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BIERREEFEMEME (W) 731027, KE)
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1 A %7 Y OERLBFTIZE TN 2 TR ORXITEFERE,

BMHFA 7L (Préduct Life—cycle) : '
FIHEREN L TRABR TRERETECESE TOREMLFEMOLEBRE, (ICHQY)

S (Quality) -
B, VAT A, RF;’CIEL‘E‘?5ZFEE{JTi’E@ﬁﬂJ%AI}Dﬁ#%Z’fglE%ﬁT_@‘EF (ICH Q6AIZ

B ARERCEHO [BE] wET2EE2R) . (ICHQ9)

T RBIRAIRTU AV (Quahty Risk Management)

RESLTHAL I NVEBELT, EERORERFRDIVAZIZONWTDTEAAL M, 2 }\1‘1'—-
N, I a=s—ar, VEa2—mbRBREEcFuk R, (ICHQ9)

mE VA7 5 (Quality System) :
nngﬁﬁéiﬁ'[« ungﬁﬁf\@iﬁ’a‘%{%ﬁﬁ“é VXTJ-\L_@?‘/BEPJ L HEEOHRF, (ICH Q9)

)x& (Risk) : -
BEOREDHERL ZTHBELE L EOERECHAZEGDYE, (SO/IEC Guide 51, ICH Q9)

) X7 %% (Risk Acceptance)
yAZ ERETOESE LIRTE,. (ISO Guide 73)

YR 7547 (Risk Ana]ys1s)
BE SR AY— FICBEET 3 Y X7 0#E, (CHQ9)

JAZT7TEARAAL L (Risk Assessment) : '

YRAI=HZDPA 7R AOP T, VA KFEDLARELXFETHHFRLEETOIRMAEL -2

FakR, NP FOFE, RUEN BAY— RAOBREIZHES U X7 O & FHE» DB,
{ICH Q9)

272y hr— (Risk Control)
YRT =2V A Yy VOEBRELERT 5178, (I1SO Guide 73)

U X 7 4% (Risk Identification) :
27 ~DEEXREAEOZREZRRB LT, GEOEBENRER (NF—F) 28851200
HRERMILCTHERATLZ L, (ICHQ) -
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YRZ=wRxTA (Risk Management) ,
YZRIDTEARAY b, avin—jb, ala=f—ar, LE2—OFERIIHL, ME~<
FXTA v DOFE, FE, EREFREITCCTERTSZ &, (ICHQ9)

F4tE (Safety)
BEORRETRBOT, H2WH~OREC LV FEXESELRVRRNZ2#,S,  (IPCS,

2004)

SRR (Safety Assessment) :
{B#HE A Y — REOEEDERET IR TR bIEE LY R 7 I 2T ORFER
RERECHAZERLAET Fu—F, ZOREE, LIEUIE (BKVA FIA 280 Ts) U

AR TERAL M ERABEMNICAVSNRS,  (PCS,2004)

=253 (Safety Factor) : '
NOAELXIZFDOMOBREA (LI Fw—7 F—AXFFOEHETRE) LTV RS

TEAA Y PEAFICLVEAINZEAHN (BEH) RFHKTHY . FE—-BEDRE
[acceptable daily intake] XiXifA—HIBEE [tolerable daily intake] &\ -o7oTEIUIMAMERY
RIBpNEEZONIBRAR (ESHEENIEtOMOSRAZETEERTHR I LICLDS
BHENEHRIND, ) 2BERTHFDOLDTHD, BLEROMEE., BHEEBOH, 7H
Eha~x ANEMOHRER CREEF CIC AFMRELERFENEROGLEIEFT S, UTOH
HWAGEESE : [TRRAY M . TRRESEMEREG . (IPCS, 2004)

B (Severity) '
NPE— EhbE LB REEOEE, (ICHQ9)

MEEEIBSER{E (Threshold Limit Va]ue, TLV) :

FLAEDOHBERETFEYER{EHRZESND &mv%%&hu6n1w5§m¢%ﬁ(f

Rbb, ERMICIEABIE L EREBE L ORMICH M . ZOMR. ACGHIK LV RESH
(i1 EXETEh) . 18 7R SEER A2 D 30408 M O @I B 17 S EF M E EH B
(TWA) THY, LiERo TEEREIEEL-bDTHD, (IUPAC)

RERIIE FHME (Time Weighted Average, TWA) :
ACGH it X » TEHESHTWH LR D, BEFIO 1 B 8 BEHDHE 40 H#Faﬁ@%‘@hioﬁéﬂ*ﬁ%[l

BEHERE, (UPAC)

URF (Unit Risk Factor)
o=y b RTEE

US DoL. (United States Department of Labor)
KEIGEE

US EPA (United States Environmental Protection Agency)
KERERET

WHO (World Health Organization)
1SR EEEERS
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4, Holliday MA, Segar WE. The maintenance Need for Water in 812 Parenteral Fluid T herapy Pediatrics
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(1 BEREEORENE

EHARFA BT, L ORHICBEL T, EXRICBT LRBREEREDOFIR
(Pharmacopeial Forum, Nov-Dec, 1989) RUNPCSAMESEMEDO L MERK Y X 7 OFHED 7= IcH
B L5 (IPCS, 1994) IZfE-T, PDEEZHEHT 2 Z LIC L U THETHY OFFREE L~V
RRESNE, ZhbOFEkiL, US EPADIRIS, US FDA (US FDA, 2000) RUMEDMIZL Y
WHENTWABOLERE L TWA, BREPDEECAFIZOWVWTOL Y LWEREOEHIZ, ZZT
FOREFEICHOWTHERIT 5, PDEEOREIZMRLARAV bNEGEEICE, BEEREIIMRLO
BEIHHICHGAENTHWAO T, BMOSEEREIIAV O THiay, BRAMETRICE LTI,
1:1000000 VU R 7 LA~ E W=y b A7 BEMBPDEEOREICAV O, Thbiddd -
FEID@ERNDOT ) 77 7ICBEENL TV D, BARBROREPDEEOV < DO NT, BESRERE
BRZAV. EEEEEEAL, SLIRERR~OMLILOBRENREBL2EB L CEHEN
Thd, ' ' . )

S EPDEML. & bETASmRERIC BT ANOAELXFELOAEL LR D L B Y EHI X T
Do ’ :

PDE=NO(A)EL X t MMEEFIEfE/[F1XF2XF3XF4XF5] | (4.1.1)

S EPDEMIT. BEF L IINOAELMA S EIHE N5, NOQELBFELHA TWARWHEITIE
LOAELBAVBRTH LV, JZTRESKAEEREIL. 7—F &k MIUMET D0
DTHY, FEHRES FA7 YT (PCS, 1994) BWTHWLA TS IAHERGRE KUK
EREF 74 —7 MEBWTAVLR TS [BERE it IR2FK) CRECLOTH S,

EEREEIILLT O LB TH B,

FI=FER TOIMNEZIT 5 =D D{FEEL

v hOF—FIZE LTEFI=1,

S v kb e b A~OAERIZIZF1=5,

v ANEE h~OAFEIZIEHF1I=12,

A4 XN b ~DAFEIZIZF1=2,

THENLE B ~DOAFIZEEF1=2.5,

HAHE B bA~DAFETIAF1=3,

F O OB B B F~OABICIEF1 =10,

Flix, BIEEMREL b F e OLERERE. TobbfERESBICANELOTHD, FRIOH
(S) 1, KR L WEHEHS,

s=km"¥ ‘ (4.1.2)

T ITC, M=EETHD., EE kiX 10 THBEEND, X AlL2 ITANVWDNAEERIBEOER
ALVITRENTEEBYTH D,

FR2={EHEBD T VX EEFBEBIZAND HDOEEE LTIO0,
—ﬁ@\f«r®x$Tﬂ%hﬂLTﬁﬁmm$an Kﬁ4b74xkkmt%mm—ﬁb‘
THAWLATNS,

F3={REOFERREZBRICAND O DL, _
Bl LhAEFE (FolmENIT vﬂj—ﬂFﬂil@Fﬂ FA, A RROYVTHELTERH) ﬂis{‘e*“é’?éﬁ
BRIZIIF3=1,

SEEFROSHIE A A — & h b EREEERERICIIF=1,

F - RO A BRI IET -~ BHEO3 SEFRRICIIF =2,

iF > HE O3S A BRBRXIIET - HROUEMBRICIIFI=S,

X v SR ORBRIZITIF3=10,
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TRTOBEFIZBN T, EHRAAOPHOHFAORBRIIIFFORESAN LN D, FIZE,
iF - O A BRBRICIMEE AV b RS, |
FA=EEREM, Flil, BESELEDRVERAM, HRESE UIRSHEOEAICER X
na o Lihs5E, EEEERRICBO L, ROBEAHAVWbRE,
BEEE &0 5 R IREEICIIF4=1, '
BiEEE 2 DRV IEEEMICIAR4=S,
BHEEMEE £ 5 AT EICITF4=5,
BEEE DR VETHEICIIFA=10,
F5=NOELBFENRMno e BANBEHEND Z L B3 LEE,
NOELIZ {¥F5=1,
NOAELIZ}EF5=1~5,
LOELIZ I3F5=5~10,
. LOAELIZ{XF5=10,

FEALPOTRICE LT, B8 LREIE, NOAEL L NOEL L DEWIEOWTHEL TE LT,
BEPDEMOREICEBIR L ARICBT 2HIER [HE] 2bO0TEIONTERLTNA
Motei®, BAORBRHFOPDEEDREICNOAELA AV, F5& LTIAHAWV LI,

v MEERIENL. b MRABKORERS kgL HELIE DD THD, ZORDHEIZBWTER
SN BIEHEAEGD kg UTT70 kgt Rt L T X VIRV Z OEER, BNORSHREEERTS, BHIC
Lo TIHEREMNSO kgsRiETHB 2 LITRBR IR TWAR, ZhbDBEEIEIPDEEDREZR VG
NIEARSAEIC L VEESh TnB L EZXLNE L, RUAERBIEA SN TN Z &I
IHANDLETHD, PICELTIE. MNEALEFAAELRBZEINSVAQEATHD LB L
. ZOAQEMH DT —ZBPDEEOREICAHVWLR TS, LEdi-T, FREPDEMIL. /I
RADEAZEN LE-EERICLENR2bOTHD EEZLRD,

itA.l.l@iEFﬁﬁrJa LT, Tvermoes® (2014) (X VIR ENT, b FEEEIZBITS 3/ V0
EMRBIC OV TELRYT S, FOEEIAEIZSR ZNOAELIE] mg /dayTh D, ZORRIZBITS
Z 30 FIZfR APDEM@R. RO LS ICEHENS, ‘

PDE=1 mg/day /[1 X10X2X1X1]=0.05 mg/day=>50 pg/day

ZOFTBWTIL,

v FORBTHDBIEDFI=1,

b MEFZEZBE T H2OF2=10,
HERIBMAN0AM TH H7-HF3I=2,
EELEERRD bR TRV EHFL=],
NOAEL AW BNH T H7® F5=1,

FALL: ZOXECBOTHECAV bR HE

T v FOEE 425g < 7 ADMRE © 43 L/day
HiR7 v NOEE 330g 7YX OFRE 1440 1/day
= 17 ADEE 28¢g EALTy hOFRE 430 L/day
HifE~ 7 ADEE 30g v FOFERE 28,800 L/day
ENLE Y POKE 500 g A X QIR & 9,000 L/day
T AHTPNOEE 25kg | vAORREEE 1,150 L/day
v XOEE (ERXIFERER 4kg < U ADFKE 5 mL/day
P— S ARDEE 11.5kg | 7 FOEKE 30 mL/day
7 v NOFFRE 290 L/day | 7 v FDEEE ' 30 g/day
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&% 3k

1.
2

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

ht_tp://www.fda.gov/Food/GuidanceRegulationquidanceDocumentsRegglatogglnformation/lnggedient .
sAdditivesGRA SPackaging/ucm2006826.htm. '

Tvermoes BE, Unice KM, Paustenbach DJ, Finley BL, Otani JM, Galbraith DA. Effects and blood
concentrations of cobait after ingestion of 1 mg/day by human volunteers for 90 d. Am J Clin Nutr
2014:99:632-46. : -
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162 . TEAHY {55 E PDE £
# ALl TERAMICBEAINAE—HIREE

L 75 22 & 0 814 OPDEfE BEHAOPDEE. | AR DOPDE(E,
__ng/day ng/day pg/day
Cd 1 5 2 2
I'Pb 1 5 I 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 ]
r . 2B 100 10 1
Os 2B ' 100 10 1.
Rh 2B : 100 10 1
R . 2B 100 10 - 1
Se _ 2B 150 30 130
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

! » 0RICBWTHRE SN APDEM (pg/iday) X, fHE30® /) /7 7@ SN Ee2ET —F
FEICBREIATEY., HIANCEASND, £/ 77 7HOPDEMIIMBEA IR TR,
EBICETEHLOLTHIH, ZOROPDEJITADEF I i 2AMC B IAEN TS,
10K OPDEMERADHEF T E L, BEROEMICHEEAT S, 1059 KX VWPDEEILEE
BT AT AR EA SR TN S, ZORICBWTRRTAER Sh2RAE, 1%
POBREEBICHE L CEXHINEPDEEICbEASNGS,

I ABICBVTESESRTWEHE
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F#A22 : AT a 10D OTEAMDTERE

IOFICFE S HEE, BA, EERUBNAITOTREIMBCEALTI7 T AGL) <17
nJS AOFRBEYRTHOTHD, —BAEN0 g TORATOTRAFM LMD
BDICA T a VIBBRENEZEECIE, 2 OOREREEXSAVWOND Z EBER ST
Do ZORPOFEFIE, RA2UIESHEHDTHS,

e 3 75 A | BROBAOBRE HENFOBE BARIOBE
ng/g ng/g nglg

Cd 1 0.5 0.2 0.2
Pb 1 0.5 0.5 0.5
As 1 15 15 0.2
He 1 3 0.3 0.1
Co 2A 5 0.5 03
% 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 I 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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6 3 - BRI 0Z2EF
TrFEY

7 »F- 0 PDE O

7 FE (Sb)

=n AT ~T®A

PDE (ug/day) 1200 94 22

Frim

FrFEL (Sb) i1, RRCHEETIHRAGOESELRZTHY, kx REELRICBVWTHW
bid, IEDTCFEVBRHEPIZIRNEENS, TUFEUE, 13 RUHS OBIRIETH
FETh, EELLTOTVFEVREDR 2~3 O=ZMT7T »rFEb888, BETEERVEEIC
HLTERLES THD, BEEI IV TATYFEY (APT) o 9h07 VyFE LS
MARFEREL LTEFHCAIAShTHS, =87 rFEUild, s LTRAVnGhTY
5 Blzif, REMRROEBRERCAVLONERI =FLF LT ¥ L— b [PET] ORI
BNT) . TryFEVEREBZENIELE TR, REEEFENBERILA TV 2N
(ATSDR, 1992) , 7’/3‘:5/&U_Mﬂ:?/%:e/iﬁd"%ﬁs{&w%@‘C&;é# APT pAEE
ﬁf&;é (WHO, 2003) o

e DRI L Jp o T B

APT IX, SO OFEI AP bOTFHAETRTIEEAVWIEEEERRICBWTRETH- 2 -
(NTP, 1992) , 7V FEVM)FRAHREFFBRECH L TRBETH D LBDLLY, BiEE
HOLE 2 —KBOW TR TAHEMELATWS (WHO, 2003) , AFHEE f:a&ﬁﬁiﬁi
BOBRICEBRBAMED X7 OFMTIIF+45THELELDND (Lynch ef al, 1999) .
FRUESSICRV T, BOBREE O 2ENREILELEE Ths EBbh, F#. TH. ﬂlE
HEFBXBITAREERAD S, BOBREZEOT VFEUVHBRIAIITS Y (NTP, 1992) ,
5 v NOFEBHERRICE W TR, FHEEETRUHIROZERT RS R b BN E FEHRBEF
Thol., BHIChED T FErOEBERAIL. £ FRUSHOWTHICBWTH PRSI
BRAER S EERELE LSS, Newton B (1994) [T LY EM S - BRAFRES AERERIC
BT, 7y FEERET UFEVIC 12 BARBRES Y%, 12 SAMOBEHMIRITL
hic, &RV T, FEOREFCHEMIRD oI, EELIT. BTV FEVRES
IR L TWRNEER L. BRI S L ETRRic B 3 B RE e R Ao
HRETHDAREEEZEE LTS (Newton ef al, 1994; WHO, 2003) _

#& DUESERF O PDE fE

TF T ~ORORBICHFELIBRENLREOT—#8, vVARGTy MIELTHAWMETH
% (Schroeder et al,, 1968; Schroeder et al, 1970; Poon et al, 1998) , KEERZE 27 J A
(NTP) iZ. 7y hRU= U RIC APT 2f0K575 14 BRERBRERE L, ZORARIZBWY
T, APT 3. ZOREERTCR—BRNIIIEESRFV I LBRWEEShA (NTP, 1992) . Lynch.
Bk, Poon B (1998) OF—#F#FMEL. 7 » I 0.5~500 ppm @ APT % 90 HE#AEES
Li=RBRIC BV T, EHARTOFHEERTRTEREERPICE-SE NOAEL 11 50 ppm T
b3 LEEHR UL (Lynch ef al, 1999) , ZOPFTRIL. ZHEAAID Schroeder & (1970) #H DFWiE
EFBELTWRY, LEXR-T, EbE, NOAEL, 37724% 50 ppm (7/5‘:5/2: LT 6.0
mg/kg/day tY) & EEIT, ﬁ%uﬁ%ﬁﬂ#@ PDE ##E L7,

EEFE (W& 1 KBWTERSNI FI~FS) Z8RICANT, & OWREERF O PDE fEZ LIT D
J: 5 [‘:E{i‘!—a—éo ' . -- -

24



TCHETFYZ A FZ+4 >

PDE=6000 pg/kg/day X 50 kg / (5 X 10X 5X1X1)=1200 pg/day
EHC X 5 B#ER O PDE &

FlgEOE =R (FHEEoKRE. IFEREFRR UIFEHE) 8. 7y M~OBEEAREREER DK
HREFMEAEVTMEE Ch ol LSBT, BEHIC K SRERO PDE HICOWTIE. &b
{&V> NOAEL 3.0 mg APT/kg/day (7 > FE & LT 1.1 mgkg/day FY) #EICREL, ZOE
i, v b 90 BEIRBRMOE LN (APT ZHEENRE INEHET v MBI 5 6 mgkg T
DIFEEERRICESL, ) (NTP,1992) , ZOAETEHEEIIRD LRI o7,

EEFE (5 1 KBV TEEANE FI~FS) #ZEICART, ROHE 3 BiRErblgis
IIETE LT, Ik 2IREEEO PDEEEUTOL 5 T2,

PDE=1100 pg/kg/day X 3 day/7 wk X50 kg/(5X10X5X1X1)=94 pg/day
% AR EEEF O PDE &

Sy hOEBERUGEERARBREERSRE, TAOORBRTRDDNIM~DOZETI—EL
Tz, 025, 1.08, 4.92 B1X 23.46 mg/m’ D=F{bL7 v FEVFRA FEAWET v b 13 8E%
ASE: (Newton ef al,, 1994) A& ®F—# . NOAEL 1.08 mg/m’® % A\ TR ABRERED PDE i %
WELE (Sb iE~83%) . &V EEEQRERICEWTROBN EER U EEOFHHEONHE
C AED bR, ZOBTRIL, 006, 051 BTN 4.5 mg/m’ OREREL AW | ERIOBAFE

HBIIBW IR bhRhrof, Z0 | EEBARERRICBWTEBAEEED bhvhol, .
W ORR THMEFNBRE IR ECFIRE LOFEEZBIIR ORI o1,

BIEGRE (g 1 KBWTERENE FI~FS) 2FEIANT, RARERO PDE EZLUTO
LS WEMHT S, . B

0.9 mg/m’® X 6 hr/day X 5

‘ 0.16 mg/m’
R R = day/wk = MM .00016 me/l.
24 hr/day X 7 day/wk 1000 L/m®
_ 0.00016 mg/L. X290 L/iday  _
1 BER&E - 0435 kg 0.11 mg/kg/day .

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

BE IR

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 199%9;30(1):9-17.

Newton PE, Bolte HF, Daly IW, Pillébu:y BD, Terrill IB, 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, Fostef W, Gupta S, et al. Effects of antirmony 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, nidbium, 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: hfe term
studles J. Nutr 1970;100(1):59-68.

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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bR
b # @ PDE fEOBE
_ b3 (As)
- | &AD | S WA
PDE (ug/day) 15 15 1.9
Fram

v#E (As) 1. BEFOWERE A ICHY, B, T, SEKRCRRPICHEET S, EHE
RIS (FE, SEMke®s, BB FU L) XEEM A, eBT R VA &
Ehv &, vE) TEETS, b MOHLEmIcBi 3 e ROoFEREMFIBREITA LT
2, ERrRIEESRACELEELE O THAI LMD, ZOREETOITEEE RIC
EREPYTH, :

LMD & 2o etk

E Yy L, BREEEZE TN, FREENZLERVWIEBRINTED, £ FOERBAHE
& LTER %ué:n'cu\é (Group 1; IARC, 2012) ,

%@@fﬁﬁoﬁ&7u774wetbh\t%&@timA%LowT§<®Jzﬁ7tz
AVIREBINTEY, UZRYRITEXRA Y ML, BiE2L,. 8BRERIGT u—F%
W5 (Meharg and Raab, 2010) ,

b FTOEROEBOKRESEIEY CIIERINTWRNOT, VARIZT7TEXAY ML, BEBE
BEENZAEFHICBITA2EET—FITEL 2HE6 D%V (Schuhmacher-Wolz e al,
2009) , E MIBWTiE, BRARVERBAEEOVWTHLL, b RERICEEL T3, &O
BEL. . P, B, BRBEOEMROBAMCERLTWS, WARESLOMBAY X7 O
IR A AR H S (ATSDR, 2007; IARC, 2012; EU EFSA, 2009; WHO, 2011; US EPA, 2010) ,

BOEREOFEESAMOFTERBCEL I, KF (BFILE. EHAME) RUHELE (B
ZiE, Bd) BDELRSENEVEN L BEbh s, MERS, FHEMER CHEFNEELIE
RAALEMHIBIEEL L THRE ST TWS (IARC, 2012; Schuhmacher-Wolz et al,, 2009; US EPA,
2007) , —EOFEOEREERRIT. 0.02 mgkg/day® EBEIS E FORHBRTREHRENSHRT I EHE
HAHB T L, KU0.0004~0.01 mgkg/dayD b RARTHARNITALEERR ARV L%
SRR LTV (ATSDR, 2007) , ZOMOFHEREICHE LTk, LOELXIINOELZRET 5728
Sl T— By, AETIERMIE., REFAICERT S REERH Y (ATSDR,
2007) . EREBARUCRIES AE PRSP AEORNAEREREOMBRETCHL EEXD
83 (Chen et al., 2005; Hsu et al., 2013; Ahsan'and Steinmaus, 2013) ,

EEESETOI000 ug/Lll LD RBEDOHFKICERE ShRKFEMADER (~40,000) ORF%E
B, EESA, SEICEETCHBRBARVMAALDOI R TEAAY FOELR>TNS

(US EPA, 2010) , BBAVRZIZOWTOREDOAZT T YR, (EHECESE (<100~
200 pg/l) CTERBDBRFESAY AT BREE L T2V (Chu and Crawford-Brown, 2006, 2007;
Mink ef al., 2008) . ZZuiX. Schuhmacher-Wolzh (2009) DOHE L F/E L Tk,

BENRMCETERAZ=y FYRZ pg/m® B2V 0.0043 13, KEOKEFT 2 EFrboT—#
#3ElC US EPA I X VEREE NI (US EPA, 2007) . XV ANMBELEEESIL. US EPA
F—F IR B EORMEMID 7+ 0 —7 v FH VR EER PR Y = —F o b OH@EICE
THEMFT—F EWMYiAA, US EPA =y Y X7{R4 (URF) #EHFLE, SHEBEST
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URF pg/m’ 3479 0.0015 ZEH L7z, @ URF 1L, BIKBPAFLCEROY Z 7 1/100,000 I %R
B ZEE IR BT 0.067 pg/m’ EAERT A HDTHS (Erraguntla et al., 2012)

 BDURERED PDE £

BOUWRERFD PDE EIX. FEICH T2 ROBEREBLEICLELLOTHY, REFEDE -
ERERAET (ATSDR) MRL R TR US EPA DREEE 0.0003 mg/kg/day (ATSDR, 2007; US EPA
2007; EU EFSA, 2009) Zic, 15 pg/day WBEZHEL TS HDTHD, ATSDRMRL # ki
BEH é:m‘_é:i PDE fEiZ. SCBARERELFE LWy (WHO, 2011) .

PDE=0.0003 mg/kg/day X 50 kg=0.015 mg/day=15 pg/day -
MRL DEHICAZRA TN TS Z &2 b, BERKICOVWTRIER LMo,
BRI K 2RO PDE E

EEOROBENOEDFEOFAEIT~5%TH S, HLEENRIEIMI, c BREORWEK
B (EROFFRIBFESN TR, ) POOKREEX DN REAZARE LTEROH
A 6 AREEMELARBRNOE LN TWS, FORRMLRIKFEIIN 95%eBmEshic (Zheng
" etal 2002) , Lo T, Mi%PDE EIEORERFO PDEELF—TH D, '

PDE=15 pg/day
% ABRZE RO PDE fi

BREEEII BV THBE~ORARBROMS AR BT OMOIFRBHERED ) X 7 OEMBERE
EhTWb, WAKRGRARENAFEMEESL PDE HOREICHAV AR, BB LEBLT,
ﬁﬁé%%ﬂﬁk%éiﬂsﬁm*ﬁﬁEﬁkT,@ LTWBZETHD, YUiZ URF iT—RAKOEREDK
DIEEERTVEZ LD, EEFELETINELE SRV, Eraguntla  (2012) 2L Eig
I FHEZ I, U R 1:100000 ZEEE X B & &lﬂ%ﬁﬂ#@ PDE HIXEL T X 5173,

PDE=0.067 pg/m’ / 1000 L/m’ X 28800 leay—-l 9 ug/day

W% PDE {EIL Erraguntla rb (2012) =XV ER S EHEOBERY X&:E-Tﬂ/ihf'o %émt
URF 2ZI LEbDTHD Z &b, EERBIC OV TIHEER L2v,

- BEIW

Ahsan H, Steinmaus C. Invited commentary: use of arsenical skin lesions to predict risk of internal cancer-
1mphcat10ns for prevention and future research. Am J Epidemiol 2013 177:213-16.

ATSDR. Toxicological profile for arsenic. Agency for Toxic Substances and Disease Reglstry, Public
Health Servnce 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
susceptibility of arsenic-induced health hazards in Taiwan. Toxicol Appl Pharmacol‘2005; 206:198-206.

" - Chu HA, Crawford-Brown DJ. Inorganic arsenic in drinking water and bladder cancer: a metaanaly51s for

. dose-response assessment. Int J Environ Res Public Health 2006;3:316-22.

Chu HA, Crawford-Brown DJ. Inorganic arsenic in drinking water and bladder cancer: a metaanalysis for
dose-response assessment. Int J Environ Res Public Health 2007;4:340-41.
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Erraguntla NK, Sielken RL Jr, Valdez-Flores C, Grant RL. An updated inhalation unit risk factor for
arsenic and inorganic arsenic compounds based on a combined analysis of epidemiology studies. Regul
Toxicol Pharmacol 2012;64: 329-41.

EU EFSA. Scientific opinion on arsenic in food. Eurdpean Food ‘Safety Authority. EFSA’ Journal
2009;7(10):1351.

Hsu LI, Chen GS, Lee CH, Yang TY, Chen YH, Wang YH, et al. Use of arsenic-induced palmoplantar
hyperkeratosis and skin cancers to predict risk of subsequent internal malignancy. Am J Epidemiol
2013;173:202-12.

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.

Meharg AA, Raab A. Getting to the bottom of arsenic standards and guidelines. Environ Sci Technol
- 2010;44:4395-99.

Mink PJ, Alexander DD, Barraj LM, Kelsh MA, Tsuji JS. Low-level arsenic exposure in drinking water
and bladder cancer: a review and meta-analysis. Regul Toxicol Pharmacol 2008;58:299-310.

Schuhmacher-Wolz U, Dieter HH, Klein D, Schneider K. Oral exposure to inorganic arsenic: and
evaluation of its carcinogenic and non-carcinogenic effects. Crit Rev Toxicol 2009;39:271-98.

US EPA. Arsenic, inorganic (CASRN 7440-38-2). Integrated Risk Information System (IRIS). 1998.
. US EPA. Inorganic arsenic. TEACH Chemical Summary. 2007.

US EPA. Toxicological review of inorganic arsenic (CAS No. 7440-38-2). In support of summary
information on the Integrated Risk Information System (IRIS). 2010.

WHO. Arsenic in drinking-water. Background document of development of WHO Guidelines for Drinking-
water quality. World Health Organization, Geneva. 2011. WHO/SDE/WSH/03.04/75/Rev/1

Zheng Y, Wu J, Ng JC, Wang G, Lian W. The absorption and excretion of fluoride and arsenic in humans.
Toxicol Lett 2002;133:77-82.
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AU T A
XU ¥ A0 PDE O
' - 2AY 7 A (Ba)

#®n HEH LN
PDE (ug/day) 1460 730 343

FFim

NY LA (Ba) X, BEOEW, SFEETHRLMINT ALV IEHEBTHY ., BEOHZERF
TESICEBE L, KEFIET D, Ba@h) A FVRUOKEEDAY v hbety (R, WERE,
KEEL) REMEET D, MEEAY UA LW EEAY v A{EEWHIE. HEETT V-0
Ba@2H) A AL, —BMICe Mo LTESETH S, 2N U AREREMICHE TR
<, REHAEESMEBERTH THD, FEENY VA, FlEBERERR, gEoFak],
HT AR GE DOMOEROBRECBIT BHEH EWolnlke 2 iEN $H 5 - (ATSDR, 2007) .

RREREEDIRILL 2o e B

R Y MIBWT, WEMEAY U AR REZEOERIELERIL., B, FHERIE
PEWEEENTHDI EEDNS, FolEREdgs L-BHRRIT. N VARELIESHEL
OHEEMICET 3L EZXFE T L0 CTHSD (NTP, 1994) , YURE L. [REFIEER. BRA
TN, RAEEREL., BFOERR. SEERNEEREEY I E L LTERAEEIEICE
FARROEETH-, T bOEE, Mk~ X CEABREIN S BARENREENR
I L ITREERICHE DT R A E R LT\, MFEICKT 5258, BEESBICe ¢
OO AIELRBRZENEVEMIBE CH I WENERH S (WHO, 2004) , BAKL L BBENRY
7 A~DKEREL, B, ﬁ&o/x&awn&motiﬁiﬁ%ﬁ%ﬁ TREERSH B
(CICAD, 2001)

ﬁnﬂ%ﬁﬂ#@ PDE {&

A Y A WO2oDBT CER XN =TT B TR, T8Y 7 ABETS mg/L@ﬁ(’i’ﬁfUﬁ LT
ARERE, FHAY T AREC]l mg/LOKEZKAL T ADER & OET, MEXLLM
BERERE L HBREBEOFFHECHFEENRD O o7 (WHO, 2004) , ZORBRMLE
HAVENOAEL 7.3 mg/L& VT, RUMEKBOHEEHE2 Liday® VT, BROBEROPDEEY
UToOLSKEMTHZENTED, ' ,

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

P Ic J BIREREO PDE M _

Y & MBI ~DERIC L BREIAE B BT — RN biahode, AU T ADEMER
- FIBEEZ, BARCLHECTEFNEN 205 60% TH D EHEEINTWS (ATSDR, 2007) .

Li=MoT, BROEREEO PDE EEETEAE 2 TRLT, BEHFICX 55%@#@ PDE rﬁ:ﬁﬂjb
7= (3.1 Iﬁiuﬂﬁtén'tb\é EB0) .,

PDE=1460 pg/day /2=730 pg/day
% ALRE5ERE D PDE f&

ay) '?A{EA%J\ODIEU\E%@\_FFZ;EQ@T-—&&iﬁétt‘gf;moto jé@?;@}é (Us DoL, 2013)
i1, Tz"‘%z\ U AEEFEICLE TWA % 05mgm’ LHE LTS,
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EIEEE (@RI BWVWTEEZShEFI~FS) ZEEICANLT, BRABREROPDEEEZLUTO X
HSIEHT 5, :

. . _ 500 pg/m* X8 hrfday X 5 day/wk 119 pg/m’

RIS = 24 hrfday X 7 day/wk 1000 Lim® 119 Heh
R X

—AFE— 0.119 pg/1. X 28800 L/day —68.6 pg/ke/day

50 kg
PDE=:68.6 pg/kg/day X 50 kg / (1 X 10X 1X 1 X1)=343 pg/day

BETIR

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

Brenniman and Levy, 1985

CICAD. Barium and barium compounds. Concise International Chemical Assessment Document 33. World
Health Organization, Geneva. 2001. ‘

NTP. Technical report on the toxicology and carcinogenesis studies of barium chloride dihydrate (CAS No.
10326-27-9) in F344/N rats and B6C3F1 mice (drinking water studies). National Toxicology Program,
Public Health Service, U.S. Department of Health and Human Services, Research Triangle Park, NC.
1994;NTP TR 432.

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

WHO. Barium in drinking-water: Background document 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 YA
B FI v ADOPDEEOEE
‘ FFIvA (CD)
: - | #O HEH %A
PDE (ug/day) 5.0 ‘ 1.7 1.7

Frifi

A RIYA (Cd) HEBLETHY., BLEVRAOCRMBIIHEEEEZ bR, BRRAT
SMRETRWE S, BEARICIREL LTI RFIvAGZERMN OB LS, (ATSDR, 2012) , -
HFITAE, 2 OBEREOHATHE LTHEET S, B{EI FI v A, BBV FIVLARE
TS I T Aok 2h0Oh I U AKIBAKEBEETHY, TOMOTREMEER, B Xt
RIIEEE L OHEERICL > TKEER L VBV L0 LRV ES, T FIVA BEIFITA,
FUrABEEEOS FIULEIE, FESRICBOWTHEL LTHY O S, &P FI 7 AE
&3, AR =AY OBRRAKRICBVOND,

ZAMEREORIL L 72 > T H

A RIvaR, BEEEEZFETLIS. BRESZLERVILIFIRTRY ., t FOEFAD
BHE LTRSS TWS (Group 1; IARC, 2012) , H RITARTCH FI U MESHIE. HidA
EERIY, . A FITLRUS FIUALEH~OBREL ., BEFARUERIREA L
DI EDMHBEEATREO bR TIN5, '

HRITARDY KI Y AE~OEOIREC L CREEAEIE RS R THS
(Buchet ef al, 1990) , BHEUBEIC S T58281I3, HEUOBRELATROLLI, IV
LIEEORZTHERE Ve — T —THD (ATSDR, 2012) . :

| BERUCRERBLZBEULD FIUL~ORAREZ T L ZHOBEFHR O ORERL. T
FI T A~DRABRZICHEE UZERA (EELTH) VA2 OEMEIZELTWS (IARC,
1 2012; NTP, 1995) . AzZ=> b Y X7 0.0018/ug/m’ 4 US-EPA (1992) KX D EXHEA T
Do ' S

E N REBFOPDEE

HRITLARCI FIVLE~ORORFRICHT 2EZESBVFEBEILZ. BFETHD

(Buchet ef al, 1990) . BHREVEBICHT 228, BUOBEL~LCEDLNL. W FIY
HBREOREZENBNv—H—ThH5 (ATSDR, 2012) . 7y PRUP=VRATOI FI T AIZH
+TAZL OEORERRBRIT., REBAMOITFERL TW2Y, Ll o T, BEEHOHGIEEL
FAWT, # FIOMCETAROBEROPDE/EERETHZ & & L, ATSDROEIHFIZHE., B

. CHEIRSICEAMRL 0.1 pgked AV TREOREROPDEELZRET D, Zivik, WHORKEIAKRE

{#0.003 mg/L & /& LTy 72 (WHO, 2011)

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

MRL OEHICHEZATRTND = 25 b, EERIEIC OV CREA L2hoTz,

| EESH & DU OPDERE | | |

BT A6 mykgEBISHETES LT v M2BRRRICLY, %’7&%&:%‘@%%75%6

N (Prozialeck et al., 2009) , ZORBCRHE—OAESAVWLN, ZTORETRONFE
Wk, REEMEGRAAATv—T—%EEZD L. ZORROLOAELIX0.6 mgkgTH D, &
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H1C X BIRBEEOPDEHOBREIC Z ORBEEE AV, 0, 1, 2. 4, 8, 163332 pmolkgDif
r FI o L%Ty MIETRE LENOEBEESRBRICIW T, 728 H OB TR
T16 pmolkgil L DR SR CHEHBALICAENTED b (Wadlkes ef al, 1999) . EHEALOA
EEN., BRI REENEFREERON FI U AEREFICOE > THIET I E I MIFR.
EHTHB, “DEET. HFFIVLAOERICLSZEROBRERLHAEMEL Y LR TS WTHEMER
H5, EEFEE (HRICBOTEESNEFIFS) 2EBICANRT, ROESARSNLE7AD -

R EICEELT, B5HICEs H%EEF#GDPDE{E%MT@ LIHcEHT 5,

0.6 mg/kg X 5 day/wk X 50 kg / (5 X 10 X5 X5 X 10)

Tday/iwk =17 pgfday

PDE=

HREITABARECERAUEFZFELTWAZ L, RUKETHRE TAZFENR BB &
b F4 & LTEE 5 28R LULE, ZhbOFRIBZBEEERTEN LD THS, PDE EDORIE
i LOAEL Z\V e Z Edb, F5 & LTHEE10 28R LT,

%Awﬁﬁﬁmml«:{ﬁ

HEITACELTEEHIRERASSy MY 22 00018/ug/m® BTUY A7 L~y 1:100,000
ZHAWT, WARERFO PDE{EZLITO LS l:ﬁtﬂj‘é TERTESD,

1x10°
1.8%10° jug/m’

% ABRZERFD PDE fE= =5.55X107 pg/m’

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

o=y MY RZT7Fe—FIC LD EX Y PDE EICEL T, TORBICEEREEEALS
/AR

SERR

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

Buchet JP, Lauwerys R, Roels H, Bernard A, Bruaux P, Claeys F, et al. Renal effects of cadmlum body
burden of the general population. Lancet 1990;336:699-702. ‘

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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Waalkes MP, Anver M, Diwan BA. Carcinogenic effects of cadmium in the Noble (NBL/Cr) rat: induction
of pituitary, testicular, and injection site tumors and intraepithelial proliferative lesions of the dorsolateral
prostate. Toxicol Sci 1999;52:154-161.

WHO. Cadmium in drinking water. B.ackground document for development of WHO Guidelines for
drinking-water quality. World Health Organization..2011;WHO/SDE/WSH/03.04/80/Rev/1.
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Va=FN
7 1 ADOPDEEDOBEEE -
: ) b (Cr)
&N _ R | BA
PDE (ug/day) 10700 1070 29

Frif

Z v b (Cr) iItkx ZEMLRIETHEEL, ZhoDSbRIEBERBOE, C(0) (RF LA
&) . Cr(2H). CrEHRUVCH(ENTH D, CreHIREZBIEEZITHZ LML, {LESRICEW
TEEFE LTHVWBNS, CHEHHBRARBIERTHY ., 7 naBE (007 RTEZ L
Bt (CnO2) ELE<MbhiEAX LT oAV ETHD, C3HIE, REPTHHELRD
nAFEThHY., T FUBERBCEERWATRE CTHD, /72bDRZIE, 7 FUBRUKEED
e Db E 5B U, RAFERFERRK. ﬂﬁiﬁ‘aﬁﬁ%&t}@b&%ﬁaﬁkﬁaﬁf%’ﬁ e B

% (Anderson, 1993, 1995) , EBRPOZ v ADERE LT, FAK. 2E - BEXIIALER
%bs&@i’ém%mcﬁﬂﬁﬁi%ianéo CreDM st LTHWbh 2 BE 2B, EXENID
Dr o AOERIZ. L UEHEOROCENOFIEL WS Ehid, &£B 7 v s (Cr0) XidC(H
DOWEBRITFED LOTHHH, LEKR-T, EERKBAICET D ZOREEFMIICEHDEEmMD
EUEFBIESCLOTH Y. CreHi T O LERA S TWD, Cren2 g s UTHEAH
XRAESICE. BT HIIZOFE (C6d) 28L& THd, FERAL LTHEETSHZ
b (FZiE Bibsus - 7Y —r, KBbIob - Z7U—2) il :‘f@ﬁ’miﬁuénﬂ\é
Zéhb, BUA }~74/0)ﬁﬂ3ﬁ@5’1~“€&>6

FEEMENEORI L o Ik

BES%HDCrR0; (7 bl LT1468 mg/ke/dayfBY) ZEOHEREZEERELET v M, FEE

BE RIS, JOVBEDT v MBI 2R 5HEE (Anderson ef al, 1997) IZBWTH,

Cr(3H & LT15 mgkg/dayD iR 5B CHEEREIRO bhizd o, 70 AOFOERERCELT

. BRENLDEHBRESHERBEEINRTHRY, —RIIC, 1.5 mgkg/day®Cr(3-H)D#E O
(US EPA, 1998) i, R~OFELEICEET I O LI TFRINZRY,

WEF—F L Ea— L, BRESRKEEER. Z2MEEORILE 252/ E LT,
#& N IR EREF O PDEAE

2000, 10000% 1850000 ppmD HED V2 J EECI(3H%E T v M RT< U XICEMARE L2 2Em%E
PAAERER (NTP, 2010) ©. MADCHEETZ 7 A B L TR LEERRH Y, hoEEL
Hbn 5 #2EERNB b, FRBRT460 mekeBtOMNET v MCEEREO ST RAHEM
Lif=t, a2 ) S EECEHDT v F TONOAELE, EREDI mgkg (11.9% ; Cr 1f1& LT
10.7 mgkg/day) Tholc, ZOBFRICITAEKRFERHED DNl b, RBROEH
HIETFREERHREBELTHD, i, ZOFRIE, By AIWThofEol (BEIR)

THED b, EERE FEICBO TEEINEFI~F5) 2EEICART, B0
TEREOPDEMEZUTO L ICHEHT S,

PDE=10.7 mg/kg/day X 50 kg / (5 X 10X 1X 1 X 1)=10.7 mg/day
EHNC L HRERFOPDEE

CrOPE AL LCHIRNE ST 5 L 2 O RiE, FRBICLVRR Y, EMER T 0.05
pg/kg/day, FEATIX 15 pgkg & R-> T3 (Moukazel, 2009} ., Zivb OHR—BRGEZEX

35



TTEFPS A F74

B ERERS A, ﬁiu%‘?ﬁﬁ&f}iﬁ?ﬂf‘ﬁ@%‘ﬂﬁkﬂbf) BELDINE S REHETS
Wik, o EEA R,

Zu Az LTk, EHREICRS PDE HOBHOEL 2D L RFRART—F 3ok,
7 o ARUHERE S 0 AMEAYMOROBREHOAWFENFIBERK 10%THDHZ &5 (ATSDR,
2012) . RORERO PDE A EEMES 10 TR L T, HEstic L 2REKFO PDE E2HE I L
(3.1?%:7%‘6%%%%‘@\5 LBY) , EHICLIBREFO S o AT AHELE PDE EIXLL T &
BYTH3, :

PDE=10700 pg/day / 10==1070 pg/day
& ANBREERFOPDEE

Derelenko & MERE (1999) TiL. MEECIGHEIF % 13K (1 H6RefE. MICSEF) BRARE X
wiE oA, RIRECBERAE (BEREE, MTRDE) RUOMREOCREEEENED &
hiz, ZOEEBTT~TORER TR LI/, LOAELIX1T7 mg/m® (3 mg Cr3+H/m’) TH3B,
MBI RERCGHE T v MCBHBIRARS LR TR, WIhiZEL TheHEER
B ORAENoT, TRbEDOF—FZEEIC, BRABRE TOMRL 0.1 pg/m’ % R AMRZEFFOPDEE D
FREWCAV . (ATSDR, 2012)

PDE =0.0001 mg/m’ / 1000 L/m’ X 28800 L/day=2.9 pg/day
MRLOEHITHEISAENTHWD Z b, EEREICOWTIRER LMok,
BHEIM

. Anderson RA. Recent advances in the clinical and biochemical effects of chromium deficiency. Prog Clin
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.

Derelanko MJ, Rinehart WE, Hilaski RJ, Thompson RB, Loser E. Thirteen week subchronic rat inhalation
toxicity. study with a recovery phase of trivalent chromium compounds, chromic oxide, and basic chromium
sulfate Toxicol Sci 1999;52:278-88.

Glaser U, Hochrainer D, Klppel H, Oldiges H. Carcinogenicity of sodium dichromate and chromium
(VI/III) oxide aerosols inhaled by male Wistar rats. Toxicology. 1986;42(2-3):219-32.

Moukarzel A. Chromium in parenteral nuﬁtion: too little or too much. Gastroenterology 2009;137:518-528,
NTP. Technical report on the toxicology and carcinogenesis studies of chromium picolinate moﬁohydrate
(CAS NO. 27882-76-4) in F344/N rats and B6C3F1 mice (feed studies). National Toxicology Program,
Public Health Service, U.S. Department of Heaith and Human Services. 2010;NTP TR 556.

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

US EPA. Chromium (III), insoluble salts. Integrated Risk Information System ([RIS).' 1998.
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250 -

=3V  OPDEfE DHEE

_ =20k (Co) _
4 ' S A
PDE (pg/day) 50 : 5.0 2.9

B

290 b (Co) 1t REDTHRT, £ DES. BE, BMERUCEREL Vo 20MOTHRE LI
LTS, a0 ME, BEZ IV BI2 OFRARBERERTHD, ~E/ B EUrERETEE
B FHICEEREROBRZEOMBERL LTEETI D, £ FOMHARETH D, EHRIRE
X, 1 BB 1 pg 0300 FEEEMNDIERT S (ATSDR, 2004) , 4 2 B12 OHERFEE
BT 0.7~24g/day TH Y (NAS, 2010) , =250 b E LT 0.03~0.1 pg YT D, & MMEA
B DEE T UL b OBREEYFERIEE iiﬁ;:eéh"cwtem an Meet (BlZE, A2
200 b)) IBRRAAFERICEWTHE L LTHN BTN S,

e AV TEDARIL & T o T Bt

JARC (2006) IX. BifE=/ L M EROFEOMOKIEME Co@HEICIZ. B MIM L THEIPAMEDT]
Betk A B LR L7 (Group 2B) , SHHBROT —# 1L, 7y ROt F COEFRATA L
IZREENDZ EH#TRLTVD, ﬂ/*‘}v'}-éﬁ%i\ invitro DERBENICE L TIEEBETho o
2. in vivo DILEAREZRECBAL CIIBRETH -7, NTP X, BETHO< Y I RTZ v b
CEBAEORERTIIMAEB LN EFERLE (NTP, 2013) . £ MBI SRAICLDEIA
MESRERN CREBIIEB LN TR LT, BRAMIZE L THEEIR TRV (US EPA, 2000) . B MZ
FERKOERSE IEHEACBVTER, ROFEINERNRELBRZEIEVHRTHS (ATSDR,
2004) , B FTO SN FORAREIL, EEBECAMEEL LTALATH D EE CTHEITHEORE
0 2895 BB AF TN S B R NSt BT JE R I BT L T 5 (ATSDR, 2004; IARC, 2006) .

| ENBREROPDEE

B OREFOPDE(EIX, AFFRERE FOTF—FEEI LTS, 150 mgDEL=-UL %220
Mt MOREROBRE SEEHAERW T, BHBREESEVEFMEHEEIL. FOLREMET
ot (s b & LTHEL mgke/day; WHO, 2006; ATSDR, 2004) , =31 k& LTl mg/day®
CoCl, % 88~90 A BIER L7z b FEEA 1081 (BHESH. ZiEsF) ORBRICB W T, Rinzkig
MEX R+ O oEBITEDd b h-oi- (Tvermoes et al, 2014) , BORERFOPDEE %,
NOAEL 1 mg/day® ZICRE Lic, BERE (Hﬁiu_iowcﬁéﬁént 1~F5) EFRBIZANT,
R NRFEIFOPDEME LT O L S IKHIT 5,

PDE=1 mg/day /(1 X 10><2>< 1X1)=0.05 mg/day =50 _pg/day
WEPDEEOREICEHE FVRBREFERA LD, F3E L TEBEERERERIR L,
HH Iz X 5BEEROPDEE

T, MESH~OBRSHIC X 3BREBICREIEEEDOH BT —Fid2y, 250 PR UE#H o]
v MES o N BEHEEo ORI AER0FEEIL 18~97%THS (ATSDR, 2004) , FFORER
B4R EREN - L2 EE L, BOBRERFO PDE E2EEHAE 10 TRLUT, B
L ZRERD PDE {EXEH L Gl EHIZEREIN TS EBY) - HEic L3REFO 2L
MZES9 B PDEEIRUTO LB TH B, '

PDE=50.pg/day / 10=5.0 pg/day
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R ABREER; OPDEfE

_ﬁ‘?t‘.@:‘/\ﬂ/ FROEOMOABEECRODER., B FTHioEEE3 &R *J‘_I’H"éﬁiﬁ)%%
(Group 2B) .

UA%F\%E&U%Mﬁ&E&ﬁ\@ﬁ%t%l&%mibtb?&%ﬂé%ﬁhﬁﬂ%@i
EBREETHD, TAHOT—FIIMEEERLVENLOTHRIEEFLLN TSI & RUR
BEo L FORBAECETSE FOF—FERNZ EPL, =/ MIBELTIER, MRLT Y
O—FEZITANBILERTEDZLELDbNS, b MNIBITBENA Y RZ ORROHEEER,
MRLZ%Z AW TR 7-PDEME & EIER—TH 5 (WHO, 2006) ., BRABREZFFOPDEEZEH T 57
». 'l%ﬁ%)\ﬁaom 0.1 pg/m’ % f\ 7= (ATSDR,2004) ,

PDE=0.0001 mg/ m’ /1000 L/m’ X 28800 L/day=2.9 pg/day
MRLOBHICHEZAEN TS Z L b, EIEFREIZ OV \“Cfii‘ﬁﬁ Lirdroiz,

BETR

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. Cobalt 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
B6C3FI/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
concentrations of cobalt after ingestion of 1 mg/d by human volunteers for 90 d. Am J-Clin Nutr
2014;99:632-646.

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

WHO. Cobalt and inorganic cobalt compounds. Concise Intemational Chemical Assessment Document.
Inter-Organization Programme for the Sound Management of Chemicals (IOMC) World Health-
Organization. 2006;69.
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&
A PDE {HDOHEE
é (Cu)
. &N B&F . ‘A
PDE (pg/day) 3400 -340 34

E

i (Cu) X, B—EBRHRTE 11 D 1 2THY, i 2 >OBLRE, F(1HEUEE
@HERS, BPURTE FOWThIZL > THHLADOHELETH D, Hid. WObDEER
EEERCARARAEE S EA L., FEREnLEBRAFICHEEICEE LTS, #ELedy (F
i, W o AES) 13, KEABEUCBREERGCBIT AL LTHVWbNRS,

C REMEBEORI L ko BE

RO MUGEAEEEEDH A REMT —F OREMRVE2—ILLY, §iik, SERAEDCRE
OT|EBUC BT, MEE, FBRUSRHCE FERELRETTEERS L ERFIATHS
(Araya et dl., 2003) , ' .

B MR OPDEM

TR, Ty hRUAREHCEREBARCGES-* /Y /) 7— MBETA RBEERINL TS
(IPCS, 1998) ., T M. HFBEUBRICHT2ZEBCELT. Zhb0 55 TREZENERD
ELEMpRE LM I, Ty MIT500~8000 ppmDATEESE T KT IR & L /=138 E Ak
WZRWTH, MESIEOBRRR A EEREIC ST 5NOELIZ1000 ppmTéH -7z, 2000 ppmEl L
ORERICBWTIFEER EFEERTED b/, NOELIX1000 ppm, 64 mg CuSOy/kg/day ($&
LT17 mgkg/day) S Tdh o7z, (Hébert et al., 1993; IPCS, 1998) , EIEEHE ((F&l1IzBWT
EEINEFI~FS) #EBBICANT, E0REROPDEEZLLTO X S ICEHT 5,

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

BHIC X 2 BERFOPDE _

SHICBIT BEAMEL B a—iE, FEMIC X AMREICHR SPDEEOEIMOR L 25 & 5 REER
M HET A ENTE R o, FETERICBNTHE SN HANLRENLERSN
7EAD S B, b FOBILBERIE, 30%~40% BT D EATES (Wapnir, 1998) . SHETHE
SRS DR NIRBEIR O A Y EHF H ER0%~A0%IZBENTNWD Z 2B 2, EORERFD

PDEE #EIF R0 TR LT, BHIC L 2BERFOPDEEZHEL Lz QUEIEHELTWB L
BY) . Bk AREROMHRICET AHEPDEMIILTO L BY TH S,

PDE=3400 pg/d / 10=340 pg/day
% AR BERE OPDE(E
WA SHISAOFEZBE L, AFARTHoT —Fid. S48, FHUGIBERARFOMRLE E
EHTICHATRTHB LEL BN (ATSDR, 2004) , # R ¥REEFRFOPDEE 2 EIEMAE100 Tk
- LT, BABSEROPDEELHIH L GIRICEESATNHLBY) ,
PDE=3400 ug/day / 100=34 pg/day
BEICHR
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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 undergomg controlled copper exposure. Am I Clin
Nutr 2003;77(3):646-50.

ATSDR. Profile for copper. Agency for Toxic Substances and Disease Registry, Public Health Service, US.
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. Wor]d
Health Orgamzatlon Geneva. 1998.

Wapnir RA. Copper absorption and bioavailability. Am J Clin Nutr 1998;67(suppl):10548-60S.
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&
£ DOPDEME ORE
& (Au)
2 Rz A
PDE (ug/day) 134 134 1.3
B

& (Au) T, SEBERUEMEE+ 2 5+5 ORETHFEL. Bl | XU 3 MOBEIED
— B TH D, TRED LT, BRENIE L, LB TERZENICHEERH S b0 Lidhe
EhTULAY, &1, BHEARICEITAMEE: LT, LT, XIEEERT LA (Z2T
WS LIARRT 7, BY VB AV IT AV ThHD, Telles, 1998) O X 5 2ESHETRN
ENTWS, SFMmOoL&EOM—OREIE., il LTOERPLL 30 THS, &OAHHEIL.
BECAVLRS, '

FERMERIEDIRIL & 12 > T Bt

LEDFHOITEALEORRIT., £0BREMEAICE STV 3, BERATEREFEIZAVWOH
 BLOER. 1 HOLADEA A VENTF (AuS) LORETHLHB, ERELIFRIN TS,
aof FROE&ES (BET4S) %, 30mg/day T18HE., KIZ 60 mg/day T 1 HM, XT#FEDOX
ra— A TREESNZERE 10FICERIIR O of, YEFIE. 30 mg/day THRIZ 24
g2 gks U, MiFRiasEs. SiEoMaEt iffgoMasztofiniie<, Vv
< FHEREES R DBRERRGYA b4 Y - RFA—FILBWTHIBECHENBD LN
(Abraham and Himmel, 1997) , '

SLAMERWEEHOBMREVE M OF—F BFRAETH L, LML oFEL LTI,
FHRAEEFRBEESEENES v b+ (Payne and Saunders, 1978) ROt b+ (Lee er al, 1965) BT 2F
BORE., A XICBiT3{bEEME (Payne and Arena, 1978) X H 5, LrL, ZhbORER
i, MBS DXBREERORFS E LTHFELARAVWEBOEZAWVWTERSNTEY, L
7= THRIFIFR DEIT{EZAPDEELEE BT O HSEEER DD DO LIEEZL LNV,

L OFENIRERD PDE HEERETHDIC, HAPILTET D LEILNIBEBOSOENZ
Bz kAt FERESICB T A EEEOHIEERERITRY, Au@BHiE, X VFEESRVLEZEERE
Zx b, BMERKEBONTAVWDRD BILE ZEke) . €CHESHIBEL T, Bb
niF—2 Ly, H5—RBIIBWT, £6HEEY [Auen)Clh] Cl (YZ7roxF Ly
T —&H FLAYV) X Ty FOBRBEOIFRIC B TEMRARFNELESIZEI L.,

= T ABW T 322 mghkg OFET 14 AMBEEARSSh,. BRETEEESIZEZ XA
o7- (Ahmed et al, 2012) , ' '

#% N URERF OPDE(E

S OB T A B E RIS SRS Th 5. BROBETMEEIL 0B
BREOHMBETHI D, £@HEEERES Sh~ T AR 5RBRIT. ROBEROD
PDE EQREIBWTEATRR LD EEZ b, BERHE ((F8& 1 KBV TEEIhk FI
~F5) ZEBICANT, BOBREROPDEEZLUTOL I CEET S,

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

PDE fEMEFEI LOAEL iV TWA Z &, RUBEHFAFMAET L TRV b, F5 &
LCE# 10 BB LT, '
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e & 2 REERO PDE {5

EMIBWT, £FFY I8 Y U A0 mgFRNES LR, £BFRRIAEITS%

#BTHol (Blocka et al., 1986) o VY FIBWT, 2 mgkgE FANEH LckO@T AV oo
B b Y 7 AOREEITNT0% TH o= (Melethil and Schoepp, 1987) . EMFHFIARSE N
L. RUSE DR EERF OPDEE DR Ehﬁﬁﬁﬂ%Liéﬁﬁ#mant_kmB e
IR EEFOPDEMEII R NIRFEFOPDEEICE L,

PDE=134 pg/day
'ﬁl&ﬁﬁ@mlﬂﬁ

R ABRGEE T OESTIC &k AIRERACRIT S B@u‘éaﬁ; AF—Zix. Wickit 540 RmFasestt:
OFEEMITIED bOEFSHEELAV I i d, RUIEEROPDEEZEEREKI0 TR LT,
FEEI- L ARBEOPDEEZEN L GIERZHIATWDEBEY) |

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

SH IR

Abraham GE, Himmel PB. Management of rheumatoid arthntls 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,]JCL. 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 thlomalate in rabbits. Pharm Res 1987;4(4):332-6.

Payne BJ, Arena E. The subacute and chronic toxmlty 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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4}

€400 PDE fEOHE

# (Pb)
, FE TR ‘A
PDE {ug/day) 5.0 5.0 : 5.0
Frim

& (Pb) XA E LTHERWE L TCHEET S, — Bk 2 Hombet & LTk, Bkt
EOKBEHEER OB EORREERH D, FEMEEHE LTR, VY U RAITHDT
b5 AFARBEOT NS FARNSD D, FHREMEESHIE. KEPTHZ D ERLHCHE I,
KPR OHERICEENMEA E L TEET 5, I, b FUIHLE®mIC BT 28EmD LY

FHIHEREIT /Yy (ATSDR, 2007) .

T AR HEDIRHL & 72 o T FEiE |

b FRUBIICEO TR, B~OREE, SR, A5, BE, BF, BRERUBRICRRE
FEEBERBITILAH D, —RIIC, BEEICHT AR, RABICBWTRES N
LELHELT, RESNEWNEMICB O TREIhE L ZILIVEY., LTEERER 1~2
ng/dL. ZEMEETRIREER 100%, IENCEERBRVWERELEET ) 77 usZ 4 (US EPA,
2009) %AV T. PDE ENEON, ZOEDHIZ, FE PDE ik, BEEREII» D LT R—
TH b, '

¥ OIEEFF O PDE i

BROBEEOL MR, BBBRESEL, 2o, EEROKREWIHGRERIL, FFRWE
ITEIEHNEETHI EEALND, FHFEWENLLDOT—FIL. 5 py/dl REOMPERRBES. b
R OFEATE EOREEICEIE LTV S AIRBEZ TR LTS (NTP, 2011)

US EPA &5/ (Integrated Exposure Uptake Biokinetic (IEUBK) Model, 1994) (UL 100%, & D

MEADIBEIFEL L) wXhiE, 0~7& (0~82 &HA) O/NRICE > T, 5 pg/day DFE AR M
AR 1~2 pg/dL WIS 5 LR &5 (US EPA, 2007,2009) , . :

PDE=5.0 ug/day
BERIC X HIRERF O PDE {E

SOBRMNBBEBOBBIIN R UAMCESLS, LER-T, BEHICL2RERO PDE f@id. &
AR D PDE BIZZ LV, '

PDE= 5.0 'pg,/day
% AUREERF D PDE i

?ﬁwﬁmﬂﬁﬁﬁ#w%@ﬂ]ﬂlcp 1//{/]/47_-%’5( ° ]_,'r:yj‘io"c\ %Aﬂg@ﬂéj‘;w PDE {E‘i\ %DR‘E%
EfD PDE {E(ZE LV,

PDE= 5.0 pug/day

BEICR
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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—leve] lead. Na‘nonal Tox:cology 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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U A
Y F 7 ADOPDEE OHE
. Y+ A (Li)
o) it ’ T
PDE (pg/day) 560 280 25
i

Y (L) i, BESOBBPICEETD, DV ENWEEETH S, VF o A, BT,
XITEOMOEREDBAET, ML LTAVGHhTWD, VF U Albeh BIAE, AHFL
TAI=0LYFUL) L, BEEHRICBITAREL LTHWLRTWS, VFU AL, ﬁfﬂ

+1 OBEEIREDIE & L TORFELTVS,

ﬁéﬁ%fﬁ @*EM c‘: o T._ﬁa:‘fi

UFohite FOEREE LTERSNATEY . B, ﬂ#ﬁﬁﬁ*gﬁuﬁ%ﬁﬁmﬁo DIE DG
FICBIT AV FUAEHORSIZETAEBERL N —F 855, VFUVAEERAWERRE, VU
F o ABEMNEZIICD, BEENEMCL 2EEREBRLLEL TS, VT U LAOEBRIRIT.
BEREIC D LA, MiFFEE 0.6~1 mmol/L (CFRE XN TV'S (Grandjean and Aubry, 2009) ,
B~ —orak, VF U LAOEMEE, IBFERORETRRLES. b MIBITD IV FU AR
X, Fic. REHEET. PRBEEET. ER/MEESELERCEERMO Y X7 LFICE
H LT3 (McKnight ef al, 2012) , 10E OHERAEIL, 300~600mg D 1 H 3~4 B E5ETHS

(US FDA, 2011) , M%7 —# &b Pa—L, RERBLEE X, TEMEEORIL 255
HEE LT,

B ORERF OPDEE

bt Mok 3 YT LAOERERM, Z0 PDE EOERE LTHERASM, & MNCBT SRR
VF7 AOBRNEEZEORAETHS 300 mg (VF VA 56mg) ZRVEREICIE., BORERD
PDE XL TR & S cH s,

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

T @ PDE{EOHZEITEL LOAEL (ER—BBREED 1/3) #AWEZ &b, FSicidf&ii 023
WL,

HEHI X 3R ERFOPDE[E

YR L 2BRERFD PDE ERBETHADORE T — 208372, LOLERG, EOBERD
AR A 85% (Grandjean and Aubry, 2009) ThH 5 Z & BEE 2, & OWERFO PDE &
FEEFE 2 TRLUT, EHIC X 5RERO PDE {E%‘:ﬁﬂj L7 (3.1 Iﬁk‘ﬂﬁéi}’bfwétk
).

PDE =560 pg/day / 2=280 pg/day
% NIR R R OPDE(E
Y REOEINITLY mym OREOELY F U AIK4~SERM,ESBHE, 1HHEBELE

(Johansson ef al., 1988) . WFBEMERVEFHRMSE AW T, KEMEEICER Lo, Mids
BEINE. FEREEIRE SN o), BEHAENAPDEAOREIZAVW O, EIE
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HFE ([HEICBWTEBRSNEFI~FS) 2FRICANT, BRARBROPDEEZUTOL 51T
HHT 5, '

. - . 1.9 mg/m>X 6 hi/day X5 day/wk _ 034mg/m’ =~
EHRE IS 24 hr/day X 7day/wk. 1000 L/m’ _0'00934 mg/L
—RE&= 0.00034 mgiLkz 1440 L/day =122.04 pg/kg/day

PDE=122.4 ng/kg/day X 50 kg / (2.5 X 10X 10 X 1 X1)=25 pg/day -

BE 3R

Grandjean EM, Aubry JM. Lithium: updated human knowledge using an evidence-based approach. Part'I:
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.

Mcnght RF, Adida M, Budge K, Stockton S, Goodwin GM, Geddes JR. Lithium tox101ty profile: a
systematic review and meta—analy51s Lancet 2012; 379 T21-728.

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

~ &N e o A
PDE (pg/day) 30 3.0 1.2
Frim

AR (Hep) 1%, HERBEICEWCES AT LTS, AR, THRASE, SRR OEHIKR
D 3 DOFIECIEET S, BHITICBET 5 TRESE DAV KEOHEEL, EBRFETHS.
LERS>T, ZORSMEML. TRAERCEEKROBELEOSH 5 BIEEHNT — # 0 E-3<
bOTHD, TORSMTMEEUEE H SN PDE EICOW T, FHASNTIEER L2V,

REMERORME 2> Tl

b MCBOTEMAE SRR AR A TS D & BFTF S RV, ELARORR AL
<. ERBMICHY 5 RENRIENAS 5, ERAADIEE (ARC) it BHAKS(LAHAR
b MIRPT BERAMIEONTHETCERNWLOTHL LEM L (Group 3; IARC 1997) .

R AGRILSWIY, FHKEE E~THEBEIEWER ﬂ%ﬁﬁ@i%%é’ﬂﬂfﬁ ghIR L, R
22 pEehME  EMREUOBEA~OEE CEEEREE (GRERE) LWholiky REHEN
LBl r T, ERKERUCEDOEICE L TORSEEEOMRILL 2 5FET. BEHETH
2., BEREN LEBE~OEERNAHE ST D (Shimada et al., 2005)

BB OPDEE

F v hRUP= T RREBWT HeCly, 2&E 2 ERE LIz, X< TP iz NTP OFRRBTE
T3, F0O5h, LV EARERFEEENFEMBITOR TSI L, KU 2 FHHEABRLIV A
BEE&EAEV (0.312~5 mg HgClh/kg/sd/wk) Z EF#FEBE LT, Ty MIBWT 6 B A BaHiRE
AHEZTonBR/BRI N, TROEHERRT (KEIZHTS) HAEES 0625
mgkg S EOBREHETHENLE, BREFHASFA—ZOEL (FVTF=2, AVTL TF
=TI NG AT 2T —FERUTANNGEVET I ) PSS UAT7 27 —EDED) Belks
BEORBICRD b, YEFRIE, AREKFEHRLOLIIBbhahol, BEOCHRAERVE
FEEE (SRMMH HERED) RN, Bk AR 0625 mghkg L EDBSETRDOhE, &R
TR RS (JECFA) OFME (JECFA, 2011) IZBW T, 6 HAMZ v MRER (NTP,
1993) PHELNEBRICHTAIETEHE (EEBM) %ZEIZ, BMDL, & LTKE 0.06
mg/kg/day (B 5 AEOHEENOTREINTVWD) BEEHINE, BERE (& 1 BnT

EEINE FI~FS) ZAVT, BNREFOPDEEZUTOL S CERT S, '

PDE=0.06 mg/kg/day X 50 kg / (5 X 10X2 X 1 X 1)=0.03 mg/day=30 pg/day

615 A RBR R URENRBICB I AREAECOFRRARAERbOLEZ X bhihokl th
5. FA%1L L. F7-. BMDL;(#NOAEL & E % H11%55 (Sargent ef al,, 2013) Z &b, FS#&1
& L,

EHC X 5 RBEFOPDEMA
EHRBIL. BRAKEORDAYFENFIAERI0~30%OHEMACSHEZ L EZRBLTHDS

(ATSDR, 1999) , L7E#-T, BORERFOPDEEZEERKIOCHRL T, EBEHILHEER
OPDEEXEH L GIHEICRERHILTWELERD) |
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PDE=30 pg/day / 10=3.0 pg/day
% ABRERFF D PDE {E

RTINS EN E MEARERIEB AR LEZEABRVFMEE CHDILELLND L
M, E=RP TWA BEOLHER 14~20 pg/m’ OIEERBEICBIT FERETRERTHS (US
EPA, 1995; EU SCOEL, 2007) , HEEMICHIT 3 EREKEESE (14 pg/m’®) TOMRITEISA
HEOEE (Ngim ef al, 1992) i3, YE TWABE S LOAEL L LTEETONERHDHT L E
ALTWD, BERE ([ 1 28V TERshk FI~FS) Z2BEICAN T, ZTRARERIC
T3 RHFEBRARELEIC, RABREROPDEELXUTOX S ICEHT S,

. 14 ug/m® X 8 hr/day X 6 day/wk 4 pg/m’

ST = _ —0.

EERE AN 24 hrlday X7 day/wk 000 Lim® 004 we/l
.' X :

e OO0 ) e

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

PDE fEMZREIC LOAEL # A2 b, BERFEA L UKESMCEERITT 3 T8t
DNTHEBIZANT, FS & UTHEE 10 28R L,

BEXER

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 limité 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 J eyaramam J. Chronic neurobehavioural effects of elemental mercury in
dentists. Br J Ind Med 1992:49(11):782-90.

NTP. 'I_‘eohnical 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 estaolishment 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 metailothioneins in the olfactory pathway
after exposure to mercury vapor. Exp Toxicol Pathol 2005;57:117-125.
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US EPA. Mercuric chloride (HgClo) (CASRN 7487-94-7). Integrated Risk Information Systém (IRIS).
1995.
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Y TF
%Uf?ymmmﬁmﬁgl '
Y77 (Mo)
2O B A
PDE (pg/day) 3400 1700 11
o

F YT (Mo) OERE{EHII+L BROH6 T, X7 =4 EHOBEPEL RN TH S,
Y FFLD TR BHEE. FEPRURRKTCRE Y 7T VA 4 (Mo ThH. K.
NH B OF Ca¥" & o Tt x BRBA A0 L RIEHEDILEWETERT D, £V 77 i3, LEF TR
Bex PRIECTEE L, FORET 0.1~10 mgkg THD, MoO, BT MoS; IXAKICEET 22V, . B3R,
AERROCRETICRIESFET S, Y77 e (BIXiX, Bi-Mo, Fe-Mo, BHLE v
CFURUEY T ) M. ABRARICBVWTHE S LTRANWLRTWS,

FEYFFUERSHERRTHY, EREH EBEOHEMIE, ALAHRT 100 pg/day, AT 600
pg/day T 5 (EC Scientific Committee on Food, 2000) , €Y 77 RZIEORFEIL, ®E. B,
RUHEE SE, SREOCEFEERTHY, P ATFAI=CBEOREL Vo fiks R4E(LE
MRERES, T, 8 —HRE2ZTTVW3H238F BV THE. MIFPDORBRENE
ERHBARBE TH- R EREEN TS (Abumrad et al, 1981)

FRAEEAEOI L 72 o T2

ERb E LTOT Y 7T VRERRER RSB0k (NTP, 1997) , Fic, A7 FEMA
REERERZER RIVM) (CX5FHEIL, €Y 77 VidBEFREEFREIRVERR L RIVM,
2001) . IARC XiZ US EPA i L BENAMEDOFTHIITHR TORY. RAREROE) 77
DEHEITE, Y TTF U ERARE SR U BT SBBAAEOIILE N 202b D,
BADT RN, Z OREREICBE L T, BbAERFEEZENEEEROH SFMERETHLH LS
Z B, | : :

R OBERE O PDE A

5o MOREREINEEERTEY 77T P v A0FEFRE L. GLP EA&® 90 HEE
MEERERIT. B U 7T LT 60 mgkg/day DREGRICBITAKE, AEHINE, BEE. —
OHEEE EIERRVCABRIINTIHEMER) EUBORBAGFHITR (i 2 IEOEAR
A DELEE R UVE AMEDIBTERR) ~DER & W o B EER LML (Murray ef al, 2014) ,
BTy MBI AEERDZRE, 60 HEOMEMNE#TRICEEZEEIRD b, &
RRE. HEABUIETICET 3T A ~OFERBIRO bR b o, FEDIE, IO
SREAD NOAEL BE VY 75 & LT 17 mgkglday TH R EHRBL TN D, ZORECBNT, #
BB OREICEE L-EHRR Oh b ol, BERE (& 1 KBWTEE &N F1~F5)
FRAWT, FRABRERO PDEEILTOL 512725,

PDE=17 mg/kg.X 50 kg / (5 X 10X5X 1 X 1)=3.4 mg/day=3400 pg/day

T L ARERFO PDE

Vyskocil T Viau O (1999) iBWT, BORBEHOL b TOEYFERIFIHET 28~71% -
DEHEFETH - EBEEIN TS, Tumland & (2005) (&, €U 77 ORIUIEE BHETH

0% CihoTe EMELTWS, LEN-T, HHIC X 58ERFO PDE EIX, EEFREK 2 TRLE
L LD GlHEICEHIATWSEBY) ,
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PDE= 3400 ug/day / 2=1700 pg/day
IR AIRERF O PDE il

jg&ﬁﬁvyz}_ﬁu\flﬂj\ﬂﬁﬁéﬂt:@m%J TFACERIERRD B (NTP, 1997) .
mmiaﬁﬁu\%)7?V@WﬂvﬁA&U%)7?V@ﬁ%ﬁtFLﬁLT%hhﬁ%ﬁT
BAMSHEETIRL TS (NAS, 2000) . e O RSB BIRIE BADRERT—F (#E)

(0. 10, 30 BT} 100 mg/m’ RBIHTISVTENEI 3/50, 6/50, 8/49 RTF 15/49) & WTERM
NBRITIEDDOET Y VI RERENEL L 25, BBADZZy MY R 1E 265107 ug/m’ 2K
BETHB (NAS, 2000) , 1:100000 DY A7 Lk BWT, RARERO PDEEZLTOL S
WEHT 5,

; -5
o AREERS (D PDE fE = X107 38 pgfn’

2.6 X107 /pg/m
PDE=0.38 jig/m’ /-1000 L/m’ X 28800 L/day=10.9 pg/day

2=y P ARZ T u—Fic L Y EEHY PDE EICBL T, FORBIEEREEZER LR
by, .

BEI
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Department of Health and Human Services. 1997.
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2001
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=T
= v 7 A OPDEfE OBEE
' =wbv (Ni)
wo s ‘ A
PDE {(ng/day) 220 22 6.0
Frim

=yhn (N . B 10 KOE—BBTRTHS, =y I/id 0, +1, +2 RU+3 OE{LRE
CHETET D ATEEEN b D48, T ABLkEBIT2 Chd, =y 7FVik, #e REMTEERTER
RICEETHLBTHS, —CIK. =y 7V EEHikEEICESWToE S, Hb=y
v, BEE= SV ROEE= SV Lo To KBEER KV @ =y b lid, Blb=v 7
AROERL= v 7L & o T K OBV ESBIC R TEMERE VWEM I & 5-(ATSDR,
2005) . = v, b PTIEREEFMICOHETIERVE, BTy FAVRRREERER
BB T ¢RHD, my I N—TAI=nUAEELLTO=yrid, ARERISIZEBITS
il LCHVWLATVWS, EREEERARABRORMIZAVWONRD A7 LA#IL, 7ubdg
DEHEN—ZADELETHY . 1%KRHE~38%D =y X VEBIEHELTEE LTV AHARH S
(Stockmann-Juvala et al., 2013; NTP, 2006) , = &7/ D— aﬁmﬁﬂmmammwwoﬁ@h
&H5 (USEPA, 1996) .

gtk EYEDARIL & I o el

L=y d, BEEEEAT LS. BREEEZ LR (JARC 2012) . BABRERO=y 7V
HEORBAMETFIRT SOV (Heim er al, 2007) ., iToEEEAWEW L OB ARE
RERICBW T, HOF A 7T Lo THEEOINAH~7 (ATSDR, 2005; EU EFSA, 2005) ., US
EPA IX= v 7 VS F A N OBBAAR 5t H 5 L L (USEPA, 2012) . =v &
JEEEE A R b L RRBAIE. =y FASEXIAT L RO EEIC D B EEEIT VT,

BAY RT OEEREIMIRD b o7 (ATSDR, 2005) , = v AOT_TOEEEL—E
LT, IARC (2012) X, =y vkt FOERAMEBDE (Groupl) EHFELTWVD,

v FEUEICBWTIE., =y VOREROERIE. 58, FERSEGICEE TR~
EEEBLBXEITIERHD, b ML, —BNIC, =y 7 ADREEERHICHVEHRT S
L. o MCEBEENS LS RD, B FOTF—FiE, AL D=y rNVOBE—HEDOHEA
AR, = I NMCBRIESH L P CEBREBRELIDZLEEZFRL TS (Nielsen ef dl,
1999) , = v AORBEHEORNSRAEOCEICBWTIL (US EPA, 1996) . = v /L
EOr MIZFISATWRY, BERARRIZ. b MEROCEHE BICHRCEEORE L Vo7
BERECRECDTREESSH Y, [REXR., WRHE, REERCHBREES =y 7 Ok
TRUSEEEETHEINTVS (ATSDR, 2005) , FFEME NiSO, #8537 v FTRAE
L7 RS, R NIO 258N T v P CRELERRE &L E~T, EERICIEE
BLTWALOTHot=H, XVEEEOENLDTHo7 (Benson, 1995) » =y I NDEM
i, b kD :E%ﬁr-h_%liénéj'?"‘ﬁ@ﬁ,ﬁ?k SINVT, L DFE< 7‘.;275; LD EEDND
(Schaumloffel 2012)

B NIREFROPDEME

10, 303Xi%50 mg/kg/day CHilE= v 7 MAKFp 2R E SN T v MBI 528 R OIS AR
B G, RO EORSICEE LZEEERD bhitholt, EREFOMIZENT, 550
~105ETOEERIL, FERBEE—USBEERH D, i, ML HICREFIGETOEKE
W ARERFARRSEH Y, YRR, 30X 050 mgkg/dayiR EHTHRE Th o7z (Heim et al,
2007) . LOAEL 10 mg/kg/day (=w A& LT22 mgkeg/day) ZFV. BERE (H&EUBWY
THEESNIFI~F5) EFEICANT, BOBREROPDEEILUTOLBY THD,
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PDE—2.2 mg/ke/day X 50 kg / (5 X 10X 1X 1 X 10)=0.22 mg/day=220 pg/day
W PDEE DR EICLOAELEZ AW =2 &b, F5& LTHREI0EER L,
R L B IR R OPDEE

FEE =y VR EEZ AW FORBEAIL. ROBRINERED 29~40%5 RIS
% (EFEDEEET— 2 ICESX) LEETDHOTHo (Patriarca ef al, 1997) , =y FAD
WU T A AEOEELFEMT I D 1 2ORRICBWTHE, BREHED 2~23%BRIEH
7= (Nielsen ef al,, 1999) , LEMRoT, =y FVRUKEN= v 7 AALEH O N REEROAY
ZEFIARABENR O THSE I & EHBE L, BOBRERO PDEEZEEMRE 10 TRLT,
EHIC L ABREROPDEEZEH L GlECERINWTHNELEEY)

PDE=220 pgfday / 10=22 ug/day
W ABREERF OPDEME

B} AREEOPDEMOEHICEL Tk, AIRFELRT—F 00, HEEOH D= v F LV OFIER
BIRENWE, By A ERAWERMOBRTIE, ~NARXH— (Wehner et al, 1984) X<
7 A (NTP, 2006) \ZIEEEISED bhiehofa, 7 v MTIRRBEHPAEICET IV DA OFHRAS
Hote A (NTP, 2006) . £B= v 7L OBRARE TRREBALOIERIL R > 72 (Oller ef al,
2008) . EABIAITICHFEL D ABERUVED = v F/VIIEB AMEOEREZ R L THRNOD T,
=y ML T, BEEET7 7o —FRRT ARSI BT 60 LEX bR, EERF
#H ((FHRUCBWTEZENIEFI~FS5) #FEICANRT, 7y MRICEIT 5=y 7/ ONOAEL
0.5 mg/m* % iz, BABRZEFOPDEEFUTOL S KEH L,

i e 0.5 mg/m’X6 hriday X5 day/wk 0089 mg/m®
EEEREAN = 24 hr/day X 7 d/wk =T 0oL 0000089 me/l
e 0.000089 mg/L X290 Liday  _ 4

-E & 0475 kg 0.060 mg/kg/day

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

KA ORED = vy F VIIHIICERINAWRESH D Z L. R _TOFEDO=y 7
AOEAREZZORBEAGSHBRE CHICKENRD LN &b, Fak LTHEEIOZRIRL
7o
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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
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1984;(53):143-5_1. ‘
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-."|7_l\

~
+a
N
\

235 7 AOPDEEOEE

RS5O (Pd)
#n - 12351 A
PDE (ug/day) 100 10 1.0

Fr i
RS TTA (Pd) 1, FOMOBEEESBRO=y A EEELTEY., o, #FELTHAS,

IR ATREEOHBEREETHD, ATV UL, PdO) (@B) . PAEZHET Pd4H)D 3

SOBETHEET D, NTVUMIFESRILEYETRELES D, RILEHO 5 LERMAR

 BHLNBBOIEEAERY, RTVT L (e RIERET) E KRERSICBIT D

CLLTHVBRTNS, RV T AR, KRPIZBWTRETH Y, EARUWEERE
L AEORBIEI LA EAICHAD,

RAMEHWOIRIL L 2> e BHE

10, 100 Tr250 ng/mLD 357 P A% EABE LIS v FOWERRART, X7V 0 AL B
- BT 588, . . Hi*ﬁﬂ&ﬂfi’%’i:{;’c%ﬁbf&b\:&ﬁﬁb\fiéhto HEIE, £EELT
EFEPRBLESOTHS (lavicoll ef al, 2010) , &x723F VU AMESWIT- DOV TOME Xk
LR AV o in viro EREERB OV oh (RXIF7RABEAVET—AZRE, K
BBEEHAVESOSY g EF & b, b MU AAEREAVEAERR) X, BEOBRE S AL
(IPCS, 2002; Kielhorn ef al.,, 2002) , K7 —F &L ¥a—L, REEBEPEERX, Z&EERE
DORHLE R HEHEERE L.

B N IRE R OPDEE

W o oRIEMRBERERSh., T VY AEOFERRUBPAMEOERPITHOI TS,
L, SBET, EHONA FI 4 »ilf> TERINEHRFNRBII LRV, AFTER
F—F g, 7T 7 AONCAELA0.8~1.5 mg/kg/day DS H 5 WHEMEEZ R L T 5, Bk
FOEEAT VT LD EAT T AL LTHL2 mgkydayD RETRET 2~ U ADEERR
B MEREE B2 ONDERRTOT I oA FERBREOFERBMELZRY, £, BETHEERN
HAsR A, MECITER R £ 328 e ho /- (Schroeder and Mitchner, 1971; IPCS, 2002) , Z
OREBIT. BBAOTFREMEICESFMEEL TRT D MEEZZA TS, YZHEROTFA
(BERE L~ ME#OBEERERO T —AA, SHREHCS L THFEITME U 58 i,
ZEMA D EEEMEERFEMT 3 _ E COUKRERT — 4 OFIFIIRES R, EEREK (F&ElCBW
TEESNEZFI~FS) 2ZFICANT, LOEL 1.2 mg/kg/day® iz, BOREMSOPDEEZ T
DX HICHEBETD, . ' '

PDE=1.2 mg/kg/day X 50 kg / (12X 10 X1 X 1X5)=0.1 mg/day=100 pg/day '

W PDEEOEHICLOELZ AW Z &b, FS& LTHRESZRIR L,

BT & 5 MR ERF OPDE
NRSOTAKETAESELV Y 2 —id, BRI ZBRERBICRDS PDE HOBEMSBULREF
BREEFZEET B R TEhol, B\37 U A2+ (PACL) 1. H{EEPLRINE
nizd v (FEEARE 3~4 BEICBWT, Ty MRERTHED 0.5%Km, RIMT » L TH

5%) . TENBESXIIRIRNRESZ TS v FRENCBIT AR/ BFEELEL., #5 40 H
BOBEICBWTC., BESNEHED D B, [KENRET 5%5, BRNIRE T 20%B32HI08

55



FETRBY A RS

ﬁén“cmf_ (IPCS, 2002) . EOBREHO T D0 AOLMFNFIHERBENRLOTHS
T EEKE A, BOBREZER O PDE {EEEERE 10 'C]S,% LT, EHICX2IBERO PDE £ H
HLA (1IEI E%Eézhﬁ(‘b\r’é EBY) .

PDE=100 pg/day / 10==10 ug/day
% ABREZEIE OPDEE

NS AIBT A SRR ABRET X0, LER-T, BOEREROPDER 2 EEZE
100CER LT, MABRSZIEOPDEEAZEH L GIEICESEOEBY) | :

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

BEXER

Tavicoli I, Bocca B, Fontana L, Caimi §, Bei‘gamaschi A, Alimonti A. Distribution and elimination of
palladium in rats after 90-day oral administration. T oxicol Ind.Health 2010'26:

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

Kielhorn J, Melver C,Keller D, Mangelsdorf I. Pa]Ia-ldium — 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, rhodlum palladium, -indium in
: mlce Effects on growth and life span. J Nutr 1971;101:1431-8.
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A&
A4 OPDEN DL
: A& (Pt)
‘o 5 R A
PDE {pg/day) | 108 10.8 1.4
i

B& (P i3, E=BBRFIOESEOTETHD, FVUA, FAIVA BIPUA LT
CZUARUA Yo LESD BEETE] Xtk 177F /4 F] LBEHENIESRTROR
LEWVWODTEOP T, HEERRELEETHD, EBAEIE. £ OB{LERMISR U RR
BRI A LD THAEIEAREINTEY, BEOXEREEFRARIME THS, -8
REETRECHTH IR, RatBbREr RTa&EElanth T3, PRHIT4EMDT
7 T A AP (00 BT B, Bb—XRIRPADMIEIEL. 7 T oo AeEA AV RO
~FF I urAQeEEmA A OL SR nugeBERTH D,

sz o BB IR & 72 o i

EFLPZ R LTEEL 9 ABEOAERUVES{LEMORBAMECE L CRIATTRERE
B 1. EEREHNT—FIZBE IR TS (USEPA, 2009) ,

H40ELDEE. ASICEELERBEECRETHY ., FBELELoxE f&%ﬁ:?lﬁ-’é%é
(US EPA, 2009) , @ESEIEX, 472< & bRARKIC LB SBRE~ORZEICE LTI,

%ﬁﬁfiﬁm?ﬁﬁfﬁpék%x BB, BEE LT, CAES., BEgEsironc< M:J;n
BEONBEUOFT ) —ErbEEOWE LR L TAMERBHEERSET HND (IPCS, 1991) ., fE
RO, BEOBRBNSES TH o (Merget ef al, 2001) , FHEOSER B T /fyﬂgﬁa
MEFEETHRVEERT, TUALF U EZEERVWLEO LEDRS (US EPA, 2009; EU SCOEL,
2011) , BHEED Y R 7 X, BIEHAEWR CNCREORRTCHIR (PCS, 1991; US EPA, 2009; Arts
et al, 2006) . MUE (US EPA, 2009; Merget ef al., 2000; Caverley ef al., 1995) KEHE L= bDTH
AEE2bBND, YETF—# &b Pa—L, BEEREME X, TeEEEORNL 25EES
BELE, '

& R ERFOPDEAE

PtCl, (SEMESFIz < W) RUPClL (FIEE0E) 24E8MERHEERET 28T v F OREBRIC
V5T, PICLICEE L, MERA/ 3T A —& ROERA(LEN D A —F ~DHBIIRD b
pinots, RBEINEEERETH S E4L50 my/Fikikeg#PICL,OFE CHEMR S Sh iz B
BT, M7 L7 F=romiEtic~< b7 U vy PRUFRMERST A —Z OB BRD 5
nir. WTFNROEMCELTE, TNEREINEERORET, FICBRTORERENHY
JML7 (Reichlmayr-Lais ef al., 1992) , ZORBIBWTASEMOERER M CTH-=F
BCEERREDL LN LMD, ZORRKEEZPDEEOWREICAWE, BERE (F&Elick
b\f%@énf:ﬂmps) FEEIZIANT, A4 L LTONOAEL 10 mg/fiktkg (28H M-
AEt4.1 mgD P& ER SN, 0.146 mg/day) EEIC, BOREROPDEEZRHT 5, %k
S o hOEEIT. RBREBFNIC3S g TH Y. REBEE L TOESEEREMEIT235 g'ca%oto I
EMAE 135 g2 SEERICAW .

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

HEHIC X B BRERFOPDEE
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BT 2 ReM L E o —ik, ERBEERRIZERS ASEBEEIC >V TOFMARERNR O
ThBIEEFALNIC L, ASEOENRINE, 7y FTRED TES GRREORSEOEE
ICIE1%RN) . B P TR I VEV (BEFPDI2~60%, US EPA, 2009) . L7EAB-T, &R
FERFOPDEME %‘:@?ﬁmﬂ%br ?EE%‘]‘RJ:%&%%E%G)PDH‘&&;%@@ GAEICEESh TS &
BY) .

PDE=108 pg/day / 10=10.8 pg/day
FEEM%%B#@PDE{E

ﬁﬂ’.ﬂéﬂ //\“-'57hjbﬁ'%‘)ﬁﬂﬁélﬁ@i’ﬁ@{f}ﬁﬂ)tﬁbk\ SHOBHER (Biagini ef al, 1983) &
UBEERRRER (Pepys ef al., 1972; Pickering, 1972; Merget et al., 2000; Cristaudo et al., 2007) NEH S
nTW5B, /. US EPA (1977; 2009) RUBKMOTRERZRFICETHR¥ERS (EU |
SCOEL, 2011) 1. B{EZRETE 2 IEL HSBEE O EHAE L. BN OBERERFIC
B 5R%EES (EU SCOEL) k. MAMOALEICE L Tl FOREEPRETSITE
Fe g R RABPRF S CHB LR L, US Dol (2013) {FFREE &I oE L OR
EfEE2 pgmCREL TV 5, EERM (HRUCBNTERSNEFI~ES) EEBICALT,
RANBRZEFOPDEEZUTO L S KENHT S,

X 2 pg/m’ X 8 hr/day X 5 da'y/wk 0.48 pg/m’ ,

$ s = = =(.

ERRERT 24 hr/day X 7 day/wk 1000 L/m’ 0 90048' he/L
. X 2880 o

CHpE— 0.00048 pngL(.) kgssoo Liday  _ 97 pokeday

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

BER

Arts JHE, Mommers C, de Heer C. Dose-response relationships and threshold levels in skin and respiratory.
allergy. Crit Rev Toxicol 2006; 36:219-51.

Biagini RE, Moorman WJ, Smith RJ, Lewis TR, Bernstein IL. Pulmonary hyperreactivity in cynomolgus
monkeys (Macaca fasicularis) from nose-only inhalation exposure to disodium hexachloroplatinate,
Na,PtClg. Toxicol Appl Pharmacol 1983;69:377-84. '

Caverley AE, Rees D, Dowdeswell RJ, Linnett PJ, Kielkowski D. Platinum salt sensitivity in refinery
workers: incidence and effects of smoking and exposure. Int J Occup Environ Med 1995;52:661-66.

Cristaudo A, Picardo M, Petrucci F, Forte G, Violante N, Senofonte O, Alimonti A. Clinical and
allergological biomonitoring of occupational hypersensmwty to platmum group elements. Anal Lett
2007;40:3343-59.

EU SCOEL. Recommendation from the scientific committee on occupational exposure limits for platinum
and platinum ‘compounds. European Union Scientific Committee on ‘Occupational Exposure Limits.
2011;SCOEL/SUM/150.

{PCS. Platinum. Environmental Health Criteria 125. International Programme on Chemical Safety. World
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A&k
Fl & TR OPDEEDOHFE .
AVPTE (Ir)  FXITA (0s) , 2P¥UA (Rh) , AT7=0U.A (Ru)
.| #&O PEH | RA
PDE (pg/day) 100 10 ' 1.0
FiR

H&ikT®E (PGE) © 2 bAELSRV (A2 X VEIEEFNT —FBDR0E) <7 VT KLU
TEEOEEENT — FIEBE SN TVWS, PGE AT 23R EIL, FRIRSHE R R OB i
BRABESBEELIZEBTZL8HD (Goossens ef al, 2011) , W 2PDBEEETHEICHE
THEM LDy EAFIRAR TH AN, ZOfFHIL PDE DK mui+5}‘ﬂ:ttﬁ< , LY ER#HO
BEHEZEMERICOVTIRRIA TE RV, 2R L EBOBE/MCAVLNIHEEITIE. RuO,
X 0sO4 & 1 bR AREBR{EAITH D &FE X HNS (Gaylarde and Sarkany, 1968; Swartzendruber ef al.,
1995) , PGE O FEMEEIX, £B & LCO YL PGE LV %ﬂﬁmaﬁu\%@@i SIcBbh3
(Wiseman and Zereini, 2009) , .

PGE OEMIETLERARR L TWAZ EEBT X, T TCORERKIZETS PDE #Ei.
X VRS T Tu—F e LT, AS TR AT I AD PDE HIZESL LD ELTWS,
PGEICEET R ONIHLHFERITEATO LB THD,

e S A i]
AVITA, FRITA, n/ﬁA&G»TavAwﬁé&h%#éﬂfr H IO TR,
o AUYTTA ‘
o Ty MEEFHMEEAAY S UAGHATRBE LBIZ 24 BREEL, Ay
R v EAIZBWTHIELEEZA, AV Py AREMRO—EE DNA HIETE
= Ui, 2 BERREEE CI3—A % DNA B A AR o (Iav1coh et al,
2012) .
o BEMAIMT LD, Wistar 7w MEES, BV T AGBHAKFH (£ DY
A& LT 0, 0019, 0.19, 1.9, 9.5 &U* 19 pg/day) % 90 HEERAKEEGEEN-
(lavicoli ef al., 2011) , 0.19 pg/day A ELOREFHICBWTEERE TR T L LD
B Dol _oﬁﬁ@ﬁnﬁﬁﬁwmmﬁw ZECH SR boTER
ot

o FRITA ' :

o WE{kz A= Wbmmk&ibﬁﬁtw(mmwmm6m5mm)0%5¢x~
v hiZEMEEE LT (McLaughlin et al., 1946) .

o WE{LAR I T ARRESEOBRICAVWSRATHS, BEEMEAF A I 7 A (0s0,)
i, BRELT, BEORBE. B, &£, BEROCREICHT2HE. M. KW,
JFiER OBgoEEL51 &1L 5% (USDoL, 1978; Luttrell and Giles, 2007) .

o WEEBEAARITL (FAX 9Akbf)®4@&ﬁﬁﬁ(ﬁﬁ'mmriomz
mg/m’ Th%H (USDoL,2013) .

o UL
o RhDIE (KRhCls, (NI"L;)E)R.hCIﬁ) R X2 5‘72%(1&{5&&&% L7 (Bunger
et al, 1996) , TORRIZBNT, MlaFEERCEEEEICEL Tr Yy AN
STUACHEELTEY, BEIVLEESIRIBH LD Tk, Ty MR
MESFMIA 2 b r D0 AGH)KTI & & bIC2MRFRII24RREE L, = A v |
F ot BN TRAELELZA, vy AZIRMRO—FEHDNAI2FERE L
7= (lavicoli ef al., 2012) , RhCLiE. b RV ¥ EREZFAWE/NERAR THEEENEY
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L., BBk ODNABE (XY b7 vEA) H#EISE (Migliore e al.,
2002) ,

6 wURACHEARD Y AERETREERBAMESATT v EMIZBW T, K
5 ppmD AR T, BB TAESYHOEEREROBMMAED b,
S5 OY MCEE L TWARE, BECEZT— B3 hE NI LBRENRLOTH
B, BERABICONWTORFREZRD D Z LIXTT& AV (Schroeder and
Mitchener, 1971) .

o mYYA (RhELT) DERBE = —ARUREIELAPOPEL TWAIX0.1 mg/m’
B, RWDFEMLEHOPEL TWAIX0.001 mg/m*TH 5 (US DoL, 2013)

o« NLT= '7 A
6 W OMORUBEKIE. XX I F 7 RETAISKEE U TA 00T 31T B in. vitroRR 4
'ﬁ:—F'(“ BESHERE#3 X 2% (Monti-Bragadin et al., 1975; Yasbin et al,
- 1980; Benkli ef al., 2009) ,
F T =y AR OREROEIHE (94%) , EHICE SRERO S HINILH
S0 ThH B, BOBERENINAT =T AMEEWE, BICEE T35 (Furchner er
al, 1971) ,

BE 3R
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lavicoli 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
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il g
L > OPDEEOE
Ly (Se)
- 1 S T
PDE (pg/day) 170 85 135
Fram

ElLy (Se) i, HBTICHFELTRY ., RESEEWEEI LA LELES S, L VIE,
4D DRELIREE (2, 0, +4, +6) ERMDHZERFAETHY ., &RV, BELVVBRERTE
LUEBE L WomE DIEIETEL S, Tl ik, b a0 OFITE » THADHMETH
Thbd, Lk, BREAREL ) VATFAARNARI D F A7 BIERVIAERS, B
. TANEBIRS TS Y LTRAVWSRTNS, Ru-Sefilfil, BFETICANVWbONG, 7
U—wtyya%&HTW#wtvyﬁ%@\ﬁ%é&mﬁwfﬁ&@ﬁm§%on

R YEDIRAL L 7o T FHE

¥ L iE, IARCIZ L Y 7 A—73{bEW (BBAMEIE DWW THIATERZY) & LTV X MERE
Chis (1987) . BB BWTENRAMRSH D Z LR EN TV AE—DE L A EEWIE.. Bkt
Ly Chsd (NTP, 1980) . US EPAIZE D &, FifbEL 7 A—7B2 (b MU L TEBIAME
DOFEEEENH D) hizh B (US EPA, 2002) , ok L {b&Wik, 7 A—7D (t bf@%ij
AAERTDUVTS \ﬁﬁéfib‘) il—-%ﬁéﬂf‘l‘é

E MeBOWTE LYy ~OBERERZECRDONIRHEERFRL. BT 3EBF NCARE
EHTRURE L VW BN BT T BB ETHE LV FHEETHS (ATSDR, 2003) ,
AEFOBRIBOE LV ACHTIRBICEL THL OhOBESRH D, LAz 2RBRER
FHIBT A0, Ba REREN, MELBEZ400 pg/dayllHELTWS (WHO, 2011) , H#
Wk, FRAMELTOZEEEL Y XRITREVACBERBELLZOE, KIERKUTROME
M, GETRBWOITHEE Vo RSB RICHTIEEIC OO TIRAATN D, BREAICIRES
e FMCELTHEIATWA b OIEE L RREFERS, SREOXEEL DL 2—A
RIEF A PERALZBHTHROATEY, £k, BELfbAENEITEEZL O 2— 0K
L<IEF A b ORMERARE 1T - BRI, Hﬁﬁgﬁﬁuﬁﬁéﬁ&ﬁﬁbrwéa
%Aﬁ%&@%ﬂ@%%mt%ok&orw&w(Kmmgmm)

N RERFOPDEE

FitE VBT T v PESAERRICRWTE, PR AR SNOAELA3 mg/kg/day (&
L& LTLT mgkg/day) Th-7c (NTP, 1980) . £OMOIROE L ORHBAMEFHIT 57—
FRAHTHY , FoWEORIEEO L Mok 5 HEtERERIE S T 525 (ARC, 1999) |
T ORI, AFFRERREREOREBRTHSD, W 2MDE FF—FBAFETRETHIH, REARHE
BEHITBIT B HOTHS (ATSDR, 2003) , FHH Sh7-PDEMEIL, ¥ 1> DMRL 5 pg/ke/dayicAIL

t%@f%é(Ammzmm)QWEﬁﬁ(ﬁﬁukkwrﬁﬁéntm~m)%%ELT ROREE
IFOPDEEZUT O L I ICEHT S,

PDE=1.7 mg/kg/day X 50 kg / (5 X 10X 1X 10X 1)=170 pg/day
L HEEOY RO, F4E LTEEI0ERBIR LI,
ESIC L 5 IR OPDEH
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b FROEREY CORBARKIL, Bt L UBE, ELVBERTELV/ ATFA=EVoTE
OO VALABPEAEREN LSS, LIELIERSERAEO0%EEL 5IREAZ TR
SNBZEERERLTWS (ATSDR, 2003) . RAOBREHEOLEDFNFAES~0%THD Z &
FEEZ., BOBREROPDEMZEERERTHRLT, EFICLIBRERFOPDEEEZUTOLD
WWHEH L GUAREsSh TS EEY) .,

PDE=170 pg/day / 2=285 pg/day
B AR OPDEE

FER 25 D FEMIREL, HARICBIT ARABRZEOR VBEOFVW—I—ThH D, BEREM
e U IRE I BT A RN EFEME0.2 mg/m AR EL (US Do, 2013) . ERMEARSAIEM
# NV—7 (EU SEG) fiﬁ%ﬁ&%@ﬁﬁ 0.07 mg/m’ %% E L= (EU SEG, 1992) , L Lizas
. EU SEGOIEMIRERFR (OEL) X, BARKPICHFELRNWELEDh 2FBETHIE
L AbAFRICE DWW TE ”m‘éﬂt%oo'chéo L= -T, US DoLiZ X ¥ ¥ & H S 7/-0EL%
RAwv, EEFE (Mgl TEE ém‘_ 1~F5) #FBRIZAN T, RARERFOPDEME Z L
T EHBEHT S,

_ 0.2 mg/m> X 8 hr/day X5 day/wk _ 0.048 mg/m®
éﬁa&ﬁﬁ% N 24 hr/day X 7 day/wk = T000Lm® . -000048 me/L
CHRE- 0.000048 mgsl(l;;; 28800 L/day " 098 mofkefday

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

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

IARC. Overal] evaluations of carcinogenicity: An update of JARC 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 az_mdmes, N-, S- and O-mustards and selenium. Summafy 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 possi-ble- 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
SFOPDEEDOE
$B (Ag) .
20 . TEST - BA
PDE {(pg/day) 167 14 - 7.0
Feim

8 (Ag) X, & LTEEEH DOFET, RUFESEERDRWAE LR OEETHRELEY
BICHFET 5, 83, ZTED TEITIZ< L, »D2, BEEL TV AW, FRLBRTUW < oh
T OO TEKRICEET S, SEkTOEbEERFLEHIL, BEBEREVCELRTHS, IE
LA EOEYIE, 10~100 pgkg ORETHREDORZ FTe, RITFRFMICHLATHER L AH
AERMEEIIRATH D, BIEoFLohbF L dF Y F~0BEICBWTHE: LTH
WHERTWS, $—F FIvLsadéid, FaMIALE=A{bEHORIRMAKERICAVORS,

EefheRit, FEARICBW TR EHE LTHVWLRD,

RREEEORILL 2o HHE

GUITRFEME bR, BREAVESERREVE MR s LFEREi. BAAKER
B4 B4y LA REE L TH ARV, ThbHDF—FrESX, ﬁﬁt%kkwr%mhﬁ&ﬁ
—d"zs LiIxFREERA TV (ATSDR, 1990)

SFILFEIL, b R DRI R BRSO TR bR HAE ERER CH 5 L Bbh 3, B
RO b o —FHIBEEIC AV HND (Hymowitz and Eckholdt, 1996) . $RILFEX. ARFEY

CREEOERGAIEELDLOTHY, RICLDIAT=VEEREL KL R >TAR~OHRIL

ENHELD, BUL<AOROBATZ, MROCEZRORBY NICERBEELZZLEDHD
(ATSDR, 1990) .

& OIREROPDEE

et 7 X CRSTRER A 0.015% M L=k (0.9 g~ 7 R, WEERER32.14 mg/kg, $R64%) %125H
5%, SEOBENRMREEICE S HRITHENEIESRB I (Rungby and Danscher,
1984) , ABEBEVITHRE L R L CERES IR IR, FOMOREK LOBRITED
bivipdots, BIORRIZBVW T, v U7X ICHBER] mpke® BIENEA LRIC, E23HA
WIETET B = LA R& N7 (Rungby and Danscher, 1983) , #RMBRERFOPDE@EIX, 2RHAE 5
pe/kg/day & 755 LTV (US EPA 2003) . EIEMRE (REIZBWTELSIZF1~F5) %
ZE LT, BOEESOPDEEZUTOL S ICBEHT 5,

PDE =20 mg/kgX50 kg /(12X10X5X1X10)=167 pg/day

SRR XN, 7 MR A L < . PDEEOREICLOAELA MM Lie s k2sb, F5
¥ U105 0 Lis,

B X S REROPDE

US EPA (2003) X, =oA FEEUEEEEZRWICEMFREORICEIDEE 2 RE LIDES %
EicLk, b boREM Q~9FR) OBRIKAREDOT —F EHNT, ROLOAEL%0.014 .
mg/kg/day & $FE Lz, EERE (FEUTEWTERSNICFI~FS) £3FEICART, BT X
HIREROPDEMZ U TR XD ICRBHT 5,

PDE=0.014 mg/kg/day X 50 kg / (1 X 10X 1 X 1 X 5)=14 pg/day
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BENOSOERBIIFEZLIIE LRI EhD, ﬁm%rwﬁﬁ%LOELa%ntcb Fs& L
THRESEBIR LT,

BKAREROPDEE -

BB O O RIBEE N B8, B L~V OBOBAZ DL H:fsﬁéif:f:’a%?@'@é;o-to &
| BRROTEHES A HORERAME (TLV) 001 mg/m® (US Dol 2013) &MV, EEMREK
LRI B O TEBENLFI~FS) #BEICANRT, RABRZROPDEELZUTO L 5 ICH
"5, '

. 0.01 mg/m’ 8 hr/day X 5 day/wk 0.0024 mg/m’

E R 5 = = =

RS 24 hr/day X7 dayfwk 1000 L/m’ 0.00000238 mg/L
. . .

g 00000024 mg/LX28800 Liday o ooy on i

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

BER

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 Pharmaco! 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.DolL (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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5o

& 1) 7 50D PDE {HO#LE
FZ 1 oh (T _
&0 i N
PDE (pg/day) . 8.0 8.0 8.0

Frifa

s Y s (T ik, FRAAOEETHD, # VY 7L, FELTHL RUH3 O 208
RIECHEET S, 1 fi0Z Y Uaid, A AVERRUEHAIY UL K+ EEHLTBY, =
DL 5 RELERF ) TAOBEEOERREEL TS, REEOB LY YV U AGBHERRE, ¥V
7 AEDEL BAKEHETH B, FREEF U v six, & LUTHRERNE LTEERICANVWLILTNS
Fh, R, BREOBE., F7X, fFERVIT VT EVEBYSEDTIERDO-HDDETRMICDH
AueshtTnsg, 21 *71—\(3+)ﬁfi7€5&éﬁ‘/_ti:ﬁﬁb\Ba’lbe'\Zoo &) g AMIRBENICHETIE
<, REEBRZAMEEIID BTVl (ATSDR, 1992) ,

LEMEREORIL L 2ol Bk

b FRUEMICBOTH. BE. BCBas., U v AORERABREY D OBEIC A LBRSE
REVERRE L Bbhd (US EPA, 1992; US EPA, 2009) . A¥VEDHT (RRERME, BFERHENIL
RESE) IXhORE L Y HEWEEE LD (Mooreeral, 1993) .

B OUgEERE O PDE {E

B RBEUESWICBTAZ Y T A~OROREICHEIE-HZNEEE. . FlcEa L Ebh,
Thik, BEF Y ADT y bEAVWE 90 BRENRBRCTRINTWS, XV RHAETHERS
DOREENPEINT AL &BEX, #Y VLD NOAEL # 0.04 mgkg & EH 7= (OEHHA, 1999;
US EPA, 2009) , LEH-T, Ty MBS Y 7 A0 NOAEL 0.04 mg/kg & EICHR O RER
@ PDE {E#RE L7, -

BIEEE (TEICBWTEEINEFI~FS) 5B LT, #NBRERFOPDEHEZUTOL S IZ
"HHEY 5, :

PDE=0.04 mg/kg/day X 50 kg / (5 X 10X 5X 1X1)=0.008 mg/day=8.0 pg/day
EEHT X ABRERRFO PDE fE

200 MMES M ~DOEFBBRICHKRS, BEEOHETFT —FIXRWESIN2hof, FEEDHF Y
v AEOAMERFIREITE Y (380%) (US EPA, 2009) " L7~ T, EFICK 2BRERFD
PDE fli}X. B OBREZERO PDEELFE—TH3, :

PDE=8.0 pg/day
W ABRER D PDE {H

# Y U MEEY~DOBRAERIHED, BEEOHDT —Fidv, US EPA i1, # U Y ADRA
EHCETAFRRIRASZRBELHIHTIRT LS TChI LRI # Y U A~DRAR
BOHREEEZ SLHBEEIMEEZRENTHY . RMEA TP (US EPA, 2009) . B M &
TUEBICBWTRHRESRAEEABEERETH Y, RARKIC LD REREEES, FEEENE
Zxbh3b (IPCS, 1996) , BARVBARREOF Vv AREICL VELORANTFEIND,

T OEENE, WAIRERD PDE HEIZOWTik, HEFIZ X 5BZERO PDE 2 b - THRET D,
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PDE=8.0 pg/day

BEIR

ATSDR. Toiico]ogical pfoﬁ]e for thallium. Agency for Toxic Substances and Disease Registry, Public -
Health Service, U.S. Department of Health 4and Human Services, Atlanta, GA. 1992,

IPCS. 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 DOPDEEOEE
' A A (Sn)
&o 22 A
PDE (pg/day) 6400 640 64

%%- .

ZX (Sn) . BAGOLETHY ., R2RUHOBLRETHEET S, AXERLEHDS L
BEHLEER SO, By, B, 7 ot e S LR RBT Y U ARTER AR
FTRYUATHDE, AXE, W OPOTAFEF IVRUIFTVRBRHPRETICFETD
(188:47-0Sn& LTHAL pg) » AXiL, —HOBMMIC L o TREFMTSNITH 5 WREtEDR
HBEM, b Moo THETHS EIFTFIATHRY, BHEXAX2HE, BxFlé LT, RUR
YL E = A(PVC) OEE{FE LTHVWERTWS, EEMMATICEELIEBE IS L
WIHBRANI D, FEAXEHIV L. LV ERETHFETOEBAZRLVEETSZLOT
HHED, TOXEMEHIEERA XICEREE TS,

SR A HERVEDIRIL & 72> T ot

AR OARZEIZET Bin vivoDBEEEEIGIES AEERERTH LI, W 2D T v
FERERIT BUNTIL. BlOEEEL L TOANES o Er OO AR b BRSNSV EEEET
hot-, BETHE, AXRUVRIEiLin viro7 v EA LBV TERFHICE ULRHETSH - 1283,
ZAAXBOAZED S bW 2HOFEOL DORRAEEEICHALTBETH -7 (CICAD,
2005) , v ARARUTS v hTO2EBMBRRBRIZBVWTIE, BB - AXEPAEET R
(NTP, 1982) .

B QR EE OPDER

ZiiiE, REROREEDT v MBI 3R LEBEZHEREWEREIE Th o7, Lied-T, &

DIRZEROPDEMEIC 2V T, HHEVNOAEL, T4 %150 ppm (RAX& LT32 mg/kg/dayth

)  (ATSDR, 2005) [ZESWTRELE, ZOHEE., 7y MBI 290BAARN LB O

LOTHY, BILE—AX2BHEF{EERET v MCBWT, 500 ppml EOBR G TOELO

% BT E Sz (de Groot ef al., 1973) . NTPIC X B 13EMAEREHE (NTP, 1982) & -
BT B EEFHTMEIL. de Grootb K LARBRICBIT DD LY bREEH T Bl ~

OV RHTARE L Vo KERACFIRET — ¥ ORE) Zihb, BOEEROPDE
EOREIBVTHL, de Grooth DRBRIINTPORER L » LEEERH LI bOEEI LN, &

EEE (&YW TEBINFFI~FS) #ZFEICANLT, BABEROPDEEZLITOLX

CEHT 5, :

PDE=32 mg/kg/day X 50 kg { (5X10X5X1X1)=6.4 mg/day=6400 pg/day

AT X B URERBF OPDEAS |

ARWCET ALV Vo —id, BRI X 2BERIEIZES PDE BEOEHOEDIHERML
POFOEFZBEETE o, AXRCERI XLEWORENREROEYMFHOFIREY
5% (ATSDR, 2005) #*Z:iz, B OBRERO PDE {EEET(EE 10 THRLUT, EFic L 3B
PDEE#EH L QlERTHRELTHWDEEY) .

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

% AR 8% OPDEfE
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EFETHTA F5L

AR L TOESME LV Ea—id, BABRERKICHES PDE EOEHOLDICH REFER
;f.ﬂ%t%tzx‘t:ou\—cw{ﬂf‘gbs@%ﬂ%ﬂi?&l%ﬁiﬁ'f%fmxoto AZWE LT TLV (2 mgm’; US
DoL, 2013) BFIATHETH 2R, MRL ERETBITIET—FBR+42ThD (ATSDR 2005; EU
SCOEL 2003) , L7=oT, %@nﬂ%ﬁﬁ#@ PDE i & % AMREIF D PDE {EICEHB T B 7cHiz, %
¥ 100 FAVWC, AXICEATAPDEEEZENT S GlECREHKEIALTNEERBY) ,

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

ATSDR. Toxicological profile for tin and tin contpounds. 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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JLEFHGAA FZ7A >

R TG A
23U AOPDEEOEE
' NPT A (V)
Bgo S WA
PDE (ug/day) . 120 12 1.2
FFia

ARV A (V) i HRBRPICMETEE UTHEEL, HFaR2BERE (1, 0. +2, 3, HET
+5) THEEL S B, NFUTAR, BT IUEEA T (VOy) RUBARF VLA FY (VO )

L LT, BEAEDERDERECDEMEBEET S, AT U ADHELE»DLORIIZIThIIC
Wy, B FTORENGD/AF DU AOREREHEEMEIX10~60 pg/dayDdfEicdh 5, BB
BOBREIDKEICL W RRY, HEERERIRE TI40 pg/dayThHD, & F—RAREHATD
AFSY AOMEFREIIZSETHEN, 2 u/LPEFEEO LR THD, EPRIKIES H5m LT
WHIZbARLET, B MENIZBIT 557V AOFERRERFHRENIEE S LTV,

FReMEEEORIL L o ot

SNFDY AL, BESEPETSN, TREMEE /20 (ATSDR, 2012) , BTV T4
i, B MO LTRSAROFREERH 2HH E LTHH|SN TS (Group 2B; IARC, 2012) ,

BEOIR&EEO PDE &

B R U h~OBRAOFKSB BV TIE, HEE., CAEREUCOLERPEC5EEERNTH S,
ROWSIC LB F PV LAOEELZFEMT I OICKR BBEIRRRN, "FUULAELRERBRES
e MoBWTEREINE, ZTORBRICBWTIL, EREET VT 0 AT UAXIERE T
DA OSFTY AL LTOI2XIR0.19 mg) %5 FEATe~12BEHRE LIHBRE O kM2
S A—& B (MFPEERL ML VEE) . 2VRT7r—ARON) ZUEY FRE,
R (P RBFERICLVAIE)  FEXEROLECHFELRER D o7 (ATSDR, 2012) ,
ME2EE B R CILE~DEBIZ T 5 /3 P07 AOFEONOAEL 0.12 mgkg/day%, & ARERF
DOPDEEOEHIC AV, EEEE (HEIZBWTERIAEFI~FS) 2ZEBICANT, &0
EERFOPDEEZLUTO X D ICEHT 3,

PDE=0.12 mg/kg/day X 50 kg / (1 X 10X5 X 1X1)=0.12 mg/day =120 pg/day
BRI Xk A BB OPDEE |

NFCT AMIET ARSI 2L, BRHICLIBRERKIZIED PDE EEHNOELRDIFE
REMERERFBETE R ok, NP UTARUVERAT Y MEEHIETIBB L Z0&EO
IREEEOEMZENRARN 1%KE~10% (ATSDR, 2012) THHZ E5BEELX, BOBZED

PDE {EZ B ERE 10 TRL T, BHIE XA2RERO PDE EXE M L7 (.1 HiciE# T
aEED)

PDE=120 pg/day / 10=12 pg/day
I A BREEFF OPDEAR
55 hOUEMBERARERER. ST 5B 5 R AR OPDEE A~ 0l ibic

Ratahi, ZORRIEBVWTL, YFRBRICAVWDOhIEEEHETH 5HEBIEAAT P U A0S
mg/m> CEBAAEHEPED BT (Ress ef al, 2003) , AEREAST VU LT, BEAITHY, &
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TERTFIA A RS>
)

P fEET 3 EEEL bR, LER- T, ROBREFOPDEMEZEEHREI00TERL T,
AF Y MCET ARABREROPDEMALEH L GIECEHINWTVD EBY) .

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

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, Mil]er'R'A, 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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fré 4 - 54
PDE{ED & TR AMBD O ERE~DBEH]

FFvarl: —HEREN 10 g wBLARVWERIO-OO, MRS E2ROICHESTHI O
_’Eiﬁéﬁﬁﬁﬁﬁg{ﬁ

TOFE LT, SERRS (BEIBEEURNBSEE, #A41 2R) 28F T3, BK—HE
& 2.5 g OFROEBRAIC OV TREFT 5, ZORBOREA—FEREIZI0 ge@BA RN L
Hh ., BA220EBREXRCDIIERTED, A7 Vs VIEEROFERE L 257D, &
HLFEDESEED L S RIEERTANTL LY, BEREOARIINNZT VUV LARU =L
RS W TWALDTHY, VAT TERAY MIETEH, R, I FI L, KERUA
FOTABERLESTND, BEEEAFDPRFA2ATRENERETHFELTNDEEETD
BAITBWT, BATOF TR M ORER— BERERRAA2 IRENTLLEBY THhd,
BRERAFHPBR Y BEEA—BERER. 380 —AERERTVRA22OYZTHEIHDOR
EREEZAVWTREENS (BEREERHNAOEREO—BERE25g2RLDH) . KAAL2C
BWT, ETHERHAMORA— BEFEREL., &7 7 ACRSWEOSEFTERR LR,

© DR, FNPROPDEEEBA B ERRMPBRNE L RTELTHNE, LeBoT, =
NGBS OBENBELIRWVEAIZEW T, Y%EAIIR. FEIShas~ e ti
DOPDEfEEBR I D TH S = & MEESNB,

FA41 - BAIERRRR S DR K — BRI E

LT d % —AERE (g)
JREE 0.200
D e —A (MCC) 1.100
L 0.450
U BEHNT T D 0.350
7 ARE R 0.265
ATT VB TR T A 0.035

E R lart A FL

Filua—A (HPMC) 0.060
BR{F 4 . 0.025
3| &5 0.015

A 2.500
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FAAD FRAZIFEEE X LTARE (BEZEBL L. S0, —AEREL10 gL KET 5

) . :

BT ERE (uglp)

2y Pb As Cd Hg Pd ) " Ni
BE E 1.5 0.5 3 10 10 20
MCC 0.5 1.5 0.5 3 10 10 20
g - ' 0.5 1.5 0.5 3 10 10 20
U VRS AT A 0.5 1.5 0.5 3 10 | 10 20
T RARE R 0.5 1.5 0.5 3 10 10 20
RFT VB TRV T A 0.5 15 0.5 3 10 10 20
HPMC 0.5 1.5 0.5 BE 10 10 20
BT ¥ _ , 0.5 1.5 0.5 3 10 10 20
Fb gk : 0.5 1.5 " 0.5 3 10 10 - 20
wA— BERE (ng) 1.25 3.75 1.25 15 25 . 25 50
PDE (pg) 5 15 | 5 30 100 100 200

FTay 22 — AEREAEES TN DO, MAMERES S0 TR THO
A IR - .

TOEE LT, A7 a B THAVORE, dERERS (RERERERORMAISER, &
A41BRB) EEAETH, BA— RERER2S gPE CEOBFRAIC >V THNT 5, 47
Y3 Al EGEDTRRE L BB, WAL PO E EOL S REERTANTH LV,
UHFEOARIL ST VTV LRU=y FAREEANTHRDLDTHD, VAT TEAAL ML
ESEH, bR AFIvA KERUCATIVABREELERo TS, JAZTEAAL T
1E LT SRR R ORABEL, RA21OPDEERURIDLEHINGES.

B ITEAHYHIR Y BN - AERET. YEREHOEREO—FERERTRALIOTER
HHOBREREEL BV TRESND (BERERICHAOERO—BERE2S g2RL3) .
FAANCEBWT, ZLEFHYOFERA—BEREIL. &7 7 AIRENEOGF LI LRV,

C OHEY. TRENOPDEERER B ERTHRRN T & 2 YL TS, LERST, &
b SRR DRI A X 2 A B T YA, BEShETR M ThTh
DPDEEH BRSO Th D = & MREES NS,

FFoa b AT a v lal CHERES W LB A 7Y 3 v 2a0sr R s EE B4 80
LTWA LI IR A0, BRO—HEREL LTENENI0 ghT25 g =Z LICED
HDTHD,
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#A43:—H BRESEESHL TWARAORKFABECHE (REFLEBLEELEZEES)

BERTERE (ng/e)

%ﬁkﬁ%} Pb As Cd Hg Pd v Ni
B 2 6 2 12 40 40 80
MCC 2 6 2 12 40 40 80
R 2 . 6 2 12 40 40 80
[N Ry 2 6 2 12 40 40 80
s ARE Ky 2 6 2 12 *40 40 80
ZFT Y e SR b 2 6 2 12 40 40 80
HPMC 2 6 2 12 | 40 40 80
B & > 2 6 2 12 40 40 80
me{h ek 2 6 2 12 40 40 80
EAk—BERE (ng ‘5 15 5 T 100 100 200
PDE (ng) = 5 . 15 5 30 | 100 100 200

F7ay 2b: — A EREREES LT BREDE DO, BRSO R O
A BEIRAEE - |

T E LT, ATV s vIEUakBWTRAWb IS, RS (REIERE OHINASHEE,
FALIBR) REETD, BA—HERENLS gOR UENERRAI QW THRANT 5, YR
WOESHRIZNTPTARR y FAMBEEZRANTNE LD THD, VRAITERAL MIESE
8, EHE. I FIvA KBRUATFVTLBBEERSTWS, 7V a 2b2AN5H1-DIC,
Y S D R S HA AR B VA L BAIE RS T & SRR TR EICE T S B m RiC oW TRE
#1TH. UTORE, SSEERRINEEFRENLB/BONITEESH S, BAEMES T 0%
TTERMDIRET —F OB ETRTHDTH D,

* A44 : RBRS D OTEFMBERE (ng/g)

RE (ng/g)

ey Pb As | cd Hg Pd vV Ni
g% - <LoQ 0.5 <LoQ | <LoQ 20 <LoQ 50
‘MCC 0.1 0.1 0.1 0.1 * <LoQ <LoQ
9L 0.1 0.1 0.1 0.1 * <LoQ <LoQ
YN T A 1 1 1 I * 10 5
TuARRE F» 0.1 0.1 0.1 0.1 * <LoQ <LoQ
ATT VY e SR T A 0.5 0.5 0.5 0.5 * <LoQ 0.5
HPMC 0.1 0.1 0.1 0.1 * <LoQ | <LoQ
| 20 1 I 1 * 1 <LoQ
feflngk 10 10 10 10 * 2000 50

*UEZ Y 27 FTEAA Y MIPAREFERNRHEH THANERELTEY, EEMNFBERIIELIT
[’AYAN" .

FAAMEBT OREBEREANT, FEERSTOETRFADICE LT, MY BIBREDKA
AT OVWTEHETDZ EBTETHD, RAASKINLEEDHATO—FINKRTREN
TW5, ZOBAKEBWTIE., SRECHIBEFZ B E TR THAR, BHFo-n
BB OBRESHEN L. RUTOMOBRAESPONROBERENZ &5, PDE[ERX
BAWEEZBND, TNLOBERVERKSER (FA41D 2RV, BT OTTETHY
BECSWVWT, RQ)EAVWTRETD ZERTE, o, REPDEELHETH LB TED,
FAASITTR XN EBET, RALITTRENHEEESEEDBAOHICERTTRETH S,
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# A45  BRERRS T OTRERMBREY 55 BEEDH

BOBIRE (ng/g
ey Pb As Cd Hg - Pd \'4 Ni
JFE . <LoQ 5 <LoQ | <LoQ 500 <LoQ 750
MCC 0.5 5 1 5 * <LoQ | <LoQ
FLEE 0.5 5 1 5 * <LoQ | <LoQ
VBN T A 5 5 5 35 * - 70 - 80
=% il Vg 0.5 5 1 5 * <LoQ <LoQ
AT TV B TRYT N 5 10 5 125 * <LoQ * 100
HPMC 2.5 5 ] 5 * <LoQ | <LoQ.
B{bF & 50 40 10 35 * , 20 <LoQ
e . 50 100 50 200 * '5000 1200

* WEYRTTEAAY MIPABEBENTETHAY TRV ERELTEY, EENERIESE
BRI TR, :

ATy a3 BB O _ g -

L ZoElE LT, ATV a v, 22aRUbICBWTHG bV, MR (RIRTESR OERHIAIS
BIE) 2EHET5. RAk— BERES25 g0 U0 EREFICOWTRET 5. UEEEOSE
RIZAG T ARy FAUMEEHOCTWELOTHY, VRITEARAA MZEIEH. b
F..HFIT A KERRAFPTABES L o TN, BRTORTHEFMBORKRE,
£ (DEAV, BHo— I ERENPCLETEAFYOREPDEMELZ AV THELTS &R TE
%, ELEBRFFHOREDT, REPDEEZ LELARNWL I KTRETH D,

3 A46 EREROBEDOE

, BAHTRRE (ug/k)

—HERE (g Pb As Cd | Hg Pd V' Ni
A 2.5 . 2 . 6 2 12 40 40 80 A
BAK—HEDRE (ug) 5 | 15 5 . 30 100 100 200
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FLETFHY A FZ1

B — TR HEY ORI

LLTFORIL, TEARHIOY RS TERAAV MOFIRLEDZLEBRILIZBDTHD, ZDH
1. FIRESELEBOTHY, VAITERA M2 LE(LTIH—OFELRDZ EZER
WRITRAAY POt ARRFDOLE~DT T u—F IR

L7 b DT,

B D,

Ol R STV AR OBEICE S b D Th S, TRbLIMRRS (FEI
R OV A EA L. Bk HEBERS gD EERAIC TR 5, 4
&ﬁ%wA&m A?V&A&U~/#W%ﬁ%%w1wé%mf&é

e %ﬁ:sﬁkﬂﬁéntfntxéﬁof %E%tx??ﬂ%®ﬁm%@ﬁkbf)

AT TEAAV NEREETS,

Wer RS, MARICAWSAATMACEL T, [RERRE

BF—F A THRLEE0 TR END, FHE7=—XZBLTY 7 A1nK (K, &
RS oa, AR, ) 20 ETFBILERELE, UTORE. VRITEAAY MEBIT5
BENTRTIBORECRB THEONCMROBELILE DO THD,

% A4.7 : BERNTRAMY ORE

BT

ARG ERSHFEM | BBENEWEEERD | HERE - 25 | FREERZND
EBAENTEHEAMSE | bOBENT | OBENTHER
O/ XiEEsmaih o N it
BT EAMY
[=¢3 Pd, Ni As Ni L
MCC 2L As, Cd, Hg, Pb 2L 2L
SLoE 2L As, Cd, Hg, Pb 2L 2L
Yy us | RL As, Cd. Hg. Pb V. Ni 2L
AR Ky 2L As; Cd, Hg. Pb T2 L 2l
i;;igf AL As. Cd. Hg. Pb Ni 2L
HPMC il As, Cd, Hg, Pb 2l 2l
BT & nl As, Cd. Hg, Pb \'J 7L
Bk 72 L " As, Cd. Hg. Pb V, Ni 2L

WU R TEAAL ML,

EMOTHE R BE b+ 5 OB T TR TR L BE L, 7

D 5 b AR AFMBRIE AR OREES D b RV S, SRREEIL. S5 boFR,
ARBXREVF—EZNEEREBZNEL, BBV RITERA L Ma#ELE, VRITERRAY

r R BIT AE 4 DRSS T — 21, FALSITTRENTWS, TERMBOB—

H#EE

Bix, YUSHEHRS O - B EREICYZERES PIRREZRLTELESLS,
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