm) AF A el B RAR X
ﬁﬂﬁ%Kié%#h@)X&wﬁﬁkiT+AT%6t%Z6ﬂ5(wmhad,w%)o
FEOEMICBV T, BAREROT-HENBRERELE CH DL LB, RIBL. TH. IR
ME&EFB X ITHEERAD D, BAREROT U FEVIIRRENICS W (NTP, 1992)
5o hOTEBHERBRIZBVTIE, FHEREETROFMOFER R AR b RSN &V FHEREE
Thol, BHICOERT UV FEVORBERAIX, ¥ NRUBHOWTHITEWT S ERIRIZ
EBRIMEEEDEERELZ A UED, Newton b (1994) 12 &V FEi SN =RARES AMERRIC
BT, 9y FaZEET7T o FEUVIC 12 BHAMBEI Y%, 12 §AMOBEHAMIRITL
ni-, BBV T, FEOREECHEDVIAD bz, TELIL. ZBLT VFEUBHRKS
IMEERF L TOWRWERER L, BRSNS LI-ETRRICRIT 2RISR R AR O
RETHAFEEMEZIEE LTS (Newton et al., 1994; WHO, 2003) ,

& DR PDE fH

FoFEA~DROBRBRITFRABENREOT &, ~UVAROT y ML THAMNETSH
% (Schroeder et al., 1968; Schroeder et al., 1970; Poon et al, 1998) ., XKEEERZE 07 7 A
(NW)i Sy FRUI=T AT 1?T%ﬁ*ﬁ5?5145%%$%%%bt0_03% ZHRW
T. APT 1. ZORERETII—ROCEEIT/ N EBRWEE i (NTP, 1992) . Lynch
Em:PmnB(W%)@T ZEFIMML., T v biZ 0.5~500 ppm D APT % 90 HEfkA®ZRE
LE=RBRIZBV T, RBEARTOEYRERT R CEERRADIZEDE NOAEL i 50 ppm T
BB L LT (Lynch ef al, 1999) . ZOFTRIZ, ZALLARID Schroeder & (1970) HH D&
EFBELTWRY, LEAR>T, H&EBIEW NOAEL, T72bH 50 ppm (7 FEE LT 6.0
mg/kg/day FBY) ZEiT, BOREERFD PDE ZIRE LT,

BEFEE (6 1 iBWTEB I N FI~FS) 2B I AN T, HRORERO PDE EZ LT D
O ICEHT 5,
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PDE=6000 pg/kg/day X 50 kg / (5 X 10 X 5X 1 X 1)=1200 pg/day
NI X 5IRER D PDE {E

FrignAEFRR (FREOKE, FFHRERROIFEN) 3, 7 v M~ OEENRERE® DR
HIREHEREVIMEEETH o m, LizdoT, EHICK 2BRERED PDE EICOWVW T, &H
&V NOAEL 3.0 mg APT/kg/day (7 > FE & LT 1.1 mgkg/day FiY) ZEICRE LT, ZOE
X, v ho 90 BEBRBR»LE LN (APT ZHIEANRESNIHET v MZBITS 6 mgkg T
DORFIEEEFTRICESL, ) (NTP,1992) ., ZORAETEHFEIIRD N2z,

EEEE (1 KBWTEBESh: FI~FS) 2EBICANT, RO 3 BRE) bHEkERS
ICIEIE LT, BEFIC L ARBERFOPDEEZUTOL I ICEHT S,

PDE=1100 pg/kg/day X 3 day/7 wk X50kg/(5§X10X5X1X1)=94 ug/day
W AWz > PDE 18

5 v hOFEBHEREERARBRNERI N, ZNLDORBRTHRD DNIZfi~DOEZEIT—E L
TVM=, 025, 1.08, 4.92 BTt 23.46 mgm’ D=EILT7T > FEVF A MEAWZT v b 13 BEA%
AZRBR (Newton ef al, 1994) 735 DF —4&  NOAEL 1.08 mg/m’ % FV> TR ABRFEEF D PDE fH%
WELE (Sb iE~83%) , LY ERECIRERIZE WV THO EE&RK UM EEDEHEDH
MHBRD ST, ZOFTRIX. 0.06. 0.51 KU 4.5 mg/m’ DIREIEE L FAV- 1 ERID AR
HERICBWTIRR LN o7, 2D 1| FERNPARBERBRICEB W TRBAMMIIFERD o7,
WFHORR TH MR FHORE IERECFIORE EOFEREBIIRONR o7,

EEEE (& 1 ICBWTEE SN FI~F5) 2EZRICANT, BRAREZRFD PDE {EZUTD
K IHICEHT 5,

0.9 mg/m® X 6 hr/day X 5

. 0.16 mg/m’
IR = day/wk = MM $,00016 mg/L
24 hr/day X 7 day/wk 1000 L/m’
_ 0.00016 mg/L. X290 L/day  _
1 HHE 0.425 ke 0.11 mg/kg/day

PDE=0.11 mg/kg/day X 50 kg / (5 X 10 X 5X1 X 1)=0.022 mg/day=22 pg/day

B3

ATSDR. Toxicological profile for antimony and compounds. Agency for Toxic Substances and Disease
Registry, Public Health Service, U.S. Department of Health and Human Services, Atlanta, GA. 1992.

Lynch BS, Capen CC, Nestmann ER, Veenstra G, Deyo JA. Review of subchronic/chronic toxicity of
antimony potassium tartrate. Reg Toxicol Pharmacol 1999;30(1):9-17.

Newton PE, Bolte HF, Daly [W, Pillsbury BD, Terrill JB, Drew RT, et al. Subchronic and chronic
inhalation toxicity of antimony trioxide in the rat. Fundam Appl Toxicol 1994;22:561-76.

NTP. Technical report on toxicity studies of antimony potassium tartrate in F344/N rats and B6C3F; mice
(drinking water and intraperitoneal injection studies). National Toxicology Program, Public Health Service,
U.S. Department of Health and Human Services, Research Triangle Park, NC. 1992; NTP Toxicity Report
Series No. 11. '
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Poon R, Chu I, Lecavalier P, Valli VE, Foster W, Gupta S, et al. Effects of antimony on rats following 90-
day exposure via drinking water. Food Chem Toxicol 1998;36:20-35.

Schroeder HA; Mitchner M, Nasor AP, Balassa JJ, Kanisawa M. Zirconium, niobium, antimony and
fluorine in mice: effects on growth, survival and tissue levels. J Nutr 1968;95:95-101.

Schroeder HA, Mitchner M, Nasor-AP. Zirconiuin, niobium, antimony, vanadium and lead in rats: life term
studies. J. Nutr 1970;100(1):59-68. i

WHO. Antimony in drinking-water. Background document for development of WHO guidelines for
drinking-water quality. World Health Organization, Geneva. 2003. WHO/SDE/WSH/03.04/74
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=3
t 5 PDE {HOHLE
& (As)
&N & N
PDE (pg/day) 15 15 1.9
P

EFR (As) i3, BEFOVWEED L ZAZHY, Bih, IR, KBKRUKRRFIHFET 5, i
ERII=M (BT =Bke R, BeB Y U L) FEM FIE eBI MY vAl K
bt &, bBE) THET D, bt FOHALEMIZHIT 5 e ROFRQEMFIIBEIM O T
Ry, T BPAERGEANCERGEELLLLDOTHS Z b, ZOREMFEIZER E I
BREETD, '

REVEEEDRILL 2o 7Bk

MY Rix, BEENEZ2ETIN, EERFEMEZ L2V ENRINTEY, b FOEBSAME
L LTI TWA (Group 1; IARC, 2012) ,

FOBEMROFE T2 7 7 A VD1=HIC, ERECERILEHICOWVWTEL DI R TER
AVIBEBINTEY, Y2V R 77X A ML, BiERL,. BBRAERST 7uo—F%H
VTV % (Meharg and Raab, 2010) ,

t FTOEROEEORTSITEHH TIIERINTWRVWDT, YRITERARAY ML, BRE
BEINEADERICBITZIEET —FIZEL 2L E 5 %17V (Schuhmacher-Wolz et al.,
2009) , B MIBWTIE, BRAKRVFERBARZEONTNSL, ERBREBICEAEL WS, &0
BRI, K. RTIE. Af, BIEROWEMOBAICEEL TV, BRABRBZRORMNRAY 27 DY
M BT AR5 D (ATSDR, 2007; IARC, 2012; EU EFSA, 2009; WHO, 2011; US EPA, 2010) .

BOFRBOIERNAMOFEERBICEAL X, BN (BFRLE., ERAME) ROHEELE
ZIiE, BlD) PELBREENEWVER L Ebh s, IERR, EMHBER OREREELIE
ENRAFEMBEL LTHRE SN TWS (JARC, 2012; Schuhmacher-Wolz et al., 2009; US EPA,
2007) , —EOEOBRZERRIL. 0.02 mgkg/day® LEID L ROABETHERLENEERT 5 Ak
HERH B Z &, K10.0004~0.01 mg/kg/dayD b ZERABETIXEHRNICMOEEN RN & %
SRR LTu% (ATSDR, 2007) ., % DOMOFEMEEZEICE L TiL, LOELXIINOELEZRET 575
WS REET— 28R, AETIERMIZ, REAAICERT AREMENH Y (ATSDR,
2007) . BEBARUHIEN AL IZIEEDAEOEREEREXEONBRETHLLEZD
LB 5 (Chen et al., 2005; Hsu et al., 2013; Ahsan and Steinmaus, 2013) .

BEEEETNDI000 pg/LU LD REEDHFKICBRE SN RFEANDER (~40,000) DOHFZ
B, EEBRA, SHICERETIEBERBPARVBBADI RITERAAY MOEIZR-2TWA
(US EPA, 2010) , BBA UV ZAZIZOWTDREDAZTF Y Rk, KHEDORE (<100~
200 pg/l) TRZRDBERBSA Y R F &R L T2V (Chu and Crawford-Brown, 2006, 2007;
Mink et al., 2008) , Z#Lix. Schuhmacher-Wolz® (2009) DAFZE L FE L TV,

REBACETERAL=y P RZ pg/m® ¥7-0 0.0043 1. KREOEET 2 GFNbLOF—4
T US EPA Ik WBRES - (US EPA, 2007) , TV AMNBESEZEESIT. US EPA
F— B 5T B FORMERNPD 7+ u—7 v THNCEER R T = —F b OB EE I
TREMT—F ZWYiAHR, US EPA D=y Y X7{%% (URF) 2FH L=, YFHEELSIT,
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URF pg/m’® %79 0.0015 ZEH L7, Z® URF i, BIRMBSAELTEDY 227 1/100,000 (X5
T AR PEEEL 0.067 pg/m’ LRIRT 56D THD (Erraguntla et al., 2012)

& OIREE: D PDE

R OIRMISD PDE X, HECRT A e ROBUERELEIILZLOTHY, REFEDH -
K ESRRR ST (ATSDR) MRL & U US EPA DBE{E 0.0003 mg/kg/day (ATSDR, 2007; US EPA
2007; EU EFSA, 2009) % 252, 15 pg/day ICIREZREL TWDHDTHD, ATSDRMRL & FiC
B X 7= 234 PDE fEid, BUBKE#E L FE LTy (WHO, 2011)

PDE =0.0003 mg/kg/day X 50 kg=0.015 mg/day=15 pg/day

MRL DEHITHASAETNTWA Z b, BEEREICOWTITER Lo,

TEHIZ X 5 RERFD PDE £

b FEOR OREEEO A& B EAR A RIZ~95% ThH D, K OEENRIENIZ, b RREORWVERK
BT (b ZOSTFRIFEINTVRY, ) "oDAkEEXbREREAZRE LTEROH
W 6 ARG L-REMLELN TS, TORERNOWINEITH 5% L @E S (Zheng
etal 2002) , L7=A->T, ¥%4&% PDE fEiX#& OMRFERFD PDEE L F—TH D,

PDE=15 pg/day

% AMREER: D PDE B

BB IC BV THEHE~DORANEZ R OB ARVEDOMOIERBRAD Y X7 OBMBRE
ENTW5, BAICIE D EBAFMISES PDE EOREICHA VMBI, RO L LB LT,
B RRENEICRDEEMESICRE L TWE Z L TH D, YU URF E—RARDFREDIZ
DITEEEINTVWAZ EMd, EEEEIIMNEL SRV, Eraguntla & (2012) [Z XV EHES
nESEiZEIC, Y A2 1:100000 ZBE 25 &, WARERO PDEEITLLTO X 5127225,
PDE=0.067 pg/m’ / 1000 L/m’ X 28800 L/day=1.9 pg/day

W3 PDE {HI Erraguntla & (2012) Ik V@@ & n/=BEOMG Y 27 €710/ L0
URF # B LSO THDZ EMnD, EERBUCOWTITER LRV,

BEIW

Ahsan H, Steinmaus C. Invited commentary: use of arsenical skin lesions to predict risk of internal cancer-
implications for prevention and future research. Am J Epidemiol 2013;177:213-16.

ATSDR. Toxicological profile for arsenic. Agency for Toxic Substances and Disease Registry, Public
Health Service, U.S. Department of Health and Human Services, Atlanta, GA. 2007.

Chen CJ, Hsu LI, Wang CH, Shih WL, Hsu YH, Tseng MP, et al. Biomarkers of exposure, effect, and
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2Ry A
230 7 5D PDE {EDORE
| XY 7 A (Ba)
o HEH %A
PDE (pg/day) 1460 730 343

=A
(3] 5:i]

NY s (Ba) l&, BEOEV, FAATEHOLMINTAL Y EEEETHY, BEOH L ERF
TESBWCBL L, KERIET D, BaQh)A F v ROKEBED Y U LMeEY (R, HERE.
KEE(LS) W XEMEE TS, MEENSY 7AW SEREEANY U b, HiEET7 ) —0
BaH) M A &AL, —KAICE Mot L TEFEETH D, N U LAIIREFHICHETIEIAR
<, RBPAEBEZMBEIIFRATH S, FEENY U AL, FIZITHHRBEER. B 0B AH,
HTAROFEDOMOBGOREICRITAER & Vo lokkx 22 &R H 5 (ATSDR, 2007) .

RRMEEEORI L 2o o FE

RO MZBWT, FEMENY U AEE REFABIS EIZ/ERN L. BN, Kbz
DEVWEMENTHD EEBbid, TolEEXMRE Lo @EREIL. N U LRELBEHEEL
OBEMICET AN ETET A EDOTHS (NTP, 1994) . UREIL, RATILR, TR
BN, RMEMIAELA, MFEEER., SEMEMEEREEE NCEE LTBRMATERICER
T ARERDEETH o=, TNDHOE(IL, M~V X TEFIBE S D BARRERNRBEEMR
E LTI LN RER B E R LT\, MEICHTHEEN, BRERBERZICE T
D HNDEBIBEZENEOFHEREIZE CH D FIREMEN H D (WHO, 2004) . BRAIZ X BEEANY
U A~DREREIL, B, BEO/ XIERYNE Vo REXREZS B ZTRIEERSDH D
(CICAD, 2001) .

¥ OIREREE O PDE &

AV 2 AMND2oDB] TE S NZFHmIC BT, AN 7 AEET3 mg/LOKZERA LTV
T ARERE, EHANY U LEE] mg/LOKERAL TV AREREOR T, MEXE
BRERE LIIBRBOAERBICEEEZIRD N2 -7 (WHO, 2004) , ZORBRNLE
HIENOAEL 7.3 mg/LZ AWV T, RUOEKBEOHEME2 Lidayd AV C, B OREROPDEE %
UTOXSICEHTAZENTED,

PDE=14.6 mg/day / (1 X 10X 1 X 1X1)=1.46 mg/day=1460 pg/day

tESHC X 2R EER O PDE fE

NY T MM ~DEFIC L ABRBIRAEET — Y IIRY 5oz, NY U LADEWFEH
FIAZEE., RARVDASRTENEN 20% K TR 60%TH D L HEEZILTWS (ATSDR, 2007) .

LMo T, BRORERFD PDE [EAEIERE 2 TR LT, EHIC L AUEZEEDO PDE EZEH L
77 GLlIAIZEHEINLTWADERY)

PDE = 1460 pg/day / 2=730 pg/day
W A\UgEERF > PDE fE

N MM ~DOBRARBRICRDEET —F IR b eho Tz, KEFEE (US DoL, 2013)
I, ATVAMEANY YA EEIZ L TWA % 0.5 mg/m’ E8ELTW5,
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ETEE ((TE&ICBWTEEINEFI~FS) 23EICANT, BRAREFOPDEEZ LA TO X
IIWCEHT 5,

. - 500 pg/m’ X 8 hr/day X5 day/wk 119 pg/m*

TEAER G 5T = 24 hr/day X7 day/wk 1000 L/m’ —ELD e
X

—BRR= 0.119 pg/LX28800 Liday  _ o wg/ke/day

50 kg
PDE=68.6 pg/kg/day X 50 kg / (1 X 10X 1X1X1)=343 pg/day

BE W
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Public Health Service, U.S. Department of Health and Human Services, Research Triangle Park, NC.
1994;NTP TR 432.
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2013.

WHO. Barium in drinking-water: Background documtent for development of WHO guidelines for drinking-
water quality. World Health Organization, Geneva. 2004. WHO/SDE/WSH/03.04/76
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BRI A
B K I o ADOPDEEDOEE
HFIvas (Cd)
®o HEH wA
PDE (pg/day) 5.0 1.7 1.7

Friimi

A EIA (Cd) ITBERESETHY., HBOBEVRARDOENEIIBGERE b2V, BRRTIE
UMEE TR WS AN, WEARICIIEL LTH FIvLAEANLE LRSS, (ATSDR, 2012) ,
BRI T AR, 42 OBEREDCLTELE LTHEET D, HIEIFI UL HBEI FIVLAKRT
e RI WALV DMOH R U AEITKEETHY ., TOMOREMEEIL, B, )
iz L OMEERIC L > TKREBER L VBV D LRV ES, I FITA B I UL,
R ABEEELEOD R AEIT, BEARICBOTHE: LTHVWONS, B FIVLE
X, IR = AEEHOBRAKRICHAVWLN DS,

RAEMEREEORIL 72 - 1Btk

BRIy AL, BEEEEZETLN. BERFEEEZ DAV LINRINTEY, t FOERAY
e LIS T3 (Group 1; IARC, 2012) , # FI U ARO FI U MEEWIE, MiBA
PEXEBrT, £, WRIVAROY FIULMMEAH~DBRE L. BEISARVORILENSA &
DOENZIEDFREEIBD b TV D,

BRIV AROH FITAE~OROBRBICHL CERZEELBWVTHHERIITEETHS
(Buchet et al., 1990) , BHREUEBMCHT 288, FLUOBREL NV TROLA, TRV
ARBORZMENE v — I —Ths (ATSDR, 2012) .

BEROBEREEE LN FI U A~ORAREZ 70 LI 2EOEFETF I, b OFEME, P
I A~ORABRBICHBLERESAL (F& LTH) VRAIOEMESIFEL TS (IARC,
2012; NTP, 1995) , A==y kY X2 0.0018/ug/m’ A US EPA (1992) Iz LV EEXHI LTV
60

R QIR EERF OPDEJE

BREITARON RI T AE~OKROBRZICHETIBEZEREHVEERIL. BEETHD

(Buchet et al, 1990) , BHEUOBIERTT 2 EEIE. BLUOBREL NV TROLN, I FIY
LREORBRSHNRE VN ——TH5 (ATSDR, 2012) , 7y PR TR TOH FI U AICH
+TA5%<L OROBERRIT. BOAUMDIIEZRLTHRY, LER-T, BEEOHMEZREZ
AWT, 7RI TACHETAROBEROPDEMEERET HZ L & L, ATSDROBEIZHE, 18
PERREE AR AMRL 0.1 pgkgZ AV TR OBRBEROPDEMEARET 5, ZiLid. WHORBKBIAKIRE
{E0.003 mg/L & FJ& L TWizvy (WHO, 2011) ,

PDE=0.1 pg/kg/day X 50 kg=5.0 pg/day

MRL OEHICHEISAENTWA Z E0 b, EERBICHOWTITER LahoTz,

HEHHZ K 2IRER OPDEE

5 R 27806 mykgBBICS B TIEM LT v FI2BMRRICL 0, BTEURICBEERRD

7= (Prozialeck et al., 2009) , ZORRTIIE—DHAENSAV LN, ZTORAETRLNIZKE
B, REBMBRORAAA~—I—%BEZ2 DL, ZORBRODOLOAELIZ0.6 mgkgTH 5, ¥E
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S & HIRFERFOPDEME DR EIC Z ORBRBRE L AV iz, 0, 1, 2, 4, 8, 16XI¥32 pmolkgDiE
b RO L%ETy MCETHRE LZRI0BERSREBUCIBWTik, 728 M OB EHMK T IR
T16 pmol/kglh L DHEHE CHEANEILICHIENR® bhv/z (Waalkes ef al, 1999) . EFEALOH
EEHN, EHTMICRESNI-REEROD FI U LAEZRERICODE - THIET 208 5 IR
FENTH AR, ZOBRBIT. I FIVLAOERICKP2ERORBERELHEMBEI D LB U 5 RN
BB, BERE (FHRUCBWTEZSNFI-FS) 25BICANRT, RGRSARE»HE7ED
HEERSICEEL T, BRI L BRERFOPDEELZLUTO X S IZEHT 5,

0.6 mg/kg X5 day/wk X 50 kg / (5 X10X5X5X10)
7Tday/wk

PDE= =1.7 pg/day

HREITAIBABRBTRB/AMEEZELTWVWAZ L, FUORTRETHFEEMAZD LN &0
B, F4 & LTIRE 5 28R L=, b DOFRISEEENRFEN R LD TH S, PDE EDORE
IZ LOAEL # W= &b, F5 & L THREL10 2@ IR L7,

] AR R OPDE(E

B FIY MBI LTEESHSNEBA==y ) X7 00018/pg/m’ RUY 27 LUk 1:100,000
EAVT, BAMRERFO PDE AU TOL D ICHMT 5 Z LN TE B,

1X10°

=5.55%102 3
18%10° jpgm® o0 X107 kg/m

%k A\BREERF O PDE fH=

PDE=0.056 pg/m®/ 1000 L/m® X 28800 L/day=1.7 pg/day

2=y MY R T Fua—F iz L pEXH4+ PDE EICEL Tk, ZORBICEEREZFERA LY
AN

BEIR

ATSDR. Toxicological profile of cadmium. Agency for Toxic Substances and Disease Registry, Public
Health Service, U.S. Department of Health and Human Services, Atlanta, GA. 2012.

Buchet JP, Lauwerys R, Roels H, Bernard A, Bruaux P, Claeys F, et al. Renal effects of cadmium body
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IARC. Arsenic, metals, fibres, and dusts: a review of human carcinogens. Monographs on the Evaluation of
Carcinogenic Risks to Humans. International Agency for Research on Cancer, World Health Organization,
Lyon. 2012;100C.

NTP. Technical report on toxicity studies of cadmium oxide (CAS No. 1306-19-0) administered by
inhalation to F344/N Rats and B6C3F; mice. National Toxicology Program, Public Health Service, U.S.
Department of Health and Human Services. 1995.

Prozialeck WC, Edwards JR, Vaidya VS, Bonventre JV. Preclinical evaluation of novel urinary biomarkers
of cadmium nephrotoxicity. Toxicol Appl Pharmacol 2009;238:301-305.

US EPA. Cadmium. Integrated Risk Information System (IRIS). 1992.

US DoL (OHSA). 29 CRF 1910.1000 Table Z-1. Limits for air contaminants. U.S. Department of Labor.
2013.
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78 =N

7 1 A DOPDEfEDOE

. ruahi (Cr)
&n EH A
PDE (ug/day) 10700 1070 2.9

Fram

snah (Cr) 3% REBLRETEEL. ZNOHDILEBEERBDIL, Cr(0) (AT LR
) . Cr2+). Cri3HRUVCH(6H)TH D, CrOXESZICBILEZIT B Z &b, (EEERIZB D
TETRE LTAVWLNRD, CreHIZBNARBIERATHY . 7 AEE (Cro”) RUEY oA
Bt (Cr0%) HELI<MbhiAR I T =4 EThs, CGHIE, BEITELE AL
NAEETHY ., 7 RUBERBICEERMNEATR THD, 70 hDRZIE, 7 FUBEROIRED
R#OEZFIEEI L, RARERNERR., BRBFBROHRRESICEET 2 /REERH
% (Anderson, 1993, 1995) , EEKGAHF D7 u ADEFEE LT, HFEH. R - [BE ISR
Zh b OEHE TR EZ b b, CieDAMEL: LTHVYWONIBA2KRE, EELND
D7 a LR, LY EEOHEWCEHDIZREBREWS LViX. €87 . (Cr0) XiXCr(3+H
DBIFZDI D THA D, Lizhlo T, EEMBUAICET 5 Z OLEMFMILCIGHDBEM D
FHEFERIZESS LD TH Y, CrEHIXZ OFHIM LR STV D, CreH)3filE & LR
INBEEITIE. BEMETMIZIZOWE (Ci6h) 2ELRETHD, HAFIL LTHEETSY
oh (B, Bfbras - ) —r, Kbz uas - 7)) 1k, BREZENENTWS
TLEb, AHA R4 DOBEAGRHENTH S,

RRMEEIEDRIL L 72 o T B

BE5%NDCr0; (7 ik LT1468 mgkg/daytB ) #SicfAtta AEMRE LT v M3, BER

BERE oz, XVBREDT v MBIiT 5 EASR (Anderson et al, 1997) IZHBVNTI,

Cr(3H & LT15 mgkg/day D S BETHERBIIRO b0, 70 A0ROERRICELT

i, BRAZENBREERISFESL TV Y, —&IIZ, 1.5 mg/kg/day DCr(3+) D #% O E R
(USEPA, 1998) i, BE~OHFEHEBIZEET S H O LITTFRINR,

Waps S 2L bta— L, BERKARE 2, BEMEEORILL RrFEH2EE L,
¥ DR EEEF OPDE(E

2000, 10000 1850000 ppmD AED 2 U VEECI3H%E 7 v P RO~ U RITREER G U726/ %
BAMERER (NTP, 2010) T, ®EAPICHEET I 7o AL TELEEENHY, »OEEL
Bbh3REUEENEB LN, KRR TI460 mgkgBEDMEtES v M ALK RIED SRR 1M
Licf=®, B2V VEEC(GHD T v b TONOAELIL, KABM0 mgkg (11.9% ; Cr 1I& LT
10.7 mg/kg/day) Thofz, ZDOFRRICITIAEEREFEEDIRD NIRRT Z 0, RROEE
DIITHERLRFTREB/EL TS, £z, ORI, B U AINThOEOM (RREER)

THRO LU, EERE (FEUIBWTEBRINEFI~FS) 2 ERICANT, RAOER
BERFOPDEEZUTO LS ICEHT 5,

PDE=10.7 mg/kg/day X 50 kg / (5 X 10X 1X 1 X 1)=10.7 mg/day
EHIC & 5 1REROPDEE

Cr3HZ&HE L L THRNERE T2 L EOMERIT, FHBICLVERD, RYMERTIX 005
ug/kg/day, FRATIX 15 pgkg L 72> T 5 (Moukazel, 2009) , ZHLHDHR—AREREZEX
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5EHEERE B2, BCHERRCRPERDOERBIIS LT) BELDINE S »2HETD
i, TR ERB IR,

s AcELTH, BEHBREIC%S PDE HEOBHOEL 2B X ERRT —FB o7,
7 u AR OERS 7 1 MEEYORORBIOAEHZOF ARSI 10%THDZ LD (ATSDR,
2012) . BOREERO PDE EAEESREK 10 THRL T, HEHICX 2BERO PDE EXHEH L

(.1 BICERBENTVA ERY) , HEHIC L BRERO 7 0 AICET 5452 PDE HIFLA T O &
BYTHB,

PDE=10700 pg/day / 10=1070 pg/day
R AMERE R O PDEE

Derelenko 5 DFRBR (1999) Tik, FEBACIGHKI T4 138 (1 B6RFf. BICSBERH) BRABRE S
B2 A, EICKEIEEAE (BEKRE, PRYE) RUMBEEDRBEERRERED L
Nz, ZOEBTT T ORERTHY b, LOAELIX17 mgm® (3 mg Cr3H/m’) TH 2,
AAMESUIRBECIGHE T v MIIBERBRARS LEZRBRTIX, WTFhicBL TheFHER
W bhRhol, THbDT—& &I, BARE TOMRL 0.1 pg/m’ % % AR OPDEfED
FJEIZHAW (ATSDR, 2012) ,

PDE =0.0001 mg/m’ / 1000 L/m’ X 28800 L/day=2.9 pg/day
MRLOBEHITHAAEN TS Z &b, EERKICOWTITEA Lo,

BEIW
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Biol Res 1993;380:221-34.

Anderson RA. Chromium and parenteral nutrition. Nutr 1995;11(1 suppl.):83-6.

ATSDR. Toxicological profile of chromium. Agency for Toxic Substances and Disease Registry, Public
Health Service, U.S. Department of Health and Human Services, Atlanta, GA. 2012.
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sulfate. Toxicol Sci 1999;52:278-88.
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Public Health Service, U.S. Department of Health and Human Services. 2010;NTP TR 556.
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2013.
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a1 b

=23V h OPDESE OFEE

2390 b (Co)
%A s wA
PDE (pg/day) 50 5.0 2.9

=

1]

as3L b (Co) i, RRDITRT, £ DBE. BE. MARPERL Vo2 EDOMODITERLHE
ALTW3, 22UV hX, B4 I B2 DRAIRBEBRERTHY . ~ET/ 0 B EERUERE
EMFHCEELRBROBROMBER L L THET SO, £ FNOXLEATETHD, EHWRE
NI, 1B 1 pg 0a sV F2RENGEIT S (ATSDR, 2004) , Y% I Bl12 OHREFA
% 0.7~2.4 ug/day THYH (NAS, 2010) , =/ b & LT0.03~0.1 pg YT 5, b MEKRN
BT B EH = L N OLEEMFRIBEIIFEIN TR, 2250 MeaY (BIxiE, 7
B2 BN N IRREKEICBWTHE L LTRHYWHRATWS,

LRVEILEDIRIL L 72 - T FBtE

JARC (2006) i%. FiBE=/S/V F ROREDMOKIEME Co@HHEITIX, b MIXH U TRBAMD
BEMEAS S B & FERm L7- (Group 2B) , MUiERBROT —#i%. 7 v MRUO't N CTOEBERALM N
FCREESND Z EEZRLTWS, a2 h&RBIE. inviro DERFMHIZE L CIXBECTH o=
3. in vivo DYEEREFREEICEA L TUXRETH o772, NTP L, BERUOHO<T XA BRI v b
TRBAEDOBEBERIEMNESN- L& L (NTP, 2013) . & MIBITIRAIZIZIRENA
MR THRABIIBONTELT., BHRAEICE L THEINTWARY (US EPA, 2000) , B MZ
REZROBEIEEHEACBVTE, RMEEMESROEZEEDEH VTR TH S (ATSDR,
2004) , £ b TOa L NORAREIX, ESRECAMEL LTHLIL TV 5 ERE TEITHEDORE
O SR ER R TN B R QM F7 SR 12 BB LTV % (ATSDR, 2004; IARC, 2006) .

B OB EEFOPDEHE

ROREFOPDEMIZ, AFARERE FDOT —F 2 HKIZL TW5D, 150 mgDELa L %220
Bt MoREROBESEEHEAICEBV TR, HbRBZENEWVIMEEEZERE., FRiEREME T
Hotn (2290 k& LTHI mgkg/day; WHO, 2006; ATSDR, 2004) , =3V b & L T1 mg/day®
CoClL,%#88~90 AR L=t MEREE 1061 (BHESHl. ESH) ORBRICIWTIX, FRfLBksE
MEXIZFOMOEZEITFRED b o7= (Tvermoes et al, 2014) , HROBREFEDOPDEE %
NOAEL 1 mg/day% BAZIRTE LTz, BEMAE FHHEUIBWTEESINIFI~FS) #EEICANT,
ROBREBEROPDEEZ L TO XL ICEHT 5,

PDE=1 mg/day / (1 X 10 X2 X1X1)=0.05 mg/day=50 ng/day
WESPDEEDREICEI FRBREZFERA L), F3& L HEEREREZ TR L,
HEHIC L AR FER OPDEE

a0 MEE~DEFIC L 2BBRICHRAIBEERDOH DT — 213720, 27390 P ROERE I ]
L MEAHORE NREROEDFRRAROFEMAIT 18~97%TH D (ATSDR, 2004) , RORE
BEDAEMFOFRIARIENT L2 ZE L., ROMWRERO PDE [E2EIEMRE 10 TR LT, BHIC
X ZIREIFD PDE [HZEH L7z G HIZERHINLTWABERY) , EHICLZBREROIAL
NZB8T % PDEMEIZLATO LB TH B,

PDE =50 pg/day / 10=15.0 png/day
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% A& 5E BF OPDE/E

Fift 2 S R ROEOMOKEECoRDEIXZ, B P THOBEBZIIEEITHEENH D
(Group 2B) .

CAMRE, B a8 RO EE AL, BHEARRAREICL Y E N THALNDREBAMELSDOE
B EETHD, TNODTF—FITEEERLIVEVLOTHELEZLNTVDZ L, KU
B S FORBAEICETIE hOF—2IRnZ b, 290 MZBE LTI, MRLY 7
N—F5ZFANBIERNTEBREEZLND, b MIRBITBENBALY R7 DOEROHEEMEIL.
MRL#% fAW\ TRk 7=PDEE & 1ZIER—TH 5 (WHO, 2006) ., WM AIRFERFOPDEELZHEHT 57
. BHERABEOMRL 0.1 pg/m*% AV 7z (ATSDR, 2004) ,

PDE=0.0001 mg/ m® /1000 L/m® X 28800 L/day=2.9 pg/day
MRLOEHICHIAENTWNWA Z b, BEEREICOWTIIER Lol

25 R

ATSDR. Toxicological profile for cobalt. Agency for Toxic Substances and Disease Registry, Public
Health Service, U.S. Department of Health and Human Services, Atlanta, GA. 2004. IARC. Cobealt in hard
metals and cobalt sulfate, gallium arsenide, indium phosphide and vanadium pentoxide. International
Agency for Research on Cancer, World Health Organization, Lyon. 2003;86, updated in 2006.

NAS.IOM. Food and Nutrition Board. Dietary Reference Intakes: RDA and Al for vitamins and elemnets.
Institute of Medicine National Academies. Summary Tables, 2010. (available online at
http://fnic.nal.usda.gov/dietary-guidance/dietary-reference-intakes/dri-tables; accessed May 27, 2014)

NTP. Technical report on the toxicology studies of cobalt metal (CAS No. 7440-48-4) in F344/N rats and
B6C3F1/N mice and toxicology and carcinogenesis studies of cobalt metal in F344/NTac rats and
B6C3F1/N mice (inhalation studies). National Toxicology Program, Public Health Service, U.S.
Department of Health and Human Services, Research Triangle Park, NC. 2013;NTP TR 581.

Tvermoes BE, Unice KM, Paustenbach DJ, Finley BL, Otani JM, Galbraith DA. Effects and blood
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2014;99:632-646.

US EPA. Cobalt compounds: technology transfer network air toxics web site: Hazard summary. 2000
(http://www.epa.gov/ttn/atw/hithef/cobalt.html; accessed April 23, 2014). '

WHO. Cobalt and inorganic cobalt compounds. Concise International Chemical Assessment Document.
Inter-Organization Programme for the Sound Management of Chemicals (IOMC). World Health
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¢ ®> PDE fOBE
&l (Cu)
%0 a2 B
PDE (pg/day) 3400 340 34
FFifi

$f (Cu) &, B—BBIRTE 11 KED 1 2THY, FiZ 2 SDOBRIIKE, FH(1+) R TG
CHEERD, BMEOE FOVWTHIZE > THLADHBTRE TH D, HiT, W< HOLDOEER
BER R CAAIR e kB2 R L, EERELROHBAHICEZICEEL TWS, d@ike®h (5l
ZiE, #7 v LBR) 1T, KRFBEDMROBURBRISICB T oML LTRWHR S,

TEMEEORIL 72> T Hk

BME Ot MURZEEMEDH HEEMT —F ORARR LY 2—I2 XY, fHiX. EHEAEOR
ABBIZEBW T, HILE, HFBROEBICEEEEZRIETARENHDLZEBRRINTND
(Araya et dl., 2003) .

B OIRERFOPDEME

2R, Ty NROA X & RWREBHEEOGES-* /Y / 7— MBI 2R BRRE I TND
(IPCS, 1998) ., 7 v M, R OFEICHT2EICEAL T, ZhboD 5 bTRHREENRD
BB L I S Ts, T v FIZ500~8000 ppmDERELEA T AT 2 BEEIR S L - 13 BRRR
WZRWTik, ATEHEOBFE R L A EIEMEIC BT 2NOELIX1000 ppmTéH - 7=, 2000 ppmih
DT EFIZB W TCHESER OB EEIFRD bk, NOELiX1000 ppm, 64 mg CuSOy/kg/day (§ &
L T17 mg/kg/day) ¥ Tih o7z, (Hébert et al, 1993; IPCS, 1998) , EELRE (fHEIIZBWNT
BERINEFI~FS) 2BREICANT, BORERFOPDEEZUTO X S IZEHT 5,

PDE= 17 mg/kg/day X 50 kg / (5X 10X 5 X 1.X 1)=3400 pg/day

HEEIC X SRR OPDEfE

SICEBT eV Ea—id, BFICE 2RBERKICHROPDEEDCEMORELRD X5 EGER
MM BETD LN TERPoE, BETEFICBVWTHE SN IR LRAENLEREN
728D 5L, b FOELIERIT, 30%~40%%RINTHZ EHATE S (Wapnir, 1998) , $Kk UE
HERIE DR OIREIE O AW FHIRIFARIZ0%~40%IZEONLTWND Z L #BE 2, BROBEBFD
PDEfE #EERE10TRL T, BEHFIC X 2BRBRFOPDEEXHEL L GIHEIZEHINL WD E
B0) . BEFICL2BEROGICE T AHIEPDEEIILLTO LB TH 3,

PDE=3400 pg/d / 10=340 png/day

% A5 % B O PDEE

WA SN/SROBHEICEA L, AFTRETH 7 — 213, &, FHXLBERARFOMRLE &
EHTICEIAT2THD L EX O (ATSDR, 2004) , #&CMREERFOPDEM % £ 1E{%58100 ThR
LT, BAREROPDEE#EH L GIEIZRRIATWDLED)

PDE =3400 pg/day / 100=34 pg/day

BEIW
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Araya M, Olivares M, Pizarro F, Gonzélez M, Speisky H, Uauy R. Gastrointestinal symptoms and blood
indicators of copper load in apparently healthy adults undergoing controlled copper exposure. Am J Clin
Nutr 2003;77(3):646-50.

ATSDR. Profile for copper. Agency for Toxic Substances and Disease Registry, Public Health Service, UsS.
Department of Health and Human Services, Atlanta, GA. 2004

Hébert CD, Elwell MR, Travlos GS, Fitz CJ, Bucher JR. Subchronic toxicity of cupric sulfate administered
in drinking water and feed to rats and mice. Fundam Appl Toxicol 1993;21:461-475.

IPCS. Copper. Environmental Health Criteria 200. International Programme on Chemical Safety. World
Health Organization, Geneva. 1998.

Wapnir RA. Copper absorption and bioavailability. Am J Clin Nutr 1998;67(suppl):1054S-60S.
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&
£ DPDEE DBEE
£ (Aun)
®Bo HEH N
PDE (pg/day) 134 134 1.3
FFaf

& (Aw) 1%, @BRER UL+ H5H+5 OREECTHEEL, B 1 RV 3 MoBENRED
—RITH D, TEEDHEIE. BRENIIZL L, LR TEMFRNIEERH D H 0 & idHhk
ThTwiel, i3, BRAERICRITAMEEL LT, BiEET, XidEMER O L-Au” (ZZT
WH LIEHRRAT 7y, BY VEA AL UIT A ThD, Telles, 1998) D X 5 RBEEETHN
BERTW5S, BIHFDE&EOE—DORIFIX, M L TOERANLS5 LD THBD, &(OAHEIL,
BERICAWON S,

ERMEIEDIRIL L 2o o5k

EOFEMHEDIZEALEDOMAIT., EDORERMERICESNTNWD, BEFATRERBRICAHV O
A0, 1 &N E A A VENMTF (AuS) DB THLIMB, @B LI TS,
aoA FROEEB4E (BFEF4) %, 30 mg/day T 1EM. KRIZ 60 mg/day T 1 B, XD =X
P a—NTERESNEBE 10 FIICEEIIR LN o7, HREAEIL, 30 mg/day TERIC 24
RIVABR 2 Hkks LT-, MRFHIFRaZME, iMoo MRS SUIFEOMEFZEE ORI R, VY
< FHESEOBEEREOY A P A Y « RN A—FIZBWTHIBREOHENRD DN
(Abraham and Himmel, 1997) ,

LSl ERWERHOEME O FOoTF —2BFIRARETH D, @behicksEEE LTI
FhErERHEENT-F v b (Payne and Saunders, 1978) ROt  (Lee et al., 1965) 281 5&
ROIRE. A XZBITHHELEEM (Payne and Arena, 1978) E23H 5, LrL, T bDRAE
ik, MEOEANDXIERROARMM L L CIFEE LRVWEROEZTHAWTERMENTEY, L
7o S > THHIFDEIIRAPDEEZE X BT O+ SBEEERH DL LD LITFZ LR,

SORORBEIFD PDE HEE2RETHEDIC, HATICHEETLILEEXONIHEOEOROR
iz ks P XIBmc R 2BEED S 2 FHERRIIR V. Au@BHik, L0 BN VIEE L
Zz bh, MERSICBONTAVWSNRS Wi, =H{ks) . £CHEAECEL T, BH
ni=7—& Lk, H5—REBRIZBWT, €@H{EEY [Auen)Cl] Cl (¥ruanxFL v
T Iv—&E A AV) 1. Ty FOBIRERUOFRICB W TEMABKRFNE(LESIERZZ L,
< U RTE VT 322 mghkg DAET 14 BREBEMEAKRESh, BRATEELS| &R Sk
o 7= (Ahmed et al, 2012) ,

&N IRER OPDEE

&OBREICETAEEFNICEERIMEEIIBEETH D, BlOBHIMEEIZE0FEED
EREOIMGETHH-H. £EHEEENBE S SN~ RCB T 2RBIT. ROBRERO
PDE OB EICBWTZATRERZLD LB X bz, EERE (& 1 IZBWTEEIN- FI
~F5) #EBIZANT, RAOBRSZEFOPDEELXUTOLHICEHT S,

PDE=32.2 mg/kg X 50 kg / (12X 10 X 10 X 1 X 10)=134 pg/day

PDE fEDZEIZ LOAEL # AW TWA Z &, RUOEEEAFHMENTE T L TWRWZ &b, F5 &
L CHEE 10 23BIR L7,
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EHIC X 28 #ERE O PDE &

E MZBWT, &F 4V T Y 7 A0 mgE HRNER LR, AWENRIARTS%
¥BThHoT- (Blocka et al, 1986) , THFIZBWT, 2 mgkeZ HRANEH Lizgo&F4+) 2
B b Y Y AORINEIIHT0% TH - 7= (Melethil and Schoepp, 1987) ., EHFRFFARIFH N
&, RURNORERFOPDEE DR EICHEENREIC L3RRS AV LN &b, EFICXD
BR T ¥ OPDEMEI AR D R B RFOPDEMEIZZE LV,

PDE =134 pg/day
% AWk 2% f O PDEE

W ABRTEEE R ONESNIC L ARERRICRB T 2BEEDH BT — & ik, MBI 3&0RETagkEE
DOFEEMITRILDEEDEFEELRNW D, R OBRERFOPDEE % EERAEKI0THRL T,
ERIC L IBRBEROPDEEZEH L GIEACEHILTWBEBD) ,

PDE=134 pg/day / 100=1.34 pg/day

BE IR

Abraham GE, Himmel PB. Management of rheumatoid -arthritis: rationale for the use of colloidal metallic
gold. J Nutr Environ Med 1997;7:295-305.

Ahmed A, Al Tamimi DM, Isab AA, Alkhawajah AMM, Shawarby MA. Histological changes in kidney
and liver of rats due to gold (III) compound [Au(en)Cl,]Cl. PLoS ONE 2012;7(12):1-11.

Blocka KL, Paulus HE, Furst DE. Clinical pharmacokinetics of oral and injectable gold compounds. Clin
Pharmacokinet 1986;11:133-43.

Lee JC, Dushkin M, Eyring EJ, Engleman EP, Hopper J Jr. Renal Lesions Associated with Gold Therapy:
Light and Electron Microscopic Studies. Arthr Rheum 1965;8(5):1-13.

Melethil S, Schoepp D. Pharmacokinetics of gold sodium thiomalate in rabbits. Pharm Res 1987;4(4):332-6.

Payne BJ, Arena E. The subacute and chronic toxicity of SK&F 36914 and SK&F D-39162 in dogs. Vet
Pathol 1978;15(suppl 5): 9-12.

Payne BJ, Saunders LZ. Heavy metal nephropathy of rodents. Vet Pathol 1978;15(suppl 5):51-87.

Telles JH, Brode S, Chabanas M. Cationic gold (I) complexes: highly efficient catalysts for the addition of
alcohols to alkynes. Angew Chem Int Ed 1998;37:1415-18.
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% .
$n > PDE fEDOHEE
¢ (Pb)
&R B A
PDE (ug/day) 5.0 5.0 5.0
Fin

& (Pb) ITHEHME LTHEEYE LTHEET D, —RER 2 Moshbe® & LTk, BEEsh
ZDORKBEE R OB LR E OB R H 5, AbEmE LTIE, AV VENFITHHT
R AFNRBEOT T FARBH 5D, AEREEDIZ. RRFTHRYEOHIIHMBEI,
KPR OHEPIC BN EAY E LTRET 5, $hiCiE. © FUIHELEBYICBIT 28Em04Y
FHIMSEEIZ 2 (ATSDR, 2007) .

BREMEEDORI L 72 o - FiE

bt FRUEBIZBW T, S~ OIREIL, MR, 4AJH. B4E. 2%, BRELVBIRICAR L /RE
BEEERFERITIEND D, —BAOIC, SBEEICHTIREZEIL. RABICB O CTRESh
EELHEBLT, BREHEAWNEBICBWTBREINZE XL VEY, P EEREN 1~2
pg/dL. AW FROFIAED 100%. 1ENTRBEBBRRVWERELEET ) 7 7r s 5 A (US EPA,
2009) #FV T, PDE fEXE LN, ZD7HIZ, RE PDE fEIX. BERKICI» DO TR—
Thd,

& O IREERF O PDE &

BOBEZOE MIRWT, BELEZENELS, o, BHEMOREVIHMEEEZEILX, AERER
TEVEMEETHD LEXLNS, BEFANLOT —F 1L, 5 pg/dL KEOMAFERIREDR, /N
ROMRITHFENEFICEE L TV S RIREEZ R LTV 5 (NTP, 2011)

US EPA £ /L (Integrated Exposure Uptake Biokinetic JEUBK) Model, 1994)  (W&I¥ZR 100%, Z®

SR DRBEIR /2 L) 12 X4, 0~7 &k (0~82 B AH) D/NRIZE ST, 5 pg/day DR OFEEL M
FYRE 1~2 pg/dL 1235 LfigfR &5 (US EPA, 2007, 2009) .

PDE=5.0 pg/day
HEHHC X IR RO PDE fH

SRORENOBRBIHFOEEIIMP L IUIZE DL, LEN- T, BEHRICKPBRERO PDE #EiX. &
ORREERF D PDE HICZE LV,

PDE= 5.0 pg/day
% AIgE > PDE &

”E}@ﬁnﬂﬁgﬁgﬂ#@%@,imq] I/’\“JI/GC%’j<° Lf:iﬂo"c\ lﬂﬁﬂ/%ﬁﬂ#@ PDE 1@&1\ %}:Dl{%ﬁ
F D PDE fEIZSFE LU,

PDE= 5.0 pg/day

BEIR
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ATSDR. Toxicological profile for lead. Agency for Toxic Substances and Disease Registry, Public Health
Service, U.S. Department of Health and Human Services, Atlanta, GA. 2007.

NTP. Monograph on health effects of low-level lead. National Toxicology Program, U.S. Department of
Health and Human Services. 2012.

US EPA. User’s Guide for the Integrated Exposure Uptake Biokinetic Model for Lead in Children (IEUBK)
Windows. 2007.

US EPA. Integrated Exposure Uptake Biokinetic (IEUBK) Model for Lead. 1994, updated 2009.
(http://www.epa.gov/superfund//health/contaminants/lead/products.htm; Accessed March 25, 2014)
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VF oA
Y F 7 A DOPDE{E DOMEE
)F 7 A (Li)
&0 HEH N
PDE (ug/day) 560 280 25
i

U h (L) X, BIESOBBTICEETD. HVSNEE€BRTHD, VF U AL, BMT,
NITFDMDER & DMEET, it LTHVWLRTWS, VFvatat BFlxid. kxFEilk
TNAI=TLYF L) i, BESKIZBITIRAIEE LTHWLONTWS, UF Uik, @Al
+1 OEBMLIREEDE E L TOREFEEL TV S,

REMETEDORI L 72> T HiE

UF T AIe POWBREE L TERINTEY .. BYR., JUBEEEE R OCBREREE > 2RO
TICRBITDY FULAEOREICETAIEERE VT —40835H5, VFULEEZRAWIEEE, Y
FULABEAEZIIUD, BRBAYEMCIIEEREEEZNELT D, UTF U LAOIRERIT,
BEHFICH LA, mEFRE 0.6~1 mmol/L IZFRE I3 TV 5 (Grandjean and Aubry, 2009) ,
R~ =ik, UF U LADEEIT, BERBOBBECTRELSES, b MNIBITB Y FU Lok
EiE, FiC, REMREEET. PRIBEEERT, bR/MSEBRETER OEKREEMOY 27 LIZH
HLTW3 (McKnight et al., 2012) , EE OHEIEHEIL, 300~600mg D 1 B 3~4 B[ ETH B

(US FDA, 2011) , %7 —## Lt =a—L, RBERELEE 2. T2EEEORINLE 25EM
ERELT,

¥ O B EERF OPDEE

E MIBITBRYFULOFEAREN,. 20 PDE HORAE LTIERAENE, & MBI 5 REE
VF A0/ EEROARETHS 300 mg (VF 7 4556 mg) ZRAVZEEICIK. BROREEFD
PDE fEiXLAFTO L S ICEH EN S,

PDE=56 mg/day / (1 X10X1X1X10)=0.56 mg/day =560 pg/day

Z O PDEfEDOHREICIZ LOAEL (MHE—HBREED 13) ZHAW-Z 05, FSIZI3RE 10 228
WL,

HEHRIZ X 5 IR EFR OPDEfA
EFIC X RO PDE HZ2EETH2DICEYRT —Z 082, LaLans, ROREFD
A=W EFIF SRS 85% (Grandjean and Aubry, 2009) THa Z & #HBE 2. ROBRERO PDE E

PEEHEE 2 TRLT, BRICXAERO PDE EA4EHLE G HIZ#HIh Wi ER
D) o

PDE =560 pg/day / 2=280 pg/day
% AR #EFF OPDEH
THEE06XIL19 mym DEEDEHA) F U LIT4~8HM,BSHME. 1B REIREL -

(Johansson et al., 1988) , Y FEEMER OB FHEMEL AWVT, KEMEICER Lo, fins
BREIN-, BEREEBIIRESNRhoT2720, ZEAENPDEEOREICHAVLONT-, ETE
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B8 ((FHFERICBWTEE I NZFI~F) ZZBICANT, BRARBEROPDEEZUTDO XL 51

. - 1.9 mg/m>X 6 hr/day X5 day/wk 034 mg/m®
TETRAE RS = 24 hr/day X 7day/wk 1000 Lim? 000034 mg/L
Rpm— 000034 mgﬁLk: IM0LMRY 10 04 wofkefday

PDE=122.4 pg/kg/day X 50 kg / (2.5X 10X 10 X1X1)=25 pg/day

BE R

Grandjean EM, Aubry JM. Lithium: updated human knowledge using an evidence-based approach. Part'II:
Clinical pharmacology and therapeutic monitoring. CNS Drugs 2009;23(4):331-49.

Johansson A, Camner P, Curstedt T, Jarstrand C, Robertson B, Urban T. Rabbit lung after inhalation of
lithium chloride. J Appl Toxicol 1988;8:373-5.

McKnight RF, Adida M, Budge K, Stockton S, Goodwin GM, Geddes JR. Lithium toxicity profile: a
systematic review and meta-analysis. Lancet 2012; 379:721-728.

US FDA. Lithium carbonate product label, 2011. (available at drugs@fda; accessed May 1, 2014)

46



TEHRAPI A R Z+ >

7AgR
K ERDOPDEE DHEE
A& (Hg)
# 0 B A
PDE (ug/day) 30 3.0 1.2
FFag

AER (Hp) 1%, HIERBEICBWTIELS DL TWS, AL, TTRAR, EMKERUHEEKER
D 3 OOFRETHEET D, BFFICRE T3 AEESKLEVKEOTRRIL, ERFRERTH D,

L7 -> T, ZORLWETMIL. TRAEROESKROBENEDH ZEMENT —FI2ES<
LD ThHD, ZDOREMTMBE O X H X7~ PDE HICOW T, AEASRITITEE LRV,

L2 e B DRRIL & 73 > T B

t MIBWTERKEREBAMEZETEZ E2TTT —ZIXR, BILKBOFEMAEIZEL
T, EREBMICBITDRBENRIENNH D, EESATFEERE (IARC) 1%, EHKSR(LEHH
E M3 REBAMEICONWTHETERNWLOTH S &fbFm L7 (Group 3; IARC, 1997) ,

HEMOK SR ST, AR L LR THERICEVROBERO AW FRRARL TR L, iER¥EY
BE EAhE. B RRUEIEA~DOEEY NICKERSE (BWERIE) &\ oloikx RERFHN
AR XY, EEAKBRROEDOEIZE L TOREMEMEDRILE 235, BEHTH
5, BEKEZN UIERH~OESERIAHRE I TS (Shimada et al., 2005) ,

B NIRER OPDEME

v PR T RIBWT HgClh &K 2 €S Lz, X< T¥A &/ NTP ORBRNTE
ET5, FD55, X0HEMRERFEFVFMMBITONTNDZ L, K2 £MRARLI Y LH
B&HENIEV (0.312~5 mg HgCly/kg/Sdiwk) Z L& Z#EHE LT, Ty MIBWT 6 5 A RREIR
AREZITo=RERNEBREINE, BlROBMNEERC (KEICXT2) HXTEEN 0.625
mg/kg YU EDORERETEM L=, BIRILFENNRFA—FOENL (FvTF=v, VUL T5
=TI NIV ART 2T B ROTARTIEUVBTI ) 7R 725 —E0Rd) Reks
BOHCRERD b, YZFTRIL. ARKREHRLOLITEbNhoTr, BEDORRERVE
FERE (BRESH HERED) O#MAs., HILE /AR 0625 mgkg U EDOBREHETRD LN, AFE
MBI ESE (JECFA) OFEffi (JECFA, 2011) IZBWTiX, 6 HAMS v FRB (NTP,
1993) Mo ELNTBIRICHTH2EERE (EEMM) % EIT, BMDL, & L TKER 0.06
mg/kg/day GB 5 ARIOT/ENLFABEINTVD) NEEXHINE, BERE (& 1 2B\ T
EREINT- FI~F5) #HAWT, H#ORERFOPDEEZLUTOL S ICEHT 5,

PDE =0.06 mg/kg/day X 50 kg / (5 X 10X 2X 1X1)=0.03 mg/day=30 pg/day

6% A BRBRE ERRRICBITA2ZFEARCOMRIERR LD LEIEL LN o722 L h
5. FAZ1& L. F7-. BMDL,¢NOAEL¢ E X bS5 (Sargent ef al, 2013) Z &2 b, F5%1
&L,

BT X 5 IRIER OPDEE

IR BRIL. EMAKEOROLEMFENFIRAERI0~30%DEBRNICH D LE2RRLTWVWAS

(ATSDR, 1999) , L7=2- T, EOBRERFOPDEMEZELEIAEIOTERL T, EHIC L 2RER
OPDEEZEH L GUAZREH I TWAERY) ,
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PDE=30 pg/day / 10=3.0 pg/day
W AR EER? O PDE f&

FIRITEI RN PRARBRICBIT AR LBEENSEVIMERIE THLILELXOND I L
2N, ZEEH TWA EEOFEN 14~20 pg/m’ OEERFEICB T AAERETREINLTVD (US
EPA, 1995; EU SCOEL, 2007) , WHRERIZIIT 2 EMREKEUREE (14 pg/m’) TORRITEIZN
WEBOHEE (Ngim ef al, 1992) 1E, SZ TWAEE% LOAEL L LTEETOLERHDI L Z
RLTWA, EEFRE (8 1 KBV TERENE FI~FS) 2E/ICANT, TERABRRRIC
3 B EHFRARE 2 EIC, RARERO PDEEEZUTO L I ICEHT 2,

X o 14 pg/m’® X 8 hr/day X 6 day/wk 4pgm®
— — S L
R AT 24 hr/day X7 day/wk 1000 L/m 0.004 /L
X
amke DOMELIOLY g

PDE=2.30 pg/kg X 50 kg / (1 X 10X 1X1X10)=1.2 pg/day

PDE {EDREIZ LOAEL #RAW=Z &b, BRERZ EH U CKEDIMICERRBITT D AIRettic
SNTHERBIZANT, F5 & UTHREE10 2@ IR LT,

BEIR

ATSDR. Toxicological profile for mercury. Agency for Toxic Substances and Disease Registry, Public
Health Service, U.S. Department of Health and Human Services, Atlanta, GA. 1999.

EU SCOEL. Recommendation from the scientific committee on occupational exposure limits for elemental
mercury and inorganic divalent mercury compounds. European Union Scientific Committee on
Occupational Exposure Limits. 2007;SCOEL/SUM/84.

IARC. Beryllium, cadmium, mercury, and exposures in the glass manufacturing industry. Monographs on
the Evaluation of Carcinogenic Risks to Humans. International Agency for Research on Cancer, World
Health Organization, Lyon. 1993;58, updated in 1997.

JECFA. Safety evaluation of certain contaminants in food. WHO Food Additive Series 63. Joint Expert
Committee on Food Additives. Rome, 2011.

Ngim CH, Foo SC, Boey KW, and Jeyaratnam J. Chronic neurobehavioural effects of elemental mercury in
dentists. Br J Ind Med 1992;49(11):782-90.

NTP. Technical report on the toxicology and carcinogenesis studies of mercuric chloride (CAS No. 7487-
94-7) in F344 rats and B6C3F1 mice (gavage studies). National Toxicology Program, Public Health Service,
U.S. Department of Health and Human Services, Research Triangle Park, NC. 1993;NTP TR 408.

Sargent EV, Faria E, Pfister T, Sussman RG. Guidance on the establishment of daily exposure limits (ADE)
to support risk-based manufacture of pharmaceutical products. Reg Toxicol Pharmacol 2013;65:242-250.

Shimada A, Nagayama Y, Morita T et al. Localization and role of metallothioneins in the olfactory pathway
after exposure to mercury vapor. Exp Toxicol Pathol 2005;57:117-125.
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US EPA. Mercuric chloride (HgCl,) (CASRN 7487-94-7). Integrated Risk Information System (IRIS).
1995.
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) TFv

=) 75 OPDEEOE

EY 75 (Mo)

O 5 wA

PDE (pg/day) 3400 1700 11

Frim

EVTF (Mo) DELREBEII+L RU+6 T, X V7 =4 VEOFBENEDL—RUTH B,
Y IFLOEREIFEIT, HEPRORRKTTIIEY 7FVEBEA T MoO») THY, K,
NH/ B Cat e W o Tebfx A A L RO EWMETERT 5, B 77 i3, R TI
Bex IREECHEE L, FDEEL 0.1~10 mgkg TH D, MoO, R MoS, iTAKICET 2V, BFE.,
LG EUONEPICEILLS FET S, TV 77 {bE&® (HlxiE, Bi-Mo., Fe-Mo, B{LEY 7
TURWEY 7T UEE) 1. AEARICBWTHEEE: LTHVYW LTV S,

TV TTURMNATETH Y, BREGH LROMEEMET., HHIET 100 pg/day, AT 600
ng/day T& 5 (EC Scientific Committee on Food, 2000) , €Y 75V REEDHBIL. ®E. B
RYUMEE, SE. ARRVEPRTHY, MEFRAFI=VRBEOREL Vo itk s RELFE
REREEEY, £, B ) —lREZT T2 H2BFICBVTL, MEPORBEEME
IEREBRARB CTH o7z L MESN TS (Abumrad ef al., 1981) .

REMWEEORY L 2o -

EBmE LTDE) T TR ERFEMERES o7z (NTP, 1997) . 7, 7 o FEMA
REERBEHFET RIVM) ICX5FHEIL. €Y 77 VITREEELZ RS RV ERFRLE (RIVM,
2001) . IARC Xid US EPA {Z X ZFEMBAMDFHmIZITON THaRV, BAOREROE) 77
DEEIZE, Y TT U ERARE SN U RZBT SRBAMEDTERI N 20 H D, F
DBADFREMEL, ZORBEREKICEAL T, RbRERBUEFHEEROCH ZFHHEECTHD LF
Z b,

#% O i if © PDE fi&

F v MIBHEHEEINCEBRE) 7T VBT NI U AOFEMEFE LKL, GLP BAE® 90 ARE
PERBRIT, TV 7T & LT 60 mgkg/day DRE5RICKITAHE, RERMNE, BHE, —8
DifHRER EHEEROEEICST IHEMER) ROBORBEARFZWTR (8 2 ICOEILR
A DEREE TR ONE AMEDBIERL) ~DIER L Vo EBEH LM L7z (Murray et al,, 2014)
BT v MIBITAEERD#RE, 60 BEIOEEHBKETRICATZEBIIRD o of, &
FERE., A XIIEFICET N7 A4 ~OFEREEIRDONEhoT, EEDIE, Z0
FBRD NOAEL 3E Y 75 & LT 17 mglkg/day THD LR LTS, TOHEBICBWT, #
BRMEOREICEELEFERIIR O o7, BEREK (6 1 IBWTEEINE FI~F5)
ZRAWT, BOIEERFEO PDEEIXLITO L 212725,

PDE=17 mg/kg X 50 kg / (5 X 10 X5X1X1)=3.4 mg/day=3400 pg/day

BEHIC X 5 IREERF O PDE &

Vyskocil &' Viau OJFZE (1999) 2B\ T, RARERFOE N TOAEYMFEAFIARIT 28~77%
DEFETH- T L BEINTVWD, Turnland b (2005) 1L, €V 77 ORI E BHETH

0% ThHol-L#BELTWD, LEN-T, EHIC X 2BERFO PDE EiX, ETEMAE 2 TRL-
LD LD GlEZEEINTWEEBY) ,
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PDE= 3400 pg/day / 2=1700 pg/day
W AMREEIF D PDE

M~ RICBWTRARE SN-ZBET Y 77 ACRBBAERRD biv (NTP, 1997) | FiE
MOELFTIE, BV TFUVBIALSTLAROEY) 757 UEEEIANE ML TENAMZHE S
LEREMEZRIR LTV B (NAS, 2000) , i~V RICBITHRE/ BADREERT—F (FER)
(0. 10, 30 BTN 100 mg/m’ BBEIZBWVTEN LN 3/50, 6/50, 8/49 KTr15/49) %AV THEMR
NBETODDEFTY VIR ERINIE 25, MBADZ=y b R71F 2.6%10°/pg/m* K
WTHD (NAS, 2000) . 1:100000 DY R L~LZ2 BWT, WRAIRERO PDEEZUTDHLS
WCHEINT 5,

1 %107
2.6 X107 /ug/m’

% ABREERFD PDE fH= =0.38 pg/m’

PDE=0.38 pg/m’ / 1000 L/m> X 28800 L/day=10.9 pg/day

2oy PYRZ 7 Fu—F kY EXHT PDE EICE LTI, ZORBIEEREKLERA LA
VY,

ZEIM
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Miller RF, Price NO, Engel RW. Added dietary inorganic sulfate and its effect upon rats fed molybdenum.
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=
= JVOPDEJE OE
=/ (Ni)
&0 i N
PDE (ug/day) 220 22 6.0

2A
i

=ws (Ni) 13, B 10 ROE—BBTHETH D, =yt 0, +1, +2 RU+3 OBER{LIRE
TIRETARREENH AR, E-ABRIEITIR THh5D, =y it a2 ETER
RICTEETAERBRTH S, —BIICIL. =y 7 Wb IIkBEICESHTHES R, Hbk=y
v, B v VRO v SV E Vo T KBER KD @V =y FbEMIL, Bib=v 7
NMNEOER =y 7V E Vo e KBEEOEVEEMIC N THEEREVEMICH D (ATSDR,
2005) . = v AbE, b P TIIRBZAICHEATIIROD, B TRy FVARBEEREY
BlEBI TN HD, =y NV—TAIZUbEEELTO=y ML, KRIERISIZBITS
gt LTRHVWLRTWDS, EEEEXNBRABOBRICAWVDONEIRAT VVARIL, Jubzes
DBHR—ZADEETHY, 1%RE~38%D =y FVEBIEHE LTEELTVWIRERHD
(Stockmann-Juvala et al., 2013; NTP, 2006) ., = v~ /LD— BIEREIX 100~300 pg/day OEFLFHIC
5 (USEPA, 1996) ,

TR DRI L 72> 1o Bk

=y ik, BaEEEZETLIN, EREMEEL L=/ (IARC 2012) , ROBRBE#RO=y 7V
HDRED AMEZE TR 5 b DX (Heim et al., 2007) . (FolwEEZ AW IZWL D0 ORARE
HERICBWT, EDZ A S L » TGO H -7 (ATSDR, 2005; EU EFSA, 2005) , US
EPA iZ= v 7 /VIESHA X S DOFEBAMEIC 57050000 5 5 L iR L7z (US EPA, 2012) , =v 7
JURESR A A N PIIRTRBREC, = v ZNVBREXIIRT v VABIDEEICED B EEE BV T,
NV R DEEREMITIED bhpdo7= (ATSDR, 2005) , =y 7 VOTXTOHBEEL—FE
LT, IARC (2012) iZ. =y &t FORERBAMEDE (Groupl) EHFELTWAB,

vt FRUBWICBW T, =y ZFVOREROBEIUL. 8. KRERBD IO k& O~
BEYBLEXRBITIERDHD, b ME, —OIC, = P ABREEgERRICHIZ) BT 5
L. S NMITRIEENA LI D, B FDT—FiL, BRKICE D=y VO BE—HEORO
BHMB., v NVICRBIEShZe P THREBEREZFRELIDZEE#FLTWS (Nielsen et al,
1999) , =y 7/ DOAEEEOROZBAEOCHETIZIBWTIX (US EPA, 1996) . = v 7/ iEE
FEOE MIBEINLTWY, BERAREL,  MRUSBHE B ICHRCEBEORE L W oT
BERTEZAUCIETRERD Y, [EXK, MKE, BIEEROHBRERES = v IV OREE
TRUSHEEEE THRE SN TS (ATSDR, 2005) , FIEME NiSO, #REESNh/=F v P TRE
L= REMEMREIL. REMENIO 258N T v P TRELZFRRE L T, EEMICITE
BLTWE D ThHod, LYVEEEDENHLDTH-7 (Benson, 1995) , = v 7 NVDOFM
i, FiAb KV ESCHICRNINDFBEEOHEEIZENT, KVBIREZbDERADND
(Schaumlsffel, 2012)

¥ O IR B OPDEE

10, 303350 mg/keg/day THiEE= v 7 VAKFIMPEIZRE SN2 T v MIIT D22EM DR AR
BT, WRMEOREICEE U LIEBIIRD Lo, SREHEOBICENT, BE5EH0
~105B TORLEEIC, FERRBER-LUSEMEEH Y, £, ML HICREHIBETORE
WHRABEREPRBRONH O . BEEADIE, 30K 050 mg/kg/dayiR 5RE THE TH -7 (Heim et al,
2007) . LOAEL 10 mg/kg/day (=>4 & LT22 mgkglday) &\ BEMRMK (FHE1ITHE
TERINEFI~F5) #BEIZANT, BORBEROPDEEIILUTOLEY) THD,
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PDE=2.2 mg/kg/day X 50 kg / (5 X 10 X 1 X 1X10)=0.22 mg/day =220 pg/day
W PDEEO R EIZLOAELZ W= Z &b, F5& LTHREI0Z|IR LT,
EFNIC X B IREROPDEE

FER= v VRMNEEZ AV FORBREEIL, BRAOBERINIERAED 29~40%B3 WU X i
% (EEDHEMT —ZICESE) LHEETHLDOTH o7 (Patriarca ef al,, 1997) ., =y 7LD
RUZ T 2 REOREEBLIMETEIE D 1| DORBRICBWNTIL, REAED 2~23%»BRINEHh
7= (Nielsen et al., 1999) , L7=8-> T, = v F/VROKEE= v F A LEHOROREROAY
LEFIAENRBENR LD THD Z L 2EE X, BOERERO PDE EZEIEMAE 10 TRL T,
EHIC X AIRERO PDEEAEH Lz GlHEIZERENLTWDS EEY)

PDE =220 pg/iay / 10=22 pg/day
% ANR R By OPDEfE

W AIRERFOPDEMOEHICEA L Tk, FAWRERT —4# b, BEEDOH D=y IV OFREN
BIRENT, B{b= v NV ERAW2AERORBRTIL, NALARF— (Wehner et al., 1984) XiZ~
7 X (NTP, 2006) \ZIEBIIRD DR oT, Ty M TRENRAMICET BV O OFEMAS
Hofeh (NTP, 2006) . &B=v 7NV ORARE CTIERN AMEDIERILRD>>7 (Oller ef al,
2008) , WMARHKDIZEEL S DERERVED =y T VIIHS AR Z R L THRWVWO T,
=NV LTI, BERET7 7o —F IS ANDI LB TEEI L0 LEZ b, BIEMR
B FHEICBWTEZSNFI~F5) #ZEBICANT, 7y MRRICBIT S = v 7 /VDONOAEL
0.5 mg/m* & iz, MAIRBFOPDEMEZLLTOL S ICEE LT,

e B 0.5 mg/m> X 6 hr/day X5 day/wk _ 0.089 mg/m®
R = 2 hr/day X7 diwk =000 L -000089 mg/L.
B _ 0.000089 mg/L X290 L/day  _

BHE 0425 kg 0.060 mg/kg/day

PDE=0.060 mg/kg/day X 50 kg / (5 X 10X 1 X 10X 1)=6.0 pg/day

BB A DORED = v FVITFICERB IN SRR H L2 L. KRBT TORED=y 7
L ORABRER OFREHBEFORE CHICRENRBO LN &6, F4& L THREI0ZEIRL
7

BEIW
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EU EFSA. Opinion of the scientific panel on dietetic products, nutrition and allergies on a request from the
Commission related to the tolerable upper intake level of nickel. European Food Safety Authority. EFSA
Journal 2005;146:1-21.

Haney JY, McCant DD, Sielken RL, Valdez-Flores C, Grant RL. Development of a unit risk factor for

nickel and inorganic nickel compounds based on an updated carcinogenicity toxicity assessment. Reg
Toxicol Pharmacol 2012;62: 191-201.

53



THFRY A RS54~

Heim KE, Bates HK, Rush RE, Oller AR. Oral carcinogenicity study with nickel sulphate hexahydrate in
Fischer 344 rats. Toxicol Sci 2007;224:126-37.

IARC. Arsenic, metals, fibres, and dusts: a review of human carcinogens. Monographs on the Evaluation of
Carcinogenic Risks to Humans. International Agency for Research on Cancer, World Health Organization,
Lyon. 2012;100C.

Nielsen GD, Sederberg U, Jorgensen PJ, Templeton DM, Rasmussen SN, Andersen KE, et al. Absorption
and retention of nickel from drinking water in relation to food intake and nickel sensitivity. Toxicol Appl
Pharmacol 1999;154:67-75.

NTP. Toxicology and carcinogenesis studies of nickel oxide (CAS NO. 1313-99-1) in F344/N rats and
B6C3F; mice (inhalation studies). National Toxicology Program, U.S. Department of Health and Human
Services. 2006; Technical Report Series No. 451.

Oller AR, Kirkpatrick DT, Radovsky A, Bates HK. Inhalation carcinogenicity study with nickel metal
powder in Wistar rats. Toxicol Appl Pharmacol 2008;233:262-75.

Ottolenghi AD, Haseman JK, Payne WW, Falk HL, MacFarland HN, et al. Inhalation studies of nickel
sulfide in pulmonary carcinogenesis of rats. J Natl Cancer Inst 1974;54:1165-72.

Patriarca M, Lyon TD, Fell GS. Nickel metabolism in humans investigated with an oral stable isotope. Am
J Clin Nutr 1997;66:616-21.

Schaumlsffel D. Nickel species:analysis and toxic effects. J Trace Elements Med Biol 2012;26:1-6.
Stockmann-Juvala H, Hedberg Y, Dhinsa NK, Griffiths DR, Brooks PN, Zitting A, Odnevall Wallinder, I
Santonen T. Inhalation toxicity of 316L stainless steel powder in relation to bioaccessibility. Human Exp
Toxicol 2013;32(11):1137-1154. ’

US EPA. Nickel, soluble salts (CASRN various). Integrated Risk Information System (IRIS). 1996.

US EPA. Nickel refinery dust (no CASRN). Integrated Risk Information System (IRIS). 2012

Wehner AP, Dagle GE, Busch RH. Pathogenicity of inhaled nickel compounds in hamsters. IARC Sci Publ
1984;(53):143-51.

54



TR A FZA

VASAVATINN

5 7 AOPDEEDOHEE

NS5V A (Pd)

&0 Bt ‘A
PDE (ug/day) 100 10 1.0

Fr-iii

RS A (Pd) 13, TOMOAEKREREVO=y ZVEELULTEY, o, £ELTND
MR TREEDOHLEBTRTH D, XT VU LIE, PA0) (&) . PACHET Pd4+H)D 3
SO TEET D, XTPUVLAIEHRERLEWERRLEDLH., FbEWD 5 HEEF AN
TIOOLNDELDIZIEEAER, RT VUL (e 2XFEET) X, KBREEKIZB T 5
ELTHWHRTWS, RNTTVTLERIE. KRFPIZBWTEETHY, EARRUBBERIZ
LAY ORI X B ERICHZ B,

RAMEEBORILL 72> T B

10, 100K 1250 ng/mLD /T VU LAERAZRE LIz#ET » FOWHRBRERT, X7V UV A, B
BioERT 508, M. M, BIESOIBICEERLRVWZ EBRWES, HERIZ, F& LT
EFEEABBRLIEZBDTHD (lavicoli et al, 2010) , ¥4 237 0 MEEIZHOW T OHME XX
HWELIEMA % BV in viroBRFEMRBOWVW 2 (RXIFT7RAEERAVW-=—ARRER, K
BBEZAWESOSZ B ET R b, B MY URERERAW/AIMERER) X, BEOBRE2 S

(IPCS, 2002; Kielhorn ef al., 2002) , M&%T—F# &L va—1L, REBKZEE X, LLMEEKE
DRI L 2 D2 EMEEHEE LT,

B N IRFERFOPDEE

W ONDOEHEHRBNERIN., T VU LAEOBERURENAMEDIRENTOR T3,
UL, AR ET, BHFOFA RS A Vil TERIN-EMHFZHRRIT LV, AFEFER
F—Z X, /35 7 AONOAELA0.8~1.5 mg/kg/day DELFHIZH D ATREMEZ AR L TW 5, #ik
HOERT DT AECHENT VY A E L T2 mgkg/dayD AETRE T 5~ ADAEERR
it HERE S BITWL O DI TOT I u A NMERBEROFERSMELFED, £, HEICHREM
%R A, HEIZIIENH 2R DD o7 (Schroeder and Mitchner, 1971; IPCS, 2002) , =
DRERIT, BBAOFREHICR D FTEHEIZE TR T2 REZE ATV, YZAROT 1 v
(MEHRE VL, MBEOERERO L, SREEICK L CTHEEICME L& 58 i1,
N A DFREME Z 4 5 L COUZLRRT — & OFAIIRE SNz, EERE (F&licBW
TERINTFI~F5) %2EBICANT, LOEL 1.2 mg/kg/dayZ &iZ, R OIRERFOPDEE LT
DEHICENT S,

PDE=1.2 mg/kg/day X 50 kg / (12X 10X 1X1X5)=0.1 mg/day=100 pg/day

W PDEEDBEHIZLOELE AVWW=Z &b, FSE L THRESEBIR L,

BT L A URERFOPDEE

RS MIBETALRSHE LV E 2 —iX, BERICE2BRERKRIZIED PDE EOEHSIAE NEXH
BERAMEIZEET D ENTERMPoT, HIE T VU AR+ (PACL) X, LB DRI E
iz v (FERO®RE 3~4 BRIZBWT, Ty MEKEBRTHED 0.5%KMH. AT v b TH

5%) . [ENEEXIIFIRNREZ2ZT7=F v MRERICBIT AR,/ FFERITEL. &5 40 H
BOBSICBWT, BESN-HABEDO Y b, [ENIRE T 5%, HAIRNEEE T 20%182HICA
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#HEhTwi= (IPCS, 2002) , BOBRERED AT U AOEYFRIRIAERBRENRLDOTHD
Tl REE 2. BROBEERO PDE EAEEREK 10 THRLUT, EHICX 3BTRS PDE EXHE
HUE GlHECEHINTHWEEEY)

PDE=100 pug/day / 10=10 pg/day
R AR R OPDEfE

RSO MIET B SRR ABRBET —F 132\, Liz¥o T, RORERFOPDEEZ EIEFRE
100 TR LT, MAREROPDEEZEH L GIEICEROLEY) ,

PDE =100 pg/day / 100=1.0 pg/day

BEWR

Tavicoli I, Bocca B, Fontana L, Caimi S, Bergamaschi A, Alimonti A. Distribution and elimination of
palladium in rats after 90-day oral administration. Toxicol Ind Health 2010;26:

IPCS. Palladium. Environmental Health Criteria 226. International Programme on Chemical Safety. World
Health Organization, Geneva. 2002.

Kiethorn J, Melver C, Keller D, Mangelsdorf 1. Palladium — a review of exposure and effects to human
health. Int J Hyg Environ Health 2002;205:417-432.

Schroeder HA, Mitchener M. Scandium, chromium (VI), gallium, yttrium, rhodium, palladium, indium in
mice: Effects on growth and life span. J Nutr 1971;101:1431-8.
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H&
F14& OPDEEDOBEE
Bé& (Pt)
&R TR ‘A
PDE (ug/day) 108 10.8 1.4

2
i

B4 (Pt) 13, E=BRRAVIOBHED TR CTH D, TV T L, FAITVL BYTA VT
—UAROA Y Py ARG TALKRTE] XL [FTF7F /A4 F) LERINIESRITRDOE
LEWVODTRENT T, ALIIRLEETHD, EBELNE. Z< OBLETLRKIERVOGHER
ISEMIETALDTHAZLIRENTEY., BEDEFEREXARIIMETH S, E/-58L
REEIINENHMTH AN, EHELBCREZ RTHEESHEE LN TS, PH2H)IZ4ELDOT
7T A F VP (H0u] 2R T 5, BH—MRARPAHEIIL, 7 77 noae&B s A R
~F Y arBeBA A rRL IR unAEBERTH S,

RRMIEEORI L 2o Bk

EXESFI- R LTHEEL D DEOAEAVBE&LEYDORBAMICE L THIAFTRERE
BaT — & 372 <. BEFERT—FIIBE I TS (USEPA, 2009) .

H&DEWE X, ASICEE L BBECHEETHY, FEBELORELRBIFETH D

(US EPA, 2009) , @EEIX, D72< & bRARKICL2EBEME~OBRBICEHL TL, &
LSBMATMEETHD L ELLND, BEE LTI, CAES., EMEHRIENIZS Lok,
BEUNROF T/ —ENbBEEOHBZEH L T 2RBEENZT NS (IPCS, 1991) , fE
WoEEICIE, BEOBEBAELZTH -7 (Merget et al., 2001) , FHDOEEEKR U T 7 ALE
MFEEERVEERT. TUAFUERZEESR2VWEDEEBEbN S (US EPA, 2009; EU SCOEL,
2011) , @EDO Y 2713, BRIEAEF CICIRZEOERUOHIE (IPCS, 1991; US EPA, 2009; Arts
et al., 2006) . MZE (US EPA, 2009; Merget et al., 2000; Caverley ef al., 1995) IZBBE L7 b D TH
BrEZLND, YET—FELvEa—L, BERERELHEEZ REMEEORNL R2EEE
BE LT,

EOIRERFOPDEE

PICl, (HLBRROESIT I W) ROPICL (FIEHEDIR) 24BEMIBHKRESTIHEET v hORRIC
BT, PICLICEL Tk, MRFEH/ T A —F ROMBRELFR T A—F ~DORBIIFRD b
hotl, RBREN-EEARETH D AELS50 my/fklkg% PICL, O EE C4BEMIKRE S -8B
BWTIE, W7 V7 F=rO@MiEtic~~ +7 Vv hRUFRIERAT A —F OBDBED B
niz, WFROEABICEL TS, ThixREShBHOMBBT. FICEET OB eREN S
MLU7z (Reichlmayr-Lais ef al, 1992) . ZORRICBVWTHEEVMOELERPA TH T
BTEESBD NI 0D, ZORRMAZPDEEOREICA e, EERE (FE1icEk
WTEBRSNFI~FS) #BEICAN T, A4 L LTONOAEL 10 mg/fiftkg (28AMIZir 7=~
TEE4.1 mgD BEMERE N, 0.146 mg/day) ZET, BAREROPDEEZREHT S5, Ui
S v hOEEZ, RREEFFICS g TH Y, RBRE2E L COFHEERMEIT3S5 gTho7-, F
IR 135 g2 UHETEICAW,

0.146 mg/day / 0.135 kg = 1.08 mg/kg/day
PDE = 1.08 mg/kg/dayx50 kg / (5x10x10x1x1)=108 pg/day

I X 2 IRERFOPDEE
57



TLETHBTA FZ1 >

ST AL LY 2 —it, BEFBEEREKICEDASEFHIC OV TOFMARERN RS D
ThHAZLERALMNI L, ASHEOREORIE, 7y b TIREBED TELS (GEFIRORSDOSHE
WCI1%KRE) . B FTIRLEVEY (BREFPtD42~60%, US EPA, 2009) , L7=23-> T, F£OKE
TR OPDEEZZII0THR LT, BEFIC X 2BRBRFOPDEEZ KD S GUEICEHMI LTS L
BY) .

PDE=108 pg/day / 10=10.8 pg/day
W AR §E I OPDEAE

it =2 o N— 2T BIT AECASEREOFER DDz, ZHROEMWFER (Biagini ef al, 1983) &
UEEEREBR (Pepys ef al., 1972; Pickering, 1972; Merget ef al., 2000; Cristaudo ef al., 2007) 235 &
nTWwWa, £7. US EPA (1977; 2009) K OBRM OBERBEBRFICET 28 FEZEHS (EU
SCOEL, 2011) 1. B{EXESE 2 I-B{bA&BIEROREMERE LT, &JII@H&%H&%B&W:
Eéa‘*éﬂ%«%%*‘ (EU SCOEL) 1%, A0 A&BICE L THE LOREMEERET HIC

5'/\—175=T+ YTh B EfERLT-, US DoL (2013) IXF[IAMEBR &R Bé#éﬂ%%k@ﬁ&
fﬁ:{ﬁ%z pg/mAICRE LTV S, EERE (HEUIBWTERBINFI~FS) 2EEICANT,
T ABRERFOPDEEZUTO XS ICEHT 5.,

2 ng/m’ X 8 hr/day X 5 day/wk 0.48 pg/m’

. I pg/m wr/day X 5 day L e =

EHRBE AR 24 hriday X 7 day/wk 1000 L/m’ 0.00048,pg/L
; 2% '

— B A= 0.00048 pg/l. X 28800 L/day =0.27 pgke/day

50 kg
PDE=0.27 pg/kg/day X 50 kg / (1 X 10 X1 X1X1)=1.4 pg/day

BE IR
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A&RTE
A& T #E OPDEE DOFEE
AVPTA (Ir) . AAITA (0s) . a¥ 75 (Rh)  VT=U A (Ru)
g & T
PDE (ug/day) 100 10 1.0
i

H&#ETLE (PGE) 3 bAERT (BE L IESENT —F B D7ng) 72T AEND
TEEOEMFIT —ZIIRESNTVS, PGE (3T 2 BEEVERR L, FREEIR & OSSR
BRI BBELSIZR T2 EMNHD (Goossens et al, 2011) , W< DD HEKRITLERIZH
T HRME LDy EOFIATRETH 54, ZOFMIT PDE EOREITIE A TR, KV RHD
BEHFHRBRICOWTIRIATE R, 22 L bABROEEMCAV LN B EITIE. RuO,
X 0s0, X0 bWAREBRIEFITHD EE X2 BD (Gaylarde and Sarkany, 1968; Swartzendruber et al.,
1995) , PGE D F[IAEMEEIX, B L LTHOY#% PGE LV bHEMENBH OO L IIZBLND
(Wiseman and Zereini, 2009) .

PGE OFEMICHTABERARRLTWA I EEBE X, TR TORERKICEATS PDE fEiL,
SRS ET Fa—F L LT, AE TR /AT VU LD PDE HEIZESS LD ELTWS,
PGE (8T 5B ONI-ZEMFRIIUT O LB Y TH 5,

ZeVEREAm
AVPIA, FRAITL, BPTLAROLVT =Y LAOREMICETIART —F IXED TR,
o AYTVUA
o T v MNEMEIEMBIEEA ) Do A@HKFME L HIT 24 BFREEEL, 3 Xy
F7 v EBEASITBWTRIELEZEZA, 4V VU AIFRMIEO—AE DNA HI%
FRLI, 2 BEEETII—A8 DNA HIlTE R oied -7z (lavicoli et al,
2012) . :
o BEMAIMTHED, Wistar 7 v MER, LA U LA@HKFY (VY
7 AE LT O, 0019, 0.19, 1.9, 9.5 KT 19 pg/day) % 90 BEEKRE /-
(Iavicoli et al., 2011) , 0.19 ug/day LA EDOBEFICEB W TEHFEEZ IR TS H D
BN OMmb ol ZORBRITEDBRERO PDE [EOREICT 2R B D TR
holz,

o FAITA

o ME(bAR I W AKICHE D IET 2V (Luttrell and Giles, 2007) ., &BA R I
v LI EMEE A LT 2Y (McLaughlin ef al., 1946)

o MEE(bA R I Y AIESHFRAOEBEIZHNLENTWS, WELA R I 75 (0sO,).
i, BRE LT, EEOIREE., B, B, BRRUOKEXICxT 2018, M. K&,
FFigE OB goEE+R3 X - L5 5 (USDoL, 1978; Luttrell and Giles, 2007) ,

o MEbAARITL (FAITALELT) OHFRFRERM (PEL) TWA 1% 0.002
mg/m’ T 5 (USDoL, 2013) ,

° = '7 VA .
o RhDH (K,RhCls (NH);RhCl) 3R X I F7 AE CTHEEFEEE R LT (Blnger
et al., 1996) , ZORRICBNT, HRBERUCEGHEEICEL Ta Yy Lid
SYUULCELULTRY, B2LVBEFEERLRIBNLOTHoT, Ty MR
MEFEMRZ L P U AGBHAKFIW & & HIT2FFE T 24FFREER L, 2 A > b
T oA ICBWTRIELZEZA, v YU AIFEMIO—AEDNAIRT 2555 L
7= (lavicoli et al,, 2012) , RhCLIZ, b FV 2 3BkE AW/ MEREBR Ttz E L%
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RL, BMERFODNABE (2 Ay b7 vlA) Z#EMIE (Migliore et al,
2002) ,

o wURIENuD U LERETIEERBAMENSALSTT v EAITBWOTIE, K
15 ppmDAET, HREICHANTLESYHOEEREROMMBED b,
RSP LIEHULTHWAN, BEICKREIT—IBHEVIZTHRENRLDOTH
B, BRAMEIZOWTORMZRD S Z LI1XT& 22V (Schroeder and
Mitchener, 1971) .

o mYUA (RhELT) DEBE 2— ARUCREELAHDOPEL TWAIX0.1 mg/m’
T 5, RuDAEME(LAH OPEL TWAIL0.001 mg/m* T#H2 (US DoL, 2013) ,

o NT=UA
o WL OMDORugEEIZ, RXIF 7 AETAISKKKZ ITAI00BKIZE T Din virroBR S
BT, BEEEREE3 £ 29 (Monti-Bragadin et al., 1975; Yasbin et al,
1980; Benkli et al., 2009) .
o VT =T LADORARBRORPUIIE (§94%) o FEHIC L DIRERFO JBHAITH
2000 TH B, BOBRENZAT =y MEEWIX., BICEE T3 (Furchner et
al,, 1971) ,

B3

Benkli K, Tunali Y, Cantiirk S et al. Cytotoxic and genotoxic effects of [Ru(phi);]** evaluated by
Ames/Salmonella and MTT methods. Europ J Medic Chem 2009;44:2601-2605.

Biinger J, Stork J, Stalder K. Cyto- and genotoxic effects of coordination complexes of platinum, palladium
and rhodium in vitro. Int Arch Occup Environ Health 1996;69(1):33-38.

Furchner JE, Richmond CR, Drake GA. Comparative Metabolism of Radionuclides in Mammals - VII.
Retention of 106Ru in the Mouse, Rat, Monkey and Dog. Health Phuysics 1971;21(3):355-365.

Gaylarde P, Sarkany I. Ruthenium tetroxide for fixing and staining cytoplasmic membranes. Science
1968;161(3846):1157-1158.

Goossens A, Cattaert N, Nemery B, et al. Occupational allergic contact dermatitis caused by rhodium
solutions. Contact dermatitis 2011;64:158-161.

Iavicoli I, Fontana L, Marinaccio A, et al. The effects of iridium on the renal function of female Wistar rats.
Ecotoxicol Environ Safety 2011;74:1795-1799.

Iavicoli I, SCufino V, Corbi M, et al. Rhodium and iridium salts inhibit proliferation and induce DNA
damage in rat fibroblasts in vitro. Toxicol in vitro 2012;26(6):963-969.

Luttrell WE, Giles CB. Toxic tips: Osmium tetroxide. J Chemical Health Safety 2007;Sept/Oct:40-41.

McLaughlin AIG, Milton R, Perry KMA. Toxic manifestations of osmium tetroxide. Brit J Ind Med
1946;3:183-186.

Migliore L, Frenzilli G, Nesti C, et al. Cytogenic and oxidative damage induced in human lymphocytes by
platinum, rhodium and palladium compounds. Mutagenesis 2002;17:411-417.

Monti-Bragadin C, Tamaro M, Banfi E. Mtuagenic activity of platinum and tuthenium complexes. Chem
Biol Interact 1975;11:469-472.

Schroeder HA, Mitchener M. Scandium, chromium (VI), gallium, yttrium, rhodium, palladium, indium in
mice: Effects on growth and life span. J Nutr 1971;101:1431-8.
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Swartzendruber DC, Burnett IH, Wertz PW, et al. Osmium tetroxide and ruthenium tetroxide are
complementary reagents for the preparation of epidermal samples for transmission electron microscopy. J
Invest Dermatol 1995;104(3):417-420. ‘

US DoL (OHSA). Occupational health guideline for osmium tetroxide. U.S. Department of Labor. 1978.

US DoL (OHSA). 29 CRF 1910.1000 Table Z-1. Limits for air contaminants. U.S. Department of Labor.
2013

Wiseman CLS, Sereini F. Airborne particulate matter, platinum group elements and human Ihealth: A
review of recent evidence. Sci Total Environ 20009;407:2493-2500.

Yasbin RE, Matthews CR, Clarke MJ. Mutagenic and toxic effects of ruthenium. Chem Biol Interact
1980:31:355-365.
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Ly
+ L v OPDEEDHEE
1y (Se)
e qm) 5 A
PDE (pg/day) 170 85 135

2A.
L]

Ly (Se) if, HBRPICHEELTEY, MREALEDEZHES 2B LIELIEH S, L i,
4ODERLIREE (2, 0, +4, +6) ZHAZEMNAETHY, &RV, B L UVBEROE
LyBEE L Wo7n B ORRETAL D, Bl i, b b2ELEL OREIZE > THADHE TSR
Thbd, TLiidk. BEORELV ) VATA RNAICE D X R EIZRYAEND, EL Vv
i, FTABREICRBWTHELE LTHVWSLRTWS, Ru-Sefitfifiy, BEETICAVWLONS, T
Yy—LELVREROVTAXFNLE L VREIR, AESRICBO TR 28R Z H D,

BRMEFIEDIRIL & 72 - T

T Lt IARCIZE D N —T3bAH (BRBAAEIZOWTHETE2) L LTY X MBEE
i (1987) , BBV TREBAMERH D Z ENRENTWEIHE—DE L ALEWIL, Rkt
L THD (NTP, 1980) , US EPAIZL D &, WifbE L I A—7B2 (b MIX L TRERBAE
DORFEMENRH D) FiodhH D (US EPA, 2002) , flDoEL ALE®mit., Z7—7D (& F TORH
IAEIZ DWW THETE ) ITHEShTW5,

E MIBWTE LV ~DBRIBRICED SN R LEELREEE. BT 528 N R E
EHITEOBE L W o R ENEEL - 2L T8 LU PHFETH S (ATSDR, 2003) ,
BEFTOBREDOE L ACKTIRBIZE L T O0DBAERH B, EL AR T I RBERE
FHEIBT S8, thx REREDS., MELBEZ400 pg/dayilfRE L TVW5 (WHO, 2011) , @
HEE, ¥R LTOZEBEE Ly IR E T L ACEBHERE LB, Kbk OO R
M RE W ONZEHK & WD o TR R RICKT T AR OV TR TWD, BREMICRES
Nk MZELTHEIN TS bOICEB LR IERY, EHEOTEREZL D 22—
RiFFAREZBRALEEM THLRLNTEY, £, B AMLAKEXIITRZEL VDO 2 — A3
LLIEF A N ORMERARE #1T - BV RBRARIL., TFBRANE R OFTIRERE 7 #E5 LT 5,
W ARTEZ ORI 622 b D & 72> T2y (ATSDR, 2003) .

A% N IR B OPDEfA

Wbt LT 5T v MEBAERBRICEW T, FFHIRA AIZFR ZNOAELZS3 mg/kg/day (&
Lk LTLT mgkg/day) Toh-o7c (NTP, 1980) . EDMDIEREOE L DORDB AMZFHET 5T —
SR TH Y T o EOBEED v Mk A EEMEITERMTE SN TV A8 (IARC, 1999) |
ZORET, AFRRERERORBRRTH S, W OhDE hF—FBAFRRETH D), RERLME
BREBICHBITEHDTHD (ATSDR, 2003) . HiH SI/ZPDEMIL, &L DMRL 5 pgkg/dayiZBiL

=50 TH5 (ATSDR 2003) , EERE ((HEIZBWTERINZFI~FS) 2@ LT, ROESE
BFOPDEEZ T O L HICBEHT 5,

PDE=1.7 mg/kg/day X 50 kg / (5 X 10X 1 X 10X 1)=170 ug/day
EUUHRBEDY AT DI, F4k LTHREI0ZER LT,

BEHZ L D IRER OPDEfE
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bt FEROEREH TORBERKIL, B L UEBE, EVUVBEROELV AFA=EWD o7
X OMDE LU ALEBIROBREINTES. LIELIEREAEDI%EEB X 51 ERES TR
ENnBZEHEFTELTVWS (ATSDR, 2003) , ROBREBEROEDFHIFIARI~0%THD &
PEE 2, ROBEROPDEMEZEEMRE2TRL T, EHICL2BREROPDEELZLUTOL D
EHLE GIECREBINTWEEBEY)

PDE=170 pg/day / 2=85 pg/day
% AUk i O PDEJE

RER 22 00 SR HREE L. HEIFEICBIT ARABRBEORLBREOEH Vv —H—Th D, MEREHE
i3t LU IREIC T A RN EEHE0.2 mg/m Z R E L (US DoL, 2013) . BRINEASFR FHIEM
K7 N—7 (EU SEG) IXEMRBEBR 0.07 mym’#5RE L7 (EU SEG, 1992) , La>L72ahs
5. EU SEGOMEMBREIRA (OEL) 1k, MARKDICFEELR2WEBDNWOEETHL &
L AbARBICESWTHRESNTZbDTHD, LIR->T, US DoLIZ L Y Ex H I /7-OEL%
A, EFEEE (FHERUCBWTEBE I N-FI~F5) 2BBIZAN T, BABREROPDE % LA
T X ICEHT S,

o - 0.2 mg/m’ X 8 hr/day X 5 day/wk ~_ 0.048 mg/m’ .

TR SR T = 24 hr/day X 7 day/wk 1000 Lim® 0-000048 me/L
X

_REE— 0.000048 mg/L X 28800 L/day —0.028 mg/kg/day

50 kg
PDE =0.027 mg/kg/day X 50 kg / (1 X 10X 1X1X 1)=0.135 mg/day =135 pg/day

BH R

ATSDR. Toxicological profile for selenium. Agency for Toxic Substances and Disease Registry, Public
Health Service, U.S. Department of Health and Human Services, Atlanta, GA. 2003.

EU SEG. Recommendation from the Scientific Expert Group on Occupation Exposure Limits for Hydrogen
selenide. European Union Scientific Expert Group. 1992;SEG/SUM/22C

JARC. Overall evaluations of carcinogenicity: An update of IARC monographs volumes 1 to 42.
Monographs on the Evaluation of the Carcinogenic Risks to Humans. International Agency for Research on
Cancer, World Health Organization, Lyon.1987;Suppl 7.

IARC. Some aziridines, N-, S- and O-mustards and selenium. Summary of data reported and evaluation.
Monographs on the Evaluation of Carcinogenic Risks to Humans. International Agency for Research on
Cancer, World Health Organization, Lyon. 1999.

NTP. Bioassay of selenium sulfide (gavage) for possible carcinogenicity. National Toxicology Program,
US Department of Health and Human Services. 1980;Technical Report Series No 194.

'US DoL (OHSA). 29 CRF 1910.1000 Table Z-1. Limits for air contaminants. U.S. Department of Labor.
2013.

US EPA. Selenium and compounds (CAS No. 7782-49-2). Integrated Risk Information System (IRIS).
2002. .

WHO. Selenium in Drinking-water; Background document for development of WHO Guidelines for
Drinking-water Quality. World Health Organization, Geneva. 2011. WHO/HSE/WSH/10.01/14
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R
SR OPDEE DHLE
' (Ag)
% K a5 A
PDE (ug/day) 167 14 7.0
&

R (Ag) 1%, & LTEbE+1 OFRET, ROFEREIID RV SERMEE+2 ORETHRILEY
HICTFETET %, Ri%, FICEBD THEITIZL LK, 2, BELTWBEMES, FibHER WL oh
© DEDOGRETRARICEET S, KEKPORLEERBLEWIL. WMBEERVELERTHD, 1F
LAEDOEMIT, 10~100 pgkg O THEBORE ST, MITRBENICULA TR, R
AEFZFABEIITRHATH D, B FLohbcFLordxy FADOBIicBWTHEE LTH
WHNTWS, $B—HF FI U LEELIE, REMINVE= LAY OERPKFBICANGEND,
B beRiL, AHARICBWTREAZEIA L LTRAVWLRS,

LM EREORIL - T-FE

RITEERBEMEZ -2, 82 AVWEBERREOE b Eg e L-sEratid. BnAME
B3 A+4REEARE L TV, THbDT—FIZESX, it MTBWTENAMERE
T A5 LI TFRENTWAYY (ATSDR, 1990) .

SRICEREL. b MOREBBUICXT ARKISO P TR BEHERE VERERTHL LB 5, B
BESRD b o —FRINEME AV B D (Hymowitz and Eckholdt, 1996) , $RILEEIX. FEFEH
REBOEREIEELELDTHY, BICLIAToVEEREL —KE 2o EE~DHRIL
ENLAELD, BULNVOROBRAIT., MERCHEGEORBECICEREELDIZERH B
(ATSDR, 1990) .

B ORZEEOPDERE

HEME < 7 R REERER 2 0.015% I L=k (0.9 g/~ A, FHEEER32.14 mgkg., #R64%) %1258
M&5 %, SROBEMNZBRERICE S MRITHFREBENFHEBR S 7 (Rungby and Danscher,
1984) , MWL.EEVILHIRENY & LB L T E BES AR SN, T OMOERR EOBIEEIIER
S hotz, BIORBRIZBWTL, v~ U RICHLEE] mg/kgZ BEEATEA L7-EIC, RN
ICETET 5 Z &R &N 7= (Rungby and Danscher, 1983) , #&RNRERFOPDEEIX, ZRBE 5
pg/kg/day & FfE LTV (US EPA 2003) , EIERE ((F&IICRBWTEEEINEFI~FS) %
EZB LT, BOREIFOPDEMEZUTO X D ICEHT S,

PDE =20 mg/kg X 50 kg / (12X 10X 5X 1 X 10)=167 pg/day

RER S T- M EROFMEREEN DT LA <, PDEEDOREICLOAELEZER LimZ &0, F5S
& UCEREN0RTRIR L -,

HEHHT X 2R ERFOPDEA

US EPA (2003) 1. =oA RERRUEEEL AW - RMEIEDRICHIDEE 2 RE L EH %
HEizLE, v FoOESE Q~9ERM) OBIRNEEDT —# ZH T, $8DLOAEL#0.014
mg/kg/day & #E LTz, BEREK (HFEUIBWTERINAEFI~FS) 2Z@ICANLT, EHICL
BHURBEEFOPDEEZLLTO L S ICEHT 5,

PDE=0.014 mg/kg/day X 50 kg / (1 X10X1X1X5)=14 pg/day
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HERNOROERITAELIIZZLNRN &b, BILBFEDOFHTREZLOELE A2 L, F5& L
TRESZRIR L,

% A% B O PDE{E

i R OEME D BB N B RS, B L_ADEOBARDOE MIBITAEL IR ETHo T, &
BERE OISR L A O IRBEMRARME (TLV) 0.01 mg/m® (US DoL 2013) %M\, EIEMRE
(RN B N TEBINFFI~FS) 2ZBICANT, MARZEROPDEEZLUTO XL 5 IZEH
T3,

. - 0.01 mg/m’ 8 hr/day X5 day/wk _ 0.0024 mg/m®
RIS = 24 hr/day X7 day/wk 1000 Lim® , 0-00000238 mg/L
njgg—  _0:0000024 mg/lX28800 L/day  _ 014 monoiday

50 kg
PDE=0.0014 mg/kg X 50 kg / (1 X 10X 1X 1 X 1)=0.007 mg/day="7.0 pg/day

BEHR

ATSDR. Toxicological Profile for Silver. Agency for Toxic Substances and Disease Registry, Public
Health Service, U.S. Department of Health and Human Services, Atlanta, GA. 1990.

Hymowitz N, Eckholt H. Effects of a 2.5-mg silver acetate lozenge on initial and long-term smoking
cessation. Prev Med 1996;25:537-46.

Rungby J, Danscher G. Hypoactivity in silver exposed mice. Acta Pharmacol Toxicol 1984;55:398-401.

Rungby J, Danscher G. Localization of exogenous silver in brain and spinal cord of silver exposed rats.
Acta Neuropathol 1983;60(1-2):92-98.

US DoL (OHSA). 29 CRF 1910.1000 Table Z-1. Limits for air contaminants. U.S. Department of Labor.
2013. ‘

US EPA. Silver (CASRN 7440-22-4). Integrated Risk Information System (IRIS). 2003.
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ZU Dk
# 1 7 5@ PDE {EDOHEE
ZY oA (TD
&0 R ’A
PDE (ug/day) 8.0 8.0 8.0

Frif

2 Y UL (T X, FRAOEBRTHD, FV ULE, FLLTH RU+3 0T H0{b
WHETEETS, 1 lioF ) v, A FVEREROERBAII UL KH) ICEEILTEY, Z
DS RELMENRZY D LDOFEEDOEIZFEELTWS, RO LY )V UV LABHERE, ¥V
U AEDEL BKIEMETH D, HBEZ Y U LIL, & LTHREAL LTEEKICAVWONR TS
1Z0, MR, BEROAfE. F7R, BEEROT YT Vo mBBEEOREKDOODEERIT Y
AnonTng, #U vLAG@HEIIEEERICAVWLORTWS, &V 7 AXREENICHAEATI
2L, REHAEBRZABEITI LN TV (ATSDR, 1992) ,

RRMEEDIRI L 2o 1 EHE

v FEUEMICBE W T, KE. FICEa8, VU AOREROBRENLOEHICE LS
NEVERSE & Bbh s (US EPA, 1992; US EPA, 2009) , Kigthots (RileH. HrlstE XX
TREAIE) 1XfhDIZER X » bW A B> (Mooreetal., 1993)

% NIRFERF O PDE

ERROEHICBITAZ Y A~DORORBIEI - 2EZEMNREIL. KB, BFCE8LEbh,
X, BEBE Y ULDT y MERHAVWE 90 BEBEERBRTTREINTWS, LV EHECHEE
OREZRBEMT A L 2BEZ, ¥V 7450 NOAEL % 0.04 mg/kg & EDHT= (OEHHA, 1999;
US EPA, 2009) , L7=M->T, 7 v MIBITHZ Y 7LD NOAEL 0.04 mg/kg % EIZRE QB ER
® PDE {EZRE LT, :

BEEHEE (HEFUIZBWTEEREINFI~FS) 23§ L T, ROBRERNOPDEEZLITOL DI
gﬂj—g‘éo

PDE =0.04 mg/kg/day X 50 kg / (5X 10X 5 X 1X 1)=0.008 mg/day =8.0 pg/day
HEHIT L 2I1REER O PDE i

2 Y MEBE~DOEHBRRIHRS., BEEOH LT — IR WEEN o=, AIIEEDZ Y
v A O FEHR| I RITE VY (380%) (US EPA, 2009) " L7=-> T, EHICX ZBREFD
PDE f&i¥. L OREFDO PDEEELE—TH 5,

PDE=8.0 pg/day
% AR %R D PDE f&

2 T LMEEM~DRAREIFRD, BEEDH DT —FiT7ev, US EPA X, #V 7 ADRA
EHICET AERIIBASREELZEEZHTICEIA TS THL E/M LT, # VU 7 A~DRAR
BOTREM 2SO HEEFHEIIRBENTH D . RENTIEeho7- (US EPA, 2009) , b bR
UEMIC W TRERESN-IRERHIIBRETHY, BRABRKICLZ2RIRETEL ., SHiIHRve
EZz2bh5 (IPCS, 199) , RAROBRAREDOZ ) 7 MEEICL VELUOFABRTFHEINS,

ZOEENG, WAMRERFO PDE EIZOWTIL, EHICL ARERFD PDE fEZ b > THRET 2,
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PDE=28.0 pg/day

BEIH

ATSDR. Toxicological profile for thallium. Agency for Toxic Substances and Disease Registry, Public
Health Service, U.S. Department of Health and Human Services, Atlanta, GA. 1992.

[PCS. Thallium and thallium salts: health and safety guide. International Programme on Chemical Safety,
World Health Organization, Geneva, 1996. Health and Safety Guide No. 102.

Moore D, House I, Dixon A. Thallium poisoning. Br Med J 1993;306:1527-1529.

OEHHA. Public health goal for thallium in drinking water. Office of Environmental Health Hazard
Assessment, Berkeley and Sacramento, CA. 1999.

US EPA. Drinking water criteria document for thallium. Health and Ecological Criteria Division; Office of
Science and Technology; Office of Water; U.S. Environmental Protection Agency, Washington DC, 1992.

US EPA. Toxicological review of thallium and compounds (CAS No. 7440-28-0). Integrated Risk
Information System (IRIS). 2009. EPA/635/R-08/001F
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AR
A X DOPDEEDOHEE
A X (Sn)
% H S A
PDE (ug/day) 6400 640 64
FFai

Z X (Sn) X, HHABOEERTHY . RARUHADOB{LIREE CHEET 5, XA XEB(LEMDS b
BLEER SO, B, Htw., 7 vt ™ic e S b X XEEF R Y U b RO R X
FRITATHDB, ZARIE, WL OBDTNALFES I UERI XTI REMIESPIZEETS
(1884 7-VSn& LTEEI0 pg) » AR, —HOBMICZ & > TREFRITHLNETH 5 ATREMES
HBM, b MIESTHATHS LIFFRESLTHAY, EEX XD, BRAE LT, KUK
UL =A-(PVC) DEELFE LTHAVWLRATWS, EELHUFIPICEENIEBERHY &
WIHELEN SR, ABAXEEHEIV YL, IV EHEECHEETIESAINIVEET S HLOT
HoHH, ZOREMEFHMHIXEHMAXICERE Y TS,

REMEEIEDORYL & 72 - Te Btk

A AR ORRZBIZET Bin vivoDBBREBEEXUIREBAEZ IR T 5 HOIER, W ONhDT v
FNABICBWTIL, BMOPEMEL LTONES 2 B OB RS SRS S BV EEHEIEIE T
bHot-, BETHE., AXRURARXEiLin vitro7 v EA BV TERFRMEICE LERHETH - 1228,
AZXRPAXED D LWL 2DOHBEOSL O REFEBEIZE L THBETH - 7= (CICAD,
2005) , U AKRWNRT v P TO2EMBRICBWTIX, BIEE - XAXIZENAE X 2oz
(NTP, 1982)

&0 IREFEOPDER

2, RERAREZDOT v MEB T 2R VEZHESEHVFEEZE Tho7m, LiaBR-T, &
ARFEFEOPDE@EIZ OV TiE, HZBIEVWNOAEL, 7235150 ppm (XX & L T32 mg/kg/dayr
WY (ATSDR, 2005) ICESWTIREL, ZOHEIX, T v MIBIT290EBRRNOE LN
HOTHY, HILFE—AXZRAEREINTZT v MZBWT, 500 ppmPl EO#EFHETORMD
BEEEIRESINT (de Groot et al, 1973) , NTPIZ X A 13 AR HEFRERER (NTP, 1982) i
BT 2 EMEZEHMIL, de Grooth it LARBRICBIT A DLV BRBEIHTVE (FlxIiE, ~
FESa IR T AREE WO EBRAENRET —FORE) Zinh, ROBREFOPDE
BEOBREIZBVTIHE. de Grooth DRERIINTPORR LV bEEMERH I LD ELEZ LN, &
EAE (HFEUCBWTERSNEFI~FS) 2B EICANT, BOBRERFOPDEELZ LI TOL D
BT 5,

PDE =32 mg/kg/day X 50 kg / (5 X 10X 5 X1 X 1)=6.4 mg/day =6400 pg/day

HEHIC L 2 IRERF OPDEE

ZARCEATIZEEME L Ca—id, EHRHICXIBRERKICIRD PDE EOEEDO-DICHEERME
NOFMEHEHEETERDD 2T, AXRVE#RR (LAY OK OREREO 4SRN A RE
5% (ATSDR, 2005) #Z:iZ., B OIREFERFO PDE [EZEIEfRE 10 TRL T, BEHFIZ X IRBEFO
PDE {E#EH L7 Q.1 HEHIERINATWBLEEY) |

PDE =6400 pg/day / 10=640 pg/day

% A& Ry O PDEE
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ARICEALTOELELVE 2 —i%, RABRZERKICHRS PDE EOBEHOIDIZHL XEHFER
TR 2 R4 DN T O S DB EF 2 ETE R o7, AXICELT TLV (2 mgm’; US
DolL, 2013) BFIATRETH 5. MRL ZRETHICIET—F B3R +4ThH5 (ATSDR 2005; EU
SCOEL 2003) ., L7=2i- T, RORERFD PDE H% RARERO PDE EICE#RT 12012, &
100 #AWVWT, RRIZET 5 PDEEZEHTS GlEICEHEIhTHDIEEY) ,

PDE=6400 ng/day / 100=64 pg/day,

BEIR

ATSDR. Toxicological profile for tin and tin compounds. Agency for Toxic Substances and Disease
Registry, Public Health Service, U.S. Department of Health and Human Services, Atlanta, GA. 2005.

CICAD. Tin and inorganic compounds. Concise International Chemical Assessment Document. World
Health Organization, Geneva, 2005. Document 65.

de Groot AP, Feron V, Til H. Short-term toxicity studies on some salts and oxides of tin in rats. Food Cos
Toxicol 1973;11:19-30.

EU SCOEL. Recommendation from the scientific committee on occupational exposure limits for tin and
inorganic tin compounds. European Union Scientific Committee on Occupational Exposure Limits.
2003;SCOEL/SUM/97.

NTP. Technical report on the carcinogenesis bioassay of stannous chloride (CAS NO. 7772-99-8) in
F344/N and B6C3F /N mice (feed study). National Toxicology Program. U.S. Department of Health and
Human Services. 1982; Technical Report Series No. 231.

US DoL (OHSA). 29 CRF 1910.1000 Table Z-1. Limits for air contaminants. U.S. Department of Labor.
2013.
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RFUY N
NF P AOPDEEDHEE
RFD A (V)
&0 TS A
PDE (ug/day) 120 12 1.2
i

NFETT A (V) i, #iERPICETRE LTHEL., HReRBRE (1, 0, 42, 43, HED
+5) THEEL DB, NPT, FEAFIVEBEA ALY (VO) RUNFINALFY (VO,)
ELT, IEEAEDEMAEREICHERMETFET 5, N7 VU LDHELED L ORIUIITHOIIC
<V, B FTOREDDONF VY AOKRBEREHEEEIZ10~60 pg/dayDHEEIZH D, HBHAKD
HOBREIAKFICEL Y By, MHERIEIIRE CT140 pg/dayThH s, & F—RKAOLATO
NP ADMIETEREIIZETH I, 2 ngLBEFEHEADO LR TH S, ENIZIELSH/HMLT
b\ét:%zﬁ%agb%f\ b MEPIZRIT 33V U AORERREWFOERENISLEESI N TV 20,

RRVEEEDIRILL 72 - 7Bk

NRFJU AL, BEEZET DN, BREMELZ L2 (ATSDR, 2012) , IE{L ATV T L
1. B MO L TRERPAMDFREERH Z2WE L LTHEEINLTWS (Group 2B; IARC, 2012) ,

& OWRErR D> PDE &

B ROt b~OROEEZIZEOTIE, HLE, LLERRCLERDEELLSEFZEENTH D,
BOBEICL BT U AOFEEZFMT 0K LEDRARRNS, N FUU LA REMREX
Nk MZBWTEB SN, ZORBRICBWTIL, ERET VE=U AT ULV T
PN (RF YT AL LT012Xi30.19 mg) &4 FEAT~128MEE LI #HBRE O MiKEFA<
T A -4, FFHEE (WEFEERLASVICEYVRIE) . 2VATe—A KRNI 7YY RREE,
BHEE (MPRFBERICLVAE) . RENXIOLEICHEERE(CIEAR D72 (ATSDR, 2012) ,
MR EHIEE R OMLE~DEEBIZ T 5 /3727 AOKEANOAEL 0.12 mgkg/day% ., #% O IRER
DOPDEEDEHICHA W, BEAE ((HEICBWTEEBINFI~FS5) #BRICANLT, &0
IRERFOPDEMEZ LT D & 5 ICBHT 5,

PDE=0.12 mg/kg/day X 50 kg / (1 X10X5X1X1)=0.12 mg/day =120 pg/day

HEHHZ X HHEEERFOPDEE
NFDoMMIETARSEL Ea—iT, BRI X ABRBERKIZES PDE EEHOEL B3 EE
AR R A BETCE R holo, NPT ARVEEAT U MEEMICETABB L FORO
REIRFOEMEHFAERL 1%EKME~10% (ATSDR, 2012) THAHZ LZBEE 2. BROBREFO
PDE {HZEEMRE 10 TRL T, BERICK2BERO PDEEZEH Lz G0 R IZH#E I TW
rLEY9),

PDE=120 pg/day / 10=12 pg/day

% AUREE R OPDEfE

F v N OUEREHRAIBRBRRNR, N TPV ULICETRARER OPDEE~DIER O DI

BREtEnik, ZORRIIBWTIL, Y¥EARICAVWONTERERAETH 2HBE NPT L0S5
mg/m> CRRAMERNTRD bk (Ress ef al, 2003) , HEML AT DU AL, BRKITHY, &
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HPICIEET B LIEB A bNARY, Lo T, #HRER OPDEEZEEMREI00TER L T,
AP Dy MCET BRAREFOPDEMEAEH Lz GIRICEREShTVHLBY) .

PDE=120 pg/day / 100=1.2 pg/day
BEIWR

ATSDR. Toxicological profile for vanadium. Agency for Toxic Substances and Disease Registry, Public
Health Service, U.S. Department of Health and Human Services, Atlanta, GA. 2012.

IARC. Arsenic, metals, fibres, and dusts: a review of human carcinogens. Monographs on the Evaluation of
Carcinogenic Risks to Humans. International Agency for Research on Cancer, World Health Organization,
Lyon. 2012;100C. '

Ress NB, Chou BJ, Renne RA, Dill JA, Miller RA, Roycroft JH, et al. Carcinogenicity of inhaled vanadium
pentoxide in F344/N rats and B6C3F1 mice. Toxicol Sci 2003;74(2):287-96.
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e 4 - EH
PDEfE D> b ER AP OF AR E~DOBREF

FFarl: —AEREN 10 g 2B RWREIDOEDO, RAERN SO TR R OFF
RICEREREME

CoFE LT, 9By (RRIBERRUCHRNFISER,. £A41 BZR) 28635, RX—AE
BE 2.5 g OROBEBEAICOVTHREIT S, ZORAOER—BERRILI0 ghBrinl &
Mb, RA220FRWELRANVDLZENTED, 7V aVIBHEOFREEL 2512, H
FIF R OIS Z2 ED LS REERTHAHOTL XV, YEFEOGRIINNT VUV ARN=y L
A AV TWA LD THY, URITERAL MIESEH, b, I RFI UL, KERUA
FOT L BMSRLE RS TND, BLEFAMIBRA22IRINEBETHEELTWB ERETS
BEICRBWT, BATOETEREMORRK— BBEREIIRALL IIRENEEBYTHD, B
LB THARY ELRA—BERER, A 0O—ABERERUVRA220OYETERMD OB
EREEZAVTCRESIND (BREREBICRAOERO—AERE2S g2 R LD) , RAL2Z
BWT, EXZ OB R—BEREIL, &7 7 AMIRINTEOEF &R LR,

ZOHBEILZ., FNFNOPDEEERB XD IR AMBPB RN EESNFEL TS, LEXST, Z
N BERR S DRBENBZIBWESITBWTIL, YA, BESN-ITEREHEFNENR
DOPDEEZBZ R NLDTHDIZ EMMRIEEND,

FA4.1 : BIARERRR S OFK— HIERE

WL 5T — ARG (g)
JE R 0.200
udER L1 — X (MCC) 1.100
H¥E 0.450
U LEBANT T A 0.350
JaARE R 0.265
2RFTY U R T A 0.035
E Raxs 7o’ )L tFu .

o1 u—2 (HPMC) '

miLT4& 0.025
ARl ek 0.015
o) 2.500
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FAA2 RA22TXBEEZHFARE (BELZLELE L, o, —AEREZ10 gL RET 55

&)

BRRFAIRE (ug/g)

Ly Pb As Cd Hg Pd \% Ni
JR3E 0.5 1.5 0.5 3 10 10 20
MCC 0.5 1.5 0.5 3 10 10 20
5 0.5 1.5 0.5 3 10 10 20
UBEEH LT T D 0.5 1.5 0.5 3 10 10 20
JaRRE R 0.5 1.5 0.5 3 10 10 20
ATT VBT R T A 0.5 1.5 0.5 3 10 10 20
HPMC 0.5 1.5 0.5 3 10 10 20
T & 0.5 1.5 0.5 3 10 10 20
3| #7S 0.5 1.5 0.5 3 10 10 20
xAk—AERER (pg) 1.25 3.75 1.25 7.5 25 25 50
PDE (ng) 5 15 5 30 100 100 200

FFvay 2a: —EERESAHRESNTOBRAID DO, BEIERAR S SR O TRERHY D
IR TR

TOEE LT, A7V ariicBOTAWVWLNE, RS (RIEITESEEOEINAISTEE. &
AAIBR) #5675, BERX—HEREN2S5 gPRE UREOBABEANOWTHREFTT 5, =7
La VI EEOHTEEE L D0, BANEROIKSE ED L D REERTHO TS LV,
WEREEDARIT T VUL ROy FAREEZR N THEHDTHD, VRAITERAL NI
Eox4 vH. A RITL, KBEEROAFTOUABLBERER>TWS, VAITERAA T
W LT B TR ORRIEL, RA2.IOPDEER I LHE ShE 5,

b B TEAMBHPERY BE5EA—BEREL, YZEFOERO—ABHERTRALIDITER
M OBRERE[ZAVWTREIND (REREMEICRAOERO—BERE2S gL D) ,
FEAACEBWT, FLBRMPOREKRK—BEREIL, &1 7 AMIRINTEORFH L ITR DRV,

TOHEY. FREFENOPDEBEEBZ A LB AMMMB 2N EEFEL TS, LIEB-oT, Z
NOBEREESDOBRENRBLBVESICEN T, Y%A, BEIh TR e ti
OPDEEZBZRNEDTH D I &EMBRIESND,

FFavled Ty a2l THRBEYHER UBAICAT Y a L 2aD AR E S MG I8

LTWBEIICRZADIZ, BHlo—REBRESE LTENENI0 ghT2.5 gz AWZ LiZXD
HLDOTHB,
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FAA43 : — ABREPBE SN TV BB ORKFRREDHE (RENILE & E LIZHE)

BAHFERE (ng/p)

RS Pb As Cd Hg Pd V Ni
JEER 2 6 2 12 40 40 80
MCC 2 6 7 12 40 40 80
¥ 2 6 2 12 40 40 80
Y UBHNT T A 2 6 2 12 40 40 80
s ARE R 2 6 2 12 40 40 80
ATFT Y U TR T A 2 6 2 12 40 40 80
HPMC 2 6 2 12 40 40 80
Be (T & o 2 6 2 12 40 40 80
ER{b.Ek 2 6 2 12 40 40 80
BA—BERE (pg) 5 15 5 30 100 100 200
PDE (png) = 5 15 5 30 100 100 200

FFay 2b: —BEREFFHEESNTWBREA O DD, EMERKS T D TR ARHlii D
RIEEREME :

ToOFlE LT, A7 a IRURaACBWTHWS N, IR (RIEITEE KR OIS TEE.
FALI1BR) #EETH. BR—HERE2.5 gPR UEOBEBRMA ISV TRIT S, YHE
EOESRIINRF VU LER=y SN EZANTNEI LD THY, VRAITERAV MIESE
], bFE. A FIvA KBRUONFVVLABBSLRSTWD, 7V a 22 AN5E720DI,
W2 BRI D R S AR K N 4 s BRI AR AL 70 R O & SR A & BT 2B R DV TRET
#1795, UTFORIL, 5SEICEHR SNIHFRENLELNDTREERDH D, BABHRKRS T OE
TRAMBIARD T — 5 DFERTHDOTH D,

2 Add  BRROF OERAMDBRE (ng/e)

BE (ng/g)

RS Pb As Cd Hg Pd \'% Ni
JRIK <LoQ 0.5 <LoQ <LoQ 20 <LoQ 50
MCC 0.1 0.1 0.1 0.1 . <LoQ <LoQ
AE 0.1 0.1 0.1 0.1 * <LoQ | <LoQ
JING " ISR YN 1 1 1 1 b 10 5
AR R 0.1 0.1 0.1 0.1 * <LoQ <LoQ
AF7Y eI X T A | 05 0.5 0.5 0.5 * <LoQ 0.5
HPMC 0.1 0.1 0.1 0.1 i <LoQ <LoQ
B{bFs 20 1 1 1 * 1 <LoQ
B gk 10 10 10 10 N 2000 50

#2277 T AR Y MIPABBEERARAD TIIRWERELTEY, EENERIIBONT
1,\%;[,\0

FAAAUTEBT AR EANVT, SERESPOZTERMDICEL T, B BLBEOEX
RABAFICOWTCIHMET 5 Z ERFRETH D, RALSIZINOREDOHEEEO—FINHERIN
TW53, ZOBAICEBWTIE, BEEOHBELTZ ICE VB ToA TSR, BAFDZD
Ry DERREIEMENZ &, ROFEOMOBERRK S T O ORENENZ &5, PDEMEIX
BzhnweEZOND, ZNDOBREROERERSER (FA4) 2RV, MAFOTRR MY
BEICHOWVWT, RQOEZAWVWTIRETHZENTE, 2>, XEPDEEL B THZ LR TE 3,
FAASITTRENTZRBEL, FALNTREN-EBRASEIEOHBEDHTERFIRETH D,
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7 A4S BARRELSY T O TR DY 13D IREE OB

N BYEBEBE (ng/g)

RS Pb As cd Hg Pd v Ni
R <LoQ 5 <LoQ <LoQ 500 <LoQ 750
MCC 0.5 5 1 5 * <LoQ | <LoQ
FLIE 0.5 5 1 5 * <LoQ <LoQ
U UEEH AT T A 5 5 5 35 * 70 80
JuARE R 0.5 5 1 5 * <LoQ <LoQ
PR e DN 5 10 5 125 * <LoQ* | 100
HPMC 2.5 5 1 5 * <LoQ | <LoQ
LT & 50 40 10 35 * .20 <LoQ
A ES 50 100 50 200 * "5000 1200

* MUY RS TERAAL MIPABBIEMTRED CTIIRVWEREL TR Y, EENRBRITE
LR TUVRLY,

A7V a3 REEREOST

COflE LT, A7 a v, 2aRTVbICBWTHWL L, SRR (RIETFEE KR OEINAI8
) 228 T5. RRK—BEREN2S gNF LR AEERAIC OV TREITT 5, SEREDOE
BRIT T Oy ARV =y A AR EZ AN TWA D THY, VAT TERA L MIESEH, b
. HFITA, AKBRUOASAFPTLLEE L R-> TS, BEIFOETRERHS O RRKIREIL,
X (HEAV, BAO—FEREROCYURTRER MY OREPDEEZ AWV THRIET S e A TE
%, BELEAMYOKREIL, REPDEES LEILRNWEIITTRETH D,

# A4.6 : RKBEIBOREOHERE

BRRHFARE (ug/e)
—HERE (g Pb As Ccd Hg Pd \Y Ni
A 2.5 2 6 2 12 40 40 80
BEX—BHERE (ug) 5 15 5 30 100 100 200

76




TERAPHGT A FZ 1 >

Ff — STREAH O

UToFIT. TEZERMIOV R I TERA Y FOFIRERDZZLEEZEBERLEZLDTHD, ZDF
i, FIREABERLIELDOTHY, VAITERRA Y M XENTLIM—DFEL A 32BN
LEbLOTIEARY, VAZTERAY Mot RRREDILENA~DT Fua—F 2382 ik
NH D,

ZOFIE, R EREIN TV ARAOBKICESHELDTH D, TRLbLIERES (R
EEEORNEISER) 2848 L. ZFR—BFEREN2S gnREOBERRAIC OO TRETS, 4
SREDEHIL, ATV TARVR=y S AN TNE LD TH D,

YHHEFE, SACRHINE /oo T, BENRTRRAMYOBELESL LTY
AT BARY FEEET D, YXPHET. BRPICAVWLRIEMANCEL T, RENLRE
B — S RETARICEEE>TWVAI NS, M7 =— A 2B LTI X1IxcE (FE. &
FIoa, AR 88) 2BV LT LERELR, BUTORIE, YVAITERAAL MIBITD
EIEH TR MM OREEDEME THRONIZMRDOUEZ R LIS D TH D,

# A47  WENTR A ORE

BERNTTR MY
R 57 EXAEN | HBRAOBWFERD | BLERME - R | ARERRID
BENTERNIE | 2O0OBENT | OBENTER
O/ I3 Em#Eh o R MY Hlid
EBENTRER MY
R Pd, Ni As Ni 2L
MCC 2L As, Cd, Hg. Pb 2L 72l
L 72l As, Cd, Hg, Pb i 2L
IS W DRV 72l As, Cd. Hg. Pb V. Ni 72 L
s ZRE R 2L As; Cd, Hg, Pb 72l 2L
i;;ig% 2L As. Cd. Hg. Pb Ni 2L
HPMC 7oL As, Cd. Hg, Pb Tk 2L
3 | L As, Cd. Hg, Pb \' 2L
[3[ 453 722 L As, Cd. Hg. Pb V. Ni 2L

WY RZTERAAY MI, BMOFEMEMLE L THTREOBEMNTRERAMBEZ/HE L, *
D S BB RFIBEES B OB S D RV &N, YEHREEIT. ®HEEH D OFHR.,
AR IBE T =2 NS ERENEL, YRV RITERAAV MNEELE, VAITEZRAY
k7 a RZBIT B E & OBRRERST — X, RALSIITRINTWD, TR AHOKR— BER
BT, YERARS O— A EREICYFEERROTIREBESRC TR SN S,
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