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TR ITA N4
Q3D

LTI

=3 L A O SEBAMITERORIICHKT 52 035, FlziX, FEOGKRIZBWTE
BRI S VT DR E M CTh - 720 . Rl (B 20X, BOERAN - 20 B 3Rt R &
OAEAERICHRT 260, UFRAIOHEERTICEENDLI D) L LTHFETLIHD ThoT
DT 5000 LR, TR AL, BEICH L THRFR EOXRR T 4 v MEMbH 726 &N
EMD . TORFIFIEFT 2 BITHFABEENICEERINDIRETHD, AVA KTA 121,
BAERICR AWM LR D FMET — % OfHl, BEEFHICREDH 5K LFEOFHE — HIREE R
(permitted daily exposure : PDE) DF%iE, A HF OTTRAMY OEFIZMNT 72 ) A7 ITFEDN T
T —FOEHD 3 OD/— s 5, WHFOITLFEARMY N PDE A X WA, H
A IEEE LI REE 2 TRENNCESHWTHEIZH LS T2 2 L2 Hffs e, KA K7
AV TRESN-PDEMEIZ, R TOREORELIRET LD THLEZxOND, HERMEE
TE D CRIFN O SERIEICEE L MTT 2 EARENTEHE (Bl 2E, KOS RICfEE L L
TERT 56%) I L TiE, YA, FIEVETOEHZRDOONIAMEELH D, S HIT,
PDE fEA @V LRI L TIE, EEGOSME OB GIREMORENEE S N T b
WZERBHY FDNDOTA RTA U ESBITHRENRD S (FlxiX, ICHQ3A) .

AHA RTA0F, ICH Q9 ICit#i &N TWnWb U A7 <3P 4 v b & WA F O HE
Rz L, BT 270 22 R3THDTHD, 207k AL, [AIFOTTRE R %
HIRTH720D, VAT IZESWIZEHEIK 2 RET 5 ECTORE LRI 5,

HA R7A > O R

KA BT A %, B (ICH Q6A KT Q6B IZHITHEFICL D) ROBEDFREAEHT
LHERANCEA SND, BRENTEZ VR EROR ) RTF N GBI 2 ST FERA R 2
FENSRIEIND Z LRI ERRIRTF REET) . TR0 OFEERLOZEN S DMERAR S T
b WX, aryar—8) 2EFTL28AT. GRICEVRESINTZRY XTTF R,
RYX T VAF RERAEY TY o T4 RegaT A LRI, KTA KT A > O
WZEaEN5,

ARHA RTA ik, A BEEERLE, U7 F o MEORBEY. DNA 2D &35
IS, T UL R, i, A, HUREME MR ARy, IE, Sy LA sl 4
HEER 2 BN LA WSRO EERA 2 B L L CRANCRIN S Lz eR @A S g,
ARITA RTA 0%, BIsT GEETIRHE) . Al GEaRE) KON GHR T ZHARE L
7HEULIZITE R S ey, o TlE, s oI ERERL E L THHN TV S,

KITA RTA %, BT ORRRBRBE WV THW S L BENITEH S v, pEEAERE
TREOBFRIZEW T, FrF PITFE LG D nR AN 2 3T D BRI, KTA RTA 128
D IAENI RIS BASSLOATREVED B %

BEfFSIANC K2 Q3D DML, ICH IZX DY A KT A4 v DRFE,, 36 FH L VAEHZIT
Y AWAIAR
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TR F 74 >

TR DR2MEFAT
OB, FERFIR ORAANCEE 9 5 TR A M) O 2Rl o JRRI

K ILR M) O PDE E % 52 E T DBV FIEOFEIZ DWW TIE, 8k 1IRT, AVA KT
A VNCEENDHILHRICEA L TIE, BHFimsC. BUMEBIIC X 2 MatadE L OWFERcR ., [E BT
Y (RANCHEHA S NS B D) ROHA XA WIS I X 5 BEt e OGRS 1 fof S
NN DOT —ZZFESOTRHMEN TN TS, 2O 7 et A%, ICH Q3C (FEEEAL) <k
RN FANCHEIL L TV 5, BOSAL ERAL O AANZIS T 5 PDEMEE R ET 572012,
BEFOEHMAERE LTz, EHBICETDHILO LT D720, ek 2 OF A2.1 1ZRT, WA EH
9% PDE fEIZOW TR MU HA L CAERMECT 1 XX 247& LT,

PDE [HEDO R EIRML & 70 o 1= BB B A B L - 2Rl OB 4. JeEBNSATR 3 1R,
Ir, Os, Rh XO'Ru 2B L TIE, WTHoOHEG5&RE T PDEMEARET HI2OD+0370T7 — 2 )N
FAELR W=, 2 b D 5#ED PDE L Pd & OFEPIMEIZ K SV CERE LT,

PDE E% 5% ET 5 72O DLZ MM W TEE L ERIZHOWT, B\ LB XZDIEIZE
TR,
o MU A U D BRI TE
b MR DIRE RO EMET — 2 O 5 b R b o
e b 2 B 722 B R
P G
1 1) 70 BTG FE A

AKHA RTA TR EFonT0E —FOIR M L Tix, &M, K. ZB5%ONEEE
BRFEICHRD HEREOERENED LN TWD, @YD THDIEAEICIE. MRl & O
PDE fHOREIZBWTIN S DOEELEE LT,

— I, BRSO BB ORI SV T PDEEZBE Lz, &V EHIH o
BROKFED B BIEY & B 2 SN GE I, oz EVRHEIC B W) T ORIMA R LTz,

W ANBRFE AR 5 22 MEEHM & OVPDE [ED BT Y 72 > Tl ki 2 W= BaiE L v & Al
MR (FIHFTREZ2 56 ZH W E 2 L CTHW =, WAREERF O PDE fEIZ DWW T
I, FIHAEEZRT — XIS U, AT (FEREsR) @i iesmEn o/ Lz, WAAl (RO
R OTERAN OGS ITEE) © PDEEEZRET S0, HEIX 1 H 24 FefE, # 7 HFREE
\ZHAE L7,

HEHR RO L ITRARBEOT —Z N aWiGh . XUET — % 13 d 5 03+ & 135
2 DN WEAITIE, RABERFO ALY FFAEE LI LIEEAEEANT, OO
PDE fE2 5 Z 4L H O 5% D PDE 2 FHH L7z,

o RRDBRFREFOEW LRI R 1% TR 100 TR 5,

o ROBRIIEDAEMZEHIRIHRN 1%L, 50%A  (E1EARE 10 TR 5,

o RRIBRFRIF O W LIRS 50%LL B, 90%Am « E1EAR%E 2 THRd 5,

o RRIBRFRIF O EW LRI RN 90%LL b (EIERE 1 TR %,

OB O EWFHIR RO T — % I AR OREEMERGE R AL 2 AT TE 2o 25512
IX. BIEARE 100 Thr L7=fk 0% 5-@ PDE fEZ FHWTC, HEH L, T A D PDE a2 & H L
7= (Ball et al., 2007) .

Z DD 5

RKITA RTA 2 TliE, &0, ERHEORAOEERIIZE L CPDEEEZRE LT-, TOMMoOES
FREIZBI L C PDE fENMEREA1CI%. PDE EOBEHICAT A KT A ORI 2% 2 & M

2



TLEAYTA R Z A >

WAZENTEX S, FMliOREE, BH X5 PDE I3 E PDE & LE->7=0 . FE-7-0F
HAREMEN D D, DO 53D PDE EOBHFINEIZILL TO LB TH D,
o  HERIKEADPDEEOEMOES L LT, 143 O OEERO PDEELZET 5,
BRI D & . AW AFID PDE N L 0 @R R R85 5,
o EXTHEREREICIVEFEEINTZE X, TEARMYN BT EL RTZENTRS
NHNE D NEiHd 5,
o JRFTHENTHENDEAITIL, RE PDE HOEENKLETH D0 E 5 )% i i

ERAR
o WEPDEEOHEIIHWAFZEBEEL T, RO NFREIND M
BERONREEZEET D,

o RPEORENTRINZWEAIZIX, % E PDE E4 T 2 L8 13720,
o FIHFERERGAICIE, BT HEERKEICI D LEOEMFFHAREZTML, i
X PDE fHIZFR 5 $ 588 1C K D YUi%n R OAWFFHE L T 5,

o AEWEEHIRIFRICENRD LN HHAITIE, R E PDE EIEEFAEZEHA L TH

v, Bl X, RATEEORBEN TR INT, 0RO DIREREO AW 0% H

N 50%THY ., BEXTLHEERIEC LD 0B OEWFEHIFIHZEN 10%TH 5%
BITE, RS S AT 5,

o TP R DIZDITIRE SN/ PDEMEA, % E PDEMEZ LRI 5AITIE, B R
WZOWTOEBEEMNELTDHZ Enb b,

3.3 FRE PDE {E% kA5 LR A MM 20D 4 HEF A

FXE PDEfH (£ A2.1 &) % BRI cEZ M EIL, U FIORTHEHIZBWTUIRFRE SN D 2
ERHD, B LTFIORTHEANZHITHY, ZNBIZRESIND LD TRV,
o X5
o UMM (BZIE. 30 HREILAT) #&5
o KEERZRGHEE - W (B ZIX. EMEE N TER, JHIEDORESL L TORWER, AR
)

BEIERE DY 77 77 2 — « 77 ra—F (IPCS,2009; US EPA,2004) %\ 7=, %€ PDE fii% E
[F1 5 LB A B O LG YEFR B OB %2 LL ISR, Z20Mmo7 7 v —F % H (i E PDE fE% E
B2 LR A EOZLEZTI L TH L\, iXEPDEMEZ LR IHEAMPEDOTREZIZEA L T
I, ERNCZE DOZY M ETATRETH D,

Bl 1 REORAIFIZTE X BEENTWD, Tk 3 Ok X OF/ 77 75, NOAEL 78 1.1
mg/kg/day Th o7, EEMREFI~F5 1L, £ZH 5, 10, 5, 1 KOV EREINTWD, k1
(\ZEo# L T B BRSO 7 7 a —F Z VT, L FD XL 9 I PDEEVNFEH S5,

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

ZOHE, EERE F2 (FIHE=10) {225\ T 2 2OV T 77 7 Z—IpEl+T 52 LNTE
L, 1DF bRy axxs 4274 (TK) . b 1 DF v af A7 ATHY, ZNETho
FAIX 1~3.16 TH D, MBEPEEINIZS BRI THD Z &b, 1 RS (~1 ) oBs
W21 TK FEER %A 1.58 £ T, £72A 1 [BEE (~5 ) OGEIcIE TK Ji#ig% 1 £ T
W& ENTED, BERE R LT T 774 — - T7uo—FE2H\WT, 1 BES5
SNDHERXOEZRACLIVEHRL, B2 THZENRTXD,

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, ZOMHEICHOWTIZIUEETLA LT 400 pg/day &35,
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Bl 2 : TK FHEELREET 7 u—TF 1%, BIEREKT 7 v —F %2 HW 32 PDE DN E Sz B A MY
R LTHEHA L THELARY, THR Z I LTIE, MRL (g/hU 27 L~uLb) TH S 0.02
mg/kg/day 25%% M HUFHID PDE 2% ET 57O WS (e 1 28) . SCHEk T b2
W4 BRI EHE SN TS, ZoOxFRF, BB T EES (~5 ) oRkn#AlZE £h
HAM T D, —RSOSEERE VT, MRL 7538 E S 17z PDE i 1000 pug/day % LLF D X
I MEIE LT,

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

FHRICETHHDLETH7-0, ZOMEICHOWTIEMIETLA LT 3000 pg/day &35,

HESH
R —HEGREN 2L U TOEHRANCE L L, ek — BREAE% HVW TR E PDE E S 7F
REEZFEH T2 20 TED, R CEICEHE SN TND —BHRGREUIEBEOE R Lo—
AR EN 2L #2284 (Flx X, Ak, 7 UMK, sefloeEAl, e K
(ZBA LTI, %7€ PDE O O RIBEORHICARE 2L Z2H\\W5 Z L3 T& % (Holliday et al.,
1957) .

TR DI

AHA RTA CRBH SN WD eHEIL, e b0 (PDE ) K OMA|I R I FEET 5 Al fert
IZEADNWT 3 2D T ALHFEINT WD, [FAEDRREMEZ RET 52K & LTiE, EXEGHDOR
ETRR Ol S5 ATRENE, ESG o RE TR O S5 EE « BT o Z oo T HE AR i
& HRICHERE L CE 2RI TH B ARENE, WS F N 5 IEHE D FEER O FKIRTFE R N OBREL A
FFoNd, KO RTA4 BN TE, TOHMNEZEE 2, RBEFEEMEWVILE & X, KK
TFERED SiJFT- 100fE %720 1 JRFLAF s SN TWbe#E  (Haxel et al., 2005) #0095 (D L
T 5, 7 TANEDTIEL, FRXFOV AT THAA Y MIESEGDE T, BEEREVLMNE D
o, BANZE ENLEBR AR S DN E I MEEBE LT (& 5.1 28) , R Mmoo s
FRATUTOEEY ThHD,

77 A1:As, Cd, Hg XU'Pb (X, b MIXTHEMEWETHY . EEHOBIEIZBWTHEHN
FIRENTWHDE 0, IS TWARnLEDTHS, "ANICEEND 25D TEOH KD
BENE, LA SN DR - B8 (Bl 2E, S EROFMAD Thb, b 4 FEHOITLEDY
AT HAX L MBI, 20 ORRRWEE DD, TR AR OBTEREIR L O 54%
BOEIZOTEDFHMENLETH D, Y%V AV TEAA L NOFR, BB EzLELT D
FERCR S BT D Z ERH Y . UEEIIIBRR O D7 T A 1 tRORBRNE D
BAENDHD, TNTOEEMIICELTY 72 1 TEZRMOFRAEZMEL T2 LITHESH
TV, JRZTEAA L MOK5S, PDE il A # AT 25 ECHERGEIZIRY | WAy
Hoo 7 52 1 TE RO EOERNEHEIND,

JIR2: 2DV TADILHRIT, AT, BEHEREICEKGFL T Mot LEEEZRELT 298
ThdEBEZOLND, 7T A2 wHRiL, HAIFICHFEET DXL ATREMHICESX, BiZY 77
T A2A KOV 2BIZEEN D,
o 7T R2ATHRIL, WAIPIZIEAET D AREMEN LB B T2 D, JTR AR OIETERYETR
KO ERBE DRI DIZD ) AT THARA L RKETHD, 7T A2ACEEND T
FiX, Co, Ni KOV THD,
o 7 FR2IBILHEIL, RIRFEENDVIRL, ZOMODITEL - B D 6 lEHE S 12 FTREME DMK
WZ e G, BFIPICAET D TRtk E LV, /R E LT, 7 7 X 2BoiHkiE, FIE, IR
JNF X2 O At D BEIAE AR A5y O BLE P BRI S LR WIRY . VA7 7 E X
AV IO THZENTELLOTHD, 77 A 2B IZEENDLHEIL, Ag. Au,
Ir, Os, Pd, Pt, Rh, Ru, Se XU'TI TH 5,
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JIAR 3 IOV TAOILEIT, ROBGIZL 2FEN RSO (PDE A3 KE <, —fi%
AIIZIX 500 pg/day ) TohHHB, WMAKOFERICLLEGIHEDL Y A7 T7TEA A MZBWTIX
BEPVLER SO TH D, 77 A 3 tHFIE, BERNICENSh 256 %kRE, ROEHIED Y
AT AR B kwf%ﬁéhéz%i&w HESH R O AANZB LTk, 2 OREKEAE
&Epmﬂmmwmgwyiwk%m%é%%% YAITEAAL MIZBWTYZ 7 A3 HAR
W ORNDAREM 2 I+ _R&E TH D, ZD7 TR TEENDLHEIL, Ba, Cr. Cu., Li. Mo,
Sb XX Sn TH 5%,

ZDMDOTE  XKFMETH D200, KO/ SUIEMIEH TORR NI 72 5 72912 PDE E AN
EENRDS 2B R HONWTIE, ZDOHA KT A 4 %bWﬁ&W&bﬁbkleg@ﬁﬁ
AN FICFEEL, UTEEN TV EEAICE, Y oEAMMIE, ok Bz
EHERER R ISR D AL IFHEREREEARE 126D Mn KO Zn) YTt o g EoEE (4

WX WBER Y X EROW AP OFE) \CEHASINDZOMDO T A RT7 A4 0 KO/ i
MRALE - IBEIC X VI bivd, et Lo Mi%ocdEIZiX, Al B, Ca, Fe, K. Mg, Mn, Na,
W KON Zn NEFEND,

TRAMBDY R TERARX L M ROER

AP TR M OF B FEOREICBWTE, ICHQIZFRHIN TWVDMEY A7 v T A
FOJFANZHEV, VAT TR A ML, B R R VFEANZE S NERSH 5, Fiz, U R
7T EAA Y ME, BEROEORETROEME (ICHQ8 XVQI1) DT, BEDIDDEAM
%Ek%@ﬁwt%wkﬁméf%é Lo T, ®EOILENIIRLV AT TEARX
ME, RKITA KT A4 RS2 PDEE & OBIRICIH W T, BFIFR O LR Ay &2 T+ 25 Z
CICESZBEW-LDERD, ZOYRITEARAL FO-HODOIFERE LTIE, #lZIZHEEN
ER LT 7 — & FRIELO 8 L < ITIINFIEGESEE ST 4t3 2 [ NS/ SUTAER SR S
BoNDET—=2NFTF NN, ZNALICRESND DO TIEAR,

REEEIT, VAR TR A N ROEBEZ @Y CxeE LT REThH D, VAZTER
AUREWDITFDEHITOLSNUVE DRI AT TEAA L FOERIE, VAZDOL~UZRESTZH D
LT RETHD, BRI -TmV AT~V A Tt R (Flxl \Mﬁéht V=V NS
SUTIEHEEEFIAZE OARXOFIE) NEICHEYRLOTHD EIIRLT, FFICLERLOT
Hpy, FBRICE bW I A7 <X A L 7 av AOIRH (BRI — LB SUIW
2 FIEOITH) bEFRSIND, VA TEARARA L MIELHSOFEICHOWTIE, ICH Q8 KW
Qo IRt EINTH Y, KA KT A4 TITELY EF 720,

— Al

AHA RTAVOAMEBEL, VAIZTEAAL FOT R ZHONTIE, LLFD 3 DDA
7‘/7Tnﬁl§ﬁﬁ—é kz’»“(%é
R ORIFE TR T O ILHE R ORNIRZ T 5,
. %ﬁ¢@@b@ﬁﬁrﬁ%@ff TRL T, FEAESULTHIE & 3 E PDE fii & DLk s
179 Z &K VFHEAEAT 9,
o MU RITEHARARAL FNOFEREMFE L., CET D, YL TRIGHAAENZEHN
%J\@%ayfﬁéﬁwijﬁ%ﬁﬁmLm;Zi%%MWDEﬁZ%@%%%M@iétA IZBES
NDRZBIMOEIIZOWTHERT

ZL DBFHITBNT, ZNHDOART v FIXFEIFICHRET SN D, IBRADRREMEN B D LB RN D
ENPDEEAZBR RN & Gl T DR T 7o —F 2 RETHET, VAIZTEAA B
TRV IRENDZ ENnb D,
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TERAM OETER) 2 FEIR

RHNORGEIZI T, TR OBAE 72RO A7 Y —IZZIE T 5,

o UK, USINHI X ITZ O BAIRE AR Sy O BLERFIZ B W CR IR S vz ook (f)
ZAE, ) ([CENT DR AN, FEROU 27 7' A A M, AT TEHEAM
WImIRAT DA REMEIC OV TR L L2 b D LT RETH D,

o HAIOBRIEIZH O SN DFE, AITEMANCEKZITTM SN0, b of
\ZHAET D AREMED & 5 T B A MY,

o HUIKERH - FRED D FEEE O XTRAIF AT 5 AIEEMED & 5 o R A MY,

o FERMiAERDN O R L OBIK| R IZ R 9 25 AIBEMEDS & 5 e A,

WOBE, A ORIEZ B THW DAL SUREY 225U - A, B - &5 R Ok o O fl &2
RLIZbDTH D, ZNHRAKE LMWK T D2EROLNLND, ERRICHBITZZIEO Wi
KIFHAEEIZ LY "WAASOTLFE M OIRENEET LN D, VAT TEAAL FTIE,
IETER) 728 2 DIRANEPR O OTHR A O EIL, WHIO TR M ORBEITHET L LE2?
BT oX&EThD,

SEsls - R_E E
W
S Y TRTHY
)
S S G (U,  wmE
MR

* LB OBENY AZIZHONWTIE, TREOHME, i - B ORI B - & 5wk
Atz OV = S it D B B R OV B B B 5 JEYE (GMP) e AT K WARHT 5 Z L3 T
&5,

s HYE T FZ B WD CRERUK TSN K E VDT AEAITIE. KD DO TEREHOIRAY
A7V, INEE (B Z0E, BONERF T, BAKRES, KEEKFT) OKOGEEH: %2 E5F4 5 2
LICE VIR A 2 N TE B,

BEENTTR R MY ORE

BB EM S i e R OERSERIKIC Bk T 2 BENITRARHMY : & 5.1 [TB T ok o
WD BRI SN GAITIE, Y%eRITY A7 T ERA A hOMGITE DL
B, ZOAT IV —IZBE LT, R AP OREIIEEM CTH D . MeLonE AR 0 E
FEIIRGITFEMT b, B bsnd bDThH S,

6



TLEAYTA R Z A >

FERO/ XIHRMAIFICEET 5 Z L3S AEENTRAMY) : EXMICIFNEIN5 DT
RV, BHAFEOITERZARMNEE L O, UTRIATIAFETH R’ H D, ZHDOTTEN
BRI IRAT A AREMEICOWTIL, UAZ T ERAA L MIKMTAREThH S,

BOBKIOU Z7TEHEAAL MIBWT, 77 A 1 KO T A 2A OCEAFHREFI IR
T AR ZFHI T RE TH D, EHBFILOCWAFI OV A7 TEAA L MZBWT, #£ 5.1 (2
FoN=r T AL, 7T A2A KO T A3 OILRAMD DA FITIRAT 2 Al RerE 2 5§~ &
Tbh b,

BLERE - SR EBEROBENTLREARMY) « BUEM - v LRk CHE AWM ORANILIRER 72
DTHHZENDHY, VAT TERAL MIBWTEETRE THERMS OFPIL, R o fE
R S D - s B ICIRTE T 5, TRROMGR, %0 - SR ORI, i - &5 2 OmAEREMm
J O GMP FERE, BUERRE - S EHROTLE MY OBAZEKLIMZ D ENTE D, BED
& D RFTE DITLRAMDNC OV T, BAIE R (2 BEfild 2 RS ER i - 2% 2 O ESE ORI
BT 2 HRIC KD Tl T R& Th 5, BEHH - s RH RO TLHE AR ONTDOY X7 T &
AA Y ME, U L—HO, 8WFERORE T A RO TREE W52 0% < ofiHFIz
RHDVATTEARAY MZBWTUEHATAZENTEDLLDTH S,

FUERRAR - &5 H D OITTEAMP O SUIBAT O ATREVEICE L TRl 21T - 72358, —MHdIc,
JEROBGE TRIFRAORE TR LY LIEH - BITOREEA LY GO TH D, RAIORIE
wfif - #8 R HROTRAMD ORBIL, FERRERH - & B HRROTTHA MM ORBEL D LN
ETEND, Lo, TEROMBUIEMZHE 2D L ZOTERH TUTE LRWERITIE,
HEEA T, U A7 T2 AL MW TRAFIRGE R « &5 B H RO TR AM DIRA D AR %
BRI NETHD BIAX, R TR

RBMERRDOEHT 2 ERAMY) : Fashite R0 DIRAT 5 AR & 5 Ju R A MY O R E 1L,
FE Z L 0@tk L O THEUA LM EERICET 2R FNERICE S RETH D, Hashite R
DILRAMP 2GRN &%, BB RZHBET 2EMBEOFMNIC L FEIETE 255120,
BRDIVAITEAAY NOEMFIARETHD, £/, EREAITIE, TENRHT DMHENIE
IR\, E5RETEAAY MIARETH D, AL OEERRANCE L X, MEI0HE
ZhIAM I R AR AR R 0 & TR AR DR T 5 ATREMED K 0 @, BEshtiie R0 & OBTER) 72
WY (B2 0E, Pedtt, WER, BERECBST2H0) Z2HET 57200 ELEITH RET
H5, LR O Z OEPIZON T, WBHFEIE, BAIOREHIEROFl OBIZRTF SN D,

WA O EERANCE L CE R T REERZ L L TIORT, ok, TR THBIZHITHY
INHIZRESIND SO TIER,
o BUKMEBRAKME
=
pH
B (IR ORI 2 IR Sk, R R 55 4)
P i i A
aw/ WERCE SR DAL
R AE I
TAETHE
18 AR L SR DR IA
PR I
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54 VRITERAAVMNIBWTEETRETRICHT HHEEREE

WDFEIT, VAT TERARA MBI DB AN OEZBICEHT IHIEEEZRL TS, AFK
1. WA O TE AR ORFEOTXRCICEHAT 2208 TELLDOTHD,

£51: VAZTERAV MZBWTEETRETHE

TR 7R | BRIBVEBNMENTZ5E BEXMicmmEnnigs
(TRTOTERE)

&0 Xt B
cd 1 2 B3 g %
Pb 1 5 3 2 %=
As 1 C2) 3 0t e
Hg 1 gL e gL e
Co 2A i B2 gl il
Y 2A i B3 g %
Ni 2A o 3 2 %=
Tl 2B Ca) ANHL AN ANHL
Au 2B G2 FNn B ANEL
Pd 2B gl ANHL AN S
Ir 2B gL ANEL AN S
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Rh 2B U REL REL s
Ru 2B i REE REL s
Se 2B Ca) ANHL AN ANHL
Ag 2B Yl AN AN B
Pt 2B gL ANEL AN S
Li 3 i AREE B il
Sb 3 i AREE B il
Ba 3 i AREL ANEL %
Mo 3 Ca) ANHL AL o
Cu 3 o AR gL %=
Sn 3 E2) ANHL AL e
Cr 3 i AREE ANEL il
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ACGIH (American Conference of Governmental Industrial Hygienists)

oK PE A A R S

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

CEC (Commission of the European Community)

BN E B &

CFR (Code of Federal Regulations)
EFRHLAEE CRE)

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

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

RahEtes% (Container Closure System) :
RN 2R LARGET D WL OMRER ORI, EHEOELIRTN, RG> TS HIZHA
i T D50, ke vEEN S, (ICHQIA)

EPLEAE (Control Strategy) :

BT O K OBRGE TROBMEN GE LD, BiET v 2 OBEEGE K O B 2 RAET 5
B SN2 ERO—A, BRI, JRIE R OBA| O JFA B O RGBT 2 /3T A — & Y
Rk, Wi K& OMEE OISR, TREH, TR R OEET 2 E=2 1 7 NICE D
TG OB %5 7 45%,  (ICH Q10)

LHRFME (Control Threshold) :

TLRAMP OFHIZ I T, BH P CYLITR MY D 5% EPDEE A M X 72\ 2 & 2R 572
DIBI R EHRER N RO NN E I DERET S ETHOWO NS REM, 4i%iREMmIL.
FRpIRI G2 & 72 D E DO TLHE A D% EPDEED30% & TSN D,

—H#&EG5E (Daily Dose) :
BAENTH B2 HE T DA O &,

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

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

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

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

43X (Herbal Products)
BRI L LT, HEECBRORE ) M [ 38 L UK D % S e B3 SRR, M) 3B
kDOLDOEGLLELH D,
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IARC (International Agency for Research on Cancer)
[EIBR AN AATFFERERE

WAz=2 kU X% (Inhalation Unit Risk)

AKH1 pg/L UFREH 1 pgm® DREO &S HWE~OMFHIREEIC LV AL D EHESNSE b

DEJERIRFEN AT A7 O LRE, WA=y NI AT ORI TOLEBY : 2=y N R

=2x10%/ug/L DIFEITIL. 1 L OFEPKHFIC 1 pg B ENDLFWEINAEIEIC DT - T H IR S

iz & &I, 100 HAMTZY 2 NOFISIENAER HEE LRME) BRETDE TSRS,
CRIEBRBE R T)

IPCS (International Programme for Chemical Safety)
EBRA L e A VER T

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

IRIS (Integrated Risk Information System, United States Environmental Protection Agency)
e U A 7GRy AT & CREBRERET)

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

—EDOIRFEEZRN T T, EREMOIERE, B, R, BEXIEMIC, F—OE RO IER
(RHRR) AW EIXXBI LG A ERZELSI SR T2 ENERNIIBIETROLND, DY

B O/ NREE TR (&) . (IUPAC)

FEERS (Limit of Quantitation, LOQ)

IHHEDE &R &%, HWURKBE L HEZ > TERTE 5. REHTITHFET D08 o
KIEOEOZ L ThdH, FERFT, WBHICHFEET 2IRIREOWE Z EET 556 D mirie
TA=HZTHY, BT, NSRRI OERICEWTHHis 5,  (ICH Q2)

/NP EE (Lowest-Observed-Effect Level, LOEL)
H DR SUIHRBREE B W T, BRA2ZIT 72 N XUIEDICEB T 20 5O EBO R IMEE X IE
FBREDOAMFHNCHBEREMEAE T D, HOIWEDER/INHE,

EIELREL (Modifying Factor) :
FBEEHEOEMFPHIBIC LV IRE S, EBROT—X % b NOREMIIHET 5720 DFR%k,
(ICHQ3C) (BH#HFE TZ24f%%k (Safety Factor) | Z:PR)

/N A7 L~ (Minimal Risk Level, MRL)
/) A7 RNt BEZ 6D, BAEWEICRT e ho—RgEEOHEEM, (ATSDR)

NAS (National Academy of Science)
BARBFET T I —

MR (No-Observed-Adverse-Effect Level, NOAEL)
—EDMEBEEM T T, EEMOIRE, e, iRk, BEUIHFEMICHR TR A EL LMD
SIS SRV ERERIBETRDOOND, bOIWEORKIEE IRk KE,

LR (No-Observed-Effect Level, NOEL)

BEZZ T FUTEICEBN T, W8T L TYH ., Z ORAEBE UTRRE O LY
FNCA BB 72, HOWE DR K&,
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NTP (National Toxicology Program)
KEEFEE T 7 7T L

OEHHA (Office of Environmental Health Hazard Assessment)
EERAEAENRMR (DY 7x1r=7 KE)

OELV (Occupational Exposure Limit Value)
Ak M R PR S

OSHA (Occupational Safety and Health Administration)
iz AT CRE)

PEL (Permitted Exposure Limit)
AR R (RS

FFA— HIREEE (Permitted Daily Exposure, PDE)
1 A 4720 OERS AN G 5 e A O e REFR TR IR,

HTF A 7% A 27 (Product Life-cycle) :
PIHABHZE 2 & TH I 2 8¢ CRUENGE P IRICE 5 £ ToORGFmo4iEfs,  (ICHQ9)

fE (Quality)
U, AT A, I TRRIC
BIFAFEE OO [WE

[2]8]

12 2 AEHEE OMAE DN ERFHEZ M- TFE (ICH Q6AIZ
J B+ 2ERSM) . (ICHQ9)

BV A7 <X A2 b (Quality Risk Management)
LT T AT NV EBUT, EELOMEIHREDLY AZIZONTOTEAA N, a3 ha—
v, Al a=r—var, LEa—noRDHRMIE->T-7T kA, (ICHQY)

Y A7 A (Quality System)
B G A FAT L, WEBEASOEE EZRIET DV AT AR D H H W Dl O F1,  (ICH Q9)

Y27 (Risk)
fEEORAEDHER L ZNNRE L E ZOEREOMAA D,  (ISO/IEC Guide 51, ICH Q9)

VA7 %7 (Risk Acceptance)
U A7 %559 5 BERE, (IS0 Guide 73)

U A7 5#7 (Risk Analysis)
FEE Slo P — RICEE 325 U 27 oHfeE,  (ICHQ9)

D27 T7EZAAL M (Risk Assessment)

VA =RXP A R TaBEADOHP T, JRAITIRDLREZ IR HEREEHT LR/ TE o7

Tat A, NF—ROREE, KOZFNLONAY— R~DRFEIZH D U AT OONT LN GRS,
(ICH Q9)

JR7 2 hue—/L (Risk Control)
VA7 <=3V A FOBBREEZFZHRT 5178, (ISO Guide 73)

) 2 7 #%E (Risk Identification)

U 27 ~OERIIFEO R Z S L T, faEOBRENRIEK (NYF—R) 2RET L7200
Bz RN CTEAT 52 &, (ICHQ9)
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VR7 <Y A b (Risk Management)
VRA7DOT7H®AA N, avybr—)b, ala=r—rar, LEa2—OKEHXIIHL, WE~
KT A L hOJFR, FIE, FEhiA R TCTEMT 52 L, (ICHQY)

24 (Safety)
FEEDOWRI TIZB T, HOWE~DORERIZ L0 AERENE CRWEREN RS, (IPCS,
2004)

LRMEEIE (Safety Assessment)

(B E Y — R RO B IR EE N NS 2B I3 2 S ISR L 72 U 2 7 12DV T OFREN
REER O AZER L27 e —F, ZOMHEX. LIEULIEX (RUA R4 0280 Th) U
AT TEAAY N EFZEENICHWDLS,  (IPCS, 2004)

L2420 (Safety Factor)
NOAELXIZZ DD B IRE (2 IERF~v—r R—XIZFOEBETRME) 2L Tl xr
TEAA U MNEMFIZEIVEHINLLIEAH (HEW) 2EETHY, FA - HERE
[acceptable daily intake] IXMHZA— HIEHUE [tolerable daily intake] &\ Mo 72222 IXBHE Y
AT BN EBz bNASHHE (EHEEEXIIEOMOSRE LR A THRITZ LIk S
WHENFEHIND, ) 2E8XHT-D0OLOTH D, LBRARBOMIFET, FHEEEOE, R
I D~ E N DL OB OFEEEN DN AF TR 2R B PRI E RO MBI FE T 5, L FOR
HHFERZSM . [T A Ay MESk) | TRRESMERREL] o (IPCS, 2004)

HKRM (Severity)
AP — RNBA UL RORE,  (ICHQ9)

IRERAEME (Threshold Limit Value, TLV)

FEAEOTBMENGERELRBEABRREIND ZENTELLELLN TV AR FIRE (3
bbb, FEMNITLZRRRE L ERRE L OMICH HBE) . ZOffiX, ACGIHIZ LV i&E I
(BRI 1EIRLET & 4L) . 1 B 7HER SUE8IE [ 2> D Il 40 RE [ 0> 75 @) 12 33 1T 2 W5 R N 25 S 2 3
(TWA) THH., LR TEMEZEICEELZ LD THD, (IUPAC)

RERINE SE#ME (Time Weighted Average, TWA)
ACGIH IZX > TEZBINTWA LBV, @Bl 1 B 8 BEfE A2 40 B F5 @12 1) 2 KRN
HVIRE,  (IUPAC)

URF (Unit Risk Factor)
a=v U RTERER

US DoL. (United States Department of Labor)
KIE B

US EPA (United States Environmental Protection Agency)
KIE BRI it T

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

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

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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fhek 1 REBEREMEORE S &

KA RTANTBNTIE, 2L ORICHL T, EEMITEB T D 5EREMEKE O FIA
(Pharmacopeial Forum, Nov-Dec, 1989) K& ONPCS2MEFEWE D & MitFE U A 7 OFH D 72 12 E-
H L7=J51k (IPCS, 1994) (29> T, PDEMEA R T 5 Z LI XL D SLHE MY OFFREEE L ~L
DX E ST, b DAL, US EPADIRIS, US FDA (US FDA, 2000) MOtz LY H
NWHENTWAEHDOEHELPLTWD, REPDEEDHEKIZOWVWTO LY LWHEED-DIZ, 22T
ZDOREITIEZHOW TR T 5, PDEEOFREICMRL WV SN2 HE121E. EEREIIMRLO
EHHICHAAENTWD O T, BIOBEEAREBIZHWV LI TW R, BRAMETHEIZE LTI,
1:100000D Y 27 L~ L e = F U A7 RBHAPDEEORR EICHW BTz, T b1t
FIOEBIDOE ) 7T ZICFHH I TN D, W AR O EPDEE DWW Do L, TkEMRE
FRAZ W, EEABEZEHA L, S OICFHERERR~OM L hOR R EELZR L TEH I
TwWa,

SR EPDEMEIL, B b Ul 72 B BRIC 31T ZNO(A)EL X IZLO(A)ELD HIR D & 3 0 #EH & T

o

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

K EPDEfHIZ, £ L <IINOAELHEH I 5, NOAELD LI TV WA IZIE
LOAELAHWOHINTH LV, Z I CTRMEINDEERIII, 7—F %2 MNUMET L2000
DTHY, BEREZ Z47 V7 (IPCS, 1994) IZBWTHWLATWD TARfEFEMRE] KUK
EEFH 7 4+ —F JMZBWTHWLNATWS MEIERER) Xk 226580 CREOLDOTH S,

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

E hOTFT—H |2 L TIEF1I=1,

Z v bbb b~OSMEIZIZFL=5,

~ T AMBE F~OAEIZIZFI=12,

A XMBE FA~DOIMFICITFI=2,
THXNSE F~OIMEIZIFF1I=2.5,
PILb b h~OIMEIZITFI=3,
ZDOMOEMW S B b ~DIMEIZIZFI =10,
FliZ, BOHEEMFE L b N EDARRERE., T bbRELEZEZEBICANTZLOTH S, KK
() 12, kAU kvEHENS,

S=KkMO¢7 (4.1.2)

ZITC M=FETHY., EH kT 10 ThHLLEND, X AL2 ITHVDLRLREITETIOR
ALLITRENIZERBY TH D,

R2={AEMONT Y X %2 ZEIZAND 2D DOHRE L LTI,

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

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

Pl EBEERE (Fo WX FFTIEIFEH, R34 ROV TIETER) T o
BRIZITF3=1,

SETERL ORI A S — S 2 AFEEMERRBRICIZF3 =1,

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

o O3 A RIS - I O2FE FRBRICIZF3 =5,

K0 B OB ITF3=10,
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TRTOHFEFIBNT, FHH RO HEOBIR ORBRIZITEm W OREPHWLER D, fil 21X,
> BEE O A RIRBR I IR H S5,

Fa= R, Bl 1L, BIEEEZEDROEN A, M X XMETEIEOSA 12 H
nNoZEndh 65k, AEERBRICE O TIE, ROBRERHWLND,
RHAREME 25 I R EEICITF4=1,

RHATEME 2 E D2 W IR FEMEICITF4 =5,

RHAREME & CF 5 AT IR IZF4 =5,

RHAFENE &2 LD 2 MR TR im—w

FS=NOELW G L2 o G/l S NnDd Z En3db 5285,

NOELIZIZF5=1,

NOAELIZ I ZF5=1~5,

LOELIZIEF5=5~10,

LOAELIZIFF5=10,

ikhk@ﬁﬁ CEAL T, 2 LB, NOAELENOELE OEVVNIOWTHEEL TE 5T,
X EPDEEOPEIIERIR LT-HEICRB T 23N THE] L ONEMNITHONTELRL TV
mottw\ﬁm%ﬁﬁ@mﬁﬁ@&ﬁummmﬁ%w%m\M&LTMWW@MKO

vt MEAEMEIZX, & NRABLOEREES0 kg E LD TH D, ZOFHEDFFEIZHB W TEH
EN D EHEIRTE60 kg X1E70 kglZkf L TR VIRV Z OREIL, IBMOZSRE e i+ 5, B&IC
Ko TUIERENOkgRIE TH D Z LITEHR SN TV DER, b OBEFIFPDEMEOREIZH B
TALAL BRI L VBB SN TN D EEZLND 2 L, ROVEERBONER SN TN D Z LR
INLRETHD, LT, NRANRERD R BIEEZEDREWARERTH L EE X b,
ZONBEMDS DOF —F BPPDEEOHFEICHNLN TS, L= -> T, REPDEEIX. /NEA
NEMZER L-EELICLEY 2O THDL EE X LD,

KA L1O@EABI E LT, Tvermoes®d (2014) [ZX Wi Sn7=, b MEEEICBITS 230 FD
BRI OWTERT 5, fm%ﬁMf_%émmmﬁn@mwf&éo_ ﬁ% BiFs=
23V MCARDPDEfEIL, (RO L HICEH IS,

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

Z ORI T

t FORERTHH7-DF1=1,

t MEKRZEEZBET HT-0HOF2=10,
BRI 2390 A CTh 5 72 DF3=2,
BEERFENRD 5TV RN DF4=1,
NOAEL AW BTV 572 F5=1,

FEALL: ZOXEZBWCEHEICHWSNAE

v NOIKE 425 ¢g < 7 A DI & 43 L/day
R Z v b OIRE 330 g 7YX DO & 1440 L/day
~ U ADIKE 28 ¢ F)LE b O 430 L/day
IR~ ™7 A DOIKTE 30¢g t O & 28,800 L/day
ELEy hOKE 500 g A X DI, 9,000 L/day
7 H AL OKE 2.5kg YL O 1,150 L/day
Y XONRE (R I3IETIR) 4 kg ~ 7 ADEKE 5 mL/day
v — 7 LR ORE 115kg | 7 v FOEKE 30 mL/day
7 b O 290 L/day | 7 v b OEEE & 30 g/day
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1. United States Pharmacopeial Convention, Pharmacopeial Forum, Nov-Dec 1989.

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

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

4. Tvermoes BE, Unice KM, Paustenbach DJ, Finley BL, Otani JM, Galbraith DA. Effects and blood

concentrations of cobalt after ingestion of 1 mg/day by human volunteers for 90 d. Am J Clin Nutr
2014;99:632-46.
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f18% 2 : TTRAFMIAR D

%7€ PDE {H

K A2l TREAMIR TR —HRBEER!

JLHR 7 R? B 0K O PDEME EHA OPDEfE, % A DOPDEE.
pg/day pg/day pg/day
cd 1 5 2 3
Pb 1 5 5 5
As 1 15 15 2
Hg 1 30 3 1
Co 2A 50 5 3
\ 2A 100 10 1
Ni 2A 200 20 5
Tl 2B 8 8 8
Au 2B 100 100 1
Pd 2B 100 10 1
Ir 2B 100 10 1
Os 2B 100 10 1
Rh 2B 100 10 1
Ru 2B 100 10 1
Se 2B 150 80 130
Ag 2B 150 10 7
Pt 2B 100 10 1
Li 3 550 250 25
Sb 3 1200 90 20
Ba 3 1400 700 300
Mo 3 3000 1500 10
Cu 3 3000 300 30
Sn 3 6000 600 60
Cr 3 11000 1100 3

U ZORIZBWTHE SNAPDEE (pg/day) 1, (HE30E ) 77 ZICiidi SN2 etk T — 4
FRICERESNTEBY, FrANGEHA SN D, £/ 77 7HOPDEMIZIEE LA STV a0,
KHBIZETHHDO LT H2D, ZOROPDEMEIFA N FIH SUIMIZ B LA STV D,
10K OPDEMEIX A 2T T & L, BT OEAICIE AT S, 10L 9 6 K& VWPDEfE T H
AR M SUIMTIC B LA S TWS, ZORICBWTUEBTACEHD SN ARANL. 1F
DOFGHREEEICE L CE & B SN -PDEEIC b SN D,

2 AHIZBWTERSIN TV D05
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FA22: F 7Y a DD DRI TR EE

ORI TG, AL JFEEE ORI T OTLESMICE LTI T L5470~ A7
077 ADOHFREEEZETHLOTHS, —HHAENI0 gLl FORKIF O FE A %2 545 72
DIZAT v a VINBEBRENTZHEIZIE, ZROOREREMAHWVWOND ZENER I T
b, ZOERFOETIX, FA2UIESWZHLDOTH S,

TR 7T R B ORKDORE ERNFDORE T AR DRE
ng/g ng/g ng/g
cd 1 0.5 0.2 0.3
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 2
Ba 3 140 70 30
Mo 3 300 150 1
Cu 3 300 30 3
Sn 3 600 60 6
Cr 3 1100 110 0.3
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£16% 3 : AR D22 M4

TUFE
7 v FE D PDE fEDOMEE
7 FE2 (Sh)
®n ER 1) VN
PDE (pg/day) 1200 94 22
i

TrFEY (Sb) X, RARICHFIET HACOYERBITETHY | fr 28LE TRIZBWTHW
bd, NEOT FEUPHERFICRNESND, T UoFEUIE BZﬂNS@%M% ETTE
ET 5, R LTOTUFEUEDN 2~3 OlT o FE L AbEWA, I aREM: K O F I
%Lf%%ﬁ%f&éoﬂﬁﬁw9¢b7y%%y(mw)&wokw<ow®7y%%VMé
MngiEAERIE S L TEFICFHIH SN TS, =T o TFE 0%, it L THhW BT
5 (B 2L, REshire R OMR R %w%ﬂész%vy?v7&v—k[Hﬁ]@@%m
BWT) . TUFEVEIERBFOICLATE R, REAEPZHOEETIM LA TV 2N
(Ammgw%)o7/%%/&0_&m7/%%/im%@ﬁﬁm%@?%éﬁ\Am%im%
H<cH5H (WHO,2003) ,

BRMEEDRILL 72 o o B

APT (X, SO DEEIZ) )b LTV ILEXRTEHEHW D ERFEMEREBRICEBWCEETH -T2 (NTP,
1992) . 7 FEUE)IFYRAERERFEFREICEA L CEIBETH D L b, BiaEEo L
T2 —ICBWTIIHEK T AREEN G LTS (WHO, 2003) . ATFREREZRFBRERRIL, RO
BAZZ D HMB AN 27 OFHIIZIEIA+ o ThD EE 2 HND (Lynchetal,1999) . b kKU
MWL, ROBERO T 2N EILEEE CH 5 & Bbiv, ik, TH., IEH%% 5]
SROTAREENRDH D, BOFEHGHOT T AR STV (NTP, 1992) . 7 v DR
P PERBRIC IV TR, PR ER T K OISO BT S e b SRS @ ORIl R Cdo o 72,
FEWNCOT=27 v FEUOEBERAIL, B N ROEBHONT TN TS RGN A E
EUHEEYELE LSS, Newton © (1994) 12 X 0 FEhifi S =W AR AMERERIZ IS W TR,
7/%% SEET T AT 12 ARG SE . 12 A MOBIEMMNRT b, 2
IZBWT, REEORAR THAED DT b%ﬂto%%% ST TR UREBRAMES L
TV ERERR L. BB AMERGIE S Lz oetTikBric Té@ﬁﬁﬁ%@ﬁ%ﬁﬁﬁ@%ﬁ?%é
AHEME AL LT\ 5 (Newton ef al., 1994; WHO, 2003) .

B ORERF O PDE

T TR OBRIRDREN RO T =208, ~TAKRORT v MZBE L CHIATETH
% (Schroeder et al., 1968; Schroeder et al., 1970; Poon et al., 1998) , K[EEF w717 5 (NTP)
X, 7y AU TR zWT%%A&%#él4HW%%%§mbto_ HERIZIB W T, APT
X, ZO®EREETIE &I ﬁ#%%i&#ﬁ%téﬂt(NWJ%ﬂOmeEﬂ\%m
%(w%)®? A &ML, 7> MZ 0.5~500 ppm ® APT % 90 H [k /k#5- L7- kBRI
WX, e & COVEBREIR T K OB & 12 555 % NOAEL (X 50 ppm CTh 5 & fil Lt
(Lynch et al 1999) . ZOFTRIE, EHLLATD Schroeder & (1970) 76 O & J& L T
AR Ltﬁof BBV NOAEL, T7¢0% 50 ppm (7> FE > & LT 6.0 mgkg/day FHY) %
HiC, OO PDE Z2HE L=,

EEARE (6 1 I2BWTEZEEINT FI~F5) Z&EBICAILT, ROBRZERFO PDE 4 LT O
XIOICEHT 5,
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PDE=6000 pg/kg/day <50 kg / (5§ X10X5X1X1)=1200 pg/day
B X DEREEIRF D PDE fE

FFig DB EFT R (RO RAE, TSN OFZEM) 2. 7 v b~OREFENRE & 5% O ft
LI EREVIHMEIE Ch 572, L -> T, EHIC K DEFERO PDEfEIZ DWW TIE, & HIK
V) NOAEL 3.0 mg APT/kg/day (7 > F > & LT 1.1 mg/kg/day #H2Y4) ZFICHRE L7z, ZOfEIL
7 v D90 HREHERD L& G (APT 2GRN G- S /ET » MBI 5 6 mg/kg f@ﬁﬂm
HEFRICESLS, ) (NTP,1992) , ZOHETEFFEITRD SR T2,

BEIERE (e 1 I2BWTEREINT FI~FS) & EICANT, KO 3 G0 6 E5#% 512
BEIEL T, EHIC L ABFERFO PDEALLTO X ) ICEET 5,

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

Z v NOFEMER OEER AR E i SNz, 2D OB TR M~ EIT—F L
Tz, 025, 1.08, 4.92 KX 23.46 mg/m® O =fR{bT > FEL XA NEHWT > b 13 BHE%

AiRBR (Newton ef al., 1994) 75 D5 —4 . NOAEL 1.08 mg/m? % F\ T ABRFER; D PDE €%
PE L7 (Sb ;t~83%) o KV IR EE DOIRFRREZ jbl/\TEWO)f@XTEE&U*EXTEE@q:fﬂﬁ@im
MBS BT, ZOFTRIE, 0.06, 0.51 LT 4.5 mg/m?® OBEFRIEEE 2 7= 1A O AR
BRICEW TR DN o Tc, 20 1 FMD AJTHERBRIC IV TIR D AAEITER D %hr‘mwto
WL OFRER T b MR PRI A TR A TR A LR FEZEITIR oo,

ﬂkﬂq&iﬁz (fHk 1 I2B W TEZBSLZ FI~FS) 2B EICAN T, WARGERFO PDE fE4 LLTF O

INCHEHT D,
o 0.9 mg/m? X 6 hr/day X 5 day/wk 0.16 mg/m?
BTG = -
EHEREE I = 24 hr/day X 7 day/wk 1000 Lim3 _ 0-00016 mg/L
o 0.00016 mg/L X290 L/day ~ _
1 A= 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.

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.
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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
3% (As)
wE 5 PN
PDE (ug/day) 15 15 1.9
Fim

B3 (As) (I, BETOWEZDEZAHICHD, Rih, T BEKERORKPICHFET D, MK
ERIT A (B2, Z@fbe sk, Eelik) b U U L) SOIIAE (BIAE BRI R A T
MRt 3R, blR) TIHET D, b FROWALIWICE T 5 ROFRRAEMZFIEREITHM ST
20, e BPERLEANCROEELZ O THD Z &b, T OREMERbIFERE e Rz
BREETD,

REMEIEDORILL 72 o o=l

MR KT, BEFEEEAT L, BRFEMEEZ TRV ENRREINTEY, £ NOEPAME
E LTRSS TS (Group 15 IARC, 2012)

TOWEVEROFET 07 7 A VDO DIZ, ERKLPEFMLEMIONTES DY AT T EA
AUMRERBENTEY, BFY A7 T7TvAX S ME, BER L, BHENIGT 7o —F 2 1
VWUV 5% (Meharg and Raab, 2010)

t F TOEFZROEEDO R ZITEY CIEHERIN T2V T, VA TERAAY ML, GRE
WREE SN NOEMICHIT 2T — 21 < 26 S5 %2572\ (Schuhmacher-Wolz et al.,
2009) . B MZBWTIE, BRAKVIEEDAFEONTNS, ERBREICHEL WD, &1
WEERIL. RS, JFRE. Bl B OMERE DO AICEIE LT\ 5, W ABRGEHZ ORI A Y R 27 O
I+ 22ELA3 % % (ATSDR, 2007; IARC, 2012; EU EFSA, 2009; WHO, 2011; US EPA, 2010) .

OB OIER P AMEOEERZBICE L CX, KE (AFRLE. EWALE) LOVEHEE B
I, EL) DEOBEZMENEVER L B o h, mERE, EEEEN ORI EEL IE
FENAGHIFEE & L CTHE ST 5 (IARC, 2012; Schuhmacher-Wolz et al., 2009; US EPA, 2007)
—IHE O ORFERBRIT, 0.02 mgkg/day% L[R5 b FEOHETRERENHIT L0 /EERH 5 2
&L &00.0004~0.01 mg/kg/dayd b & H & TIXSMRANM HEEN L L NN & A2RE LTV
% (ATSDR, 2007) , & OMOFHFEEIZBEI L CiX, LOELXIINOELZ % ET 5 =I5 7a¥%
T — NI, FAALTUHETAL I, BE S AT S AREMEA S D (ATSDR, 2007) | FZED
A S OIS AT DNT FEFE 23 A D R WA FEREFEC B ORIBHRAE ThH 5 & Z 2 bfF5 (Chen et
al., 2005; Hsu et al., 2013; Ahsan and Steinmaus, 2013) .

FETEETE TO1000 pg/LEA b o> b FRHEE O H T AICHREE S 7= KHBIA 4R (~40,000) OHFSE
DL REN A, SHITHRETEBERBAKR PR ADY A7 7EAXA L FORKIZR>TWND

(US EPA, 2010) . 203U ZAZIZOWTORIEDAZT T U 2 Ad, RHBEOBRE (<100~
200 pg/L) THARDBEMFENAY X7 - L T2y (Chu and Crawford-Brown, 2006, 2007;
Mink et al., 2008) , Z#UlX. Schuhmacher-Wolz® (2009) DHFFE & F & L TR,

BRMIETHZRAL= N U A7 pg/m’ 4720 0.0043 1%, KEOKEEFT 2 TN 0T —4 %
FEIZ USEPA IZ X VR E S N7- (USEPA,2007) . 7V AMEREMEZESX, USEPA 7 —#
IZxt 5 FDOBMEMNO 7 + 0 —7 v T RCEE R RA YT = —F o O3 EE T 58
MT—% %H 0 A, US EPA Ox=v s U A 7%% (URF) #®#H L7-, YUi%LEES1E. URF
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pg/m® H7- 0 0.0015 ZHH L7=, Z® URF I%, FIRMAAFECTEDO Y X7 1/100,000 [ZXf5T 5
ZERIREIL 0.067 ug/m? EfEIRT 5 4 D ThH D (Erraguntla et al., 2012)

B OIRFEE; O PDE

& D BREERF O PDEEIL. KEIZxd 2 e BOEMRELEICLbOTHY . BREAEWE - Fr
EFIRXHRIT (ATSDR) MRL K OF US EPA @BEJ“ i 0.0003 mg/kg/day (ATSDR 2007; US EPA
2007; EU EFSA, 2009) % %&12, 15 pg/day IZ[REZZHE L TWHHDTH D, ATSDR MRL % (i
B S 7245 PDE fili, fRBDKEYME L 7 /& L CUvey (WHO, 2011)

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

MRL OFEHITHIAEN TN D Z b BIEREIZOWTITEH Lo 7z,

B X DEREEIRF O PDE fE

t O NRBERFO LY FHFRIFEIZ~95%TH D, I b EHENRFHLL, b RREORVEIK
B (EROSFREITFFEIN TR, ) DHDKEGEZLNTEFEALRGE L TEROHE

Mz 6 BRFHEL7-RERHELN TS, ZOERD BWINERITK 95% & #HiE 7= (Zheng
etal 2002) . L7=2-> 7T, %% 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 IFEREIRBD U A 7 OIS it
éﬂfb\ 5o WNITHR D IED ARTAFEIE 2 PDE MO EIZH WV D ARALIL, B HORRE & i L C,
HTEH BN AR D IR HIC AR E L TCWA Z & Th D, Uik URFIZ—RARDIRHED -
ICIRESNTND Z &0 D, EEARKITISLEL 72, EBrraguntla & (2012) 12X 0 Eji &
TRl Z i, U A7 1:100000 #F5E 2 5 &, W ARREZEREO PDEEIZLL FO X 912725,

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

5% PDE f1% Erraguntla & (2012) (2 XV 5Eik SN -EH OV A 7 T 00254554072 URF
EHRICLEBDOTHL Z M D, EERBIZOWTITEA L2V,

BE R

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

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

Chen CJ, Hsu LI, Wang CH, Shih WL, Hsu YH, Tseng MP, et al. Biomarkers of exposure, effect, and
susceptibility of arsenic-induced health hazards in Taiwan. Toxicol Appl Pharmacol 2005; 206:198-206.

Chu HA, Crawford-Brown DJ. Inorganic arsenic in drinking water and bladder cancer: a metaanalysis for
dose-response assessment. Int J Environ Res Public Health 2006;3:316-22.

Chu HA, Crawford-Brown DJ. Inorganic arsenic in drinking water and bladder cancer: a metaanalysis for
dose-response assessment. Int J Environ Res Public Health 2007;4:340-41.
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Erraguntla NK, Sielken RL Jr, Valdez-Flores C, Grant RL. An updated inhalation unit risk factor for arsenic
and inorganic arsenic compounds based on a combined analysis of epidemiology studies. Regul Toxicol
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NY T A
XY 7 A0 PDE fEOHEE
Ny A (Ba)
e 5 A
PDE (pg/day) 1460 730 343

FFim

NU A (Ba) 1. BEOEW., SRAATIO2WT ALY HEEETHY , BEDOH 5225
THEGICIRIL L, KERIET D, Ba@H)A A ROKEEDO N 7 abAY G, R,
KAL) (3B E AT 5, MR NY T AL Vo REEAY U 2MEEWIT, HIEETT7 U —D
BaQ+) A A &#AELT, —BICE MIxILTEFEETH D, NU U AFERFAITHNAETIEAR
<, REHEHZOMEIIRATH D, WY ¥ AT, Bl THEEREAlL SR o5 Al
T AR O OOBLG ORGSR T DH & W Toix 7e & e 5 (ATSDR, 2007)

REMEIEDORILL 72 o o=l

RO MZBWT, AEEAY U AR EZRER DB SRS, BlES, &b
DEWHEHENTH D L b s, TolEERG L L EBMRERIT, NV 7 ARG - BEE L
OBEMEICE T 2L 2 ZEH T 5 D TH D (NTP, 1994) . Ui Aid. RAETLE. BIRAM
BN, RS, AR, ZRMEMEMERMEE T N E LTRSSk
T DRERDTFETH -T2, T bDOE X, M~ v 2 CEFIEILEE I D BARFAENR 2B MR
I L IITREREICH SN B DM A LT\, IMJFEISRT 2 83 BRERHE®ICE T
RO LN DI REZENEOIHMEREE CH 2 et H 5 (WHO, 2004) , WAIZ X (LN
U LASOERE T, S, RO IR E Woln R E Xk e SR T RN S D
(CICAD, 2001) ,

O IRFERFO PDE fE

AV AMD2>OR] THEH SN T-fHIIC BV TIE, Y ¥ AREETS mg/LOKEZEKH LT
TN & SEE AN Y T AJREE0] mg/LOKAEH LTV AR & ORFIT, ii)E X0
BRIEESE L ITBIRBOAFRRICERAZITRD b -7z (WHO, 2004) , Z OB 515
HAV7ZNOAEL 7.3 mg/LZ& HW T, K OMB/KEOHEEE2 LidayZa T, #% 1R EEIRF OPDEfE 4 LA
TOXIICHEHETHZENTES,

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

ST & 51REER:D PDE fE

N T MMEES~OEFIC K DBFEIARDBE T — X XY - 2o dz, N U AOEYTFN
FIHRIZ, AR OISR TENEN 20% L TN 60% Th D EHEE S TW% (ATSDR, 2007) .
L7=M > T, SORERO PDE B2 1EFRE 2 T L €., ST L 8RR PDE fE&2 R H L
72 GlEEICEEEnTWD ) |

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

% A\Ug#EE; D PDE &

N MMEEMA~DWRABRTRIAR D BE T — X TR Y 7= 5o 7=, KEZ @A (US DoL, 2013)
1. AAMEANY U A A FRIZ L7 TWA %2 0.5 mg/m® S LT\ 5,
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B (FERUIZB W TE L I NZFI~F5) 2FEICANT, WARERFOPDEEZ UL T D X
INZHEMT S,
500 pg/m? X 8 hr/day X 5 day/wk 119 pg/m?3

T R L = = =0.119 pg/L
EHEREIST 24 hr/day X 7 day/wk 1000 Lime MO wel

0.119 pg/L X 28800 L/day

—HRAE= 50 ke

=68.6 ug/kg/day

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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BRI UL
# R 7 AOPDEfE DS
A (Cd)
e 5 PN
PDE (pg/day) 5.0 1.7 3.4

i

HRITA (CA) FEBEETHY., KbV RARDENARITHGHEEE 72720, AR T

FERE TR WE S, FEARIIEL LTI FI v AEANBE LD,  (ATSDR, 2012)

I RI VAL, R2OBLREOATHE L UTHIET 5, b I U A, gD FI U LAKO

el RIS AL WS OO I U AEIIKEETHY . TOMOREMESEIL, B, X
IXEEE L OMEERICE > TKRIBEER LV EWL D LR ED, BRIV A, BBEDT FI T4,

BT AWK EOH FI U LET, AEARICBOTHMEEE LTHWORD, B RI T LA
&1x, VR =LA ORIREIKFLICH LS,

LRMEFEEDARML & 70 > T w3tk

BRI U AT, BoEHEEET A0, BERFEMZ L2V EINRINTEY, B NORBAY
BELTR#MINTWD (Group 1; IARC, 2012) . 1 KX U AR K U AMeEWIE. IR A
ISR ZT, £, BRI VARG RIULMEEW~OWEEE L | B A K ORISR A &
ORI IEDOFHBIENFRD LTV 5,

HRITEEDRT RI U LE~OKRAOBREICE L TURZERN S WIHMEERIIEEETH S
(Buchet et al., 1990) . E L OVEIRICxTT 22280 %, FALOREE L~V TRO LI, T RI Y
LRETDORZHENE N~ —I—TH5 (ATSDR, 2012) .

%%&U?F@%%thﬁ% 7 IO ABEEE % T U 72 280 OFEEIF IR0 b OFERU L,
RI T LA~OWABFRICHBE L7-RB0NA (& LTH) VA7 OBINEZNGEL TW5 (IARC,
2012; NTP, 1995) , BZERRFE IHLINT D23 A2 T, ATSDR (2012) (dREAME & i LT
Do DRITENT v NMIHBRAEFERETHZ EITIHONLTH LN, v~V ATIEHEEZS HEM
BH 72 NARZ—=TIIMBABRD bR, "AxL=> FU A7 0.0018/pug/m® 75 US EPA
(1992) Ik V\EEXHENTWDN, FFEERFHEREYE O IXE BRI X 2B iEE 4
WHLZERBWERDND, KEFEHEILTFHFARERALE LT 5pgm® 285 L TND
(Cadmium OSHA, 2004) .

& O IR 2 I O PDEAE

DRI VAR FI U LAE~ORKROBREICET 2 EZEN @ OFEHIEE X, BHEETH D
(Buchet et al., 1990) , ‘B & OB 2203, FEIOEE L~ L TROBIL, T RIY
LIREFR DN E W~ — B —Tdh D (ATSDR, 2012) o Ty REO~TATON K7 AIZE
T 5% < OROBEERBRIT, BORAEOIHLE R L TR, LER-> T, BEEOFHEfEE 2
AT, BRI U LAICET 2R OBRERFOPDEEARET H 2 & & L, ATSDROEIEHFITEV, 18
PERREFE AR HDMRL 0.1 pg/kgZ AW CRE D BREEFFOPDEE 2 5% & 5, ZAuE, WHORCE KR E
fE0.003 mg/L/day & FJ& L T\ 72\ (WHO, 2011)

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

MRL OFHITHIAENTND Z b, EIERBIZOWTITEH Lo 7z,
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FEHNZ L AIRFER OPDEAE

KD A0.6 mgkgZBIZSHE FIEASNET v N TORBMBRERICE Y, BTEUREICEEE
MR S172 (Prozialeck ef al., 2009) , Z DR TIIHE—OHENHW LN, ZOHETHALN
ToAREJD, PREEME RPN, A~ — I — % E 2D &, ZOFRBRDOLOAELIL0.6 mg/kg T
5o, EHIC L DIBRFERFOPDEME O EIC Z OREBREEZ H Wz, 00 1. 2, 4. 8, 16 X1%32
umol/kg DAL KI U L% T v MK THEE LB ¥EE GRERICE VW TIE, 7208 %2
HIFHE TRERTL6 pmol/kgbh D G-HE TS EAAIZ NED GRS L7z (Waalkes er al., 1999)
TSN O ZFREDS, TSR G SN ARRFEREO N FI U A% ERRIC ?btoﬂ%%?“é
MEIMIIAENTH D, ZOBGIE, I RI TV LAOEFNICE 2 EEOREEZFHRME LD IR
C5AREMEN & 5, EIERE (FER1ICB W TE L IFLCFI-F5) B I AN T, KTNESH
B BiET7H O 5IEIE LT, EHC X 2BERFOPDEEEZ LT O X 9 ICHEHT 5,

0.6 mg/kg X5 day/wk X50 kg / (5§ X 10X 5X5X10)
7day/wk

PDE= =1.7 pg/day

BRI T NIMARBE CTRDNAMZA LTS Z &, KO TG TRIEENED H-2 & h
O, F4 L UTHRE S 23N L=, 245 O RIZBEMEN RN 72 S D THh D, PDEEDREIC
LOAEL Z W= Z &2v5, F5 & LT 10 23R LT,

W% AN & i O PDEAH
KE BB S B2 m I R Y AOTREERR A5 pgm?E B LTV

BEERE ((HERIZB W TEE I FLZFI-FS) #5E L T, WARZERFOPDEZLL T O X 5 IZHEH
T 5,

et b 5ug/m® X 8 hr/d X 5 d/wk 1.19pg/m?
ERUREHRE = 24hr/d X 7d/wk T 1000L/m’ = 0.00119ug/L
e 0.00119pg/Lx28800L —0.685upke
50 kg

PDE =0.685pug/kg X 50kg/(1 X 10X 1X1X1)=3.43ug/day

JEBHZOWT, MR EEb b Z L, b NOREERE CRMAMEND D & IS ;%J,eu\*
&L BRENDOBRFELLVMMEREL L LT S IXE bz b LCEEEGTNIC

RE L~ TIILLLEEbNDZ LD, B N TOFRMREOREEMENE RS | ﬂfﬂ,ﬁ
HF4 & LT 1ABIRLT7, PDEIZPELICESWVWTNSEDT, LV RKREMEF4ITMLEERNEE
Z bz,

2% 3CHk

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.
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Cadmium:OSHA 3136-06R, 2004.(available at https://www.osha.gov/Publications/ osha3136.pdf; accessed
October 10, 2017)

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.
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

27 a AOPDEEOEE

a2 (Cr)
& K 2 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+). Cr3HEUCr(6H)TH D, CrtQOIBS ICiIbEZ T 5 Z b, ALFAKICE W
TERITLAIE LTHWOILD, CueDIZMmADREBREAITHY . 7 o Al (Cr0os2) KOEZ 7 A
et (CrO7) b < MmbhiAXx LT =4 EHTh 5D, CB3HiE. BEFTTRLEZL AL
NHETHY, 7 RUBERBHCEERVLFATHE THDH, 7 LORZIE, 7 RUHELOIRED
RMOEALZSIEEZ U, BAFIERFEIR P, TaBR 2R B OV R R (S B3 2 FIREMED &
% (Anderson, 1993, 1995) ., EIEF D7 o A0fJFEE LT, HEHK, B&E - 5B IRk
FIND ORI NN E 2 B b, Creh)filfii s L CTHWON I HEERE, ERLND

D7 v LAOERE, X0 EEOROCH(eHDOEREL WS KV IiE, &F 7 24 (Cr(0) XiLCr(3+)
DIEREIZZDL LD THA D, LIedo> T, EHEMEFNCEET 2 Z O MFHEIXCrGH) D REF D
BIEHHRICESS SO THY | Cr(6h)IL Z DFHliA LRI ST D, Cr(6H) 23 il & L THEH
SINAEEITIE, BRMRFHNILZ ORf I(Qmﬂ)%a&«%f%é EEAlE UTHEET D2
ah (BlziE, Bfbras -7 —r, KEgbZ el - 7Y —2) iE, BERUIZEIS TS

ZEML, KA RIA OB TS D,

REMEREORIL L 72> T2

%%wwmmx(ﬁmAthM@n@@mwm%)%é@@ﬂ%éﬁ%ﬁbt?yk@\ﬁ%%
BA RS Ipnolz, LVREDT v MBI 5IREER 53R (Anderson et al., 1997) (2B W\ T
Cr(3+)& L C15 mg/kg/day D 58 CHELBITRD bivignote, 7 v LAORAEIIRICE L T
L FERMLENSE BETRE S TRy, — &I, 1.5 mg/kg/day D Cr(3+) D% FEHR
(US EPA, 1998) 1%, f#FE~OAEFZZEICEET 2 0 LT THEI N,

WMHT—HELbEa—L, BEREEZEE 2. ZEMERBEORIL L 72 5302 B Lz,
B OREROPDER

2000, 10000} T*50000 ppmD HED ¥ =2 U U EECH(3+) % 7 v RN~ U R ZIRETHE G U7 24 3

AMERRER (NTP, 2010) T, BAIFICFET D7 0 LB L TROBEMERH D, O EE L
Bon b MmN G O, AiRERT460 mg/kghf OMEMN: T » MR IRIEORBLR AN L
722, B2l UERCI(3H)D T v F TONOAELIE, KA D90 mgkg (11.9% ; Cr IIIE L T10.7
mg/kg/day) Th o7z, ZOFRITITIHBEBEREMELSRO bR holzZ Lnh, RBROERE &I
AHEFELZFTR EMEL TS, £72, ZOFTRE, i~y AT ool (R T
RO BN T, EERE ((FEICB W TELINTFI~F5) Z&EICAINT, RORER
OPDEfEZELLTF D X HICHHT 5,

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

Cr3HZzH#FEE L THIRNE ST 25 L S oHEREIL, FmEici v By, BHERTIX 0.05
ug/kg/day, FX A TIL 15 pg/kg & 725> C% (Moukazel, 2009) , ZiLH OHELE—H &5 &% 2
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ékﬁiﬁﬁﬁ BlZE, BT ER R ORBE R OB L T) BNETCD0E S 1EHlT 5
N S A RAN T2 VATA A

7 a NI LTI, EHBE IR D PDEEO RO D X2 BT — 2 Wiehote, 7
75K OVERE v Ml:/\%@fx MR RO ZEWF IR R 10%TH D Z &5 (ATSDR,
2012) . RO PDE fHAEEMRE 10 TR L €. EHNC L 2IREEFRFO PDE fEA B H L7

(Gl HICEHEH SN TWDH EEY) , FHFHC X DBEERFO 7 v AT 5 H#45E PDE HIZLL T O &
BHTH S,

PDE=10700 pg/day / 10=1070 pg/day
% AR EREF DO PDE/E

Derelenko &> OFER (1999) TlE, FiEACrGHkI1-Z 13 (1B 6IFH, MIZSH ) WARE S
wimkZ 5 FITKE @M SRIE (BRI, K IRWE) K OVitifaRE D [TEEIEE 235880 &
Nic, TORBIIT X TORERTHRO b/, LOAELIX17 mg/m® (3 mg Cr(3+)/m?) fzbé
AT AT AREECIBH & T > MCI3EBR ARG L72s B TlE, WUz L Th 2 miEl
BOONIRMoT, ZNHDT —F Z T, WAIRE “C@MRLO]ug/m3%ﬁﬂ7\@%%5%f®PDEfﬁ@
R EZH W= (ATSDR, 2012)

PDE =0.0001 mg/m® / 1000 L/m* < 28800 L/day=2.9 pg/day
MRLOBEHITFHAIAENTND Z & D, EERKICOWTIEEA Leho 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, Kloppel H, Oldiges H. Carcinogenicity of sodium dichromate and chromium (VI/III)
oxide aerosols inhaled by male Wistar rats. Toxicology. 1986;42(2-3):219-32.

Moukarzel A. Chromium in parenteral 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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a)L k

23V N OPDEfEDOEE

23V (Co)

& H 2 5] e A
PDE (ug/day) 50 5.0 2.9

FFim

a1k (Co) X, RIRDILHET, L DA, R, MEKNER L Vo T2Z2 DMk &k
ébfwéoﬂﬂwbi\t&\yBu®KﬂKﬁ%W%§?%©\A%ﬁDE/Aﬁ&U@%
BT EE R OREFE OMifERE L L CTHRET 2720, B FOMETLETH D, $W%ﬁt
ME, 1B 1lpg Da L hE2EHENLEINT S (ATSDR,2004) , B4 I 2 B12 OH#ELE @%
1% 0.7~2.4 ng/day TH Y mA&Nm)\3NWF&LT0%~QHgLWé?50EFWW
Héﬁ%ﬂﬂwk@%ﬁé%?%%%@%iéﬂfw&wo:NWBMQW(WZﬁ\ﬁﬁ&V
fg= L N IRERKEICB W TS L THOW LTINS,

REMEREORIL L 72> T M

Imm(m%) %&zn»h&@%@@@*@@(ﬂ%ﬁk 1L, B ML TRBAMED R

fiz’))i?)é kﬁt L72 (Group 2B) ., Y4BT —#1X, 7 v MOk N COREER AL

WCBBRESINDZ EERLTWA, a0 NERIL. in vitro DERFIEICE L It ch o7
75\ in vivo DYEAREFEFHREEICE L X EM:TH 72, NTP X, fﬁ&@“ﬁk&@‘?ﬁxﬁfﬁﬁ v B
T%ﬁ PO BARE 72 REILMS S 7z R L7z (NTP, 2013) . & MZBITF WAL ;é%ﬁ

MR Tk im iﬁ%hf%%# TR ANMEIZE L TH ﬁéﬂfw&V\WSHAzmm Mz
ﬁ@@mﬁ%éﬁt TBEWTIL, fm%ﬁMfﬁm%m%%#mw%ﬁfké(Mﬁm
2004) . tbf@:AwL@&A% L, BEAE CAME S L THL TS EE CTEITIEDME
& r%tv i BN OV F7 25 (B9 LT D (ATSDR, 2004; IARC, 2006) .

#& O BREE IR O PDEfE

% 11 gk 2 IRF O PDEAE VL ﬂ?jﬁ%fcﬁt DT —2ZFEIZ LTS, 150 mgDiE b= /3L N %221
e MIKERAOBE SE2HAICB8 0TI, bR S ORI, IR EREINE
%ot_twvvhkbfﬂlmw@m%“mozm6AH®R2%® 2390 k& LTI mg/dayd
CoCLZ88~90 H H#EM L7z & RS 1061 (BHSHI, Zotkshl) oRBRIZHB VTR, AR ek
IE X EZ OO EEIIZRD B> 7= (Tvermoes et al., 2014) , % O BEFZIF OPDEfE % |

NOAEL 1 mg/day% SEIZIRE LTz, EIEMRE ((HRUZIBWTHELE SHLZFI~F5) & EIZ AN T,
& N BEEERFOPDEE A2 LL R D KX D ICEHT 2,

PDE=1 mg/day / (1 X 10X2X1X1)=0.05 mg/day=>50 pg/day
YEAPDEMEOFREICE M b FMBRAEH L7z72, F3& L TIEERBRZ IR L -,
ESHNT & D REERF O PDEfE

a0 MEASW~DEFHNZ X DBEEIFIZRDBEME D H 57 — X 13720, 27390 R ROV =3
IV MEA Y O N gEEREO AR R OFIPHIL 18~97% T 5 (ATSDR, 2004) . #&FIREE
RED AW PRI HEIMENZ E 2B E L. BORgERO PDE EA4EIELAE 10 TRRL T, EHIC
X BIEFERFO PDE 2R L7z 3.1 HIZEH SN TWDH ERY) | EFNC K DBERFO 231
MZBT % PDEMEIZLITO LB TH B,

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

filis = N0 b R ONZE OO KEMECOQH)MEIX, B N TG 25 X E 2T rE%ERH 5
(Group 2B)

UANTIE, Wi 8 OEARME R &2 1d, 18RRI ABREEIZ L D B R CTAHALND BB AL O E
1258 THD, INLOT—ZIEEENRLVENLOTHL EEZ LTS Z L, LU
e )L hOENAEICET D hOT—X X202 End, 2200 M LT, MRLT 7
H—F%ZTANDLIENTELHLEEZIOLND, B MIBITLHEPA Y X7 O BOHEEEIT,
MRL% TR 7-PDEfE & 1ZIE[F—TH D (WHO, 2006) ., W ABRFEIFOPDEM A H T 57
B, BYE ARFOMRL 0.1 pg/m*% V7= (ATSDR, 2004)

PDE=0.0001 mg/ m3 /1000 L/m?X 28800 L/day=2.9 ug/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.
Institute of Medicine National Academies. Summary Tables, 2010. (available online at
http://fnic.nal.usda.gov/dietary-guidance/dietary-reference-intakes/dri-tables; accessed May 27, 2014)

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

Tvermoes BE, Unice KM, Paustenbach DJ, Finley BL, Otani JM, Galbraith DA. Effects and blood
concentrations of cobalt after ingestion of 1 mg/d by human volunteers for 90 d. Am J Clin Nutr 2014;99:632-
646.

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

WHO. Cobalt and inorganic cobalt compounds. Concise International Chemical Assessment Document.
Inter-Organization Programme for the Sound Management of Chemicals (IOMC). World Health
Organization. 2006;69.
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&
$i @ PDE fEDOHEE
@i (Cu)
wE 5 PN
PDE (ug/day) 3400 340 34
i

#il (Cuw) 1%, F—EBBLHECTEINHETEDO 1 OTHY, FIZ2 >OREE, SH(1+) K U2+
EID, BKROE FOWTIIZE > THRLEADMETLRERTH D, ik, W< Db DOEERFER
FCARA RN 2 R U, IEH 221 i e O AR B BE LT\ 5, #iflked (1203,
HE 7 o ARRE) 13, AKRFAE IR OBLRBRSUSIC B T D it & LTHWBR D,

REMEIEDRIL L 2o ol

HY RN MARDEEEO S D ZEMT — 2 ORAINZR L E2—I2X 0, dlix, FHEHEOR
HEIIZHBW T, HEE, IR OB IRICAE EREL KT TARERH D Z LRI TN D
(Araya et al., 2003)

78 O EREE IR O PDEfE

<~ A Ty MO X & O REEE R OA8-F 2 Y 2 Z— MIEAT 2RERNEE ST D

(IPCS, 1998) . 7 > ME, A OB T 2R BICEL T, Zhb0 5 b TEZERRD
EWEMWRE ST S 72, T v RIZ500~8000 ppm DAt RS F K Fn#) & IR AR 5- L 7= 1338 FET5A R
IZRWTIE, ATE R OB R R O B HE5HIZ B3 2 NOELIZ1000 ppm Td - 72, 2000 ppmlA k-
DGR W THIFEEL OB FZENTES Hiv7Z, NOELIE1000 ppm, 64 mg CuSOs/kg/day (Hi &
L C17 mg/kg/day) fHM4CTdh -7, (Hébert et al, 1993; IPCS, 1998) , EIEFREL (FHEk1IZRB W T
BERINT-FI~FS) Z#EBEIZANT, RROBEFOPDEELZLLTFO L 5 IR T 5,

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

EHNT X 2IREROPDEfE

ST LML B a—iX, EHNC L DBERIKICIRDPDEEORE B O L7025 X 9 I FE
P AR ET A EMTE o, T EEICB W OEE S 2 IR afn 6B Eh
78D 5B, B FOEEERRIT. 30%~40%%WINT 25 Z L3 TE % (Wapnir, 1998) , #i fz OV
KGR DOF O BR B O AW R R A330%~40%IZRHNTWD Z & 2 E 2 . BROREREO
PDEfE % & IEARER10CTRR L T, RSN L 2BERFOPDEEA HH L7z GEHEICEH I TS &
BY) . EHFIC K 2BRERFOHICE T D HEEPDEMEIZLLTO LB TH 5,
PDE=23400 pg/d / 10=340 pg/day

% A\BREREF D PDEfE

WA ENT-EHOFNEICE L, AFTRETH 77 — 21, E#. ST EM: R AR OMRL %
EHTITIIR T+ ThHD EE 2 BN (ATSDR, 2004) . # OBRFEROPDEE A & 1E42%0100 T
LT, WABRBEHOPDEEZHEH L7 GIHEICEHINTWSHEEBD) |

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

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

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

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

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

Wapnir RA. Copper absorption and bioavailability. Am J Clin Nutr 1998;67(suppl):1054S-60S.
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£
4 DOPDEEDHEE
£ (Au)
& H e oy e A
PDE (ug/day) 134 134 1.3
i

& (Aw) X, EREEEOREL 25+5 ORETHEMEL, B 1 ML 3 Mo ENRD
—WTH D, TR DHEF, RSN K, LER > TEMZEITIEER S D H O L I13HR7%
STV, & i\ﬁ%A%KEHé%ﬁkLT\EWLT\XHEMé&ULAw(::T
wammx77V\ﬁUV@%ﬁyRmvayf&éonm&w%)@;5&@é¢fmw
HRTW5D, WAIFOEOME—ORJFIZ, il LTCOFEHANSLL 20 TH S, &(1HHEIT

BIFRICHWLN D,

REMEIEDRILL 2o ol

SOFMEDITZE A EDHRIL, @OTERMBERICESHTWS, BUEFIHRRRIGEICHW b
LZH01E, 1 flioae(l+) & A F TR (Au-S) & D& ’CE?)%)??) BRI NTND
anA NRoRES (HET4) %, 30mg/day T 18M, KIZ 60 mg/day T 1 #HE, TR
Y a— )V TR SN BE 10 FHCEEIXA DR o7, YA X, 30 mg/day THIZ 2 4
FVEER 2 Mkt L7z, MR PRI rE, BRSO OMa M ORMIT R < U
~ TR R OFRARIER L R A R A 2« RIA—=ZIZBNTHhHIREDOSENTED il
(Abraham and Himmel, 1997) .

S E T EMoE A e hoT — 2 BFHFRETH D, &bEmic iéﬂ@&bf
FhEENEE ST > b (Payne and Saunders, 1978) KLUt ~ (Lee et al., 1965) 28T HE
EDIFE., A4 XIZBT 57L& (Payne and Arena, 1978) 03 5, L75>L/ \_ZI“L%@nit%:ﬁ .
Ui DA+ L EERLOARHMY & L THIFELR2WBEOEEHWTHEiSITEBY, L
1o THRAF OLIAR DPDEE A G & N DI+ BEMENH 5 6 D LITEZ bR,

i®ﬁm%$ﬁmmmﬁ% XET DI, WEIFIZHIET D £ B2 ONDRED & DR ORI
2L e b UTEMIC #5%L@®%éﬂ%ﬁ%i&w Au(3H)iE, KV EIENRWIERE L E
R Hiv, MEERISICBWTHWLR D (Bl IX, =HEkd) . @GHESERICBEL T, Ron
f:“'f“‘& L, 5 —REBRICEWT, £3HEE® [Aulen)CL] Cl (YZaoax=F Lo o7
U= YA A Y) X Ty FOBEL OISOV TR T kA sl 2RI L, ©
?X ZBWTIX 322 mgkg DHET 14 HEEREAR G S, BIRMEEIEZ S EEZ S 72ho
7= (Ahmed et al., 2012)

B OREROPDEE

A DOWEFRIZET 5 TP B iR E I B I Th B, ﬁmﬂrﬁﬁhﬁié®ﬁ@®
FRE OFHmEIE CTH D 7= 0, é@ﬂ%@ﬂﬁ&ﬁéht??x BIFHRBRIT, B ORERO
PDE fEDOFKEIZB W TR AMRER LD EE X bz, BERE (8 11I2BWTEZE I Fl~
F5) ZEZEICAN T, BOBEREO PDEEAZLLTO L S IZBHT 5,

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

PDE DR EIZ LOAEL Z W T\ 5D Z &, KOEMEFHFHMENE T L CWRnZ &b, F5 &
L CHR%EL 10 23841 L7~
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HEHIZ L HIRERFO PDE &

E MIBWT, &F 4V I N U D AS0 mgh A ANTES Lok R. AR HEIZ95%
B ToH-o7- (Blocka et al., 1986) , 7V FIZEBWT, 2 mgkgw HRNEN LI-ko&T 4 o2
7~ U o7 AOWILEITRIT0% TodH > 7= (Melethil and Schoepp, 1987) . EW=FrIFIHEER EW 2
L. RO O BREREF OPDEME DR EIZEIENE S L 2B H Wb Z s, FEFRICED
W 7% R O PDEAE I L% 1 MR EZ FF OPDEAEIZ S LV,

PDE=134 nug/day

& AWgEE R O PDE(E

W ANBR RIS N ONEHHZ L AR RBIT 2BEEOH 57 — X 1%, MBI 2480 BTk
DAFEMEICIRD LD EEOIFE LRI D, B OBRFERFOPDEfE % & EA2 %5100 T L T,
HEHNC L ABEERFOPDEM AR L- GUlHEICEH S TWS EBD) |

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

3 3R

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 (II) compound [Au(en)CL:]Cl. PLoS ONE 2012;7(12):1-11.

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

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

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

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

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

Telles JH, Brode S, Chabanas M. Cationic gold (I) complexes: highly efficient catalysts for the addition of
alcohols to alkynes. Angew Chem Int Ed 1998;37:1415-18.
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&
$n PDE fE DR E
g (Pb)
& H e oy e A
PDE (ug/day) 5.0 5.0 5.0

FFim

g (Pb) [IEMME L THEMYE L CHHEET D, — N2 2 Miogbaw & LT, HEfeeh
HEOKEMERE R OCBILEREORNEHERH 5, FnbamE LTix, 7Y U VIRNElICchH L7
F 7 AFNERKRONT b T ZF AN H D, AR EEDIL, KK T 0T fif S i,
KR O T ERICEEN b e L CTERE T 5, i, b M XUIWABMWMIC IS T 2BEmO LY
FHOBSREIL 22V (ATSDR, 2007) .

REMEEDIRILL 72> =M

b FROEIZIW T, e~ OIRERIEL, Rk, B, 4, %, TERIRLK OB IRICAR 2 fdhHE
WEBLIERITIENRD DL, OIS, hEEICH T 2L, RABICB W TRE I
Ex LR LT, BIEHMEOVNEEIZBOTRE SN E XL @V, i BEREN 1~2
pg/dL, AEWFERFIHEN 100%, IEDICBREN L2V ERELZET V77 a7 A (US EPA,
2009) %MW T, PDE A LTZ, ZDO7HIC, #%E PDE fHi, BERKIC b 69 FE—
Thd,

O IRFERFO PDE fE

REOBREZOE MIBWNT, BbEZENRE . o, BEMEORE WIHMEHEE L, A EF2R e
TEVAEBETH DL L EZDND, EENRENS DT —2 X, 5ug/dL RGO MmN, /N
DOFFRATEN FRIFE R ICBE L CW D ATREME A =2 LT\ D (NTP, 2011)

US EPA €7 /L (Integrated Exposure Uptake Biokinetic IEUBK) Model, 1994)  (WZUZ=R 100%., & D

fthEn OMEFRIR 72 L) I XuE, 0~7 & (0~82 5 H) O/NRIZE 5T, 5 pug/day OF% OERUTM
FRIREE 1~2 pg/dL IZxfT 5 LR S 415 (US EPA, 2007, 2009)

PDE=5.0 pg/day
B X DEREEIF O PDE fE

SR ODRE RN O BT o LTSS, Liido Ty TR K 2 BREERF OO PDE i, &1
b5 R 0D PDE fHIZS L\,

PDE= 5.0 pg/day
% \IRgEIRF © PDE fE

SN OBREBRF O BB T L~ 3L, LN - T, WAMRERO PDE A1, & O IRER
@ PDE fHIZZE L\,

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 2009.
(http://www.epa.gov/superfund//health/contaminants/lead/products.htm; Accessed March 25, 2014)
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VF U A
U F 7 AOPDEEOE
VFoa (L)
e 5 N
PDE (ug/day) 560 280 25
FFaf

UVF o s (L) 1%, BESOMBEHFICFET D, b ShIc&BThs, VT U AL, BT,
X@%@M®$E&®ﬁéﬁ?\%ﬁkbf%w%ﬂfwéoU%WAMQW(WZﬁ\mim
TNAI=g LT L) F, AEEHRICBT2EEEE LTHOY LR TWS, VT o AL, @l
+1 OFRALIREDHL L L TOAIFEL TN D,

BRMEEDRILL 72 o o B

UF UL FOTRFEIEE L THEH S TR Y . BN, UM RS X OIS MR 5 9 iR
FBICB T A FULEORGIZET2EE e N —203b5, VFULEERHOIREL, VU
FUAREMEZILICO, BREYEMICEAHEREHRENLE LTS, VF U LAOIRRIEI
%ﬁﬂ%u%iéﬁ\m%¢%§o&qanL_&EénTmé(&m@WMMAwmzmm
B~ — Y 3R, UV F U LOFEMERIL, WFREOIRE CTHBLLGS, & MIB T Y F U L%
HEiX, FIT, RIESHERRIE T, R ﬁT\L&d%%%ﬁ@&@%iﬁM®UX7L%K%
HLTWS (McKnight ef al., 2012) , @H OHELEH&EIT, 300~600mg O 1 H 3~4 HHE5TH L
(US FDA, 2011) , ¥#&%7 —Z &L bt a—L, BRERKLEE X, ZEMEEEOIRILL 70 5 5
EREE LT,

% DR ERF O PDEE
t MZBIT D U F U LOM AR, ;@Hmﬁ@tﬁkbfﬁﬁéﬂtotF BT 5 REEY
FULOE/NEEREOHETH S 300 mg (UF VL 56 mg) ZHWHEITIE, BOBREREO

PDE fEIZLL F O L S ICRI S L5,
PDE=56 mg/day / (1 X10X1X1X10)=0.56 mg/day=560 pg/day

Z @ PDE fHDOFHEIZIX LOAEL (#E— A& 58D 1/3) ZHW-Z &6, F5 IRk 10 23
WL,

ERIC L A IREFRFOPDEE

TESTC K 2D BREERF O PDEMEZSRIET 5 DI 27 — 2 03720, LI LR 6, #RAgERFO4
WRIR Y 85% (Grandjean and Aubry, 2009) Th 2 Z L 2 2. R OIRERFO PDE fE%
EIEARE2 THRL T, SN K 2IRERFOPDEMEAZFH L7z GIHHICEEH STV EBY) |

PDE=560 pg/day / 2=280 pg/day
R AR EE I OPDEfE

Y XE0.6XIE1.9 mgmd DIEEDEALY F 7 A4~ HSH M., 1 HoRFEIRE L /-
(Johansson et al., 1988) , Y& FBAMKEE K OV 118 %ﬁfﬁ%ﬂﬂb‘f PIEMZABIZIER LoD, i
@Eéhtoﬁ%ﬁ%@iﬁiéﬂ&ﬂottb %iﬁmmﬁmﬁﬁ ZHWHN, EBIE
R (FERICB W TEZEINTZFI~F5) #&EI|C Anf W ABREFE I OPDEfE A LL FD X 91
BT 5,
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g o b e 1.9 mg/m3 X 6 hr/day X 5 day/wk 0.34 mg/m?3

ﬁf\r—»ﬁ =54 = ey =(.

ERUREAN 24 hr/day X 7day/wk 1000 L/m? 0.00034 mg/L
= . X

—HE= 0.00034 mg;Lkg 1440 Liday 155 04 ug/kg/day

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

BE R

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

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

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

US FDA. Lithium carbonate product label, 2011. (available at drugs@fda; accessed May 1, 2014)
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KR
KSR DO PDEFEDRE
Kk (Hg)
& H 2 5] e A
PDE (ug/day) 30 3.0 1.2
i

KER (He) 1E. HIERBRBRICHWCIELS 0 LT D, AKERIE, Tk, MK ER R O MK ER
D 3 OORETIFET D, BHFIFREE T 5 RN I b VO /KEROEREIX, P RETH D,
L7235 T, ZOREMFHEIL, JeRKE L OEMKERORHEME: O H 5 FEFr T — X 1I2E5<
LD THD, ZDOREMFMN KL OE X H S 7= PDE EICHOWTIL., ARAKSEICITEM L2V,

REMEREORIL L 72> T M

E MIBWTEMKEBNERAMEE BT D EE2RmT T — X370, HALKEBORBAMEIZE L
T, EREWICB T DRENRGEIDH 5, EEESAMERER (TARC) 1, BRSNS
t MIXTDHENBAMEIZOWNWTHETE RN H D Th D Efbim L7 (Group 3; IARC, 1997) .

MK AL, AREKER & e~ TH E IR D BRER O AR R 2R L, SR
A JEehE . IR M OV R~ O B ONC R R CEIEIRIE) & W o ok & e
WA X T, KRN ONFOHICE L COREMEEMEDRIL L /2 55T, BFEMETH
%o MR 2 LT~ O BRI s £ T % (Shimada et al., 2005)

B ORER OPDEE

7 v PRV U RN T HegChL i & 2 MG Lz, LK< THA Sz NTP OB E
T5, 055, LVFEMARRKRFEERRHME M THONTW\WA Z &, KOV 2 FRlFEBRLI D L HE
#PHNA (0.312~5 mg HgCly/kg/5diwk) Z L #FRHE LT, 7 v MIBWT 6 & H MsEhl 0
B 52T TR SEIR S 7o, BlROMS EE L Y (REICxT5) A% EEAY0.625 mg/kg LA
FOBGRETHM U, BRILZART A—=2DE (ZVvTF=v, BIVTL TT=0T
) RIT AT 2T =B RORT ARG XTI ) b T A7 27 —EBORED) NERG5REOIEC
RO LT, HETRIZ. AEEFNZ2 L0 TR Db oT-, BIEDORBIE K OVEEE (%
T HEEEE) OB, HALE “KER 0.625 mg/kg LI EOEGRETRD bz, ARIELTINY
B 523 (JECFA) OFEl (JECFA, 2011) (2B W TiE, 6 HAMT » MR (NTP, 1993) 7>
DL EIRIC T 2 A HPE (EEHN) ZXIZ, BMDL & L T/KEE 0.06 mg/kg/day (FH 5
HREI OGO SN TWD) NEEH SN, BERE ((H 1 12\ TEZSNE Fl~
F5) ZMWWT, ROBEERO PDEEAZUTO X S ICHEHT 5,

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

615 H B K OREREBRICB T A REAE CTOFRRIIAER LD LITEZ DN o722 &0
5. FA%1%& L, £72. BMDL¢ZANOAELE & 2 Hbiuf5% (Sargent et al., 2013) Z &6, F5% 1
& L7,

ERIC L A IREFRFOPDEE

W RBRIL. EREOKERORR O AW FAIR] R RN10~30% D& PHANIZH D Z L 2R L TWD

(ATSDR, 1999) , L7=4 > T, & OEFER OPDEL A& 1IEMA410 Tl L€, HEHHC X Dy
OPDEfEZ R L7 GIEIZEHINTNDEEBD) |
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PDE=30 pg/day / 10=3.0 pg/day
R A\BRFER; D PDE fE

MRATEN PR AN B MRARBEZ ICBIT SR bESERREWVIHMEEE Ch L B2 oD T &
N, 22 TWA JEEOFPHA 14~20 pg/m® OVEERBEIICBIT 2iENETRENTHS (US
EPA, 1995; EU SCOEL, 2007) . BEFHERNC I T 21K EKERREE (14 pg/m?) TOMRITEI A
WAHREOF/E (Ngim e al,, 1992) X, %45% TWA JRfE% LOAEL £ L CHEETLOINERHDLZ L%
AL TWD, BERE (R 1ICBWTERINTZFI~FS) 25 EIC AN T, THEARRKIS
2 IR N EE 2 BT, W ANRFERFO PDEEA L F O X 5 IZH T 5,

14 pg/m? X § hr/day X 6 day/wk 4 pg/m?

R R M — - —0.004 ug/L
RIS 24 hr/day X 7 day/wk 1000 m 0004 ne/

0.004 pg/L X 28800 L/day

—HAHE= 50 kg

=2.30 pg/kg/day

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

PDE fEDOEIZ LOAEL Z W= Z Lt MR ZRRE U CKEPIICEERITT 5 AlHettlc
DWNWTHEFEIZANT, 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 (HgCly) (CASRN 7487-94-7). Integrated Risk Information System (IRIS). 1995.
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) TITTF v

U 7 F U OPDEEOHEE

EV 7T (Mo)

& K 5 LEN
PDE (pg/day) 3400 1700 11

FFim

EYTT Y (Mo) OERBILEIT+H KU+6 T, X7 =4V HOEE RS —EKINTH 5.

EYVTTUDOERLFREIL, TEPENRARKFTIZEY 77 VA4 (Mo0s2») THY ., K,
NH4 J Y Ca2* & W o ok & 72 [ A A v LAl OIL M E BT 5, TV 77 i, HEP T
A IRIRIETIFTE L, ZOEEIZ0.1~10mgkg TH 5D, MoO, & MoSx 1F/AKIZEEIT 720y, B,

B R ORWEPICEIASFET S, BV 77 ka5 (Bl x1X, Bi-Mo, Fe-Mo, btV 7
TUROEY 7T GRS 1L, AREERICRBW TS LTHOYWSBR TS,

Y TTUENEATKE TH Y, B FROHEEM T, FshIE T 100 pg/day, A T 600 pg/day
T D (EC Scientific Committee on Food, 2000) , €U 75 VR ZIEOHIT, ®KE. i, 74
Ak EREE, AR OMEMER CThH Y | MIEH A F A = RO RIE & o Tk 2 2 A LR B
WEEY, £, mhu ) —iREZi 0D BEICEOTL, MiEH O REREE N TIEH
HIRAR M ChH - 72 LA SN TS (Abumrad et al., 1981)

REMEIEDRIL L 72 o ol

“MkE LT TTAIERFME RS o7 (NTP, 1997) . £7-, 4T U X ENA
RAEBRBINIZEAT (RIVM) I K 25HfIE. Y 75 @it 2 m & v Effam L7z (RIVM,
2001) , TARC X(% US EPA (Z X 2RNAMDOFHIHITATOIL TV, RORERFOETY 77
OFMEIFER, Y 7T U ERAERG SN2~ RZBT DD ANEOFTHLN N Db D, FE
DADFREMEIL, T ORFEREKICE LT, kb RS RmEEMEEED S 25 HMHEECH L L5
Z b,

i O iRFERF O PDE {H

7w MR G SN BEE ) 77 U N U LAO@mEEHRE L, GLP @ad 90 HIME
MHRERIL, BV 77 & LT 60 mgkg/day DG EIZEIT HRE, REHME, BEERR, 4
DOligs B (i BB K OMREISH T 23 EE) KOV OREERRSET A (1 2 PCourzg
HE ORFE 72 OVE AMEOIRIERR) ~DIER & Wo B2 B 52 Lz (Murray et al, 2014)
HEZ > MZBIT DEEBD ZBRE . 60 HEOREIEHIFE TRICHEEEZBTRD N oT, 4
g E . MERHSUIRE TICET 37 A= ~OFEZBIIRDO LN o1, FEHEDLIX, 20
RERD NOAEL 28 E ) 75 > & LT 17 mgkg/day TH D L L TW5, ZOHRICEBWT, #
B E O GAIZBEE L m IR O e o, BIERE ((FEk 1 I2B W THE L S FI~FS)
W, BROBRERFO PDE EIZLL T O X 512725,

PDE=17 mg/kg X 50 kg / (5 X 10 X5 X 1 X 1)=3.4 mg/day=3400 pg/day

ST X HIREER O PDE fE

Vyskocil & O Viau DJFEE (1999) 2B WT, FEAORERFO b N TOAEWFHIF I RIL 28~77%D
HHTH - EHMEIN TV D, Tumland & (2005) 13, €V 77 > OWIUIEE BHETH 90%

Tholm b HELTWS, LI -> T, ESIC X AIREERO PDE X, E1IERE2 THRLZBO
L% GlIEICREH LTS EBY)
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PDE= 3400 pg/day / 2=1700 png/day
R ABRFER: D PDE fE

K~ 7 A BN TR AR Sz ZBLE D 77 VICRNBAMERTED Hiv (NTP, 1997) | G
WMOBEASFIE, TV T T VBN T LROEY 77 IR E M3 L TRB A Mﬁﬁ?
HATHEMEZ R LT D (NAS, 2000) . M~ D R 2B D ME DNADRERT—2 (F§5)

(0, 10, 30 & T* 100 mg/m’ BEFEAEIZISUVNTEALEIL 3/50, 6/50, 8/49 J TN 15/49) % W TE#R
IMEZEATOTCDDET VU I NEINT-E A, MiBnAD=Z=> FU A% 2.6x105/ug/m® £
WD (NAS, 2000) . 1:100000 DY A7 L~z FWT, W ABEZERO PDE [EZ LI FD X9
R 5,

1107
W ABREZ I D PDE fii = =0. 3
e N R % iy fiE 265 10° /gl 0.38 pg/m

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

2=y M) AT o —F |2 ViEE 3 PDE fEICE L Tld., FORBIEEREEZMEH LA
U,
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=y

= 4 )VOPDEEOIE

=v 7 (Ni)
wE 5 PN
PDE (pg/day) 220 22 6.0

FFim

=y (Ni) 1%, BIOKROE-EETHETHD, =7 /LT 0, +1, 12 LO+3 OFE{LIRAET
FAETHAREME N S D23, E7- HER(bikiBIZ2 Th b, = v 7 id, HEx REWIEEETHRR
WCHET 8B THh D, —BIZIE, =y 7 EEMITKEBEEIZE S THE S, Hik=y 7
oy BilE= > T VR OMEEE = v v E Do ToKEEER L0 @ = v vk EmiE. b=y v
K O L = > v &0 o T KB O IRV E A I S TEED EVE[NIZH 5 (ATSDR,
2005) , = UE, B P TTIEREZROICKNETIIZROAS, B Cid=y FVRENEERE S
Bl T ERNDD, =TV —TAI=ULEEELTO=y I, KFERINIZEBIT S
it LTHOWOLNA TS, EREEFARARZOHBICHNON D AT VAL, 7 ri%EE
DHR—2ADEETH Y, 1%RE~38%D = F IV EBRILHE L TERELTWDLIEARD D
(Stockmann-Juvala ef al., 2013; NTP, 2006) , = 7 /LDO— H#EREIT 100~300 pg/day DOHiFHIZ
&5 (USEPA, 1996) .

REMEIEDRIL L 2o ol

=ik, BiEEEEET LN, BRFEME 72720 (TARC 2012) , #ROBEEHZO =y 7L
WORNANMEZRIBT DS DI (Heim ef al., 2007) . FoHEHZ W20 < OO AR
REBRICBWT, HOX A T2 K> TUIESG O & > 7= (ATSDR, 2005; EU EFSA, 2005) , US
EPA |3= v 7 VISR Z A R DOFMB ANEIC 07253 6 5 L fERm L7z (US EPA, 2012) , = v /7
JVRESR A A b LIRS, = F VA ST AT v L RO A FEIC D HIEEE B W T,
DAY AT DEERBINIRD 5/ h->7- (ATSDR, 2005) , = 7LD XRCOFELE —FE
L. IARC (2012) 1X., =v /L&t hOENPAMEDE (Group 1) LTV,

t NERUEIZEBWN TR, =y 7O REROBERUE, B, RERD I O IR & O g~
HERBEZRESEZTZENHD, b MI, —BOIC, = AREEE R0 HEfild 5
EL ST NVITBIEESND K9 b, e bOT—HiE, KL D=y VoOR—HEORKNO
BN, =y TVIEESNTe P CRERZF R LD DHZ LA RL TS (Nielsen et al.,
1999) . = 7 NLOREHEOKROSRHABEORIZIB W TIX (US EPA, 1996) . = 7 /L
JEO B MIBE TRV, BHRAREIX, b NROEY & I OEPEDORIE & Vo7
HERBCEACDAHREMENH V| KIE IR, KR, BRHEE & OWFSRERE E 23 = » 7 )L O VEH:
TROSEEEEE THE SN TW5D (ATSDR, 2005) . AIEME NiSOs 25 SN7/-T v FTRAE
U7 RJEMERRZS 1X, RIAME NIO 2858 7=F v M TRAE LERIFA & T, ez
BLLTWBHEDTH -7, KOEELEOENE D TH-7- (Benson, 1995) , = v 7 /LD @Mt
. s X0 ESHICRININDAREOERIZBWT, LM 2sb0tBbhnd
(Schaumléffel, 2012) .

78 O EREE IR O PDEfE

10, 30341%50 mg/kg/day CHifk = v 7 VKR &5 ST T v MIEIT D2EMOREMN AR
BRCld, #BRE O# 5B LB ITRE O b Tn, RGOV, & 550
~105H TORTHIZ, AERBEERE —FICBERAH Y | F7o, HEREE &I 551030 TORE
\CHERFN BN B0 . ST, 305 050 mg/kg/dayi& 5RECHE TH 7= (Heimet al,
2007) , LOAEL 10 mg/kg/day (= #7 /L& LC2.2mgkg/day) % FH\ ., EERE (FFEk1IZBWT
BERINF1I~F5) ZZBEIC AN T, RORERFOPDE[EIIUTDOLEY 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
WEEPDEME D% EIZLOAELZ W= Z & 206, F5& L TREI10% 3R L=,
ESFHT X D IREROPDEfE

E7R = rVIRNRZ HWc B R ORBRAGEIT, BB S AR D 29~40%H3WIL S 41

5 (EEFYT —ZIEDSE) LHETDH LD TH 7= (Patriarcaeral., 1997) . = 7L O

WIZxHT 2 BEORELMT 29 1 DORBRICB N T, HEHED 2~23%NIN S 7

(Nielsen et al., 1999) . L7z > T, =y 7V KUOKEME= Y 7 ALEYORE OIGEREO LY+

E’J*UFH#—#BE;EE’J&%O)“C%Z) EEREEE 2. RORFEREO PDE 2 & EMAH 10 TRL T, &
FHZ X 2 FTERFO PDE fEZFEH L7 Gl EHIIEH SN TWDH ERBD) |

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

W ANgEZ IR OPDEME OB HNIZRE L Cix, FIHAWEERT — 2 b, BEEDOH 5= v 7V DOIFREN
BN SN, Bb=v 7 v E AOWT2HE M ORER Tk, "L AKX — (Wehnereral, 1984) Xix~ 7
A (NTP, 2006) (ZIEBIFFERO LR oTo, 7 v M TIEENAMEIZET 50 < OO FEHL
boTloDy (NTP, 2006) . &&=y 7 /L OB AIRETE TITIED AMEOFEILL 72>~ 7= (Oller et al.,
2008) , &A%ﬁ¢’fﬁboéé%&@;@%/ﬁwi%@ PEDFEMLE R LTV RN D T
= VB L TE, BERERT 7 e —F 3T AN I ENTEL L0 EE 2 b, BIEMR
B (U B W TELEINIZFI~FS5) ZZEICANT, 7 MRBRIZEHIT H=> 7 /LDONOAEL
0.5 mg/m3% 3L\, W ABRFEFFOPDEE A LL T O X 5 IZHH Lz,

. b e 0.5 mg/m3 X 6 hr/day X 5 day/wk 0.089 mg/m?
;’ﬁﬂ =4 — — =0.
T E R 2 P B 24 hriday X 7 d/wk 1000 L/ 0.000089 mg/L
X
CAfE— 0.000089 mg/LX 290 Liday  _ g oo
0.425 kg

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

FEESHORNETEDTERED = » F )VIZHRIC BB SN [N H 5 2 &, KOT R TORED= v/
W@&l%ﬁf®W@ﬁﬁ%%@§T%ukfﬂmb%ﬂt;kﬂ% F4 L& U CTHRERIOZI®IR L
71.0
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5T A
N7 AOPDEEOHEE
NZVy A (Pd)
3] T WA
PDE (ug/day) 100 10 1.0
i

RZYT A (Pd) 1E, TOMOAEKREREL =y 7V EHEELTEBY, o, HFELTND,
MEAACREEDOS &R/ ITETH D, X7V U LXK, Pd0) (&F) . PARH LN PAE4+HD 3D
DIGRETHIET D, N7 VT LMIAHERBILEMETR LGS, FbEHD 5 HEEF R
HDHENDHDITIFEA LR, NIV T A (BRx e3RFE EC) 13, AKRFICRISIZIT 2 il &
LTHWOLNTWD, NIV AERIT, KKFIZBWTLETHY, Emﬁom&%%<it
A EORIEIZ LA EHICZ 5.

REMEIEDRILL 2o ol

10, 1008 U250 ng/mLD /37 7 AEFKES LIZHET » SO R MRBR T, "IV T AT, B
T C BT DA, AT, . IESUTBICIZE B LRV ERRWE &7, HRIE, zkbf
HHEERBLZEZDLOTHD (lavicoli et al., 2010) , #x 7237 U0 2MEEPIZ DWW TOMIE XX
W LB 2 N Tz in vitro B BJFMERBR O W o)y (R AXIF 7 AR E AW o= — A AR B, K
I %2 H 728087 vE7 A~ B MU U REkEHW/MERER) X, BEORKELZE 2T
(IPCS, 2002; Kielhorn e al., 2002) . M%7 — X &L bt a—L., HERKLEE 2, LZoMEELED
FRYL & 72 5 T 2 FFE LTz,

78 O BREE IR O PDEfE

WL OO RWIEMRBR N EZE S, 23T VU DO L OFEN AMEDIRZ D THIL TV D,
L, S ET, &FOTA RTA Tht» THEM SN - mEFARERIT 2V, ATFAREZR
F =%, /XT3 LONOAELH0.8~1.5 mg/kg/day DHiPHIZ & 5 AIREMEZ RIB LT\ 5, ok
HOEAL T VT AQHENT VT AL LTHIL2 mgkg/dayD HE TR G5~ U 2O AEJERE
L, HEREE B b\<07§>@H*““T@7 HA FERBROGEREEZZED, /o, HEICRERM
il 2RO T=2, MEZIZRRE IS 238D 72> 7= (Schroeder and Mitchner, 1971; IPCS, 2002) , Z O
ARBR L %Eﬁi/u@ﬁfﬁﬁ‘f@d%\Z)%Wﬂﬁ?ﬁ*%%%ﬂﬁﬁ‘éJE@%%&A/Tb\fdﬁ EFA Eiﬁ%’ﬁ@?*f%’/
(HERG v MEREOIEIGI AR O 7 — Ak, xERREECR L CTHEIDNG L7 5-7E) |

R AD AR Z T 5 L To SRR T — % ORAIZIRE S v, BEERE (FEkl j’ob\
TELRINIZFI~F5) %FJEIC AT, LOEL 1.2 mg/kg/dayZ J\Z, & OEFER OPDEfE % LA T
DEHIZHEHT D,

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

ZPDEME OB HIZLOELE W= Z &85, FSE L TREGSA®RIR LT,

EHNT X 2 IRER:OPDEfE

NIV NIET RNV B a—d, EFIC L AEERRISICAR D PDEEOBE H LD REHE
RRHIE R E T D Z E N TE oo Tz, HL/XT7 VT AQ2+) (PACL) X, THEE BRI S 4L
W (FIERRE A #S 3~4 HZICBWT, ?/%&ﬁfmim(w%iﬁ BZHMZ v F TR

5%)0ﬁgw&5Xi§WW&5%xit7/F&J B AW B RITE <, &5 40 H
BOFRFRIZBNT, #ESINT-HED Y B, KUENERER T 5%, HIRNREE T 2007251248

55



TR F 74 >

STV (IPCS, 2002) . BROMEEEED /NT 27 AOEW PRI HERREN LD THD
L AESE 2. BROIREZERE O PDE A EEARS 10 THRL C. EHIC X 21gERE 0 PDE {2 HH
L7z GlEICGEHEINATWD ERBY) |

PDE=100 pg/day / 10=10 pg/day
W ABREEFF D PDEfE

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

PDE=100 pg/day / 100=1.0 pg/day
ZE IR
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56



TLEAYTA R Z A >

A4
B4 OPDEEDEE
B4 (Pt)
wE 5 PN
PDE (pg/day) 108 10.8 1.4
Fim

H4 (Pt X, BEEBEBRINIOFEEDO THETHDH, NTVTAL, FAIUL, 0 TAh VT
ZULE ANy aEGt THEKITHE] L [77F /4 F) LBHENDEIRITREDEK
HHEWDODILHEDOH T, HEIIRLEETHD, @FA&IE. £ < OALEIT LK OV iR
INERET DO THDLZ ERINTEY, A0 EERPEEMRIIMETH S, E=5MEb
REIZREHATH D0, AR RBREIRELZ R T AR O TV D, PIQRH)IZAENLDO T
T AL Pt (M0 Z KT D, b —KARPAHENL, 7 N7 7 e Ba&iA 4 LW
XY an Qe A A 0o oo AeBIEETH D,

REMEREORIL L 72> T M

EHMHFICA M E U THFEL 5 2IEO ek O ES{LEW O30 AMEIZEE U CRIH AEE7e 5
BT — 2137 < BT T —ZIIRE STV D (US EPA, 2009)

FeOHEAmIEX, ASICEE LIBBUED K TH Y |, Lt EOREZRBEFETHD
(US EPA, 2009) ., HUEIL., D70 < & b WMARKRIC X AL AESIEE~OBEICE LT, &
HEEFHEEE CH D LB OND, MiEE LTE, CAES, #MBEERIE N Lo A,
BUYINKLOTFT /) —En b EIEOK S A2 & T 2 MERREENZET 5 b (IPCS, 1991) , JiE
ROEEIZIE, BEOBBNPEN Th -7 (Merget et al., 2001) , FHEOEER L O a7 ALAL
NFZEERWEEERIT, TLUALF U HEZE SO L Eb D (US EPA, 2009; EU SCOEL,
2011) , WBUED U A7 1%, BAEHEI ONCgEEE O &K O (IPCS, 1991; US EPA, 2009; Arts et
al.,2006) . B (US EPA, 2009; Merget et al., 2000; Caverley et al., 1995) |\ZB#E L7=H D TH D &
EBEzob, YT —FElta—L, BREKREEAEE X, BEMEEMEOIRIL L 72 5 L FEE
L7,

B ORER OPDEE

PtCl, (LLEAIRITIZ< W) ROPICly (FIIATEDYE) Z4 AR 59 D HEMET »  OBRIC
BT, PICLIZEA L Tk, MRFHI/RT A —& R OERR AL TR N T X —F ~OBITFEO b
2o lz, MBSz iEm A ETH D 450 my/fiktkg 2 PICL O RE T4 & 5 S -8ic
BOTE, WE7 L7 F= 0 O8I RNIC~~ b7 U v R EOSRIIER N T A — & O D580 6
Nize WINOAEWIZEL T, Zh a5 SN-BmOMBY . Fr B O B4R 231
MMU7 (Reichlmayr-Lais et al., 1992) . Z ORBRIZBWTHASILAY O ERERRTN TH - 1=
R CHEENBO SN2 LD, 2 ORBREGEZPDEM O EICH W, BIERE (FEcEk
WTHEBEINTFI~FS) 2&BIZANT, A4 L L TONOAEL 10 mg/fiktkg (28 H Iz 7=-
THRM1 mgD A@REIE T2, 0.146 mg/day) 22, #EOREERFOPDEEA R4 5, X%
7w NOREIL, RERBGRIZ35 ¢ TH Y, BBrZE L COVEERERIN&EIT235 gTh o7, F
VIRTE 135 g Yazat I,

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

FERIC L A IRERFOPDEE
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H&ICET 2L eM L B a—Id, HEREGREICERD AEBEFHEIC O W TORMERRER S D
THHIEEZHLMNI L, BEEOROWRIL, T v FCTiilmd TR (RO &R GO%HE
WZIE1%AT) . B P TIZE D &y (BFEFPtD42~60%, US EPA, 2009) , L7223 - T, #ROg
#FZIFFOPDEME Z AR 510 ThR L C, EHIC K 2BEEFRFOPDEMEZ KD 5 GIHICFH I TWD &
B0) .

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

fift = > R — Z B DHAL A AREOE A D702, 25 0ERER (Biagini ef al., 1983) &
DGR FER  (Pepys et al., 1972; Pickering, 1972; Merget et al., 2000; Cristaudo et al., 2007) 3% S 4L
TW5, F£7=, US EPA (1977; 2009) K OBRM OREZERFERFCB T 28 %% B2 (EU SCOEL,
2011) 1%, BEEEBSE 2 -HAb A SR EO L M2 U, BRI ORESEREE IR U B9 5 R
FZEB% (EU SCOEL) 1%, MO AEEICE L CE LOREMZRET DT T — & X—
ANAR+3ThH D EREG LTz, US DoL (2013) (L r[EME AT T 213 EO R E 22
ng/mA I E LT D, BIERE (FHERLIZB W TER I NZFI~FS5) Z#&EBIC AN T, WARE
RFOPDEMEZLL O L H IZHE T %,
2 pug/m? X 8 hr/day X 5 day/wk 0.48 pg/m?

IR 4 - —0.00048 g/l
HEEREIST 24 hr/day X 7 day/wk 1000 L/m® 0.00048 ng/

0.00048 pg/L X 28800 L/day

—HRAE= 50 ke

=0.27 ng/kg/day

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

BE R
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Reichlmayr-Lais AM, Kirchgessner M, Bader R. Dose-response relationships of alimentary PtCl, and PtCls
in growing rats. J Trace Elem Electrolytes Health Dis 1992;6(3):183-7.

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

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

US EPA. Toxicological review of halogenated platinum salts and platinum compounds. In support of
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H& TR
H & T3k OPDEE O
AVPYUL (Ir) .\ FRAIYA (0s) . vPTU A (Rh) , LT7=U A (Ru)
£ TES N
PDE (ug/day) 100 10 1.0
Fr i

H4&ot# (PGE) @9 bHAEK D (A& X 0 ITFHMEFENT — 203D 72n ) RTU0 ZPNAD
TER DML T — X IIRBE IN TV D, PGE (ZxFT HREZEMRTE I, MR ERAEIR K OBEfil it Fe
JERZFEDBBUEZ ISR 2T Z EMHD (Goossens et al., 2011) , W< DD A4 EEHEIZE
T 22 LDso EDFIHAIRE CTH 528, Z OFFHIT PDE EORE T+ TiER< ., L0 EHo
BHEFHIRBRICOW TR TE 2, D2 & B0 EERICHW OS5 E 121X, RuOy
1L 0s0s LV LIRS REIEHI TH D EE 2 B 5 (Gaylarde and Sarkany, 1968; Swartzendruber et al.,
1995) . PGE O R[IEMEMEIL, ®JE & LTOYE% PGE LV bHEMENBONHOD L S ICEbND
(Wiseman and Zereini, 2009) .

PGE OFMEICET AHEHENAZ L TWDZ L 2B E 2, T X CTOBRZERKIZE T2 PDE fEid,
K ORSF T 7 —F L LT, A& TR /YT Y7 A PDE fEIZESS D E LTV,
PGE I 2R LN BB HRIIUUTO LB ThH 5,

2 ANEREAT
AVYUAL FAITLA, vV U ARWLT =0 AOREMICBET HARKT —Z 13D TR0,
o A UL

o T v MEHEEMIAZELA U DT AGHAKFIE L HIT 24 BRIEEE L, 3 A Y R
TyEAIZBWTHELZEZA, AU U NIFEMO—A8{ DNA YK %7
LTz, 2 REfEE AR ClI— A8 DNA Bl AL o vZe v o 72 (Tavicoli et al., 2012)
o BEMAEFHET S0, Wistar 7 > NN, kA VT ABHKF (1Y
7 AELTO0, 0019, 0.19, 1.9, 9.5 KO 19 pg/day) % 90 HMEAKES -
(Tavicoli et al., 2011) , 0.19 pg/day LA EDOFGRECB VTR FEMEZRETH EH D
BN DOMdH o2, T ORERIIAR NIREEREO PDE [HOXEIC 472 O Tid/

noilz,

. T A ‘7.1).

o WEgfbA A I 7 LMIKICHE VIEET 72 (Luttrell and Giles, 2007) , @4 AI ¥
AIFEEH LTV (McLaughlin et al., 1946)

o PR LA A I U MIBEERDOIBEICH NN TS, R4 A I 7 A (0sOs)
I, AR E LT, BEEOIREGE. IR, & MERORE ST 200, i, ZE,
il S Ol oG E A5l & Z L9 % (US DoL, 1978; Luttrell and Giles, 2007) .

o MWEALAAITA (FAAIDVLELT) OFRBERHERA (PEL) TWA X 0.002
mg/m> T 5 (US DoL, 2013) .

° Tz ‘:/’7]).

o RhO#E (KoRhCls, (NH4)sRhCls) 133 XX F 7 A Cifniztt 2~ L7 (Biinger et
al,, 1996) ., Z ORBRIZEB W T, MlaEEL OEEFEEICE L Tr Yy AT RT
CULNIEELTEY, AE&XI D LFEERDRVFHNLDOTH o7, T v MRE
FEHR AL e T AGHAKFI & L B2 U224 E L, 2 Ay Ty
TAICBWTHIELZE Z A, By AXFEMIO —ARKSDNAYIK 23535 LT-

(Tavicoli et al., 2012) , RhChIE., t bV L 3ERE AW/ NMERBR Tttt &=
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L., AMEFODNARE) (2 Xy N7 vEA) IS (Migliore ef al.,
2002) ,

o FURIIHbr VU LEREGE ST DAEPERNB AN TT v EAIZBWTIE, UK
5 ppmD H & T, xHREEIC HL A~ CTULE BV RE O IR I AR O I GO bz,
NIV LNIFRLTOEN, BEIRLT— 2RO EVICHRENR LD TH
DT, ENAMHIZONWTORMmEZRD D Z £1TTX 72\ (Schroeder and
Mitchener, 1971) .

o BYUA (Rh:LT) D&BEE 22— OREELAEYDOPEL TWAIZ0.1 mg/m?
T D, RaDAVEHEALAY OPEL TWAIZ0.001 mg/m3CT# % (US DoL, 2013)

o LT =L
o W OMORuSEEIT, R X IF 7 AEHTAISKE K OTA100ERIZ I 1T D in vitroakBR 5
BT, BlamtEn a5 & 29 (Monti-Bragadin et al., 1975; Yasbin et al., 1980;
Benkli et al., 2009) .
o NT=ULAORKROBEFERFORPUIEY (K4%) . HEHIC X DERERFO IR0
200HRITH D, ARSI AT =7 MEEWIE, BIZFEE T 25 (Furchner et
al, 1971) .

BE R

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Yasbin RE, Matthews CR, Clarke MJ. Mutagenic and toxic effects of ruthenium. Chem Biol Interact
1980:31:355-365.
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N %
£ LV OPDEEDOEE
L (Se)
& K 2 5] LEN
PDE (pg/day) 170 85 135
Fr#m

LY (Se) I&, HERHFICFELTEBY, MEEALMEIE 2R LITLIESH D, BL U,
AODFRALIREE (2, 0, +4, +6) ZAHZ ENAHETH Y, &FEL L, WL UBEROE
LUt b W2 OFBERETA L D, B LR, EF%EB§<@@ L o THHEDMETHE
Thbd, BLoa, 8RR EL ) VAT A ARNAIC L Y X X7 BIZIAEND, L~
1T, TAEGEICRBWNTHEEE L THWSNTWS, RuSefiffifid, BEEcicHWoNS, 7
U=t LREKROT VX1 LR EKIT, AEAKRICE W THi A 72002 D,

REMEIEDRILL 2o ol

L E, IARCIZE D Zv—T3bEW) GEBANEIZOWTHEETEZe) & LTY X MEHS
iz (1987) . BHICB W TRBAMEND D Z EIREN TV DEME—D® L ALEWIT, Wikt
Lo Thsd (NTP, 1980) , US EPAIZ LD &, itk L 137 v—7B2 (b MTKHL THMB AL
DOFIEEMENRH D) HFiTh D (US EPA, 2002) . fhoot® L o AbEMIL. Z—7D (b h TOIREN
AEIZDOWTHFETERY) IZHEINTWD,

E MZBWTE LU ~OBEIREICRDO DL b A BB, KRBTk 28T AL
TEAT ORI & W o To R PR B 2 BT DR e 358 L REIETH S (ATSDR, 2003)
BHEPOBFEOL L ATHT ARBICEH L TOL O DEERH S, L Uk T A RIREE
ZHIRT D720, Bix R, A LR 4400 pg/daylli% i LT\ 5% (WHO, 2011) , 5718
X, #AMELTO @b L gL i@ rkggE Lt&®%\%ﬁ&@%®ﬂﬁ
P, SUE SR NI & N o T BRI gR R ISR BRI DN TR T 5, TRERICIRER S
Nz MBI L THE STV D S OIZEEEL L 7= Mk g5 f%ﬁ\%ﬁ%@mﬁtv/@tlwA
NIFHAAREWRA LB THLRLNLTEY, F72, BL I ALKETILEREL VDL 22— 258
L <IEH A b OB AR 51T - T2 BB 1, PRI ZE K OWFIRZAE 2 35 LT\ b,
W NBRFE R OWIEEA 50372 6 D & 72 > Tueuy (ATSDR, 2003)

#2 O ERFERF OPDEME

b LSBT 5T v MESAMERBIC BT, FFMIAS A% HNOAELAS3 mg/kg/day (L
& LTCL7 mgkg/day) Toh-o7= (NTP, 1980) , ZDMMOFERED T L L OFREN AN EFHIT 57 —Z 1%
REoTHY  FoREOIIBESEO b MR 5B 35 ST 52 (IARC, 1999) | =
DORERIT, AFHHRERIKEORBR TH D, W O0DE bF—F BN AFAHRETH 58, BRE7 R
FRZBITHHDTHL (ATSDR, 2003) , FH S 7-PDEfEIX. & L > ®OMRL 5 pgkg/daylZElI L 7=

HDTIHS (ATSDR 2003) . EIFLEE (FHERUICBWTEERSNIZFI~F5) #&B L T, ROREET
@HE@%HT®£5K%&?6O

PDE=1.7 mg/kg/day X 50 kg / (5 X 10X 1X 10X 1)=170 png/day
TULUREED ) X7 DIz, FAL L TREN0EZRIR LT,

ERIC L A IREFRFOPDEE
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b MR OEBREY) CORBAGE L, L UVEBE, L UBIER L ) ATFF = oz
S ONDOE LV ALEYPIROEBIREINT-HA. LIZLIERGHEDS0% &8 2 5 I1F KRS TN
SNDHT EERMEL TS (ATSDR, 2003) , #%HIREERF O AW FRIFIHEDR~80% THH Z &
ZEEE 2, BROREERFOPDEE 2 & ELRH2 Tl L T, HEHIC KX 2@FERFOPDEEZLL T O X 9
ICHEH L GUAEICE#HSLTWD EERY) |

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

MY &5 DRI AR X, BRI T DWMABRROR B EEOFE N~ ——Th b, WEREZHE
I3t LRSI T 2 RER N EE 0.2 mg/mP A 3¢ E L (US DoL, 2013) . RKIMEASFHA)EERT
%7 V—= (EU SEG) ITHEEMERFERR 0.07 mg/m?% 5% E L7z (EU SEG, 1992) , LL7en
©. EU SEGONEFEMEEFERM (OEL) X, WARFPICHFELEWEEbLSETHL &
L AEKBIZESOWTREEINTZHDOTH D, LN ->T, USDoLIZ L hi&x HE7-0OELE H
W, EERE (FHRIICB W TERSNZFI~F5) B EBICAN T, WARERFOPDEEA LI T
DOXIIZHEMNT D,

. b e 0.2 mg/m3 X 8 hr/day X 5 day/wk 0.048 mg/m?

EHIRB RS 24 hr/day X 7 day/wk 1000 Lime 0000048 mg/
X

A= 0.000048 mg/L X 28800 L/day —0.028 mg/kg/day

50 kg
PDE=0.027 mg/kg/day X 50 kg / (1 X 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)
e 5 N
PDE (ug/day) 167 14 7.0
Fim

R (Ag) 1%, F L& LTI+ OFET, LOTFEEME I e VI bE+2 OFEETELEY
HICFET D, #RIT, ECHD TETIZS L, 2o, BEL TV LI, Ft &< 25
DIEDTCHE T RIKIAFET D, BREIKF O b BEREUYLEMIL. BB L BB TH D, 12
LN EDEMIT, 10~100 pg/kg OEIFH CHMEOIREZ & T, SRITFEBFICHAETIIR LS, R4
HEMBREIIAATH D, RIT=T Lo hb T LU ATy RaOBbizisW Tt s LTHN,
HBILTWD, $B— KNI U LG, REfh VA= ULEY OIRIRFIKFLICHW O D, B
{bERIX, AERICIB W TRRMZRE{EAIE LTHW LN D,

REMEREORIL L 72> T M

SRUIERFEMEEZ 72720, B E O3 ERBR L Ve FE2xt5 & Lom@airstit,. oAk
B2 T 7iiFil 24k L Ty, b7 —H S x, it MBWTENAME A
T 5 LTI TV RV (ATSDR, 1990)

SRYEEIEIL, b N OSBRI 2 RISOH The b ESMEN B WERKRIER Th 2 & Bbh b, B
FedRod s v —F AN H VS5 (Hymowitz and Eckholdt, 1996) , $RIEAEAEIL, A Al 72
KEOHFREAZLELDHDOTHY, RICLDHAT =V FEAFLEL KL o BEE~DRILAE
MHBAEL D, @V OEOW AL, ik OCREDORIEI MZEREELDZ R HD
(ATSDR, 1990) .

B ORER OPDEE

HEME~ 7 AT REERER 2 0.015% RN L 728K (0.9 g/~ 7 A, filfRER32.14 mg/kg., #164%) % 125H
M52, SROETER 72k B I LS < MR TE PHTEENE D 3R 4172 (Rungby and Danscher
1984) , ALEEhIIRIRENY & ol L C B REB) 2 Bl S vy, F OMORR EOMBEIIRE D
Loz, BIORBRIZB T, ~ 7 RTHEEER mg/kga EIENTEA L7-1&I2, SRMBIKANIC
FET 5D Z EM/RE 7z (Rungby and Danscher, 1983) , #% [ H##2 K O PDEE | Zi\ ZHMHE 5
ng/kg/day & A J& L C7guy (USEPA2003) , EEMRE ((FHEIIZHBWTERINTZFI~F5) %%
LT, BROBRFERFOPDEMAZLLTFTO LS ICHET S,

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

B S N BRI R EE N O L7 < . PDEfEOFREIZLOAELAZfEH L= Z & 26, F5
L TRREI0A IR LT,

BEFNC & D IRERF OPDEfE

US EPA (2003) (%, ZxuA RER& OVEREERZ FU 72 S8R 1k D 1%\ SRIE B IE 2 R0 L T2 %2
HIZL7, B FoEMME Q~9FM) OfIkNES DT —% % H\\W T, $ROLOAEL%0.014
mg/kg/day & FEE L7z, BEIERE (HERLICBWTHELE INTZFI~F5) #ZEICANT, EHITE
LHUgEERFOPDEEZLL 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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FIENOEROEREITIAELIZIEZEZ NN D, SRILEIEDOFT ALOELE 272 L, F5& L
TIRES 2 BIN LT,

% ABgEEFF O PDEfHE

fiti Je ONARE D FAE N B A, @ LV OEROW A% O MIBIT D E58ETh-oT-, &
JB SR K OVRIVE SR b S O iR IR A EE (TLV) 0.01 mg/m® (US DoL 2013) % H\y, {EEMRK
(HRLZBWTERINTZFI~F5) Z#EZEICAN T, WABREZERFOPDEEAZ LI FO X 5 IZHEH
T 5,

0.01 mg/m’ 8 hr/day X5 day/wk ~__0.0024 mg/m’
24 hr/day X 7 day/wk 1000 L/m?

=0.00000238 mg/L

0.0000024 mg/L X 28800 L/day
50 kg

—HHE= =0.0014 mg/kg/day

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

BE R

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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2V A
%) 7 5D PDE [EOMEE
2 Y5 (Tl
| E o) UION
PDE (ug/day) 8.0 8.0 8.0

FFim

fiRpie 2 Uy A (T) X, FAHAROERTHD, F U UAEZ, EELTH KO3 O >0k
RETHEET D, 1 MlOX Y T, A4 EPREOEMP Y LA (K IZFEELTEY, =
DX BREUMENZ VT AOFEDOEICEFEE L TWD, REMEOBRLZ V7 AQ3HE2RE, # U
VLD BKEETH D, HilEF Y UL, L LTHREAIE LTERBICHN O TND
F, MG, BEROARE, FT A, BBERO~T U T LW o L EYYEDIRED - O DEIREIZE
Ao Tng, U o AGHEITAKEKIZHNON TS, # U U ANIREFZHICHATIE
72 < AREMEFLRAOREBEI X H AL TU Ry (ATSDR, 1992)

BEMEEDORIL L 2o T FH

t RROEMICIBN TR, RS, B Ban. Z U v AOKERAOBRED S OS5 IRt
NEVERERE L Ebiud (US EPA, 1992; US EPA, 2009) , /KistEots (WiEeH . WrEeH X Ixm
FAYE) XM OERE LV H5RWEMEE H > (Moore et al., 1993)

B OIRFEE; O PDE

E NEROEWICE T D2 Y 7 LA~ORDREEICRR D E7- DT L, K&, FRCEa s Ebi,
UL, BiEX VU AD Ty hEHAWE 90 HREEERBR ORSNTWD, L0 EmAETHEE
DRIERINEEINT 52 L2 E 2. ¥V 7LD NOAEL % 0.04 mgkg & &7 (OEHHA, 1999;
US EPA, 2009) , L7223> T, T v MIEBITDHH YU 750D NOAEL 0.04 mgkg % FLIZH#E M IREEIRF
® PDEfH AR E LTz,

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

PDE=0.04 mg/kg/day X 50 kg / (5 X 10X 5X1X1)=0.008 mg/day=8.0 png/day
B X DEREEIF O PDE fE

20 7 MEAEM~DOEFRBERIR S, BEEOH 2T —ZITRWIE SR roT-, Atk 2 Y
7 LEOEY R RITE VY (380%)  (US EPA, 2009) . L7223 T, EHIC K HREFERD
PDE fE . ®HBEERFO PDEfE L R—CTH D,

PDE=38.0 pg/day
% \IRgEIR © PDE fE

2 U 7 PMEAEM~DORARTEIZSR D, BEEOH DT — X 1372\, US EPA X, # U 7 LDHKA
FMEICE T AT HRITRA BT 28X WA+ Th D Efm LTz, &V 7 A ~DW AR
2 ORI ReM: 2 & T I BE I RIERERN TH O . IREMTIZAe o772 (US EPA, 2009) . & F&
CEMICEB W TRE SN ERBFIEIINETH Y . WARKKIZ L DWIRITE L, FEFmRv &
Ez b5 (IPCS, 1996) . #EA MWL ARKDOZ ) 7 ARZEIC LV EUOFANTHEIND,

ZOBEENDL, WAIRFEREO PDE EIZOWTIE, EHIC K DIRFEREFO PDE B2 > 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
A X (Sn)
wE 5 PN
PDE (ug/day) 6400 640 64
i

A X (Sn) X, RARDOERETHY . REUHOBRILIREECTHEET D, AXERILEMD I D
KOLEELZLOX, B, B\, 7 oAelt e e 7 AL A XigF b Y o LK OV A R
FTRITATHD, ARE, W ONDOSALTFEHX I U NI R T VEEMBASFICFEET D
(1FEX720Sn& L Tlemilo pg) o AXIL, —EBOEMIC & > TREFAIIMATH 5 AlRetEn
HDHMN, B RMTESTHRAEATHD LITRENTOARY, HEAXQH)iE, Exfle LT, KO
Vil =1 (PVC) ORERFE L THNOLN TS, EFRLBAIPICE TN D4R MY &
WOBLREIBIX, AEAZLEME Y b, L0 EHECHET 2EEA XN I VEET 250D T
HDHD, ZOREMEFHMIITEE A XIS E Y TS,

REMEIEDRILL 2o ol

AR R OA RGBT Din vivoD BB ME X ATR N AMEE RET 5 H D20, W20 T v
FERBRICEBWTIL, B OFIIEEEE L TONEZ 1 v O A 5 &I ED & O EE A= ©
bolz, METH L, AXKOAREILin vitroT v A IZBWTERFMICE LR TH - 7208,
ARXRRARIED 5 BN ODDOEED H OIZREEREEICE L CHETtHh -7~ (CICAD,
2005) , ¥~V AKOT v hTO2UEMBRBRICE WD T, BILE - AXITEBI AT 2o 7
(NTP, 1982) .

B ORER OPDEE

Ak, KEKROEGHZDOT v MIBT 2R ESEDE VIR Ch o7, Lieh-> T, #%
ORFERFOPDEMEIZ DWW TIE, i HIEVNOAEL, 725150 ppm (A X' & L C32 mg/kg/dayFHY)
(ATSDR, 2005) (ZHESWTIHRE LTz, ZOfEIX, 7 v MIBIT290HERHBRNLELNT-HD
Thh, HLE - AXZRAKRG N7 v MZBWT, 500 ppmPl _EO$E5-7ET O & i o1
ZHICERE Sz (de Groot ef al., 1973) ., NTPIZ X 2 13 M H&&Z &bk (NTP, 1982) (28T
% MEFHEEHEIE. de GrootH IZ X ARBRICBIT 2D LD HRESN TV (Bl iX, ~EF
0B NIKT DB L VW o T ERAFENIRE T — X ORE) ZEnD, ROBREROPDELO
REIZIB W TIL, de GrootH DFRERIINTPORER L W L EEMERH L LD LB 2 b, EBIEMR
B (R LICBWTEZR S NIZFI~F5) Z&BICANT, ROBEHOPDEEAZLUL FO X 9108
3%,

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

EHIZ L A IRERFOPDEE

AT HEEMEL B o —1T, HEFIC L DBEERIKICF%2 25 PDEEO B O 72 DI E 72 5
ORI FER 2 FFE TE Do Tn, AR K OERE A XA W) Of% O WgER IO AW 2R FHEK 5%
(ATSDR, 2005) #J}&\Z, #% OgEEIED PDE 2 1IE2%010 TER L T, 1EHHC K HI8FZRF D PDE
EEHEH L GlEICEHSINLTWDERBY) |

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

% ABREEEF D PDE/A
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AR L TOREMELV Ea—1E, WABRERIKICER D PDEEOR MO DICHLD X E A E /K
A ZNZDWNT O] B 2> OFHliFF 2 K E TE 2o Tc, ARIZEI LT TLV (2 mg/m’; US DoL,
2013) BFIHARETH D2, MRL 2R ET DHIZIET —¥ B AR+ Th D (ATSDR 2005; EU
SCOEL 2003) , L7223~ T, #&HBEFERE PDE fE % W AMRFER; D PDE fEICZAHT 572012, %
100 Z# W T, AXIZEAT 2 PDEfEZ BT 2 Gl HEICERHEEINATWD 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 B6C3F1/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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NFVT A
NPT AOPDEEOHEE
NFVT L (V)
& H 2 5] e A
PDE (ug/day) 120 12 1.2
i

NPT L (V) X, HEEPICEITTFE S UTIE L, fRe R kiRig (-1, 0, +2, +3, MKW
+5) THIEL D D, NF YT AL, RN TFVUiA 4y (VO) RO F VA4 (VO
ELT, IFEAEOEYERKRICOERERFET S, T YU AOHELE NS ORIUIITHONIC
Wy, B R TOERENDDNFT VY AOREREHEEMEIZI0~60 pg/dayDEFAIZH 5, BEKD
OOBIEITKFIZ LY B2y | HEEBREILH S T140 pg/day TH 5, b h—fAOEHTO
NI AOMIEFIREIZZHETH 203, 2%mﬁmﬁ%lwiwf%6 BRHNITIS< 3 LT
WAHIZHE b BT, B MEWNIZEBIT 237U 0 AOARE ) 72 A ENINLGE S LTV e,

BRMEEDRILL 72 o e B

NV AL, BEEEEZAET LN, BRFEMEZ L7272 (ATSDR, 2012) , HEE{L STV T A
L. B PSR L THEDPAMO RN 2ME L LTSN TN D (Group2B IARC,2012) ,

B ORER O PDE

O e b ~ORAFEGRZITBNTIE, HE, DI R & MR T2 BRI Th 5,
BAORGICE DTV AOFMEEFHET 5 DI by 2Bk, N Uy A% 12 FgE X

Nz MzBWTE SN2, ZORBRICBW L, AT v E= 7 LT UV THEE T
D (NPT AL LT012X130.19 mg) % 7T~ 12 BEHR G L 7248 o Mk 221
T A =% iR (MIEFEHER L~V KO HE) | a2 ATe—A kNN 70 &) NRE,
BRgEE (M RFBERICIVAIE)  KEXSOEICEEREIZZ2 >~ 7= (ATSDR, 2012) .

MR F R K OV E A~ DB BT 2 3 2 7 A OFR INOAEL 0.12 mg/kg/dayZ ., % I B R F
OPDEEOF I W=, EERE ((HRIZB W TERINZFI~F5) 2#ZEICANT, &0
BREEIFOPDEMEZ L FO X 9 ICEHT 5,

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

EHIZ L A BRERFOPDEE

NI BT AL L Ea—F, SN X HIRERIKICIR D PDEEEH O L 2 5 HE
ﬁﬁ#%%%mf%ﬁ#otoA%/WA&@H%N%VWAMA% B35 B L2 ofk Hig
B D LE W IR FH D8 1%A0~10% (ATSDR,2012) T b Z & &S F 2. & OMEERO PDE

BAEIERE 10 THRLT, EHICE2BEERO PDEEAEH L GlHEICHHINTWS LB
D) .

PDE=120 ng/day / 10=12 pg/day
R ABR BRSO PDEfE
7 v~ O2EREMERABRFE AR TP 0 LT D W ABRERRF OPDEE~DEH D 7212

BEtsle, ZORBRICBWTIE, S%ARICHWONIERIEMNETH 2 iRk T 7 505
mg/m> CHPAAMER RO Hitlc (Ressetal,2003) , LT U LE, FEATHY , A
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PICHET D LIFHE AN, LI > T, #EHREE R OPDEE 2 (£ L4/ %%100 ThR L T, A
T VU LT OWMARERFOPDEMZFH L7 GIHICEH S TWD LRY) |

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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&k 4 : Ep
PDEfE?> b IR A M) DFFRIRE~DBREH

FFvav 1 —RERED 10 g 2B RWRFIOT DO, TARE RS ik O LR AHH) OFF
AL R R i

ZOFE LT, RSy R TR K ONVRINFISTERE, £A41 ) #5675, Kk —HE
B 2.5 ¢ OFABERREANZOW TR 5, ZORFOHERK—BEREITI0 g8 enz &
N, RA220URBELZRNDLZENTES, A7V a  NIHBEOHFREE L2520, #
KR DLy a ED X I REERTHNTH XV, UEFEEOARITINRNT VT LR R=y L
A2 N T WA HDOTHD, VA THEAAY NMIESEGH, BHR, I I UL, KELON
FTUTABBEL o TND, FILBAMPDNRA22IREINTZRETHFELTWD ERET D
BEICBWT, MAIPOFTLEAMD O K— A EREIIRAL2 (RSN EBVTHD, &
% ILHE AR NI 15 D ek — BIERET, BAIO — BEBEE L ORA 220 4 onHE R o
FERREMEZ W TIRE SN D (REREMICHADOFEREO — HEBIRE2.5 g T U D) . KAL2D
BWT, FHEAMD ORK—HBEREIL, &7 7 DMORENTMHEOEFHE X250,

ZOFEIE, TNENOPDEMEZE X DRI NN L E2VTFEL TV D, LIER->T, Z
B BMERR Y DIREEAVE 2 2 WVIBE IV TR, HElHIL, FrE sl i iz hzh
DOPDEEABAR2NSDTH D Z EMRFES LD,

FA4.1 : BHRIERR S ORRK— B ERE

AR —HERE (9
JUkE 0.200
s L — 2 (MCC) 1.100
Ll 0.450
U PRIV T 0.350
JaARE Ry 0.265
ATT Y UEE~ TR TN 0.035
[ N w = B | I S A2 0.060

/L —2Z (HPMC)

felb 5 0.025
bk 0.015
U 2.500
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FAA2  FA2XBEXT-HREE BEZEL@EEL, O, —HEREZI10 gL RET %

&)

BRRIFREE (ng/g)

LN

R Pb As Cd He Pd % Ni
JUkE 0.5 1.5 0.5 3 10 10 20
MCC 0.5 1.5 0.5 3 10 10 20
L 0.5 1.5 0.5 3 10 10 20
U LRIV T A 0.5 1.5 0.5 3 10 10 20
JmaRARE R 0.5 1.5 0.5 3 10 10 20
ATT VU~ T RxT T 3 10 20
A 0.5 1.5 0.5 10
HPMC 0.5 1.5 0.5 3 10 10 20
felbF 5 0.5 1.5 0.5 3 10 10 20
23|47 0.5 1.5 0.5 3 10 10 20
XR—HERE (pg) 1.25 3.75 1.25 7.5 25 25 50
PDE (ug) 5 15 5 30 100 100 200

A7 av2a: —AEREDPBE SN TODRA O DO, TARERUR ST B O LR AHW) OFF
AL LR

ZOFE LT, ATV a B THWL T, IRy (FERIFERE N OSINAISFEYE, £
A4IEBR) 2EFT L, K~ BEREN2S gD UR O EE-ANZ DWW THRFT 5, 47
Voa L 2ald LB OFFRBIE LR D, BB G ROy E ED X SRR THONTH LU,
VDO G KIZNT VT AR V= FEZ TS O THY, UARATTERAAL NC
HOXE, BRE WRITA, KBREONF VT LALEEE > TW0D, UAZTEAALFT
B8 LTS o B A O KIBE L, RA21OPDEML ORI LHEB ESNE D,

& 2 TERAHD NI 155 FHeo Rk — FRHEE, YRR O FEERO — B HERE L OFRA43DTHEAR
M O EEFREME 2 FIWVTIRE SN D (REREMICRAIOERD — R EIRE2.5 g2 L D) .
KAA3IBNT, FILRAMORK— AEREDL, 507 DRSO ERT LR B3R,

ZORE L, TNENOPDEMEZ B A D ILR MM RN L ENAEL TV D, LEER->T, O
B BHER 7 DIREEDEE 2 2 VBRIV TR, MBANIL, e S iEZ R Wimehzth
OPDEfEAHZ 2N bDTH D Z L BMRFES LD,

FTvavlt ATy a2al THREBEZ LB LIZHAICA T Y a3 L 2a0 FF R IR D A5 2 BN

LTWDEICRZDDF, ®AO—HEIELE LTENZNI0 ghD25 g NI LIk
LOTH D,
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FAA3 : —HEREIRAESN TV IEADORRFFREOHE (RENFIELRELER)
RRHARRE (ng/g

AN

R Pb As Cd He Pd v Ni
JEUHK 2 6 2 12 40 40 80
MCC 2 6 2 12 40 40 80
LB 2 6 2 12 40 40 80
UINGL VB AN 2 6 2 12 40 40 80
I ARE Ry 2 6 2 12 40 40 80
2FT Y U~ TR 2 6 2 12 40 40 80
I
HPMC 2 6 2 12 40 40 80
felb % o 2 6 2 12 40 40 80
3|7 2 6 2 12 40 40 80
BA—HAERE (ug) 5 15 5 30 100 100 200
PDE (ng) 5 15 5 30 100 100 200

F7 a2 —HEREPBE SN TOLRAIDTZO D, ERBIRERAL S T OITTR A DR
e FE IR i

ZoFE LT, 7Y a I EORaICBWTHW S, AR (RS TREEE K OGN 8 FE%E
FKALIBIR) ZEGAT 5, K — BEREN2.5 gD U O EBRANC OV TRET 5, Y%
HOBGHIINRNT VT LR R=y T EZ TN DD THY, VRAIZTEARA L MIHESE
. BFR, WFITUA KEEOARNFTUTLAEBEER-oTWD, A7 a2 HN572HI1T,
WEE A D oy R K OV 5% AR 1 a4y HE D45 e BRI B B9 DB IO Fn RAZ oW TR
179, LAFOFIZ, SSHEICFHE SN ERIENBE LD RN H 5. A D £
TR ARD T — X OB~ T HDTH D,

# Ad4 : BERDF OTRAMDIEE (ng/g)

BE (ng/g)

WAy Pb As Cd Hgg ¢ Pd v Ni
JEUHR <LoQ 0.5 <LoQ <LoQ 20 <LoQ 50
MCC 0.1 0.1 0.1 0.1 * ToQ | <LoQ
L 0.1 0.1 0.1 0.1 * LoQ | <LoQ
U R A 1 1 1 1 * 10 5
JmAKE R 0.1 0.1 0.1 0.1 * LoQ | <LoQ
277 R AR Y 0.5 0.5 0.5 * <oQ | 05
HPMC 0.1 0.1 0.1 0.1 * ToQ | <LoQ
LT 5 o 20 I I I ¥ L Lo
{8k 10 10 10 10 x 2000 50

RUFZV AT T AR MIPADNEBIERARHMY) TIERNERELTEBY , EEUERITEONT
l,\fc,:l,\o

KAANGT D tE oz T SRS T OR TR MBI L T, Y55 IREDR~
BMAEIZOWTIHMET 2 Z LB ATRETH D, RAASIZINOHREDHEE D —FINFREN
TV, ZOHBAITBWTIE, mREORMPERET Z AZED B THEATWD A, ®AIFOZ 0
RERCE 7 DRERREI S MR Z &0 MO O ORERLAST H OFR DOPRFEDMENZ L 75 PDEfEIT
HARNEBEZOND, T D ORER ORI MK (FA41) 2RV, BAFIHOITLHEAMY
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REIZONT, RQZHAWTIRET D Z LA TE, 2o, BEPDEE L LT 5 2 L3 T&E 5,
FAASITREINTREIL, BALNTR SN RO EIE OGAEDORHEHARRETH 5,

#& A4S BRSO LR AR Y 55 BREDOH

N DEDERE (ug/g)

R Pb As Cd Hg Pd \ Ni
JUkE <LoQ 5 <LoQ | <LoQ 500 <LoQ 750
MCC 0.5 5 1 5 * <LoQ | <LoQ
LB 0.5 5 1 5 * <LoQ | <LoQ
U LRI LT A 5 5 5 35 * 70 80
7 ARE R 0.5 5 1 5 * <LoQ <LoQ
2779/M77xv¢ 5 10 5 125 x| <oQ* | 100
HPMC 2.5 5 1 5 * <LoQ | <LoQ
b F & 50 40 10 35 * 20 <LoQ
3|7 50 100 50 200 * 5000 1200

* MFY R T ARAL MIPANEBENTTREARMP TIEI W ERELTEY . EENRE RIS
HAILTUNRUY,

F7 a3 RO ST

ZOFE LT, A7 v a ], 2ak02bIZBWTHWL L, ORIy RER TRREE M OIS nIS
) Z2aAT5. Rk — BEREN2.5 gDF Uk N EFRANCSOW TR %, 4i E%@é
I NT U0 AR R=y S E N TN D DO THY, VA TERAAY MIEIXEH,
F. W RITL, KIBEONRNTFTUT AL Lo TS, %ﬁlﬂPOD%jﬁmﬁTﬁﬁ%@ﬁfk/&%f
L (HEH, BHlO— Eﬁ@%&@émﬁﬁrﬁ%@ NEPDEfEZ W CHEETHZ LN TE
%, BB ORREIL, REPDEEAZ LR SN E T RETH D,

F A46 : BEBEOBEOHHA

BRRITFREE (ng/g)
—REIE (g Pb As Cd Hg Pd \4 Ni
A 2.5 2 6 2 12 40 40 80
R—HERE (g 5 15 5 30 100 100 200
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HH — TTIRANA O

PLFOBNX, TERNMIDOI AT T2 AA L FOFIRERDZEEZBER LIZHLDOTHD, ZOH
. PIREZBEXLIZLOTHY, VAT TEARA Y M2 XENTIME—DHEL D Z L2 EK
L7=bDTIERN, URZTERAAY NPt AR RNEOLENA~DOT T u—F 1367 Tk
N D,

ZOBENE, A SN TV ARAOEAICESNEZLDTh S, Thbbotisy (JFH]
FEEE L ONRINAISTERE) 28/ L, ek — BEIE2.5 gD O EFRRAN S W THRFNT D, 4
IO GRIT, XTI VT AR O= y SV A TS D TH S,

WHHFEFR L, SEICEK SN 7 ot 2~ T, BENRITHE AR ORFELE RS LE LTY
A THAA L NEETH, BEPEHIT, BARICHNONEIANCE L T, REMNRE
JETF— 2 BRETHICEEESTNLI LD, M7 = — X 2B LTI 7 A1tk (bR, B
RI oA, KER, $7) ZE0 BEIFAZ L2 RE L, UTORIZ, VAIZTEAA MNZEITD
BIEN TR MDY DR EDOEECHLNT-HAOMEEL R LD TH D,

F A4 . BENTTRE AR ORE

BER LR MY
HER RSy BXE | HEEWFEERD | RERE - 22 E | BERR D
BIER TR MBI N | D25 OWIENIE | OEENILER
O T HSIAIH o FANA Tl
BAER LR A
JiES Pd, Ni As Ni 7L
MCC 72 L As, Cd, Hg, Pb 72 L 7L
FLbE 7L As. Cd, Hg, Pb 7L 2L
AN S DAY 7L As, Cd, Hg. Pb V. Ni 7L
JuARE R 7L As, Cd. Hg. Pb 7L 7L
i;;ig% 2L As. Cd. Hg. Pb Ni 2L
HPMC 72 L As, Cd, Hg, Pb 72 L 7L
fefbF 5 7L As, Cd. Hg. Pb \Y 7L
{77 7L As, Cd. Hg. Pb V. Ni 7L

WY AT TRHAA L ML, BINOFHEZ LE L T2 THEOBEN TR R M 2 /T L, £
D 5 HITCBERMYBFEENEI DO S5 AW STz, YEHEE L. EE D O ®R,
NRH I OT —ENOEREWNE L, YV AT THAA L NefkeiLiz, VAZTE®ARA
k7 ak ZZB T D& ORERRERST — 2 1%, FAASBITTREN TS, TREAMP OB — HER
BIX, YAy O — B EREIY AR P e RIRE A R U TR SN,
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FAA8 : TEABBMOT R A N —BIFIFO TR E

X5 —HY ) OFEOF M

—H#E RURE (ng/g) TR O — A ERE (ng)
AR D% &
RS (@) Pb As Cd Hg Pd A\ Ni Pb As Cd Hg Pd \% Ni
e S 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
bk 0.45 0.1 0.1 0.1 0.1 * <LoQ <LoQ | 0.045 | 0.045 | 0.045 | 0.045 0 0 0
VING - SNV 0.35 1 1 1 1 * 10 5 0.35 0.35 0.35 0.35 0 3.5 1.75
saAEE Ry 0.265 0.1 0.1 0.1 0.1 * <LoQ <LoQ | 0.0265 | 0.0265 | 0.0265 | 0.0265 | 0 0 0
——————
XTT ) s 0.035 0.5 0.5 0.5 0.5 * <LoQ 0.5 0.0175 | 0.0175 | 0.0175 | 0.0175 | O 0 0.0175
~ TR L
HPMC 0.06 0.1 0.1 0.1 0.1 * <LoQ <LoQ | 0.006 | 0.006 | 0.006 | 0.006 0 0 0
el F 2 v 0.025 20 1 1 1 * 1 <LoQ 0.5 0.025 | 0.025 | 0.025 0 0.025 0
Al &k 0.015 10 10 10 10 * 400 50 0.15 0.15 0.15 0.15 0 6 0.75
W 2.5g - 1.2pug | 08pug | 0.7ug | 0.7ug | 4pg | 95pug | 125 ug
*OMERY AT T A AL MIPAPBETERISCRE MY TIER W EREL TE Y | EEAERIISG LA THZRU,
BRI AT THAA L MIBITDROAT v 7%, £ A48 OfFHAEMWT, R O SZME ST HIME 2 & BERIE & Ml U, iY@ 2 e

HZLTHD,

F ALY TERAL FM—

7 A

T h2

753

BT 54

D TG IZ RV TEMBL ﬁMéﬂtﬁAf®nﬁ ZBL T, WAT O ZHET D (B 2ERIIFEETHS) .

C BLERE SR A DIEET D2 ERH LTV DD,

7 —ZREADBLHA

WeET R AL R
TOHERDLBEOT=01, AVbN T eR A% itdkd 5,

BFNORLE AW SN IRMNANCBEE T 2 T _XRCOWENR TR, IR MY ERET D, YT EARA Y N TOERLIRFOTD
2. TNHOREE LT D,

NIETHRENDHOHPL TR AMPD ZREET D, ST BARA Y N TOHER DR
DT=DIZ, BT R MY 2 sk T 5.
RETERERIN DR T 5 Z ENH BTV DD,
DIT, BRI 2 Fesk T 5,

XIFTFRENDHOLDL LR NMMERTES D, HET BEAA L FTOER LMD
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BT 5 YR O R D B DTG 2R L, FIBEN TEZ MO TEOEH 2R T 5,

W T 56 YEEAERRA ) R D ITEBE AR D NT Y XMl D,

BT ANT fF%;F_éht%ﬁfﬁﬁnin@%@ﬁﬁﬁﬂﬁ%uE)W“éo NIIENRPEMDOEDTHY . o, FFEREMENICS HEAITE, KIooE A
WIAR 5 EHEE (PDE D 30%) @A IG5,

BT LG ONTAEE LT T2 -7 L5 OENEHEBME (D727 UTFTHLILEAITIE, #iRE, NT7YXRRE WV, IS HBEMEEZ#
Z DA, EHEFE AT 5,

1 2 3 4 5 6 7 8
EXAyESm
BIETE | HBAOBVWECTEET S TR | BHERE - | Aot | R MBO | TRAMB O
JER | ITBWTE | REBEY/ Xm0 | SEMNLO | Zb0 | HHOEF FEoZER | EHEE BE
AEnsE | BENTRAMY BmH BmH (ng) BERAZY X
A)
. JFEHE B O T OEIAIF Iz . . = ERAE TS L
=gz =gl AL I )
As ;L'Eu/(é Y TS T éEu%él éEu%él 0.8 ZRAHE 4.5 SHZRL,
. T _RTOTMAIFIZRD B . . = HrEHITMNEL
=gz =gl AL I )
Cd ;L'Eu/(é 2R T B, éEu%él éEu%él 0.7 TR HE 1.5 éﬁ’biib\o
- T _RTOTMAIFIZRD B . . = HrEHIIMNEL
2go s 240 =gl 271 ATk
Hg ;Fn%él 52—‘{@#@(&)5 é’r‘;ﬂ%é é’FD%J:_I 07 Xﬁﬁj‘ﬁb 9 éj’bfcﬁb\o
] FRTORMATIEED BR[| . ; B WD BT ALE
2g s 240 =gl o ETAE
Pb | FEi%Y o T FERLY FER%Y 1.2 ZASTRE 1.5 EON
Paran A
Pd | URAME | L T 4.0 AR 0oL ;f pARER S
b S TER = = B 1t A
Ni | B %@ ROWMAIIERD B LY FE%Y 12.5 ZAAIHE 60 f;fgf RIFLE
Paran A
V| gy ?i*ﬁ@ﬂ”ﬁ”q” SROON | e | gpagu 9.5 TR 30 gf e
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