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ED, FORAKIFICEFT D BITHAREMBNICEHINDIRETH D, KA FTA 020,
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Ir, Os, Rh XO'Ru 2B L TIE, WTHoHEG5&RE T PDEMEAHET HI2ODO+570T — 2 )
FAELZRW=, 2 b D 5#ED PDE L Pd & OFEPIMEIZ KRSV CERE LT,
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RBR DR i b IEY) & B 2 SN HEITIE, R O ZEVRHEIC W T ORI AR LTz,
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TiE, FIAAREZR T — 2T U, RAT (FFWERR) eI egmEn o B Uiz, WAR (f
O HBFSOTIER B OGAIL#EE) O PDEEAZRET 720, HEIX 1 B 24 K, 7 B HEgE
BICHE LT,
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OB O EW IR RO T — % I AR OREEMERGE R AL 2 AT TE 2o 25512
lX. BIEARE 100 TR L7=fk 0% 5-@ PDE fEZ FHWC, FEH L, T A D PDE a5 H L
7= (Ball et al., 2007) .
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o  FHRRIKMEA D PDE HOFHOE S E LT, 14k 3 O OREERO PDE H4 BB 5,
FHERIFEHRIC D & . AW AFIO PDE N L 0 @R R R85 5,
o EXTHEREREICIVEFEEINTZE X, TEARMYN BT EL RTZENTRS
NHNE D NEiHd 5,
o JRFTHENTHENDEAITIEL, RE PDE HOEENKLETH D0 E 5 )% i i
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o WEPDEEOHEIIHWAFZEBEEL T, RO NFREIND M
BERNREEZZET D,

o JRFTEBORBAN TR INRWEAIZIE, 5% E PDE E4 R4 2 M T/,
o FIHFERERGAICIE, BT 2 EERKEICEI D LEOEMFFHAREZTML, i
FXTE PDE {12458 2 % 508 #81Z £ 5 Y% ek O EM IR =R L 4 5,
o AWFEHIRIHRICENRD bNDHEAITIE, REPDEHICEERAEABEHALTY
Fv, BlziE, R EORBENFEINT, TROR ORERO AW 2R H
N 50%Th V., BT 5 EGREEIC L D IEOEWFIFRIFAEN 10%Th 58
HITE, EERE S AT 5,
o Wl HEREOT-DITIREZ S PDE fE23, XE PDE fi% EEIDHGAITIE, SEFr
PEIZOWNWTOEBEEZVLELET L ERH D,

RXTE PDE fE% L[R]3 SEFRAAMM) B O %24 M5

FXE PDEfH (£ A2.1 &) % BRI cEZ M EIL, U FIORTHEHIZBWTTUIFE SN D 2
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o UMM (FZIE. 30 HREILATF) #&5
o KEERZRZHEE - R (B ZIX. EMEE N THER, JHIEORESL L TORWER, AR
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BEIERE DY 77 77 % — « 77 —F (IPCS, 2009; US EPA, 2004) % v 7=, %7€ PDE fH%
A B TEEARY RO S B OF A LI TFIORT, ZoMOT7T 7o —F % AWTRE PDE B
Z LA D EE AR EOZ LA FHA L TH LV, RE PDE i%x L2 CHE R EDIREIC
B L i, RNz DL HEETIATRETH D,

Bl 1 REORAIFIZTE X BEENTWD, T8k 3 Ok X OF/ 77 75, NOAEL 78 1.1
mg/kg/day Th o7, EEMREFI~F5 1L, £NZH 5, 10, 5, 1 KOV EREINTWD, k1
\ZEo# LT B BRSO 7 7 a —F Z VT, L FD XL HIZ PDEENFEH S5,

PDE=1.1 mg/kg/day X 50 kg / (5 X 10 X5X1X1)=220 ug/day

ZOHE, EERE F2 (FIHME=10) {225\ TIX 2 2OV T 77 7 Z—IpEl+T 52 LNTE
L, 1DF bRy axxs 4742 (TK) . b 1 DF hFvaf A7 ATHY, ZNETho
FPAIX 1~3.16 TH D, MIEFEESIL S B TH D Z et # 1 EEE (~1 FEH) o
AT TK iR A 1.58 £ T, F£72H 1L (~5 ) OBEICiE TK iR E 1 %
THETDHDZENTES, BERE R K LT T 777 42— T 7a—F 2T, 1 A
HEINH R XOEZRAUCLVEB L, BT L8 TX D,

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

FEHEICETHHDETH20, ZOMHEICHOWTIZIEETLA L T 400 pg/day &35,
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] 2 : TK FREARE T 7 1 —F 1%, BEIERET 70 —F %2 H\WF12 PDE 23R E SN o E AR My
(R LT LT A A2, Juk Z I LTIk, MRL (/b U 27 Lv) ThH 5 0.02
mg/kg/day 25%% M HUFHID PDE 2% ET D70 WS (e 1 28) STk T b2
28 4 B EHESN TS, 2ok, 3 BB 1 EEE (~5 28 oRkofFCE E
NAHERMMTH D, —IROEERZ VT, MRL 7 5a%7E &7z PDE f& 1000 pg/day % LLF
DEIIEELT,

R SN 7-E=0.02 mg/kg/day X 50 kg / 1/3.16=3.16 mg/day

FHRICETHHDLETH7-0, ZOMEIZHOWTIEMIETLA LT 3000 pg/day &3 5,
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R —HEGREN 2L U TOERANCE L L, ek — BREAE% HVCERE PDE E S 7F
REEZFEHT2 20 TED, RECEICEHE SN TND —BHRGREUIEBEOE R Lo—
AR EN 2L 22 284 (Flx X, AFEEHEK, 7 RUBK, TsefioeEAl, e AR
IZBH L CiE, %€ PDEEN D DFFRBEEOEHICKE 2L ZHWS Z LA TE % (Holliday et al.,
1957) ,
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AHA RTA CRBH SN TWDoHEIL, e b0 (PDE H) K OMA|I R ICFEET 5 Al hert
IZEADNWT 3 2D T ATHFEINT WD, [FAEDRREMEZ SRS 52K & LTiE, EXRGHOR
WETRR Ol S5 ATRENE, ESG oS TR O S5 EE - BT o Z oo T HE AR i
& ARICHERE L CE 2RI TH B ARENE, WS F N B L D FEER O FKIRTFE R N OBREL A 8
FFoNd, KO RTA4 BN TE, TOHMNEZEE 2, RFEEMEVILE L iX. KK
FAEREDS ST 10082720 1 LT & ME SN TWAIEE (Haxel et al., 2005) 209 HD &
T 5, 7 TANEDIIEL, FRXBOV AT T AR MIESEGDE T, BEEREWLMNE D
o, BANZE EN LGB ARRER S DN EINEEE L (& 51 28R) . tE2 R im0 s
FRATUTOEEY THD,

77 A1:As, Cd, Hg XU'Pb (X, b MIXTHrEMEWETHY . EEHOBIEIZBWTHEHN
FIRENTWHDE 0, IS T AnLDTHs, "ANICEEND 5D TFEOHE KD
BENE, LS DR - B8 (Bl 2E, S EROFMAD Thb, b 4 FEHOITLEDY
AT THAX L MBI, 20 ORRRWEE DD, TR AR OBTEEIR L O 54%
BORRIZOT MBS ETH D, Y%V AT TEAA NORER, EREHENE LT
RERR S BN/ B Z ENH Y . UE BT O D7 T A 1 tRORBRBEEND
BAENDHD, TNTOEEMIICELTY 72 1 TEZERMOFRAEZMEL T2 LITHESH
TV, JRIZT7EAA L NOFES, PDE H##E G Z IR T 5 L CTHERGAEIZRY . MR
o7 52 1 TE AWM O T OERNEHEIND,

PR 2: 2DV T ADOILFRIT, AN, BEHEREIZEKFL T Moxt LEEEZ BB T 298
ThdEBEZOLND, 7T A2 wHRKiL, HAIFPICHFEET DXL ATREMICESX, BiZY 72
T A2A KOV 2BIZEEN D,

o TR 2A LFEIF., WHIPITIFET D AREMED AW 2D, TR A OWTERE
TR OB ERBDORRRIZ DD AT T AR NIMETHDH, 7T 2A IZEEN
%t#ElE. Co, Ni LUV TH D,

o 7 IFR 2B KT, RIRFFIEEN DR, ZOMDEE - B H 5 ERE S 415 rTREMED
BNz Enn, BEIRICEET 2 TREMITER VY, FERE LT, 77 % 2B mHkid, B,
WA X132 OO BFIRE R 77 O G P BRI E N2 0RY . VA7 TR A
AV IO THZENTELLOTHD, 77 A 2B IZHEENDLHEIL, Ag. Au,
Ir, Os, Pd, Pt, Rh, Ru, Se XU'TI TH 5,
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JTR3: 2OV TADILHIX, BRABGIZXE HFENHEIEKNS O (PDE fERKE <, —fi
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BREPLER D THD, 77 A3 nHKiE, BEROICENENLGEZRE, ROBEEIED Y
AT AR B kmf%ﬁéhézgi&w AL OWRAANZEE L CTiX, £ ORKEA
&Epmﬂmmwo%@wiwk%w%é%@% YAITHEAAL MZBWTY 7 A 3 ik
i OB D[ FEME 2T T R&EThH b, 2DV T A ZEGENDHEFEL, Ba, Cr. Cu. Li.
Mo. Sb X T¥Sn TH 5,

ZTOMDOTE  KFMETH D702, KO/ UIEMIRH T ORI\ N2 572912 PDE fE3
RESNRD S TETEBERMDIZONWTIL, ZOHA FIA B TRYHbRY, Zh 50T
%K%%ﬁ%ﬂ#mﬁﬁb\ﬂﬂﬁinfméﬁA E. YR, FFEOTE Bz
=R m% W% Al FFHREREE B E 1ok D Mn KON Zn) TS OME Lo
BBz %%ﬁ&/ﬁaﬁ¢®\vfﬁ%®ﬁf)_%ﬁéhé%®m®ﬁ4F§4V&w
/Xi%@ﬁ% ERHICEVER b, MEt Lo %i%oFEIZiE, Al B, Ca, Fe, K, Mg,
Mn, Na, W XD Zn NEFEh 5,
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AR F LR AP OEBRFEORKEIZB T, ICH Q9 ICFH#HENTWHHEY A7 v
A FOJRANZHEN, VR T 'R A NI, BHERE K VRANZESS RE R H D, E72,
VA7 THAA L ME, S8R OFOSRLE TROBEf# (ICH Q8 &KW QI1) OF., BED-DHD
ZEVRE EEON Wb D LT R&ETHD, Lizn-o T, BLOTLRARMMIAED ) A7 T
X%VP@\$ﬁ4F?%VK%éﬂtIDEﬁk@%%KEMT\@W$@Eﬁ7ﬁ%i%ﬁ
T 52 LICESEZBN-bDLRS, ZOVAZTEAALY NOT-OOIFEHE LT, #z2iT
REEE DMERR L2 T — 2 FEKL O/ 2 U < ITRINFI LS 338 et 2 Wk N/ JUIAE
LN BELIND T =2 NET LN, ZAULIZRESIND D TR,

REEEIX, VAT TR A N ROEBEZ @Y T E LT REThD, VAZTER
AUREWDITFDEHITOLSNUVE R AT TEAA L FOERIE, VAZDOL~UZRESTZHD
LT RETHD, BRI -TmV AT~V A TR (Flxl \Mﬁéht V=V NS
SUTIEHEEETFIAZE OAROFIR) NEICHEYRLOTHD EIIRLT, EFICLERELDOT
Hp, FBRICE SNV A7 <X A L 7 av AOIRH (BRI Y — LB/ TN
72 FIEOIRH) bFFESND, VAT TEARA L MIRILOTFIEICOWTIE, ICH Q8 KO
Qo IZFER EINTHY . KA RTA4 2 TIEEY EF 720,

— Al

AKIA RTALOEBMEBEL, VA TEAA L bOT a2 RAZHONTEL, LFD 3 DDA
7‘/7Tnﬁl§ﬁﬁ—é kz’»“(%é
RN ORIFE TR T O ILHE R ORI Z T 5,
. %ﬁ¢@@b@ﬁﬁrﬁ%@ff TRL T, FEAESULTHIE & 3 E PDE fii & DLk
179 Z &K VEHEAEAT 5,
o MPBURITEHARARAL FNOREREMFE L., CE(T D, YL TRIGHAAE N EHN
%J\&%ayfﬁéﬁQijﬁ%ﬁﬁmLm;Zi%%MWDEﬁZ%@%%%M%iéKA IZBE S
NDRZBIMOEIIZOWTHERT

£ DHBAEITBNT, 26D AT v FIXFEHIHRET S D, IBADRRENED & 5 e R Al o
/8 PDE fEZBA RN &2 RFET D BREN T 7o —F 2 RETHET, VAITEARA Y
MIVIESNDZ ENnd D,
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TERAHY OELER) IR

FUHNORIEIZIB W T, TTRAMD OBAIE 72RO T Y —IZZIE T2 5,

o UK. USINHI X EZ O BAIRE AR Sy O BLERFIZ B W CR KIS vz ook (f)
ZAE, ) ([CERNTHEE A, FEROU 27 7' A AL M, AT THEAM
WImRAT DA REMEIC OV TR L L2 b D LT RETH D,

o  HHIOBIEIZH O SN D FE, A ITHFMANCEK TN EN20n, Znbof
\ZHFIET D A REMED & 5 e B A MW,

o HUIFERH - FRED D FEKE O XTRAIF AT 5 AIEEMEDS & 5 TR A MY,

o EERMiAE RN O R L OBIK| R IZ S 9 25 AIBEMEDS & D e A i),

ROBE, A ORIEZ B THW DAL SUREY 2250 - A, B - &7 5 R Ok oy D6l &2
RLIZbDTH D, ZNHRAKE LMWK T L2EROLN LD, ERRICHBITZZIEO Wi
KIFHAEEIZ LY | "WAASOTLRE M OIRENIEET LN D, VAT TEAAL BT,
IEAER) 72l 2 DIRANEPR S OuHR A O EIL, WAIO TR M OREITHET L La2?
BT oX&EThD,

B R - A e
HE|hD
SRR
K e . TN
NS E0N
MR %R

* LRI OIRNY A7 IZHONWTIE, TREOHME, B - ar OB, Bl - 25 RO IERE
Atz OV = 3 5t D B B R OV B LIS B 5 JEME (GMP) "B AT X VAR 5 Z L3 T
&5,

o HLE TRIZB W TR RUK SUTEN K EZ BTV D5 51TIE, KD OILHEAMP OIRNY
A70E, NEE GBI, BNERRTT . AARRT, KERRTT) OKOMEEMEZ2ETT5 2
CICRVIEET D2 ENTE D,

BERTRAMY ORE

BEXAICHEIN S 7= AR R OMERSRIKIC T 2B ER TR AMY : £ 5.1 [ZETFsn/-xEo
WD E RIS NG EITIE, SR IZY A7 T8 A AV FORBIZED R TIUE
B, ZOHT Y=L TiE, TEAMPORHEITEEMTH Y . Yoo R A DS
FIEIIEG IR T 6, bS50 ThH 5,
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FEERO/ XIHRMAIFICEET 5 Z L3S AEENTRAMY : BRI DT
RV, BHAFEOITERZ AR NEE L O, UTRIATIAFETH R’ H D, ZHDOTTEN
BRI IRAT A AREMEICOWTIL, VA TERAA L MIKMTHAREThH A,

BOBKIOU ZT7TEHEAAL MIBWT, 77 A 1 KO T A 2A OE A ALK IRA
T AR ZFHI T RE TH D, EHAILOWAFI OV A7 TEAA L MZBWT, # 5.1 (2
FTonr T A1, 7720 KOV T A 3 OB HBEAFIIRAT D oTHEME 2 FHE 3%
xTh b,

BUERE - 2 EHEROBENTLREARMY) « BUEW - g LRk CHE AWM ORANILIRER 72
DTHHZENRDHY, VAT TERAL MIBWTEE TR HER M ORI IL, A o fE
R S D - s L ICIRTE T 5, TRROMGR, % - S8R ORI, 3 - &5 2 O EREMm
J Y GMP FERIE, BUERRE - S EHEROTLERMYOBAZEKLIMZ D ENTE D, BED
& DRFTE DILRAMDN OV TIE, BUAIE R (2 Befil - 2 RS ER i - 2% 2 O ESE OFRIC
BT 2 HRIC KD Tl T R& Th 5, BEHH - s AR RO THE ARSI ONTDOY X7 7 &
AA Y ME, U LE—HO, 8WFERORE T mE A RO TREE AW 52 0% < oAz
RHDVATTHEARAY NMZBWCTEHATAZENTEDLLDTH S,

FUERRA - &5 H D OTTEAMP OFH SUTBAT O ATREVEIZE L TRl 21T - 72358 . —MAvIC,
JEHROBGE TRIFRAIORE TR LY LI - BITOREEA LY GO TH D, RAIORIE
wfif - #8 R HROTRAMD ORBIL, FERRER T - & BHRROTTR MM OREL D LN
ETEND, Lal, TROMBUIEMZHE 2D L ZOTERH TUTE LRWERITIE,
HEEA L, U A7 T2 Ay MW TRAFIRGER R « & B H RO TR AM DIRA D ARt %
BRI NETHD BT, R TR

RBMERRDOEHT 2 ERAMY) : Fahite R0 DIRAT 5 AR & 5 Ju B AWM O R E 1L,
FE Z L 0@tk L O THEUASLIHEERICET 2R FNERICE S RETH D, Hashite R
MDILRAMP 2GRN &%, BB RZHBET 2EMBEORMNIC L FEIETE 2558121,
BRDIVAITEAAY NOERFIARETHD, £/, EERAITIE, TERHT DMHENIE
IR\, E5RLETEAA Y MIARETH D, AL OEERRANCE L X, ME0HE
ZhIAM I R AR AR R 0 & TR AR VR T 5 ATREMED K 0 @, BEshiie R0 & OBTER 72
WY (B2 0E, sk, WER, BERECBST2H0) Z2HET 57200 ELEITH RET
H5, LR O Z ORPIZOWNTIE, WEHFEIE, BAI ORISR ROl OBIZRTFT SN D,

WA OFE AN L CTE R T REER L L TIORT, ok, TR THBIZHITHY
INHIZRESND SO TR,
o BUKME BN
=
pH
B (IR ORI 2R Sk, B R 55 4)
P i i A
Kaw/ WERCE SR DAL
R AE I
TAETHE
18 AR L SR DR IA
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VA TEARAY MZBWTERTRE TRICET HHIEEE

WDFEITZ, VAT TERARAL MBI DB N OEZBICEHT HIEEEZRLTWD, KK
1. WA O TE AR ORFEOTXRCICEHAT 2208 TELLDOTH D,

£51: VAIZTERAV MZBWTEETRETH

5.5

TR 7 IR | BENIZEMENTZSGE BERMICEBMEN NGRS
(TRTOFEERE)

o3| T A
Cd 1 o Ci B L
Pb 1 = Yl 2 B3
As 1 e gL gL gL
Hg 1 3 B3 ES g
Co 2A = B gl )
\Y 2A = B g %
Ni 2A = Yl 2 B3
Tl 2B o S S AL
Au 2B E: pND ANEE B
Pd 2B ol S S AL
Ir 2B B2 ANHL ANHL AL
Os 2B e S S AR
Rh 2B o AL ANEL ANEL
Ru 2B o ANEL ANEL ANEL
Se 2B o S S AL
Ag 2B ol S S AL
Pt 2B B2 ANHL ANHL AL
Li 3 = AREE B i
Sb 3 = AREE B )
Ba 3 G AL ANEL 7
Mo 3 Cid ANHL ANHL gl
Cu 3 = AR 2 B3
Sn 3 C2 AN ANEL 2
Cr 3 G2 AN RN g
FFA

BEV TR AMD ZRET H 7o A0kHmeE LTiE, @ bHo,

) VAIZTEAA b T aERIZED, Wnig DIERCRRH b RE S e, U A
7T B AA L NOFEGRIE AR & 72 DHE WL T — 2 & LE LT RETH D,

2) VAT ERA R uvRICLD | 1 DU EOBERICENMY P FFE S LD, ML
Bt ACBWTHE SN TERMDICEL X, VA TEA AL ML Y%A
MOHLDLEFEOF A ELZL, Uik A7 TR AL hOREGHME ORI & 72 5 1F#H
EXETRETH D,

JREE. RN, AR EMAR R R OB - 23 B O MHEE 12 KV 24 S D IER TR A B
FEHIE, HEEEOV A7 T AA Y bR RET D, ZOVRAZTERAY FORIE 2T —4
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F, BIZIBUTICBF s b0y, HO0AERENSOELZENTEEHLOTHHN, INb
WZERE SIS H DO TIE 720,

BEAE D 3k

INFE SR

HUL-TEMNEONEZT—4

HEEE DD OFERXULT — X

BUHN DR R 53 D RS 5

U O FBREE F

YA TEAZY MTBWTIE, WA OBTER TR A O BIZHELZ KT L 9 5% < OERK
HEETRETHD, YZHERE LT, FIZIELUTOL YR bONRFToNDMN, ZHHIZR
EENDHD TR,

o W HELET O TR D ILE A DOERESR

o EHFROKRARTHERE (BRBICIFMENRWIEHEOHT IV —IZB L CIIFHCES)

o FFEDEIEN HIRAT D IEAMMY) O FEEFR B3 2 BEAF O Jnik

o BIFIOHERLAL Y

VDRIT7EARAY Nz 2A0OME

YA T7RAX 2 ME, RFIFIZERD 55 WREME D @ LR AN & FrE T D 7, B
2B TR R A O 7 — 2 & G SUTERNE 7 1 20 BTG DAV G R & Sk
EREODOTTRHMET 22 L1k, ZTREShD.

BEZETIE, BRE PDE i & BIES1T COu Api o FRME I T REDO A B EZ B R T & ThH
%, JLRAMOFEOH EIEOFEE L LT, BE PDE fHD 30%0D L)L & E BRI & E5%
T5, HREHOBEEOREIERBEEZ NS Z LN TE 5,

H 5} BRI H KT 2 AP CE AR OEF S —H L TEE PDE HED 30%ZH 272\ &7
TRENDEEICBWT, HEEENT =X Z#UNICFHE L. TR A o) 2 Aa 323 LTz &
L, ERDEFIIMLE L SRRy,

TCEAMD OEN—E L CEHBEZ TR A2V A THEARAY ML EIETE RWGE
(Z1E, BAIFICB W T IEERMYENHZE PDE EAEBZ RN LA RFET 20 0EH ks
WL T_RETHD (6 THBM) |
LR DO EDNT Y X E, WHA~OFHBMEOHEH BV TEE I NRIT TR 620, A
TYXOERNIILLTOLONREEND,

o IMTEICERD T VX

o FREDEJRFDOILERMPEDNT Y X

o  MAIPOILFEAHMED T Y X

HEEIRERUICRB WD T, 1Z3NICZE M2 R T HIEN WG, fERRER S XX BH D A PE A /r—
NORFEHRI oy hUIA ay hATF—LORENR 6 0y "L ELNEZT—X%2 5T
LR ER PN T Y XS HZ LN TED, BAHDONTY XN O (B2 IX, 929
HsEOBMmAD) B L Tk, FHEMEAZEATL27-DICERDLT—ABMNEBELINDILERH D,

VAT TRAA FOBEOIRY £ & OJROLEIT Y- TE, KR, BEOEHIKUY A
T EAAL MO E NS TeH B WL T T u—FRHREIND, BMEIL, cEAMY. £
DEPFIE NS LIS U TEHEGER CHERELRE L bD LT TH D,
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NAFT Y )Pt AR TRINCEETR&EZ L
NAFTT 7 7 ay—cHEMICE LT, BEOBEMIZEBWTZeM EoBMENELDL LS L
YL TIRBARAMPDDFET DY A7 IFENEEZEZ NS, 2, a) A AT 7 7oy —nH

B OBLEIT W T XA JE T D il ) ﬁi&bf@ménfm&m &, b) ARG
TRICBWTHIIOEREO TENTMEIND D, ZNLIEEBINT, TO%ORETKRIEIZ
TR/ rEEINDZE, ¢ HH., ZJu~ T T 7 0 =T, BT XUIRI A, BT A
(UF/DF) &Wolz, XA AT 7 7 ao—0GETHIH S 2 IR TR IS, Miakss R
TR RLER N - 28 E OFMIC LV EFLIAEN S LR LZEHL 9 5 LU E TRET 50
NEBHELTWD, ZOdH, " AT 7 /aV—tHREE TORT v 7BV CILR Ay o
FER 72 BT — R L Snian, AT 7 ) a U=t AREREHEEEF T 5D T
bo%GE WX, fuR—3Wa o — ) 1T, TR L TOES 7R Db
REBIZOWTRHli T <& ThH 5,

L2 L, SR ORGSR HIAEN D TR MY OBEEE (F121F, TIF) & OZ OMmBRER
m%tﬁ_owf \A4ﬁ77/u/~f%%ﬁ1%of%%ﬁ¢«%f&éo;n%@tﬁ
1%, %MHM TLEAMBDPREES N2V EETRICBWTCEASND Z ENENT Enb,
ot ﬁ#é NHDEFEOEEBIZOWTRHMET RE TH D, ZOFHMBICB N TIL, HiEgN
4%77/n/~mﬁﬁﬁmﬁk WCHW DRI OREE, & 7 0 AL R OBREERIC L S
FHBAD LT & (213, EEEIEEIC L D285ED D OB X, K ORERK O )
WRNEYFENA AT 7 ) v — SRR ORE 72 R 5HEAZBETNEYV AR L LTED
LHRETHD,

TER AR DE B
TCE A OB BRI, i%?ﬁ%ﬁ&iszﬁ%ﬁiﬁw:k%%mﬁétwm RUFK DO B
BRIE R D —ETh 5, m%?ﬁ%;ﬂﬁﬁ%m%ﬁzéT EMEN D DA, TENMY &R

@ HE PDE EAMZRND & A2 RFET B2 iﬁkéxﬁﬁ%%mﬁ”\%fﬁﬂm HEEE L,
ZIEUTOL %7 o —F2WHZLNTE D,
o FREAIIEF R T 2l U Con Y 28 PR DL T ISR 5 Rl
TERAPDORT v T OERE
o HRHIPOILRAMMIRE A B BRI FIZIZ 2 L O ICRE S TRAE UL Bt
W PR oD FE i
TINAISOTEEL « B (B 202, AR RIAR) O EORE
JFSEDOHIRENE DR E
FUAN O FRAE O E
W) 7 AR A R DR

ICH Q6A (ZFE# SV TW A JRANZHE > T, EIIERERZ R AAMICEH L T8 Ly,

BUHPS R ~DOHFEICB W TR T 5 R A M OFHGIECET H1EHRE LT, flx XY 22
TEAAL OB, BBEIR U@ R T — 2 SUBEAAM IR D 72 OICERE LS B
BIZOWTOMBAENZT ONL, ZHULIZRESND D TIEARY,

PDE B & JREEREEME & DR OHE

ZDOLECBW TR I DEE PDE L, 1| B4V DO~A 27 a7 F A (ug/day) THIE SN
TVLHDTHY, "HHDER—AFRGEFTICEENDIELROKKIFEEL R L TND, RIE
1mEﬁi%ﬁﬁ5@@%ﬁE®ﬁ%ﬁ%Lfmé LG BT UTE ORERES T O TEER
W 2T AR DY —L L LT, RE PDE [HDIEE~WE T L2 ENEHTH D, AHEIZ
j%ftﬁ7/@h/i %ﬁﬁ)iﬁPmiﬁ%Ezﬁw\ & BRAET B BUEI IR RS

TEEAMDPEEBORTITINT TERVEDINL DD T Fu—Fa2R_T D THh D, BANIT
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FARMPOFE PDE HEBA RN L%, HBONTHTRBENMRET AR, FEHITIIND
DATarDIBLNTIIZONTHRIRTHZENTES, BEDOA TV a vy ORIIZHTZD
HEER I, YA —BREEZREL TODEN, XIMET D2 VERH 5, FFA TR R
X, LT LI RGAIERT L2 ZENTES,
o EWMESUITHIMESRE PDE & LT D5V A7 T EAAY O — L& UTHEHAT
HT &,
o HKINFE PDE A X722 L ZRAET 7201, HG¥EE L O LAWIZ X D B
TOEHEIET D,
o TLEAMPO TRENEHED FIEEZRET DTN, BEEEOREICHEHTDIZ L,
o TRKRBHFEICY o T, LEADOEEITEICET DIE R E KXY R EET DB
HA+sz L,

52 TN L 91z, BAFOTREAMIITITELROERE) H L, UTICHTL2A 7 a0
WINZEHT 258180 TS, OO (RINFIR OUREE) o KA REZ 5
HT RN, EPFASMiieR M ORNERM - SENOOLEAMPEEBEE ST ETHDL, VA
TEAAL MZRBWT, Agehiieh Mk OCRGERE R - B RAIH OTTRAMD ORI L 20
ZLEDPMBNIRSTHEITIE. ENOZEET 2HEITR, iRk OREBE - & 5
MO DIRADN S D5E I3, AR R OFEE P OFRREZRHT SN, H 50 LR
F R M OBUERRAR - & BB OHEE — R 25 E PDE EOPERL TR Z &2k, Z
NOHEENDDIRAZBEICAND Z LIRTE D,

FFvav1: —HERENR 10 g B2 2 WHAID D0, BHRER RS M O TR MY DFF
AILERE R

ZOF T a it TRTCOLENFRRETHETHZ L EMITROLIZEZEMLELDT
372< ., FRBEREBOFEBICHERLINZT e —F 2R T80 TH 5,

AKAT v a i, BHO—-BEGEN10gLLFTHY, 222, VRAZTEAA L MIBWTHIE
SN LHEAMY) (5oek) BB O T X TOMMS FITFET D EREL TS, KK
(1) 2Hn, fBHo—AHRGEZ 10 g &L, ZOF 7 a 0%, JEIh oSS 1 I@mo
HARAETEREZFHHT 2O THD, 207 7u—F Tk, £RARTHICEL T, BESH
721 SOGEERKIBE ZSAERK D 1 77 L8720~ 7077 L LTRETDHIENTEX D,
PR A8k 2 DR A2.2 TR T,

PDE (ug/day)
O—HBEGE (g/day)

R (ug/ g)= B (1)

AP ONT O D, VA TEAAY MZBWTHESNZE2BETEOAL TV a v
| FFRREAZB2WGEICE, 2RO ORI ED L 9 R Th > TH YA AW
HZEMNTELLDET D, ZOFT T a OIERAFNII R 4 £ A42 ITRSNTWVWD, 18k 2
2 A22 OFFFBENHEA SN2 WEARIIE, A7 3 2a, 2b XL 3 IHEIRETH D,

F7av 2a: —HEREPHABINTWAHERADZHD, BFIER KD 2O TTRAHY D
TRLBBEREE : —o4 7Y a i, —HEEEN 10 g SIEIN TRV EZERITIE,
F7var 1 ERUTHD, HE T LICHBOFTFFEEIL, X (1) KOEEORK—HEEGE
ZRHWTIRESND,

ZOT7T7a—F TR, ERRTRICEH LT, EEO—HRGREICESE, BEINE 1 >OE

RRELSERKST 1 772870~ A 70l T L THRETAHAIENTED, 204
Va COIERFIE 4 R AAIITRINTWD,
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YRATZTEAAY MIBWTHHESNTETRTOMEILREICE LT, ®BAHFOWT O S
b, AT gy 2a FREEEZBIROVESICIE. IO OHBESIIED L S B TH- T
HUHEENCHNAZ ENRTEXLHEDET S,

FFvav 2b: —HEBRESHEINTWBHHEADEZDD, ERIERRSH ORI D
FrRRERREE

ZOF T a i, FEE OB FIREE O ST B A BFAET D Al REMEICBI LT, HIGE
FENERNT HENEREERTHLOTHDH, FEFHIL, BRSO ILHE DRI SN T
WIEBELZRETHE W2, BEE 2> TV A EENEET ARSI T 543 cED
TRREZLVESRET D2 L) NTEDH, WAIOHRE PICFEET D Al RetEn & 5 & e
InARICEALT, X (2) ICEELIZE 21D, B OB EICHFERE DR E LA
BHHOFFFRELZ R UL bO%, BHAFOLHERMKTICE L TEFT2Z LICX o T, kAl
HOTLRAMPIOTHRERKEZHE T2 ENTE D, ZOHA RT7A4 L HOZ 0o BEIEIC
e THEYMEDRENZRWIRY | AT O e R AP O EIIHERDOFRA2 TR I NTZRE
PDEfHICHE AT RETHD, VAIZTHAAL FORER, HDOEEOHEREIITBNT, H D4
TEDTCHRDBEER 2 AP 1372 B2 ERA LN SN GAITB W T, Yy +
DU TEICEH L CEBNRELZFENTAILEIR, ZOT7 Fu—F2ky, WA 5 FE
DR ST DO TFEORKRTFREE L, 7 a1 IF Ty a 2D REMEY bELT5
TENTEDN, ZOESITHONWTIL, TOMDORERRES T OHRBELZKSTHZ LIk H
DEDERITIIT R B, "B OKRERR Y ORITCFRITE LT, R EA O R
FEPDEMEE A ZRiET 52 &, X (2) ZHWTYRELTH XV,

N
PDE (ug /day)> ch M, @

k=1

k= BHIH ONEORER L T ENENDA T v 7 A
C= MERROKFH OITLBE M OFERE (ng/g)
M= BEHIORK— BEREIC S DR OkOE & (g

ZOF T a rOIERFIE R4 RAAA~FKALSITREIN TN,

AT a3 BB OLHT
FILBREICO WL, TP CHIET 22208 TE 5, X (1) 2HVWD &, BAIOKRK
B HEGEEND TR AWM ORKTFREEZENTHZENTE D, 2037 T a3 > OfE
VA4 BAAGITTREN TS,

ARy T— g v ROFOMORBRHEE

ARy T— g bk, RN, BREE, BRLIREER O SUTHEA AR L < 130y T &
Wo AL FRE O TR DO DA Th D, [H—tHE TR DILFROBIERBEMTH 25561213,
PDE fEix. ®HIHIGFET D & THRINDMEFFREICET 23R E AV TERESNL TV,

TCERAHMD OREREZ Y A7 T A A MCHHT 254 IE, BEIFR ORI O R
JE PDE fE~DOM#EEGMEOFMICH NS Z &N TE S, HFEEIX. A xm—va VT 2 E#
OFEMLZ WIFF SN2V, FFE SNTLFFED % 3 OF / 7'F 7128\ T PDE fEORHIZH
WHNTWAEFREL © S EMEATRV, ITTHWEAICB W TIT., YiZiERE TR E T
EEDZ M A R T OIIERTH 2 LN TX 5,

R oy T D TR AWM Ot a U 27 T8 A X MMM T 2561213, HEsE L, TR A
WSt ST RERER 53 7 D D IR DR B9 D s oA i S e, Ll
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ZRHOMEIE, BARO R OBEIZIES < L kD b BIEORBENE SRS ED
FUBMHE RTINS Z LT D,

ST FIE

TR OREIL, BERLBCHE L@ e FIRE AN TEBINIRETHD, FFICH
WPEDNREARWVRY . BRERIEIZ, YR T T ERRA L MIBWTEBRIS & SN oHE Ry
R LREREOH LD LT RETH D, TEMMPOEZH LT H7DIZIE, EELFOF
JIE, SUFEG) 72RO FIEZ VT L,

FATHAIN<HXT A

ICH Q10 IZRE# SN2 EH T AT LR R ETHOEEIL, T4 7 A 7 NV OFBEREIZB TR
LRV RATIZESL T 7a—FOIEHEHER L, 2l VLT A 754 7 V2T Dk
BHIUGEZEET 2 Z ENEREINT- O TH S, BB KO TREOMRIL, BN SR, 8
DRFEICED EFTEHINDIRETH D,

BHSE DA O LT mEkIT, FEAEORBRME T — 2 LT T TRO MR O TR OB
PHERROERDIBHFITTENTELHDTH D, £O XD YL, THEANMPOERLIRE LSS,
ZOHA RTA UNARSNDRRITB O TIE, HEFEEDRFEDOEHFEZRET 5720213,
PR O TEHE AT 57 — 2 IFRENTWD b s, BMOT —2 3 G5,
ZIUTEBGEO BB LIZ D728 506 Livew,

BN IR I BT 2 E R AI T O TR AWM B2 2 2 5 RN & 255121, Yi%oc
IR L CRESNTERAEEZED, BFOY A7 7' A A MERIZOWTHEFET
RETHD, TOXHIREFL LTI, Bl2IXEARE. WnAlofiaa, FEh TR, 2%(H -
PR REHEAR R IR OEEN R T OND, WTHOETLNHOETR R A T atk
Z (ICHQI0) ORRTHY . MBI CEMBOBH B DR L7 D,
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Zh.
=]

ACGIH (American Conference of Governmental Industrial Hygienists)

oK [ pE S A R S

ATSDR (Agency for Toxic Substances and Disease Registry)
BRELAEWE - FrERRIT CRED)

CEC (Commission of the European Community)

BOINE B &

CFR (Code of Federal Regulations)
EFRHLAEE CRE)

EE~<RXT A b (Change Management)
BHEAREL, FHMEL, ARBL, FEHL, KOV E2—F 2FRMIY 7, (ICHQ10)

CICAD (Concise International Chemical Assessment Documents)
[E B SRR S (WHO)

RehEtes% (Container Closure System)
RN 2R LARGET 2 WL OMRER ORI, EHEOELIRTN, JRGEICE > TS HITHA
i T D50, ke vEEN S, (ICHQIA)

FHERME (Control Strategy)

B O B e OV TRE O IR & 2 5, ST 1 2 OBFEIERE R OB E 2 RFET 5
R SO I, L, R O O R OHERR R B S 5 /35 A — & Y
Bk, R R OVEE O, TR, BRAEELOMET =2 Y v 7B ICF RO
IER OIS % & 4% %, (ICH Q10)

ZHRIME (Control Threshold) :

TLRAMP OFIZ I T, BH P CYRLITR MY D 5% EPDEE A M X 7\ 2 & 2R 572
DITIBMA 72 EBEENRD SN0 E I DERET D ETHOONDREM, Yi%iREMIL,
AR & 72 D HE DT EARFY) DR EPDEED30% & TSN D,

—H&EE5-& (Daily Dose)
BAENTH B2 0 RS DA O &,

EFSA (European Food Safety Agency)
KRN £ i 22 A% B

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

EU SCOEL (European Scientific Committee on Occupational Exposure Limits)
RN DT ERRERIR U BT 2 B E RS

EU SEG (European Union Scientific Expert Group)
RN SRR 7 —

43X (Herbal Products) :
BRI L LT, HEEUBORE ) M [ 38 L K D % S e B  EREAIC . EE) 3B
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KOLDOEELLEELH D,

IARC (International Agency for Research on Cancer)
[EIBR 2 AR RS

A=< kU X7 (Inhalation Unit Risk)

AKH T pg/l UTKREF 1 pg/m® DREFEDO S 5 WE~OMGHITIIREICL W EL D LHEESD e K

DAEJEFIREN ALY A7 O ERE, WA=y N A7 ORI TOEEY : 2=y N R

=2x10"°/ug/L DHAITIE, | L OBEPKHIC 1 ng & EN DLW EICATEI DT - T HIRE S

Nl &1z, 100 TG0 2 NOFIRFENAJES HEE LIRE) BNRETDETFHIEND,
CREBREERHET)

IPCS (International Programme for Chemical Safety)
[ B 2 A MG

IUPAC (International Union of Pure and Applied Chemistry)
[EBRAIE - SRS

IRIS (Integrated Risk Information System, United States Environmental Protection Agency)
e U A7 EW AT b CREBREERET)

/MR (Lowest-Observed-Adverse-Effect Level, LOAEL)

—E DB T T, ERNEMOIEIE, HRE. R, BEXIFEMIC, F—ORE RO IEH
(RHER) AW EIXXBI LG AERZELZSI SR ENERNIIBIETROLND, DY

Bk MNRE TR (&) . (IUPAC)

EERA (Limit of Quantitation, LOQ)

INHEOERERR L 1T, EUIBE L BEZ2ME-> CTERTE S, REHFICHEET 20 x50
KIEOEDZ L THD, EERFUL, REHPICEET HRIREOMEZ E&T 556 O o6
TA=ZTHY, KT, R AR OEEIZBW s b,  (ICHQ2)

/IR (Lowest-Observed-Effect Level, LOEL)
& DR SUTRBREEIZ W T, BR AT 72 N UTEMDICIS 1T D10 5 OB O R B E T
FBREDOAMFINCHBEREMEE T D, HOIWEDE/INHE,

EIELREL (Modifying Factor) :
BIEFH OBEPRPHIBIC LV E S, EROT —F & b FOLEMEIIHFET D 72D DRI,
(ICHQ3C) (BH#HFE IZ24f%%k (Safety Factor) | Z:MR)

&/NY A2 L~yL (Minimal Risk Level, MRL)
A7V 2R BipnEEZ b, AEWEICKT 5 bo— ABEZEROHTEM, (ATSDR)

NAS (National Academy of Science)
BARBFET T I —

MR (No-Observed-Adverse-Effect Level, NOAEL)
—EDIRBESRM T T, EAEHOIZRE, e, ik, BEUIFEMITHR TR A EE L E M
SIS SRV ERERUIBETRDOLND, bOIWEDORKIEE IRk KE,

M2 (No-Observed-Effect Level, NOEL) :
B A7~ N UTEMICEBN T, W 5B L CTh . Z O AEME TRE D AEY
BN B 72BN, HOWE DR K&,
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NTP (National Toxicology Program)
KEEZEHEE T 7 7T A

OEHHA (Office of Environmental Health Hazard Assessment)
BREBEREREETMER (DY 7+ 0r=7 KEH)

OELV (Occupational Exposure Limit Value)
gk S 2 R SV

OSHA (Occupational Safety and Health Administration)
e CRE)

PEL (Permitted Exposure Limit)
PR R R

FFA— BHIEEER (Permitted Daily Exposure, PDE)
1A 4720 O BEFESEGHITIZE £ D e R A O s REFAR I,

B 5 A4 7% A 7 (Product Life-cycle) :
BRSO TR 2 4% CRUEIRFE P LI E 2 £ cof L FHEmo ik,  (ICHQ9)

f'E (Quality)
Ui, VAT A, XTI
B FEEORA O [HE

[2]8]

1% B AREHIHE O AA DENERFIHA M2 T FRE (ICH Q6AIC
)BT+ 2ERSM) . (ICHQ9)

B Y R7<FxY A b (Quality Risk Management)
LT ATV A 7N EB LT, EERLOBEIRD Y AZIZONWTOT®EAAL b, 2 br—
o, Aala=f—Yalr, LEa—PnbLRLRZMEST27Trt A, (ICHQY)

B A7 A (Quality System)
mEH#EFATL, WEBESOBESZRIET 5V AT AURD H 6@ LMl OFF1,  (ICH Q9)

Y27 (Risk)
fEEDREOHER L TNNRAE LT L EDOERMEDOMAEGHE,  (ISO/IEC Guide 51, ICH Q9)

Y 27 %% (Risk Acceptance)
VAT Z2RwT HEERE, (SO Guide 73)

U A7 5#7 (Risk Analysis)
FEE SV — RICBEST 2 Y 27 offeE,  (ICHQY)

DA T7EARA M (Risk Assessment)

VAT RX A N 7avAOHP T, UARAZIHRDAIRE LY XFFT DIHFRETEET DR 7Z -7

Futx, NP— FORE., RORFENOAYT— FADIREIZED U A7 OS5 L SIS D,
(ICH Q9)

JR7 2 hue—/L (Risk Control)
VA7 <3V A2 NOBERREZET 5178, (ISO Guide 73)

U 27 %7€ (Risk Identification) :
VAT ~OERXIIRBEOFIRZ S L C, fAEOBENRIER (N — ) 2FET L7200
T aE RN CTEHT 52 &, (ICHQ9)
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VR7<=XT A b (Risk Management)
VA OTEAA N, avyba—/b ala=r—ray, LEa—O&FEECKL, WE~
KT A L hOJR, FIE, FEhiA R TCTEMT 52 L, (ICHQY)

ZeME (Safety)
FeE DRI TIZEBNT, HOWE~DOFERIC IV AERZENEC2WERN RS, (IPCS,
2004)

ZEMEFE (Safety Assessment)

(B E N — R R OMbZ2 ) g NS REMAZIZZ N B ICEIE L2 U X 7 1250 COFRER
RN OGN A B LT e —F, ZOMEEZ. LIEULIEE (BRUA R4 1280 Th) U
AT TRAX L ERIFEENICHNONS,  (IPCS, 2004)

Zef%#% (Safety Factor)
NOAELX(IZ DM DB IS (Bl 2 IER F~v—2r F=AXIZOEETRE) oL Ty 2y
TEAAVMEMFIZIVEHINIEAG (BER) REHETHY . FAF B ERE
[acceptable daily intake] X% — HE & [tolerable daily intake] & o702 XX Y
RPN EEZ bND AR (EHEEEXIIZOMOSREEZLZSFETHRIILICkyS
WHENFEHIND, ) 2EHXHT72D0LOTH D, BRARBOMIFET, BHHEEEOE, R
SN D& N B OHE R OFEENE N AT rRE R B FRE RO MEIIKET D, AT DM
HHFEZ M 722X MR . TRRESEMEMRED . (IPCS, 2004)

HAME (Severity)
ANP— R AEUEL RO,  (ICH QI)

IREIRSAEEME (Threshold Limit Value, TLV)

FEAEDHBENFELELRSBHRBEIND ZENTELLELLA TV DL ERTIEE (
ebb, FEMICITLRRE L EBRRE & ORICH HHME) . ZOfEIX. ACGIHIZ X VERE I
(FEICTEISET &40) o 1B 7HER SR8 I [ 2> I 40 FE 5 0> 95 18) (2 36 ) 2 B R o 2 S 2 g s
(TWA) ThO, Lo TEEZEICEELZLDTHS, (IUPAC)

FFRINEEHME (Time Weighted Average, TWA)
ACGIH IZE > TEHREINTWA LY . sl 1 H 8 BEfH o 40 W 9382 3517 A BERI N
HPEBEE,  (IUPAC)

URF (Unit Risk Factor)
=y MU RATREK

US DoL. (United States Department of Labor)
KE 7 A

US EPA (United States Environmental Protection Agency)
KIE BB RGE T

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

2. IPCS. Principles and methods for the risk assessment of chemicals in food, chapter 5: dose-response
assessment and derivation of health based guidance values. Environmental Health Criteria 240.
International Programme on Chemical Safety. World Health Organization, Geneva. 2004; Table 5.5.

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

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

5. Haxel GB, Hedrick JB, Orris GJ. Rare earth elements-critical resources for high technology. US

Geological Survey 2005;Fact Sheet 087-02.
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1% 1 RBEREMEORESIE

KA RTANTEBNTIE, 2L OLRICHL T, EEMITH T 5 5EREMEEE O FIA
(Pharmacopeial Forum, Nov-Dec, 1989) M ONPCSAOMEFEWE Db NMEFE Y A 7 ORI D 72 D12
H L7051k (IPCS, 1994) (246> T, PDEMEZ R MNT 5 Z L2 K 0 LT RHM OFF g L~ L
DX E STz, b DAL, US EPADIRIS, US FDA (US FDA, 2000) MOtz LY H
NWHENTWAEHDOEHELPLTWD, REPDEEDHEKIZOWVWTHO LY LWHEED-DIZ, 22T
ZDOBREITIEZHOW TR T 5, PDEEOFREICMRL WV SN2 HE121E. EEREIIMRLO
HHICHAAENTWD O T, BIOEEAEBIZHWV LI TW R, BRAMETHEIZE LT,
1:100000D Y 27 L~ L e = N U A 7B PDEEORR EICHW BTz, T b1t
FIO@EBIDOE /) 7T ZICFHH I N TN D, WABREERF O EPDEME DWW Do L, Tk3EMRE
FRAZ W, EEABEZEHA L, S OICHERERR~OM L hORRA R EELZR L TEH I
TwWa,

R EPDEMEIL, B b Ul 2B BRIC 31T ZNO(A)EL X IZLO(A)EL2 HR D & 3 0 #EH & T

o

PDE=NO(A)EL X t MMARHEAMEE/[F1 X F2 X F3 X F4 X F5] (4.1.1)

K EPDEfEIZ, 2% L <IINOAELHEH I 5, NOAELD LI TV WA IZIE
LOAELAHWOHINTH LV, Z I CTRMEINDAEERII, 7—F %2t MUMET L7200
DOTHY ., BERIES 747 U7 (IPCS, 1994) IZBWTHWHILTWD TARFEEFRE] KOk
EEFH 7 4 —F 2BV THWLNTWS HEIERER) Xk 2258 LREOLDTH D,

BIEREIILL TO LB Y TH D,
F1=FE[H] COIMFEAT 5 72D DIREL,

E hOTFT—H 2B L TIEF1I=1,

Z v bbb b~OAMEIZIZFL=5,

~ T AMBE F~OIMEIZIZFI=12,

A XMBE FA~DOIMFICITFI=2,

TH NS F~OIMEIZIFF1I=2.5,
PILb b h~OIMEIZITFI=3,
ZDOMDOEMW IS B b ~DIMEIZIZFI =10,
FliZ, BOHEEMWFE L b N EDARRERE., TbbRELEZEZEBICANTZLOTH S, KEREH
(S) 12, kAU kvEHENS,

S=kM*%’ (4.1.2)

ZITCT M=FETHY., EH kT 10 ThL LD, X AL2 ITHVDLNLEETFTIOR
ALLITRENIZERBY TH D,

R2={AEMONT Y X %2 ZEICAND 2D ORI L LTI0,

—fRIZ, TARTOTIEAMDIK L THREI0R G2 b, AIA FT7 A AZBWTHI08—EL
THWER TS,

F3 =R ER O m AR 2 B EIC AN D 720 DAL,

Pl EOEERE (Fo WX FFTIEIFEH, Ra, A ROV TIETER) T o
BRIZITF3=1,

SETERL ORI A S — S 2 AFEEMERRBRICIZF3 =1,

F o BPE 615 A RTINS - O3 SHHIFRBRICITF3 =2,

o O3 A R UIIET - R O2FEFRBR I IZF3 =5,

K0 B OB ITF3=10,
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TARTOHFEFIEBNT, FHHAOF OB ORBRIZITEm WG OREPHWLER D, il 21X,
T o W OE A MREBRIC IR H b5,

Fa=EE R, Bl 21X, BIEEEZEDROEN AN, MR X IMET B OSHE 120 H S
nNoZEndh o6k, AEERBRICE O TIE, ROBREBHAVWLND,
RHAREME 25 IR RSB EICITF4=1,

RHATEME 2 E D2 W IR FEMEICITF4 =5,

RHARME & 5 AT IR IZF4 =5,

RHAFENE &2 LD 2 MR TR im—w

FS=NOELW G L2 o oG/l SN D Z En3d 5285,

NOELIZIZF5=1,

NOAELIZ I ZF5=1~5,

LOELIZIEF5=5~10,

LOAELIZIFF5=10,

ikhk@ﬁﬁ CEAL T, 2 L3 EBRIL. NOAELENOEL & OEVZOWTHEE L T H1.,
X EPDEEOPEIIEIR LT-HEICRB T 23N THE] L ONEMNITHONTELRL TV
mottw\ﬁm%ﬁﬁ@mﬁﬁ@&ﬁummmﬁ%w%m\M&LTMWW@MKO

b MAEMIEIEX, B MRABLOEEZS0 kgt HELIZHDOTH D, ZOHEDORFEIZHB W TEH
SN HEAERTC0 kgXIT70 kgloxf LT & WIEWZ ofKEIT, BINOLSREA R 5, BEIC
o TUIRENS0 kg Rl TH D Z LTSN TWVD R, ZILH OEFIIPDEMEOREIZH NS
NIMLAZ BRI L VB E SN TWAD EEX LD 2 8, KOEERBRPABEH I TWD Z L
kSN RETHD, ML T, DNEADER R BEZEREWAOERTHLEEZD
. ZONOERNS OFT — X NPDEEOKEICHW LTS, Lizin-> T, REPDEEIX, /I
WRANERZEX Lz ERLICHEY RO THD EEZLND,

KA LIOBEAMIE LT, Tvermoes® (2014) [T X 0 #iFi&Sn/-, b MEFEAIC 5:Aw%@
BHRBRICOWTERT 5, fm%WMﬁ_Mémmmﬁungmwf%éo_ BRI
23V MR DPDEfEIL. RO L HICEB SIS,

PDE=1 mg/day /[1 X10X2X1X1]=0.05 mg/day=50 ng/day

Z ORI T

t FOREETHH7-DF1=1,

t MEKRZEEZBET HT-0OF2=10,
BRI 2390 H M CTh 5 72 DF3=2,
EERFENRD 5TV RN DF4=1,
NOAEL WL TWA 72 F5=1,

FEALL: ZOXEZBWCEHEICHWSNAE

7 v NOIKE 425¢ ~ U A DR 43 L/day
IENE T > N OIRE 330g 0 Y ORI 5 1440 L/day
~ 7 ADIKE 28 ¢ F)LEw ORI & 430 L/day
IR~ ™7 A DIKE 30¢g bt N O & 28,800 L/day
E/LE Yy NOKE 500 g A X DRI 9,000 L/day
T H 7 ORE 2.5kg L DR, & 1,150 L/day
U X ORE  EIRSUIIEENR) 4 kg ~ 7 ZADEKE 5 mL/day
v— 7L ROKE 115kg | 5 FoEkE 30 mL/day
7 v N O & 290 Liday | 7 v b OB E 30 g/day
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BEHR

1.

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

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

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

Tvermoes BE, Unice KM, Paustenbach DJ, Finley BL, Otani JM, Galbraith DA. Effects and blood
concentrations of cobalt after ingestion of 1 mg/day by human volunteers for 90 d. Am J Clin Nutr
2014;99:632-46.
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1% 2 : STRAMM ISR 5 E PDE fE
R ALl TR ARLHE—IREBER'

TH 7 7 R* % 0 8% D PDEAE ERFIOPDEME, | WAKIDOPDESE,
ng/day ng/day ng/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
N 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

' ZORICBOTHA SNVAPDEME (ug/day) 1%, (HR3OET ) 7T ZICRE SR etk T — 4
FRICRESNTRBY, FrANGEHA SN D, £/ 77 7HOPDEMIZIEEE LA STV a0,
KHBIZETHHDOLETH2D, ZOROPDEMEIFA N FIH SUIMTIZ B LA STV S,
10K OPDEMEIX A 2T T & L, ETOEAICIE AT S, 10L 9 6 K& VWPDEfE T H
AR M UM TLA S TWS, ZOFRICBWTUEBTACEHD SN ARANL. 1F
OFGHREEEICE L CE & B SN -PDEEIC b A S NS,

PAHICB W TER SN TV A
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FA22: F 7Y a DD DRI REE

ORI HBAEIE, A]L JFEEE ORINAF OTLESMICE LTI T L5470~ A7
077 ADHFRBEZFETHLOTHD, —HHEN10 gl FORAIF O TTHEAMY % 5T 25 72
DIZAT v a VINBEBRENTZHEITE, ZROOREREMAHWVWOND ZENER I T
5, ZOERFOETIX, FA2UIESWZHLDOTH S,

JLHR A 0 A DOREE ERA OB E T AH D P8 B
ng/g ng/g ng/g
Cd 1 0.5 0.2 0.2
Pb 1 0.5 0.5 0.5
As 1 1.5 1.5 0.2
Hg 1 3 0.3 0.1
Co 2A 5 0.5 0.3
\ 2A 10 1 0.1
Ni 2A 20 2 0.5
Tl 2B 0.8 0.8 0.8
Au 2B 10 10 0.1
Pd 2B 10 1 0.1
Ir 2B 10 1 0.1
Os 2B 10 1 0.1
Rh 2B 10 1 0.1
Ru 2B 10 1 0.1
Se 2B 15 8 13
Ag 2B 15 1 0.7
Pt 2B 10 1 0.1
Li 3 55 25 2.5
Sb 3 120 9
Ba 3 140 70 30
Mo 3 300 150 1
Cu 3 300 30 3
Sn 3 600 60 6
Cr 3 1100 110 0.3
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8% 3 : &R D2 MR

TUFE
7 v FE D PDE fEDOHEE
7 FE (Sh)
&N Es) UON
PDE (pg/day) 1200 94 22
i

TrFEY (Sb) X, RARICHIET HRACOEERBILETH Y | fix REIE TRIZBWLTHY
LD, INEOT TFEUDRHEBTFICAWE S NS, TUFEUIL, 3 U5 O LIREE T
ET 5%, BRBLELTOTVFELRD 2~3 OZAT o F B ACEWHS ., BEEATHENE K OF M1
BLTKRLAETHD, WHABRH Y VLT FEY (APT) LW o720 D007 »FEALE
MngiEAERIE S L TEFNICFHIH SN TS, =T o FE 0%, it LTHOW LR T
5 (Bl zix, Rt rOBRERICHW OGNSR =F Lo F 7% L— K [PET] OfliEiz
BWT) ., 7TUoFEVIIRBFROCKLATIIRL ., REAEZ2OBEZIH ATV AN
(ATSDR, 1992) . 7 FF v KO T o FF ATKBHEMENE O TH DM, APT ITKKR
"<TH5H (WHO,2003) ,

BRMEEDRILL 72 o e B

APT %, SO OFEIZ )DL THILVERTEHEH WO ERFMERBEICBWNCEETH -T2

(NTP, 1992) , 7 > FE () IGEAEREFEFREICH L UIBETH L L Eb b H, BinE
PEO L E 2 —IZBWTIIHK T 2R/ E LN TWS (WHO, 2003) . ATATREZ2skBR ke 1L,
ORI L DRPAMY X7 OFHIZIIA 0 ThDEEZ2HND (Lynch et al, 1999) . t
RO BT, RORES O - AERSE IS Ch D L Bbi, ik, TR, 1k
MZE2SISRITREERD D, ROKGHEOT T NI I T <V (NTP, 1992)
7 v b OHBMRBRIZE O TE, FEHRER T & OISO F AT 73 O 123 @ O BTG R
Thole, RMICOILT7 o TFEVOERERAIL. B FRCEIONTIUZEBNTHIERERIC
NI G HELE AL U5, Newton © (1994) 12 X 0 i X 7= AT AERERIZ
BWTIK, 7y bEZ@ET T4 12 8 H MBRE S E7-%, 12 5 HROBEMMNHT S
Nz, ZBREZBWT, FEROBERTHAEMNRRO b, EHOIX. b7 o FEDREN
AMEZRR LT e L, BN AMEENE & U720 T BRIC BT 2 I SRR Mk il A g oD
R TH D AREMEZIRA LTV 5 (Newton ef al., 1994; WHO, 2003)

B ORER O PDE

T TR OBRIRDREN RO T =208, ~TAKRORT v MZBE L CHIHTEETH
% (Schroeder et al., 1968; Schroeder et al., 1970; Poon et al, 1998) . KEEFEHEM T 1 /T A
(NTP) X, 7 v MO~ D R APT Z8AKFELHT 5 14 AMRBRAZFZm L7z, ZoRERIZHBW
T, APT %, Z OHFGRE T RAICEENTHNZ ENRRAWE Sz (NTP, 1992) , Lynch
HliE. Poon & (1998) OF —X Z WML, 7 v MZ 0.5~500 ppm @ APT % 90 HM&KEEE
LB N TIE, sl & TOVESARER T L OB R I2E-5% NOAEL (% 50 ppm T
b5 EfERm L= (Lynch et al, 1999) . Z OFTRIZ. ZALLRTD Schroeder & (1970) 75 DAk
EFBELTWRY, LEA-> T, bIEW NOAEL, § 725 50 ppm (7> FE & LT 6.0
mg/kg/day fH24) AT, BEOMREFRFO PDE Z2U7E L7,

BIEMREL (8 1 IZBWTEERINT- FI~FS5) 25 EICAN T, KRORZERO PDE 2L T O
XIOICEHT 5,
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PDE=6000 pg/kg/day <50 kg / (5§ X10X5X1X1)=1200 pg/day
ESNT X D EREERF O PDE B

JFig DA EFR R (RO RE, RIS ORFEM) 23, 7 v b~OEENRE # 5% Ok
BN EWIHEEE Ch o 7o, Le-> T, EHIC K DIRER D PDE EIZOW TR, &b
iV NOAEL 3.0 mg APT/kg/day (7 > F &2 & LT 1.1 mg/kg/day fH2Y) ZIICRE L7, ZOfHE
X, 7> ho 90 HREEER LGOIz (APT ZIEENE G- ST » MZBIT 5 6 mgkg T
DOIFNEA FI RIS HESL<, ) (NTP,1992) . ZOHBETRHZEITHO bR o7,

EIERRE (R 1 IZBWTEE I FI~FS) 25 EICANT, MOSE 3 ARG HEkiRS
IZEEL T, HERIC K 2EERFO PDEEALLTO L 5 IZE T 5,

rI

PDE=1100 pg/kg/day X3 day/7 wk X50 kg /(5X10X5X1X1)=94 pg/day
R ABREEFF D PDE fE

7 v N OFBMER OEPER AR DN T S L7z, 2o ORBRTRD b fi~DO BT —-H L
TV, 025, 1.08, 4.92 K TF23.46 mg/m’ O =f(bT > FEL XA FEHWET v b 13 B
A#ABR (Newton er al., 1994) 72507 —% . NOAEL 1.08 mg/m’ % H\ T ABE#EFE D PDE fi %

PeE L= (Sb :i~83%) o KU EREE OURFEIRF T F5 U T O HE ket B B K& UV B i 0D A4 i D 3

IIAERD BTz, ZOFTRIZ, 0.06, 0.51 KON 4.5 mg/m® OIRFERE 2 V7= 1 ER D28 AJFE

REBIZB W TCIA LN -T2, 20 1 FFBAFEERBRICE W TP AT Dk h o,

WAL ORER T b MR PRI A TR A TR A LR FREITIR oo,

EIERRE (FHR 1 12 W TELR I FI~FS) 2% EICAN T, WAREZERFO PDE fEZ LI O

IR 5,
0.9 mg/m’ X 6 hr/day X 5 3
s o 0.16 mg/
SN L = day/wk = T —0.00016 mg/L
24 hr/day X 7 day/wk 1000 L/m’

0.00016 mg/L X 290 L/day

1 RAZE= 0.425 kg

=0.11 mg/kg/day

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

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. Zirconium, 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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=3
b 3 ® PDE [HOE
e3% (As)
(s 5 WA
PDE (pg/day) 15 15 1.9
Fim

B3 (As) (F BETOWEZDEZAHICHD, b, T KL ORKPICHFET 5, MK
ERIT A (B2, Zfbe sk, dEelik) b Y U L) SOIIA (BIAE, BRI RY A T
MRt 3R, blR) TIHET D, b FROWALIWICE T 5 e ROFRRAEMFERITH STV
20, e BPERLEFNCROEE LD THD Z &b, T OREMERbIFERE e Rz
BREETD,

REMEIEDRILL 2o ol

MR KT, BEEFEEELAT L, BRFEMEEZ BTZR2NTENRRINTEY, £ NOEPAME
E LTRSS TS (Group 15 IARC, 2012)

TOWIEVEROFET 07 7 A VDO DIZ, ERLPEFRMLEMIONTES DY RTTEA
AUMRERBENTEY, BFY A7 T vAX S ME, BEZR L, BHENIGT 7o —F 2 1
VWUV 5 (Meharg and Raab, 2010)

t F TOEFZROEEDO R DITEY CIIHERIN T R2WDO T, VA TERAAY ML, GRE
WREE SN NDERICEBIT 25T —ZIZE < 2|6 S5 %1572 (Schuhmacher-Wolz et al.,
2009) , B MZBWTIE, BBAKVIEERAREONTAS, BRBEERICEEL TV, &A1
WEFRIL. R, JFRE. i, B OMERE O AICEIE LT\ 5, W ABRGEHZ ORI A Y R 7 O
IR+ 22F L3 % % (ATSDR, 2007; IARC, 2012; EU EFSA, 2009; WHO, 2011; US EPA, 2010) .

OB OIER N AMEOEERZBICE L CX, KE (BFRLE. EREALE) LOVEHEE ]
I, L) DEOBEZMENEVER L B o, mERE, EEEEN ORI EEL IE
RENAGMIEE L L C#HE SN Twb (JARC, 2012; Schuhmacher-Wolz ef al., 2009; US EPA,
2007) . —EHORROREFERAERIT. 0.02 mg/kg/dayZ A% b FEOHE TRIEREN BT 2 iT§E
PR D Z L KT0.0004~0.01 mg/kg/dayD b & & TIZ MM HREBEN R ONRNT & &
RIELTW% (ATSDR, 2007) . & OMOFHMFEIEIZE L TiEk, LOELXIINOELZEET 5720
a7 E T — 2R, AETLESRALIL. RENAICERT DM H Y (ATSDR,
2007) . BZREA A K ONBEDS A DN IEFE DS AE D BT ERF B ORIBRE TH DL EE XD
455 (Chen et al, 2005; Hsu et al., 2013; Ahsan and Steinmaus, 2013) .

FIPEEYE TO1000 pg/LLL 10> b S O H K ICIREE Sz KB DR (~40,000) ORFZE
DL REN A, SHITHRETEBERBA KRR ADY 27 7 EAXA L FORKIZR>TWND
(US EPA, 2010) . XA YU ZAZIZOWTDORFEDAZT T U A%, KHEOEZE (<100~
200 pg/L) THZRDBEMREBA Y A7 ZRE LT ey (Chu and Crawford-Brown, 2006, 2007;
Mink et al., 2008) , Z#UlX. Schuhmacher-Wolz® (2009) DHFFE & F /& L TR,

FEPMCBETDBWAL=y bR pgm® M720 0.0043 1, KEORBFT 2 &b 07—
Z 2 US EPA IC L WaRESNT- (US EPA, 2007) ., 7 XV 2 MEEEVEZEESIL, US EPA
T =T D EDRMERDPD 7 +va—T v TWNZEFE KRR Y = —F b O 55 E# 1CB
THEBMT —H ZHViAA, US EPA O=x=v kU 27458 (URF) % E#H L7z, YiEEESIL.
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URF pg/m® %47- 1 0.0015 5 H L7, Z@ URFIE, RIRMAAIEED Y 227 1/100,000 (kS
3% 272 T 0.067 pg/m® EfRIRT 5 60O TH S (Erraguntla e al., 2012)

B OIRFER; O PDE

% OIRFERFD PDE fliX, KEICHT 2 e RZOEBMREEZEIILI-LOTHY, BEAEWE -
BEEBIR AT (ATSDR) MRL &Y US EPA @BEJ“ 1 0.0003 mg/kg/day (ATSDR, 2007; US EPA
2007; EU EFSA, 2009) % f&1Z, 15 pg/day (ZFRIEZFRE L TWDH HDTH D, ATSDR MRL A (i
B S 7 45% PDE 1L, fOBDKEEHE L 7 J§ LTy (WHO, 2011)

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

MRL OFEHITHIAEN TN D Z b BIEREIZOWTIREH L2 o 7z,

B X DEREEIRF D PDE fE

t FORRNREBEREO LY FHIFIFEIZ~95%TH D, I bEHENRIHLL, b RREORVEIK
B (EROSFREITFFEIN TR, ) NODKEGEZLNTEFEALRGE L TEROHE

Mz 6 BRFHE L 7= HELN TS, ZOERD BWINERITK 95% & #iE 7= (Zheng
etal 2002) . L7=2-> T, %% PDE fll3f Hig#ER O PDEfE L F—Td 5,

PDE=15 pg/day
% ABREEEF D PDE

BB B W THEE ~ DWW ABRETE OIS A M O OO FEREIRBD U A 7 OEINAS At
ézhfb\ Do WMAITAR D FN AsHiiHEEE 2 PDE fEDERE I H W D HRHL :ic\ REORRS & el LT
I BAMEIAR DT RO HICARE L TWD Z L Th D, Mi% URF (T RARORHEDT-

DITREINTND Z D, BIERBIINE & S 72V, Erraguntla © (2012) TRV IS

NTZFHl A2 FE2, U A7 1:100000 =5 E 2 5 &, W AMEZEREO PDEfEIZLLF O L 912725,

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

MF% PDE fllL Erraguntla © (2012) (2 &L VGl S EE ORIV A7 ET AN BB
URF ZHICL7ebDTHDH T b, EEREBIZOWTITEH L7,

BE R
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N A
XY %7 AOD PDE [EDOEE
NY 7 A (Ba)
(s S PN
PDE (pg/day) 1460 730 343

FFim

NU A (Ba) 1. BEOEW., SRAATIRO2WT ALY HEEETHY , BEDOH 5225
THEGIZRIL L, KERIET D, Ba@H)A A ROKEEDO AN 7 A bE&Y G, R,
KAL) (3B E AT 5, B NY T AL Vo REEAY U 2MEEWIT, HIEETT7 U —D
BaQ+) A A H#AELT, —AICE MIXI L THEFEETH D, NU U AFRERFITHNAETITAR
<, REHEHZOMEIIRHTH D, WY ¥ AT, Bl ITHEEREAL SRS AA],
T AR O OOBLG ORGSR T DH & W foix 7e i@ e 5 (ATSDR, 2007)

REMEIEDRILL 72 o o Zh

LN MTRBWT, AEMEANY U AR A KER D ERS SR N G, BlES, &b
DEWHEHENTH D L b D, TolEERG L L BMaRERIT, NV 7 ARG - BEE s
DOBEMEICE T 25 LA KT 2D TH D (NTP, 1994) , MiZiRid, RAMEILE, BRM
B, IRAE MR, PR, SRR MERRAEE I NS & U TR IR E RIS
AR OGFETH -T2, TNHOEIX, i~ v A CEFIBILEE SN D B IR AR 72 B AR
I LI RE SRR SN R DM A LT\, IMJFEISRT 2 23 BREIRHE®ICE T
PO LD B b B EN BV EHMIFEEE T D a[REMEN H D (WHO, 2004) . WA X SER{L/NY
U LASOERE T, S, RO TR E Woln R E Xk B SR T RN S D
(CICAD, 2001) ,

O IRFERFO PDE fE

AV A MD2>ON] THEH NIV TIEL, Y ¥ AREETS mg/LOKEZRKH LT
T NALER & S ANY 7 AREE0.D mg/LOKZEKH LT e AR & DT, i i
BRIEBEL LIIBHEBROARRICEERITRD b ho7- (WHO, 2004) . Z OB S5
5AV7ZNOAEL 7.3 mg/LZ&E W T, R OMEKEOHEEM2 Lidaya VT, B 0 IREEIF OPDEfE %
UTOLIICHMETHZENRTED,

PDE=14.6 mg/day / (1 X10X1X1X1)=1.46 mg/day=1460 nug/day

ESHZ & 51RFER:D PDE fE

N MMEES~OEFIC K DBBEIAR D BE T — X XY = 2o dz, N U AOEYFN
FIHRIZ, AR OISR TEN TN 20%% TN 60% Th 5 EHEE X TW% (ATSDR, 2007) |
L7723 - T, SOREERO PDE B2 1EFRE 2 T L €., SN L 28R PDE fE&2 R H L
72 GlEEICE#EEnTWDH ) |

PDE=1460 pg/day / 2=730 pg/day

% A\Ug#EE: D PDE &

XY 7 DAEEM DR NRETRI AR DT — X I X R4 7= 6o 72, KEEE (US DoL, 2013)
E. AAMEANY U A AREIC L TWA 2 05 mg/m’® &G LTV 5,

30



TR FZ A >

EEARE (FEIZB W TEE S ILZFI~F5) Z#%EICAN T, WARGERFOPDEEZ LL T O X
INCEHT 5,

gt 500 pg/m’ X 8 hr/day X 5 day/wk 119 pg/m’

i}'\hﬁ =~ — = =0.11 L

RIS 24 hr/day X 7 day/wk 1000 Lim* oMo
X

CAfE— 0.119 pg/l X28800 Liday  _ oo onoao

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

ZEICER

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

Brenniman and Levy, 1985

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

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

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

WHO. Barium in drinking-water: Background document for development of WHO guidelines for drinking-
water quality. World Health Organization, Geneva. 2004. WHO/SDE/WSH/03.04/76
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HREITA
& K3 ADOPDEEOHEE
A RIyA (Cd)
& 1 e of e A
PDE (ug/day) 5.0 1.7 1.7

FFim

HRITLA (CA) FEBEETHY., KbV RARDENARITHGHEEE 72720, AR TR
FMERETRWE S, FEERRICIITEE LTI FIvAEanrbEbnsbd,  (ATSDR, 2012)
B RIT AL, 2 OFEREOA T & LTHET D, b RI U A, Fiigh KI v 2AKW)
EAT R U AL Vo7 DD H RI U ABEITKIEETHY . ZOMORNEMER X, B,
KT FE L OMHASERIZE > TKEBEMER IV EWbD LR VGS, B FIT A b RI UL,
RUTABEEK EOH FI U LI, AESRIZBWTHEEE LTHWOND, B FI T AE
I, IR =LA OBIRFIKFLICHW NS,

BEMEEORIL L 2o T FH

BRI LT, BEEEET LN, BRFEEZ LRV ENRINTEY, B NORBAY
BHELTHMmSNTWS (Group 1; IARC, 2012) . 7 RI 7 AL K U MWL, WA
ZRIEEZT, Floo BRITVAKOYH K ?Aﬂs/\%fw)ﬁa% & BB AR ONRINE RS A &
DOFNZIEDOFBEMENFE O IV TV D,

HRITEEORT RI U LE~OKROBRGEICE L TEZEN &S WRHEEE I ETH D
(Buchet et al., 1990) ., "B &L OEIRICT3 52 20%, FHUOBRER L )L TRO LI, PRIV
LRBOERZMENE N~ —H—TdH 5 (ATSDR, 2012)

Hﬁk%&@f/‘ﬁiﬁfi%%Lbf_ﬁ R X7 L~DOWAIREE 25 U 72 28D FEFF5E b DOFEMUL, H
RI T LA~OWABREICHE L3R A (& LTH) VAT OEMEZGEL T 5 (IARC,
2012; NTP, 1995) , W A==y kU 27 0.0018/ug/m’ 7° US EPA (1992) (2L VX H I TV
Do

B ORERF OPDEfE

RULKEOH RI U LEA~ORKROBEERICET 2 EZENm WV IHIEREIL, BHEETH D
(Buchet et al., 1990) . B L OB K3 2 203, FEOBEL L TRO LI, I FIT
LIREBEDEZMENFE N~ —H—T&H 5 (ATSDR, 2012) o TV REOR~TARATOHN RI T AIZH
T 5% < OB OBEERBIT, BONAMEOGEILZ R L TRV, LR -> T, BEttoihieiE+
HAWT, BRI U ACHETROBEROPDEEARET 52 & L L, ATSDROEIEIZHEV, 18
PERREZ IZF2 AMRL 0.1 pghkgz AW TR ORERFOPDEEA X ET 5, Tk, WHORCE KR
f£0.003 mg/L & FJ& L Ty (WHO, 2011)

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

MRL OHEHIHAAZI TN D Z 0D, EFELREIC DWW T Ligho 7z,

BT & 2 REERF OPDEME

7RI U L0.6 mghkgZz BIZSHE FHES L7277 v M2BEMREBRICE Y, E7THBEICEEER LD

7= (Prozialeck ef al., 2009) , ZORBRTITH—-OHENHWONT-, ZOHETAON-IAE
P REHIMBEORAA A~ — D —%BFE 25 L. ZORBMODLOAELIX0.6 mgkgTh b, 1+
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FHZ X 2 RERFOPDEED R EIC Z OREBREAE 2 V2, 0, 1, 2, 4, 8, 1631%32 pmol/kgDHi
b RI U L%ET v MR THES LIcilo BB GREIZ IV T, 7208 M OBLE IR TR R
T16 pmol/kglh D HE TR WIEN D b7z (Waalkes ef al., 1999) , EFEHNZON
MED . FEHEALICE G SN RFFEREDO T K UL %2 KR btofﬁ%#éﬂgéﬂmﬁ
fENThbd, ZOBGIL, I FIUVLOEHIZLLEBEORBEELZHEME D LI U 5 rTHetEn
bo, EERE (HERICBWTEZRESNTZFI-FS) 2#5EBICANT, ROBESAHRS 57 O
R GITEEL T, I X DRFERFOPDEEZ LT O L 9 IZHE T 5,

0.6 mg/kg X5 day/wk X 50 kg / (§ X 10 X5 X 5X10)

PDE= 7day/wk

=1.7 pg/day

BRI TAFIRARBETEIAMEEZAE L TNAEZE, KO FHRETHIFENRD N2 &xn
5. F4 LU THRE S Z8INLT-, 2O OFTRIZEIEMEDS AN D TH D, PDE HOKE
\Z LOAEL # W= Z &v6 ., F5 & LTI 10 238K LT-,

% ABR & D PDE/AE

HRITACHLTEEHESNERAL=y F U 227 0.0018/ug/m’ KLY Z 27 L~UL 1:100,000
ZHWT, WARZERO PDEEZLLTO X IR T2 2 &R TE S,

1X107
W A\BE§Z 5 D PDE fii = 18><10_3?ug/m3 =5.55X107 pg/m’

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

2=y P AT o —F|2 X ViEE I PDE fHICE L Tk, ZOHEICEEREEZHERH L2
/AN

BE 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
burden of the general population. Lancet 1990;336:699-702.

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

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

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

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

US DoL (OHSA). 29 CRF 1910.1000 Table Z-1. Limits for air contaminants. U.S. Department of Labor.
2013.
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Waalkes MP, Anver M, Diwan BA. Carcinogenic effects of cadmium in the Noble (NBL/Cr) rat: induction
of pituitary, testicular, and injection site tumors and intraepithelial proliferative lesions of the dorsolateral
prostate. Toxicol Sci 1999;52:154-161.

WHO. Cadmium in drinking water. Background document for development of WHO Guidelines for
drinking-water quality. World Health Organization. 2011; WHO/SDE/WSH/03.04/80/Rev/1.
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7 ua h

27 a AOPDEEOEE

7 vl (Cr)
% e 5] LEN
PDE (pg/day) 10700 1070 2.9

FFim

7 a L (Cr) [3EkA R LIRIETHIEL, ZhoDd bigbEER L DIL, Cr(0) (AT LA
) . Cr+). Cr3HEUCr6H)TH D, CrtQOIBS ICibEZ 5 Z L ovb, ALFAKICE W
TELAIE LTHWSN S, CreH)ITmARmIEAITHY . 7 a gl (Cro”) RUEZ v A
bt (CrhO) 1L k< mbni-Ax o 7oA L Ths, G, BEPTTRELERD
NHETHY, 7 RUBERBHCEERVLATE CTHDH, 70 LORZIE, 7 RUHELOIRED
RMOEALZSIEEZ U, BAFIERFEIR P, TaBR AR B OV R R (T B3 2 FIREMED &
% (Anderson, 1993, 1995) , EILF D s o ADEJRE LT, Sk, 2 - 228 IR iER
RN D ORI NN E 2 B b, Cr(eh) il s L CTHWONHEERE, ERLND
D7 v LAOERE, X0 EEOROC(6HDOEREL WS KV IiE, &F7 24 (Cr(0) XILCr(3+)
DIEREIZZDL LD THA A, LIedo> T, EHEMHEFNCEET 5 Z OR2MFHEIXCrGH) D REF D
BIEHHRICESS SO THY | Cr(6h)lEL Z DFHliA LRSI X TW D, Cr(6H) 23 il & L THEH
SNDHLAEITIE, BEMRHEIT Z D I(Qmﬂ)%aﬁ«%f%é EEAlE UTHFEET D2
ah (FlziE, Bfbras -7 —r, KEEbZ el - 7Y —2) i, BERUIZEIS TS
ZEMB, KA RIA OB TH D,

REMEREORIL L 72> T2

%%wwmmx(ﬁmAthM@n@@mwm%)%é@@ﬂ%éﬁ%ﬁbt?yk@\ﬁ%%
BARITIpnoTo, LVEEDT v MBI HIRAER 5388 (Anderson ef al., 1997) (ZHWTiX
Cr(3+)& L C15 mg/kg/day D G- & CHELBITRD bivgnote, 7 v LAORAEIIRICE L T
I, FERENSE BEITRE S LT Ry, —RIZ, 1.5 mg/kg/day D Cr(3+) D% 12 H
(US EPA, 1998) 1%, f#FE~OAEFZZEICEET 2 b0 LT THEI N,

UHT—HELbEa—L, BEREEZEE 2. ZEVEREEORILE 72 532 B Lz,
R OREROPDER

2000, 10000} T*50000 ppmD HED ¥ =2 U U EECH(3+) % 7 v kRN~ U R ZIRETH G U7 24 %
AMERER (NTP, 2010) C, ®HFICHET L7 0 2B L TROBEEENRH D, HOEE L
B b 2SN G ST, AR T460 mg/kglEDRENET ~ NI/ R RIE D 58 B =R A3 B 0
L7z, B2 UERCi(3+H)D T v F TONOAELIZ, KHE D90 mgkg (11.9% ; Cr II& LT
10.7 mg/kg/day) Toh o7z, ZOFRITITHEKRFEDRRO N2 hoTc 2 &b, BroEE

DIXAHEFE TR EME LTS, £, ZOFTAIL, i~ 2 INWT oot (R
THRD LN o Te, BIERE (ERUIZBWTEZE I NZFI~FS5) #ZEICANT, RO
FRFOPDEEZLL T D L 9 \ZH T 5,

PDE=10.7 mg/kg/day X 50 kg / (5§ X 10X 1 X1X1)=10.7 mg/day
ESHNT & D REERF OPDESE

Cr3H)a ik L L THIRNEK G T2 & & ofEREIL, FiEick v 220 REELTIX 0.05
ug/kg/day, FX A TIL 15 pgkg 72> TW% (Moukazel, 2009) , ZiLH OHELE— A& 5 &% 2
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ékﬁiﬁﬁﬁ BlZE, BT ER R ORBE R OB L T) BNETDME S 1EHlT %
N S A RAN Ik 2 VATA A

7 a LB LTI, ESREEICRD PDE [EORMDOEE L 702 X5 BT =2 B ignol,

71 L RO 7 v MMES Y OFRE DIEERFO AW IR 10%THDH Z &5 (ATSDR,
2012) . RROBRFERFO PDE fHA2EEARE 10 TR L €. EHNC L 2IREEFRFO PDE fEA B H L7

(G HICEHEH SN TWDH EEY) , HFHC X DBEERFO 7 v AT 5 H#45E PDE EIZLL T O &
BHTH S,

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

% ABREEFF O PDEfHE

Derelenko &> O FER (1999) TiX. WiBACrGHki1-Z 13 (1 H6IFRM, WIS HM) W AR S
Wizl TAH, FICKGBITEMERIE (EZEKIZE, b -RWE) K OWiREED [EMEIRE RO 5
Niz, Z ORI TN TORER TR b, LOAELIZ17 mg/m’ (3 mg Cr(3+)/m’) fé%
AT AT ARENECIBH & T > MTI3EBR ARG LI2s B TIE, WUz L Th e miEl
BOLNRNoTZ, TRHDOTF—X &I, WA TOMRL 0.1 pg/m’ %%U\B%ESEEWDPDEWUD
R EZH W= (ATSDR, 2012)

PDE =0.0001 mg/m® / 1000 L/m* % 28800 L/day=2.9 pg/day
MRLOBEHIZFHAIAENTND Z D, BEERKICOWTIEEA Lo 72,

BE W

Anderson RA. Recent advances in the clinical and biochemical effects of chromium deficiency. Prog Clin
Biol Res 1993;380:221-34.

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

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

Derelanko MJ, Rinehart WE, Hilaski RJ, Thompson RB, Loser E. Thirteen week subchronic rat inhalation
toxicity study with a recovery phase of trivalent chromium compounds, chromic oxide, and basic chromium

sulfate. Toxicol Sci 1999;52:278-88.

Glaser U, Hochrainer D, Kléppel H, Oldiges H. Carcinogenicity of sodium dichromate and chromium
(VI/IIT) 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:S18-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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)Lk

23V N OPDEEDOEE

a3V~ (Co)

& 1 e 5] e A
PDE (pg/day) 50 5.0 2.9

FFim

a1k (Co) X, RIRDILHET, < DA, BBHE, MEKNER L Vo2 Z2DMoeHE &k
ébfwéoﬂﬂwbi\t&\yBu®KﬂKﬁ%W%§?%©\A%ﬁDE/Aﬁ&U@%
B PRAICEE R EROBREOMEER L L THEET 5720, B FOMETLHETH D, FHN e
ME. 1 BRI pg a0 M2 RHENHEIT 5 (ATSDR, 2004) . B4 I B12 OHEREFREE
#(X 0.7~2.4 pg/day TH Y (NAS, 2010) . =/VL R & LT 0.03~0.1 pg (2N T 5, b MEKN
2T DR o L S OWZEA TR E STV Y, 3L Mea (BlzIX, 47
Z UV ) ERERIKELICB O TS L THOY BTV D

REMEREORIL L 72 > T M

lmm(m%) %&zn»h&@%@@@*%@(ﬂ%ﬁ‘i t MIxF L TIHDAMED ]

ﬁ@&é&# L7= (Group 2B) ., MiZiBroOT— 2%, 7 v M OE b TOREBIEAERALH

WCIREZSINDZ & &R L“Clz\é 3/\/1/ MeJElX. in vitro DEEFIEICEE L TIXBETH - 7=
75\ in vivo DYLOARILEFHREEICE L CidEEcdh o 72, NTP I, fﬁ&@%@771&0\7 v b
T%ﬁ @@%%@&%@H%nt fEam L7z (NTP, 2013) ., & MBI DM AIZ ;é%@

PERUER ChE R iﬁ%hf%&# TR ANMEIZE L TH ﬁéhfn&w(USHAzmm ~Z
ﬁ@@mﬁ%éﬁt ZBEWTIL, fm%ﬁMfﬁm%m%%#mw%ﬁfké(Mﬁm
2004) . tbf@:AwL@&A% 1L, BEAE CAME S L THBTWD EE CTEITIEDME
& r%tv i BN OV F7 25 12 BEHE LT D (ATSDR, 2004; IARC, 2006) .

78 O BREEIRF O PDEfE

% 11 gk 2 IRF O PDEAE VL ﬂ?jﬁ%fcﬁt DT —2 %I LTS, 150 mgDiE b= /3L N %221
ME MIXERDRESEZHAICBO T, K bEZMEN S WEHEEE L, IR EREINE T
%ot_vavkkbfﬂlmﬁgwxwm02m6AHDRZ%M 231 k& LTI mg/day®
CoCl, % 88~90 H M L7z & FERAF 106 (CBYESHI, ZtEsH) OFERIZIBW TR, JRMLEkE
IE X T Z O OB 13380 b2y 7= (Tvermoes et al., 2014) . #% 0 IRFEEF OPDEfH % .

NOAEL 1 mg/day% FEIZIRE LTz, EIEMRE ((HER1IZIBWTHELE SHLZFI~F5) 3 EICANT,
& N IEFERFOPDEEA L F D XL 5 ICE T 5,

PDE=1 mg/day / (1 X10X2X1X1)=0.05 mg/day=>50 pg/day
UEAPDEMEOFREICE M b FBRAEH L7z72, F3& L TIEERBRZ IR L -,
ESNT & D REERF OPDEfE

a0 MEAW~DEFHNZ X DBEIFIZRDBEME D H 57 — X 13720, 27390 R ROV =3
IV MEA Y O N gEERFO AR RO IL 18~97%TdH 5 (ATSDR, 2004) . #& MR
RED AW PRI HEMENZ E 2B E L. BORERO PDE EA4EIELRE 10 TRRL T, EHIC
X DIEFERFO PDE 2R L7z 3.1 THIZEH SN TWDH ERY) | EFNC K DBERFO 231
MZBI9 % PDEMEIZLITO LB TH B,

PDE=50 pg/day / 10=5.0 pg/day
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% ABREEEF D PDE/H

ilis = N0 b R ONZE OO KEMECoQH)MEIX, B N TG Z5 X TN H 5
(Group 2B) .

UANTIE, Wi 8 OEARME R & 2 1d, 18RRI e ARREEIZ L D B R CTAHALND B AN O E
258ETHL, TNOLDOT—XITEFEENLVEVLOTHLIEEZEXLONTNDZ &, KU
fe 5L hOFENAMEICET S8 bOT—Z TR0 b, 2230 ML TE, MRLTY 7
O—FZZIFANDZENTELEZEZOND, B MTBITDHENPAY X7 O EOHEEEIL,
MRL% W TR D 7ZPDEfHE & 1FIER—CTH S (WHO, 2006) ., W ABRFERFOPDEME AR HT 57
. BV ARFOMRL 0.1 pg/m’% AV 7= (ATSDR, 2004)

PDE=0.0001 mg/ m® /1000 L/m’ X 28800 L/day=2.9 pg/day
MRLOFHITHAAEN TN D Z Lnh | EEREIZOWTITEM Lgh o7,
BE 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. 2003;86, updated in 2006.

NAS.IOM. Food and Nutrition Board. Dietary Reference Intakes: RDA and Al for vitamins and elemnets.
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&
$i @ PDE fEDOHEE
#i (Cu)
(s S WA
PDE (ug/day) 3400 340 34
i

il (Cu) 1%, B EBLETE 11 KxFEo 1 DTHY ., EIT 2 >OBILIRIE, #1(1+) & O
CHEED, LDt FOWTHIZE > THMHEDBEILE TH D, ik, W< ObDOEER
B R CAR PR EN &2 7= U, 1B 72 i i OSHIRR HIC B BAICE#E LT\ b, diiba® (f)
ZIE, H7 v AEREH) 1%, KB ORI S IZ I A e L THW LIS,

REMEIEDRIL L 72 o ol

HY RN MARDEEEOH D ZeMT — 2 ORAINZR L E2—I2X 0, dlix, HHEHEOR
HEIIZHBWT, HEE. TR OB IRICAE EREL KT TARERH 2 Z LRI TN D
(Araya et al., 2003)

#& O EREE IR O PDEfE

v A Ty MO X & W TR O8-% /U 2 7 — MIEET 2R BN ERE STV D

(IPCS, 1998) . 7 NI, ML OIS 222ICBAL T, b0 9 b TN RS
EWEMRE &fIT S T2, T B IZ500~8000 ppm D iR EE LK Fd A IREE B 5 L 7= 1338 [ 5R
IRV TIE, AE B OB R K OV B HS 582 B9~ S NOELIX 1000 ppm Tdh - 72, 2000 ppmlh k-
DEGEIZEB W THIFEEL OB FZENTE S Hi7Z, NOELIX1000 ppm, 64 mg CuSOy/kg/day (Hi &
L C17 mg/kg/day) fHM4CTdh -7, (Hébert et al., 1993; IPCS, 1998) , EIELREL (FHEk1IZB T
BRINTFI~FS) #BEIZANT, RROBEEIFOPDEELZLLFO L 5 IR T 5,

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

EHIZ L HBRERFOPDEE

SR 2LV B a—iF, EFNC L 2BRERK IR DOPDEEORE O L 72D X O R HER
S AR ET D Z ENTE o dz, ST RENICB W THE SN D A Eh b B IS
78D 5B, B FOTHEEERIT. 30%~40% % WINT 5 Z L3 TE % (Wapnir, 1998) 8 & UV
KGR DO F O RR B O AW R R A330%~40%IZFREHNTWD Z & 2 E 2 . BRORERO
PDEfH Z & EARER10 TR L C, HHIC L 2BFERFOPDEEZ B L7z GUAEICEH SN TS &
BY) . EHFIC K 2BRERFOHICE T D HEEPDEMEIZILL TO LB TH 5,
PDE=3400 pg/d / 10=340 pg/day

% ABREREE D PDEfE

WA SNIZEOFMEICE L, AFARETH o727 — X 1%, FH, I IXEMER AR OMRLE &
EHTITIIR T+ ThHD EE 2 BN (ATSDR, 2004) . £ OBRFEROPDEE 2 & 14250100 T
LT, WABRBEROPDEEZHEH L7 GIHEICEHINTWSHEEBD) |

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

S 3R
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Araya M, Olivares M, Pizarro F, Gonzalez M, Speisky H, Uauy R. Gastrointestinal symptoms and blood
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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):1054S-60S.
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£
4 DOPDEEDHEE
£ (Au)
& 1 e of e A
PDE (pg/day) 134 134 1.3
i

& (Aw) X, BRFEELORLEF 5H+5 ORETHFEEL, B 1 ML 3 MOREN KD
— R TH D, TREZDHET, WIS K, LER> TEWLITIEER S D 6 O L 137
STV, &%, AARICEIT A LT, A LT, ItEE R L-Au” (Z 2T
WO LIFHRRAT 7o, B VBB F U UIT LS Th D, Telles, 1998) d L 5 AR THN
b TW5b, WEFOEOME—DRIFIL, il LTOEMANL2b0THD, &AHHIL,
BIFRICHWLN D,

REMEIEDRIL L 72 o ol

BOFMEDIZE A EDHFIL, &OIBFRIVERICESWN TS, BIEMARTRRZRIERICHW bR
HH01F, 1 oA+ & A A VBN (Au-S) EDOEBETH LN, @RS IN TS,
anA NRkoeREe (HET4) %, 30mg/day T 18M, KIZ 60 mg/day T 1 #HE], TR
Y a— VTR INTZBEE 10 FICHEMEITX R O o 7o, MiZEE 1, 30 mg/day THIT 2 4
MIRER A fikfe L 7o, MR a0, BIRo M S IR O MR e ORI 2 <, UV
~ FHEBAFIR OERIRIER L YA b A 2« RTA=FIIBWTHILIREOLENRD LT
(Abraham and Himmel, 1997) .

Sz TR oOEm ke o7 —2 B3HHARETH L, @baWic L 2mMEE LT,
FNEESFE S 727 v b (Payne and Saunders, 1978) KOt K (Lee et al, 1965) (21T 5%
llDIRZE, A XIZBT HHLEEME (Payne and Arena, 1978) ZEndH 5, LivL, ZiudOikER
XL UlioeQ+H) UTEEGOARHMY & L UIFELRWERBOEZ W TERINLTEY ., L
7o D3 o THAIT OISR DPDEE A E X 3 DI+ 0REEMER H 5 6 O LIEE 2 e,

SO OMEFERO PDE EARET 572010, BAFITHFAET L LB LNLBEOEOR DR
Bz e N UTEMIZIS T 2 B D & 5 BRI, AuBH)IE, L0 BmIERIRVIERE &
EzZ b, MEOSCBOTHWSOND BlziE, =ZHibd) . &@HEAWICEL T, R5
N7 —2 Ly, b5 —R BRI\ T, &BHILEY [Auen)Cl] Cl (Y7 vaxFL oo
T A F ) 1R, Ty OB ORI B W TR R B (b RS X E 2 L.,
< ATBWTIE 322 mgkg OHET 14 BMEENES S, BIRBEEXEZ S X X7
o 7= (Ahmed et al., 2012) .

% D IRERFOPDEME

G ORFICET 2 BRI B RIS mE TH D, BIRO MM X & O F D
FRE ORI CTH H -0, &@HEIEENERE SN~ T 2 2B 2RBRIT. & OgEEO
PDE HOREIZBWTZ AR LD EEZ BN, BIEHRE (i 1 I2BWTEEINT- Fl
~F5) ZZBIZANT, BOBERFO PDEEAZ LI TD X HIZE T 5,

PDE=32.2 mg/kg X50 kg / (12X 10X 10X 1 X 10)=134 pg/day

PDE D EIZ LOAEL Z W T\ 5 Z & ROEMEFERFHMENE T LW RnZ &b, F5 &
U CHRER 10 238 LT,
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HEHIZ L HRERO PDE &

E MZBWT, &4V T3 U 7 A50 mgZz FHRWNTES Lo/ AR HEIZ95%
B ToH-o7- (Blocka et al., 1986) , 7V FIZEBW T, 2 mgkgw HRANEN LI-ko&T 4 o2
r h U o7 AOWIEITRIT0% TodH > 7= (Melethil and Schoepp, 1987) . EMFrIFIHEE EW 2
L. RO O BREREF OPDEME DR EIZEIENE S L 2B H Wb Z s, FEFICED
W 5% IRF O PDEAE 1 34% 1 MR EZ IR OPDEfFEIZZE LV,

PDE=134 ug/day

% AWgEE R O PDE(E

W ABRFE R N OESNC L DBREBIRIC B 20 H 57— 213, BT 5480 Rk
DOAFEMIZIRD LD EEOIFE LRI D, B OBRFERFOPDEE % & EA2 %5100 T L T,
HEHNC L ABEERFOPDEM AR L: GUlHEICEH S TWS EEBD) |

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

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

Ahmed A, Al Tamimi DM, Isab AA, Alkhawajah AMM, Shawarby MA. Histological changes in kidney
and liver of rats due to gold (IIT) 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
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&
$1 D PDE {HOE

g (Pb)
& 1 e 5] e A
PDE (pg/day) 5.0 5.0 5.0

FFim

g (Pb) ITAEHE LCHERY E L COIEET D, — i 2 Mok & & LTk, Hilkén
FEOREMSE N OB E DA D 0 5, AIMbamE LTiE, AV U CIRIFICH LT
T AF NIRRT N T ZTF AN D D, AREMEAEIL. R T D B0 S i,
KA O g SN b S & L TR T 5, $hicid. & N XUTMELEMWIC I 1T D RE O £
FHOFEREIX 72y (ATSDR, 2007)

REMEIEDRILL 2o ol

b R ROEICE O TIE, Sh~OIREE X, APt AFH, 384, . MEERER M OV IR £ D (R
WRELZSIEEIT N D, M, SamtEIicxr T 2 EZ M. IABNZB W TIRE S
Xl LT, BRI R OV NS iob\fﬁ/%ﬁzéi’btk% ZEVE, I EEREN 1~2
ug/dL, ZEWFERIRIHAENR 100%, 1ZNIIBRED LW ERELZET V77 a7 A (US EPA,
2009) ZMHWT, PDE ERE Oz, ZD7=HIZ, & PDE fEIX. BRERIEICH D S E—
Th D,

#% A B&#E# D PDE fE

ARG R O MIBWT, bR <, 230, BEEO RS WEHEFEAR X, A F 2k

ﬁ@J%E’JE”iFT“E!?)é LEZDND, FEANENOOT —ZIE, 5 pg/dL K D ML FERIREEDS, /N
RO TEN AR E (BT L T D AREME A R LTS (NTP, 2011)

US EPA €7 /L (Integrated Exposure Uptake Biokinetic IEUBK) Model, 1994)  (WZX3E 100%, < D

fign OMEEEIR 72 L) I XAUX, 0~7 & (0~82 FEH) D/hIz e 5T, 5 pg/day OF BRI M

R 1~2 pg/dL (237 % LR E 45 (US EPA, 2007, 2009)

PDE=5.0 pg/day

B X DEREEIRF O PDE fE

RO OB OB T M AP L~ IS, LS Ty EHIC X AEFERO PDE i
HRgEFEEFO PDE fEIZZ LV,

PDE= 5.0 pg/day
% \IRgEIRF © PDE fE

O OMBEBREOEE TP L~LICESL, LERN- T, WARFZER:O PDE flIX. BOREE
D PDE fHIZZE LU,

PDE= 5.0 pg/day

ZEICER
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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 20009.
(http://www.epa.gov/superfund//health/contaminants/lead/products.htm; Accessed March 25, 2014)
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VF U A
U F 7 AOPDEEOEE
VFh (L)
s S N
PDE (pg/day) 560 280 25
FFaf

UVF o s (L) 1%, BESOMBEHFICFET S, b ShIc&BThs, VT U AL, BT,
XIFZE DD LR & DA T, fillfit & Lfﬁﬁb‘%ﬂfb‘éo VF o st (Flxix, KH#EEk
TNAI=g LT L) F, AEERICBT2EEEE LTHOY LR TWS, VT oL, @l
+1 OFRALIREDHT L L TOAIFEL TN D,

BRMEEDORILL 72 o o B

UF UL FOTRFEIEE L CTHEH S TR Y . BE, B RS X OISR 5 9 OlR
FBICB T DY FULEORGIZET2EE e N —203b5, VFULEERHWREL, VU
FUAREMEZILC O, BREYEMICEIHEREHRENE LT 5, VFULAOIRRIEIL
BHHACH L D28, MiEFHRE 0.6~1 mmol/L [Z%E ST\ % (Grandjean and Aubry, 2009)
B~ — Y3k, U F U LOFEMEIL, BFREOIRE CTHBLLGS, & MIB T Y F U L%
HEIE, RIS, RIEMERRIER T, FRIERRIER T, LR M:ﬁ%ﬁ'éﬁa&&z}%iﬁﬂbmux&ﬂﬁi:@:ﬁ
HLTW5S (McKnight ef al., 2012) , 8H OHELEH&EIT, 300~600mg O 1 H 3~4 HHE5TH L
(US FDA, 2011) , H¥#&%7 —Z &L bt a—L, BRERKLZEE X, ZEMEEEOIRILL 70 5 5
EREE LT,

1% 1 R ER I O PDESE

t MZBT2 Y F U LOMEHRERN, 2@ PDE EOR A E L TIHHH éﬂto bt MBI D KR
VF U LOR/NEEREODHETH 2 300 mg (VF T A 56 mg) ZHWHEITIE, K OBRERFO
PDE fHIZLA F O L S IZH I & D,
PDE=56 mg/day / (1 X10X1X1X10)=0.56 mg/day=>560 pg/day

Z @ PDE fHDOFHEIZIX LOAEL (#2E— A5 8ED 1/3) ZHW-Z &6, F5 IRk 10 2%
WL,

EHNT X 2 IRER:OPDEfE

HEFHZ X DBFEFF D PDE H%2KET 2 DI T — 2 B, L LR G, ROBEREED
AW =EHIRI 2 258 85% (Grandjean and Aubry, 2009) T D Z & B E 2, & DIRFERFO PDE E
PETFAREL 2 CTHRL T, IS L A@EERO PDE fEA B L (3.1 HIZZHINTWE & B
D ) o

PDE=560 pg/day / 2=280 pg/day

% AR & D PDEfA

T X206 XI1X1.9 mg/m’ DREE DALY F 7 A4~ M, LS A, 1 H6MRIMggER L7
(Johansson et al 1988) )t%ﬂﬁ%"iﬁ('fi&()\@?ﬁﬁ%ﬁﬁ%ﬂ%‘f PIEMEZRALIZIER LoD, ffidd
A INT, AEZREE i?&iéﬂiﬁi))o =78, )ﬂ%z’ﬁPDEﬁE@EQﬁ? WCHWHB Tz, BIE
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25 (FFR1IZB W TEE I INTZFI~F5) & EICAN T, WARGZERFOPDEEZLL T DO L 51
B35,

R ot e 1.9 mg/m’ X 6 hr/day X 5 day/wk 0.34 mg/m’

e R R R = = =0.00034 mg/L

RIS 24 hr/day X 7day/wk 1000 L/m’ 0.00034 mg/
X

CHE= 0.00034 mg;Lkg 1440 Liday  _ o5 \o/ke/day

PDE=122.4 pg/kg/day X 50 kg / (2.5 X 10 X 10X 1 X 1)=25 pg/day
BE 3R

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

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

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

US FDA. Lithium carbonate product label, 2011. (available at drugs@fda; accessed May 1, 2014)
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KR
KEEDOPDEFE DR E
KR (Hg)
& 1 e 5] e A
PDE (pg/day) 30 3.0 1.2
i

KER (He) 1F. HERBBRICH WAL 0 LT D, AT, Tk, MK R O MK ER
D 3 DOORETIFET D, BHFIFREE T 5 RS I b W /KEROEREIX, P RETH D,
L7235 T, ZOREMFHEIL, JeRKE L OEMKEROREME: O H 5 FEFr T — X 1I2E5<
LD THD, ZDOREMFMN L OE X H S 7= PDE EICHOWTIL., ARAKSEICITEM L2V,

REMEREORIL L 72 > T M

E MIBWTEMKEBNERAMEE BT D EE2RmT T — X170, HALKEBORBAMEIZEE L
T, EREWIZB T DRENRFEIDH 5, EHEESABFERER (TARC) (X, HEHKELEY N
t MIXTDHENBAMEIZOWNWTHETER2NH D TH D Efbim L7 (Group 3; IARC, 1997) .

HEROKE LA, AREKEE L LR THBEITERWER DIRER O AW R R 2R L, MR
B EEARE . I R M OV~ D B ONC R SRR (JESIETRIE) & W o To k& ARy
LS X 2T, ERKER OFOEIZE L TR EEDORIL L 72 2 EMEIL. BEETH
5o MR A Lo A~ OBV A S 4T %  (Shimada et al., 2005)

B ORER OPDEE

7w RO~ U RAIZEWT HeCl ik 2 FlEG Lz, K< T A v &z NTP OB 7
T 5, 056, X0FERERRFEZRFEIA T TnWsd 2, KO 2 R LY & H
EHFIPHANIAVY (0.312~5 mg HgCly/kg/Sd/wk) Z & &#BREE LT, 7 v MIIBWT 6 & H [F5RHl#E
OBG 21T 72 ilBR2VEBIR S, BIROM T EE L ((REICKT ) fHxTEEN 0.625
mg/kg LA EDOEGRETHEIM UTZ, BRIEFRT A—2 D (FVvTF=>, hVTA T
=T R NTUAT 2T =B ROT ANRTXUVEERT R ) N T VAT 27 —EDRD) BNeks
MO b, YT RiE, HEKRFHR L0 1T Ebn o Tz, BIEORBE K OVE
JERE (B0 DEREE) OHEINAS, AL /KSR 0.625 mgkg UL LOEGHE TR O bz, AFE
SR B 25 (JECFA) OFEfi (JECFA, 2011) I2BWTix, 6 BAMT v kB (NTP,
1993) NHHEOLNTEEMICHT 2 A FHLE (EEHEM) %12, BMDL, & L TKEHE 0.06
mg/kg/day GH 5 AMOBEGENLFHEINTND) NEX M I, EBERE (8 1 12k T
BEINT FI~F5) #HWT, ROBRGERO PDEEAZLLTO L 9 ICHEMT 5,

PDE=0.06 mg/kg/day X 50 kg / (5 X 10 X2 X 1X1)=0.03 mg/day=30 pg/day

6f& H BIRRER M OR4ERBRICB T 2 IBEABECTOFRRITAER O LITZEZ N ho 722 &b
O, F4%1& L, F£7-, BMDL;(Z’NOAELE B 2 L1525 (Sargent et al., 2013) Z &b, F5%1
L7z,

SN & HIREERF OPDEfE

e, EAKER O 0 AR HER10~30%DOFHNICH D Z L2 REBLTND

(ATSDR, 1999) . L7235 T, #HOMREZEROPDEE A EMRII0TE LT, EHIC X DR
OPDEfEZFHH L7z GUAICEZH SN TWD EBY) |
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PDE=30 pg/day / 10=3.0 pg/day
R A\BRFER; D PDE fE

MRATEN PR AN B MRARZEZ BT 2R bESERREWVIHMEEE Ch L B2 oD T &
M, ZERH TWA JEE O 14~20 pg/m® OIEEREICE T 2MENE T RENTNS (US
EPA, 1995; EU SCOEL, 2007) , #FHERRIC I 2K KRR (14 pg/m’) TOMBAITENIEAY
WEOFIE (Ngim et al, 1992) 1%, Mi% TWA JRE%4 LOAEL & L TEETHANERHDHZ L%
RLTWD, [EERE ((HE 1 ICBWTERI N FI~FS) ZBEICANT, uRAKEAEKIC
x4 2 R IR EE 2 JEls . W ABREERF D PDE EZ LA T O X 9 IR T 2,

e s 4 14 ug/m’ X 8 hr/day X 6 day/wk 4 pg/m’

IR TR T = = — =T =0.004 pg/L

RIS 24 hr/day X 7 day/wk 1000 Lim® 0004we/
X

Capg— 0004 pg/LX28800 Liday _, 5o Lg/kg/day

50 kg

PDE=2.30 pg/kg X50 kg / (1 X10X1X1X10)=1.2 pg/day

PDE fEDEIZ LOAEL Z W= Z Lt BT ZRRH U CKEPIICEERITT 5 AlHettlc
DNWTHEEIZANT, F5 & UTHRE 10 28R LT,

ZE R

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

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

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

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

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

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

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

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

U 7 F U OPDEEOHEE

EIJTT v (Mo)

% e s) LEN
PDE (pg/day) 3400 1700 11

FFim

EFVTT 2 (Mo) OERBICHII+HE K O+6 T, X7 =4V HOBEN R RN TH D,
TV TFrOEELFREIE, HERRORBKTTIEEY 7F UBA 4 (Mo0sY) THY, K|
NH, O Ca®t & W o 7o & R A Ao & AL A E TR 5, BV 77 0%, T T
K2 ZIRRECHFAE L. T OBEIL 0.1~10 mgkg TH D, MoO, M X MoS, IEAKITIET 720, BF3E,
LG K OWEPICIE IS FET 5, BV 77 ALEW (Bl 21X, Bi-Mo, Fe-Mo, B{LEV 7
TUKOE D TT U ARE) 13, AW TEL S L THW STV S,

BV T T IMAEATLKETH Y , BIEH EROHEEMEIX, LR T 100 pg/day, HAT 600
ug/day T& % (EC Scientific Committee on Food, 2000) , €V 77 U RZIEDFHRIT, KE. i,
FOYRkREE . B, SIRA OWEFER TH Y | ET A T4 = IREOEIE & W o otk x 2 A RF
WRFEZMED, £lo, @mn ) —iRE2=Z T TW5H 2 BF BT, MG OREEIEENIZ
ERHBERAARH CTHo Tt HmESN TS (Abumrad et al., 1981)

REMEEDRILL 72 o o Zh

“kmE Lo T U RERFEMEEA RS o7 (NTP, 1997) . £/, 4T U X ESNLA
REBVEBRBEVIZEAT (RIVM) IZ K DML, Y 7757 il sitt 2 m & v & L7z (RIVM,
2001) , IARC XIX US EPA (2K DN AMEDOFHIITIT O TV, BOgERFOETY) 77
OFMEITIER, TV 7T U ERARLE SN~ T RZBIT 2B B AMEOFEHLN N Db D, 3
DADFREMEIL, T ORFEREICE LT, kb R mEFEMEEEO S 2 HMIEE CH D L5
Z b,

B OIRFEE; O PDE

7w MRS SNI-igT ) 77 VBT ) v A0@EMEEFHAE L7-, GLP @A 90 HM7H
HRERIL, BV 77 & LT 60 mgkg/day DG EIZEIT HRE, REHME, BEERR, 4
Ofgigs i (i B K ORI 2 MxtE ) &K O OFRERRFIET L (1 2 PCoUTnR
S DORFE 2 OVF AMEDIBIZER) ~DVEH & W o 7o B LI L (Murray ef al., 2014) |
HEZ v MBI A ERERD ZFRE ., 60 HEOREMEE TRICEEREITGRO behole, A&
g E . MERHSUIRE FICET 37 A= ~OFEZBIIRDO LN oT-, FEEHELIX, 20
#BRDO NOAEL AE U 75 & LT 17 mgkg/day TH 5 L L TW5, ZOHREIZBWNT, #
BE O 5 CBE L2 BRI R oo o, EERE (8 1 128V TEL I FI~F5)
W, BROBRERFO PDE EIZLL T O X 51272 5,

PDE=17 mg/kg X50 kg / (5X10X5X1X1)=3.4 mg/day=3400 pg/day

ESHZ & 51RFER:D PDE fE

Vyskocil &Y Viau OJFZE (1999) 2B\ T, ROREERFOE h TOAEMFOFIHRIL 28~77%
DHEIPH T o7z L HE SN TWDH, Tumland © (2005) (%, FY 77 OWIITEER B TH

90% ThH o= EME L TWD, LIzRno T, MHEHIC X 2IEFERO PDE fHIX. EIEFEK2 THRL-
HLoresn GlHEICEREINL TS ERBD) |
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PDE= 3400 pg/day / 2=1700 png/day
R A\BRFER: D PDE fE

W~ o AW T AR Sz b E ) 77 VITRBAMERED Hiv (NTP, 1997) | i
OB T I, Jé)77/&73/1//'7A&U“:E)7“?“‘/@2‘;@%"#& MR L THER A Mfﬁﬁ“
LHATREMEZ R LT D (NAS, 2000)  Mff~ 7 RIC31T DHRIE DA DRERT —5 (f§5)

(0. 10, 30 }TX 100 mg/m’ EBEEICIHVTENZH 3/50, 6/50, 8/49 TN 15/49) 7% HIV TE A}
WEEATHT-ODET Y VI RERENT L A, NADZ=y M X271 2.6x10°/ug/m’® R
TdHD (NAS, 2000) . 1:100000 DY 27 L~yLZ&HWT, B AIREZER D PDE EAZLLTFD L 9
WCEHT 5,

1X107°
W ABRFERF D PDE fii= =0. 3
W NI 5 Iy il 26X 10° /gt 0.38 pg/m

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

2=y P AT o —F|2 X ViEEHd PDE fHICR L Tk, ZOHEICEEREEZHERH LR
U,

ZEICE

Abumrad NN, Schneider AJ, Steel D, Rogers LS. Amino acid intolerance during prolonged total parenteral
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(accessed September 29, 2014).
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=y

= 4 )VOPDEEOIE

=)V (Ni)
(s 5 PN
PDE (ug/day) 220 22 6.0

FFim

=L (Ni) 1L, % 10 ROF BB TETHDH, = 7T 0, +1, +2 KO+3 O LIRRE
TIFET D A[REMEN H DA, TT-2ikigIT+2 Th D, = v 7t kxR EmEE THR
RICHFIET 8B TH D, —BANZIE, = 7 EEWITKEEIZE S ToE S, k=
v, W= v VR OMEEE = > 7V E WS T AKIEER L0 s = oA, BBib=v 7
N OHRRAL = > 7 b &0 o T2 KB DR EIZ ER TEES & WEICSH D (ATSDR,
2005) , = UE, B P TIEREZROICKNETIIZR VWA, 8 Cii= vy FVRENEERE L
BlERZFTERNDD, =T N—TNAI=ULEEELTO=y I, KFERIGIZEBIT S
itk LTHOWOLA TS, EREZFARABZOHBICHNON D AT VAL, 7 ri%EE
DHR—ADEETH Y, 1%RE~38%D = F IV EBRILHE L TERELTWDLIEARH D
(Stockmann-Juvala ef al., 2013; NTP, 2006) ., = 7 /LDO— H#EREIT 100~300 pg/day DHiFHIZ
&5 (USEPA, 1996) .

REMEIEDORILL 72 o o Zh

=ik, BmtEraE T 508, BREME L7270 (IARC 2012) , ROBRE®RO= > 7L
WORNANMEZRIBT DS DI (Heim ef al., 2007) . FoHEHZ W20 < OO AR
REBICBWT, HOX A T2 K> TUHESG O & > 7= (ATSDR, 2005; EU EFSA, 2005) , US
EPA |3= v 7 VISR Z A N DFMB ANEIC 7253 5 5 L fERm L7z (US EPA, 2012) , = v /7
VKSR A Ak IS, = v Z VB EITIAT v L RO EICEED A EEE 2B WL,
DAY A7 DA EREINIERD Shehr-7- (ATSDR, 2005) ., = v 7 /LDTXTOREL —#E
L. IARC (2012) 1X., =v /L&t hOENPAMEDE (Group 1) LTV,

t NERUEIZEBWN TR, =y 7 b0 REROBERUE, B, RERD I OV IR & O g~ o
HERBEZRESEZTZENHDH, B MI, —BOIC, = AREEE R0 HEild 5
EL ST NVITBIEESND K9 b, e bOT—HiE, BKICE D=y VoOR—HEORKNO
BN, =y T VIZBEST e P CREREZFER LI D AL TS (Nielsen et al,
1999) , = 7 VOREFEMEOKROSRHAEOHHIZI W TIE (US EPA, 1996) | = 7 /L
JEO B MIBE I TRV, BHRAREIX, b NROEY & I OEPEDORIE & Vo7
HERBCEACDAHREMENRH V| KE IR, KR, BRHEE & OWFSRERE E 23 = » 7 )V O VEH:
TROSEEEEE THE SN TW5D (ATSDR, 2005) , AN NiSOs 25 SN/-T v FTRAE
U7 RJEMERIRZS 1Z, RIAME NIO 2858 7=T v M TRAE LERIFA & T, @i
BLLTWBDEDTH-7=M, LV EEEDOERNLDOTH-7- (Benson, 1995) . = 7 /LDt
. s X0 ESCHICRININDABEEDOERIZBWT, LM 2sb0EBbhbd
(Schaumléffel, 2012) .

78 O BREE IR O PDEfE

10, 303(%50 mg/kg/day Chifit = 7 VKR % B 5 Xit- 7 » MBI D2EM OIS AR
BRCld. BRI O 5 BE U2 S IR Do e, BREEEOMICE VT, #5550
~105H TORTHIZ, AERBEERE USRI H Y | F7o, MRS &I 551030 TORE
(CHERFN BN B0 . ST, 305 050 mg/kg/dayik 5RECHE TH 7= (Heim et al,
2007) , LOAEL 10 mg/kg/day (= %/t L 2.2 mgkg/day) %M, EIEREK ((HgLick Wy
TEBEINTCFI~FS) ZEBEICANT, RORERFOPDEEIZLLTO LB Th D,
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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
UEEPDEME OR%EICLOAELZ W= Z & 006, F5& L TREI10% 3N L=,
ESFHT X DR EROPDEfE

E7R = rVIENRZ HWc B B ORBRAGEIT, BB S AR D 29~40%H3 I S 41
é (EEFPET —H I CHESX) LHETDH LD TH 7= (Patriarca et al., 1997) . = 7LD
WK D REFOBEZIMMET 5 5 1 DORBRICBO L, HEHED 2~23%3RIX S
7= (Nielsen et al., 1999) , L7223 -> T, = v 7 /LR UUKEME= v 7r LAY OR D gREERE O A
%Eﬁﬂﬁﬂ#—ﬁﬁﬁémﬁ’]fi%@“ﬁbé EEESE 2. RROBEERFO PDE E2E EAR%EL 10 THRL T,
EHC L ARFERFO PDEEAEH L Gl1HEICEHINATWAEEBY) |

PDE=220 ng/day / 10=22 pg/day
R ABR BRSO PDEfE

W ANgEZ IR OPDEME OB HNIZRE L Cix, FIHAWEERT — 2 b, BEEOH 5= v 7V DOIFREN
BIRS Tz, Blb=y 7 Vv Z2 AW 2FERORBRTIL, ~NA A X — (Wehner et al., 1984) X%~
7 A (NTP, 2006) \ZIEEHIFED LI o7z, 7 v FTIEREDAMEITET 50 < DO FEHLA
bHoT=h (NTP, 2006) . &JE= v 7 /L O AR TIIFHNAMEDOGEILIL 722> 7= (Oller et al.,
2008) , W ABLFIH ’TEL ) BIERER NED = 7 WATFE D ANEDFERLZ 7R L T2V T
=V L TR, BERET e —F 13T AND Z LN TE %.’ﬂb@):%z b, EEMR
B (U B W TELEINIFI~FS5) ZZEICANT, 7 MRBRIZEHIT 5= > 7 /LDONOAEL
0.5 mg/m’ & K12, W AR OPDEM A LI T XL 5 ICHH LT,

e 0.5 mg/m’ X 6 hr/day X 5 day/wk 0.089 mg/m’
LG R R = =V
AN R AT 24 hrfday X 7 diwk 1000 Lin? 0.000089 mg/L
X
B E— 0.000089 mg/L X290 Liday  _ mg/kg/day
0.425 kg

PDE=0.060 mg/kg/day X 50 kg / (5§ X 10X 1X10X1)=6.0 pg/day

S RIEYEDIERED = » VIR ER SN D RN D H 2 L. KT RTOFERED= v 7
JL DO NG TE % OIR PR AR A TS RIEDN RO bz Z b, F4l L TR0 3R L
71.0

BE R

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

Benson J, Chang I-Y, Cheny YS, Hahn FF, Kennedy CH, et al. Fundam Appl Toxicol 1995;28:232-244.
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Haney JY, McCant DD, Sielken RL, Valdez-Flores C, Grant RL. Development of a unit risk factor for
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Toxicol Pharmacol 2012;62: 191-201.
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54



TR 74 >

55U A
NF T AOPDEEOHEE
NZVy A (Pd)
% H At LN
PDE (pg/day) 100 10 1.0
i

RN (Pd) 1E, TOMOAESKEEREL D=y 7L EHEPLTEBY, o, HFL TS,
WA CTRIEED S 28R TRER TH D, /NT7 VT A, PA0) (&F) . Pd2+) &Y Pd(4+H)D 3
DOBHETHFIET D, T VU LIFEERBILEWZTER LIEH0, FILEm O 5 LEER AN
BOLNDHDIXIFEEALER, RT VT A (a2 FHA ET) 1, KFEISIZEBIT 2 il
ELTHWOLRTWD, T VT AERIT, KATIZBWTLETHY EK&U%%%@<

EAEDOFIRIC L HERICI A 5,

REMEIEDRIL L 2o ol

10, 1000250 ng/mLD /37 P07 NEFKES LI-EZ ~ FO90HER T, T Vv A, B
fBICERET D25, A, B, PUESUTEICIZERB LW R RWEani, HEkiT. Ekbf
EHEEEABALZLDOTHD (avicoli ef al., 2010) . kex 7237 207 MMEAMIT OV TORME i
LB 2 N T2 in vitroZE BJFVERBR DN 22y (RAIF 7 RAEA W= — A ZR R, K
I %2 728087 v€7 A~ & MU UREkEHWT/MERER) X, BEORKELZE 2T
(IPCS, 2002; Kielhorn et al., 2002) , M%7 — X &L B a—L, &ERKERE 2, oL
DIRHL L 72 DB A FEE LT,

78 O BREE IR O PDEfE

WL OO EMEMW BN I S, T U0 AEOFMER O NAMEDRBE M THO TV D,
LML, AFET, FOHTA KT A - THEM SN2 HmEFRIRBRIT 2V, AFA[EER
F—H %, /XT V7 AONOAEL2Y0.8~1.5 mg/kg/dayD#FiPHIZ B 5 A[EMEZ /R L TN 5, ok
MO R T VT AQH)E/NT VT A E LT mgkg/dayD HHE TE G T 5~ ZAOAERER
(=R M@k% WL OOl TOT I uA NERBROGEREMEZRD, £/, Ml Wﬁm
Hl 2RO T, MEZ T EIH 238D 72 h>-> 7= (Schroeder and Mitchner, 1971; IPCS, 2002) ., =
OFRBERIT, R A D ATREMEIAR D il FRIE 2 e 3 5 Ik Z 5 A TV ey, HigaBro T 1 o~
(H[E 5 L ~v | MEEOREG I AR D 7 — Ak, RRBEICRT L TR EIDNG L7 5-8) 1%

%ﬁh@ﬂ%@%ﬂﬁ#éi?@%ﬁﬁ%?~&@ﬂ%ﬂ@ﬁéntoWE%@(HﬁHﬁ&\
f%%éntn~m)%%EKA%T\MELLzmﬂym@%K % 1 W EE R OPDEME & LL T
DEIICHENT D,

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

W PDEEO R HICLOELEZ AW - Z & vD ., F5& U TREGATRIN LT,

EHNT X 2IREROPDEfE

NI LT LML B2 —%, HEHNIC L DIRERIKICIR D PDE OB NS ~&f
BRI A2 R ET D ENTE oo lz, HAb/8T U0 A(2+) (PACL) 1X, HMILED BWRIL X
<y (WIEREAES 3~4 HIZIZBW T, 7 v FBERTHED 0.5%K 0. BZI7 v S TH

5%)0ﬁ%ﬁ&ﬁxiﬁmm%ﬁ%iftﬁ/%&# B AW AP RIIE L. &5 40 A
HBOFRFRIZBWNT, HESNTHED Y B, W%%Ts%ﬂ ErRNIRTE T 20% 032 1A
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B STV (IPCS, 2002) . ROBREIED /T 0 AOEY IR HENIRER S D TH D
ZEEESE 2. RROREEEREO PDE HAE MR 10 TR L T, ESNC X 28gFEFO PDE {4 &
HL7z GlECE#HIILTWhDLEBY)

PDE=100 pg/day / 10=10 pg/day
W ABR & FF D PDEfE

NG MM T A S ARET — 2 13720, LN T, BRORERFOPDEE 2 & 422K
100 TR LT, W ABRFERFOPDEMEZFH L7 GUHIZEEEHDO EBY) |

PDE=100 pg/day / 100=1.0 pg/day
ZE IR

lavicoli 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 I. 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&
H4& DOPDEEDHE
H4 (Pt)
s S N
PDE (pg/day) 108 10.8 1.4
FFaf

H4 (Pt) 13, F_EBBRINOFESRDOILE TH D, TV TA, FAAITUL, Bl Uh LT
UL A YUy LEGte TAEKIEE] X [7F7F 74 ) LRI EBRILE DK
HHEW6ODILHEDOH T, HEIIRLEETH D, @FA&IL. £ < OMALEIT LK OV iR
INEAET DO THDLZ ERINTEY, A EEREEMRIIMETH S, E=5(b
REEIZ 2R OHTH D0, JAFRBILIREZ R T AEEEN ML T\ D, PURHIT4ENL DT
7T APt (H0))] BT 5, b —RAZRPADfENT, 7 F T 7 oo A&fA 42 KO
~AFH 7 unHERA A ORI ne ASBERETH D,

REMEIEDRIL L 72 o o Zh

LAY & U CTHFEIEL 9 DD A4 KR OASLAE DIEN AR U CTHIH AIgE72 52
Brr — 21372 <, BEFERNT — X IERESI LTS (US EPA, 2009) .

FeOHEAmIEX, ASICEE LBBUED K TH Y | L EOREZRBEFETHD
(US EPA, 2009) ., BUEIX, D7e< & W AR X DL ASE~OBRGEIZE L X, &
HEEFHMEEE CH D LB OND, MiEE LTiE. CAES, #MBERIE N Lo A,
BUINKEOTF T 7 —E S EIEON B Z#HH & 5 5 MR aREERETF b5 (IPCS, 1991) , JE
ROBEIEIZIE, BEOBRKNEZ TH 7= (Merget et al, 2001) , HFHEDOSEE L O ~m &7 LR
MFEEERVEERIT, 7L vErR st BEbhs (US EPA, 2009; EU SCOEL,
2011) ., WWBUED Y A 7 1%, BAEH &I ONCIEZE O &K UMW (IPCS, 1991; US EPA, 2009; Arts
et al., 2006) . W2EE (US EPA, 2009; Merget et al., 2000; Caverley et al., 1995) I[ZBHE L7 DO TH
HEEBEZOND, YT —FEH L Ea—L, BERKEEE 2, ZEMEEOIRIL L 72 555
BE LT,

B ORERF OPDEfE

PtCl, (BRI IC< W) KROPICl, (FIARTEDHE) Z 4RG3 20T v F oRBRIC
BT, PICLIZE L TIE, MK/ ST A — 2 R OERR AL ST A — 2 ~DOREITRD b
o ts, RBRENTREHETH S H450 me/liklkga PICLOEEE THRBHR G Sh-8ic
BOTE, E7 L7 F=0 O8I RIC~~ b7 U v R EOGRIIER N T A — & O D358 6
Nize WTNOEWIZEL T, ZRERG SN-EBOMIRT ., FrBIRT O [ 4R )3 1
MML7- (Reichlmayr-Lais et al, 1992) . Z ORERIZH W THBILAEMOE L ERHIL TH - 72
I CHMERRBO DN Z ED, T OB ZPDEEOIREICH W, BIEMRE ((Hik1i2Ek
WTEEINIZFI~F5) #E&EICANT, A4 L L TONOAEL 10 mg/filktkg (28 HRIZH7=-
THFM.1 mgD Fe B Sz, 0.146 mg/day) & 552, SR ARERFOPDEEZ R T 5, X%
7 v hOKREIL, RERBALARIZ3S ¢ TH Y, B ZE L COVHREEINEIT235 g THh o7, F
PIRTE 135 g2 YaZat BT T2,

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

EFNZ X DIRER OPDEE
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FEIZBET 228V B a—i, EREGREICRS ASEEEIC OV TOFMEN REN S D
THhHZEEWHOLMNI L, BEEORAORIINIE, 7 v F T TR GRERR DR 5 DA
WIE1%AR0) . B P TIEE Y @y (BFEPPtOD42~60%, US EPA, 2009) , L7=28-> T, #ROg
#ZIFFOPDEME Z AR 10 ThR L C, EHIC K 2BEEFRFOPDEMEZ KD 5 GIHICFH I TWD &
B0) .

PDE=108 pg/day / 10=10.8 pg/day
% ABREREE D PDEfE

fifit = o N— BT AL ASBE OO DIz, 2O ERER (Biagini ef al., 1983) &
DGR FER (Pepys et al., 1972; Pickering, 1972; Merget et al., 2000; Cristaudo et al.,2007) VANE Y TR
ncuns, if_\ US EPA (1977; 2009) &UUUII@H&%%H% RFCBET 2R %Z B2 (EU
SCOEL, 2011) (%, BlEZEE 2 (b A O 22 fAE Lz, Ek)ll@ﬂﬁia%ﬂ%ﬁﬁﬂﬁ Iz
B4 2R %&E% (EU SCOEL) I, EH@%@EAYE B L CHZE EORRE 2R ET DI
TR R—=ANRA43Th D EfEim L7=, US DoL (2013) X r[{AME A4 LF‘%@%H&%L@BE
FEMEZ2 pg/m lCEELTWV5D, ﬂkﬂ%&‘a}& (fHELIZB W TER S NIZFI~F5) #%EICANT,
W NWgEEZIRFOPDEfE # LLF O X 2 IZR T 5,

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

IR e — - —0.00048 pg/L
RIS 24 hr/day X 7 day/wk 1000 L/m’° 0.00048 g/
R 000048 pg/L X8RO0 Liday  _ o0 o

50 kg
PDE=0.27 ng/kg/day X50 kg / (1 X10 X1 X1 X1)=1.4 pg/day

BE R
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workers: incidence and effects of smoking and exposure. Int J Occup Environ Med 1995;52:661-66.
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2007;40:3343-59.
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H& TR
H4&RTEDOPDEEDOHE
AVVTL (Ir) , FAITUA (0s) . 2P A (Rh) | vT=725 (Ru)
e T N
PDE (pg/day) 100 10 1.0
Fraf

H4ot# (PGE) @9 bHAEK D (A& X 0 ITBHEFERNT — 203D 720n ) T U0 ZPUND
TER DML T — X IIBE I N TV D, PGE (ZxFT HREEMRRTE I, MR ERAEIR K OBEfil it fe
JERZEDIBMBUEZ ISR ZTZEMNHD (Goossens et al., 2011) , W< DD A& THEIZE
T 5 A LDso 3R ATREE TH D28, Z OIE#IT PDE EOREICIE 0 TiEk<, Ko EHo
FHEZORBIZOVW IR TE 20, D72 & b kOBE IV SN 5 5HE121E, RuO,
1L 0sOy LV LIRS REEHI TH D EE 2 H5H (Gaylarde and Sarkany, 1968; Swartzendruber et al.,
1995) . PGE O r[¥EMMEIL, &8 L LTON#% PGE LV bEMENRWbOD L ) IcBbhb
(Wiseman and Zereini, 2009) .

PGE OFMEICET AHEHENAZ L TWDZ L 2B E 2, T X CTOBZERKIZET 2 PDE flid.
KOS T 7 —F L LT, A& TIER</NT U7 LD PDE fEICESS D E LTS,
PGE (ZT AR O N2 ZEMEHFRIILA TO LB TH D,

2 ANEREAT
AVYUAL FAITVL, vV U ARWLT =0 AOREMICBET H2ARKT — X2 13D TH7eu,
o AUTTLA

o T v MRHMESEMM A LA Y O AGBHAKTIE L BT 24 BEEEEEL, Ay
N7y EBAIZBWTHIELIE ZA, A4V YT AFFRMO—AKEE DNA Bl %
R LT, 2 BEEEZER TIE— A8 DNA HUIEHI R 57 - 7= (lavicoli et al.,

2012)
o BEMATMT L7280, Wistar 7 v MER, HfbA Vo L@HKfY (U
7 AELTO, 0019, 0.19, 1.9, 9.5 &N 19 pg/day) % 90 HEHOKES S
(Tavicoli ef al., 2011) , 0.19 pg/day LA EDOFGRECB VTR FEMEZRETH EH D
DN DOMdH o2, T ORERIIAR NIREEREO PDE [HEOREIC 472 b O Tid/

nolz,

. T A ‘7.1).

o MWEMbAAI DU AIKIZHE VIET RV (Luttrell and Giles, 2007) , @JEA4 A 2
7 LFFEMEEH LTV (McLaughlin et al., 1946)

o MR LA A I U MIBEEROIGEICHN LN TWD, UEEbA A I T A (0sO,)
I, AR E LT, BEEOIREGE. IR, & MERORE SIS T 200, i, K&,
il S OVl oG E A5l & Z L 9 % (US DoL, 1978; Luttrell and Giles, 2007) .

o MWEAbAAI VA (FAITLAELT) OFRFFEERA (PEL) TWA [T 0.002
mg/m’ T& % (US DoL, 2013) ,

° Tz ‘:/’7]).

o RhOHE (KoRhCls (NHy);RhClg) 131 R F 7 A CitfnmtEar L7z (Biinger
et al, 1996) , ZORERIZEHB VT, HIlEMEL OEEFEMEICE L Te U AFR
FUTLNIEBMLTEY, ALV FERN RV N DOTHoT2, T v M
MESFMRR A A e o A @R KRR & & B2 T 24 L, 2 A v b
ToBAICBWTHIELZE Z A, Boy ATFEHMO —AEDNAYIK 273 L
7= (lavicoli et al., 2012) , RhCLiZ, & kYU 2 /REkE W2/ MERBR ClEaiit %
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AL, HMERFODNARE) (2 Ay N7 viA) ZEIMEE7 (Migliore et al.,
2002) .

o FURIIHbr VU LERE ST DAEPEIRNB AN TT v AIZBW T, UK
5 ppm®D & T, <t HRERIZ L TE BV RE OISR AR OB iz,
NIV LNIFRLTOWEN, BEIRLT— 2RO EVICHRENR LD TH
LD, FEBRAEICOWTO/RmERD D Z 1T TE 2 (Schroeder and
Mitchener, 1971) .

o YA (RhéLT) DEBE 2—L R OREMLAWDOPEL TWAIZ0.1 mg/m’
T 5, RhDAEMELA Y DPEL TWAIZ0.001 mg/m’ Td % (US DoL, 2013) .

o LT =L
o W OMORuSEKIZ, FXIF 7 AETAISKE K OTA1008KIZ I 1T Din vitroskR5c
T T, BlamtESEs 2 Z 3 (Monti-Bragadin et al., 1975; Yasbin et al.,
1980; Benkli et al., 2009) .
o NT=ULAORKROBFERFORDUIEY (K4%) . HEHIZ X DRERFO -EHNITH0
200HRITH D, ROBRINTAVT =T MEEMIE, BIZ5EE T % (Furchner et
al, 1971) .

BE R
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and rhodium in vitro. Int Arch Occup Environ Health 1996;69(1):33-38.
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Retention of 106Ru in the Mouse, Rat, Monkey and Dog. Health Phuysics 1971;21(3):355-365.
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Iavicoli I, Fontana L, Marinaccio A, et al. The effects of iridium on the renal function of female Wistar rats.
Ecotoxicol Environ Safety 2011;74:1795-1799.
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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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Yasbin RE, Matthews CR, Clarke MJ. Mutagenic and toxic effects of ruthenium. Chem Biol Interact
1980:31:355-365.
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L
£ LV OPDEEDOHEE
L (Se)
% e 5] LEN
PDE (pg/day) 170 85 135
Fr#m

LY (Se) I&, HERHFICFELTEBY, MEEALMEIE 2R LITLIESH S, B LU,
AODFRALIREE (2, 0, +4, +6) ZAHZ ENARETH Y, &FEL L, WL UBEROE
LUt b W2 OFBERETA L D, B LR, EF%EB§<@@ L o THHEDMETHE
Thd, BLAL, BEMNLREL )V VAT A URNAICL Y Z U X7 EIZRDIAENS, LV
1T, TAEGEICRB TS L THWSN T WS, RuSefiffifid, BEEcicHWoNS, 7
U=t L UL O LR L USRI, ARSIV TR~ RN E B O,

REMEIEDRIL L 72 o ol

L X, IARCIZE D Zv—T3bAW) GEDRANEIZOWTHEETEZe) & LTU X MEHS
ni= (1987) . BB W TENAMEND D Z LIRENTWEME—DT L ALAWIL, Fifkt
Lo Thsd (NTP, 1980) , US EPAIC K B &, FifbEL X7 v—7B2 (B MIxtLTRNAME
DOFEEMERH D) FiZh D (US EPA, 2002) . fhoot L AbEWiL. Zv—7FD (b K TOFREN
AEIZDOWTHFETERY) IZHEINTWD,

EMZBWTE LY ~OBEEIRZEICRD bR A EREEE, REICxHT 2 B8 NI RLE
TEAT L ORI & W o To iR P B A F T D88 e T2 B LU FFEIETH S (ATSDR, 2003) .
AHEPOBREOE L AT HBRBICEAL TW OB ENH 5, B L ATk T D RIREE
ZHIBRT D720, BEx IR, A LIRE %400 pg/daylZf% & LT\ % (WHO, 2011) . 971#
X, #AMELTO @b Ly gL B rgE Lt&®%\%ﬁ&@%®ﬂﬁ
P, RUE SR DN & ) o T2 R R I T DB DV TR R T D, TRERICIRTE S
N7t ML THRE SN TWD & OHEEL L 72 FER S fﬁﬁ\%ﬁimmﬁtv/@t;~A
NIFFARERA LB THLRLNLTEY, F72, BL I ABLKEXNTILEREL VDL 2— 23
L<IFF A OB AREEZ1T - B BREGE X, B2 M & OV ZEE 2 s LT b,
W NBRFE R OWIUEE S 0372 6 D & 72 > Tu/ewy (ATSDR, 2003)

#& IR ERF O PDEfE

fitfbe L AZBT 5 7 » MRS AMERBRIZ VT, FFHIIEAS ALZFR ZNOAELA3 mg/kg/day (&
V/kbffh@kﬂ@)T&okAWﬂhw%)o%@@@%ﬁ@tvy@%ﬁhﬁ%ﬂﬁﬁé?ﬂ
LI THY | F o WEOFIBIES O v M 2 B TR & T4y (JARC, 1999) |
ZOWRBRIT, AFRERREBOR CTH D, W< OOt b —H BN AFHRETH 53, BRER 8

BREBICHITHHDTHS (ATSDR, 2003) , i SH/-PDEfEIE, &L DMRL 5 pg/kg/daylZA1L

725D TdH5 (ATSDR 2003) ., EIEFE ((ERIICBWTEZRIN-FI~F5) #&B L T, RAOEE
ﬁ@Hmﬁ%uTmio’”mﬁé

PDE=1.7 mg/kg/day X 50 kg / (5 X 10X 1X 10X 1)=170 png/day
TULUHREED ) X7 DIz, FAL LTREN0EZRIR LT,

FERIC L AIRERFOPDEE
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b MR OVEBREY) CORBAGE L, fe L UVEBE, L UBIER L ) AT A= oz
< ONDOE LV ALEYPIROEBIREINT-HA. LIZLIERGHED0% 8 2 5 I1F KRS ITWIY
SNDHZEaREL TS (ATSDR, 2003) , % HBREER: DAY FRIFIH A ~80% THDH Z &
EEE 2. BRORERFOPDEE 2 & ELRH2 Tl L T, HEHIC K 2@FERFOPDEEZLL T O X 9
ICHEH L GUAEICE#HSL TS EERY) |

PDE=170 ng/day / 2=85 pg/day
R AR FE I O PDEfE

MY &5 DRI AR X, BRI BT DWMARROR B EEOFE N~ —I—Th b, WEREZHE
Tt LRI BT 5 BRI B 0.2 mg/m’ A% E L (US DoL, 2013) . FRMES B 2R EM
7 )L—7" (EU SEG) |3ME¥EMEIRFEIRA 0.07 mg/m’ 2% E L7= (EU SEG, 1992) , L»L7an
5. EU SEGOEFEMEIEFERR (OEL) X, WMARAIFIZFE LW E B HEETHLE
VANEKBIZESWTERESNTZHDTHD, Lz2i-> T, US DoLIiZ LV E X H X4 7-0OEL%
AV, EER (LB W TEZRSNZFI~F5) Z#ZBIC AN T, W AR OPDEH % LA
TOXIICEHT S,

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

Gkl S = = =0.00004 L
ERHRE RS 24 hr/day X 7 day/wk 1000 Lim* 000048 me/
A= 0.000048 mg/L X 28800 Liday  _ oo mg/kg/day

50 kg
PDE=0.027 mg/kg/day X 50 kg / (1 X 10 X 1X1X1)=0.135 mg/day =135 pg/day

BE R

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

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

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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iR
EROPDEE DL E
R (Ag)
s S N
PDE (pg/day) 167 14 7.0
Fim

R (Ag) 1E, T & LTI+ ORET, ROFEMSE T DR W EM L2 OFECTILEY
HICIFAET D, $RIE. T TRITIC K o, BE L TODLEREY. Wb RO < 20
DI DIERETRRITFIET Do BEDK T O b EELHELEWIT. m%ﬁ&vﬁmﬁf%é &3
EAEDRYIE, 10~100 pugkg OFIPHCHMEORE Ete, SRITFBFAMITHAETITR L, R
FEPFRIMRE IS A TH D, BT T L onb T LA Fy ROk :Jbb\fﬁﬂa!ﬁ‘ét LTH
WHILTWA, = FI U AEEIL, Aafn R = bEOERIKFEITHO B S,
felbdlix, AR RICIW TR kAl & LTHWLN D,

REMEREORIL L 72 > T M

SUIERFMEE 72720, B E O3 ERBR L Ve FE2xt5 & Lo @astit, oAk
B9 2 T4 7iiF il 24 L Ty, b DTF —H|IESx, it MBWTENAME A
T 5 LI FREEIN TV RV (ATSDR, 1990)

SULAIEX, & F ORI 2 RSO Tl b EEZMEN @ WIRIRIER Th 2 £ Bbh b, B
FREROD b —FHINESEIZH VS5 (Hymowitz and Eckholdt, 1996) , SRILAEEIX, A A
BEEDOEREEELD D THY , FICK DA T = VEAFEE — (KL o L HE~DHEIL
ENLAELD, @b~ OEOW AL, i L OMHMGEORBI ICHRELELD Z &1 H D
(ATSDR, 1990) ,

B ORER OPDEE

MM~ 7 R IR EEER 2 0.015% N L7280k (0.9 g/~ A, FSEEER32.14 mg/kg, #164%) % 125H
M52, SROETER 72k B I LS < A TEL PHTEENE D 3R 4172 (Rungby and Danscher
1984) , ALEEH) I IRENY & bble U C B SEE 2 B S ALy, E OMOERKR EOBEITE S
%n@#oto%@ﬁ% BWTIE, =7 ACHERR mgkg# EPENTEA L2112, $ROSINA
\ZAFET 5 Z D3RS 72 (Rungby and Danscher, 1983) , #% [ EREZRFOPDEAF I, ﬂﬁﬁﬂﬂi 5
ng/kg/day & 7 J& L T 72Uy (US EPA 2003) . EEMAE ((HER1ICHB N TEREINLZFI~F5) %
EELT, &D%%ﬁ@ﬂﬁﬁ%%?@i?’wm¢é

PDE =20 mg/kg X50 kg /(12X 10X5X1X10)=167 pg/day

PR S N BRI RH R EE N b L7 < . PDEfEOFREIZLOAELAZfEH L= Z & 26 F5S
L TRREI0A IR LT,

BEFNC & D IRERF OPDEfE

US EPA (2003) (%, v A FERMOVEREER A 7= IR IE D% I ERILAEIE 2 FIE L 7= fE 1 %
HIZL7, B FoEWME Q~9FM) OfIkNES DT —% % H\\W T, $ROLOAEL%0.014
mg/kg/day & FEE L7z, BEIERE (HERLICBWTHELZ INTZFI~F5) #ZEICANT, FEHITE
LUgEERFOPDEEZLL T O X S IZH T 5,

PDE=0.014 mg/kg/day X 50 kg / (1 X10 X1 X1X5)=14 pg/day
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FIENOEROEREIIAELIIEZ LN N 0D, SRILBEIEDOFT ALOELE 272 L, F5& L
TIRES 2 BIN LT,

% ABgEEFF O PDEfHE

Jiti o ONEME D PR N EHIF S, @ LIV OEROWAZ O MIBIT A5 FELHHETH-T-, &
JRER K ONATEMESR L A OBRFEIR A BIME (TLV) 0.01 mg/m® (US DoL 2013) %MV, EIE/R
(FHIZB N TEEINTZFI~FS5) 2ZBICAN T, WABRFERFOPDEMAZLL FD L HICHH
T 5,

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

i;’\nj—:»ﬁ [558 = = = .

RIS 24 hr/day X 7 day/wk 1000 L/m’ 0.00000238 mg/L
X

CAjE—  _0.0000024 mg/LX28800 Liday  _ o mg/kg/day

50 kg
PDE=0.0014 mg/kg X 50 kg / (1 X 10X 1 X1 X1)=0.007 mg/day="7.0 ng/day
B W

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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YR
%) 7 hD PDE [EOMEE
AN
&0 Tt UION
PDE (pg/day) 8.0 8.0 8.0

FFim

M2 Vv n (T X, FHEOERETHL, # U ULE, £&LTHL KU+3 O o0k
RETHEET D, 1 MlOX Y T, A4 EPREOERMP Y LA (K IZFEELTEY, =
DX RIERMENZ ) 7 AOFEDEIZHES L TV, REHoiib2 Vv A@HERE, #
VLD BKEETH D, HilEF U UL, L LTHREAIE LTERBICHN O TND
F0, MR, BEROARE, T A, FEELOY T VT LW o T BYYMEDIREO T O DEIEIZ T
Hnon<Ttng, # Vo A@HEITEKERICHWNOENTWS, Z U o ATREFEVITHMAETIE
7o REHEEZAREREIZEN H LTV Yy (ATSDR, 1992)

BEMEEORIL L 2o T FH

v RROEMICIBN TR, RS, BB, Z U Y AOKERAOBRED S OS5 b IR v
DEVER SR L EbiLd  (US EPA, 1992; US EPA, 2009) . Kiatkots (Wi, WeielE X
IRIEHE) 1 XMOFEREL U HiEWEME%Z H > (Moore et al., 1993)

B OIRFEE; O PDE

E NEROEWICHE T D2 Y 7 L~ORDREEICRRD B2 DT L, K&, FRCEa s Ebi,
T, WiEX Y U ADT v EHAWE 90 HREIFEERBR ORI TWD, LY EHECTHEE
DFIERNEINT 5 2 L2 BE 2, # U 7 L0 NOAEL % 0.04 mgkg & EH7- (OEHHA, 1999;
US EPA, 2009) , L7=A>T, 7 MIBITFHZ Y 7 A0 NOAEL 0.04 mg/kg % KR 1 IREE RF
0 PDE f & P& L7z,

EERE (B TERINZFI~FS5) #5E L T, fROBEROPDEEEZLITO L HIZ
HHT 5,

PDE=0.04 mg/kg/day X 50 kg / (5 X 10 X5X1X1)=0.008 mg/day=2_8.0 pg/day
BT & DIRER O PDE

520 0 MBI~ OESIREICRD . B0 H 57— 2 RS ot AIEED 2 Y
U AEOEWFHIRIARITE (>80%)  (US EPA, 2009) . L7785 C, YESHC & DIRFERO
PDE f#i%, #% H#R#&HF 0 PDE & 7 —Th %,

PDE=38.0 pg/day
% \IREEIR © PDE fE

207 DM ~DWNRTRITAR D BEMEOH DT — X 13720, US EPA X, # U 7LDl A
FMICE T AR A S RIRE 2 EX W3R+ Th D e Lz, 2V 7 A~ AR
2 O A[REME &2 B0 BRI IR E TH V. REMTIZ/R 2> 72 (US EPA, 2009) . &t F&
UEIZB WV TRE SN E2BEIIMETH O . MARKIC X 2RI TE <, BT &
Ez 605 (IPCS, 1996) ., #EAKNRARKDO X Y 7 ARFEIC L VEP O RN TRENS,

ZOBEHENEL, WABRFEREO PDE EIZOWTIX, EHIC K HIRFERFO PDE fEA H > TRET D,
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PDE=8.0 pg/day

BE R

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, Berkeley and Sacramento, CA. 1999.

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

US EPA. Toxicological review of thallium and compounds (CAS No. 7440-28-0). Integrated Risk
Information System (IRIS). 2009. EPA/635/R-08/001F
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AR
A2 XOPDEJEDREE
Z X (Sn)
(s 5 WA
PDE (pg/day) 6400 640 64
i

A X (Sn) X, RAROERBTHY . 42N OC+ADOFR(LIRRE THEAET D, A RXEMILEW D H b
ROEERLOX, Y. B, 7 vl a7 oAb A Xt R U o A O A KR
%FU?AT%éoXXH\w<0#®vw%6&‘/&U‘*?»%ﬁﬁ%ﬁm¢ ST 7
(184720 Sn& L THMI0 pg) » ARIL, —HOEMIC & > TREFIICHKAETH 5 AletEn
HOHMN, B ML THAEATHD LI /Téihfb\iﬁb\o LA Q) Efnﬁlkbf\ J OVR
Vb= (PVC) OREMLRAIE LTHOWLN TS, ERLBATICE TN D8R AMY) &
WO BLED DX, AAXMAEMED b, X0 EHECHEET 2EHA XN LI VEEST 25D T
HoHID, ORI A X E SR ES TS,

REMEIEDRIL L 72 o ol

A X ONA RN BT D in vivoDBARTENME XUFTFH DB AMEZRET 5 H DR, W DD T v

FRERICEBW T, BiLOH#EL L TONEZ o vy Ol 2 i b RZENE VIR ©

Holz, METDHE, AR AXE Lin vitroT v A ICRBWCEREMEICE LEMTH - 7253,

ARXRORARIED ) BN ONDEED b OIT YA EEEICE L Tt T - 7= (CICAD,

2005) , v U AKOT v N TO2EMBERICE T, LS - AXITBDB AT R T
(NTP, 1982) .

B ORER OPDEfE

M, KERAEGHZOT v MBI 2R b EZHEREWEHMEEE Ch o7, LIeh-> T, #%
Dﬂ%ﬁﬁﬁ@PDEfﬁczowf X, I HIKVNOAEL, 3725150 ppm (A X & LT32 mgkg/daytH
24)  (ATSDR, 2005) (ZHESWTIHRE L, ZOMHEIE. 7 v MBI 590 H BRI S5 b7
HOTHY | HbFE - AXZIREKREG ST v MZBWT, 500 ppmuimﬁﬁﬁifmgm@
{8 2 FEIZE E STz (de Groot et al., 1973) o NTPIZ K % 1330 ] FH & &7k (NTP, 1982) |
B2 MEFERRHMEIL, de GrootH IZ L ARBRICKIT A LD LY LIRESN TV (Fl2E, ~
A= agl iﬂ“éﬁﬁiﬂkb\otﬁuur“%t%é’ﬁﬁﬁr X DRI ZENnD, RORFGERFOPDE
EDOWTEIZE W TIL, de GrootH DERERIINTPORE L 0 L BEEMELNH DI b D EEZ HLT-, &
B (FERUICB W TEBLZINTZFI~F5) #&EICANT, ROBERFOPDEEEZLLTFD L 9
WCEHT 5,

PDE=32 mg/kg/day X 50 kg / (5 X 10 X5 X1 X 1)=6.4 mg/day=6400 pg/day
BESHIZ X DIRER OPDEE

BT 22 ML B a—id, EFNC X DIRERIKICIRD PDE EOBEH O 7= OIZHE T 5
bx@#fﬂﬁ%ﬁ%%mf%fmxoto AR R QMRS 2 Z A A1) D% g R D A2 W O R F SR 5K
5% (ATSDR, 2005) %2, #&OBEFERO PDE fE 2 & 1E/2%5 10 TR L C. EFIC X 2BERO
PDE fEZBEH L7 G.lHEIIEHEINATWDEED) |

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

% ABREEEF D PDE/H
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AR L TOLREM L B a—I%, WARBERIKIZIES PDE EOBR MO DIZHILLE XX FER
ERE 2 N2 HOUNT O] B 2D G S 2 5 i T & v o7, AXIZE LT TLV (2 mg/m’; US
DoL, 2013) 2FIHFIRETH S, MRL 2R ET HIZIET — X B A+ Tdh 2D (ATSDR 2005; EU
SCOEL 2003) ., L7=23-> T, ®&MOIREFEFEO PDE fH % W ABRFEIF O PDE I AH#9 572912, 1%
100 Z# W TCT, AXIZEAT 2 PDEfEZ BT 2 Gl HEIZER#EEINTWD EBY)

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

BE R

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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AV RV
NPT AOPDEEOHEE
NFVT A (V)
& 1 e of e A
PDE (pg/day) 120 12 1.2
i

NFTT A (V) 1, HEEPICMETTE S UTIFEEL., fRx B biREE (-1, 0, +2, +3, H4KEW
+5) THEEL D D, NFUT AL, BTV UERA A (VO3) KON FTULA 2 (VO,)
ELT, FEAEDEMERKICOERETFET 5, T YU AOHEME DD ORIUIITHOIIC
<V, B RTORENLDONANFT VY AORBEEREMIZI10~60 png/dayDO#iFHIZH 5, FEIKD
OOEIEITARPIZ LD 220 | HEEHREITARAE T140 pg/dayThHh o, B F—ARLHTO
NPT AOMIEHEEIISETH DA, 2 ngLRNEFFED LRTH 5, ENICIEL 54 LT
WAHIZH b BT, B MENIZE T 5232 U AOKRER 2 B RO ENINEE S TV 20,

BRMEEDRILL 72 o o B

NPV N, EaEtEE AT L8, BREMNEE B 72720 (ATSDR, 2012) , HER{ENF T D A
1L, B MU TEBPAMEDO RN H 2WE L& LTS TW% (Group 2B; TIARC, 2012) .

B ORER O PDE

kO h~ORARGHIZENTIE, HE, DIME R L OMIER D 72 2 RN TH 5,
ARG L D3T V0 LOBNEZ RIS 2 O bl RRRAS, T U0 L& 128 IR S
nice MW TEishi, ZORBITBONTIE, EART T =7 LT VU SUTHER ST
D (RNFYT AL LT0.12X1%0.19 mg) & H 7 To~ 128 WG U 7= 48R O Mk 221
7 A=4 JTEEE (ME PR L~ Z D E) | 2L AT r— RN Y 7)Y NRE,
RRERE (M RFEFIC IV HIE) | REXTMEICHEERZE T/~ 7= (ATSDR, 2012) ,
MRS R ML E~D BB T 53V 07 LA DO ANOAEL 0.12 mg/kg/day %, #% FBRFE:
OPDEEDFHIZ W=, EIERE (8L W TELZ INIZFI~F5) ZZEICANT, &0
W& IRFOPDEEZ LT D X 5 IZH T 2,

PDE=0.12 mg/kg/day X 50 kg / (1 X 10X 5X1X1)=0.12 mg/day =120 ug/day

EHIZ L HBRERFOPDEE

NIV LT LML B 2 —%, N L DIRERIEICIRD PDE [EREEOE LR A E
RS R A R E CE 2o Tz, NFT U T AR OMEK AT T MEEMICET A BB I F 0RO
BB O AW 2 ROR DY 1% ~10% (ATSDR, 2012) T b Z & Z2ME . ROBREED
PDE fii # & 1E4R%L 10 ThrL T, 1EHIC L HIEFERFO PDE EAHH L2 3.1 HIZREHEH I LTV
HERBY)

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

% AR EREF O PDE/E

Ty N OUERIEPE AR BRI, N F D AT AW AMRERFOPDEME~DIEH D71z

RS, ZORBRICBWTIE, Y%ARICHWONERIEARETH 2 Lk ST T 405
mg/m’ THRBAVERNRD 5= (Ress et al., 2003) , LE{LAFT VT AT, BEFITHY , H
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FIFIAFIET D LITEZ BN, Lo T, B OREROPDEE & EAA5100 T L .
NPT LM T W AREERFOPDEEZFH L7 GIUAICGEEH I TWD ERY)

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

ZE IR

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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8% 4« EH
PDEfE?> b TR A MY DFFRIR E~DBREH

FFvav 1 —AEREDN 10 g 28 2WRFIO72 D0 TARE RS ik O LR AW OFF
AL AL R L i

ZOFE LT, IRy ORI K ONVRINFISTERE, £A41 ) #5615, kK —HE
I 2.5 ¢ OFRABERRANCOWTHREFT 5, ZORFOFEK— A EBREITI0 g2 Rnw &
N, RA220URBELZRNDLZENTES, A7V a VNIHBEOHFREE L2520, #
BT H DIy % ED X H R THWTH L, UEFEEOEKITI NN T VT LR = 7L
A2 N T WA DO THD, VA THEAAL NMIESEH, BHR, I RI UL, KELON
FTUTABBE Lo TND, FILB RPN RA22IRINTZRETHFELTWD EIRET D
Al nT, MAFOXZITLHE M O K — BEREITRAL2 [TRShc BV THD, &
% ILHE AR NI 15 D ek — BIERET, BAIO — BEBEUE L ORA 220 4 onHE R o
FERREME 2 W TIRE SN D (REREMICHADOFEREDO — HEBIRE2.5 g T U D) . KAL2Z
BWT, FHEAMD ORK—BEREIL, &7 7 DMORENTMHEOEFHE X250,

ZOFEIE, TNENOPDEMEZE X DRI NN L EVTFEL TV D, LIEB->T, Z
N B BMERR Y DIREEAVER 2 2 WVIBEICIW TR, HElAIL, FrE sl i iz hzh
DOPDEEABAR2NSDTH D Z EPMRFES LD,

FA4.1 : BHRIERR S ORRK— B ENE

RS —HERE (9
JE S 0.200
gt Lo — A (MCC) 1.100
R 0.450
UL BEH ST 0.350
JaARE Ry 0.265
ATT VU~ T X T N 0.035

ERexlFut’ )L AF)L

+/Lue—2 (HPMC) 0.060
fpib 4 > 0.025
(73|47 0.015

U 2.500
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FAAL FA22EBE X T-HREE (BEZLELEL, o, —AEREZ10 gL KET D5

&)

BRRHFREE (ng/g)

VAN

) Pb As Cd He Pd v Ni
J 0.5 1.5 0.5 3 10 10 20
MCC 0.5 1.5 0.5 3 10 10 20
FLE 0.5 1.5 0.5 3 10 10 20
NG T TN 0.5 1.5 0.5 3 10 10 20
JuARE R 0.5 1.5 0.5 3 10 10 20
ATT VW~ TR T A 0.5 1.5 0.5 3 10 10 20
HPMC 0.5 1.5 0.5 3 10 10 20
b4 > 0.5 1.5 0.5 3 10 10 20
Pl bk 0.5 1.5 0.5 3 10 10 20
BEAR—HERE (ug) 1.25 3.75 1.25 7.5 25 25 50
PDE (pg) 5 15 5 30 100 100 200

F7va v 2a: —HERENBE S TOLR-AOTZ DD BURINE R 7y 225 D FT 7 A O
AR R R IR

ZOFE LT, ATV a B THWL T, IRy (FERTFERE R OSINAISFEE, £
A4I1BW) Z2EAHATS, kRk—AEREN2.S5 gD URAOBERRAIC W THRET 5, 47
Voa L 2ald LB OFFRBIE LD, BB G ROy E ED X SRR THOTH LU,
YHIFEDOGRIT T VT AR R=y A EZ T D0 THY, VAT TEAAL MNZ
HAOX, BFR, W RITL KBRROANFUTALBELE/>TWND, VAT TERAAL KT
B L= BRI OB KIEE L, FA21DOPDEE R bR &5,

& D ICHR AW Y 152 ek — AL, YRZRAIOFEERO — B EIRE N ORA43IOTHER
T O EREE 2 W TIRES D (REREMEICHAIOEERED — HEIRE2S5 g2k L D) .
KAAIBNT, BB ORK— AERET, &V 7 DTRSNIEOEF LIFR B2,

ZORAED. TNENOPDEMZM A L LR AWM /RN L ZVFEL TWD, LEER-T, Z
O BHERL Y DBRFEEDE Z 72 WA TRV T, S RANE, B8 Shioc# Rz hth
OPDEEZ B A 2NbDTHD Z L MRIEEN D,

FTvavlt ATy a el THREEZ LB LIZEAICA 7 a L 2alFF R I R N A4 12 B8N

LTV EIICRZDDIE, WMAIO—HERESE LTERENI0 ghUR5 gV Lizkb
HLDOTH S,
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FAA3  — FERENHES N TV IRADOERFAFREOHAE (RENLELRELEE

BRHFREE (ng/g)

AN

A Pb As Cd Hg Pd \ Ni
K 2 6 2 12 40 40 80
MCC 2 6 2 12 40 40 80
L pE 2 6 2 12 40 40 80
U BRI T A 2 6 2 12 40 40 80
s naARE R 2 6 2 12 40 40 80
2FT V) U~ TR T A 2 6 2 12 40 40 80
HPMC 2 6 2 12 40 40 80
Wb 5 2 6 2 12 40 40 80
3975 2 6 2 12 40 40 80
BER—HERE (ug) 5 15 5 30 100 100 200
PDE (ng) 5 15 5 30 100 100 200

FFar 2b: —AERESHE SN TWDRAIOTZ DO ERINERKRK S T 0 ST 38 AN DFF
AU R

ZOHIE LT, ATV a I kORaZBWTH WG, RS (FERTRREE K ORI FE%E
FKALIBR) ZEGAT 5, K — BEREN2.5 gD U O ERRANC OV TRET 5, Y%
HOBWRIINRNT T LR N=y F AN TN DD THY, VAIZTEARX L MIHESX
g, BEFR. B RITA, KBEORT T ALBEERLER>TND, A7 a2b2HNDT201Z,
W B D B SRR M OVY BE SIS Al Ak 20 TR O & e B AR B\ BT 2 BN 1 RAZ DWW TR
179, ATFOFRIL, SSHEICHEHSNIERENSEONDAREEN D 5, WERERR R S T D%
ERM AR DT —Z OFZTRTEDOTH S,

z A44 : BRRRSHOTRAHMDIEE (ng/g)

N BE (ug/g)

ey Pb As Cd Hg Pd v Ni
R <LoQ 0.5 <LoQ <LoQ 20 <LoQ 50
MCC 0.1 0.1 0.1 0.1 * <LoQ | <LoQ
FLAE 0.1 0.1 0.1 0.1 * <LoQ <LoQ
U RIS A 1 1 1 1 * 10 5
s aARE Ry 0.1 0.1 0.1 0.1 * <LoQ | <LoQ
2FT Y U~ T R A 0.5 0.5 0.5 0.5 * <LoQ 0.5
HPMC 0.1 0.1 0.1 0.1 * <LoQ | <LoQ
fpfbF % v 20 1 1 1 * 1 <LoQ
Fig gk 10 10 10 10 * 2000 50

RUFZY AT T EAA L MIPAREBER A TIER N ERELTEHBY , EEERITEOLNT
l,\fcﬁl/\o

FKAALNBT DN ERE VT, SR T OK TR AMPIZBE LT, WO HHREEDORR~
AT OWTEHMliT 2 Z ENARETH D, KALSICINOGREOHAEDO—FINKRIN
TW5, ZOBEICBWTIE, SREORMBBLT Z AZEID B THNTNDA, BAIFDZ 0
RSy DRERREIS MR T &L ROV OO S H O OIRE TN Z L5, PDEfEIE
A2 EBZOND, T OURE K ORI (FRA41) ZHV, BAIFOCEAMY)
BEIZONT, RQEHWTRET DI ENTE, 2vD, XEPDEEE KT HZ LR TE S,
FAASITR SN REL, RALNUTR SINTAERE D EIE OBAEORHEHAFEETH D,
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#& A4S BRSO LR HER Y 55 BREDOH

N MO BLEE (ngg)

W) Pb As Cd Hg Pd v Ni
JF K <LoQ 5 <LoQ | <LoQ 500 <LoQ 750
MCC 0.5 5 1 5 * <LoQ <LoQ
FLAE 0.5 5 1 5 * <LoQ <LoQ
VINE Y AN 5 5 5 35 * 70 80
JaARE R 0.5 5 1 5 * <LoQ <LoQ
ATT VU~ TR T A 5 10 5 125 * <LoQ * 100
HPMC 2.5 5 1 5 * <LoQ <LoQ
fefbo 42 v 50 40 10 35 * 20 <LoQ
e bk 50 100 50 200 * 5000 1200

* MY R THEAA L MIPARBERTTREARMPY TII RV ERELTEBY . EEAR RIS
HAILTUNRUY,

7 a3 B O HT

ZOFE LT, A7 v a ], 2ak02bIZBWTHWL L, ORI RER TFREE M OIS nAIS
FEYE) Z2aHT5. ek— HEREN2.S5 gOF UKD EERANZOW TR 5, YOS
I/ N7 O AR R=y T E N TN D DO THY, VA TEAAY MIESXH, b
FL A RFITLA, KERONRFU T ABBE Lo TS, BEIF DL TR O i KX,
X (DZEFV, BHIO— BERE R L% R A O EPDEEZ W THIHT A Z L AT
5, HILBAMPOREIL, REPDEEZ LRGSR NE I IZTRETH D,

R A46: EBFOREDOHE

BRRHFBERE (ng/g)
—AEIE (g Pb As Cd Hg Pd \4 Ni
o] 2.5 2 6 2 12 40 40 80
RK—HERE (pg) 5 15 5 30 100 100 200
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HH — TTIRANA O FH

PLFOBNX, TERNMIDOV AT T2 AA L FOFIRERDZEEZBER LIZHLDTHDS, ZOH
. BIREZBERLIZLOTHY, VAT TEARA L M2 XLENTIME—DHELRDZ L2 EK
L7=bDOTIERN, URZTERAY NP AR RNEDOLENA~DOT P u—F 13687 5k
N D,

ZOBENE, TEACEHEE SN TV ARAOEAICESNEZLDTh S, Thb bty (JFHl
FEEE L ORINAISTESE) 2#&4A L, Kk — BEREN2S5 gD O ERRANC SO\ THRET 5, 4
IO GRIT, XTI VT AR O= y SV A T A D TH S,

WHHFEFR T, SEICEHK SN 7 ok 220t~ T, BENRITHEARAMP O EE RS LE LTY
AT THAA L NeET 5, BEPEHIT, BARICHNONDEIFNCE L T, REMNRE
JET— 2 BREBTHICEEESTNLI LD, M7 = — X 2B LTI 7 A1tk (bR, B
RI oA, KER, 87) ZE0 EIFAZ L E2RE L, UTORIZ, VAIZTEAA MNZEITD
BIEN TR AWM DR E OB CHLNTZHAOMELZ R LD TH D,

F A4 . BENTTRERMY ORE

BER LR HMY
HERSCRY 7y BXOEN | HEOEWEERD | RERE - s | BEERRN S
BIEN TR AMD K | DO OETEN I | OEIEMTHEAR
O/ a0 FANA Tl
IBTER LR
e S Pd, Ni As Ni 7L
MCC 7L As, Cd, Hg, Pb 7L 7L
HLbE 2L As. Cd, Hg, Pb 2L 2L
VBRI T A 7L As, Cd, Hg. Pb V. Ni 7L
J B ARE R 7L As, Cd. Hg. Pb 7L 7L
i;;ig% el As. Cd. Hg. Pb Ni 2L
HPMC 7L As, Cd, Hg, Pb 7L 7L
fefvF 2 7L As, Cd. Hg. Pb \Y 7L
e bk 7L As, Cd. Hg. Pb V. Ni 7L

WHY AT TRHAA L NI, BINOFHEZ LE LT 2 THEOBEN TR R M 2 /T L, £
D 5 HITBERMYBFENEI DR S5 AW STz, YHEE L. EE D O ®R,
NRKH LB OT —ENOERENE L, YV AT THAA L NefkiiLiz, VAT R®ARA
k7 a ke ZZB T B2 ORERRES T — 2 1%, FAABITTREN TS, TREAMY OB — H
BIX, YAy O — B EREIY SRR P e RIRE A R U TR IS,
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FAA8 : TEABBMOT R A N —BIFFO TR E

X5 —HY ) OFLEOF M

—H#E& EHBE (ng/g) TERAHMY OR— BEIE (ng)
YAN %

HRRLARS) H(Rg) Pb As Cd Hg Pd \Y Ni Pb As Cd Hg Pd \% Ni
JEHR 0.2 <LoQ 0.5 <LoQ <LoQ 20 <LoQ 50 0 0.1 0 0 4 0 10
MCC 1.1 0.1 0.1 0.1 0.1 * <LoQ <LoQ 0.11 0.11 0.11 0.11 0 0 0
2L 0.45 0.1 0.1 0.1 0.1 * <LoQ <LoQ 0.045 0.045 0.045 0.045 0 0 0

UL RN A 0.35 1 1 1 1 * 10 5 0.35 0.35 0.35 0.35 0 3.5 1.75
s aAEE Ry 0.265 0.1 0.1 0.1 0.1 * <LoQ <LoQ | 0.0265 | 0.0265 | 0.0265 | 0.0265 0 0 0

S 1] e

7\777 ) s 0.035 0.5 0.5 0.5 0.5 * <LoQ 0.5 0.0175 1 0.0175 | 0.0175 | 0.0175 0 0 0.0175
~ IR N

HPMC 0.06 0.1 0.1 0.1 0.1 * <LoQ <LoQ 0.006 0.006 0.006 0.006 0 0 0
Wit F & > 0.025 20 1 1 1 * 1 <LoQ 0.5 0.025 0.025 0.025 0 0.025 0
fie{bek 0.015 10 10 10 10 * 400 50 0.15 0.15 0.15 0.15 0 6 0.75
W 2.5g - 12pg (0.8 pug | 0.7ug | 0.7pg | 4pg | 95 ug | 12.5 ug
¥ MU R TEHAA L MIPARBAEHI TCE RS TIZRWERELTEBY . EENEERIIE STV,
WHIVARAITEAAY MIBTDROAT v 7id, £ A48 OFHEZHA T, 8GO SZRE LT HME 2 2R & i U, @Y7 fiE 2R Ed

52LETHD,

F ALY TERAL MM—

751

TOHER DRSO
FANOFLE I BTN
12, TR O OREAET D,
cEEDOIEET AT ERMBNTV DD,

T2

17 A3 BERRE

DIZHIZ,
Bt RN BT 5 2 LM BTV D,
WL M) Z R D,

BT 54
I,

7 —ZREADBLHA

YT EA M &R T D,

D BUEIZ BV TERA ﬁMéﬂtﬁAf®Eﬁ CRAL T, WAIT OS2 ET D (B EFRIIFEETHD)
(2. b eR Wi &t %,
TR 5T R TOREN R L. IR M RFET D, UET B A A L P TORRDEE D720

YT EAA B

XIFTFRINDHHP L LR MW ERET D, Y%7 B A AL N TOHER DM
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TIN5 YA O R S B O F 5 A INE L, FEAERTLERNMOEEORH2E T 5,
BT A6 YGRS P DR ARMIRE DT X E T 5,
HTNT fr%n:_émtﬁﬁfﬁﬁmifﬁmmﬁﬁ%ﬂﬁ%na)W“éo NI EREHOLDOTHY . o, FEREMNICH 2561201, FIoEARH
WNTAR A EFRE (PDEfED 30%) i <G5,
HTLS RONT-HELZXHTDH A T7L5OENEHEE (D757 LUTFTHAEEIZIL., @tfiRE, N7 YR RKEV, XITEPLEIEZ 8
Z AR, EEEELS PR ETS,
1 2 3 4 5 6 7 8
BEXBHEsm
(BETRE | KRB VR TEET A TER | %R RERE | TREAMBO | TEAMB O
THE | TBWTHE | MR/ NIRRT OBE | BENSD | ZhbD | HEOEFE HEH5EOZRR | BHEBEME g
AEns% | BTERFMY wH wH (ng) ATV X
A)
o SR O R T OWRMAN TR | paror o e W72 2 AL
As ;L'Eu/(é BB DRE T b, ;L'Eu/(é éizu%él 0.8 AP HE 4.5 éhfcﬁb‘o
o TRTOFMAFICROBND | o e WAL BT LEE
Cd | FEi%Y R i 7. FER%Y %Y 0.7 ZRAHE 1.5 N
. TRTOFMAFICROOND | e e 25T
Hg FERL Y P LR T FERL Y FEizY 0.7 ZARATRE 9 KPR,
- FTRTOFMAIFIZEBD BN D - - o HARLEHITSLE L
241 =421z =gl o ETAE
Pb FEiZ Y T T 5. FEZY FEi% Y 1.2 AR HE 1.5 <P,
j . 7B
Pd | BUEARE | L Iz Iz 4.0 ZATHE 30 f {féf SIS
DU fhar) 5 5 T 72 % G IT
;‘: :171\%\ \—uu = = N g 7 =% A
v | ey 3f AOEMATICBO DI | gap SEy 9.5 T 0o ook B
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