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7= (Balletal, 2007) ,
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o EHIE (FlxiX, 30 BREUT) ®&&
o BB ZhEE - R (BIAE. EMERENTER, SEORZL L TWRWER, &K
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EELEE DY 77 77— 7Fa—F (IPCS, 2009; US EPA, 2004) % FH\ /-, %7 PDE %
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Bl 1 BARAPICTR X BFIENLTWD, {18 3 OxXFE X DE/ 77 726, NOAEL 28 1.1
mgkg/day Th o7z, EEME FI~F5 i, EHEH 5, 10, 5. 1 RO LREZIHL TS, &1
IZFC# LI EE R OFEENT o —F 2 T, UTOX 5 PDEESEH IS,

PDE=1.1 mg/kg/day X 50 kg / (5 X 10X 5X1X1)=220 pg/day

SOHE, EERK F2 @IME=10) 00Tk 2 20F T 7 7 7§ —IcHEIT B2 LA TR
Bo 1 DX PFTAXRTFAZR (TK) | b 1 DT rFLAFLFITATHY, ThBND
#HIX 1~3.16 TH D, MPFFFEBHL S BRTHLZ b, B 1 EERE (~1 E5E) 0F
BT TK REAEE 1.58 £T, H72A 1 EHERE (~5 3 O5aICi TK AR 1
TRTDENTES, EEEE R KH L TH T 77 74— - T7Xu—F%HNT, B 1 FE
SENBAEXDOEEZRAUCEVELL, BETHENTES,

BESNE=1.1 mgkg/dayX50 kg / (5X (1.6 X3.16)X 5 X 1 X 1)=440 pg/day

ERICETHLDOLTHED, ZOFEICHOWTIHAEEIA LT 400 pg/day & 33,
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Bl 2. TK BEEET 7 u—Fik., EEGET e —F % BAV3$IC PDE BRE SN R MY
R LCHEA L THEX X2V, T 2 IEL T, MRL (/MY R 7 L~r) ThHD 0.02
mg/kg/day H3i% 08K PDE 4R ET HoIiCAV LR (1 38) . Tl EF 5
Hi2% 4 A EHEIN WD, ZOxHEIT, 3 BRI 1 EES (~5 ) oRORAICEE
AR TH D, —RESEERE AT, MRL 2»55%E S/ PDE & 1000 pg/day ZELF
DEITEE L, ‘

222 X h 7= 8=0.02 mg/kg/day X 50 kg / 1/3.16=3.16 mg/day

EEICETALDELTA7D, ZOMEICOWTEEETA LT 3000 pg/day &35,

B A
BA—ABREREN 2L U TOREHFIZE LTk, FXk—AHRSAES AV TERE PDE {E)> OFF
REEZENTIZEATEE, BITECEH ST QW3- ERSBFEXITIERORK Lo—
AREREN 2L 282 AHA (B xiE, ABRAHK, 7 FUER, SEBIRCCER, TEMHK)
B LTIk, BEPDE NS OFRBEDCHEICAR 2L ZRWAH T LB TES (Holliday et al,
1957) .
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WCESNWT 3 D0 S FRICHEENR TS, FEOTREMEZRETHIERE LTI, EELHOR
ETRCERSND AN, EXESoE TR CHEAShDEE « B oZ OMmoRm A HHY
L T L C X R T H D AR, WS b i RO EREORARFERROBRES MR
BT oD, AL RIA BT, ZOBMEZEEL. REFEEMEVTR LI, KRR
FEENSIET I0CE4ZY 1 EFUTERESRTWAILE (Haxel eral,2005) ZWHbDE
+2, 75 ANEOFEL, ERFOVRITERAY MIEREGOET, EEREVNLED
2. BHICESNASENARRERHLINEINEBELE (R 51 3R) . tEZETMHOs
FRIILLTDEBY TH B,

275 A 1:As. Cd, Hg RUPb i3, b MCHTA2EEMETHY . EEMOBEIZR W TEASR
HRESHN TS, MHMEAISATWRNEDTH S, BRAIKEEND ZNDDTEDOHEEDH
RGN, A SHBEER - B 23, SEERORIA) Thd, Zhb 4 BROTED)
R TRAAY MCBOTHR, 2 b OFREERO D, TRFMY OBERERE R 5
ROl AR UETH D, YFY AT TERAAV NORER, ELDEHREMLELTD
RSB SMCRD I ENRH D, YEEFRIEIERRITDS 7R 1| TROBRNEEND
BENHD, TRTCOBRESCELTZ IR | iR AHPOERELAL TSI LITEESH
TV, YRZTERAY FORER, PDE EEEZMHMAT D ECHERBAIIRY | #HRERT
Dy T A1 TEFAHBOZTOERPER S D,

PSR 2 DT TADTER. —BRHIC, BRERBIEFELTE M LEEZERTIWE
ThBLEZ NG, 7T R 2 TEE. BHPICEET MM FREEICESE, BT s
5224 RR2BICHEEEND,

o J TR 2A TEIL. WHAPICEET S TRES LERNE VWD, TRETHYOBERE
BERUBREEBOSBRIIDEDL Y RITEAAY FRBETHD, 77 2A KEEN
5L, Co. NiRU'V Th D, ,

o 7 TR IB THRIE. RREEENDRL, TOMOFE - B H O FRE S 15 FIREHEN
BNz s, RFPICHEET AR, BRE LT, 77X 2B HEid, HE,
THNEI NZ T Ot BAAE RSy D BEEPICBERIMIICEM S 2 WRY . VA7 T £ A
AV IDBBATAIERTEALDTHD, 77 A 2B ITEENDITHEIL. Ag. Au,
Ir. Os, Pd, Pt. Rh, Ru, Se XKUXTI TH 5,
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Mo, Sb X *Sn TH 3,

FOMOTE  KBHTHE-HIZ, RO/ XEEBHAF CORRV B ER S5-I PDE EN
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KA BRRFIFIZHFEEL, NIEETRTHEESILIE. YR Mmit, HFEOTE (Flx
i, BHREESICET S AL FEERERFICHT S Mn KD Zn) XNidERELORE LOE
B (W2 BERFVAIJEFD W FOFE) (CEHINLGZOMDOTA KT 4 R
/3ERERE - HEIC X VRO Ebh D, RETLYZTEITIE, AlL B, Ca, Fe. K. Mg,
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B, BRIZE LMW I AT XV A N e AR (BREBRHZRY —AVR/ XUIN
HHL2FECER) bHFAESND, UAIZTERA Y MIBRIEDFHRICOVWTIL, ICH Q8 B
QY IZERINTERY, BXA 74 TIEWY EiFen,
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T2 LI VEFHMEZTT S,
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WER SN ARRE - BSEIKTET A, TEOL. & - BEOBR, 32 - SR OB
B GMP BHY, HERME - BEAROTRFIMPORAZIELMI DI ENTED, BED
b 5BEDTLRTHMIZ OV TIE, EARERR It 2 BUERE - S EOBREROMRKIZ

B 5 ARRICESEFMTRE TH D, BERE - BEHKOTETHMICSNWTOY R T E
ARV ME, BULEZ—EHO, WITEHEORET o ARVCIREEZ AV 3 F0ME L DRIFIZ

BABIVRITERAV MIBWTIERTAZIERTELLDOTHS,

RERNE - AP D OTLFEFAMY OEEIIBITOREEICE U CRMEIT - B4, — R8I
FEOEETEIIHAOHETRL Y bEH - BITOMREENRLVEWL DO THDS, HAORLE
& - BEHROTERHY DR m\ﬁ%@ﬁ%ﬁ-%ﬁﬁ%@ﬁ%Km%o%gin%ﬁw
EFREND, LML, TROMGXIIEREZEE 2L ZOTFERLTITELRVESIT
FEEA I, )XﬁTfZ}/FLEWTQﬂﬂﬁuT - BREHFEOTLRTHMBPOBRADTEE &%
ERTRETHD FlxX, BRfFHITE) .

BRERRPOENT I ARRMY . BHRHERRANLRATDAREENH 2 TR R ORKEIL
L 0@kt OMTE UHBIMAEMCETIRZENERICE S RETHD, FHmeER
RERAHMBESET RN L2, ERERRZERTSEMEOTMIZL  FEETEX 3EEITIT.
RRDVRITERAAY PORBIIFETHD, £, BREAITIE, TEL/BEHT IEENFKE
BIZIERWED, E5R3T7TERAY MIFARETHS, BHAROEEREAICE LR, BHog
R ICERER R LIRAMGBEHTARREER LY &V, FREERERN D OB
WY (Bl ZiE. v, BER, BHBZECRTL0) 2HETH-O0FEEZITINRE T
b, TRAHYOZORFICOWVW TR, @FE. BAORSBERROFEMOBEICRTT SN S,

BARUCEERRAICE L TEBRTREEREZUTICRT, 28, UTEATEBE—HTHY,
INBIZREEINLD HDTIEAR,
o HUKMEBRAME
LA ER
pH
BE (RERVZRICBITHIEESRE, MEREESH)
B R
Ban/ TERER DMK
BEfE
BEETTE
R E R DB
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54 VARITERAY MIBWTEETARETRICET HHERETE

WOFEE, VR TERAAY MBI HERFMDOZEICHT HHBEFHEZRL TN D, AR
12, BHPOTEAMPOBEDT A TCCHEATLIZ LN TELILDTH S,

%51: YRZTEAAY MCBWTERTRE Tk

v 7oA | BERMICENINIZEE ERRICEIM SN WES
’ (TRTOBERKE)

2 qa] B LN
cd 1 5 = = 23
Pb 1 = = = =
As 1 = = £ =
Hg 1 = = = =
Co 2A = = B =
A 2A = = .2 =
Ni 2A = =" = =
Tl 2B B RE RE RE
Au . 2B = PN NE TE
Pd 2B 23 TE RE TE
Ir 2B = RE B REL
Os 2B = AE RE TE
Rh 2B E:3 RE AE RE
Ru 2B E2) E E RE
Se 2B ES B TE AR
Ag 2B = RE RE RE
Pt 2B = RE B RE
Li 3 = RE C:3 =
Sb 3 = RE = =
Ba ), = RE RE 2
Mo 3 = & RE =
Cu 3 B E = £
Sn 3 = RE RE =
Cr 3 £ RE AE 2
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JTERARA NORRE B L 2 AEREOT —F 2 LELTETH D,

) VARZTERAY FFRERZLY, 1| DU EOBEOZRIMBHBRESND, LT
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MOHLDIERBEOEELYEER L, YRV AT EAAY FORBEKOBIL R 5F®R
PXEMTRETH D,

B WH. ARRRRROIERE - BEOMEEIC L RIS BB TR T MY B
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W BIZIELLFICBITFAb0RE, HopFRIENLELIZ LN TELILDTHLIN, Thb
WREIND LD TIERN,

BETE D5

IR ICHR

BIL=IE BN T—#

R ENS OFHTT —F

AN D& DR R

A ORBEE
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o HERDIBUETnE AR DRARTHMBOBRENR

o FTEOFKAGFEEER EROICENMESNARNWEZEON T ITY —IcB L CiFIcEE)

BrEDER»CBRAT S TR M OMRE A 5 BEEO MR
BRI DR SY

VDRAZTFEAA P avr XROHE

JRZTERAL ML, BREICED bILS AEEEOE LR BT B bic, il
BB IR A DT — & b | BLE IS T 1 R 5 b REITEIC S b - 5 9R & sk
ERUDITCIEMT ALY, ERENS.

BETiX, 5%%E PDE ELBEESIT CaEAHHOERREXITFRECOEELELBETREThH
%, TEAMYOERAEOCHEESLEDIFE L LT, %E PDE HO 30%D LV EEHBME L E5%
T35, ERA3EROBELZOREICEFHBMELZAVSZ LA TE S,

HHWHRBICAHKTAMAPTERMBOEFHN—E L THRE PDE ED 30%EHB2 2L F
RENBESICBNWT, BEERTFT—F 2 HUICEM L, TR Mo EI TR EFEL- L
% &C ,j:\ Efié %@;‘i‘/z‘g k énfib \o

TERMHOEN -EL CERERELZ TREIZZ L2V A TERAAY MIX DV EHETE RWVWES
Wik, BRIPICBWTRRRAHYENRE PDE 2B AW L2 RiET 52 00EHEFIE%
eI RETHD (6EEBR) ,
TERTHMPOED AT Y xIZ, BEA~OEEREOCHERICBOTERSNRTNIZRLR,
FYXDERICIIUTOLDRETEND,

o  OFEIZRANTYX

o RBEOCERFTOILEAMPED/NT VX

o HATDITEFHPED T VX

RISV T, EDICRYUEE TR T HFERRWESICIE. BERS SRR DOEEER r—
NORFRZI Oy P XIS AM ey NAF—LORERLR 6Oy MO ELNET—F2H 5T
TERFAHIERONTIYXETHIENTED, BEONTF YN HHERRS BIZIE. 69
BEOFEMAD B LT, BREELEATAI-OICERR T —ZBBREL IR I EBH 5,

YRTTEHARAAL NOBMBEORY F EOROCEMIZY - TE, KFEL, BEOEHRVY X
ITTERAAY NOREHRTEREVST-HDWBET Fu—FRNHFEEND, HEIX, TEBER MY, *
DEFFICHESCTEEREIERVHIEREZRBELELDO LT RETH B,
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RAXT Y v DR AR IR T RE

RAXAF 7 7 aP—ARRICE LTk, BEOBRBIIBWTEEELEDBENPELD L5 2L
NN TCREEFHYBEET DY RZIFBENEELLND, ZhiL, a) A AT 7/ ed—itA
e OEEICB O TIT— BRI T ENMEE X IRE L LTEREIRTWRWZ &, b) HbasrE
TRIZBWTEMIDEREDOTENRMENS R, IALRERSINT, Z0%OEE TXIRIC
BER/BRESNAHIE, ¢) I, Z7u< 777 0 —T8, EBFNUIRN S8 FEFT 58
(UFIDF) &Wolo, N4 AT 7 7 no—RBETHA S5 BB TRIT, Mk i
TRIEERE - BELOEMICIVELATNITREZERL S 2 L ICETRET S8
HEHELTWS, FOEH, "L AT 7 ) nP—tARERETDRAT v ZICB W TERAMY D
RERI T — AT LB L SRR, A AT u AR ERESHRIBEEETHAHDT
HHBE B, A=Y= F— ) Ik, RERMBICE L TOES FS OB
REEICOWTFHE T & Th 5,

L L., BHOSEICHLIAEN A TEAMYOBERER (FlxiX., FA) ROZ0MmRE
HEREBICOWTIE, A7 7 ) aP—bAERATH-THEBRTRETHD, ZNbDRR
X, FAUBICIE TR R ARE SNV EETRICBWTEAEND Z EBLNT b,
ERELAICKT 2 NS ORBEOEBICSOWTEHET & ThH D, ZOFEICB T, é*n
A FF 7 ) u P—SHAMROREIZANSENFORER. ME7 0 AEGERUCRERZRIC
FHEMEAD LTS (FliiE, EEHEBEEERICLZEEDT O OEERKE, &U%@mmﬁﬁ)
DiAGET A4¢7&/u/—mm%ﬂwé&m&&ﬁﬁﬁé%ﬁfaényﬁ%kLfab
BRETHD,

TRRMY DOEE

TR OFEIL, TR RMM AR R PDE EEBX ARV L RRIET 200, BAOEE
BREEO—HThd, TEFHDENTHEBELB X D AHEESHIBEEICIE. TR IMYE
# S¥7E PDE EABI VI LR RETALDICERLMBEERTE THB, HEEEX. F
ZIFUTOE >R 7T Fa—F 5D ENTE D,
o BRMNMIIHEFEMLEEZT v 7EE L ToERMY 2 EHBRED T ICERT 2 RE
IBRYORT v 7OER
o BFPOTEAMYEELEERMEUTICNAS X S ICRE S ITRATEI LR
FEHDEN
o IRMFIIERL - BH B, GRPREE) OFSEORE
o REDHBMEDOHRE
o HIFIDOHBMEDORE
o EU - ZRERMEAR R DR

ICH Q6A KL SN TV B FANCHE > T, EHMRBREZ THRRHMAISHEA L Th LU,

HRHYRF~OFFCRBVTRAT 2 TR IMPOFTEFECETHHEHRE LT, fIXE) 27
THERA . DOWE, HEISCERT —F, RRIHDERIRT S5 CDICRE LCEERS
BIZOWCORASHR BT oD, ZHHIZRESND DO TRV,

'PDE fi & REFREEE & O OHBE

ZOXEITBWTHRE SN 552 E PDE {E! \LH¥tD®747ﬂ77A(%ﬁw)T$%éﬂ
TWAELDTHY, BHOREK—BAREEFICEEINIEZEARDORERTFEELZ TS LTND, &

PDE {EIZBIEI b DRBEBEDOLERBR L TWAS Z &b, BFIF it OBRKS ¢®E$T
Wi TS AN Y — e LT, BRE PDE EDOLBE~METLIZLBFERATH S, FHEIC
B A7y a vk, BHINRRE PDE HEBIRNWI & ERET D, RAUIBRAS F
DREETHYBEEBOREICAT TR BEINSOBDOT Fu—F2R"T b0 THD, WHNT
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ETMMORE PDE EZBRXRVWI L%, BONCHFARENSRIET SRV, HFHFIZND
DATar0d bNTRIZONTHRIRT D LA TE D, HEDA T Y 3 Y OBIUITHTZY |
HFEEIL. YA O—AREEZREL VAN, XIHEETILER D D, FABRERER
X, UTOX S BREGICERTS LB TES,

o FEEMEXIIFRAMELREPDE ELEHKTDIIRITEAAL MOY—LVE LTERT

5T &, .
o RIAMMNERE PDE HABX W EERIET D20, HEEELOFELEWVWIZ LS L
TOEBEZZETS,

o  TERFMHOTENETEOFIELRETIICY ), BEREOREICERTSZ &,
o EABEHEFEIZYoT, BEFHMOETHEEECET A EREHENBICEET SBICHE
A+3z e,

52 BTl X 92, HATOTERIICITERDEER DD, UTICEBITF 7 arn
WTNEBERAT 25BN TH, ZOMOERES (BNAERVEREE) TORKTFEELZR
HT2RM2, ETERERREVERE - BENLOTRAMDEEETRETHD, VRS
TERAY MIBWT, FEERARUVHERE - FEOSBAPTORR M OERICEE LN
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ENTTERMY HETR) PRAOT S COBBESPICHFETD LEELTN S, KR
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a rDOIERBNIFHER 4 £ AA3ITTRENTNA,

11



TCEIEGT A1 FZ7 A >

YAZTEAAY MCBWTHEESNETTORETRICEAL T, RAFOW-TR OB
L, A7 3y 2a ARBEXPBZLVESICE. ThoDEBRESIZIEDO L S5 R2EERTH-T
LUEBANCEWA LN TEARLD LTS,
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IDATY s iE, BEOHABRERS FICEEOLENHY B FEET D EREMEICBEL T, B
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EDTLERNEBEN LT L IR0 EBRHALDICENEEEILB T, SRS+
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DORERBES T OREREOERREREEY, A7 a3 1XEA 7y a L 2aDBREELY bEL T
TEMTEBD, ZOEFIZOVTHE, EOMOERRASPOFERELKI T EICLYA
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FEPDEEES 2RIFTH L&, K (2) ZHWTSREL TS LV,
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1IfHR4 FAAGITREIN TS,

ARy T— g Y EREFEOMOBRSEE
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W bZEBEOTTEDSMTH S, I?J—J‘Tzif‘ﬂfxant%@@%ﬁﬁﬁﬁu*éﬁé%émi\
PDE f&i%, BKIRICEET S L TFHRENSEFRBICETIEEFREAVTRESNL TN,

TR OBEEEZ Y A7 TR AL MEFAT2HEI0E. BAPOLR M OREZ R
% PDE E~OESHEDOFMIAND Z L3 TE D, BHEFIL. AVT—v 3 VBT 58
DREFHFINLVD, BESNIEFEENEE 3 0T/ 77 7IZ8W\WT PDE EOFEHICAH
WHENTWALLERL Y FENH., IBWVESIZBO T, Y%iF8 2 FNEREXT
EEOZUMEERTOWFERTAZENTE D,

RS RO TR OREE Y R TRAA Y MCFIATHHEICH. BFEEIL, TR
AR S LAY D b O TTRAH OB BT A FRORM AT SR, L,
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I o DfFEHRE, MAFOTERMDORBIZE S VIV EI D L EEDEERBLNTZEED
FEMEERTOIANWD Z RN TE B,

33T FME

EEAMPORET, ERLEEMICE LB RFIEZANTEREINSIRETHD, FIIE
WHERRINZVEY . RERIEIT, VARZT7TERAAY MIBWTEENS E Shi-& T2 MY
WX LEFREDH A DT RETH B, RRZIMPDOELTHONITE-DITX. ERFOF
B, XTEERREFIELZANTSH XV,

FATHAIN=RT AV |

ICH Q10 CREHENmE AT LR UREBOEEIL. 74 741 7 VOREREIZB W THYE
BERYRIZICEASL T o—FOEREZ#HEL, TNICLVRET A 7 A 7025/
RN ELRETIZERBEREINZLOTHD, BARUVCIEROMRIE, HE LR, 8H
DRFEICEDE TEEISNBRETH B,

BERERNLELNI-EHIT. FEAEORRROT —Z LEUVSIT T, TEOEBEVIEDOES
HEDERAUBILEHTEEZ LD THD, TOL 5 RUEEL., 2 AMPOTHREZEELED,
ZOHA RTA4 VBARENIERIIBO T, FEENEEOTHEFIELZRET -0,

BRSSP OLRRAMDICET L7 —FIERoN TS L Bbihd, BMD7T—F3% b ik,
FEEBRLFEORE LIZ2RB503b LARYY,

BRI IIBRRSICET3EERMATO TR FTMYELZEZ D TRENSH I GEEITIE. YT
FAMICBAL TRESNTEEFBRFEZED, BEFOY X7 T ER A MERIZOWTEE T
RETHD, TOLIREFE LTI, FIXEERREE. Al ottssE. B, TR, *H -
B, BEMERAXIIEZROEENRETOND, WTIWOEELNPOEEvRI A Nk
A (ICHQI10) OXHRTHD, LEIZLUEFBORFEGDORRE 2D,
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26
Z1=]

ACGIH (American Conference of Governmental Industrial Hygienists)

KEERHEEFMRESZE

ATSDR (Agency for Toxic Substances and Disease Registry)
REFEWE - FERRSRT CKE)

CEC (Commission of the European Community)

BRINERS

CFR (Code of Federal Regulations)
HARAE CKE)

ETHE<FTP A b (Change Management) :
TEARRL, SMEL., ARL. ERL, ROLE=—+54ERMEYHE%, (CHQI0)

CICAD (Concise International Chemical Assessment Documents)

EE LY E R E (WHO)

BEMEF (Container Closure System)
MR 2 INE LRET 52 REROBREROENE, ERAREETA, TREEIC L o T BICHEA
ERETHAHAT. ZREELEEND, (ICHQIA)

ZHERME (Control Strategy) : .

%%‘?@;ﬁfzjn%&(}@zf:[ﬁ@@ﬁ##Bﬁﬁlﬂé g7 o 20BEEMEER R RE 2 RIET D
HE SN TR0, FEIX, FRERCREBIOFEMERUEREMICEET /37 A — 5’&0\
Btk BB R OEBOEGSG, TEFHE, TRAERRVOEETIE=F ) I EICER
FERUHEEL2E5%5, (CHQL0)

%% 33RE{E (Control Threshold) :

TEREFHYOFTMICIBN T, BRI P YR TR MY PR EPDEELEL RV & 2R T 5
DITEMA R EBEERSROONINE I DERET 5 L THO NS IREE, S%REER

@ﬁﬁ%k&éﬁi@ﬁ%K%%@%ﬁmm@@m%kE%énéo

—H#ER (Daily Dose)
BENMIAY ) EETIRADOKRE,

EFSA (European Food Safety Agency)
RRM B S £ AR B

EHC (Environmental Health Criteria)
BEREs 747 V7 (IPCS, WHO)

EU SCOEL (European Scientific Committee on Occupational Exposure Limits)
B OBERBRA T ORFERER

EU SEG (European Union Scientific Expert Group)
BONE &R FHEMARI N —T

#43 (Herbal Products) :
FRES & LT, Y EEHCHEDEEEARA 0L 2 ST EREL, HRIOIC, BEYSUIBYR
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KOLDEEFULEHESLH D,

IARC (International Agency for Research on Cancer)
EFR2S AR RS

WA= kY RZ (Inhalation Unit Risk) :

K1 pg/l IIKREF 1 pgm’ DREOHEPE~OMGHREICLVELD LfEEShAE b
DEERIRFER AV A7 O LRE, BAZ=y M) 27 ORI TOLEY : 2=y PY R
=2x10%pg/L DHEEIZIE. 1 L OEEBIKFIC 1 pg SN A LFEWEICEEI D> TEHREX

Nl XD, 100 FAYED 2 AORISRBAESF (HEERE) BEETHETFREINS,
CKkERERET)

IPCS (International Programme for Chemical Safety)
ER A E TR

IUPAC (International Union of Pure and Applied Chemistry)
EREAME - ISRALFEES

IRIS (Integrated Risk Information System, United States Environmental Protection Agency)
HE Y ZAZHER AT & CRERSERET)

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

—EDBRESRMGT T, ENEYOFE. BB, KR, BEXNIFMI, A—DOERUVRKEDIER
(RTER) M L IIRB LB FEREEEEEBITILAERNIEETRDOND, 58

BoOR/MRENXIIENE (HFE) . (UPAC)

FERIER (Limit of Quantitation, LOQ) :

SHTEOEERF & 1T, BURRELEEZ o TEETE S, AEPICHEETLIHON IS D
KEDEDZ L Thd, EERAIL, ABFICHFET SRRECYHHEEERET SRS OHHTEES
FA—FTHY, BT, THPRLIRERDOERICB VW TEFHMESL5, (ICHQ2)

B/hEEE (Lowest-Observed-Effect Level, LOEL) :
HHRBIUIRREICBWTC, BRE2ZT7-t XIS BIT 26O EORREMHEE X
BEOCAMENICEFERIEMZECS,. HbIWEOR/IAE,

{EIE4E ¥ (Modifying Factor) :
EMFEEOEMABIC L VRESH, EROT—F 2t FORHIAET B D OKH,
(ICHQ3C) (BS:EMHE L2t ¥ (Safety Factor) | ZH)

/N 27 L)L (Minimal Risk Level, MRL) :
AR Y A7 BankEZ LD, AEHEICHT 2 hO—HEEEOHEM, (ATSDR)

NAS (National Academy of Science)
SHRRETHT I —

HEZME (No-Observed-Adverse-Effect Level, NOAEL) :
—EDRBRET T, ENEHOTEE, BB, RE. BEXIHFEMIRHTEREEELE2ML
FIERBZ IRV I EHERNIIBETRHRDOONS, H 6%§®%j€?§1§1ﬁ%ﬁio

ﬂ%@% (No-Observed-Effect Level, NOEL) :
BELXZTE PXEEIICBWT, WrRLZEEICEHAL T, TORERENIBRECAYFE
N H BRI 22, HEHEORKAE
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NTP (National Toxicology Program)
KEEFRFEE TS0 ST A

OEHHA (Office of Environmental Health Hazard Assessment) : N
BEFAEGEETER WY 7440=7, KE)

OELV (Occupational Exposure Limit Value)
MR B R E

OSHA (Occdpational Safety and Health Administration)
FRLefEET CKE)

PEL (Permitted Exposure Limit)
AR R RS

ZrR—HIRER (Permitted Daily Exposure, PDE)
18 %47 h OEELRAFIE TN D TR OR RFFAEERE,

#5579 4 7/ (Product Life-cycle)
PIEABASRE A b IR 2R TR ILICE S £ CoRMFEMOLIER, (ICHQ9)

fa’E (Quality)
15 VAT A, XIITRICRAREHEE ORAELERERFE M- TRE (ICH Q6AIZ
B 3EERCHEAO [HE] CBET2EHRSR) . (ICHQ9)

B Y A7 <X A b (Quality Risk Management) :
BETATHAINEBLT, BEEHOBEAIBDY AZIONTOTERAA b, 2 br—
N, TAZamb—alr, Va2 —bREBRKEE-FTrk R, (ICHQY)

S AT 2 (Quality System) .
B S EETL. REBE~DEALRIET D VAT ACEDH L) HAEOKM, (ICH Q9)

Y RZ7 (Risk)
fEEOREDRELE L FUNRBE L XOERMEDOHELA DY, (ISO/IEC Guide 51, ICH Q9)

Y 27 %% (Risk Acceptance)
VA7 #ZETIERRE, (ISO Guide 73)

Y R 4347 (Risk Analysis)
B SNe P — FICBEET %Y 27 OfEE, (ICHQ9)

Y27 7ERAAF (Risk Assessment) :

YR 2RXTPAY B AOHRT, VA IRLIRELIFTHEREEBEETIRKIL o1

FatA, ~"P— ROBE, ROEALATF— FAOBRBIZED VR T OS5 & FHE»ORR D,
(ICH Q9)

Yz a2y khua—) (Risk Control)
YRTZ w2 Ay NOBERREREMHKT H178. (SO Guide 73)

Y 2 7 ¥5E (Risk Identification)
U R ~DEBXIIHEOR R EZBR LT, BEOEBENLZEE (~NF—F) 2EETDHZHD
EMERRL T TEAT S L, (ICHQY)
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JR7~=FxT A2 b (Risk Management)
YRIDTEAALY, avbo—A, aIa=br—3ay, bE2—DOFKEECHL, WE~
FUA DS, FE, EREEREZCTCEMATSZ L, (ICHQY)

L2tk (Safety)
BEOKRRTICBWT, HAME~DRBRIZLVEEZERE LRV ERNRENS,  (IPCS,
2004)

F 3l (Safety Assessment)

{EEHENY— FROMEEHERE T CICEBN T ENDICEE LY X 71220 T ORER
REREVHEZER LT Fe—F, ZORARGER. LIELIE (BVA RS54 280Th) U
AFTEAA Y N ERBBOICANLILD, (IPCS, 2004)

Z2f# (Safety Factor)
NOAELXIFZDMDBRA Bl LI Fv—2 F—XXZEOEETRME) LTI Ry
TERAVPEMRFRRIVEASIRZIEESN (BEN) RFAKTHY, FA—BERE
[acceptable daily intake] XA — HIEEXE [tolerable daily intake] &\ -o7cTENITEARERY
RIPRBNEEZ LN HBBHEE (EESHEXEITOMOSRAZELBETHRI ZLiIcIE
BAENEHEND, ) 2EEHTEHOLDOTH D, TEFEOMEILX, EHEEEOH. h#
Eh b ~&x ADEMOBER CEET VAT RZEEFIEROGEIETFT S5, LLTOME
WAELER . [TexA2 MRE . TRREEESREY . (IPCS,2004)

J:- PN (Severity)
NF— EhbAE LB RREORE, (ICHQ9)

BREFEFAEE  (Threshold Limit Value, TLV) :

FE A OHFBENEELBR BIBREIND LR TEZLFELONTWAZESTRE (F
bbb, EEMNCRITCERELGEREBE L OMICHIFE) . ZOMEIX, ACGIHIZL VEREIN
(FEIC1E®%ETE4) o 1B 7R XIXSER B4R OB B IR IT 2 RENEFSRE
(TWA) THY, w_mofl%&ﬁ’@ WCEELEZLDTHSD, (IUPAC)

RSN EERME (Time Weighted Average, TWA)
ACGH IZ X > TEHSNTWB EEY., EHOD 1 B 8 BFfH21 40 RO @I 1T 2 RN
EYHRE, (IUPAC)

URF (Unit Risk Factor)
2=y bU RZRE

US DoL. (United States Department of Labor)
KEHEE

US EPA (United States Environmental Protection Agency)
KERGIORET

WHO (World Health Organization)
SRR IEHRES
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e 1 : REREEORES

EHARFAATBWTH, Z2<OXRRRELT, EEXRICBTIREBREEREDOFIE

(Pharmacopeial Forum, Nov-Dec, 1989) RUMPCS#MLZEHE DL M) X 7 OFHE D 7= DIz
A L7t (IPCS, 1994) 2> T, PDEEZEE T2 Z LI XY BRFTHHOFERE L~V
BEREINF, ZThoDOHFHEIE, US EPADIRIS, US FDA (US FDA, 2000) ROz kv A
WHENTWBHDEELLTWA, REPDEHEDMDHFIZOWTO LY LWHEED-DIZ, 22T
FOFREFFECOWTHERR T B, PDEEDREICMRLA AW ONEZHEIZIE, EEAEIIMRLO
EHICHAIAENTWD DT, BMOEEREIIAVLNATHRY, BBAETLRICE LTI,
1:100000D ¥ R 7 L FAWeaz =y MY R 7 EREMNPDEEOREICHAVbRE, bt
EID@BIDTE ) 77 7ICRBBEINTVWD, BRARBRROFZREPDEME DV ik, BREERE
RALZHAW, EEAEZEAL, S OICHEEBRR~OMLIOBENLEELZEZE L CTEHEN
T3,

X EPDEMEIYX, & LY 2@ ERIC BT DNOELXIZLOAEL HRD L B Y EH XA TY
B, '

PDE=NO(A)EL X b MMAEHHIEE/[F1XF2XF3XF4 XF5] (A.1.1)

XEPDEMEIL. ZF L IENOQELHEHIND, NOAELBEFELN TV RWEAIZIX
LO(AELBSHWVW LN TS LV, ZZ CTREINAEEREIX, 7— %%t NG TE2H0
DTHY, REFREZ F47 V7 (IPCS, 1994) IZBWTHWLRTWS ITHEERE KUK
EERF 7+ —F LBV THWLNATWS [EEFRE XX IZeF%K ¢RBEOLDOTH S,

EEREIILLTO LB TH B,

F1=FEf CONEEIT 5 =D OFREL

vt hOF—F 2B L TIEF1=1,

F v "B E b~DAEIZITF1I=5,

v AMbE PA~DAEIZIZF1=12,

A4 X bt b~DONFEICIIF1=2,

7Y EhbHE bA~DAEIZIZF1=2.5,

b E bA~DIEIZIIFT=3,

FOMOEBHE & ~DIEIZIIF1=10,

Flit, BEEYREL L M OLERERE, TRLLAELZBEIZANZ LD THD, BERER
(8) 1, RAICLvEHENIS,

S=kmM"*’ (4.1.2)

T, M=RETHY, EE kX 10 THHEEND, X AL2 ITAVWLNAKEITHRBOR
ALLITRENTZEBV TH D,

R2=EEMDONRT Y X2 ZRBICANDZHDFREE LTI10,

—fRIZ, TRTORRRMIICT L TREIOBE X biv, BVA KT BV THI0N—EL
THWHATN S,

F3=4EHMREEOBHERREBEICAND ZHOEHE,

IR EBREE (TomENIIV Y EFTIIIER, 2, A XKV TRTER) M58
BRIZIIF3=1,

BEFROSHM BRI N—EN 2 EFEEERRICITFI=1,

iF > EE D6 B BB IIET - dIE D3 SERRSRICIZF3 =2,

F o O3 A R UIIET - EO2FFMBERITIIF3 =S5,

X v BRI ORERIZIZF3 =10,
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TRTCOFEFIUZEN T, EHFEOFROHHORRIZITR VW FOEEAAVOND, BRI,
F > R DR A MRBRICIIFRERS AV DL D,

FA=EE M. Fzid, BEEELHEDRVWERAME, MRS IIETEEOBEICEH S
N5 o LBk AFE, EREENRBRICBOTIE. ROBREXAVLND,
RHEFEE £ O IR IREEICIIFA=1,

AN A b2V IR IR MEICIIFA=5,

AR E £ 5 BHEITITF4=S,

FHAFME 2 bRV MEFEEILITFA=10,

FS=NOELD: G b oeBalilBASND Z D 5 EHK,

NOELIZ IXF5=1,

NOAELIZ{ZF5=1~5,

LOELIZiZF5=5~10,

LOAELIZ IZF5=10,

&&AE®E$K%LT\%%btﬁﬁﬁ\MMHkN@l&@EWEOWT%ELTﬁBf‘
REPDEEOREISER LZARICKBIT 2FEN IHE] RVOPENICONTERL TR
Mo, BOBEROPDEEOREICNOAELAH WL, F5& LTIBAWDLIL,

v MEEMEIL, b MNRABADEEEZS kgt RELIZLDOTHD, ZORDHFICBWTEA
SN AIEHEMEGD kgXi370 kgt LCL D IEWZ OFER, BMORLREERETH, BEC
Ko TIIEENS0 kgRiETH D Z LIFHBINTNDH, ZhbOEHEIIPDEEDOREIZHVD
NIADALZSBEEIC L VERINTVWALEZLNDZ . RUOAEARPER SN TS I LT
RBINDIRETH B, HICEL T, AEADEAPRBEZESBVANEATHS LE XD
n., ZOADEFENSDOT—FHBPDEECEREICAV SN TS, LE->T, REPDEMEIX. /N,
BANEFAZER LZEREKICLEDN RO THD EEZLND,

KA LIDOBEFFI L LT, TvermoesH (2014) WK Wl Ehiz, b MNEBREICRITS=2/V bO
EURRICOWVWTEET S, RMEBRBEMIEICFRANOAELIEZ] mg /dayTh D, ZORRIZEITD
290 MR APDEfEIL, ROK S ICEHEND,

PDE=1 mg/day /[1 X 10 X2X 1 X 1]=0.05 mg/day=50 pg/day

= OB BT,

t FORBRTHBEHFI=1,

bt MEGZZERT 5 OF2=10,
RN AK TH H=HF3=2,
BELEENRD LN TNRWZHF4=1,
NOAEL AWV LN TS F5=1,

FALL: ZOXBIZBWTHEIAVWONSE

Z v hOEKE 425 ¢ < ADRE © 43 L/day
FRZ v NOKE 330g U Y X DR & 1440 L/day
<7 ADEE 28¢ E/LEY FOFFRE 430 L/day
fE~ 7 ADEE 30g t hOFERE 28,800 L/day
FAEy hOEKE 500 g A X DR & 9,000 L/day
T HTYALDOEE 2.5kg YL OFFE & 1,150 L/day
U FORE (FEIRXITIFER) 4kg < U ADFKE 5 mL/day
v — L ROEE 11.5kg | 7 v FOEKE 30 mL/day
7 v NOHRE 290 L/iday | 7 v FDIEEEE | 30g/day
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1. United States Pharmacopeial Convention, Pharmacopeial Forum, Nov-Dec 1989.

2. 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,

3. US FDA, Guidance for Industry and Other Stakeholders: Toxicological Principles for the Safety
Assessment of Food Ingredients (Redbook 2000), available at
http://www.fda.gov/Food/GuidanceRegulation/GuidanceDocumentsRegulatoryInformation/Ingredient
sAdditivesGRA SPackaging/ucm2006826.htm.

4. 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
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21



EETRY A RS >

14 2 : TTRAMPIT4R D E PDE E
FA21: ERERHMIRITFA—HBRER'

PIVE 3 75 &t N 8A OPDEE T O PDEAH, % AFIOPDEA#.
pg/day ug/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 ZpRICBWVWTHE SN SPDEE (ng/day) (X, fTE3DE/ /7 7ICRBlENLRLET —%
PEICBESNTRY., FEHICERINS, €/ 77 7HOPDEEIZHBIA S TR,
ERICETHLD LT BH, ZOROPDEMEIIEDIMFIHMUI2MMCOBEIA S LTV 5,
1054 OPDEMEIZE MM & L, EEOBEMIZIUBRAEAT S, 1059 $ K&\ \PDEEITEE
APEF M IATCEBREA S LTS, ZORCBW THKREACER S RAN, 12
MO ERREIZE L CEE H S -PDEEIC b#EH & &5,

ZAEICBWTERESIN WAL
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FA22 AT a 1D DOILE IR ERE

IORITRENHEER., 8B, BEELRCEMAFPOLTREARMIICEL 17704850~ 2
7T ADHBERELFRTHLOTHS, —BRAENI0 gBA FTOREIFOTEFRMYEFEMET 572
DIZA Ty a VIBBRENTEESITE, ChbDBEREERAVLAD ZERERENTH
3, ZORBPOEFIT, RA2IESWEHDOTH B,

TR Z7I A | BOBBORE EHRAOBRE W AR DB EE
pg/g ng/g neg/g
Cd 1 0.5 0.2 0.2
Pb 1 0.5 0.5 0.5
As 1 1.5 15 0.2
Hg 1 3 0.3 0.1
Co L 2a 5 05 0.3
% ~ 2A 10 1 a1l
Ni 1 2aA 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 1 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 g
- Sn 3 600 60 6
Cr 3 1100 110 0.3
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fHég 3« B D%l

T rFE
7 »FE 2D PDE {HOEE
7 FE (Sh)
: g HEH ' N
PDE (ug/day) 1200 94 22

Frim

FrFEY (Sb) H. RARCHFETHIHRAAOESBETLRTH Y, e REETRICBVWTHY
BiLB, INEOT FEURHERIZRWVEENS, TUFEUE, 43 RO OB{LIREE T
15, ERLELTOTVYFEVRD 2~3 O=M7 > FEALADNR, BETEER OCEMEIC
BHLTELEE THD, BEBHI YV TLTVFEY (APT) L0 oW OMDT »FELE
MR EFAERIE L LTEFMICRIA SN TS, =BT FErid, e LTHAV LT,
% Bz, REHRADERERICBVONARY=FL o FL 74 L—1 [PET] ORIEIC
BWT) . TVvFEU3EEFRICLETRZRL, REEEFHEREIDOAL TV 2L
(ATSDR, 1992) . 7> FEVRUZBET » FEATKBEEIMENSDTH B3, APT HKE
HTHD (WHO,2003) .

2P EYEORL L 72 o T B

APT X, SO OAEII IO LTIALEXTHEAVIERRERRICBWTRETH-
(NTP, 1992) ., 7> FE ()T REFEEFBRERICEL TIBETH L EBbho, BisE
%@v€:~kkwrimﬁ¢éﬁﬁmﬁ6n1wé(wmxmm) AF B RABREARIT
FEOEBIC L BAREBAMY 27 OFEMFR+9THEEELOLND (Lynch ef al, 1999) , E
FEOBEMICEB LTI, BROBBREOI-IEMNREIIBELE TH D LBbh, B, TH. IE
HERE R TRREERD D, BOREZEOT rFE BRI SISV (NTP, 1992) .
F v hOEEMHRBRIZBV T, ﬁﬂﬁiiﬁ?&tﬁﬂ?ﬂf&wﬂﬁﬁﬁﬂﬁ%lﬁﬁri#rﬁxbmﬂﬂﬁ?"ﬁ‘
Thol, EHicbE3T v FELVOERERAIX, b NRUEBHOWTHIZENT b FEREIC
%ﬁhﬁ%ﬁﬂﬁ%%@%iuﬁéonmn5(ww)t;@%ﬁéht&k%ﬁb&%%
BT, 7y NEZEBET o FEUIC 12 HARBRE S E-%. 12 SAMOBENHEIRIT L
Nz, LECBWT, BEORERTHEMBIRD DL, BEDLIL. ZBET o FEDBEDR
IMERFT L TORWERER L. BORAMERMN & L ETRBRICBT 2 ERIIRAER R gt o
HEETHDAREEFEEZ LTS (Newton et al, 1994; WHO, 2003) ,

FNORER O PDE {H

FUFELA~DEOBREIRABENREOT 4B, vUVARKVPT vy ML THIAWRETSH
% (Schroeder et al., 1968; Schroeder et al, 1970; Poon et al, 1998) . KXEERFEMET 1 77 A
(NW)i 7/F&077x zWT%ﬁm&5#514Hﬁ%%%£ﬁbto_wﬁﬁ W
T. APT X, ZOBEEZERTII—BMICEERTNZ EBRWEEh (NTP, 1992) . Lynch
Bm;Pmn&(W%)®7—5%ﬁ&ﬁL S v MZ 0.5~500 ppm D APT % 90 HE#KES
LERBRICBV T, BB TCOEHFERT R UEEEREAICESE NOAEL X 50 ppm T
75 LEEH L7 (Lynch ef al, 1999) . Z DFTRIE. ZHLEARID Schroeder b (1970) 226 O
LFELTWLARY, LEX->T, BHEVY NOAEL, ¥744% 50 ppm (7 FE L LT 6.0
mg/kg/day $824) & FEIC, BEOBREERFO PDE ZIRE L7,

RS (1 1 KBV TERENT FI~FS) BBICANT, BARERO PDE Ex LIT O
LHICHEET D,
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PDE=6000 pg/kg/day X 50 kg / (5 X 10X 5X 1X 1)=1200 pg/day
HEHIC L HIRERO PDE

FrignEERR (FFEEOKE, IFHREERVCITFESR) B, 7y h~OEBEARERS %O
HIREEEREVEEMEE Ch o, Lo T, EHICK 2RERO PDE fEIZ SN T, &b
{EV Y NOAEL 3.0 mg APT/kg/day (7 > FE2 & LT 1.1 mg/kg/day t8Y) ZEICRELTZ, ZOHE
X, 7y F® 90 BERBRNSE LN (APT ZEIENEGENHET v MZBITSH 6 mgkg T
OflREERRICESL, ) (NTP,1992) , ZORETEHFEEIIRD ORI 0T,

EERE (& 1 ICBWTEE SN FI~FS) 2EBICANT, RUE 3 BRE»LERRE
IZEELT, BERIC L ZBRERFO PDEELZUTOX S ICEHT 3,

PDE=1100 pg/kg/day X 3 day/7 wk X350 kg/(5X10X5X1X1)=94 png/day
% ABREERF O PDE &

F v hOEBER MEERARBAER I, b 0RRTRD ONIM~DEEBII—EL
TV =, 025, 1.08, 4.92 FTr 2346 mg/m’ D=ZFLT o FEVF A PEAVET v b 13 BREK
ABE (Newton ef al, 1994) » i DF—# . NOAEL 1.08 mg/m® % fV > TR ABREERF D PDE fE%
WEL (Sb 13~83%) , LY EBREORERICBWCHOENEER VN ERED EHEOHE
MARH BT, ZOFFRIZ. 0.06, 0.51 BT 4.5 mg/m’ OREREZHV 1 EROSAEKE
RRICBWWTIER OO o7, 20 1 EFRPARERRICBWTERAEIRBO b iahoT,
W ORERTH MEEHREIERELFNRE LOFEEBIR LR 5T,

EEEE (6 1 IBWTEE SN FI~FS) 2ZEICANT, RARERD PDE (EZ LT D
O WEHTS,

0.9 mg/m’® X 6 hr/iday X 5

. 0.16 ¢
TR i — day/wk = O1emgm 00016 me
24 hr/day X 7 day/wk 1000 L/m’
= 0.00016 mg/L X290 L/day  _
1 BEHE& 0.425 kg 0.11 mg/kg/day

PDE=0.11 mg/kg/day X 50 kg / (5 X 10 X5X1X1)=0.022 mg/day=22 pg/day

B35 3

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 IW, 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.

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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==
t & @ PDE O E |
| 3 (As)
.| &R R N
PDE (ug/day) 15 15 1.9
Frm

EFE (As) I BEFOWEZ L ZAICHY, &, TE, SKBAKROKRKPIZEET D, EE
LRI (FlxiX, ZEBMbe R, Br@8b Y vL) EHEM FEE e8I RV YA B
BR{LEe R, BB TEETS, b NOHILEMICRIT S L B0 EMFEERITA O T
R, EErRFEELEFNCELEELAZLDOTHALAI 0D, JOLEHTFHITEL L BT
EREYTH,

ZLVEEREDRIL L 72 o Bl

i FiE, BEBEAET S0, BRREEEZLERNI ERRINTEY. b FORNAME
&L TRmMENTVWS (Group 1; 1ARC, 2012)

FORBEEROCEE 0 77241 DHIZ, EERNEHFLABICHOVWTEL DY R TEX
AVIBREBESNTEY, BRI R/ TEAA MI, BER L, BERERIET 7o —F%H
WTW% (Meharg and Raab, 2010) ,

t FTOEROZEBOKMBIITEH TIRERSNTHRVOT, YR TERAY ML, GRE
BREINFFADEACBITAEZETF—FICEL 26 &5 %874 (Schuhmacher-Wolz et al,
2009) ., B MIBWTIL, EBRARVEREBAREONTL S, ERBEFICHEL T 5, &O
BEIL. BUE. R, . BRROBREOSACEEL T\, BRARBHOMBAY X7 Ol
I BRELA H 5 (ATSDR, 2007; IARC, 2012; EU EFSA, 2009; WHO, 2011; US EPA, 2010) .

BOEREOFESAEOFERZEICEA LTI, KE (BFILE. EFALE RUOMEEE F
2, BL) BARLBEZEEAEVEN L Bbn 3, MERER, EHEEEE OMRENEELIE
FNAFHERE L L THEEINTWS (IARC, 2012; Schuhmacher-Wolz et al., 2009; US EPA,
2007) , —EOREORHERERIL, 0.02 mgke/dayr LD EDOHECTHERENERT B A4
MR H B Z L. KR1UN0.0004~0.01 mgkg/day?D b RRAE TIHERMICALEERE VW L%
LTS (ATSDR, 2007) , ZOfHLOFMEAREICE LTk, LOELXJINOELEZRET 57
WS EET — Z 0, ALTTERMIE. EENAICERT A EERH Y (ATSDR,
2007) . EEBBARUVOHBSAE NICHERBASEORMAGERESEORERETHI LELD
145 (Chen et al., 2005; Hsu et al., 2013; Ahsan and Steinmaus, 2013) ,

FEEEETODI000 ng/LLl ED RBEDHFKIZEE SN AFBRANER (~40,000) OBFFE
B, RERA, SHOICKRETIIBERPARVIHBADI RAZTERA Y FOEITRZ->TNS
(US EPA, 2010) , BMRAV RZIZOWTORED A FZT7F Y v Xid, EFAEDERE (<100~
200 pg/L) TEARDEBEMENRA Y RT ZRE LTl (Chu and Crawford-Brown, 2006, 2007;
Mink et al., 2008) . Z#uiE, Schuhmacher-Wolz® (2009) DFFFELFE L TRV,

ERAMMCBETBERAZ=y N RZ ug/m® Y7-0 0.0043 13, KREOKHET 2 EFHNLOF—H
ZEIT US EPA (2L WBRESH- (US EPA, 2007) ., TR INBEREZESIT. US EPA
F—HIZHTEEORMEMPO 7 + 0 —T v THERCEER PR T = —F b OFEHE I
THEMT—F 2T iAA, US EPA O=y MY X 74&% (URF) 28 #H L1=, YE%EELIT,
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URF pg/m® %729 0.0015 8 L7z, 2 URF iZ, BIRMFASFLTEROY 27 1/100,000 WG
+ B Ze R PR 0.067 pg/m’ L RIRT 5L D THD (Erraguntla et al.,, 2012)

B OBREERE D PDE fE

& OIRERED PDE 1. EICHT A ROBHEELRIILELOTHY, BREFEDH -
BT (ATSDR) MRL KT US EPA D RREE(H 0.0003 mg/kg/day (ATSDR, 2007; US EPA
2007; EU EFSA, 2009) % %z, 15 pg/day ICREEZREL TVEHDTHD, ATSDR MRL Z (T
B XN 7-M45% PDE X, fBIKE#ELFE LTVl (WHO,2011) ,

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

MRL OB HITHAAEN TN S Z &M b, BEREICOWTILEA Lih o7,

HESHC K 5 IRER O PDE &

t BOROREROEMFHFIARIEI~5%TH D, RbEZEWRIERIT, RREDOEHWVEK
B (LEOSTRIIBEESNTHRY, ) HEDAkEEXBRIEREAZSHRE LTEROH

ME 6 ARFHELEZRBRNLEON TS, TOREBRDORINEITL 95%L #E Shic (Zheng
etal 2002) . L7E2-T, %3 PDE HIZEABRERFO PDEE L R—TH 5,

PDE=15 ng/day
% ABRZE R PDE &

REmEEr s B THEE~DORAEBE OIS AR RTEDMOIERIEREED Y R 7 OFMAHRE

INRTW5, MAICIEDTRENASHERES PDE EOREICHAWVARIME, FORRE & HEL T,
B A EAEICR A FEAHESHICRELTWA I E ThHDH, 4i% URF HE—RARDREDT

DITEEENTVAI LMD, EEERITMNEL SRRV, Eraguntla b (2012) IZ XD EHES

NS AT, U A2 1:100000 2B E 2 5 &, WABRZRFO PDEEIXUTOX 512725,

PDE=0.067 pg/m’ / 1000 L/m’ X 28800 L/day=1.9 pg/day

%3% PDE fEi% Erraguntla & (2012) 2 &Y @il S /@R ) 27 EFADLELRE
URF ZEIZLEbDOTHD Z LA b, BERBIT OV TLER Ligv,

BE IR
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NY A
231 7 A0 PDE fEOBEE
' SY oA (Ba)
&0 s N
PDE (pg/day) 1460 730 343

Frim

NY LA (Ba) it BEOEV., RAATHLLWT ALY HEEETHY, BEOHDHZEKT
TEBICBIEL, KERIET 5, Ba@h)A AV RUWKEEDOAY 7 AMEEY (REH, MBI,
KB IEEERT D, REBAY VALV oREEAY U MEEYIE. BIEETT ) —0
Ba(H) A A& A L$, —BHAIZE MR L TEFEETH D, 2N ULITREBFCSLATIE R
. REHEHZAMEIRFATH D, NV U AR, B ITEEREZA], BRloERH,
H 5 AR UF OMOBEEOEE R AR & Vo4 2 &3 &5 (ATSDR, 2007) ,

REEEEDORI L - T BE

BMEOE MIBWT, AR U ARARERABRSE/ERNG., BES, b= MHT
DEWEHEENTHD LEDLNS, TomEE2dRE LIBERBRIZ. N VARELEEMEL
OB EMICET ALY XIEFET LD THD (NTP, 1994) , YUk, RATIGR, BRHA
TER. RAETMREL, HTPAEER. SEREMEEGEET CE L L TERMEEREICE
TARBOHEETHo -, ThHDOEIL, e~ r X TEAIBEEIND BRBENRBLMR
L IITESEMICH O R R BB ER LTV, MEICK ¢ 3REN, RERERICE T
FEOOLNARLREZENFVIEMIBE CTH LIRS H D (WHO, 2004) , BRAIZ K D k/NY
7 A~DREREIT, B, BEO/ TR INE W TmRE XKL ZEZTRBENH D
(CICAD, 2001) ,

B ORZEEF O PDE fi

A4V A MO2oDET TER SN FTMICB TR, FAY 7 LBETS my/LOKEHAL T
AAERE, EHAY U ARE0] mgLOKZERALTWEALERE DT, MEX .
BREBRE LLIBRBOERFCHEERIRD b2 o7 (WHO, 2004) , ZOREBRNLHE

HALTZNOAEL 7.3 mg/L& AWT, RUEKEDHEEE2 Lidayd AV T, R OBEERFOPDE[E %
UTOXIICEHTLHZLRTED,

PDE=14.6 mg/day / (1 X 10X 1 X 1X 1)=1.46 mg/day=1460 ug/day
HEHRIC X 5BER O PDE fE

NU T AMEE~OERIZ L ABRBICERAEET — X IIRYM Db ol, N U LADEYENR
FIFZIT., BARUCLSIRTENREN 20% KX T 60% T D LHESINTVWS (ATSDR, 2007) .

LMo T, BOREEO PDE [EXEEEEK 2 CTBHBEL T, BHIC L 2BERO PDE E2EH L
o GIECEHSNTNDEBY)

PDE=1460 pg/day / 2="730 pug/day
% ABRZE K> PDE f&

NU YA ~DRAREITRDHEET — X ITRY =5 ehhote, KEFEE (US DoL, 2013)
X, FTEHEASY D AEEREIZLE TWA 7 05 mg/m’ L BE LTV 5,
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BEEE ((HEUCB VW TEESNAEFI~FS) #EEICAN T, BAREROPDEMEE LT X
HZEHT B,

o ) 500 pg/m’ X8 hr/day X5 day/wk 19 pg/m’

AR 24 hrfday X 7 day/wk 1000 i 0119 rell
. X

CHmE= 0.119 pg/LX28800L/day  _ o Le/kg/day

50 kg
PDE=68.6 ng/kg/day X 50 kg / (1 X10X1X1X1)=343 pg/day

BE R
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2007.
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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.
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2013.
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B RFITA
B FI 7 AOPDEEDHEE
B KA (Cd)
: &N HE5 A
PDE (ug/day) 5.0 1.7 1.7

Frii

HRIWA (Cd) IBEBEBTHY., BLEVWKADORMABIIHMHEFEEEZ b2, BRRTIX
TMHEETRWIESh, FAEARCIIEL LTI FIvLAEA»PLHE LIS, (ATSDR, 2012) .
FRITAE, 2 OBERECARTEE UTEET S, B FIvA mBI FIVLIRY
WEEH FI T AL VDol D0H FI U LEIRKEETH Y. COMOREERIT, B L
XiiEER L OMAEERC L > TRBER I VENWLDLERVES, I FIVL, BRIESI FITLA
R ABRELEDON FIULER, AEESRICEBWTHMEL LTHVWORS, @V FIVLE
&3, IR =SB OBRIRKIKEICAVWOh D,

HEMEREOIRIL L 72 o T FHiE

7RI UL, BEEEEE TN, BREEZ LRV I LRI TEY ., & hPOELAY
BELTRBSN TS (Group 1; IARC, 2012) , B FI U ARUH FI U AMEEWIZ, BinA
RBlEEIY, £, A FIVARUY FI Y AMLEY~OREL . BESARTRNIRNA &
DN EDHBEMESRED BTV B,

HRITABRCGH FI U ABE~OENBRECE L CERIEABVITEREIEEETHD
(Buchet et al, 1990) , B R OBRIZHT 2 E8IT. REOBEL L TREDLIL, T FIY
AREBORESHENREVV— I —THD (ATSDR, 2012) ,

BER OBRERKBEZBELCN FI U L~ORAREZ70 U7 S8 OEFHRN D OFERIZ, &
KIS A~DRHRABRZICHBLERSA (FLELUTH) VAZOHEMEIIEL TS (JARC,
Azman:W%)u&AJ:yFUz&amwmyfﬁusmm(ww)m;@%%&éﬂrw
Do g

¥ O REROPDEE

HREITARUI FIVLAE~DOROBERICEHTIEZEIGVIEMEEL. BE5ETH5
(Buchet et al., 1990) , BHREUERIC T 2HET, BLHOREL L TROLN, ZFIV
IrREOBRSHENEN—H—TH5 (ATSDR, 2012) , 7 PR URATOHI FI 7 AILH
T 5% OROBRBABRIT, BRAMEDOITEIERL TV, LEF-T, BEEOHEEEL
AWT, ZRITAICETAROEBEFOPDEELZZRETSHZ L L L, ATSDROZEIZREW, &

PEREFEICIZAMRL 0.1 pgkeZ AWV TR OBEFOPDEME AR ET D, Zhid. WHORBCEIAKIRE
{i0.003 mg/L & FJ& L TV 2\ (WHO, 2011) .

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

MRL OEHICHAAEN TS Z L2 b, BEARRICOWTIER L2d o7,

BT X A RER OPDEE

BRI R06 mykgEBICSEE TR LT v MOBRIRERIC LD . BTEUBICEHENRD

N7 (Prozialeck et al, 2009) , ZORRTITE—DORENAVWLNE, ZTOHAETCRLNWIEKE
B, REEMEORAA Fv—a—28Ex5 L. ZOHRBRDLOAELIY0.6 mgkgTH D, E
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I L DRBERFOPDEE DR EIL Z ORBHBE AV, 0, 1, 2, 4, 8, 16XII32 umolkgDif
fbH FIUL%ET y MO THRE LZJOEERERBRICH O T, 728 OB EIRM® TRA
T16 pumol/kgbd kD 53 CHHHALICAENRED b fz (Waalkes ef al, 1999) , IEHRHEALORA
SERED, EHEMLICRS SNEREEEDON FI UV LAEERMICO > THIET 502 E 5 2 EFR
b’@ybrc%é,, IOHRBE, A RFIVLOERICEAERORBELHEMEL Y B L5 FTgEN

o IEEMRE ((HRUIBWTEESINFI-FS) 2ZRBICANT, ROESARENLBETHD
Eﬁﬁ*#ﬁ—@kﬂ%ﬁ [ENaN E%q‘kct LIRBERFOPDEELX LT L S ICEHT 5,

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

PDE= =1.7 pg/day

HRITLIRARKTRABAMEEZELTCNAZ L, RUETRETCAFESEDONZ &0
B, F4 ELTHE S 28R 1LE, 2 DOFTRIZEESESIRENR LD THSDH, PDE [EDRE
1= LOAEL %:_._}ﬂv\t_ Enb, FS & LTRE10 &R LT,

% ABREZERFOPDEE

A RIYACELTEXHENEZBAT= FJ R 00018 ugm’ BTGY X7 L~UL 1:100,000
FRAWT, BABREROPDEEZLUTOLICEHTEI LBTE S,

1X10°

W A\BREEHF D PDE = T8%10° lng/? =5.55X%10? pg/m’

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

o=y NRZT77o—FIC XV EEHT PDE EICEHL TE, TORBCEEREEZFER LR
VY,

SE R

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.
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2013.
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2= VN
7 v 5 DPDEE DOE
zuahs (Cr)
#&n _ et s I BA
PDE (pg/day) 10700 1070 2.9

FF i

suab (Cr) (T4 RBERECTHEEL, TROHDOILEBEERDOIX, Cr(0) (AT VLA
) . Cr(2H), Cr3HRTVCH(6DTH D, CreOIRBEBICEBRILEZZ T B2 b, (bEARKIZEW
TETAIE LTHAWLRD, CreHIXEARBIFITHY, 7 unfitl (Cro) RUES oA
B (Cr,0”) Eb IS AbIhEFF L T=F L EThHD, C3HIE. BEPTEHLELRD
NAHEETHY, 7 FNUBERHICEBRUWEATE TCHD, 70 LORZIE, 7 FUERUIEED
ROELZ5 SR I L, RARERERN, BRBJREZLCHEREE CEET 5 TR H
% (Anderson, 1993,.1995) , EZEL T 07 o ADRIESE LT, H6EH, R - BEIFEME
ZNLOERHENNCHERE L OGNS, CreHPMt s LTHAWONZBE2EE, EELND
DruLDERIT, X VFEEOBRNCI(EHDFEEL WS LDiX, €B7 v s (Cr0) XiECr(3+)
DEEIFEDI O THAS, Lizkos T, EERBANCET S ZoR&MFMiCrGHD MO
EEFRICE S BOTH Y, Cr6H)iZ Z OFMED HERIF SN TV D, Cr(6H)D3 il & L -CHEA
ENBBEICE., EeEFEmIXZoFE (Cieh) 280_&EThHhd, FRAIL LTHEETSHY
ah Bz, Bbrzus - Z)—r, ABEZrL - FY—2) 1, BERECENESATNS
e, BHA R4 OBEREGEHENTH B,

B EIEDR L /2o o FE

&E5%DCR0; (7 1kl LT1468 mgke/dayflY) ZaieflblZAERELZT v NI, FEE

BRI Rhol, KVBREDT v MBI SRR GHE (Anderson et al, 1997) ZRBVTIL,

Cr(3H) & L 15 mgkg/day DR EB THEEREBIIR D bhahole, 20 rDROFRERCELT

. HREMRENBRETEERSES R TRV, —f&89IZ. 1.5 mg/kg/day D Cr(3+H) DR OFER
(US EPA, 1998) 1%, BER~OHFEXEICEE T O LITTHRINR,

WF— L Pa— L, BRERKIE T2, TLEEEORILE 252 EE L,
BN RERF OPDEME

2000, 1000050850000 ppmDARD =2 Y VERCIG3H%E T v RO~ U R TREHR S LI 2R
AAERER (NTP, 2010) T, BHEIPIHFET 57 n ACHL TR HBEEENDHY . HOEEL
B sREEBERIE SNz, ARBR TI60 mgkgBEDOMHENET v MIA K IREED R R
Liz7zd, B2 U VEECI3HD T v F TONOAELIE, EFED mgkeg (11.9% ; Cr II& LT
10.7 mg/kg/day) Thotc, ZOFRICIITARBKFEESROOARL o L0 b, RROZE
BIIFEERTREBEL TS, £, ZOFRIE, BxUAXIWTNoOBOM (BiR)
THRO LN o T, EERE ((FEUCBWTEESNEFI~FS) 2ZRICANLT, BOR
ERFOPDEEZLLTO L S ICHEET 5,

PDE=10.7 mg/kg/day X 50 kg / (5X 10X 1X1X1)=10.7 mg/day
B X 5REER OPDEME

Cr3hzREL L THIRAK ST 5 L EOMRERIT, FHRBICEVERY ., BHERCIX 005
pg/kg/day, FRATIX 15 pg/kg & 72-> T3 (Moukazel, 2009) , ZHHDHER—ARSEZEBX
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Zo&ﬁf’i}iﬁ.—\ Bz, BCHFERRCRHERDOERICH L T) BELINE S 12 HETT S
3. FoREERRR,

suMCBE LTI, BHBREICES PDE EOBEHOE L 2D X5 RGRABRT —F B 2d o7,
70 ARUENMEY 0 AMEEWOROBEREOEMFERFIARNY 10%THLHZ 20 (ATSDR,
2012) . EORREFED PDE A EESRE 10 THRL T, EHIC X 2BHERO PDE EXEH L7

(3.1 HERBEENTVAEBY) , EHIC L ZRERO 2 0 AICET 5 HESE PDE IR TOL
BYTHD,

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

% AR R OPDEE
DerelenkoB@fiﬁSﬁ (1999) T, REECIGHRITFZ 138/ (1 B 6RFf, BIZSEM) RABRE S
Bl 2 A, FICKEICBRESE (BEREHE, MFRPE) ROMBEEED BEEEENRRD B

ni, Z0j %m'f«f@&%@ﬁfw&b 57, LOAELIZ17 mg/m® (3 mg Cr(3+ym’) TH 5D,
A UIARBEHECIGHE T v M3 ERBRARE LERBR T, WThiBL T 2B
B/ b Ehol, ThbDF—FZ#EIT, BARE TOMRL 0.1 pg/m’ & R AREROPDEED
FEIWCAWZ (ATSDR, 2012)

PDE =0.0001 mg/m’ / 1000 L/m® X 28800 L/day=2.9 pg/day
MRLOBEHICHIAEN TS Z Lo b, EERKICOWTIXERA Lo,

BEIR

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, Laser 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, Kloppel H, Oldiges H. Carcinogenicity of sodium dichromate and chromium
(VI/IIL) oxide aerosols inhaled by male Wistar rats. Toxicology. 1986;42(2-3):219-32.

Moukarzel A. Chromium in parenteral nutrition: too little or too much. Gastroenterology 2009;137:518-S28.
NTP. Technical report on the toxicology and carcinogenesis studies of chromium picolinate monohydrate
(CAS NO. 27882-76-4) in F344/N rats and B6C3F1 mice (feed studies). National Toxicology Program,
Public Health Service, U.S. Department of Health 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 (IRIS). 1998.
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230 b

a3V F OPDEAOEE

| =<4 F (Co)
%A ' A ]A
PDE (pg/day) 50 5.0 2.9

A,
i)

a3k (Co) 1k, RARDERT, 2L DEE. BHR, MERVPERL VoL ZOMDTHE &/
ALTWVWS, a9V M, E¥ IV B2 ORAIRRERERTHD ., ~E/ 2 SR EUERE
BMFRHCEERBEROBEROMER L L THRET 5720, b NOMEATRTHS, e
M. 1B 1 pg 02V bEEENOEIRT S (ATSDR, 2004) , B4 I B12 OHEEEERA
813 0.7~2.4.ug/day THY (NAS, 2010) ., =250 F & LT 0.03~0.1 pg IZFHYT S, b MEAN
BT S EH D L N ONAEYFEMIEEEIIRESI N THRY, 2.0 Megd B, 37
Z B FBREMARMCEBWCEE L LTAVW LR TN S,

RAEVERAEDORIL L 7 - et

IARC (2006) iX. i =L b ROFEDMOKEN CobEIZIE, B Mot L TREMBAMEDH]
REtER D D LfEFR L7z (Group 2B) . HBABROT —#1L, 7 v PRUE b COEEFREAETAA
FHZBEINA Z 2R LTWS, 2790 MRBIE. invitro DERFHEICEH L TIBETH 72
M. in vivo DREAERESFSREICE L UIBETH o=, NTP X, BERNHEDO~ Y AR TZ v b
TRMAMEOHERIEMNELN- LR LT (NTP, 2013) . B MBI ARAICLAENA
HRBRTRRAIISEONTELT, BEAMICE L TSEIRTWAY (US EPA, 2000) , B R
FEROBZEIEZHBEICBVWTIE, ROEREIMELELEZESNEWVWFTRATHS (ATSDR,
2004) , & hTO a0 FORAEEIZ, E@REUCAMEL LTHLN TN S EE TEITHORE
I SR B A TR B UM 7 B 25 IC BB LT\ B (ATSDR, 2004; IARC, 2006) .

B OBRERFOPDEE

BROBRRFOPDEEIZ, AFHEERE FDTF—FZ2EIZLTW3, 150 mghiE{ba L k%220
bt MIREROBRE SEEEAICBW T, RbESHERIRWVIEMEZEIL, FROLKEMET
Hot- (=230 b & LTI mgkg/day; WHO, 2006; ATSDR, 2004) , =2/%/L b & LT1 mg/day®
CoCl,Z88~90 A R L7zt FEREE 1061 (BHESH. LtsHl) ORBRICBWTIE, FRMBRH
IMEX I FOMOEEIIRBD bz hro 7 (Tvermoes et al, 2014) , R OREFRFOPDEE % .
NOAEL 1 mg/day % ZIZIRTE Lz, BERE (FHFEUCBWTEZENZFI~FS) #ZFREIZANT,
& ORERFOPDEEZ LAT O X ) ICHHT 5,

PDE=1 mg/day / (1 X 10 X2X1X1)=0.05 mg/day=>50 pg/day
WHPDEEOREICEHE MNRREFER L7, F3& LTEEREREZBR L,
ESIC X S5 RER OPDEME

I MEEH~DOEFHT L ABRBRICRAEEEDH 57 — F1Id72V, 220 P ROV 28
)V MESBOROBREROEMFNFHEOREIT 18~97%THD (ATSDR, 2004) . RORE
BOAMFMFIBAERNMENZEEER L, ROBRERO PDE EZEESRE 10 TRLU T, EHiC
X ARBIEO PDE EXZEHLE Gl BRI TWA ERD) , BEFICLZBREFO UL
MZES4 5 PDEEIZLATO LB TH B,

PDE=50.pg/day / 10=>5.0 pg/day
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W ABREEF O PDEE

FREE o S P RUVEDOMOAKEMECoRHEIX, b N CHOBEL5ISEZ THRBEREH D
(Group 2B)

CABE, M B RUOEMERERIT, BHENLRRAREICLYE FTALONDEBAMLSOE
EREETHD, NHLOTF—ZIMEEERLVENLOTHD EEXLNTNDEZ L. EUHL
e FORPAMICET A FOF—F IR0 b, 220 MCE LT, MRLT 7
O—FEZSFANDZI LR TELEEZDNRD, B MBI DENAY X7 OFEROHEEMEIL,
MRL% i\ TR 7-PDEE & iZiFF—TdH 5 (WHO, 2006) , W ABREFFOPDEELZEHT 57
%, B ABEOMRL 0.1 pg/m*% /= (ATSDR, 2004) ,

PDE=0.0001 mg/ m® /1000 L/m’ X 28800 L/day=2.9 pg/day
MRLOEHIZHEAPAENTWD Z &M D, BIEAEICOWTIEER L2ad o7,

B IR

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. 200386, 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
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
(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
Organization. 2006;69.
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R
44D PDE fEDIE=
& (Cu)
. #a R : T A
PDE (ug/day) 3400 340 34
g

& (Cu) 1, B BHITETE 1l EXHFD 1 OTHY, i 2 2OBLREE, FH01H)E U
@HERD, BHEUE FOWTHIZE > THOHADPHETLRTH D, flik, WSHOLDEER
BEREZTAARREE 2R L, EE2EMRCHEEARSEICERICEEL WS, SEbkdy (F
ZIE. o AE) 3. KECSBEORKRBRGICBTAMEE LTRAVWLNS,

LEVERETEORI L o 72 FiE

EME O MR AIEEROH IREMT —FOREN RV E2—IT LD, ik, SEAEOR
OFEBRICBWT, HIE. MBRUCEBCAEEREZRETHRERH D ZEMRENTVS
(Araya et dl., 2003) ,

B IR ERF OPDEE

TR, Ty PEOA XEAWRBERVCEHES-* /) /77— METHIRREBERE SN TS
(IPCS, 1998) , T v b, FABRR BRI T2EEBICEAL T, ZhbD 5 b TREENSED
BBV LRI S hs, T v MIZ500~8000 ppmDFREESR T AKTIY) 7 IREER 5 U 7= 138 4Bk
WBWTH., AT BIEOBEE R U EHEMICE 4 ANOELIX1000 ppm Td -7, 2000 ppmLiE
DBREEICBOWTHEER OB EENTED b7z, NOELIX1000 ppm, 64 mg CuSOykg/day (§f &
L T17 mgke/day) Y Tdho7z, (Hébert et al, 1993; IPCS, 1998) , EEREK ((FH&El1ZBWT
ERBEINFI~FS) 2EZEBIIANT, RORZERFOPDEEZLUTO X D ICEHT 3,

PDE=17 mg/kg/day X 50 kg / (5 X 10 X5 X 1.X1)=3400 pg/day

BN X 5 BRER OPDEE

SICETIREM L Y 2 —id, EFCLSRERERICIROPDEEORHOEL RS L O RARER
M EIEET DN TERM o, EETEEICBVWTHRIN MM ZEENOERIH
78D 5B, v FOHEERRIE, 30%~40%ERINT 5 LA TED (Wapnir, 1998) . SRk UME
BESRE DR NRERE O AR A RI30%~40%ICBON TWE Z L2 BEE X, BROBEED

PDEE ¥ EEHGEI0THR LT, EHIC L 2BZEROPDEEZEHB L GIEICEHEINLTWA L
BY) ., BFNCX 2RERFOHICET D HEPDEEIILLTO LB Y TH D,

PDE=3400 pg/d / 10=340 pg/day
% AR BERF OPDEfE
WASHIEHOBMEICE L, AFFRETHo7=7 —Zid, B, FHITBHERAROMRLE E
EHTICIIA o THD EZ X b (ATSDR, 2004) , & ARERFOPDEME 2 EEHAE100 TR
LT, RARZEROPDEEZEH L GUEIKEHIKATWAERY) |
PDE=23400 pg/day / 100=34 pg/day
BEIHR
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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, U.S.
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):10545-60S.
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&
4 OPDEfH DO E
& (Auw)
g HEH ‘A
PDE (pg/day) 134 134 ' 1.3
Fram

& (Au) X, ERFEERUERR{EE 20+5 OMRETHEL., B 1 MEU 3 MmoEESRD
—RETH D, TREEDILNE, BRI, LR TERENIEERHD L O L IR
ERTWRNY, &%, FEeRICRITAE L LT, #BiELT, XIHEEEER LA (22T
W LIIRRAT 7, BY VA AV XIET ALY Thb, Telles, 1998) D L 5 RESKETHN
LT3, BWEFOE&EOME—ORFIIX, L L TOEANBL DD THS, &1DEIE,
BEICAVWLEND,

e A PEETEDARIL & 72 o e B

EOFEHEDIFZLEAEOMRIL, EOEENHERICESNWTNS, BEFMMATRERIBERICAV LR

L0, 1| HOE&ANEAFTENMTF (AuS) LDOEETHHN, EBELIFINL TV A,

auA FRDOEEES (BHEF4E) %. 30mg/day T 138HE. KIZ 60 mg/day T 1M, XIFED=

TV a—VTREINCEBE 10 FICERIIR OGN T, HEEEIL. 30 mg/day THEIZ 24

MR & fkeE L=, MRFEAHESE. BROMBBEIFBOMIEEEORILILARL, VY

< FHBEMROBERERREOGYA bHA Y « RTIA—FZIZBWTHIBREOCRENRD bk
(Abraham and Himmel, 1997) .

&bEMERVWE-ZEHOEMECE FOT—F BRATRETH D, &AMk dE:MEL LTI,
FhaEFEBEEESN7Z7 v b (Payne and Saunders, 1978) ROt b (Lee et al, 1965) (2R3
BORE., A X BT 5H{ESM (Payne and Arena, 1978) &23%H 5, LA L., b ORE
. MEDE&AHNXNEREERORHMHE LTHRFELRVWERBOSZAWVWTERBINTEY, L
7o THRAFOLIZfREPDEELZEE HT DI o EEERHD LD EITEZ LR,

& DORORFERD PDE [HEZRET S7-DI, BAFICHFETHILELONLBROLOBROR
BiIC kB P XIEEICE T ABEEED H 5 FEREBRIT RV, Au@BHiE, X EENRERE
EZzx b, MERKSCBOTROONRS BIAE, ke . £@HESEICBEL TIE, B
NiT—F L2, HE3—RBRICBWNT, £@HEEW [Auen)Cl] Cl (¥YZuppxF LY
TIv—&l A FV) X Ty hOBREOHIBICESO TEMAERFENELESIESEZED L,

<7 AZBWTIE 322 mghkg DAET 14 HRBEEARE S, BRBEEREZS ISR Sk
Hyo77 (Ahmed etal, 2012)

B OIREEOPDEME

&OREICHET AEEENICAE R mEEILEESETH B, %m@w%ﬁ%ﬂaﬂﬁt‘%&iﬁa)%ﬁ@
EREOEMBEETHI D, £@HEEEARS SN 7 RCBT5EERIT. ROBEFD
PDE EDRTEICBWTZAFER LD LEX b, EERE (T8 1| ([TBWTEE SN FI
~F5) #EZBIZANT, BOBZEREO PDEEEZUTO LS IcEHT 3,

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

PDE fEDOFREIZ LOAEL ZHWTW3A Z &, RUESEFAFFMAZET LTWRnZ b, F5 &
LT 10 28R LT,
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ST X 5 REER O PDE

ERMIBWT, &FFY rI3fF M) U A0 mgEHENES LR, EFRFIARITS%
HTHo7= (Blocka eral, 1986) ., THFITBOT, 2 mghkeZ HRNER Lz OeFFY =
B R Y v ADRINERIIT0% Cdh o7 (Melethil and Schoepp, 1987) . AEHZHFIARRE N
L. RUBROBEROPDEEOR EICEENRSICIARBRBAVLNZZ E0b, BEFIZLS
MR OPDEMEITAE N IRFERFOPDEMBICE LU,

PDE=134 pg/day
W AR 88 HF O PDEfE

R AR VST X BRERICR I 2BERDOH DT — & i3, kT 5 &0 RFTHEKEE
DFEEMICEDI LOEEDFEELRVW I LD, BOBEROPDEEZEEHFEI00TRL T,
HHIC L ABREROPDEEAEH L GIEIREINL TS EBD)

PDE=134 ng/day / 100=1.34 ng/day

BEHR

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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%’ .
1 PDE fHOME

$n (Pb)
&N HH B A
PDE (ug/day) 5.0 5.0 : 5.0
FFim

gn (Po) IXHEHMLE LTHLEEYE LTUIFET D, —RRV2 2 i0bEah & LT, Bl
ZOKREBERR VBRSO REEER 55, ASRLEME LT, TV I U BFITHET
NI AFNABET b T FARRH D, FEHIEEWIT, KRETTHRYERHIZHE S,
Kb RO g ERR A E LTERET 5, i3, b PUIWALEICER T SBRmDLEY
FHIMEEIX /2 (ATSDR, 2007) ,

ZEWMEBORILL 72 - o EHE

b PRUBMICEV T, S OREIT. PR, AR, RBAE. fE. ERERUVERICKR SRR
HEBLBZRITILEH D, —HKWIZ, MBI T DRI, RARICBWTRES L
EELHELT, BEHSIROWNEHICBWTRES WL ZCX Gy, DPEERED 1~2
ng/dL, EMFEOFIREDN 100%. IZNCBEERRVERELEZET V7 7ns 5 A (US EPA,

2009) T, PDE fERXELNZ, ZD7=HIZ, 8]E PDE fElX. BERKRIZH b b3 F—
TH D,

& ORERO PDE &

ROBEZROL MIBWT, RbEZEREL. 20, BEERORE VMR, FERHE
TRHRMEBCTHH LEZDND, BEMRNLOT — XX, 5 pg/dL KREDOMPERBEM, /I
IROMRITEN R CBE LTV 2 BRI LTV 5 (NTP, 2011) .

US EPA &5V (Integrated Exposure Uptake Biokinetic IEUBK) Model, 1994)  (&UXZE 100%., &0
A DORFEFA L) (XX, 0~7 5% (0~82 FAH) DO/NNEIZE 5T, 5 pg/day O ORI Mm
FIREE 1~2 pg/dL 1TSS T 5 LR E 5 (US EPA, 2007, 2009) .

PDE=5.0 pg/day

HHIC L SRER O PDE {E

MOBROBEROEE TP LAMIESL, LEN- T, BERICLABERD PDE HEiE., &
NEREERF D PDE fEIZZE LW,

PDE= 5.0 pg/day
% A\BEEERFD PDE fE

SORNBERIFOLBZIMD P LANVICESS, Lo T, RABRERO PDE fliX. BROBRE
BFD PDEfEICZE LY,

PDE= 5.0 pg/day

BE IR
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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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U F v A
U F 77 ADPDEEDHEE
. VF oA (Li)
&0 s i %A
PDE (ug/day) 560 280 25
P

UF o (L) &, BEDOEGTICTFEET DS, V5N E@BTHD, UV FU AT, BMT,
XiZZDOMOEE & DEART, fE: LTAVLHh TV, UF T akad Bk, K&k
TAI=TULUFUL) 1T, FHRERIZBITARE L LTHAVWLNR TS, UVF U AX, 8F,
+1 OBLIREDE E L TOAREFEEL TS,

REMEEORIL L 2o B

UF U ALk POBRRELE LTHEASATEY. BR. TEHEER CEREEEBHE > SR0E
BIZBITA Y FULEDOREICETAIBERE NF—40835H5, VFULEZRAWEEEILZ, U
F U LABEREZIZC O, BEHENERMC iéﬁ%tﬁ BELELTD, UFUADOHRFEIL
BEFFCH L AP, MIEFRE 0.6~1 mmol/L IZRE SN TS (Grandjean and Aubry, 2009) o
BR~Y—V i3k, VFULOEED, BREROEZE TREALES, b MBI FULE
EiE, Eik, REFEEET. Eﬁikﬂﬁ%abﬁ%? ER/MERERETLER MEEEMO Y 27 FRIZE
ELTHh3 (Mcnghtetal 2012) , BEEOHEEREIL. 300~600mg ® 1 B 3~4 FRETHS
(US FDA, 2011) , :27-—5”&1/1:;—1, BERRLEE X, REHEEEORILE 255
PRE LT,

R O RERFOPDESE

B MBS FULOEMERS, ZO PDE EOERE LTER SN, & MIBIT B RE
VFULOE/NEEROMAETHS 300 mg (VFUL356mg) 2HAVEREEICIX, BOBRERD
PDE fEIZLAT O X S ICEHE 5,

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

Z ® PDEEDEREIZIZ LOAEL (ERE—HHREED 1/3) 2HW-Z b, FSICRE 10 238
R,

EHIC X D RER OPDEE
EHIC X DRERFDO PDE HEZRET D OICHEERT —F 520, LoLedb, ROBRERO
W FRIFIF D 85% (Grandjean and Aubry, 2009) THDHZ L&2EE 42, RORERFD PDE E

R ETHEK 2 TRLT, BRIk 38&ERO PDE [E2EH LK (31 HIZEHEIhTWA ER
) .

PDE =560 png/day / 2=280 ng/day
% AR EEF OPDEE
THXEE06NIX19 mym’ DEEDELY FU LI~ EM,ESER., 1HREREL -

(Johansson et al., 1988) , HEFEMER CETEMERH VT, KEMEIZER Loo, i
BREINE, ﬁ“tt HEIRE SN oo, HEmAESPDEEOHFREICHWGNI-, EE
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B (R B W TEEINFI~F5) ZEBICANRT, BRAREROPDEEZIUTOL 51T
%tﬂ‘gﬁéo

. i o 1.9 mg/m’X 6 hr/day X5 day/wk 034 mg/m’

ERREASA 24 hr/day X 7dayiwk. 1000 Lim® - 0-00034 mg/L
X

_amg— 000034 mgiLkg 1440 L/day  _ 100 04 okcefday

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

BEIW

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.

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)
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7 R
K DPDEE DR E
‘ K& (Hg)
2 qm| BEH - ‘A
PDE (pg/day) 30 3.0 iI2

A,
[21i5:]

ARER (Hg) 1&, HBKRBEICBWTELS M LTS, K, mHEAKR, ﬂ%*ﬂ&(}ﬁ%*f&
D 3 ODOFRETHET D, WAIFICERET B TEESRbEVKROTEIL, EHMPETH,
L7edo> T, ZOREWTHIL, TRAKERCERKEORERDH 5 BHEFHNT —FI12E-5<
bOTHD, ZOREMUFHETEE H I/ PDE EIZOW T, ARKSRICITERM L2V,

ﬁé&%ﬁmmmk&otﬁﬁ

t MIBOTERKERERAMEEZETE L 2TTF—F i3V, HELKEORRMAMICE L
T. EBREWICBT ABREGRITNAH 3, ERESAFEEE (ARC) 1%, E#ASLEYA
B M A RBAMICONTHETERNWLDTH S LR L (Group 3; IARC, 1997)

EMAEAE YL, ABARLEE_NTHEBICEBEVROBREROEYFNRAEEZ R L, BREN
EE EeitE, EnREVCEB~OEETRICEBEESR GERERIE) &Wolkika Bt EM
HELXRIT, ERABRUFOHICE L TORLMEEEDRILL 2 55X, BEHTH
5 BRBEZ2MN UM~ OEZERINAHE XN TS (Shimada et al., 2005) .

B O IRERFOPDE

T v hE=DRIZEBWT HgClL 2K E 2 S5 L, <71 &/ NTP ORBRBE
FET2, £05H, LYEMRERFRBREENFE T a2 L, RO 2 FHERLIYV LA
E&FMNIAV (0.312~5 mg HgCly/kg/5d/wk) Z 2 2EEE LT, 7> MIBWT 6 & H MBamE
OREZToHABENBREINL, BEOBHEERD (KEICHT D) HMEEN 0625
mg/kg ML EDBREFETEM LT, BERILFZHRTA—ZOEL (v T7F=>, VUL TF
=TI )T AT 2T —EBROT ARG UBRT I ) VT RAT7 27— OREY) ks
HOHIIED LN, YEFTRIE. ARERENRLO LR bhiehoTz, BIEDRBERENE
FEE (B, OEE) oM, HbE /KR 0625 mgkg U LDBEHTRDOONT, AFRA
RITIMEFAE 3 (JECFA) OFHME (JECFA, 2011) IKBWTiL, 6 BAMT v b#B (NTP,
1993) H LB LN -BIEcHTi2HELE (EEHEM) 2T, BMDL, & LTAE 006
mg/kg/day (B 5 BEDOHBRENLFHEINTWD) BEEHIN, BEAE (R 1 1280\ T
ERINTEFI~FS) #HWT, BOBERO PDEEZLUTOL 3 ICEHT 5,

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

6% A MREBRRE O EMRRICK T 2 RHEARCOFRRRAEER O LITEX bRRNo7-2 L
bH. Fax1L L, £72. BMDL{¢2SNOAEL & & X 555 (Sargent ef al., 2013) Z &b, F5%1
L,

HEHIC X 5 RER OPDEE

FmRBRIT, ERKEBOEROAEMEAFIAERI0~30%DOFEERNICHD L EZREBLTWS

(ATSDR, 1999) , L7=MR->T, ROBERFOPDEMEZEEMAIEI0THR L T, EHIC L ABER
DOPDEEZHEH L GUAICTEHINTWE EEY) ,
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PDE=30 pg/day/ 10=3.0 ng/day
W A\BRBERE O PDE f&

HRTEFHEEN L MEARBEZ BT AR LBESHESREVIHMEREETH I LELLNE T L
2. Z2RH TWA BEOEFEN 14~20 pgm’ DEXBEBICBITAHAEFFETRENALTWS (US
EPA, 1995; EU SCOEL, 2007) . HRIEMIZI T 2 IEREKRIRE (14 pg/m’) TOMRITEIA
EEBOFETE (Ngim ef al, 1992) 1%, S TWARE%Y LOAEL & LTERTOLELRHDHII L%
SRLTWA, EIFGE (4§ 1 I2BWTERSN FI~NFS) 25 EICANT, mHRAMEIIC
A RUEIRARE LRI, RABRZEROPDEEZUTOLSICEHTS,

. i 14 pg/m* X 8 hr/day X 6 day/wk 4 pg/m’ e

TR RS 24 hr/day X 7 day/wk 1000 Lim® 0004 kel
X

_nmg- 0004 ug/Ls x 2800 LU3Y ) 30 uofkeiday

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

PDE {HOFEEIC LOAEL AW Z &5, RERAZIEE U CKESMICEERITT 2 rIaetEls
SNTHLEEIZANT, F5 & UTHRE 10 28R L7,

BEHR

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.

[ARC. 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.

49



TLEFHYT A F 712>

EUTF
= U 7F o OPDEADKEE
=Y 75 (Mo)
2| EH LN
PDE (ug/day) 3400 1700 11
il

Y75y (Mo) OERELEII+L RUH6 T, X V7T =4V EHOFREREDL R TH D,
) FFL O AHEE, FEPRORZKFTIIE) 7T UBA A4 MoOS) THY, K\
NHS B O Ca¥t & W o 7ok x IR A A0 & AIEED(L A E R T D, TY 77 i3, HEP T
KE 2 FRIRBECTRIE L. FODEEET 0.1~10 mg/kg TH B, MoO, BT MoS, iF/KICET 20, B3,
LA R OCABTICEBELS FET S, Y 77 bE8 Bz, Bi-Mo, Fe-Mo, B{LEY 7
FURVDEY FFUMEKRE) 1T, AERARICBOTRE S LTRNLRTWD,

FYTFURMETETHY, BREHE LROMEEME L. LHET 100 pg/day, AT 600
pg/day T 5 (EC Scientific Committee on Food, 2000) . £V 77 s RZEDFHITL, ®E. B,
RoMEREE SE, BRECEMER CHY, PR T4 BEOREE W o oty REE
BREERES, T, &Ho ) —BRE2ZT OV EHBEFICEBNTCL. MEFRORBRENE
IFRHBRARM CTholz L BEETN TS (Abumrad e al, 1981)

RRMREAEDIRIL L 72> I B

Skl LCOEY IF U EREME RS o7z (NTP, 1997) . 7o, A7V FEMA
HEAERERET RIVM) IZX35H6IL, TY 7F U idBEEEEZTI 2V LR LR (RIVM,
2001) , IARC X} US EPA iT & 2 BB AMDFHIITHOI TRV, RAREROE) 75
DEMEITE, T TFUERARE SN 7 RCBIT BB AEOIELI N S0 b5, R
WMADOEREMEIX, CORERKICEL T, b ARELEHFNEEROD SFMEECTHL LE
Zbhi,

R OgERr O PDE &

Sy MIBEHEREIN-EREY 7T UBF ) v LA0FEEEFRE L. GLP BHED 90 BHE
HERBRIY, U 7Tl LT 60 mykg/day DREEICKITAAEE, KEENE,. BHEHE, —5
DEBRERE (EMEERVEKEICKTHENER) RUBOREMEMRFNTR (M 2 [LoEAR
B DERERDEAMDOBER) ~DIEAE V- FEE2HALMNZ L (Murray et al, 2014) ,
BSy MBI AKERDEZRE, 60 BRAOEESAMK TRICEEFXZEIZBO AR -7, &£
FEAE . MHASXIIEFICETAINRT A—F~OFERBIRO ORI, EELIT, IO
B2 NOAEL 3E Y 77 & LT 17 mgkg/day THB EHmL TV 5, ZORABICEBWT, #
BREOBREICEE L BRI R O 0T, BIEEE (8 1 BV TER &N FI~F5)
EWT, BORERO PDEEIILITO X 5127225,

PDE=17 mg/kg X 50 kg / (5X 10X 5X1X1)=3.4 mg/day=3400 pg/day

B X 2RERO PDE E

Vyskocil T8 Viau OJFEE (1999) 2R\ T, ROBRERO L M TOEYERFIARIT 28~77% -
OEFETH- T E|EENTVWD, Tumnland B (2005) X, €V 77 rOREITEREFETH

0% TdHhof- L H|EL TS, LMo T, HEHIC X ABERO PDE {HIZ, 1EEHRE2 THRLE
LD ERD GlEIZEHEIA TR ERD) |
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PDE= 3400 pg/day / 2=1700 pg/day
W AMEFER > PDE &

B~ RAIZBWTRARBEINE=ZBIEEY 77 VICRBAERBD B (NTP, 1997) | iE
HWOBRMNTIX. TV TFUBILVC T LARGEY FF U BEANE MIH L TREBASSZEHT
HEREMEESRIE LTV D (NAS, 2000) , MEw 7 RICBITABIE BAORERT—% (FEL)

(0, 10, 30 BT¥ 100 mg/m’ REFIZB W TEREN 3/50. 6/50, 8/49 KX 15/49) % BV TEMR
NEERITOTDDET YV IRERSNZE A, MBADZ=y MY R 27X 2.6x10°/ug/m® &
WTHD (NAS, 2000) o 1:100000 DY R T L~ L& FWT, WABREZERO PDEEEZUTDOLS
EHT 3,

1X10°
2.6X10° /ug/m’

%k A\BREERFD PDE = =0.38 pg/m’

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

2=y N RZ 77 —FIC LY EEHYT PDE EICHL Tk, TORBICEERKEZERA L2
VY,

BE W
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nutrition reversed by molybdate therapy. Am J Clin Nutr 1981;34(11):2551-9.

EC Scientific Committee on Food. Opinion of the Scietific Committee on Food on the tolerable upper
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= v
= v & VOPDEE DS
' =4 (Ni) .
&0 a5y ' ‘A
PDE (ng/day) 220 22 6.0

=y

i

=vkN (ND) 2. B 10 ROE—BBITETH S, =yl 0, +1, +2 RU+3 ORR{LIKE
THEET DATREMED B 503, Iké@%ﬁ%@ﬂTﬁ%o:y7WH\ﬁﬁ&%%%%T§%
RIGETIERTH D, —BIZIE. =y 7FUEEmIKERICE S THESh, Blh=v
#w\%%:y#W&w%@a #w&wotmfﬁmibﬁw v &, Blb=v
NROERL= v 7L Vo T KEBEEDEVEEMIZ X TEESEVMEARICH D (ATSDR,
2005) . =w7it, b FCIEEESEMICHLE TRV, B CiR=y IV ARBEEREY
BlER T2 eRb D, =vF—TNAI=Urid&d LTO=y ik, KELRIEIZEITS
gl LCTHWSATWS, FEEENBABOHRICAVONIAT VAR, 7 uLzsd
DHER—ZADEETHY ., 1%RE~38%D =y FVEEEHELTERLTWAEERH D
(Stockmann-Juvala ef al., 2013; NTP, 2006) , = & /L0O— BIEIREIL 100~300 pg/day DHLFEIZ
%% (USEPA, 1996) ,

REWEREORIL L 2o 1otk

=ik, BEEEEETHN, EEFEEZ L0 (ARC 2012) , BOBRZERO=v 7V
ﬁ@%ﬁh@%ﬁ%f%%wmﬁv~anamwmm)oﬁoﬁﬁ%mwtm<omwwkﬁﬁ
KRBT T, BHOF A T L - TIEFEORMA & > 7= (ATSDR, 2005; EU EFSA, 2005) .

EPA 1= v 7 /VKEER X A b DR AAEIC 557250800 B 5 L Fism LKUﬁEmeu)ow/7
VRS A 2 N L ISR, = v AR NIIRT VL ASOEEICED DEEFITBWTIL,
BAY X7 OFBREMIRD bR o7= (ATSDR, 2005) , =y 7 AOTXTOREELZ —F
LT, IARC (2012) i, =y & /v&t FOREBAMEWE (Groupl) LTS,

v NERUOEMICBWTCIE., =y A AOREROFERUE. B, FERD IO Mgk O~
EEZBRPXEITIERDD, B MI, —REIZ, = FARKEE ERIICH BT S
L, 2T NVITRBIESNB L DI B, EF®T~ 21X, KL LB =y rNVOBE—FEOREN
BN, v T NICRIEENTZE FTHEREZFR LI DI LEF LTS (Nielsen et al,
1999) . = v X AOREBHEEOEAOZBAROEHICBWTIX (US EPA, 1996) . =y 7 V1B
FEOEL MIZEBEISNTWARY, BHERAREIL b FRUBYE BICHRTEREORIE L Vo7
BERTLEFELARERH Y, KELK, MRIE, BEEERCITEBREEELN = v 7V OEE
TROSERLEE CHE SN TS (ATSDR, 2005) , AIHEME NiSO, # %5 3h/=7 v FTRAE
L7 REEMEMRE L, A NIO 25572 T v N TRELZRFRE L AT, EXMICITE
PLTWBEDTholkdd, LY EEEDENHDTH o/ (Benson, 1995) , = A DHFEHE
i, S XV ESPHIERINENAABEEOHREIZEVT, LVBRRZbDLEEDND
(Schaumlsffel, 2012) ,

B ORERFOPDEME

10, 30321%50 mg/kg/day TRl = v 7 VAKFIHE S Shi=F v MBI 22FRORH AR
BRCiL., #BRWEOREICHEE LZERIIRD b ol, EREHOMICEBNT, REHO
~105E CTOELRIC, AERBREE-KGEGRRIH Y, £z, HEL LICREEICETOKE
WCHABEREHEREDSH 0 MR, 302050 mg/kg/dayB 5EE CTHE Ch o7 (Heim et al,
2007) . LOAEL 10 mg/kg/day (= 4 /L& LT22 mgke/day) %RV, EERE (&1l
TEEZINFFI~F5) 2EFICANT, FOBRERFROPDEEIIUTOLEERY THD,
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PDE=2.2 mg/kg/day X 50 kg / (5 X 10X 1 X 1 X 10)=0.22 mg/day =220 pg/day
Y PDEED R EICLOAELZ FW /- 2 & v, F5& L TRE10Z2EIR LT,
HEFZ & 5B EROPDEE

BER = VENEEZFAW- e FORBRRETL. BROERINZIERED 29~40%23 RN EH
% (EEFPEET —ZICESE) CHETDIHDOTH o7 (Patriarca e al, 1997) , =y 7D
WUzt 2 REFOZELTMTEH D 1 DORBRICBOWTIER, BEAED 2~23%R RIS
7= (Nielsen et al., 1999) , LB 2T, = ZFNVRUOKEE= v X/ ELEHOREDRBIEDOAY
ZHRRAEBBENZBDOTHD Z L #BE 2. BROBRERO PDE E2EEMHE 10 TRL T,
EFIC L ZBRBERFO PDEEZEH L Gl1EIIEHSNATWEEEY) |

PDE =220 pg/day / 10=22 ug/day
R A\ EERF OPDEfE

% ARBERFOPDEMEOEHICEL Cix, FIBWEERT —4 005, BEEEOH B =y F IV OTBEEMR
BREINE, Bb=v 7V ERWE2ERORBR T, ~NbAF— (Wehner ef al, 1984) Xix~<
7 A (NTP, 2006) (ZREBIEZRED bNied o, 7 v FTIERBBAEICET 0 O OFEMA
Holens (NTP, 2006) . €= 7L DR AREE TIIRENAMOTERIL2h>7= (Oller et al,
2008) , MARKITIZHEEL 3 BHERVED =y ¥ VIEBBAMEDTEIZRL THRVD T,
=y MBI LT, BERET 7o —FRIXFAND LB TEDL LD EEX LN, EERK
B (HEUZBWTEBINEFI~FS) 2ZBICANT, 7 v MRBRIIBIT 5 =y 4 /L DONOAEL
0.5 mg/m’ & Eiz. WAREBHOPDEEZUTOL S ICEE L,

s - 0.5 mg/m’ X 6 hr/day X5 day/wk _ 0.089 mg/m>
ERERE= 24 hriday X7 d/wk S 1 bk e
HER= 0.000089 mg/LX290L/day  _ ¢ 060 moke/day

) 0.425 kg

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

BB REEOFERERD = » FVIHICERBEINATEERS D L. ROTRTOFREO=v 7
NOE AR OREBAGLARE CHIZKENRBD SNIZI b, F4L UTEREEI0OE IR L
77

BEI
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Health Service, U.lS. Department of Health and Human Services, Atlanta, GA. 2005.
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nickel and inorganic nickel compounds based on an updated carcinogenicity toxicity assessment. Reg
Toxicol Pharmacol 2012;62: 191-201.
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Pharmacol 1999;154:67-75.
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RITVT A
X5 77 AOPDEME O E
NI Py A (Pd) _
&o o HEH A
PDE (pg/day) 100 10 1.0
Fram

RT VUL (Pd) X, TOMOASEEBEPR=y 7 VEELLTRY, o, HELTWS,
FEETCEREEDOHIEBRTRETHS, NFT TP U AL, PA0) (&B) . PARHET Pd4+H)D 3
DOFETHEET D, N7V VLIERERILESDETR LEBSH, FILEHO 5 HLEER AR
ROONDLDOIXIFEAERY, RTTTA (BreeBELET) 13, KFBRRISIZBIT 5 fll
ELTHWHRTWS, NIV TLAERIT, KEFICBWTERETHY . EAERCHEBELZ R
A ORI X AERICHZ S,

féﬁ%ﬁ@__ﬁ% VX3 ok

10, 100 U250 ng/mLD/$F 07 A BRAEE LT » FOWHRBRBR T, A5V T AT, &
MBIZERET 50, FFlE. B, BRI FICEERE L2V 2 EBRWES i, HEE, £ LT
HEZRALEZLOTHS (lavicoli ef al, 2010) , ¥4 235 L7 MEAMIZ-OV T OMIE XX
WELEME VN in viroBREMERBONWE o5 (RXIF7AEEFAVWET—ARRER,. K
BEEAWESOSZ uEFT A b, B MY UREKREAWE/NERR) L. BEOKRE2E L
(IPCS, 2002; Kielhorn et al, 2002) , ¥HEF—F% L Fa—L, BERKRIEE 2, LML
DRI L 2 B BT RE LR, '

N RERFOPDEH

WS ONDORBEMMBEBRIER SN, NF VY LAEOEERURENBAMEDRERERTLOATWS,
LML, §BE T, BFOFA F7A4 V2> TERINEEEZNRRIIZV, AFER
F—H X, 737 P17 5AONOAELK30.8~1.5 mg/kg/day DEFHIZ & 2 AIAEMEZ R LTV 5, £k
FOELNRT DT ACHEAT VT A E LTHL2 mgkg/dayD B THRE T3~ T 2AD4AERR
I HEREE SIS ODDIBETOT T o FERBEOFERLEMELZRD, £/, BEICREWN
Hl 23R DA, MEICII RN 280 720 > 7= (Schroeder and Mitchner, 1971; IPCS, 2002) , =
DERIT, BBAOTREMICR D FFMEEELRET 2 REZSA TS, YHRROTY A
(HE#EES LV, MEOEEREARD 7/, MREICH L CHFRICIE LR 58 13,
EBAOFREEZ FEMT 5 L COYKRART — ¥ OFHIXBRE SN =, BERE (HF&FlLzkW
TEZINFI~F5) 2EBIZANT, LOEL 1.2 mgkg/day® iz, B OERBFOPDEEA LT
DESICHEBT S,

PDE=1.2 mg/kg/day X 50 kg / (12X 10X 1 X 1X5)=0.1 mg/day=100 pg/day
WEZPDEEDEHIZLOELEZ iV Z &b, FS& LTRESEBIR LT,

BT & S IRERF OPDEfE

NIDVULAIETITEMVE = —d, EFICL2BERXRKIZHERS PDE EOEHI L EH
BEREAILRHET DI LR TERN o7z, BT VY AR (PACL) X, HEE»LRIRE
Uy (FIEROFRS 3~4 BRICBWT, 7y MREKTHED 0.5%K0M, AT v M T°H

5%) . [RENRES ITBIRNBREEZ 2727 v FRERCB T 2RI IFERIIEHL . 5 40 H
BOBAIZBWT, . BRESNTEHED S B, [ENBRE T 5%, FHIRNEBE T 20%182H I

55



TLFETPHTA FZ+4

B an T (IPCS, 2002) . ROBRERED T V0 LOEYFHRAERBRENR LD THD
Tl RESE 2. ROBERO PDE HEEEMAE 10 THRLT, EFIC X 2BFERD PDE B2 HE
HU7 GlEE&HEATWDEEBD)

PDE=100 pg/day / 10=10 pg/day
T ABRER I OPDEfE

NSO AT A SRR ARET—Z i3, Lo T, ROBERFOPDEEZEEMREK
100TR LT, MARZEROPDEEZEH L GIEICEHEOLBY) ,

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

BE IR

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.

Kielhorn 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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H4&
A4 OPDEEOMLE
H& (Pt)
&0 ES 5] }A
PDE (ug/day) . 108 108 1.4
Fram

B& (Pt) i, BZBBRIIOESEDTRTH D, NTTV VAL FAIVL RYTUL NVT
ZULRRA VU LR TAEETR) XX [757F /74 F] LBHRINIEELRDE
HLEWVWEODITEROF T, AR LEETH S, EEE&IT, £< OBLETRIER VoKX
IREMET D LOTHDL I EIREINTEY, HEOFEREXERARIIMETHD, E58L
WENREOCHTH I, RHZ2BEREBEZ R THEEESALON TS, PIRHIT4AEMN DT
7T A APt (H0)) EHET 5, &b RPN, 7 hT 7 rnALEES AU RO
~FY I uaBeEB A ANl SR unHEBEERTH D,

S BB R L 7 o - B

EESPICRME LCHEIEL D ABEO AL RV RASLAMOREN A U CHIFTRE 2 E
B — 213/ EENT—ZIIBEIRTWS (US EPA, 2009) ,

B&0HEEYEL, AEEELABBECRKETHY, FEFELELOKERBSFETDHS

(US EPA, 2009) ., B&ER, D22 &L bBRARKICL3EICASBE~OBRBICEHL T, &
LEBARTFMBETHDILEEZLND, HEL LT, CAES, BEREBERIETIZ LA,
BUINEOFT ) —EhbEIEOKEZHE & 25 HEREENETLND (IPCS, 1991) . fE
WOEEICE, BEOEBBEZD TH o7 (Merget et al, 2001) , FHEOEEER BT F L {LEd
PFEESERVEEEIT., TVAFUEZEERVLEDEEDNS (US EPA, 2009; EU SCOEL,
2011) ., BBUED U X713, BIERABET ITREOERUHIM (IPCS, 1991; US EPA, 2009; Arts
et al., 2006) . "2HE (US EPA, 2009; Merget et al., 2000; Caverley et al., 1995) [CBEEL7=HDTH
LHLEEZBNS, BET—FELEa—L, BERXRREZEEZ., TEHEEORILL 2 5FE:
BE LT,

#% 1 R EE R OPDE(H

PiCl, (HEBOEITIZS W) RUPCY (FIAMEDE) 24 EMEBEEHRST2H#ETZ v NORBRIC
BT, PICLIZEAL T, MEFEA/NT A —& RUEREFEN AT A —F~OZBIIRD LN
ehot, RRENZEGHETH 5 BH450 mg/fktkg % PICLOHE CHERTR S S -8B
BWCiR, 7 L7 ForOEMENICA~< 27U v FRUORMEK/ T A —Z DB HRD 5
nize WIFNOEEMICELTH, ZR2BE5INZEBHOMEET. FICBRTOBE&BEN
fiL7- (Reichlmayr-Lais et al, 1992) ., ZORBRICBWTHEILEBOELEBRM TH- =&
BTEEREO LN b, ZORRBBEPDEEDOREICA VW, BEERK (HE&&l1ICH
WTEERINEFI~FS) 2#FEICANT, B& L L TONOAEL 10 mg/f¥tkg (28AfEICH 7= -
TEE41 mgD AEBERSNE, 0.146 mg/day) #EiZ, BOBRERFOPDEEEZEET S, Uik
Z v bOEEZ, HERBBERCS g TH Y RREZE L TOFIREEMNEIL235 gTHo7, F
BIKE 135 g% Uikt BEICAWE, |

0.146 mg/day / 0.135 kg = 1.08 mg/kg/day
PDE=1.08 mg/kg/dayx50 kg / (5%10x10x1x1)=108 pg/day

T L BRER OPDEM
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H4ICET AL L ¥ a—T, ERBSREICERS BEEFEEIC W TOFMHISREN R S D
THHEZLEFHELMNCLE, BEEOROWRINIE, Ty FbTRED TELS GEBREOREDHES
Wi 1%RE) . B P TiREYEWY (BEFPtD42~60%, US EPA, 2009) , L7#->T, FOB
FZEEOPDEME Z R0 TR LT, EHIC X ZRFEEFOPDEEZ KD 5 GIEICEK =TS L
89,

PDE=108 ug/day / 10=10.8 png/day
% AR EERF ODPDEfHE

fill =2 o — BT AL EABENFER DD, SHOBMAER (Biagini ef al, 1983) X
UEEREBR (Pepys et al., 1972; Pickering, 1972; Merget et al., 2000; Cristaudo ef al., 2007) ME S
NTWB, E7. US EPA (1977; 2009) R UBKM DIEEBRBRAICET2HFEEZRS (EU
SCOEL, 2011) i%. BMELHE 2 mH{b B &MIEHORSMETE L, BN OBERERAIC
B4 2F%EES (EU SCOEL) . A0 BEREICE L THRELOREELZRETDITIE
F BN ZARRF4STHB ERERL. US Dol (2013) HRIEMHEAEEICETIBELDOR
FEfE%2 pgm’ i RELTWDS, EEFER ((HRUICBWTEZSNZFI~F5) 25 RICANT,
%k ABREROPDEAZ LT O X 5 ICEHT 5,

X _ 2 pg/m* X 8 hr/day X5 day/wk 048 pg/m’ _

EHREAS 24 hriday X 7 dayiwk 1000 L/m> UL RS A
X

CHEE— 0.00048 ug/L X 28800 L/day ¢ 2 ooy

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

BEIR
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allergy. Crit Rev Toxicol 2006; 36:219-51.
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2007;40:3343-59.
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2013. -

US EPA.. Platinum-group metals. Environmental Health Effects Research Series 1977;EPA-600/1-77-040.

US EPA. Toxicological review of halogenated platinum salts and platinum compounds. In support of
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= R
H& TR DPDEHE DHEE
AVYULN (Ir) , FAITVA (0s) . vPT A (Rh) . AT7T=7A5 (Ru)
e pastis) | BA
PDE (ug/day) 100 10 | 1.0
K

B&km®E (PGE) @) LHESRD (A& XV IREERNT —FB3D720H) NZ VT AL O
TROFEFERNT —FIXBEEZNTWA, PGE (ZxHT DHEEMREIL., FERIFER R OB
BREEIBBIEEZSIERITZERHD (Goossens et al, 2011) , WL OPDHEETRICH
T 52 LDs EDFIAFIRETH D25, ZDFHRIT PDE HOREICII T2 TR, LV RO
EHFEORRIZOVWTIEFIATE 2y, D L EBOBEEICAVWLN B EEICIE. RuO,
X 0sO, £ D LFEADEEFITH S EE X HbId (Gaylarde and Sarkany, 1968; Swartzendruber ef al.,
1995) , PGE DHEMEIZ, €8 L LTDYHHZ PGE LV bEMESB VOO XS IZEDID
(Wiseman and Zereini, 2009) ,

PGE OFEMIZETAFERIPARAELCNDZ 2T L, T XTOREEKICETS PDE EiL.
L VJRSFRIRT 7 —F & LT, BETREHRLI AT T LD PDE EIZESL LD E LTS,
PGE \ZBET 5B ONT-REMERIILLTOLERY TH D,

rge e X2 X i ‘
AYPTA, FAITL, OPULRUONLNT =0 AOE2EIZET BART — Z XD T2,
e AUTTA
o T MERHEEMIEEA Y ST AGHATSE L BHIZ 24 BEEEL, 2 Ay
rT o EBAICBWTHEIELZEZ A, 4V TP UARREHMBEO—A&E DNA BIT%
FHR LT, 2 BEHEEFE TIE—448 DNA SIIER oo 7= (Javicoli et al,
2012) ,
o BEMEFTMIT DO, Wistar 7 v MEN, LAV PV ABHAKFY (VD
7 A5ELTO0, 0.019, 0.19, 1.9, 9.5 X} 19 pg/day) % 90 HREIERKEES Shiz
(Tavicoli ef al., 2011) , 0.19 pg/day LA DB EFHICB W TEEELRETIHD
BN Ohdh o7, ZORRITBROBRERO PDE HOREIC+H072 b0 Cidi
Mo,

o FRITA

o WHE{bA R I 7 MIKITHE VIEETFRV (Luttrell and Giles, 2007) , &BA4 R I
U AIEMEEZH LTV (McLaughlin ef al., 1946)

o WM bARI U AZESHEOEFEICAVWLN TS, MER LA R I 75 (0sO,)
i, BRELT, EEOREE, B, & BREROKEXICKT 2. . KB,
JHiER VEIBROBEEFIEEI L 55 (USDoL, 1978; Lutirell and Giles, 2007)

o WEALARITA (AFRAITALELT) OFFBRERA (PEL) TWA X 0.002
mg/m’ T3 (USDoL, 2013) ,

° = ‘.‘/“7.&

o Rh®DH (KRhCls, (NHy)sRhClg) 13X X I F7 AE TREFEMEE TR L7 (Binger
et al, 1996) , ZORRICEBWT, HIBBEERVCEESHEICELTr YT AT
FUUACEELTEY, B2XV LEENIRIBNLOTHo7, 7 MR
HEFHIRRZHEAEn Y U AGHATIY & & HIC2RFRSUI246EFEER L, = A b
TyEAICBONTHELEZEZ A, 2P MIFRMEO—AEDNALIK 2R L
7= (Tavicoli et al., 2012) , RhCliix, & kU 2 RBRE HW i/ MERBR CRETEE
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AL, BMERPFODNABE) (2 Ay FT7 v&A) ZEMEEZ (Migliore et al,
2002) .

6 wUAKHEuYULERETIEERBAEAASTT vEAITBO T, 8K
5 ppmDO AR T, MREICH_TLAESMBHEOEREEROEMHB RO b,
NI MIELLTWEH, BRICHRIT—EBHEVICHRENRLDOTH
D0, BBRAEIZOVWTORERERDDZ 1T TEX 2\ (Schroeder and
Mitchener, 1971) ,

o BYYA (RhELT) DB 2—ARREMAHDOPEL TWAIX0.1 mg/m’
T 5, RWDAEHE(LESYDPEL TWAIZ0.001 mg/m* T % (US DoL, 2013) ,

e NT=U AL
o W OMDORuEEEIT, RXIF 7 AETAISKEE U TA100BRIZIBIT Bin vitroBABR SR
BT T, BEEERIGEZ5 & 23 (Monti-Bragadin et al., 1975; Yasbin et al,
~ 1980; Benkli et al., 2009) ,
oF VTF = AORNBEZERORIUIEY (194%) . EHIC X D RERFO LT
“ 2008 ThH D, BOBRENIAT =T LMEEWIZ., BIZFKE TS (Furchner et
al, 1971) ,

BEIER

Benkli K, Tunali Y, Cantiirk S et al. Cytotoxic and genotoxic effects of [Ru(phi)s]** 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 - VIIL.
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.

[avicoli [, Fontana L, Marinaccio A, et al. The effects of iridium on the renal function of female Wistar rats.
Ecotoxicol Environ Safety 2011;74:1795-17995.

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 health: 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.

62



TEFETRBOA R 74>

Nl P
L OPDEMEOHE
LY (Se)
' A B ' ’A
PDE (ug/day) 170 85 135
Fri@

tky(&)ﬁ\ﬁ%#KﬁELTﬁD\%%ﬁﬁﬁ%%%i:kﬁbﬁbﬁ&éofvym\
4D DEEIREE (2, 0. +4, +6) MBI ENFRERTHY, €BELY, BRVVBERVE
VUoBBH E W T DIFRBTAL S, Bl ik, B b2EHREL DRI L > TUADHETER
Thbd, BlLoid, BROREL /) VATAURNAICEI D Z ORI EBIZRVIAENS, L
X, TARBICBNTHESE LTAWVWSLORTYWS, RuSefhfftik, BEBTICHWWONS, T
U—t LRERVT X L UREKIE, AEERICEW T RIS E H 0,

ZEMEIEOIRI L 2o 1o Ftk

L X, IARCIZE Y A —T3{bEaW (EBRAMEIZOWTHETERY) ¢ LTY X MEHES
niz (1987) o SMICBWTEBAERH S Z EPRINTWEHE—DOE L ALEYIL, Filk'
L THD (NTP, 1980) , US EPAIZ LD &, Bk L E7A—T7B2 (b MR L TREBAME
OFRREENH D) HFiZH D (US EPA, 2002) , &L AbEPiX, 7 1v—7D (v F TOZEM
AMEIZDWTHETERY) IZHESA TS,

E MW TE L ~DBRHREICHRD Oh DR VABRERIL, KEIIHT 2RBY ICRL
EHITROBE & Vo To RPN E L E -5 E TV PHEETHS (ATSDR, 2003) ,
AEPOBRBEDOE L ACKTIREICEL THL 21 0EERH D, TL T RBEE
RHIBT B0, #x oBER, MELBEE400 pg/daylZE LTS (WHO, 2011) . 5@
WX, FRAMELTOZBEE L XERRE VACBHERE L0 &, SER U ORIE
M, KBTI E W o R BRICNTIEEBICOVWTRRTWS, BENICREX
-t MCE L THRESL TV L OICEL L FERBERY, BAEDOTHREL DL 2—Ah
XiZF AR ALEHEMHTHLAEALNATEY, £, BV MfEAKEXEITRZEL YO 2 — A%
L IEF A N OSHERABREZIT > W ABRBEIL. TFHREERITRESHEEZH]E L T\5,
Wk ARREER DWW & i b D & 72 > TRV (ATSDR, 2003) ,

%2 N RERFOPDEE |

WibELVACET ST v FREBAMRBRICB O TIX, FFHIRA AR BNOAELLS3 mg/kg/day (&
L& LTCL7 mgkg/day) Th-o7z (NTP, 1980) , EDMDFNED & L DREBAMZTHET 5T —
FIIARTH Y FomEOEEEO b Mok 3 BEEEEER I TV 52 (IARC, 1999) |
T ORI, AFTREREEDRRTH D, W 2ohDt NTF—FBAFERRETH DN, [BERI MK
BREFICBITAHDTHS (ATSDR, 2003) . HHSH7-PDEfEIX, £V DMRL 5 pgke/daytBIL

72D THD (ATSDR 2003) , EIEMHEE IRV TERINFEFI~FS) 2ZELC, EOBRE
FEOPDEEZLAT D X 5 ICEHT 5,

PDE=1.7 mg/kg/day X 50 kg / (5X 10X 1 X 10X 1)=170 pg/day
ELUHREREOY A7 DD, F4k LTHEKIORER U,

B X DR ERF OPDEE
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vt FROERSMCORBRBEIL. B L UEBE, ELYBEROEL AFF= 0 oTzn
X OPDE LV ACEURRABRENZEES., LIEULEREAEDI%EB L DI EESITHRIN
Ih3Z&EFELTWS (ATSDR, 2003) , EOBRBEROENFRFIAES~0%THD L
PEEE 2. BROBEROPDEELZEERE2CRLT, HEFICL 23BERFOPDEEEZLUTDO LD
[CEHLE GIECRHIOA TS EBY)

PDE=170 ug/day / 2=85 ug/day
% AMREE S OPDEAE ’

FER 25 DFEMIEEIL, HEHRICBITIRABRBORLBEEORHV—V—TH D, BEREME
i3k L IREIC R AR INEFE0.2 mgm’ A RE L (US Do, 2013) | ERMESHRFHIFM
F 7 N—7 (EU SEG) I3k MIRERA 0.07 mg/m 2% E L7z (EU SEG, 1992) , LA>L72#
5. EU SEGOBREMIREISR (OEL) X, RABAPICHFEELRVWERDNLIERETHL
L AEABICESOTRESNEZbDTH S, LizRo>T, US DoLIC &V E& H S /~OEL%
BV, BEEE ((HRICBWTEESNEZFI~FS) 2ZEICANT, RARERFOPDEE % L
Tok3ICBEHT S,

. 0.2 mg/m® X 8 hr/day X 5 day/wk 0.048 mg/m’

i 3 B! e =] =(.

EHREAS 24 hr/day X 7 day/wk 1000 L/m’ 00000 Stm= /L.
X

HRE- 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

BE W

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. 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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i
$RDOPDEME DELE
R (Ag)
®Oo e | BA
PDE (ug/day) 167 14 - 7.0
P

R (Ag) X, F & LTEMbEH OFET, ROFEEHEII RV IS ORETHRILED
FIZHEET B, i, TBHTHETIT L, 20, BEL TV SRS, RIEMETUNL Dhs
C DEOBETKRICEET S, HKTORLEERFEEWIL. HEBEERVEIETH D, 1T
LA EORMIE, 10~100 pgkg OREFE CHREDEE G, SHIRBFRICHATIIZ, GH
AEPOBEIITATH S, BI=FLohbzFLrdFy FADBIZBW TS L LTH
WHENTWS, 88— FIUAESELIT, TEMILE =/ EEBOERMARIICANON DS,

BefbeRid. AHARICB W CEMZB{ERIE LTHWORD,

REMEEDIRILL 2o Bk

SFITERFEMHEE 2720, ﬁ%%mu\f:_ﬁﬁwﬁ&tﬁt kZ%tg & Lin B, BaRAKE
B3O RIEMAFRIEE L TR, ZAbDF—FIZESE, ik MNIBWTRPAMEH
+5 LI TFREN TV (ATSDR, 1990) .

SIEEEIE. £ FOSERICHTARGEOP TR LRBEESEVERERTHE BN D, B

B4R b o —FRINEE AV SN D (Hymowitz and Eckholdt, 1996) , $BILEIEIX. RATHEAY

REEBOEREEFELDZLDTHY ., RICKBIATVEAFEL K ERSEER~DHRIL

ENOELD, BLADROBAE, MEOCEGORBERICEREELDZLAHD
(ATSDR, 1990) .

RN BREEFEOPDEHE

e v AN RSERSR % 0.015%FR M L 7=k (0.9 g/~ A, THBEEER32.14 mg/kg. $864%) % 125H
M5 %, SROBIERI PRI BS < PREITENEATREIE N B S L7z (Rungby and Danscher,
1984) . WLEEVIIREY & B L C B RES 2 HIH S, £ OMOERK EOEERIZER
Lo ls, MORBRICBW T, vV AICHEBE] mgkeg EEAEALLRIC, REMA
WEEET A T L3R &7 (Rungby and Danscher, 1983) . #RIRERFOPDEMEIL, BRAE S
ng/kg/day & & LCVRW (US EPA 2003) , BEMAE (FEICBWTBEINEFI~FS) %
EZEL T, BOBRESOPDEEEZUTO L ICEHT 5,

PDE =20 mg/kgX 50 kg /(12X 10X5X 1 X 10)=167 pg/day

HE XN - SO EES b L, PDEEDEREICLOAELZHERA L &b, F5
LU TERI0EZR U,

EHIC X D IRER OPDEE

US EPA (2003) tx, =uA FERUOEHEE RV /-EWRIEORICRILEE 2 RE LIUER %2
EizcL7, £ FOEHE Q~9EM) OBRAREDT —F 2 AW T, RDOLOAEL%0.014
mg/kg/day & T Uie, EERE ((HBRUCBWTERENEFI~FS) #EECANT, ERICE
HEBERFOPDEEZ L TO X S ICEBHT 5,

PDE=0.014 mg/kg/day X 50 kg / (1 X 10X 1X1X5)=14 pg/day
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FENOSOEHIEELIEZLRRV I LMD, SILBEEOFREZLOELE 22 L, F5& L
THRESEBRIR LT,

W AR ZERFOPDEE

Fili e OWMEME ORI I BE A, &LV OROBARDE MBI LELLREBTH 7, &
BERROTEMESRE A ORBRAMME (TLV) 0.01 mgm® (US DoL 2013) AV, EEMREK
(HRICBWTERESNEFI~FS) 2BRICAN T, RARBEROPDEEZLLTOL S ICH
T 5,

! i i~ 0.01 mg/m’ 8 hr/day X 5 day/wk _ 0.0024 mg/m’

EHRBARS = 24 hr/day X7 day/wk 1000 Lim® , _ 0-00000238 mg/L
X

_Hpg— _0:0000024 mg/l.X28800 L/day

50kg =0.0014 mg/kg/day

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

BE MR

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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ZY b
& 1) %7 5@ PDE {HOEE
Z Y gh (T
&0 Bk w A
PDE (ug/day) 8.0 8.0 : 8.0

]

M2 Y v A (T 1 BEAOERTHD, # U Uiid, £L LT+ RUH3 O ZoDEk{k
RETHEETS, | fioFVvsE, AFVERRUERPIA VUL (KH) CEELTRD, Z
D XS BRELHERF Y T ADEEDEICEELTWS, FREEORILZ ) v ABDERE, #V
U LAEDEL BKBEETH D, MYV ULE, £ LTHREAE LTEERKICHNLONR TS
I, MR, EEOORE., F7A, BERFI VT LV BREOIREOT-HOEREMLICYH
AubhTnWg, ¥ 7AGHERAEBARICANONATVS, ¥V 7 AIREFIICSNETE
<, REAEEEOBRERM O T2V (ATSDR, 1992) .

REMEEDIRILL 72 1B

t FEUEDICB T, FE. BCEa), FV UV LOKEROBE» L DREICE b RZHT
BEVIERSEE L Hbhs (US EPA, 1992; US EPA, 2009) , /KEMEDE (RS, BRESHE Xk
RERHE) IO RE LY iRV EMEE S (Moore eral, 1993) .

B ORERF O PDE &

E FRUOEMICRBITHZ Y UA~OROBREICFR I E-2ENRE . KE. FicEa s Bbh,
L, BRBEZ VU ADT v FERAWE 90 BEIEERR TR TS, Y EAETHRESE
OFERNEINTH L BT 2. #Y 75D NOAEL % 0.04 mgkg & EH7= (OEHHA, 1999;
US EPA, 2009) , L7=#oT, Tv MIBITBF YU 75D NOAEL 0.04 mg/kg % EiZ iR ORER
@ PDE fEZRE L7z, -

BELE (ISR WTEREINFI~FS) 2FE LT, BOBREROPDEHEZLUTOL I
BEHT 5,

PDE=0.04 mg/kg/day X 50 kg / (5X 10X 5X1X1)=0.008 mg/day=8.0 pg/day
S I X SRR O PDE fE

2 Y 7 MMEGY~OEFRRITES, HEEDH DT —FXRWEEhahodz, AIEEDZ Y
v AR OEWFRFIARIIE V. (>80%) (US EPA, 2009) " L7=23 o> T, EHIC L 2REROD
PDE fBi%. B OIRERO PDEEER—TH B,

PDE=8.0 pg/day
% ABREZHF @ PDE fE

& 7 MEEHA~ORNREIRD, BEEDOH DT —F1TRW, US EPA 1E, # UV U ADRA
EHICETAIERIIRASRBEEZEEXHTICRHA TS THALER L, ¥V VA~DORAR
BOT M2 STHBEEFRIIBENTH Y, IREH TR0 o7 (US EPA, 2009) , & b &
UEMICBWTREE ST RBHIMETH Y, RARRIC L 2RINETES <, FHEEEWE
EZz25h5 (IPCS, 1996) , BORUVHBARRERDOF V7 AREIC X VEUOHABTFERIND,

TOEENS, WARERO PDE HEICOWTH, EHIZX 2%ERFD PDE %2 b - TRET 5,

67



TEEFRTA F 74>

PDE=8.0 pug/day

BE

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.

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, B¢rkeley 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

68



TR FZ1 >

AR
2 X OPDEAE OHEE
‘ A& (Sn)
== EH N
PDE (pg/day) 6400 640 64

SA
5]

AX (Sn) k. BHEDEBETHY ., H2RUHDOBLRIETHFET 5, AXEHELEHDO OB
ELEER SO, B, B, 7yt tic o S bR XEEF Y U AR TE A X
FRrRU T ATHE, ARE, W OO AFEEZ IVERIRTIVREBEMRRPICEET S
(1824 7-0Snk LTHREL pg) » AR, —HOEMIC L > TREFHITHAETH D AT
HAN. b ML THRATHS EITTFENTVARY, HIEAX2HIE, ExMEL LT, KOR
U = (PVC) OEELXFE LTAVNLA TS, EELHBAIPICEELIEBA MY L
WHBLEN DT, BEAXEWEI b, LVERECTHFET SEEAXNIVEETLILNT
HEED, ZOREEFHMITERZAXICERZE TS,

LM ETEORYL & o T FEE

Z XA XIS T Bin vivoDBIEFEMEXIIFEBRAMEEZ TR T D b0, W< 20D T ¥
FRERIZI T, BMLOVMEIEESE LTO~NES B BV OB B R BBEESEVFMEZRE T
hot, BETHE, AXRWAXEiin vitro7 v BA IZBVWTERREICE LERETH o 7285,
ZRXBRURARED I BN OhOFECL OXREEEBEICE L TEHBEThHo7z (CICAD,
2005) . T ARUT v hTO2EMRRICBVW T, BEE—AXIZRIAEIT RN
(NTP, 1982) .

B NEERFOPDEME

2iit. REEROBEEDS v MIBIT 3R DRZESEVIFERIE Cho 7, Lo T, &
QIEFEEEOPDEEIZ DWW TiE, & BIEVINOAEL, 3725150 ppm (RX& L T32 mg/kg/dayt
) (ATSDR, 2005) IKEISWTHREL, ZOEIX, 7 v MBI 290HRARNLELN
LOTHY ., HLE—AXFRERSEENET v MZBW T, 500 ppmd EOREF TOEMD
i % BT E ST (de Groot et al, 1973) o NTPIZ L 25 138 A EREAR (NTP, 1982) &
81T 2 BEFHHEIL, de Grootb|IZ LAZRBRICKIT 2 b D LY bRESN TV (BIZE, ~
EFOUCRITAEB L Vo BRE(CENRET — 4 OXRE) Zihb, BAOBREROPDE
BEOREBICIV T, de Grootd DRERIINTPORER L Y bEEMERHDZ LD LEEZX N, £
FEE (RSB TEEINEFI~FS) 2BBICANT, FOBEROPDEEZUTOL D
BT 5,

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

BEHIC X S IRER OPDEHE

ARCET AREM LV U —iE, EFIC X SBRERBICRD PDE EORHOLEDICHE RS
HOFMEFZHETE R olk, AARTCERR X&YW OB OREROLEDFIF AR
5% (ATSDR, 2005) Z#iz, RORERO PDE EEEEMRE 10 TRL T, EFHIC X SBRERFO
PDE fEZ#EH L7z GlHERKERKSATWVHEEY) .

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

%k AR ZE OPDEfE
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ARXCELTOEEE LV E 2 —i%, WABRBRERKICIESD PDE EOEHOEDITIAREXFER
R XL O TOMLNOFIER Z2fE CEaholz, AXICE LT TLV (2 mg/m’; US
DoL, 2013) 2SFIFATFIRETH 525, MRL 2 RET BITIET —F BFR+45TH5 (ATSDR 2005; EU
SCOEL 2003) . L7z28->T, #ENRER O PDE {E% R ABRERFD PDE [EICE#R T 57291, %
#5100 #AWT, AXICETHPDEELENTS GlERZREH I TWEEED) ,

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

e Z PN

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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RFT A
2327 AOPDEBE O E
NPT A (V)
&0 | HEA T
PDE (ug/day) 120 12 1.2
P

NRFETPTL (V) X, #ERPICEETRE LTHEL, e REBYEIRE (1, 0, +2, +3, HET
+5) THEELD B, NFIT AR, FoAAFIOVEAFY (VO7) RUNNTFINAL Ay (VO,)

L LT, BEAYOEDFERECHEREFEET S, TV VADHENDDRIIITHNIZ
VW, b FTORENLDNF T LOBEBEREHEMEIZ10~60 ug/dayD&BFHIZH 5, BRERKD
HOBIREIIKRICLY By, HEBREIIRS T140 pg/dayThd, £ P—RADEFATD
NRFSTLAOMEPEEIIZETHDIM, 2 ng/LBREF#HBEO LR THE, BRICIES /LT
WBIZbHhb LT, b MERIZEIT B3F 20 L OREHREY FAIRENISAES L TVRY,

REMERORI L 2o B

NFVU AL, BEEEZAET O, ERREZ S22 (ATSDR, 2012) . BT VT A
I, & ML TEBAMORREESH2ME L L THEIN TS (Group 2B; IARC, 2012)

& O eRZEey o PDE E

RO hb~OROB/ERIZBV TR, HEE, DhERRCLERLESFEHENTH 5,
BOBEICEZ AT AOFEEZFTM T2 OICELED 2R, N TV AL RBERBRE X
-k MZBWTERSNE, ZORRICBWTL, BEMBT V=0 AT U T
P (RFVT AL LT0.12X130.19 mg) &4 7 EATe~12BRRE LI #HERE O M ikFr
S A—& fHERE (MEPEREL-VUVICIVEE) . 2 LATe—ARUMNI 7Y FRE,
BRHgRE (MPRIJEHFICLVEIE) |\ FEXELECHEERE(RIZ 2 -7 (ATSDR, 2012) ,
MRFHFER CIE~DO BB 5377 AORANOAEL 0.12 mg/kg/day%, #% OIRFERF
OPDEEOBHICHW:, EEZH (HEIZBWTEZEINEFI~FS) 23RICANLT, &0
RERFOPDEEZLTO XL S ICEHT 5,

PDE=0.12 mg/kg/day X 50 kg / (1 X 10X 5X 1 X1)=0.12 mg/day =120 pg/day

EHNT X 5 BREROPDEE

R AMCETAHILEME VY 2 —i3, BRIC L 2BBERKICED PDE HEEHBOEL 268
REMMEREZRECERDoT, NT PV LARUEEAT U MeeIZET 588 L £0R&A
IREFFDEMFERFIHELN 1%ARFE~10% (ATSDR, 2012) THBHZ LxEEx, BOBEROD

PDE {EZEEFE 10 THRLT, EXIC X 5BERO PDE E2EH Lz (.1 HICR#EH ST
AERY) .,

PDE=120 pg/day / 10=12 pg/day
% A\BRFE R OPDEfE
5 o N O2ERBHERABRERRN, NF P AIET BRABRBRROPDEE~DERD = HIT

BEtEhiz, ZORRICBON UL, SERARICAVONREMABTH 2 LBIEAT T 205
mg/m’ TRBAERADBRD bl (Ress ef al, 2003) , EBEATPU AR BEATHY, #©
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]
KECFET B EI LR, Lo T, BROBRERREOPDEEZETFAIEI0THRL T,
NF T AT AR ABRBEROPDEMESEH L GIEICTEHREINATWDEBD)
PDE=120 ug/day / 100=1.2 pg/day
BEER

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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1% 4 . EH
PDEE 2> & R AR O F B RE~DHEFI

F7varvl: —BERER 10 g 2B RWHAIOTD O, HABRES £ DR ARMY OF
RILFRERERE

ZoflE LT, ORAS (REIEEROCEMFEER. £A4l 2R) 28H 75, KK—BE
RE 2.5 g OROBEBREANCOWTRET5, ZOBERAOER—HEREIII0 g@B2 RV
o, RA20FRBERHAVBIZERTES, A7 a v 3BOFREBEL 2D, B
KFE RO EZEDL I BRERTHWVWT L L, YEERDARII TPV LRR=y 7L
2 AN TWAEDTHY, VAZTERAV MIESEEH, ER. I FITA KBEOA
FOTLBEEERoTNWS, FELBERMBNRRA22ARINFERBETHFEL TSI ERETS
BEICBWT, BHFORTEFRMBORRK—AEEBREIIRALZ RSN EBYTHS, b
HILBEFRMNER Y BLER—BEREIX, HAO—BERERVERA 2204 TEA MY OB
EREEZAVTRESNS (BEREMICHAOEBRO—BERE2SgFRUD) . BAL2D
BT, ELEFMPORA—BEREIZ, F5 7 AMTRINEOEEEITR B,

OB, TNENOPDEMEZE X HRFMB B RN EEMFEL TN D, LItBoT, &
NOEWERRS OREFSBLRVBEICEVTE, SREAR., BESNIREMBThEn
OPDEfEZEBA2VbDTH S Z EAREES N D,

FA41 . BFERE S ORK— B THRE

&R ST —HAENE (g)
B S 0.200
WiESEA T —2 (MCC) - 1.100
L 0.450
ULEEH LT A 0.350
JaARE Ko 0.265
RAFT Y VBT TR A 0.035
SN =L S= R i & ) % =

o —2Z (HPMC) y

BikFsr 0.025
[yl 0.015
A - 2.500
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FA42  BAEFBE X T-HARE (BEYXEEBE L, o, —AEREY0 g RETHH

&)

BRAHFERE (ug/)

WALy Pb As Cd Hg Pd \4 " Ni
FE 0.5 1.5 0.5 3 10 10 20 -
MCC 0.5 1.5 0.5 3 10 10 20
HHE 0.5 1.5 0.5 3 10 10 20
YL Bhny oA 0.5 1.5 0.5 3 10 10 20
JuARE Ry 0.5 1.5 0.5 3 10 10 20
RFT Y VBT TR T A 0.5 L5 0.5 3 10 10 20
HPMC 0B L4015 0.5 3 10 10 20
4| A I 0s 1.5 0.5 3 10 10 20
5] %7 0.5 1.5 0.5 3 10 10 20
EAk—RERE (ug) 1.25 3.75 1.25 15 25 .| 25 50
PDE (ng) 5 15 5 30 100 100 - 200 |

FFay 2a: —ERREREESHTOEEEI O H O, WA 2RO TEHE M D
S A TR

TOFE LT, A7V a rIEBWTHWLNE, IERKERS (REIEREREOCHNAELE. X
A4IBR) 24635, BERA—HEREN2S g UROBEBREAICOWTHRN TS, 7
Ta 2aiBOBFRBREL DD, BHIRFROISEZED LS RERTHOTH LV,
WU EEDEGHII T OV ART=y FAEERANTNSE D THY, JARAIZTERAL NI
EOXH, bR A FIVA KBRUOANTVVLABBELR-oTWS, JARAIZTERALMT
W L& R OBRRBRET, RA2.IOPDEERURINLREHENF 2.

HDILEAHYAIY BHER— BERET, YA OEEREO—BERERVRALIDOTLET
M OEEREELZAVTIRESNS (BEREEICRHAIOERO—AERE2S geRLB)
FAANCBNWT, ERERHYOKHRK— BFEREIL, &5 7 LR ESNIMEDEF LT DR,

TOHEL, FRENDOPDEEEZBX AR IMBI RN LML TS, LEBR-T, &
B BB DEE R L RVBESICBVL T, YA, FFEShETR MG ELTH
OPDEEZBZR2NWHEDTHD I EBRIEIND,

ifyayqeﬁfyayhk?ﬁﬁﬁﬁ%%&bt%émjfyayu@%@%ﬁﬁ«%mﬁm
LTWAEHICR2BDIE, 8FIOo—BEREL LTENLFNRI0 gkU2.5 gVl bick?
HLDTHD, '
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TCHRAY A FZ1

F#FA43 : —HEBRESHEINL TCWAEAORKHAREOHE (BEFELRELRELLES)

BRKITBBRE (ng/g)

ey Pb As Cd Hg Pd v Ni
38R 2 6 2 12 40 40 80
MCC 2 6 2 12 40 40 80
FLpE 2 6 2 12 40 40 80
U UL T A 2 6 2 12 40 40 80
7 aRARE Ry 2 6 2 12 40 40 80
RFT V) B R A 2 6 2 12 40 40 80
HPMC 2 6 2 12 40 40 80
Bk & > 2 6 2 12 40 40 80
Be{b. 8k 2 6 2 12 40 40 80
AK— HBENE (ug) 5 15 5 30 100 100 200
PDE (pg) ~ 5 15 5 30 100 100 200

F7ay 2b: —HERERHAEFINTHWARA DD, FERERESFOITERSY OF
REEREE(E

TOFELT, A7V a VIRURaIBWTHW SO, RS (FREIEER CHMFISTELE.
RAAIBR) 2E5FT 5. &KX— BEREDN2.S gPFR UK ABERBEANC OV TRETT 5, ¥R
BOERIINTVTLRT=y SN EEERANTND bDOTHY, YRITERARA MIESE
$h, E]|, A FRITAL ABRUONTVTALABRELRoTWS, 7Y a2 ANDHIT,
4 2% BUH D ER AR R OV M B RN AR R > T O TR A M BB 5 B m RiC > W TRE
2I1TH. UTFOFRR, SSECERINTZHREL LB LN ERENH S, WANERERS T 0%
FTEERHPARD T — 2 OB ETFTHLDOTH B,

#F A44 : BERST OTRTMPRE (ng/e)

‘ BE (ng/)
e Pb As | Cd Hg Pd \ Ni
K » : <LoQ 0.5 <LoQ <LoQ 20 <LoQ 50
MCC 0.1 0.1 0.1 0.1 * <LoQ <LoQ
L5 0.1 0.1 0.1 0.1 * <LoQ <LoQ
U BEINY T 1 1 1 1 * 10 5
JuARE R 0.1 0.1 0.1 0.1 * <LoQ <LoQ
RFT Y T TR T A 0.5 0.5 0.5 0.5 & <LoQ 0.5
HPMC 0.1 0.1 0.1 0.1 * <LoQ <LoQ
Blbr& 20 1 1 1 * 1 <LoQ
BR{Lgk 10 10 10 10 * 2000 50

*WEE Y R T T RAA L MNIPABRBENAHH TRV ERELTEY ., EEMERIIEONT
1,\7‘;1,\0

RALATHBIT N EREAVT, FERRSTORETRAFMICEL T, MY BIBEDEA
AR OVWTHETAZ ERFARETHD, RAASILINOREOHEGEDO—HFINETEN
T3, ZOHESICBNTIE, SREDCHIBILTZ L ICE Y ETLRATWAR, JHTD= D
RS DREREIEBNENT &, RUFDMOBRR ST OSMOBENEVZ &6, PDEEIX
BrzirnkBzond, ZLbOBRERUHERESHER (FRA41) 2RV, BAITOTERHY
BEICOVWT, RQEAVTRET S Z LR TE, O, REPDEME LR TS Z LB TE 5,
FAASITTRENTERER., RAANTT ENEBRESEIESOBEOAICHEHARRETH B,
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# A4S BEERRS P OTRERRBRER D 155 REDF]

RGBS

By ESBE (ugk)

Pb As Cd Hg Pd \% Ni
JE K <LoQ 5 <LoQ <LoQ 500 <LoQ 750
MCC 0.5 5 1 5 * <LoQ <LoQ
FLAE 0.5 5 1 5 * <LoQ <LoQ
U UEBRAN T A 5 5 5 35 * ) 80
s o AR R 0.5 5 1 5 * <LoQ <LoQ
AFTT VB TRV T A 5 10 5 125 ¥ <LoQ * 100
HPMC 2.5 5 1 5 22, <LoQ <LoQ
BibF s 50 40 10 35 . , 20 <LoQ
MR gk 50 100 50 200 * '5000 1200

* MFYRZTEARAY MIPABBENTRERMY TIIRVERELTRY, TENERILE

BILTV W,

A7 a3 BREREROSHT

ToFEE LT, A7 a vl 2aRURbICBW TRV ORI, 9y (REIBRER UHEIAS
i) #2615, BA—HEREN2S gOR UROEREFICOWTHRNT 5, YKEEOS
BiI RS O ARV o F AR ERANTOD LD THY, URAIZTERAL MIESEHR, b
FE A FITA KBROANFISTLALEEER> TS, BAPOFTREAHDORKREE,
= (HZAV., B 0— B ERER UL TR MY OREPDEMELZ AWV TREETH LB TE

5, BB IMYORER,

# A.46 BB OBEDOHE

BREPDEEZ EEIGAVWE ST RETH D,

BAFERE (ug/g)

—HERE (g Pb As Cd Hg Pd \% Ni
el 2.5 - 2 6 2 12 40 40 80
BER—BAERE (pg 5 15 5 . 30 100 100 200
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BHY|— TR DR

UT 0L, TERMBDYRAITEAA MOJIRERDZEZBR LD THD, ZDOH
X, FIREBRLEZLOTHY, VRITERAV M 2XEATIH—DOFELRDZ LEEK
LE=L DT, VAZTERAY NFOv AR R EDIEMA~DT o —FIiIBHRHE
BHB,

ZOFNE, HERACEHEN TV IROBBNCESNZbDOTH D, TRoLMERS (RE]
BERORINAISER) #8A L. kA—AENEN2S gPBROBEFERAICOWTRETT 5. 4
HREOEHIT, NIV LRU=y FAVBEERAN TR DTH D,

WEEHSEEY, SHICERIN-T o X I~ T, BEMNLRTRAHYO/FELZEALLTY
AT HEARA Y beERTSH, YEHFEERL, BAHFICAWOALIETMANCEL C, REWRE
BT — 2 T DI EEEo BRI DD, 7 =—XEZBLTI I R1xHR (bR, &
KIw A, KB, ) #BY LT3 2B ELE, UTFOREX, VAZTERAV MNIBITD
BN TERNYOBFEDER THRONEAROBELZ R LD THD,

# A47 : BERNTRTMYORE

BERITRERMY
RS EEAEN | EBOEWEEED | BhERE - BE | FREHEEEND
BIEMTHEAMS R | »oOBENT | OBEMNTEFR
O/ XixEmE+ o E YN i
BENTRETHMY
JREE Pd. Ni - As . Ni L
MCC L As, Cd, Hg. Pb 7L il
FLAE 2L As, Cd, Hg, Pb TR el
ULBEAAT YT L e As. Cd. Hg. Pb V. Ni L
saARE RV mL As; Cd. Hg. Pb Sl 2L
i;;i;% 2L As. Cd, Hg. Pb Ni L
HPMC _ 7l As, Cd. Hg, Pb 72 b 720
BT 7 Tl As. Cd. Hg, Pb \Y% 2L
[ S 2L " As, Cd, Hg, Pb V., Ni 2L

WY RZTERAL biE, BMOFEMEZHLELTITREOCEENTRIAMHE/RE L, £
D5 LR AHYIBEENEROBRESHD RWEENT, YKHEEIL. fEE»L OB,
AFBIROF—ENOERPNE L, YRV RITERAA L e L, VAZTERAY
N utRCRB T AE A DBRRST —Z1E. RALBIZIARINTWS, TRIAHMPOKR—BER
B, YRS O— B EREICUYEERRS T IREEXZR L CREHSA S,
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