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ACGIH (American Conference of Governmental Industrial Hygienists)
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ATSDR (Agency for Toxic Substances and Disease Registry)
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CEC (Commission of the European Community)

R 25 B 22

CFR (Code of Federal Regulations)
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EFSA (European Food Safety Agency)
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IARC (International Agency for Research on Cancer)
FEBR s AL FTRE

WA= b Y A7 (Inhalation Unit Risk)} :
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IPCS (International Programme for Chemical Safety)
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IUPAC (International Union of Pure and Applied Chemistry)
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IRIS (Integrated Risk Information System, United States Environmental Protection Agency)
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FHZHEARBEINR 2, H29BEOR KR,
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NTP (National Toxicology Program)
KEERFE T 2 ST 4L

OEHHA (Office of Environmental Health Hazard Assessment)
R SR (B 7= T7 0 KED

OELV (Occupational Exposure Limit Value)
W M IR R R i

OSHA (Occupational Safety and Health Administration)
i@z 2f e CRED

PEL {Permitted Exposure Limit)
TR AR T R AT

s — HIREE R (Permitted Daily Exposure, PDE)
1A Y7 0 oo B BRI DS £ 5 T H A O R ORRT A LU,

B8R A 741 2 A (Product Life-cycle)
THA R 5 0 B TR 2 T LSRR LI B B TORSFGO2EE.  (ICHQ9)

8 (Quality)
;&\yz?b\ymz%u%6&%%%@@&&&@%%%&$%%%t#ﬁ&(mHQMK
B AEEEURE O FRE] CHET oEREE) . ICHQ9)

BETY R 7 < RP AL b (Quality Risk Management)
WA S AT A N AR LT, ERGOSEIRD Y AZEOVTOTEAAL b A b
A, @3 a=mA—ia L a—nh R ARE 7otz A, (ICHQY

BB AT L (Quality System)
D FS A EFL, BEIEAOEAERAT VAT LALRIHLDD mEoFs,  GCH Q9)

) 2% (Risk)
ﬁ%mﬁﬁmm%k%hﬁﬁﬁbt&é@ﬁkﬁ@ﬁ%ﬁbﬁn(&Mﬂﬂmwﬁ,mHW)

Y A7 %% (Risk Acceptance)
YAy &FETHERRE. (180 Guide 73)

U A & 45347 (Risk Analysis)
BE SN FICEET S U 27 O, ICHQY)

YRZTEARAL M (Risk Assessment)

Ay wRDAY NF R AOHRT, )R 7ITRDDIRE RS LA IR LRI ST
SR, A KORE. BUEN LAY FAOBEIE ) U A7 O LTl LD,
(ICH Q9

%7 2y hr— (Risk Control}
2R AL FOERRGES T A178, (SO Guide 73)

Yy X 7452 (Risk Identification)
Ry ~OBEREREOREEBIE LT, BEOBENRE (ANYF—R) ERETLLDO
feah & ZaSr CTHERT 5 2, (ICHQY)



TEFETMRGA RFA

YRZ<wRY A b (Risk Management}
VAGZDTEAA M, mrrba—ib 3122 f— VEV\VE;“®%W¥KﬂL\ﬁEV
FUALOGEH, FME, ERERRITGEATSZ L, JCHQ9)

e (Safety)
BEODKRTIIBNT, HWE~OBREC LV EERENE UV ®» X, (PCS,
2004)

ZEVEFE (Safety Assessment)

LFE Y — R OME SR ERE I O %EMLizm% %ﬁL#JR?’ow*@ﬂim
PR R USSR AER LT e —F, OB, LIELE (KA RSB nTE) Y
AT TEAA L EEEEAIZHCLONS,  (IPCS, 2004)

Z2EE (Safety Factor)
NOAEL X3 # Dfho A (B~ Fv—2 P23+ OEBETRE (2L Ty =2y
TERA PEMBEIZLOBEREAIESN (HEN LEETHY., #85-HAERE
[acceptable daily intake] XU3HHE — HIEHUE [tolerable daily intakel & Vo702 X ILBAREA Y
X?ﬁﬁhéﬁi%ﬂ7ﬁ%%’(ﬁmﬁgiﬁ%®ﬁmﬁ%b&RTH&TH?~&K&D§
BHEREHEND, ) 282 H37200L0THS, 2R EOMMEL. SHEB0Y. %
ANHE ANERORER CHEET I AT LB FOEROLEICEKFTS,. UToM
MHEEEZR . 720 MERY | DRREESESEEL . (PCS, 2004)

ERHME (Severity)
NP NG EUELHREORE, (ICHQI)

BRETRAEE (Threshold Limit Value, TLV)
FEAEOHBMENEEEEL{BHBRBEINA LN TERLELLR TV A5l (+
et REMNIZIIERIBIE L EREBE L ORI %7mi)ﬁ_®@ I. ACGIHIZ kv &Esh
(I ESRET &) o 1 B 7EERE SO 8BS 20 B 4085 (B 0 20 )iz 3503 2 B N i P vy o i
(TWA} Tho, Lizho TEBMERBIIEEL/ZLOTHS, (JUPAC)

FRRIANE EIE (Time Weighted Average, TWA)
ACGIHIZ L »TERSN TS LY . BED 1 B 8 BRI 40 B o 951231 2 8RN
EVHRE.  (IUPAC)

URF (Unit Risk Factor)
2w b U AR 7R

US Dol. (United States Department of Labor)

KE S BT

US EPA (United States Environmental Protection Agency)
KB R T

WHO (World Health Organization)
13 AR fEERE
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1.

el

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.

IPCS. Principles and methods for the risk assessment of chemicals in food, chapter 5: dose-response
assessment and derivation of health based guidance values. Environmental Health Criteria 240.
International Programme on Chemical Safety. World Health Organization, Geneva. 2004; Table 5.5.
US EPA. 0410 Boron and Compounds. Integrated Risk Management System {IRIS). 2004.4.

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

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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161 REBEREEOREHE

AHTARFFA LB THEH, E<ORBIIE LT, BEERCRTSBRERERDTEO TIA
(Pharmacopeial Forum, Nov-Dec, 1989) R TNIPCSAMEFHE O 2 MEE U 2 7 O I 128
L7 (PCS, 1994) ZfE~> T, PDEEEHEHT 5 Z LI L0 nHE Rt DFFEmfE L~
BRRE S, T bOFIEIL, US EPAMIRIS, US FDA (US FDA, 2000) R OF 0fhin X v H
WHERTWALOERAML TS, REPDEECHRBIZSWTO LY LWCHEEO-wz, 22T
FOWEFFIZOWTHEHMRT A, PDEEOREIIMRLA AV ENEEEITIE, BFEEKIIMRLE
HNIAZGAEN TV A0 T, BMOEEEEITHWSR TV e, B AMTRIIEL T3,
11000000 ) A7 LAyb e v o =y b Y AZFEOPDER OB EIZ VO, Tihuh e
FID@HNOET, T 7IIRB I N TS, BRABREROREPDE O VN ohnd, BEEMgE
RAZ AV, EEAREEAL. SLEHEERER~OMOLLOSENESLEZE L THHAA
TWD,

AEPDEME VL, & b B2 3B 351 ZNOAEL L ELOAELS b IR O & 35 0 EH & T
7z

[

PDE=NO(A)EL X & h{FEHIEE/]F] X F2 X F3 X F4 X F5] (A.1.1)

RREPDEME . B% L ANOAELMLEHEN D, NOAELAR S TR igaici
LOAELBHV LN TH IV, ZZTREINDEEFRELI. 7% %2 & MNIMET L2700

F#BEF 74— 280 THOGRTWS EEGE) UL 122 tRE0LOTHS,

IEEFREIUTOERBY THD,

Fl1=FfB[M TOMFEEIT 5 2 OB,

v hOF—#ITB L THFI=1,

S bind F~OAEITIEFT =5,

T ARG b ~DIEIZIZFL =12,

A Kb bo~OAMEITIEFI =2,
A b ~OIMEIT IR =25,
Fd D b he~OAFEIT TR =3,
FOMOTEI S b~ OAGHII IR =10,
Flii, @l M ofEREE, T2bbAERZEZRIIAR-LOTHS, (KEERE
() 1. AU L wEHEND,

S=kM"¢? 4.1.2)

ST, M=RETHY, Kk IT 10 THAHEENA. X A2 CHOOhAKREZRHEOE
AlLTIZRENT LB THD,

R2=fR{EM o7 VX e ZEIIARDLHORBEKE LTI,

—HRIZ, TATORTEAMYIIHE L TEEIRE LR, B K70 2B WTHI08 B L
THWER TS,

F3=#EMBREOHFMHRBR L BRIIANDIEDHOER,

bial LB RERE (FomEXE Y3 FCRIER., R, 4 RECHATIITER) e 2%
BRITIIFI=1,

FEEROZHE B - SN A EREBHERABITIIF =],

T o WE O A BRI IET - WIB O3 SEMBEBRIZITF =2,

o o M O30 B B ULIE - @R o2 E MIEER I ZIAF3 =5,

X v AR R BRIZIIF3I=10,
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T ANTHHEEFIZHOT, FMEEOS M OBBORBRICERVFORESRVW LD, BRI,
iF - W00 A BERBRIZISEER VB D,

Fa=TEEAREM. f i, BEENAEDAVER AN, BEEE IR TRECHOICEN S
nH D EMNE DR, BRI T, ROBREDGHVWLNRD,

RN A 5 BB IREME IR =1,

BRI A S 2o WIR R IR =5,

EEHAR RN A 5 AT I T F4 =5,

BT A e R W MERT L IZI3F4 =10,

FS=NOELH#E L Ad-o HEATEHER D 2 L 83Hh D

NOELIZ IZF5=1,

NOAELI JEFs=1~5,

LOELIZJ3F5=5~10.

LOAEL}Z (1F5=10,

L AYOREIIE LT, B LUEEIE. NOAEL & NOELE OEWVZONTHEL TR LT,
SEPDEBOREITEIR L IR 23S TEE RLOPEPIL 20 TERL TR
Do frtm oh . ERFBEE I OPDEM O EIINOAELZ AV B, Fs& LTIV Sz,

v OMAERITER, & FPERABLOEELZO kgL RELZLOTH L, TOEOFREI RV TEA
Lo TIREEASOkg R TH S = LTRSS T A2, 2 b ORFEPDEEORECHAV LR
FAAT AL VEBIATVWA EEZ LRSI L, RUMERBAEN SN TS T L3R
WMEANHRETHS, MICEL T, NEADEHI R SREENECANERTHEDL EF LR,
S OAEANLOF —# BPDEEOBREITHAVERTWA, Lizhio T, REPDEMIL, MEA
MRS U ERELICOEN RO TEHEDLEFL LMD,

LA TOE A & LT, Tvermoests (2014) ik Vs, b MERFILBTS 330 0
SRR DoV BT AL ARSI I AR ANOAELIZ mg /day Th D, ZORERIIEIT 5 =
S MO APDENE, o LB IS,

PDE=1 mg/day /1 X 102X 1> 1]==0.05 mg/day = 50 ug/day

Nalvp2 1Al = 1 N
EROBEETHAHLDHFI=],

bR EAEET A TZHF2=10.
SRR A0 TH A7 HF3=2,
TEATFEEARD SR TRV nhFi=1,
NOAEL AW EN TV A D Fi=1,

FALI: ZOXBIIBOWTHEICHAVWLNAE

S5y NOHE 425 ¢ v A OVPE B 43 L/day
RS v FOE 330g | vy FOfRE 1440 L/day
= A O 28 ¢g F/E v b ORRE 430 L/day
iR~ ¥ 2 ORE 0g b O 28,800 L/day
EALE Y NORE 500 g A ROIFIR R 9.000 L/day
7 O 25kg | VORI 1,150 Liday
T X OEFE SRR SUIIETR) 4 ke U ADEKE 5 mL/day
C— RO RE 11.5kg | 7 » bOFKE 30 mL/day
5o RO R 290 Liday | 5w b OEIE 30 g/day
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United States Pharmacopeial Convention, Pharmacopeial Forum, Nov-Dec 1989,

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

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

Tvermoes BE, Unice KM, Paustenbach DJ, Finley BL., Otant 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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6 2 : SEEFMMICIA LR E PDEE
R A21: TETMDICELITE-HRER!

TLE 7T A2 B n#A OPDEE HEHAOPDESE. W AH OPDEfE,
pg/day pg/day pg/day
Cd 1 5 2 3
Pb 1 5 5 3
As ] 15 15 2
Hg 1 30 3 ]
Co 2A 50 5 3
v 2A 100 10 ]
Ni 2A 200 20 3
Tl 2B 8 8 8
Au 2B 100 100 ]
Pd 2B 100 10 ]
Ir 2B 100 10 ]
Os 2B 100 10 ]
Rh 2B 100 10 1
Ru 2B 100 10 1
Se 2B 150 80 130
Ag 2B 150 10 7
Pt 2B 100 10 ]
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 - O B0 THY S APDEE (pgday) (T, B30T 7T 7N R ER R e T Y
ARICEEANTEY, FREICEREND, £ 77 7ROPDEMITIIEEA STV 20,
WIRTETALOFT A0, ZOROPDEM I HET I T2 U EA SN TV D,
103 OPDEE XA BT IHT & L, RO HEEIEEAT S, 10L 9 4 KEWPDEITHE
AN I IA SN TWD, ZORCEW THELIALER SRR, &
O ERKIZE L TEE HENPDEMIZ bLEE 2GS,

QIR T ER IR TS O

22



TCHRTAGY 4 FZA

FALL2: F TV g 1O D D TR

LRI ENTEE T,

A, REECENAFOREFRMSIEL T80 w42
07T ADWRBERRTLOTHD, —ABENI0 g ToRAI O FEZ R % 24+ 2 /-
WIZATva VPR ENAZHECHE, THLOBEREEIBVLNE I EREREATL
B, TOBRFOETIL, FALNZESW-L0THS,

TLHR 75 A ROBAORE BEHFOBRE RAKIOBE
nglg ng'g rgig
Cd 1 0.5 0.2 0.3
Pb 1 0.5 0.5 0.5
As 1 1.3 15 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
T 2B 0.8 0.8 08
Au 2B 10 10 0.1
Pd 2B 10 1 0.1
Ir 2B 10 ] 0.1
Os 2B 10 1 0.1
Rh’ 2R 10 I 0.1
Ru 2B 10 i 0.1
Se 2B 15 8 13
Ag 2B 15 ] 0.7
Pt 2B 10 i 0.1
Li 3 55 25 2.5
Sh 3 120 9 2
Ba 3 140 70 30
Mo 3 300 150 i
Cu 3 300 30 3
Sn 3 600 60 6
Cr 3 1100 110 0.3
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1% 3« BRI DZEERHE
TyFEY

F T PDE EOME

FvFEL (Sh)

#uo Eat A
PDE {ug/day) 1200 94 22

R

FoFE L (Sh) 1t FRICHETHIHAGCOEEBLETHY . Be2METRICEVTHY
BRA. MEOT L FELCRRBPICRGE SRS, Ty FE L, 13 RUSS ORMURIETH
Ef%n@ﬁkbf@?y%%y&02~3@Eﬁ?y%%ymﬁ%ﬁ\@@m%ﬁ&@%@m
BLTRLEETHS, WD ) AT Y FEY (APT) Lol 2haT »FEUils
WA AR S LU TESIICHEIA TS, SEMET o e s LTV BRT
7 (B, BERRAOERERCAGLALRYZF LT LT H L= [PET] OEGEC
BNT) L T FE LIRS A A TR A, REAERZOKETNL N Ty,
(ATSDR, 1992) . 7 v F % RUEELT > FE IKEEREN L OTH DL, APT [HAKE
HTH 5 (WHO,2003) .

ZEPERIEDRIL L 7R o T FBE

APT 3. SO O 2070b 6T H AE R T HE VS ERFERBRIZ SV TIRETS 72 (NTP,
1992) . T L FE (TR EREHREICEL TS TH D L B AR, BiREto
o — o TR T AR AR STV D (WHO. 2003) . MNEA R IABRAE L, RO
W r X AFEAAME Y A Y QTSRS TEDLEEALND (Lynch er al . 1999) . & B UMW)
Wir T, BRI O T SRR TR TH L Bbn, MIBL AL RS ED
%h:#ﬂ%%ﬁ%éc%H&@%mTV%%VHWMénK<w(NWJ%ﬁQ 7w il
WSk L F3U T L EHN TR T R OMTIR 0 3 AT R AR & B 2 iV AR T o 7
Ewtbté?y%%ym%ﬁﬁﬁkm\thﬁﬁmwwwfhmﬁwf%ﬁﬁﬁm%ﬁhﬁ%
ST A L U185, Newton & (1994) 1210 HHE &N AT APERBRIC BT,
S WA TEMET L FE L0 12 E AR S E®, 12 A Mo atRsE b, 2
LT O RS R TEERSRD LR, BHELIL. ZBLT rFECBEPAMEE L
T B AR L. BEA AR & U TR BRI s AMEE I REER AT ORRTHE D
AHEME AR LTV D (Newton et al., 1994; WHO, 2003) .

& g ErE D PDE {H

LT DR BRI R A TREN AR O F = F 8, ey ARTT v MCH L TR TS
(Schroeder ef al., 1968; Schroeder et af., 1970; Poon er al,, 1998) HEEEEM T o ¥ Z A (NTP)
S FRUN Y 2C APT 2HUKEES T4 14 BRRREA ER L, ZORBRIZBWT, APT
= DY SRR T I AR TR A T X SR &7z (NTP, 1992) . Lynch B, Poon
(1998) HF — ¥ & FHIFM L, T » k2 0.5~500 ppm O APT % 90 HHEOKEE L7 sEilis
W, BT BT O R B T R UME A S 12 -5 & NOAEL 1 S0ppm Th D &ifdim L 72
{Lynch ef al, 1999) . Z@ORTREL ZFLELET O Schroeder 5 (1970) 2B O & FJF LT
v, L7 T, B BIEV NOAEL, § b E 50 ppm (7 FE & LT 6.0 mghkg/day HE) #%
Bz, BOURER PDE B IE LT,

CTRE S

EEGEE (1 1 BV TEESRE FI~FS) &FEIIANT, BIEFBEEEO PDE A LLT O
LAIZEHT A,
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PDE = 6000 pg/kg/day X 50 kg / (5 X 10X 5 X 1 X 1= 1200 pg/day
A & BRER O PDE (&

g DOEER R (HREORE, FHREERCITER) 25 T v b~ 0ERNRES 5% 0%
LREEMENERVEMMIEE CTho, Lini- T, HHHC L 2IREFOPDEEIZ ST, LR
b‘NOAEL?sOmg APT/hkg/day (7 »FE L & LT L1 mgkg/day fHY) 280 dsE Lz, = O,
v b D90 BMABRPLE LI (APT ZIEMENE G ENTHET v NI BT 5 6 mghke TOIFIR
ﬁ%ﬁﬁﬁ&:z‘é/ﬁg ) (NTP,1992) . ZORETEFEBEIRD LN T,

BEERAE (MR TIZBWTEEINEFI~FS) 2FEICANRT, RUHE 3 8850 L5
EELT, BHIZLAIREHFEOPDEMAPLUTOL D CERT A,

PDE= 1100 pg/kg/day % 3 day/7 wk XS0 kg /(S X I0X5X ] X1)=94 ug/day
BRABRER O PDE {E

F v OB ER CBHRARBRAERE SN, 2RE0ORBR TR LN ~OSEB -8 L
TWNz, 025, 108, 492 R 2346 mgm®* O ZBALT o FE2 ARG T o b 13 BN
Ak (Newton ef al,, 1994) 75 D5 —4% | NOAEL 1.08 mg/m® % i\ T WE ANREER%S @ PDE %
RE LT (Sh 13~83%) . 40 EERE OGRS TIROE BN O 8 & o T/ o
MAFEH B, ZOFTRIE, 006, 0.51 KT 45mg/m® OIREEIRE & H U - 1 ER O AR
BRICBEWTIHRE 27z, Z0 1 EEAARERBRIEB D TRESAMERD SN 1n,
WL ORI T O M AR A OIERR A LA E oA FEREER S dio 7,

ETEREE (&1 2BV TEEI N~ FI~F5) % AT, BWABREFRFO PDE %L T o
LI EWT 3,

v h ok e L 0.9 mg/m* X 6 hr/day X 5 day/wk 0.16 mg/m’*
S o R 0 4 e - - =0,
RIS 24 hriday X 7 day/wk 1000 Lims 000016 mg/L

0.00016 mg/L. X290 L/day

B=
1 BH 0.425 kg

={).11 mg/kg/day

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

B &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 1, Lecavalier P, Valli VE, Foster W, Gupta §, 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 1], Kanisawa M. Zirconium, niobium, antimony and fluorine
in mice: effects on growth, survival and tissue levels. J Nutr 1968;95:95-1 01.

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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FEETAGTA FZ 4

=
t ¢ PDE O E
E3#E (As)
B A W A
PDE {pg/day} 15 15 1.9
Fraa

FE (As) i, BIEROWELEZAKLY, B, I SEKECRETICEAT S,
PRI T (F A, CEMbe®E, e NY 7 LA) WEEME WA, eEF R YA &
Befb -3, BB THEETS. b FRHILBSIC BT A e EOARAEMFIESEITE ST,
20, B ZPEELRACELEELAZLOTHL I EnD, ORI T e 32T
EaENTH,

REWMEREORILL 27 B

WA L, REENAAET LN, BRERELZ LAV IERTRENTEY, ¢ FORRAHE
ELTRMEINLTWS (Group 1; 1ARC, 2012)

FOBUIMRUVER T 7 A0 DIl, ERRVEFELEBCONTEL DY R TER
AL FBERENATEY, BV AT T7EAAL ML, Mii7e L, BIEHERET 7o —F 5B
WU D (Meharg and Raab, 2010)

E N TOeFEOREORESEEBY THBEIN T RWOT, VRAZTFTERAL ML, SkE
RS SN ARBERHIIBTABETFT —F L2 2EL XA 218720 {Schuhmacher-Wolz et al.,
2009) . b MIBWTIR, BHRARUIHEENAREOWTR L, ERBEEEL 0D, 80
MERE L. FORE. AT Bb. ERRER UMERO S ACEE L TWD, WAREBHROMAA Y R O
INiZBT HEF S H D (ATSDR, 2007; IARC, 2012; EU EFSA, 2009; WHO, 2011; US EPA, 2010)

ROEREOIERNBAMOFEZEIZBEL TIE, KF (BFRFE. EFEALE) RUELEE
ik, B PR OESENECER & B DA, mERE, AR DR ER S0 A8 ¢, I
FEMRAGERSEAE & LTS ST A (JARC, 2012; Schuhmacher-Wolz e7 ol., 2009; US EPA, 2007) .
—iORE DR EEAERIL . 0.02 mgkg/dayd EHAA b RO E CREMERS MBS A WHEN S H D -
&L BU0.0004~0.01 mgkg/day? £ FHE TIIRARMIALEENRR NN LRI L T
7% (ATSDR, 2007) . = OfOFFEIEECBE L T, LOELXIINOELEZ 8 ET Ao 4572
FF—F R, AETOETIE., KENSAIERT2AEEENSH Y (ATSDR, 2007) . BB
ABRTUPIES AT NIHER DB A ORI EHEEZORSFRE TH L LEL LAIED (Chen et
al., 2005; Hsu et al., 2013; Ahsan and Steinmaus, 2013} .

A S H T O 1000 pg/LLA E oo b BBREOFH FAICIRTE S KRRBADEM (~40,000) DBF%E
. HESA. ELITEETHEBERBABRBRBADY A7 TEAA L FORIZASTOD
(US EPA, 2010) . BAPAV AZIZDOWTORIEDAZTF U A%, BEREORE (<100~
200 ug/L) THZ2BLBMIENA D A Y &R L Tuigky (Chu and Crawford-Brown, 2006, 2007;
Mink ef ¢f, 2008} . ZIvid. Schuhmacher-Wolz& (2009) OAFZE & FIE LTy v,

ERACETEHRAL =y FDAY pg/md M7 Y 0004313, KEOHEI 2 G b7 — 5 %
BT USEPAIZ X VERE STz (USEPA,2007) . 7HF YV AMNMRELBEEESIE, USEPA F—4
T AFDEMEB O T -7 v FW O ERER AT oF Lo S EE I B4 58
INF — & %80 iAd, US EPA o=y bV A7 (URF) 238 L7, HiZ&EB43. URF
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pug/m® M7 10,0015 A L7, I URF . BANSAECED Y 27 1/100,000 (36T D
S PR T 0.067 pg/m® LB 5 L0 TH S (Erraguntla eral, 2012)

% NBRERD PDE {E
@ OIREER O PDEEIL, IR TA e FOBMHERLECLZLOTHY, REAEHEY - 5
EHE AT (ATSDR) MRL & T8 US EPA OFREE 0.0003 mgkg/day (ATSDR, 2007; US EPA

2007: EU EFSA, 2009) %350, 15 pg/day (CHE#FRE L TV A LD Th S, ATSDR MRL %412
BHI S Y3 PDE fiid. BOERKEME L PFE L Tuvievy (WHO, 2011)

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

MRL OB HIZHASATILTVWAS Z & D, BRIV TEM Lieh o7,

ESIC L BBERO PDE E

b EHOK DIREN O M HOPI HFIE~95%Th 5, RULEENQIIL, cRRBEOMOEK
T (b ROSFHIEE STV, ) hhOKESELZONTBEAYSRE LT EOH
WA 6 DEEHMEL72®Be LB eRTwS, FoRBD LRI 95% #if SNn7s (Zheng
etal. 2002) , L7:25-7T, Y% PDE it R ER O PDEE L A TH D,

PDE==15 pg/day

% AMkEEEF > PDE B

B SRS 1 35\ TR~ O AR EE % ORE AN D OO MR ERRBR O U 2 7 ORI HE
ENTUVA, WAITAR D32 ASEIASIE 4 PDE EOR T MU D4RIL T, BENRRES & Hei L T
TS H BRI G D R TE LTV A D 8 ThH, M URF I BAROFH O
T EAATWA D E D, ETABITAE S SRRV, Eraguntla 5 (2012) 12 LW EES
FEl AT, U R 2 1100000 ABEE A D L R ABERO PDE @IELL VO L D25,
PDE=0.067 pg/m* / 1000 L/m? X 28800 L/day= 1.9 ng/day

3% PDE {14 Erraguntla & (2012) (2 X 0 il Shoz 8oy X7 €7 0 bis L7 URF
BRIZILELOTHD I &ML, EERFAEICOWTEGEM L,

B % UK
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Service, U.S. Department of Health and Human Services, Atlanta, GA. 2007.
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AR VN

230 7 0 PDE fEOHEE

SRY A (Ba)
B 5 WA
PDE (pg/day) 1460 730 343

Frid

) %A (Ba) 1. BEOEV, RAATEHLHAWTAD Y EEERTHY, BEOHLERF
TELICEEL L. KERIGT D, Ba@hA A RUUKIEEO Y U AEY (R, HRRE.
KEeiLA) IR E T A, BEEEY U AL Vo AR Y v AMeERE, WIEETT Y -0
Ba(2+)f A & AU, — o ML THER H &é AV AR EFENICLAE TR
< {UEHERSEAEEIRI R TR S, iR/ Y AT 7 2 ITH AR EEAR, BB AR
ﬁ?i&@%@ﬁ@&%@ﬂﬁmkﬁéﬁmk“otﬁ&ﬁﬁ?#%7(AWDKMW)L

R EEOBI L 2o Bk

TR s, AEMEAY AR REROERS SR, L . BRS, LRI
PEWEMEENTH S S BbiLD, o liEA G L LB, Y Yoo ABREE S EEN L
wnﬁm TRAT AEMAE T A LOTH S (NTP, 1994) %mmﬂ@ FRANEFRER, BHRA
megE RS HAE A R T AL, 2 EE I E MR I UM A2 s L TR IRIE RIS

')L HEOETETh o2, INRLOERIL, D~ 7 A TIREER LS S5 BARRA AT M
maimmﬁmmﬁbm TRAAEEAE L, MERS T AR RERESRICE P T
by ; it ﬁ\r’ilb\u] Mg T 4h 2 aEEtE i e H (WHO, 2004) ., WAL L ARl
MK &0/X@Ewh»wo#ﬂﬁdﬂfﬂ%t THBEVEN 8 5

" )
2 b B BIURR
(CICAD, 2001) .

B ORERFO PDE E

A AW D2 R TR S PMEIZ TEL ER S 7 AT 3 mg/LOAR AR LT
kkmﬁm&\~WAJWAWWOM%mwm&%mLLthUﬂthﬁ T, O
AR L S EROARNE A TSR b N7 (WHO 2004) . ZORENLTE

B 7= NOAEL 7.3 mg/L% BV T koﬁx ----- FOHEE A2 Liday % FV T 73 HIBREERF OPDEfE % LA
FOXDICERT I ENTESD

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

BHIZ L DBEERFO PDE &

Y Y AR~ ORI L AR ST — Z RS G e f, ) T AD AN
FIA ST, BRAR OISR TF mﬂnmmﬁumm1%7>mméﬂkw@(m&mzmﬂ

Uit » T, ROREM O PDE (E A EEFE 2 OB LT, {EFNC X 8@ PDE i 4 8 iH
- GUIHIZHE SR TWS ERY)

PDE = 1460 pg/day / 2="730 pg/day
W ABERERF D PDE fH

AU A A~ O AR IR AT — 2 RN Bl T, RESTEE (US Dol 2013)
. AR Y W AR IS LTS TWA 2 05 mg/m? EBE LTV S,
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fEEFRE ((HRIZBWTERINALFI~F) #ZBEITANLT, BARSHOPDEEZLLTO L
HIZEET S,

500 pg/m’ X § hr/day X 5 day/wk _ _119pg/m?®
24 hr/day X 7 day/wk 1000 L/m3

=0,119 pg/L

0.119 pg/L X 28800 Liday
50kg

—BEHE= = 68.6 pg/kg/day

PDE=68.6 pg/kg/day < 50 kg / (1 X 10X 1% | X 1)==343 pg/day

BE IR

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 Intemational 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 A

41 K3 ADOPDEE OB

f1 R A (Cd)
=N LS N
PDE (ug/day) 5.0 17 3.4

s

HRImA (Cd HEBABTHY . BHEVRBOEMFIIHETEES Lm0, H SRR T
S TEE S, BEARCEELLTA NIV AEENLHLND, (ATSDR, 2012} .

BRI E AR, 2 ORBEEEOLTHEE LTHEET D, R FI VA, WREs S 2 AR UH
%ﬁPiﬁAkwotw<ommwh~¢A ErikiEtEch . FoMoREEER, B X
VAEEEE L OFRE{ERNS X o TREEMEAS & InEnLoEiEDBS, B RITL, BLYFITAL,
A A A BRI 0 A R A RS sEGLWTHE L LTEG LRSS, BAFI VLA
Gtx, AR = AL SO %ﬁ\ﬁﬁfl\ﬁe{t HWHRA,

T2 SRR ORIL & 7 o Fo

BRI YA, BESHEEETIN, EREMELZANWIENRIATEY, L R OEELS AN
BeLTHEMEILTW D (Group 15 IARC, 2012) 7RI TARUHS R AbEwiL A
AElEF T, Er. W FIOARGH FIYAEAEDBRE L, BB A KURDLREE A L
OICEORBMENFEO DN TN S,

BRI ARUH K A~ R LT RSz M A i O EE AR PR AE 1 R A ’CEF)Za
{Buchet ef al., 1990) . FH M OSB3 HEEIT CIERORE L RATHRO B, W FI Y
LR OB AT — r%?(Mﬂmjmﬂo

MR&U SR B U 7e A R A O AR & 30 L 72 2O b ORHliz.

I L~ OEARBEIEE LS A (FE LT U Z/@fE"JJB%V LT A (IARC,
mﬂﬂﬂﬂw%)TMX%M AT A A AT T ATSDR (2012) (2RISR & fffm L T
Ao RIS ART w MIAAXRERETD FIBE L THRAN, T ATEHEEEL A
L7, NARI—T i%#mmmm%m&w %Kﬂﬂvbjﬂﬁ(me%m »Usmm
(1992) Io L vii& M STV AR, 02 RIUE REMHE ORI EREGS X HE % A
ArrRBnEEDbRA, KREHBESTFERERRE LT spgm %@MaLLL~%
{Cadmium OSHA, 2004) .

B TR OPDEM

HREITANDYY I AEA~ORIIREC I%r""9“?5!"ﬁia"t;ﬁ?ﬁﬁln."i"!’{ﬂﬁﬂf‘ﬂ"“li, MEETHA

(Buchet e al., 1990) , iR UBRIC 3 58, BEORE -~/ T ERH B, BRI Y
LR OBZ NG e — A —-TH D (ATSDR, 2012) . S NEUwTATON KT LZE
T 5% < OF NIRERRBIT, %ﬂbﬁmﬂm%mbfwﬁw Uizt T, BEEOTMmEE s
BT, #FI7LICETD ?D%ﬁ%mmﬁﬁ%“ﬁ#a_&&b ATSDROENE IZEL Y, (8
= HéWﬁOl%@#mwf%nﬁ@ﬁwmmﬁ% LET A, TR, WHORRELKBREE
f50.003 mg/Liday & FJ& L Tuigly (WHO,2011) .

PDE=0.1 ng/kg/day % 50 kg =15.0 pg/day

MRL @ EMITHZAE RTINS 2 &b, EIEARIIZ- OV TIERM Lad o7z,
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EHZ X DB EROPDEHE

BRI L06 mpkgHBIZSAETHASNZT v P TORBAMRBRICE Y, ETELUBI EES
BR.b T (Prozialeck er al, 2009) , ZORBTHRE-ORESBV LR, ZORETRLN
T ERY . RERMB RSP A A —h—EBEEZ DL ZOWRERDOLOAELI0.6 mg/kg T
D BRI L ABRERFOPDEMOREIC ZORBRBEE LB, 00 1, 2, 4. 8. 1621332
umolkgDYEIL N FI 7 h% T v MIETHERY LAROBEER SR T, 7280
WA T T16 pmolkg A OB S FETHEMNBALICEENED 53172 (Waalkes ef al.. 1999)
ERTFRALORIFED, BT RESNETEEEO D FI T A BRI b » TS %
BEDPIETRERTEHD, TOREE, A FIVL2O0FEHIL A EBEOREELHERE v L
COMEEAH L, BERE (MBS TERINEFIFS) 2EE 2 ANT, RUNES H &
GrbETAOEERSIEL LT, 5L 5BEEOPDEE XL TO L3 284 5,

0.6 mg/kg X5 day/wk X 50 kg / (5 X 10X 53X 5X10)
Tday/wk

PDE= == 1.7 pg/day

AR TAIRARBTERAMSELF L TVALE, RUE THES THIEERAS LN - L)
B, F4L LTRSS AR L., 2 Lo RIZEEN AR 2 L0 ThDH, PDEEORTEIC
LOAEL R\ /e Z 2 nd | F5 & LTES 10 208K L 7=,

o ANBREE NS OPDEY
KEFEBESBLZ2EHERILL I T AOFEREIRF S pgm’E B LT A,

BIERE ((FERICB WV TEEESNIZFI-FS) 2Z2EL T, MAREROPDEZUTOL 5 ic8H
—j‘—z{)

TT— Spg/m? X 8 hr/d X 5 d/wk 1.19ug/m?
MRS = 24ht/d X TdAwk T 1000L/m? = 0.00119pg/L
| R = 0.001 19ug/1.<28800L =0.685ng/kg

50 kg

PDE =0.685png/kg < 50kg/(1 X 10X 1 X { X 1Y=3.43pg/day

MR ZWT, B RANEEhhD 2 &, b FOBEBRE TEBAMRSA LIS L0
L RESLOBREL NV BREREL L-LTEREDN D FLTHEEEFIIRTA
BRI L TIEREeEBbh 52 8006, & M TOBEMEHOFTEEBE NS DAL Y, BT
#TF4 & LTI 2R L7, PDEPELICE SV TV AEDT, LY RERGIE P IISER L&
Y (W

BE R

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

Buchet JP, Lauwerys R, Roels H, Bernard A, Bruaux P, Claeys F, et al. Renal effects of cadmium body
burden of the general population. Lancet 199¢;336:699-702.
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Cadmium:OSHA 3136-06R, 2004 (available at https:/Avww.osha.gov/Publications/ osha3136.pdf; accessed
Qctober 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 2609:238:301-305.

US EPA. Cadmium. Integrated Risk Information System (IR1S). 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. 201 1, WHO/SDE/WSH/03.04/80/Rev/1.
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VA:PA

7 o AOPDEEOHE

Zua i (Cr)
1 EH A
PDE {pg/day) 10700 1070 29

Fr o

7a b (Cn) [FHRe 2BICRETEAL, ThoD S bREVEERLOI, Cr0) (RF L2
#i) . Cr2t). Cr3HORTCHENTH D, CrEOIER B 2SI A vt {E¥Eamicsy
TEILAE LTRAWGRD, Creo)EmA BB THY . 7 oA (Cro2) RUES o A
BlE (CrO7) HERL IO EAX LT 2408 ThHL, COHIL, BEPTHRLES AL
NOWBETHY . 7 FUBRBNICEE L VHTHETHS, 70 hOREI, 7 FoBERUIEE
REOELESIEHI L, RARERERR., BREEARCHMEREEE I EET 251N 5
% (Anderson, 1993, 1995) . ESENT O 2 m AOREL LT, HOFL B2« 20E sl
SR D ORI NCAMENEZ 2 G D, Cren)DREE LTHGBNAEA25RE . ESHLG
D72 LAOERGE, LU BEROBOCHENOBREL WY 10T, #B2 oA (Cr0) XILCH3+)
DFEEIIFELLOTHS S, Lz T, EEMPACET S 2028 MTCGHOBa
BHERICESCLOTHY | Cr6H)IZ ZOEN LB ST WD, Cr6+) 5 Bkt 2 L T A
SNBHETE, DT Z0EE (Cret) 282 Thh, BEHFE LTHET LY
b (BRE, Bk s Y — ) KBRS B A - )0 L BRI E TS
ZEML, KA VS A oOEHERATH D,

REVEE ORI L 72> 7o Bt

5% OCH0s (7 = AL LTI468 mykg/dayfi ) S 0RE 2 4BERI LT M, 55

BERERhots, KOEEOT v MIKITHIRER5RE (Anderson e al, 1997) 23T I3,

Cr3+yd LTS mp/kg/day DR 5 B THEREEFED N2l o7, 7 o0 A0RNEINS 2L T

1, FEROZEOREEEINE S AT V. —BA9IZ, 1.5 mykg/day D Cr(3+) 0iE 0 #
(USEPA, 1998) 11, fEHE~DFERBIIBEET 2 L0 T HEEN AV,

NEF B a b Ca— L, MEREERE 2, TOMIEEORILE 2 23 48T L7,
FE L RIS O PDEME

2000, 1000050000 ppm@ AIEO Y = U VEECI(3+)4 7 v RO~ 7 2 JIREER S U280 %
BAMERER (NTP, 2010) T, RAPIFET LI 7 020U TR LEEERH Y | /hoEE L
B o2 MFER;E O, RRB T60 mgkelE OB T v ORI ISIE OSSR AHI N L
etz ¥ al) SEEC(HD T v N TONOAELN:, A& D0 mgkg (11.9% ; CrilTE L T10.7
mgkg/day) Th-7, TOFRICIEABKEERED LRI Enb, BBOLEL
THRLAFAFREBEL TS, £/, ZORRE, i~ 7 A 0dnFhofBotf (R <
R ool BEFRE (HHRUCEWTERINAFI~FS) #BEICAN T, BrRER
DOPDEEX LT O X D ICEHHT 5,

PDE= 1.7 mg/kg/day X 50 kg / (5 X 10X 1 X 1 X 1)=10.7 mg/day
BRI L HIRER OPDEfH

Cr3H) & RZE S LTHRRARE T2 & SRR, EHBIC LY By B#EE T 005
pgke/day, PEATIE 15 pghkg L7 > T s (Moukazel, 2009) , ZHOOHE-ABREEL 2
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7L ATERR (Bl BIoHE R R UREROBEIE LT PELLRED AT S

Wi, TaTeEE A,

Ja BB LT, AR SRS PDE O B OB & 228 & ) Rl R T — 2 Biglpods, 7

w4 R UM 7 o AL SR BSOS ENRIARSL 1% THL Z b (ATSDR,

2012) . EMIREED PDE @AIETFHES 10 THRUT, EHC LSRR PDE L& R L
G REHESNTOAERD) , EFIC L HBERO 7 2 AL Y-+ ALY PDE I T O &

BYTHD,

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

% ABREE R OPDEE

Derelenko & /3SR (1999) Tht. MEECIGHR T2 13E/H (1 BeRFR. MIZ5AED W AMREE X
ﬁﬁ&:%\%Kﬁﬁﬁ@ﬁ%ﬁ(%&mﬁﬁ\ﬁ¥ﬁ%ﬁ)&U%@%@%#ﬁ%@ﬁ%@%
N, T OEEIST ST OBRER TR Bz, LOABLIZLT mg/m® (3 mg Cr(3+ym?) THD,
WSO TTEMCGH A T v M IBEEE AR LB T, TR LT e E RNk
S LA T, T BOF—# &L AR TOMRL 0 ug/m’ % W AR EE RS OPDENE O
syl Al (ATSDR, 2012) .

PDE =0.0001 mg/m? / 1000 L/m*< 28800 L/day=2.9 pg/day

MRLOBHITHZGAEN TWA Z £ S FIREREIC VTSN Lide -7,

R

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(] suppl.):83-6.

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

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

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

Glaser U, Hochrainer D, Kléppel H, Oldiges H. Carcinogenicity of sodium dichromate and chromium (VI/1i}
oxide aerosols inhaled by male Wistar rats. Toxicology. 1986:42(2-3):219-32.

Moukarzel A. Chromiunt in parenteral nutrition: too little or too much. Gastroenterclogy 2009:137:518-528.
NTP. Technical report on the toxicology and carcinogenesis studies of chromium picolinate monchydrate
(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 Dok {OHSA). 29 CRF 1910.1000 Table Z-1. Limits for air contaminants, 1J.S. Department of Labor.
2013,

US EPA. Chromium (III), insoluble salts. Integrated Risk Information System (IRIS). 1998.
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a0 b
230 F OPDEEOEE
@29 b {Co)
e i LIS
PDE (ug/day) 50 5.0 2.9
Fraa

290~ (Co) iE, RADITET, £ 0BE, BFE, MBRUVLEL VS RFOMOTE L
ALTWS, =250 ME, B4 3 /Buwmﬂfm%ﬁ%$f®n NSRRI OEN
B PRI ERELEROBROMBRL L UBETIED, © M OMETRETHL, THNAE
MIVITEHM NMpugDa s b2RENASERT S (ATSDR,2004) , £ 4 3 1 B12 Ofiisr Eé
I3 0.7~2.4 pg/day TH 0 mA&mm)\nAwbkLTOMNMpg FRYY A, b MEMIZ
THER o UL P OREEYFRREEIIST SR TV, 200 Med (2. %ﬁﬁ/
Mmoo ) MEIRIAKELICRBUCTEREL S L TRV S ATV A

REMHEORILL 2> B4

IARC (2006) (&, HiilE= b b ROZOMONKEE Co@HEIZIE, & Mo LTS AT
REMEDS B D LA L 7o (Group 2B) . HUEABOT— 411, T v PR TOEER AL A
JCBREEND T E %R LT A, a9 MR, inviro DERFMEIZE L TIRBEHETH -7~
WAL in vive DRLEEEFEFEREICE LU CIIBMTH -7, NTPIL, R UM O~ 2B U5 v -
TRPAMORMELZIFHSGE N LR L (INTP, 2013) . & MOBITABAIZ L 23N A
HMBTHERIIE LN TE LY., BBAMIIEL T4 ;‘ﬁénm\f;m (US EPA, 2000) . & hiz
RO DR S BSIC BT, RILERNINE 23 R LRSS M TR TCH 5 (ATSDR,
2004) . & FTO L MO ABREL., B4R U AN LTHELN TN A HEE CHEITHOME
B}Ja%aﬁ%%ijJ B R USRI B R ICBEE LT B (ATSDR, 2004; IARC, 2006)

B NIRERF OPDEM

O MREERFOPDEIL, AFREELE FPOF—F 2RI LTS, 150 mghiifba b k2220
ﬁé?l: MOBEEROME SEAH8 80 TL. & LEEEAE VM EE L, Rl iEc

otz (2790 b & LTI mgkg/day, WHO, 2006; ATSDR, 2004) , =734 |k & LTI mg/day?
CoCL%Z88~Q0 R M L7z b FEREE 106 (BsH. &MEsH) ORBIzH VT, Al s
MEE 2 O ORI D Lo 7o (Tvermoes er al, 2014) . R DRI OPDE 2 |
NOAEL | mg/day% EiZiE Lto ETFEE (R TER é:h,t F1~F5) %#EBIZANT,
% 1 RER I OPDEMEA LAT 0 L 5 It BT 5,

PDE=1mg/day / (1 X 102X | X 1)==0.05 mg/day=>50 pg/day
YEZPDEMOBUEIZEM MABREEA L0, F3E LTBEREQE BN L,
HERIT X DRER OPDEHE

a0 MeaM~OERIC L 2BREFIELBEENOH D F — F 1320, 3o N R UWERE = 3
v MMEE P OFE N IR O A 5 E’J%UH%+®$’§[EI¢ 18~97%T# 2 (ATSDR, 2004) , #ROEBE
ﬁ#@é%%aailjm4_7bx{ﬁb\: EHREEL ROIREFO PDE EEEE/FRE 10 THRLUT, EHIC
aﬁﬁéﬁ%@ PDE 2 HH L Q1 HIZRRKEEINATHA EEY) . HEHICLABERD =, UL
2R S PDEEILIL TR EBY Th D,

PDE=50 pg/day / 10=>5.0 pg/day
37



EETMPHA KA~

0 AR EE RO PDEE

BiEg o oL R R ONE OO AREECENEIE, £ TR OB A SR I TIRESAD D
(Group 2B) .

UM M TR OV R R RS, BRI AR IC X Y b b TR DND RS AL D £
P ABEMTHD, CNLOF—FITEEESNLVEVLOTHD rEZLNTVWAHZE, RUMR
B L R ORPAMIZETAE FOF— keI birs, 290 FIZBELTHR, MRLT
D—FAS T ARSI ERTELEELZOND, £ MIBTORENAT AY O fx LOHEEE VL,
MRL % F\ k@ 7=PDEME & 1ZIER —TH 2 (WHO, 2006) . R ABFIFOPDEEA FHITH7C
¥, 1B AROMRL 0.1 pg/m3% BV /- (ATSDR, 2004)

PDE=0.0001 mg/ m?® /1000 L/m? > 28800 L/day=2.9 pg/day

MRLOBEBIZHIGAE TV A Z Emh, ELREIZ AW TIREM Lisho7,

5% 30

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
hitp //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 T 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.sovitin/atw/hithet/cobalt.html: accessed April 23, 2014).

WHO. Cobalt and inorganic cobalt compeunds. Concise International Chemical Assessment Document.
Inter-Organization Programme for the Sound Management of Chemicals (IOMC). World Health
Organization. 2006,69.
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&
@1 PDE {EOHE
# (Cu)
#®n R 2z A
PDE (pg/day) 3400 340 34
Fraa
# (Cu) 2, H-BEEETHENIRIRO12THY . £ 2 >OBKE, W0+ RUERERH

D, BMETE POV f)f%z’ﬁwﬁ"lﬁ;’%ﬁiﬁ’C%é L, WL oL OEEEESE
HTA AR E E R U BRI R O AN B EE LT 5, ikat lad
B2 LERIRY 13, KBS R OB EBRIC IS A S LTHVW S A,

Z 2 EEOIRIL L R o e e

EIE7/) QU = F'%‘iiﬂ:i‘?i*ﬁ@&)éﬁﬁﬁ—? FOMEWR LT a—i2d 0 i, FHEREOR
HAERRI b"’\ Yﬁ{t%\ FlikUBERIIFEREE 2 RIETHENE S & h_kﬁlleéé’L’Cb\%')

(Araya et al., 2003)
% O RER OPDEE

VTR, T bEOS R AV GESR R VS % 2 Y S — MIBT ARBAER SR T WS
(IPCS, 1998) . 7w Mi, HBEAUBBIIHTA2REEIIBLT, Zhood L TCRZHENEL
"“'ib\i)}%ﬁ? R ENTz, T MTS00~8000 ppm DRSS FAK TR & IR EEFY 5 L 7= 138 B3k
ZRWTIE, BTERIEOER AR O A B IZ B 3 2 NOELIZ 1000 ppmT# - 7=, 2000 ppmbl -
T’ GREAZE O TR OB HEEARD 54072, NOELIZ1000 ppm. 64 mg CuSOs/kg/day (67 &
LT17 mg/kg/day) Y T -7, (Hébert ef al, 1993; IPCS, 1998) . {EIFEE (FHRIZRWT
FZEREINTFI~FS) #FEIZANT, w&ﬂﬂﬁ%ﬂ#ﬂPDEfL%U\TUDJIDr""’tijﬂ %,

PDE= 17 mg/kg/day X 50 kg / (3 X 10X § X | X 1)==3400 pg/day

BRI ABRENOPDEE

T 2R L Ea -, BRI ARERBICEAIPDEMORHOK L 25 L3 EER

A EFET AN TERhok, BETERICBSOTHB SN MR 2R, LER K

TRED 5B, b FOFEERIE, 30%~40%F BT D Z &M TE S (Wapnir, 1998) , SR VR

HEERIE OB DBRAEEF O A AT IR N30%~40%IZR LN TNA Z & 2 S 2. BomEo

PDEME % 5 IEfRIXIOTEE LT, HHIC L AMEFOPDEEAEN U QIEIIRHELTWS &

BY) , EHICLABREFROSRICET HHEPDEEIUTO L EBY THD,

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

% AIREERF OPDEHE

WA SNZEOBFHIZE L, NFEAEThH - F—#13, &, DX 3840 AR OMRL 2 5

EHTIREATHTHLLEHEZ LI (ATSDR, 2004) . #&QIRETE OPDEE % 15 TAR¥K100 T
T, WAREEOPDEMAE N L GIEIIDEENTWS EBY) |

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

N
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Araya M, Olivares M, Pizarro ¥, 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
Heatlth Organization, Geneva. 1998,

Wapnir RA. Copper absorption and bioavailability. Am J Clin Nutr 199867 (supp):10548-608.
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&
& OPDEEOE
& (Au)
#n s PN
PDE {ug/day) 134 134 1.3
=3

& (Aw) 3. @RWERUEHLEE 7500+5 OWRETHE L, B 1 RO 3 MoREREL
—HERITH D, ARELHEeE, WRESNIZ L, LA TEWSIICEENH S L0 L 3t
SNTORY, &k, ARERICET DA LT, ik ET, WIEERT LAY (22T
W LIERATZ 7, BV A A ET I THD, Telles, 1998) 0L 5 22 EETE
LTV D, RAFOEOE—0RRE, Mte LTOERALL 250 Tha, £0HER
BRI fﬂb‘%ﬂ’b?’n

RREEEDRILL 72 - T Bt

%@ %@&am&mwﬁﬁ\%@mﬁwﬁmmﬁdwfb5 BRI 2SR v s i
DLOE, P HORINDEA A VEMS (Au-S) FOEETHLN, £BELMTEIATLS,
v MROGRS (BFEF6) 4. 30 mg/day T 1 8. fkk 60 mg/day T 1 18R, Riﬁ@z
TV TR ENTEE 10 PIIEEER LA e o, HHBEIZ, 30 mgday THEIZ 2 4
MRS e U, migsenhimlasse:, Ssodin s %’J:RU?LHTHE%WJTEJ%,WIWHE?&LM?&:< o
~ FHEGROBRAERE A AL  RIA—FIIB N THAREOUENRD LT

{Abraham and Himmel, 1997)

SLEHEMOTERAOBHE O hOF — 2 3FHAERTH D, 2{beWic L AEME LTI
TNEEHESG EN2F v b (Payne and Saunders, 1978) BN F {Lee er gf, 1965) 123517 B
BEDIRAS, A FITH T HELEEME (Payne and Arena, 1978) 0355, LinL., Zh&oOREN.
Hii O &0+ 3T EES O Rfdh & LT :H’a’TtLi‘;b\ﬁ/ﬁf@/ﬁ%fﬁb\‘fibméh kD, Lz
PR TRAPOEIRSPDEE A E & 40l +oBdrn H o Lo L3 E 2 L,

ém@ﬂ@@ﬁﬂﬂﬁﬁ%%“¢91® BEARICEET D E B X LN ABEDS OB ITRE

ZEAE b i) %H%%ﬁ&@%émim%@ﬁwumﬁﬂi‘ibﬂumﬁwm%&%
x!é::h ﬁﬂ'ﬁibut':::bw Aubnd Wl =85{be) . #CHEEEIEL T, Boh
T — & Linkevy, 35 —3Bics T \@GﬂmA%[mmwm]m(?;uum%v//7
Ity A A ii\ 7 v b OBEE TR B TR RSB A S s oL,
TAEWTIL 322 mghkg DHET 14 ABIEEARS S, SRAEETLS 8- éfm=o
7= {(Ahmed et al, 2012) .

#% N R ER OPDER

EORECET BTN ESTIEERB B TH S, BHOBEMEMSEE RS 0F_O
%@EWEﬁMWT%étw,%Gﬂéﬁﬁm&%éhtﬁﬁzmﬁwéﬁﬁu\ﬁﬂﬁﬁ%@
PDE @t@&“iﬂ:m VTRARRERODEEX LT, BIEFER (81 2BV TEE SN~ Fi~
F5) ZEBEIZANT, ENBREEOPDEELUTOL 3 ILHET 5,

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

PDE fEDERE L LOAEL # VT A 2 & RUEEEMIMERE T L TN 24 h . FS &
LCEEO10 28 IR L7,
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ST X HIRERFO PDE E

bl T T, Ao oh U L TR R U 7 850 med PR LR, AR REITI5%
BTt (Blocka ef al, 1986) . UHFIRWT, 2 mekgk HRMNEE LickoO&T A Y o
g b U AOBRINEITT0% T EE)’J pik {Meleth;l and Schoepp, 1987) . AVrEaUR R i)\rﬂb\
Y RUNE IR OPDEM O3 E I IEIEN T HERVAVG B D Bk, BRI
BT B 00 PDEAT FLRE M ARG OPDEMIZSE LV,

PDE= 134 ug/day
% N\ E R OPDEME

o MREE K OTEENT T D IREREC R B0 & 57— 13, TR D60 BETHlEEETE
OHEERRL D EE &ﬂﬁ“ LRI e, TE‘UBEE%E#U)PDE{LE e A IEFREOI00TER LT
VD L AR OPDEM A BN L GUAERESA TS EBY) .

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

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 (I11) 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, Evring 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.

Pavne 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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ﬁa
$3 > PDE fEDAEE
§n (Pb)
&N [t WA
PDE (pg/day) 5.0 5.0 5.0
Frid

g (Pb) TR E LTLEEY & L TLIFET S, — %07 2 Mo b8 & Ui, Wimesn
%mmrr@ﬁ&mﬂm YEOTREEIER D, ARINMEAWE LTI, HY Y CENAITH LT
ST AFNRRUT T F AN D, AR EYIE. RED TRl sh,
J\qﬂﬁuﬂw CEESA A L UTRERT A, BT, v R SR E I BT A a0 A

FHIEEE LAy (ATSDR, 2007)

ZeMEEORINL 2o BHE

R UEMIIZROC T, 8 f\wﬂiéz;#i PR, ARE, 3B, RYE. WIRBRUBRIE D@
53%"’%5% 8 ‘d‘ LB LS, —IREIC, EEICH T ARSI, AR TRES
EEEIEL T, ..E%&U/J\;dﬂi CRVWTBREIN- LS9, D FEEER 1~2
pg/dL. EWE H’Jfﬂﬁﬁifﬁ 100%., 1Z2NIREDS RV ERE LIZET U 27 45 A (US EPA,
2009) M7, PDE WG LN, 207, BT PDE i, BRERIII b & R
Thb.
B ORER O PDE 18
BROBEEZOE MoBT, ﬁ%%ﬁiﬁlr&bﬁ%}& >, BEEO R E VGG, FE R
TTEFRIREETHLI L EALNRD, EFHENLOF —F 1L, 5ug/dL Aili o mheniens 28, g
OMBITEYVIEE IS LT 5 TEL;H-%’TUAL”W\é (NTP,2011)
US EPA “£F /1 (Integrated Exposure Uptake Biokinetic (IEUBK) Model. ]994} (W38 100%, -+
g OBEEEIRE L) 2 hid, 0~7 ik (0~82 @ H) /R & oT, 5 pg/day DR IR
HREE 1~2 pe/dL iZ3HGT 5 AR E D (US EPA, 2007, 2009) .
PDE=3.0 pg/day
EFIC X BB ER DO PDE {H

i O RIREEAS O BBt A Lo B5<, Lo T, e L 2000 PDE fild. &0
,% ZHF0D PDE fEIZ% Ly,

PDE= 5.0 pg/day
B AN O PDE &

R OORE OERERRF ORI L2 K-S, Lt T, WABREIY 0O PDE 13, £ Oty
@ PDEHIZE LV,

PDE= 5.0 ug/day

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

NTP. Monograph on health effects of Jow-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
(htty://www.epa.gov/superfund/health/contaminants/lead/products.htm: Accessed March 25, 2014)
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UFw A
U F 7 AOPDEEDIEE
U F7 4 (Li)
%0 ER: 5 N
PDE (pg/day) 560 280 25
Frag

DVFo L (LD BEMOMBTIZFEETS, SV LNEEBTHL, UF U A, BT,
NiFEOMOEREOBAE T, ML LTHVLERTWD, YF oAb (52, KEL
TAI=ZTAVFTL) AL, FEERIIBITAREL LTAVERA TS, UF Y a3, B,
+1 OFEEOH » LTOATIEL TN D,

RAMEREORM L 2o T Bl

JF oot POBREREL LTHEAESA TS, BN, UBKRE R OERMSEEE 5 B o mk
FICBTL ) F O AEOREIIETIEER b F A0 E5D, VF Yy AEFAGEEEL, Y
FULREREZIZICD, BRESEMILAETELEEEZLEST A, UF U L0BMET.
BERTEZ G LD, IiE TR 0.6~1 mmol/L IZRE SN TV (Grandjean and Aubry, 2009) .
A~ — TR VF U AOBMEE, EFOKOBRETRBELEDS, b MNIBITA Y F Y AR
i, EIT, RBMGREEET. FURBBEE T, LR/ EEBEETOEREENIO Y 2 7 R8I0
LTS (McKnight er af, 2012) , SEEOHELSHEIZ, 300~600mg 0> 1 A 3~4 [BHE5Th 5
(US FDA, 2011) . HRF—# & L a—L, REREAFEZ, KEMEEOIRLLE 223
FHFE LT,

#E 1 BR B W OPDEAE

b MIBITDUF Y AOERRESRL, ZOPDEEORA: LTIHRASHE, v Mokt By
FULADRNHBER AR THD 300 mg (VF 74 56 mg) ZHVEACHE., BRBERO
PDEHITLAT O L I ITHM &N D,

PDE =56 mg/day / (1 X 10X 1 X 1 X 10)=0.56 mg/day =560 pg/day

O PDEEDFREIIE LOAEL (LB S & 1/3) ZHV 2 2, FSIOE 10 5%
WLz,

BEHIC X DRERFOPDEMA

EHN L DIEEENFO PDEEZ FET 2 OB 2 F — 23370, L LA L, BOREkos
PFEEIF A 85% (Grandjean and Aubry, 2009) TH 5 2 & 2B E £ BOREED PDE 4 %
EEFRE2THRLT, BRI L 2BESOPDEEAEN LA GIHIIEHIA T L EEY) |,

PDE =560 pg/day / 2=280 pg/day
W AR BB OPDEME

DY XE0ORITLY mgmPDREDEAL Y F 0 A4~ 8EM,ES IR, 1 H6EFRRE L7

(Johansson ef al., 1988) . NEFEHMSEE OE 7MLV T, REMTILIZER Lo, ik
mEIhL, FEREEIRS IRl REHENPDEMHOBREZBAV LN, EEF
FE WENIBVWTEEINIFI~FS) 2EZEBIANRT, BARBEROPDEMEALUTOL 512
B 5,
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i gL T A 1.9 mg/m* X 6 hr/day X 5 day/wk 0.34 mg/m*
B AR SR G B e = =
ERHIRA S 24 hr/day X Tday/wk 1000 L/m?
mE— 000034 mgiLi:'; 1440 Liday 150 04 o earday

PDE = 122 .4 pg/kg/day X 50 kg / (2.5 X 10X 10X 1 X 1}=25 pg/day

BE 3

= 0.00034 mg/L

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 Jung 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 201 2:376:721-728.

US FDA. Lithium carbonate product label, 2011. (available at drugs@fda; accessed May 1, 2014)
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KR
KO PDEIEDOEE
KR (Hg)
e, H& LLEEN
PDE (pg/day) 30 3.0 1.2
53]

AR (Hg) i, RIEREEIZBWTIECGH LT D, KRIRE, TR, KRR DRIk R
B3 OOBETFES 2, WEPICERE T OWEESELEVKEOR L, S8IEETHS,
LicthoT, I OREMFTHRIL, STFASFER O EEKEORBENO & 2 B 27 — & 10 -5<
LOTHD, IOREMFERUE SN &Nz PDE EIZ- 2V T, FRRGERIZIGEA L,

REMEEORIML o7 B

E IRV TEBKBRAENAMERTH 2 LB RTF — 5w, EILKEOREIAMICE L
T, ERE R HIRENLZAELS H 5, EES AEEE (ARC) 11, EEASLAnHR
BT SR B OWTHRTELRNLOTH S L L7 (Group 3; 1ARC, 1997)

AL EDE, FHEABLESTHEIECROBEROAD AR ASEL T L. #BEFM
A Y BLRE U ~OREN NI EERSE RN Lo e fe ey
BRI XI5, SEKREUZEOEIZEAL TOREMREORME /22 28T, BENTH
%o MERAS UEMA~OBEBERINAHE SN TS (Shimada er ol, 2005)

% 0 RE R O PDEE

T RO T AILRWT HeCl i 2 Y Uic, <7 A & ivh NTP OB BRI EA
T5H, FDH L, LU HMZBERFEZIMATORTHWAZ S, RN 2 ERERL Y LS
ALV (0.312~5 mg HeCh/kg/Sd/wk) Z E2HHEE LT, Ty MIBWT 65 ARMSEIEN
ﬁ@%ﬁotﬁﬁﬁ%méhtn%W@%ﬁ%%&ﬁ(%ﬁﬂﬁ?é)mﬁﬁ%ﬁ&@m@@u
LoOESFETEMU, BRI AT A2 08 (Z LT For, HUSA PIT=T 3
NG ART 2T B ROT ARG BT L) T AT 2 T YO RS REORE
LN, BEFRE, HEBRTMZLOSEEDRA -, BEORBELDEREE R
W HYRAE) MR, HEALE TKER 0625 mgkg DA OB S TEH LN, SRE LT
WM EaH JECFA) OFFM QECFA, 2011) 23Tk, 6 HAMZ » it (NTP, 1993) 7»
LREONEBICAHT HSFEEE (FEEM £3(Z, BMDL & LTKE 0.06 mgkg/day (8 5
AEOFRS P LAESATYWA) PEEHISAE, EERR (B LBV TERINE Fl~
F5y #HWT, ROIRERO PDEMZLLTFO L I IZEHT 5.

PDE=0.06 mg/kg/day X 50 kg / (5 X 10 X2 X 1 X 11==0.03 mg/day=30 pg/day

6T H HiFBR R U2E MBI ARBHE TCORREEELLO L ZE L LN a2 s
5, FaZk1E L, F7, BMDLo/SNOAEL: &2 LGS (Sargent ef al., 2013) = &7nb, Fs#]
E L7,

ST L S RER OPDEE

BB, BEAKROBRDADZEOFRARII0~0%OBIHNICHE - LA2TIELTWD

(ATSDR, 1999) . L7z T, RMREROPDEE 2 EIEAEIOTER L T, Hatic L 21Ey
OPDEEA#EH L7 GUEIZR#EH I TWwWAEEY) |
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PDE=30 ug/day / 10==3.0 ug/day
WA ER O PDE {H

RATEEME SR . P ARERI BT AR BB SFVIHERE O L LB BN S T L
B TS TWA MRS O 14~20 pg/m® OFERREIC BT SMEMETRENR TS (US
EPA, 1995; EU SCOEL, 2007) . HRIEMICEIT 2 RRAKAURE (14 pg/m’) TOMWFRITRIFN
FEOIFEIE (Ngim ef of,, 1992) 13, Mi% TWA % LOAEL & L THET HLERSHD - & %
STV A, ETEEE (4951 0BV TERSRE FI~FS) ZEBICANRT, muFRPESUIA
+ 7 BRI AR 2 o . MANREERO PDE A LLTF O X 2 CHET 5.

by ot 1 b 14 ng/m?* X § hr/day X 6 day/wk 4 pg/m’

EprR R — : et =() 0 L

R 24 hr/day X 7 day/wk 1000 L/im® 04 ng/
- H = . X

g 0.004 ug/L X 28800 L/day =230 pe/kg/day

50 kg

PDE=230 ng/kg ¥ 50 kg / (1 X 10X 1 X 1xX10)= 1.2 pg/day

PDE #00EZEIT LOAEL 2 Wil b dh, TELEE B 7 R HA U ORIz R R T4 2 AT aE
AT EEICAINT, FS & UTEHREN 10 28R L7,

BE IR

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(t 1 »:782-90.

NTP. Technical report on the toxicology and carcinogenesis studies of mercuric chloride (CAS No. 7487-94-
7) in ¥344 rats and B6C3F] 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 metailothioneins in the olfactory pathway
after exposure to mercury vapor. Exp Toxicol Pathol 2005:57:117-125.
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US EPA. Mercuric chloride (HgCl,) (CASRN 7487-94-7). Integrated Risk Information System (IRIS). 1995.
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=Y ST

Y FF U OPDEEOEE

£ 75 (Mo)

o & PN
PDE (pg/day) 3400 1700 1

-5

Y TFL (Mo) OERZBECEIIH RO+ T, AX T = FLAEOFREEAELRRTHED,
Y FF oo HEEL, BERPECRAKPTEEY TF A A (MoQsr) Th Y, K‘*
NH B U8 Ca?r b W o T g 2 72l 0 & s oL S &Y 5, T TFE i, BT
B A RECTEE L, FOBEIZ0I~10mgkg TH D, MOOz&U‘MOSz AR A, BREHE,
s W R DR ICIB IS  ETET . B Y 7T et (BRI, Bi-Mo. Fe-Mo, fibE Y 7
T R /‘T/fnf\a P ATHSESIRIZ BV AL LT B RTW D,

U SF MR T, BRI oA, HLH I T 100 pg/day, FEAT 600 pg/day
=% 7 (EC Scientific Committee on Food, 2000) . £V 77 KiZ;] SEOEHSIT, WE. B, A
s S, AEIRL CHENIR T H D . TR A S = R EEORE & Lo Tl Fo el B
Ay, Fi, EAn ) —HiEEZT L5 D BE D BT, g oo B S iii+ﬁ
iR B Can o 7= L8 & TV D (Abumrad ef al., 1981) .

EEVERMEORIM L 2o TR

SRR E LCoE T T IR ERBEEE R & o7z (NTP, 1997)  FZ, & T o HERLA
?;ﬂﬁ LRFFERT (RIVMY 4 S XA, B 7 F v B EEE R R E R0 LR LT (RIVM,
mm)nmm:WiusmAm;a%ﬁm%wﬂ%mﬁbnfwmwnﬂm%%%w%97¥y
DEMIERL, Y TTF U ERBRARY ézh ;v 2 20 BT D RBAAMEO LN D D B
B EEEM L. T OMEREICE LT, LR E RSO B HFHHER TR D & #
Z Lz,

R EERE O PDE 1

S MCIRREE S X AR ) T LR P Y v AOBEE A L, GLP EED 90 N
L uf\'bﬁ’i :E )75k LT 60 mehkg/day DRSS EIZEIT D HE, FHE womE:, |E,
ORI (i ER R MK BT AR EA) RO ORI TAIAT R (2 PLodTAriR
A ﬂ)ﬁl‘ﬁﬁiﬁb“i/u EOIBIEER) ~OER Lo B R LI LTS (Murray et al., 2014}
T o MR A EER D ARRE . 60 B OEENIRE TT’ TATEWARR D SR T,
RS . VR SR B:‘H”Zb/\7)‘ H g BB b?’)b;hiuﬁ\f 7o HHEOIL, IO
o) NOAEL RE YT F L LT 17 mpkg/day THD Cl_‘_l‘fupmi LT, IOREIZENT, #
g B oD P B Lo B L T i‘ihbél?‘;fﬁoh {Ik? 1T (B W TER S FI~FS)
BRI, OO PDE I FO L 2272 5.

PDE= 17 mg/kg X 50 kg / (5 X 10X 5> 1X1}=3.4 mg/day = 3400 pg/day

HAHNT & HHRER O PDE

Vyskocil B Ut Viau OF#F (1999) (kW T, EHIRE ERG o b BT oA FNR RS 28~T7T% 0
B TH - S WEEIN TV D, Tumland & (2005) &, TV 7F L DL R BT 90%

Tt E A L TG, LizAte T, (RS X A IRFERF O PDE {Hid CEFEHEE2THELELO
sRdh GIHEIZEREIN T EEY) .,
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PDE= 3400 pg/day / 2=1700 pg/day
P ABREERF O PDE {H

M~ T 2B O TRABE SN ST ) 7 F 2 BB AMESIRS LR (NTP, 1997) . &
WOBBAMTIE, TV TFUEINY T ARUT ) 7F UBENPE Mo L TRBAMESE
HAEEEZ R L T D (NAS, 2000) . M= 7 RIZBF BBE /DA ORERF —F (L)
(0, 10, 30 BUF 100 mg/m’ BREEREIZIS UV TENZN 3/50, 6/50, 8/49 T2 18 15/49) Z AV TER
INREAT O TeDO®T Y IREBESNTE Z A, MBADZ=y h Y A5 2.6x10%ug/m? 5
WTH D (NAS, 20007 . 1:100000 DY A2 LA_AEBRNT, RAREIGO PDEEX L FO LS
EET S,

1 X107

i AREFE 7 PDE i = -
M ABRERRG O PDE fi 2.6 X 10° /pgint’

=038 ug/m?

PDE=0.38 pg/m*/ 1000 L/m?*x 28800 L/day=10.9 pg/day

2=y PUARZTTa—FIC LY EE WY PDE I LTI, TORBIEEFRESEH L2
b,

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

EC Scientific Committee on Food. Opinion of the Scietific Committee on Food on the tolerable upper intake
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Chemicals, Committee on Toxicology, Board on Environmental Studies and Toxicology, National Academy
of Sciences National Research Council; 2000. (available at http://www.nap.edu/catalog/984 1 html: accessed
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= v 7 VOPDEECHE
=y & (Ni}
13 TE5 WA
PDE (pg/day) 220 22 6.0
Fig

:y&W(M)m\%mﬁwﬁw%@ﬁifﬁéo:y&wmm+«—aﬁwﬁ®%mﬁ%T
ﬁﬁ?éﬂ%%ﬁ%éﬁ\;téﬁmﬁ%mﬂfﬁéﬂ:y&wm\%&ﬁﬁ%%%faﬁﬁ
Kﬁ@fé@ﬁ?%éo~Wmum\:v&wmﬁ%@*%ﬁm%dmrﬁﬁéh\ﬁm:w#
w\m&:v&w&wﬁﬁzw&wtwotmﬁﬁﬁiD%w:y#»mﬁ%ﬁ‘%k:y#w
&@ﬁmm:y#w&wot*%%@ﬁwm&%KWAfﬁﬁﬁ%wﬁ@m%%(Ammm
m%)o:vﬁw@\th?@%%%%ﬁ%ﬁ?@ﬁwﬁ\@%Tﬁ:v&»KEﬁﬁ%%@%
@%E:?:&%%énZy#wm?wi:WA@ﬁkLT@:y7WH,m%Mﬁﬁﬂﬁﬁé
MM&LTNwEMTwécﬁ%2%ﬁ%ﬂ%®%%mﬁw%héx%yvzm@,7nb%@
Tk e DAL TH Y., 1%RE~38%D= v XA LR E LTEH LTWAESRHD
(&m@mmhwhammeﬂWRm%)o:75W®“Bﬁmﬁﬁl%~wO@Mw®ﬁWK
H7% (USEPA, 1996) .

ReMEEORM & R o TBHE

:y&ww\ﬁ%ﬁ%%ﬁf&ﬁ‘%ﬁﬁ%%%tﬁu\wmcmm)cﬁu@%&@zy#w
m@%ﬁhw%mw¢5$®dmw(mmemme)aﬁoﬁﬁ%WWtw<0#m%A%@
ﬁ%ﬁiﬂ“ﬁ.ﬁmﬁ4fﬂ:ioiﬁﬂ@E@@MMVbot(Aﬁszm&EUﬂﬁm2mﬂqlﬁ
HAm:v&wﬁﬁﬁzbw%%mﬁm+ﬁ@ﬂ%ﬁ%5k%%tt(Uswmzmﬁc = A
wﬁ%&%%&@ﬂﬁ%ﬂ,:y#»ﬁ&l@ﬂ?yvz%®$%tﬁb%¢%%ﬂ%wf@\
%Auxywﬁﬁmﬁmf%mbﬂﬁ»ot(Ammgmm)gsv#»wfﬂfw%ﬁ%~ﬁ
LT, 1ARC (2012) 13, = vkt FOREBAMESE (Group 1) LML TS,

t%&@%%ﬂﬁhfﬁ\:v&wmkﬁﬁuﬁmﬁ\QW\W§M9%@KmW&U%W“®
ﬁ%%%%%%@:?:kﬁ%éotbﬁ\”&mu\:Vﬁwﬁ&%&E/KbKD%MTé
&\:yﬁwmﬂWéﬂéiéﬂmégtkmfwﬁm\Mmm;a:y&wm$WMﬁmﬁm
A, mu Sy ACEESAZE P THEREFRELILIEETLTVD (Nielsen ef al,
1999) . = v 7 A0 W EME O D BRI BRI BT (US EPA, 1996) =y A B
ﬁ@tbd%ﬁéﬂfb@wf@ﬁﬂkﬁﬁd\t%&ﬁﬂ%&%u%&@ﬁ%m%ﬁawot
ﬁ%ﬁ%m&%téﬁ%ﬁﬁ%n\ﬁﬁﬁﬁ,%%ﬁ‘mMﬁ&U%%%%ﬁﬁ:y&wmﬁ&
I&U%%W%%?ﬂ%éﬂfwé(NNMLNM)DW%&Nﬂh%ﬁ@éﬂt?v%?%%
Lt&ﬁﬁ%%%@\$ﬁﬁNw%Eﬁéh:5ybf%%bt@%%&w&f,Ew#cmﬁ
BLTHWAELOTEH-TH, LVEEEQCRENLOTHT (Benson, 1995) . = v Z /Ot
@\%W%iUﬁ%#t%méﬂéﬂﬁﬁwﬁﬁmhwf\£Uﬁ<@5%®&ﬁbﬂé
(Schaumlsffel, 2012)

¥ O RENOPDEE

m\mxmmmg@mw?mm:y#wﬁmﬁ%%ﬁﬁéntﬁybmﬁﬁéﬂ@m@%ﬁhﬁﬁ
ﬁ?ﬁ,W@%gmﬁﬁﬁﬁﬁbtﬁﬁﬁﬁﬁ%ﬂﬁ#otc@ﬁ@ﬁWMK‘wfxﬁﬁﬁo
ST O AEAIRHRE-SEES S, T, ML LICERSHI03E TOFRE
R 22 Bb N B Y L MEAE, 30 TS0 mg/kg/day RS THRE TH o/ (Heim et al,
wm)umemey@mw(:y#wabfzm@kymaéﬁ%\f@ﬁ%ﬁ(wﬁuaﬁwr
I KPLEFI~FS) A EIBICANRT, RNREROPDEERLTOE RN TH D,
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PDE=2.2 mg/kg/day X 50 kg / (5 X 1031 X1 X 10)==0.22 mg/day =220 pg/day
HAEPDEM O EIZLOAELZ W o 2 &l F5& U CESI0RBIR L 77,
ERIC X ABRERFOPDEE

LIER= v 7 AERRE B e FORBRAET. RUBRENIERERD 29~40%EIT & 1
L (EEPHMT - SIS E) LHETALOThH o7 (Patriarcaeral, 1997) , = v A D
T L5REOEELTFEMTIEL ) | DORBIIRLWTIR, BEHE O 2~23%00IN S h -
(Niclsen e al., 1999) , L7z T, = v /W RUKEMS v 7 (LS4 O DR IE 0 4 1yt
FRMHERREN L LOTHA I L 2T L, fOBENO PDE A IETEK 10 TRLT, &
L DBEROPDEEAFEH LA G ECHHINTHAEEY) |

PDE =220 pg/day / 1022 pg/day
% ANBREERF OPDEE

WAMREERF OPDEMORHICEA L T, FIHBREAR T 200, Bl obh s = vy L oTEER
EIRENT, Bib= o 7k 28 oRBRTIZ, AR F — (Wehnereral, 1984) Xid<1
A (NTP, 2006) (ZJE35! Wwbn@motc7zlfﬁ%waﬁm%?@w<oﬁ@£&m
b7y (NTP, 2006) . &= v r A OWARE TIERBPAMSOTI 20327 (Oller ef al,
2008) . %AyM$éﬁ&L9 AFEHE R UNE @Mxﬁw@%whﬁQ&M%rt WD T,
M/?wuﬁbtﬁ EERERT 70 —FHZTANRDIZENTEDLLOLEL LA, TG
ORI BV TERINSFI~FS) 2EZBIZANT, 5y MRBIZET 5 = v 7L ONOAEL
0.5 mgm & 212, WAIREIFOPDE@M LT O L HIZEH L=,

gkl o b e 0.5 mg/m® X 6 hr/day X 5 day/wk 0.089 mg/m?

51'3.:\*5 I L= = = B

O R A T 24 hriday X 7 diwk 1000 Lim? 0.000089 mg/L
AR~ (.000089 mg/L. X 290 L/day =0.060 mg/kg/day

0.425 kg
PDE==0.060 mg/kg/day X 50 kg / (5 X 10X 1 X 10X 1)==6.0 ug/day
SRR EE DO REO = » S VIS SN DA RSB 2 8 RUT _ToORED= v 7
A OB AREROFHBERMTARE CTHICRESRO LN I &b, P4l UCTEKIOAE SR L
72,
B 30

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

Benson J, Chang I-Y, Cheny YS, Hahn FF, Kennedy CH. et al. Fundam App! Toxicol 1995;28:232-244.
EU EFSA. Opinion of the scientific panel on dietetic products, nutrition and allergies on a request from the
Commission related to the tolerable upper intake level of nickel. European Food Safety Authority. EFSA
Journal 2005;146:1-21.

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

and inorganic nickel compounds based on an updated carcinogenicity toxicity assessment. Reg Toxicol
Pharmacol 2012;62: 191-201.
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Heim KE, Bates HK, Rush RE, Oller AR. Oral carcinogenicity study with nickel sulphate hexahydrate in
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Lyon, 2012;100C.
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Patriarca M, Lyon TD, Fell GS. Nickel metabolism in humans investigated with an oral stable isotope. Am J
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NIV A

NF P KOPDEEOEE

NGV A (Pd)
& L) RN
PDE (pg/day) 100 10 1.0

i

NTTT A (P 1L, EOMOBSBEEREV= v AL EHEBLTEY . Ao, BEELTLA,
WAL TREEDHIEBITRTH B, STV A PA0) (£R) . PA2HRUPIEHD 3 -
DB THEET D, NI T AIFRERLABERKLES A, FLano 5 LELHANRR
HOLNDLOIIIEL AL, RT VoA (e KER ET) 13, RERISITET B0 -
LTHyENTWS, NI P0L8RIE, RRTEBOWTEETHY . TARUMERARITE
Fo EDREEZ LB ERICI Z 5.,

REMEBEORILL 72T B

10, 100 TR250 ng/mLD /35 0 AR HOKER G LIsHET v FORMRER T, A5 U0 a1, 8
BT A5 FFBE. B, ISR LA D E MRV E N, Bk, LT
WHEZEH LT LOTHD (lavicoli e al., 2010) , x 7235 w9 Ay SIc 5> TOME 2
M FLIEANE 2V Tzin viro B RIFEERERO WV 2 (RAIF TR H o — A RRER. Kk
BBE 2 v 7280S 7 m 7 A b & R v oERE AW EERE) 13, BEOREY 52 -
(JPCS. 2002; Kielhom er ol ,2002) , BT —F & L a— L, REFREM T2, BEMEED
YR & 7 DHEERE LT,

B OBREROPDEM
WO ORHENRER N ER I, AT T ABOBE MRS AEOERRATPIL TV, B,

F B, 3T V7 AONOAELZ0.8~ 1.5 mg/kg/day O#EHIZ 0 A W EEM A RIE L T 5, fik
WORAL T DT AQHE/AT P05 E LTHN2 mgkg/day® B8 TR E 5 & 204 JERER
MRS IZW DRI TOT I oS FERBRBOAELBIELES . . HHoREN
Al Z BB T8 MR EE I & 38 2275 72 (Schroeder and Mitchner, 1971; IPCS, 2002) , = &
BRI, BOAAOFEEICRIFEMEEL RET DB L EA TN, SHRBO T 1 o
(EEHZ G b, MEOBERAERO 7 i, HBEICH L THECNG L1580 1.
BN AOTTREM AT 5 ETOYMFARRT — 2 ORMMEIRE S iz, EFEERE (HR1DH0
TERSNTFI~FS) 2ZEICAN T, LOEL 1.2 mghkg/day® 310, & OEESOPDEE 4 LT
DEIIZHEBTA,

PDE=12 mg/kg/day X 50 kg / (12 X 10 X 1 X 1 X5)==0,1 mg/day =100 pg/day
LHFPDEMORMIZLOELE AV Z b 2eh, F5& L TIRES I8N LT,

FHIC L 5RERNOPDEE

NTVTAIET RN L Pa— 3, BEFRICEHBRERKRICED PDEMOE SIS 5 4S5
IERHIFI E A ET D I L TE D o, B NT U AQY (PICL) X, LE LI X
KW (I NRE 3~4 BRIZBNT, Ty PEREBTHEO 0.5%E. BI85 v N TR

5%) . RENBG IHRIRNRES 2Z0 75 v FEERZ T 2RI IS REE <. BE 40 A
BOFFAIZENT, REINTZHED Y b, SERBRET 5%, BIRPRET 20%3 29124
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#EEALTVE (IPCS, 2002) o REARESFO, <7 20 AD AT ILi*JﬂJH]’#?’PFEﬂJ’Jﬁ%)U) Ch B
- R BE . SEOUREEIEO PDE 4 (EIFRE 10 T LT, TERNC X AUREEMFO PDE A T
L GUIECEEIN TV EBD)

PDE =100 pg/day / 10=10 pg/day
R AUk FEBF OPDEE

AT v 2 A -4 F W AR EE T — Brrtens, LImiio T, R NEREROPDE & IR
100 TR LT, @A&ﬁwmﬂmm%ﬁmLt(mwmmﬁwkkb)o

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

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

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

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

Schroeder HA, Mitchener M. Scandium, chromium (VI), gallium, yttrium, rhodium, palladium, indium in
mice: Effects on growth and life span. J Nutr 1971:101:1431-8.
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H&
E & OPDEE O E
Bé (Pt)
A TES LN
PDE (ug/day) 108 10.8 14
=2

A& (PU 3, BZEBRVNOESEORETELS. AT VUL, FRAI A ndva AT
ZUARUCA YT L8 TAEETHE] U [75F /4 F] LTS L S8ETE0E
LEWVEODILEFEOR T, BERRGVEETHD, £BEHEIE. £< DEHEE SR USRI
IGEBETLLOTHDL ZEWRANTEY, AEOFEREXRRIIMETHL, E- AR
RIRER2R A TH D, LR ERNEL T BB ERA ST D, PROEAE T O 7
7T A F Pt (HOWT BT D, b — R Pdnfitiit, 5 r35 2 ou st 42 RO
~FH oo A0l AR o HeBIEETHD,

REWEEORILL 22 o o8

REMRPITRMALE LTHEL 9 2HEOAERVHSLEWOEB AT UTH A i =
BT — F e BN T - ZIIREE N TWD (USEPA, 2009)

ReEORERE, BirBELZRIEORKETH Y, HEfELOREABAEETH A
{US EPA, 2009) . BEUEIX, P L L BABRRKRIZL 2 BELASEE ~OREIZE LTI, &
CRBTAEIE TH L L BEZLNE, ML LT, CAEE, BREEATTIC L s
BUNRFT /o EEDOW B2 L+ 2EREBEESET NS (IPCS, 1991) . ¥
WD EHEIZ R, BEEOBRBAHI TH o (Merget ef al, 2001) . PH:OEER Uz 4 2 (Ll
LA ERCHERIE, 7Ly e Sinb oL Bbh b (US EPA, 2009; EU SCOEL,
2001 o BEUED Y A 203 BAFH B UNIZEEO R R MR (IPCS, 1991; US EPA, 2009; Arts er
al,2006) | W2 (US EPA, 2009; Merget ¢f of., 2000; Caverley ef ., 1995) (2B L7 4O Th o L
EAOND, YT —F L ta— L, BERELIEE L, TEMEEORE - 2 550544550
L.

IR ER OPDE(E

PICL (MEERIE Iz VD) RUPCY (FIESOR) #4ERIRE S 3 284085 o hosEs
BT, PICLICEA L T, TN T A —2 RUBEAELZEN AT A8 ~OBBIIED 51
lpof, BBRENZERENETH DRGS0 mg/fAk kg% PICLOTFE THREER 5 5 - iy
BT, M7 L7 F =0T~ 2 Uy FRUSEMIR NS 2 — & O 3 &
NIz, OTNOEMIZELTH, T0ERE INTZHHOERBD. BBl o &
ML 7z (Reichlmayr-Lais ef al,, 1992) . ZORBIIE W TASLEWO ELBEI Tl - 1=
BTHMEPRO LN Ehb, ZORBHMIELPDEEORTICHE V., BEMRE (Fi1os
WTBEENIFI~FS) #HEICANT, B4 s LTONOAEL 10 mg/ffikg (28AMITH~ -
THEHI mgD R&ESBE S 72, 0.146 mg/day) 232, BOBENOPDERAEHE 5, %%
7w bOBERL, ABRMEFIIS g Th Y, RBEE L TOESEEIBMEL2S ¢Thot, T
BMAE 135 gh WEERITH VL,

0.146 mg/day / 0.135 kg = 1.08 mg/kg/day
PDE==1.08 mg/kg/day=50 kg / (5x10x10x1x1)=108 nug/day

ESIC & HREROPDEE
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H&t%#%ﬁ%ﬁvgi—m~&%&@%%K%éE&m%ﬁuow1®%MﬁMﬁwmh®
?%&:&%%%wmutcE@ﬁwﬁmﬂwm\ﬁvb?mmwfﬁ<(ﬁ%ﬁn%@@%ﬁ
ZIE1%ERE) L B R TRE D EL (REPIO42~60%, US EPA, 2009) . LEA-T, RO
ﬁﬁmmﬁ@%%ﬁmT%LT\ﬁ%m&%@ﬁ%mmmﬁ%ﬁma(mﬁm%ﬁéhfwé&
Bo),

PDE== 108 pg/day / 10=10.8 ug/day
W& ARR BB OPDE(E

g o oS 2 1031 AL P EEE DR 7o 2. SEoBRE (Biagini ef al, 1983) M
UG HEAER (Pepys ef af., 1972; Pickering, 1972; Merget ef a/., 2000; Cristaudo et al., 2007) BERIN
TN Z. 7. US EPA (1977; 2000) R UM ORERER BT o EH2 (EU SCOEL,
mn)m\@W%%iitﬁkﬁ%@ﬁﬁ@ﬁ@%%%ﬁLtc&M@ﬁ%%@ﬁﬂ&%#éﬂ
i%%%(mﬂmmi)m‘ﬂﬁ%@@@ﬁt%Lfﬁ%tmﬁﬁﬁ%%ffémﬁ%w&&~
xﬁ%+%f%%k%%bhﬂﬁnm(mw)mﬂﬁ%é@ﬁu%fém%tmmﬁﬁ%z
pywmﬁﬁwaéﬁ%m%ﬁ(ﬂﬁumﬁw1%§éﬂtm~m)%%@KA%T\%A@%
M OPDEMI A LT L S ICRIMT 4.

b ke L i 2 ug/m® X 8 hr/day X 5 day/wk 0.48 ug/m? ,

IR A = = =0.0004

ELRERS 24 hr/day 7 day/wk 1000 L/m" 0.00048 pe/L
I X

lE 000048 gL X 28800 LAY g 07 onoiday

50 kg
PDE=027 pg/kg/day X 50 kg / (1 X 10X 1 X1 X1}=14 ug/day
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2007:4(:3343-59.
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B &R
B &HETEDOPDEEOHE
AUV oA (U0 . FA29A (0s) . 2¥7A (Rh) | A7T=0UA (Ru)
3 e o e A
PDE {(ng/day) 100 10 1.0
Fr i

BAekLE (PGE) @5 bLAGET (B4 XV 3HEMEHT—F N buulh) A7 0 LUAD
TR ST — & R STV A, PGE (O SIS ERIT, PR B R UMERR PRI

JE g% A S BIE A S If‘ffﬂ >4 r Lk D (Goossens ef al, 2011) . WL 2O @B mIEICE
+ A2 LDso 23R A T%éﬁ\lmﬁﬁﬁPmﬂﬁﬁﬁimﬂi FTIEAL, LW RO

U FHRBIIYWT iTUﬁi TV, PR ELHERORERIZHN LR DHEINIE, RuO,

5 0sOs £ 0 & B EMEAITCH B L E 2 BND (Gaylarde and Sarkany, 1968; Swartzendruber ef al.,

1995) . PGE O FIMEMEMIIL. B LTo%4 PGE LY bHEIHHV L OO LI IEOND
{Wiseman and Zereini, 2009} ,

PGE PEM I T AIEMA TR LTWA D L AME L, T TORBRIBZMATS PDE Hid,
/BT il’lJin/D FL LT, AT AT YA PDE HIZESCLOELTHD
PGE Im 84 2RO - e EEIEU TO LB TH D,

AR L Al
LAY A ARITL, oY T ARUALTZT LI T ANTET — FIID TR,
o AV A
o Ty MEHEFME A U D AGHRTM L & LI 24 BFRIEE L, 2 Ay b
T oA BOTEELZEDA, AU VT LPYERIa -~ AG DNA Uil 4 7%
B L7 2 BRI R I DNA IR R S hvizde o {Tavicoli er af., 2012} .
o BEMAFMET A, Wistar 7w MBS, A Y Iy AGHRE (1 DY
WA&LTO\&MQ(ua19\95&@19%Mw)%90:3Mmﬂééﬂt
(lavicoli ef al, 2011) . 0.19 pgiday S LR SELI RV CHEE 2 /AT 5 b0
R Didy ot T ORBRIERE MR PDE OFEN -2 b O TR

IRl fa

o FAIT LA

o PUEMEA A I 7 AldAkICH E VT2V (Luttrell and Giles, 2007) . &l A 1w
IEEME AT LT ey (MeLaughlin e al., 1946)

o M EZ 2 3 AREERORFICHVLR TV D, EEEA A7 A (0s04)
m BAR P LT, FAORGHE. IR, B, WEURE AT DL, M. AR,
HERS R OV OB a1 5 2 L5 5 (US Dol, 1978: Luttrell and Giles, 2007) .

o PUEMLA A I T A (FAITLELT) OFREBERS (PEL) TWA I3 0002
mg/m® T#H 5 (US Dol, 2013) .

. g0y A
o Mwﬁ{mmasmmmmmﬂi$f:%7zﬁfﬁﬁﬁﬁ%ﬁtt(m@aa
al, 1996) . ZORMBIZEVT, HERHBEERUEESECHEHL T VU AT
SHACHEBLTEY, AeL o hBEEADPRVENLOThol, Ty MR
%M@%%MUVWA@ﬂmm%&k%_%ﬁmX@m%%%%L\:ﬂy%7y
t%mﬁwfmﬁbtﬁzé‘mVﬁA@ﬁ%mwm*%mmm%%E%Lt
(lavicoli ef al., 2012) . RhClLiiE, & bV voSERE O NERB TEREFELE T
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L. AR ODNABE (2 Ay N7 vt A4) #8i0 &8 (Migliore ef of,
2002)

o A YT AERSTAEERBAMAAS AT v BT, ik
HS ppmO A& T, B ESTABEYHOEER AR0BNNED 57,
SNTUGLITIREILTWSR, BEILEAT IR hE VICLIRENLLOTEH
L, BEAKIZOWTOBHRERD D Z LI1XT & 4wy (Schroeder and
Mitchener, 1971) .

o BYTUA (RhELT) O2EE =2 — A RUREM{LE OPEL TWAIZ0.] mg/m?
Th 5, ReDOAEHLAYOPEL TWAIL0.001 mg/m®T#H % (US DoL, 2013) .

o TN
o W OMORuEEEIY, AR I F 7 ARTASK R UTAI0OBE 3517 2 in vino R S
BT T, BB A5 E’ T (Monti-Bragadin er al., 1975; Yasbin ef al., 1980;
Benkli ef al., 2009)
o T =7 LD OBREROUIRIIHRG (04%) . BRI X ARERFO ST
200 TH D, HWITERENAT =7 ALEMIE, BIZBET 5 (Furchner ef
al, 1971)
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Biinger J, Stork J, Stalder K. Cyto- and genotoxic effects of coordination complexes of platinum, palladium
and rhodium in vitre. Int Arch Occup Environ Health 1996.69(1):33-38.
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il P
* L OPDEBEOEE
1 (Se)
&0 5 AN
PDE (pg/day) 170 85 135
FFia

Tl (Se) B, WEBRTIIHEALTEY, MESASDAEY 2B LIFLELD, T,
4oOFREREE (20 0. +4, +6) EWMBZ L MNARETHY, BTV L, Br L BERUY
BB L VST B ORETELD, TV, B FEELEOEICL » THEOMETE
ThdH. BLiid, REMAZE L/ VAT A CRNAICI Y F 7 BIZEYAENR S, £ Lo
L FAREIIEWTHE S LTHY LA TV A, RuSefiillly, Mg icfvohns, 7
Pt b RER T AF 2 b R, ARV TEA 254 4o,

TR EEORI L 2o FH

L JARCIZE D - 3L a4 (BRAMEIZ OV THETE 2L L LTY R MB# A
nts (1987 o EMAIZHEWTRABAMR S S Z EBREN TV AR O Lo badit. ikt
Ve THD (NTP, 19800 . USEPAIC LD &, AL L IZZA—7B2 (v Rk LT8B AN
DAREHERH D) HIZH D (US EPA, 2002) . DT L ALBWIZ, 10— 7D (& FTOREN
AT DUWTAETE A0 (28 EN TV S,

EMIBWTEL Y ~ORERECEDOON2RLEELEN R, KB T 2880 fie
BT RURRIE &\ o TR B A Tl DM E T 58 L o RHEETH S (ATSDR, 2003) .
BREFOBREOT L AT 2BRECHL TV O00BER 52, Lot s RIRER
EHIRT D726, BRa 2R THE LBRE %400 pg/daylZB2E LTV S (WHO, 2011) ., 5718
Higiid, #RAMELTOIREEL o U RB L L CICBIERE L% 0B SRR U ORI
P, SESEE N DGR Vo T PRRRICH T AR B OV TR T S, BRI RE X
Azt FMZBELTHRESNTWD L OTEEL U2 R SRERS, SARORTEPLLOE 2— A
SULF A REWMALTZEMTLRONTEY, £/, T AbARETEIZ oE LD 2 A5
LSS R bORWRAREZIT > - 8RB0 s, FAZEN R UM 2 8% L T 4,
W ARRFE S OIS0 b 0 & 22 5 TNV (ATSDR, 2003)

= OIREROPDEME

Bt VA2 5 7w PRBAMREBNI BT, ITHBED AR DNOAELYAS mekg/day (12
& LTLT mgkg/day) Toh-o72 (NTP, 1980) . ZOMDFHED L L ORAAM & EHHT 574 12
FAmTHY ToWROMBIBEEO L MBI ABEHIEEMR ST 250 ARG, 1999) . =
OFRERIT, AFAREREROBRTH S, W 200t FF—FBAFZTETHLN, REL7 1%
BRIZBILHLOTHD (ATSDR, 2003) . FHSN7PDEfIL, ¥ L 2 OMRL 5 pg/ke/dayi Bl L7
LOTHZ (ATSDR 2003) . IEIEMRE (FRUZB O TERINIFI~FS) 2 ZE LT, & OBREE
DOPDEMEZLLT O L 2 ICRHT 5,

PDE=1.7 mg/kg/day X 50 kg / (5 X 10X 1 X 10 X 1)==170 ug/day

TLUREEDY R 7 072, F4l U THEEI0ABIR L=,

ESI X 5 REIROPDEE
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v MR OEERE CORB NI, LB, T VESER M L S AF A= v
<0#wtvym%%ﬁﬁmEMént%ﬁ\Lﬁbﬁﬁﬁﬁ%@%%%@iéﬁfﬁ%ﬁ&ﬂ
éh?:&%ﬁ%brwé(Nmmnmm)oﬁuﬁ@ﬁ®$%%Mﬂm$ﬁ~m%?%éz&
%Wik‘ﬁm%@ﬁ@mﬁﬁ%@m%ﬁzﬂﬁbf\E#m;éﬁﬁﬁwHEM%UT®$i
ICEH L GUEIZRRESLTWEERY)

PDE=170 ug/day / 2==85 pg/day
& NBREEFF OPDE(E

W%%mﬂ%%ﬁm‘%@W%KHH5%%%@®ﬁ%@%®%wvwﬁ—?%écﬁ%ﬁﬁ@
m&uy@ﬁt%f&ﬁ%Mﬁ$@@mnWW%%EL(Ummumn>\&Mﬁ%ﬂ%%§W
%7w~f(mjw6)Mﬁ%ﬁ@%mﬁQMnMW%%ﬁut(mJﬁQ1%mo L L7z
&Imﬁ%@ﬁ%%ﬁ%@ﬁ(mi)ﬁ\%A@U$KﬁELtM&Ebﬂ6%%T%é?
LoAb AR SN TRESNE LD THS, Liodo T, USDoLIZ X W 8 SN OELE ]
b SRR (BB W TEE S NEFI~FS) Z&EICANT, WAREN OPDEMZLLT
H&HICERT S,

et o A T 0.2 mg/m’ X § hr/day X 5 day/wk (.048 mg/m?

ok A R B = 2 - LS

RIS 24 hr/day X7 day/wk 1000 L/m” 0.000048 mg/L.
. L%

— = 0.000048 mg/L X 28800 Liday g 478 mg/kg/day

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

ZE IR

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

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

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

IARC. Some aziridines, N-, S~ and O-mustards and selenium. Summary of data reported and evaluation.
Monographs on the Evaluation ef 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 1910.10060 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 nformation 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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iy
$ROPDEM O E
i (Ag)
E 5 e N
PDE (pg/day) 167 14 7.0
Frim

R (Ag) 13, T & L UEEE OBET, RUFEEEEIIV OB L2 OFRETHRIEED

AHET 5, i, IO TETEL, o, BELTOWAEEY, B ROW< 25
DEOEERTRKFET D, BRAKTPOREE2EBLEYIT, WEBHEEVELRTH 2, IS
EAEODRMIT. 10~100 ng/kg OFH THREORE S, FITHBEMIIVE T <, KEd:
HERHEREILFHTH A, iE=F L ohbxF Lg% FAOB{EICB Tk LT
LRTWVWA, fi—B KT LEEE, FEIND AR A{LEMOBIRM KRBTV BL, &
Rk, Ao TERAREA E LTAVWER S,

EEMERORI L 2o BH

RIIEERE L L, B E AV ENEBRE T RS E U S, BB AM
BT 24 G 7aii i A28t LTy, ZREOF -F CESE ) I Mo nTRERBAMEYE
T EETFREEIN TV (ATSDR, 1990) .

FULEREIL, © FPOSERIETARISOR TR OUBEZESEVERER THL L Bbn s, B

WSRO b o —FFIAFHEIC AV B D (Hymowitz and Eckholdt, 1996) . SRk 3553, A wlifiny e

RIEOFKALEECLLOTHY, BTl ATV EATE Y K2 o B~

POLAELD, @LAOPROW AT MXCRHEORBECICERmAELA203H 2
(ATSDR, 1990) ,

B N IRERFOPDEE

HEVE = 7 AU BHERSR & 0.01 5% L7217k (0.9 g/ 7 A FHERSAR32.14 mo/kg, §R64%) #125H
35 A, SROEIERI 2R TN I E-S RITENPINEEME SRR & /- (Rungby and Danscher,
1984) . MAEBMIIEEREMY & EEE LT B BGESN A MG X8, FOMORFE Eo Mg iEn
bivienodz, ORIV T, <07 RAICELER mgke 2 EFERNE A L% 0, 0N R I
FETDHZEMNAENT (Rungby and Danscher, 1983) , R OIREWHOPDEEIZ. 2BHE 5
pelkg/day & F LTy (USEPA2003) |, SRR (FE1ICRBWTEEBINEFI~FS) 2%
BLT, BRRENOPDEMEZ L TOL 3 CHEMBT S,

PDE =20 mg/kg X 50 kg / (12X 10 X5 X | X 10)= 167 pg/day

B SN CEHFEEEND T U<, PDEEORTECLOAELA R L= 2 L, FS
L TREI0EERIR L=,

I X ABREROPDEE

US EPA (2003) &, zwaA NREUHFEBRZ o EBhBEoR CBILEESRE UER %
LIz L7z, B bPORMM (2~9FEH) OFKRAKSOT— ¥ AW T, $8DOLOAEL* 0014
mg/kg/day & F5E Lo, EERE (FBRICEBWTERENFI~FS) 2ZEBIZ AT, BFIZ L
LUEFEROPDEEE LLFTO L 3 IZEHT 5.

PDE=0.014 mg/kg/day X 50 kg / (1 X 10X 1 X | X 5)= 14 pg/day
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&%mwﬁmﬁﬁﬁﬁ%&@%i&hﬁw:&m@\ﬁ%ﬁﬁ@%ﬁ@ﬂﬂt@@t\M&L
TS E@®R L.

W AMREE R OPDEME

Bt e CMMERE D I G R S, B L RO AR O B BT ATRAREBEThHo, &
Eﬁ&@ﬂﬁﬁ%kﬁ%@%%ﬁﬁ@ﬁ(mw(mu@m3msmmmm)%%mxﬁﬁ%ﬁ
%&ﬂuﬁwf%ﬁéhtm~m)%%EMAMT\%A%ﬁﬁwmmﬁ%ﬂTwiﬁmﬁm
1A,

ke gt s e 0.01 mg/m’ § hr/day X 5 day/wk 0.0024 mg/m?

s R A BL= = ={}. 3

AT T R 24 hyday X 7 day/k 000 Lim? .00000238 mg/L
e 00000024 mg/l X 28800 LidsY g 0014 mgkgiday

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

BE I

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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RN
& Y o 5O PDE {EOE
Z U175 (Th
7o e e A
PDE (pg/day) 8.0 8.0 8.0

Fr i

MR s U7 s (T 13, FRAOERTHD, U TLE, ELLTH RUH O 0L
PRETHEETD, 1 HiOF Y oA, A EREOVEHRAH Y 724 (K+) (255 LTEY, -
DL RERERZ ) 7 ADFEROEIIEE LTV D, AEEOBEY Uy A3 RRE,. &Y
VABOE L BB THSB, BBEZ VoAt TELTREHE LTEERIZHOLILTNS
3, 9, ERORM, FU7 R, SBERUwZ VT Lo BUIMEOBBEO - HOEE T

oo Tens, ZUvLAGHIRIEEBRSKICHCOR TV, 20 7 A 5oy E@cs
7o < AUEHAEBFEAMERE T LTV Ay (ATSDR, 1992) .

REMEEDRI L 2o e B

ERRUGEMICES T, KA. BICEREER, U 7 AORERNRE DGOSR LS
PEVIERIZET & B d (USEPA, 1992; US EPA, 2009) . AEMEOE (st . B 15
FEMR) IIMOMEEL Y LV EHEE Lo (Moore ef ol 1993)

RE RSO PDE &

ERNRUEICIRT D H ) 7 L~ORUREICES B A8 EIL., B, kAt Bbn.,
i, BiEA ) OLADT y MEAV 90 BEIEERBRTRENTWS, Lo EHETHEE
DIALEBINT D L RPEFE A ¥ U7 A0 NOAEL % 0.04 mgihkg & 7= (OEHHA, 1999;

US EPA, 2009) . L72i-T, J v MIEAF U 17 L0 NOAEL 0.04 mgkg % 31 8 O R Ein:
D PDE AT LT,

IEIERE (FHRNZ B W THERENFI~F) 228 LT, ROWEEOPDEMALTo L 5
BHT D,

PDE=0.04 mg/kg/day X 50 kg / (5§ X 10X 5 X1 X 1)==0.008 mg/day=8.0 pg/day
EHIZ L DIREER O PDE

Z VU LML~ OWAHREIA D BEEOH AT - IR &N e, TEEO S )
U A OAGFRIRARITE Y (580%) (US EPA, 2009) . L7723 T, @D L AIREEO
PDE fiZ., #OMTEFO PDEHE LR —TH 5,

PDE =8.0 pg/day
W ABREEEF D PDE

Z 07 AMEGH~ORAREITRS, MO HHF— 23720, USEPA (3. # U Y ADEA
HHIZET OB HRIIRASRBE 2 E X BTIEA S THEL EERLE. ¥ 00 A~DEAE
BOWEMEESLHEEFMNRIRENTH Y, REN T2 -7 (US EPA, 2009) , t A&
UBMIZ B O THRESN - EZL2BEEEETH Y, MARKEIC X SN E TS <. S L
FZAbNM5 (PCS, 1996) . MARVMARBOZ ) 7 LIBEIZ L VEHOFRRTEIN S,

ZOBMRL, WABRERED PDE oW TH, W4 L ZBEMFO PDE Ex b - THRET S,
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PDE~ 8.0 ug/day

2% 3

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 1, Dixon A. Thallium poisoning. Br Med J 1993;306:1527-1529.

OEHHA. Public health goal for thallium in drinking water. Office of Enviropmental 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 (IR1S). 2009. EPA/635/R-08/001F
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&

AR
AXDPDEENBE
AR (Sn)
=0 E N
PDE {pg/day) 6400 640 64
Fr iR

AA (Sn) 1F, MEAOERTHY . RRUHORBMLIRETHET S, A XSmO > 4
ROEZRL2 OO, Bk, ik, 7 oo a5 bR B R U 9 LR TR A X
FTRIDLATHLD, ART, W OMOeAFEHA I VRN 2T RBEBERDIIHEETS
(EEZH29Snd UCREI0 pg) . AR, —BEOBIC L > TREFIICLE TH S TR
HOW, B MIE2TRHATHD RSN TRV, R ZQHE, Bl LT, RUsH
Vi =0 (PVC) OEELFAIE LTHOLRTWS, EFLKAMP 28T H 268 Ty )
WIOBLEN LR, ARARLEBLY L. L0 EHEE THEET AR B L EET S L0 T
LI, ZOEREMITMITERA X ER e 8 ThH,

REVREEORILL 2o Bl

ARXF A XN AT Bin vivoDEBEFIE IR B AL TET 2 LOIRA20, 1 2D S o
MRBRIZ R W, BAOMMEEE LTo~® 2o Cr om0 RS BN SV EEE
ot RETDHE, RXRVARRE i viroT v 2 A 2BV TERBEME Y UM TH - =95,
AARCGAZO 2 b0 O OBED L ORRAKEBEIEL TE%ETH -7 (CICAD,
2005) . TUAKUT v b TOLERRBICPEVTIE, HIEE -2 X108 nAEE e o~
(NTP, 1982)

B OREROPDEE

Biix, RESEOREHOT v NZBT AR LEEESEOCTEIEE Th o/, LT, &
MEEERFOPDEALIZ DV Tt S LIEVNOAEL, 37725150 ppm (R X & L T32 mghkg/dayifi:y)
(ATSDR, 2005) [CH-SWTHRE LKL, SO, 7y MIBITA0B BB LEB L1740
THY ., BIEHE—-RAXERERS INRET v FZEBWT, 500 ppmil Lo 5 COE o iE
ZRIIEITE ST (de Groot e al, 1973) , NTPIZ L B13HRAISF2 5 (NTP, 1982) (235
HDEMEFREMIL, de Groot S IZ X BZFRABICEBITALO LV LBESH TV (2, ~% 5
BT SR L Do R AERTRET — 4 OREY T LhE | EOMREEOPDEED
RIEIZIWTHL, de Groot L ORFINTPORBR L 0 CEEMRH L L O L EX LA, ETFE
T (HRICBWTEREINZFI~FS) #5582 AR T, BRORENOPDERE L TOL 5o
W5,

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

EHIC X 2 BER OPDEE

AARETLESM L Ea—id, EHICL SBRERKRICERDL PDEMOBHOLOIZHE M55

DHREPIZRETERD 7, AXRUIERE R (LAY 0 N RER O 4 B EF R EG 5%
(ATSDR,2005) ZJ5iZ, # DUREENFO PDE M4 5 EFRE10 TR LT, &5 X 2REKO PDE

HEEHLA QGIUIBIZE#H SN TWALE0) |

PDE= 6400 ng/day / 10==640 ng/day

®RABREEOPDEE
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A ZICE LT O e b e e —id, W AIRRERIGICHR 2 PDE EOBHE DI D <& HERE
J R KD ST O B 20 ] 2 45 TE Ao ds, ARIZHLT TLY {2 mg/m*; US DolL,
2013) BEIHTETH S, MRL 2B ET AT —# B8R+ THD (ATSDR 2005; EU
SCOEL 2003) . L7743~ 7T, &g PDE % W ARFER ¢ PDE JICEHRT 572510, E2
5100 A AT, AXICET A PDEEARH TS GIIHIRHENTVHLEE by .

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

B % UK

ATSDR. Toxicological prefile for tin and tin compounds. Agency for Toxic Substances and Discase 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, 2003, 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 commiitee on occupational exposure limits for tin and
inorganic tin compounds. European Union Scientific Committee on Occupational Exposure Limits.
2003, SCOEL/SUM/9T.

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

US Dol (OHSA). 29 CRF 1910.1000 Table Z-1. Limits for air contaminants. U.S. Department of Labor.
2013.
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JEFANHTA R T4

A
RF V7 ADPDEMEDEE
NPT L (V)
ZO Y B A
PDE (pg/day) 120 12 1.2
PR

AFUY L (VY I HERTICEB R E L THEA L, Be REERE (1, 0, 420 43, H4RT
+85) THEEL I D, AFPTLL, FXATIUEAA Y (Vo) RUASF DAt 3y (VO,7)

ELT, BEAEOEYHREIICEMETEET A, AU A0BEE» S oW ITFhRC
< B R TORENLONAT D0 AORBIERBHETMIZI0O~60 pgiday ORI 55, fokAzs
LOBMBBEEIARIC LY R0 HEBREIRE TI40 pg/dayTHB, v b—fxA0EFTO
NPT ADOMETREIZETH LD, 2 wp/LAEFRHREO LB TH S, ERIZESHELT
WDIZH RO LT b MERIZBIT 53T Uy AORERAMFEI RIS IR T e,

TEHEEORIL o7 Bl

ATV U L, BEEEEEHT LA, BREMEE L (ATSDR, 2012) . FEE/SF DY A
. MIMUTRPBAMOFESEAH2WE L L THEESNTWS (Group 2B; IARC, 2012)

B NEER O PDE B

B R e P ~OROFEHIZENTHE, WEE., COMEFRRVMER S E- ABESTH S,
ORI ED AT D7 A0HEMEFTMT 5O RLEW RN, NF U0 A2 2HEREEA
Nz MZBWTEMENZ, ZoORBRIIEVL TR, AT T oo A8 90 TR -
P R AL LT02RIE0.19 mg) 4 A Te~ 12BRIR G U7 B o il ik e h <
TA—F L HHERE EPERLSAICEVHEIE) L AL ATFo—A UMY U R

T (M PRFERICLVAE) | KREXIRECHEREIE A o= (ATSDR, 2012) .

MRS R O i~ DRI 530 2 0 AOFNNOAEL 0.12 mg/kg/day %, 1% O IRERS
DOPDEMOR IR, ETERE (MR B W TEEINFI~FS) 2 EEICART. &0
BRI OPDEM & LATF O L 2 IH BT 5,

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

HEHIZ L ABREBEROPDEE
NFLTLIATLREML Va — i, EHICLIBRERIRICRS PDEMEROK L 2 AL S
AR A ETE 2ol AT P LARUER ST 20 MMz s B8 L F o g
RO AN FRIR A ES %KM ~10% (ATSDR,2012) ThH I & BE 2. #1ISERO PDE
HAEERE 10 THRLT, 5IC L 2@EHOPDEMAREHN L GIEIZZRENTVWA LS
G) o

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

ik ANREE R OPDEE

7w b O2FEFIBIER ARERB, F U0 NI AR ARBE I OPDEE ~DIE B o6

WEtEdic, ZTORBRICE TR, HHABRICHV LN RIERETH D HEE Y 4058
mg/m* THEBAMEMBRD BN (Resseral,2003) . HEHE SFHUw AL, BARITHY | K
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SR A KA

G IEET A S E R L, LEato T, #R R IREER OPDEM £ B LARRI00TERL T, S
F U A A RABEEOPDEM A B Lz GUECEREATVDIERY) .

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

BE IR

ATSDR. Toxicological profile for vanadium. Agency for Toxic Substances and Disease Registry, Public
Health Service, 1.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 S¢i 2003:74(2):287-96.
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TETM YA FF 1

e 4 =H
PDEAE D> b TE3R A Wi4h O RF 23 B~ DA 4R

FTar 1 —BERER 10 g 2BARVRAD OO, WRKER L 5> 0 L3 R4l o Fr
A Hm e R TR

ZOEE LT, ofska sy UREEVEEER URIIAISTEIE. RA41 BR) 25675, EA—HE
Wik 2.5 g OFDERRANZOWCTIRET 5, ZORB ORI~ DEREILI0 ge 82200 &
Ph, RAL2OFFEREEAMNDLENTED, 74 a 1IEOHEREL 2475,
AT F OIS % YO L5 ZFETAVTL L0, BEEEOABIZ T Oy ARU= v &7 A
ATV DELOTHY, VAZTERA L MIESEH, bFE, BI04, ARRUA
FTUTALALBEL o TD, ARETMY P RAITRENZRETHEELTWA L HET A
BRCBNT, WADPORFTREFMYORK - AERBIIERAL2 IRENELEEY THD.
LAFTMMARIY 8 DRk — AEBREL, A0~ IERBERURA2 20 YT E LM O
BREMAZ RO TRES AL (BREREBICNEOERO—~BBESE25 g4 B UA) . #FAL2C
BT, ERFTHHOEKR—BEEREN, £07 ARENTHOGE 2ix b,
IOFEIL, ENENOPDEBEABA D TERMM SN L EELTWA, LitiioT, -
LG BRI OB X 2 B S ISV TIL, BEBAN . BEA RS E 2N
DPDEMEBAZ VLD THA Z EBMETEIRD,

KA BHNRRER Sy DR — BN E

1D Wy —AERE (p
Tk 0.200
BiERETE LT — 2 (MCO) 1.100
FLEE 0.450
USRI T A 0.350
70 ARE Ko 0.265
AFF Y BT TR b 0.035

L Raefr o AFl

wiu—A (HPMC) 0.060
[ A 0.025

Feib 8 0.015

FES) 2.500
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FHTHZA FF 1~

iAM:ﬁAﬂ%%iik%ﬁﬁﬁ(ﬁﬁ%%ﬁkb\b0\~ﬁﬁﬁﬁ%mgkﬁﬁ?6%

&)

- BERFARE (ng/g
WRRRRSY Pb As Cd Hg Pd v Ni
JREE 0.5 1.5 0.5 3 10 10 20
MCC 0.5 1.5 0.5 3 10 10 20
gL 0.5 1.5 0.5 3 10 10 20
S T NIy A 0.5 1.5 0.5 3 10 10 20
7m AFRE R 0.5 15 0.5 3 10 10 20
AF T R SR 3 10 20

A 0.5 1.5 0.5 10
HPMC 0.5 1.5 0.5 3 10 10 20
{7 0.5 15 0.5 3 10 10 20
Bl #k 0.5 1.5 0.5 3 10 10 20
Bk—BERE (pg 1.25 3.7% 1.25 1.5 25 25 50
PDE (ug) 5 15 5 30 100 100 200

A e 2ac B STV S EH O 0 BRI s AR O ST AN OFF

R iR R R

Sofr LT, A7 YA LeBu TR SR 9IRS (RS U AISE R, &
ALIBI) a5, k- BEREN2S g0 LR OEEMAZ > TRET D, 27
/ﬁ/%@#mwﬂﬁﬁﬁéﬁét%\@%ﬁb@ww&”fcwi)¢m$ﬁmpf%iwn
MW%Wu&@ﬂ7/9A&sz#w%W%mw"wéb>%%D AT TR AL D
%ﬂ%u\tﬁ\ﬁPQWL AP UAF ST A LBEE o TS, VAT TREAAL T
B U & e SRR ORI 1, A OPDEMR U G R ENED

B A S AR DR, Saiso RO — B IS P UNRA 4300 A
mwm HMWW&HwT&méué({Wmﬁﬁhﬂﬁwiww~ﬁﬁm /25 g EUD)
FALINT BT, IR O R BRI, A0 7 LIRS ERFEOSEH LIRS0,

ZOEFE YL . FALFFLOPDEM A A A AR AR T E LTV D, LidastT, o
B KRR Ay OB RS B A 7 VI B I BV TR, MER iRl e S o A EN
OPDEMZHEZ LD THD I EHREEND,

%79@&1#%7?;thfﬂ@ﬁ“%%ﬁth%ﬁ LA T m L 2aD R IR R A R

LTWAaXarRanoid, Mao—-HERE: LTENTNI0 g RS g = Z &2 kS
LD TED
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TERTAEY A A R T 2

RAA3: ~ABRBEPRESRTOIRFOBERHBEREOHE BEREBLRELELESD)

BRAHERE (pg/g

o) Pb As Cd Hg Pd v Ni
[ e 2 6 2 12 40 40 80
MCC 2 6 2 12 40 40 80
L 2 6 2 12 40 40 80
U EER T A 2 6 2 12 40 40 80
7o ARE Ry 2 6 2 12 40 40 80
AFT Y U SR 2 6 2 12 40 40 80
A .
HPMC 2 6 2 12 40 40 30
fig{lF & o 2 6 2 12 40 40 30
B b g% 2 6 2 12 40 40 80
BA-BERE (ng) 5 15 5 30 100 100 200
PDE (ng) 5 15 5 30 100 100 200

A7 a2 ~AERESHE S TOAMAD R H . EREERR 2 P o T2 s o %7
FRCTRAE(E -

IoEE LT A7 Y a YIRURaz B CTAV ST, ORI R SR VRS R ORI A SR
TALIEM) 23FTDH, B ABIRENS2S g0 URNERREIZ W TRET 5, YiE
BOGMIZ AT VT LRU= oy S ARG TOE L0 THY, YA ZTERA L FokSx
i, b IV A KBRUAT VD ALBEE LT 0D, 7 2 a b D0,
MR AN ORI B OV s A R 5y P 0 %5 S AR B IS T BB o B o TS
179, BUTORIT, SSONIRHSAERENOHOALTREMENH D, WABRE ST O
AHEAFR DT —F OEEFRTLOTH S,

F ALY BERRSTOTERMDBE (ng/o)

R RE (ng/g)

ko Pb As Cd Hg Pd V Ni
e <1LoQ 0.5 <LoQ <LoQ 20 <Lo(QQ 50
MCC 0.1 0.] 0.1 0.1 * <LoQ | <LoQ
L Jpk 0.1 0.1 0.1 0.1 * <LoQ | <LoQ
UL BEH LT A 1 1 ! 1 * 10 5
RS A 0.1 0.1 0.1 0.1 * <LoQ | <LoQ
2779/&77$V¢ 0.5 0.5 0.5 0.5 . <oQ | 05
HPMC 0.1 0.1 0.1 0.1 * <LoQ | <LoQ
Wb F & 20 1 ] 1 * 1 <LoQ
AL 8% 10 10 10 10 * 2000 50

P AT T LR A L MEPABEENTHS TRV ERELTRY . TENERERELN T
b\fib\n

KAAMT NEHE AT, ERERST O TIERMICBE LT, RO ELREDE
ARG EIC DV TEET 22 LB RETH D, RAASIIZINLBEEOHAYTO FINER N
TV D, ZORFITENTIR, SRECHBELEFZ L ICEY Y TN TSN, BFFo -0
HALRLAY DREEE & RIRVW 2 & | RO OMOBEEES PO OBEESME T LG, PDEIT
BARNEEZLND, IO OBRERUEARMSHE (A4 2V, WO TRl

75



TLFEFEGT A T

Bl ST, RQ)ERVCTIRETHZEBTE, o, FEPDEM & T H I MR TED
%AA.S SRR . FALLDR SN EIA OB R OSITHARETH O,

£ A4S HHRESTOTEFRMBIR Y BLREOH

B EBHIRE (pg/g

AR Pb As Cd Hg Pd v Ni
JRUEE <LoQ 5 <LoQ <LoQ 500 <LoQ 750
MCC 0.5 5 1 5 * <LoQ) <LoQ
SLpE 0.5 5 1 5 * <LoQ <LoQ
IS ¥ R 5 5 5 35 * 70 80
ZrARE R 0.5 3 1 5 * <LoQ <LoQ
ifo/%"ﬁ’?‘”j 5 10 5 125 + | <LoQ* | 100
HPMC 2.5 5 ] 5 * <LoQ <LoQ
il ¥ 50 40 10 33 * 20 <LoQ
b 8% 50 160 50 200 * 5000 1200

* WY RS TR A AL P DB LA T EIEL TR Y, RN RIS
BALTuiein,

AT 3 AL O

SoElL LT, A7 a v, 22U BT ST 9RRARSS {5 R R DN IITIR

B 25645, R HEIRESZS gD UFR IR RAN Sy TR T 5. MFEOS

AR /D‘rAJxU AR A FRNT VWS LOTH, VA2 T2AA L MO S, b

#.HFI A, KEMEUARFUTALESE Lo TS, B HWD%*)i‘_‘«i'/"fw‘ﬁ"ﬂt%@ﬁfzk?--ﬂi’#i\

It (& Fo. SEleo -~ P BERE U 3 G I EPDEM A MW TRIHT 6 LT
| BSLEAMS OB AT, S EPDEM A 10 LEEIITRETHD,

#AL6 BHRELOBEOCHE

BRHFERE (ng/g)
- R (g) Pb As Cd Hg Pd \Y Ni
pvge]l 2.5 2 6 2 12 40 40 80
ok W EE (pg) 5 15 5 30 100 100 200
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B - TR R OFE

DT, 2T M0 2072220 FoflFReEs D L AER LicbDThad, = oW
I, PIREBRILELOTHY, VAZTERA L P T M~ DL 250 F 25
LI DT, VRAZTERAA L MR RARPEDOLEILA~OT 70 —FI0 1158 5k
B b,

ORI, MR Sh TV AR OMAE SV LD THS, T2 bhotskes ()
BELCHENAIRER) 236 L. B ABRESN2S gOROBEBMAN SV THRHT 2, Y
HREOERIL, RV ARTG = v A AR ERNTWALOTHD,

LRI, SEOEMANE T o RO T, BIEMA EE A OBE Y AL LT Y
Zﬁ?tlﬂ/b%%ﬁT7c%ﬁ$%ﬁ@\ﬂﬂ¢ﬂﬁ“%h5ﬁmﬂﬁﬁtf\m%%@@
BF—F 2R ATLIIE Y ESTWH NG, FH7=—RA5BU TR I0E (X, »
FIwAa, KR ) W0 EFA2 L2 E LR, UTOERE, VA FEAAL MIBITA
BRI O EOEBTHE N MEOHMEL R L LOTHDS,

R A4T  BIERTETMYORE

BEDTRAMY
HERERK 7 ERBOEI | HEWEEE RO | RIS - BRE | ARNEESS
BT e R it =%@%&Wm: DTN TTIE A
U AT ERmA P o N k7 i
IBTERY R A iy
IR Pd, Ni As Ni 2L
MCC 7L As, Cd. Hg, Pb 7L 7L
FLyk 2L As. Cd. Hg, Pb el 7L
U BB AT A 2L As, Cd. Hg. Pb V., Ni 2L
7 ZGRE N 7oL As, Cd, Hg, Pb 7L oL
i;;ig% L As. Cd. Hg. Pb Ni 2L
HPMC L As, Cd, Hg, Pb 7z L L
ffeF# o 7L As, Cd, Hg, Pb \Y% 2L
il gk L As, Cd, Hg, Pb V. Ni L

HFV AT EAA L M, BMOFRE VL T A TEROEEN TR R e BE L, #
@9amwmmmﬁmm@ywmmm Frb RIS E D, HERBEIL, EES L OB,
RNERMLBEOTFT—=FPOEMANEL, I AT T AA L "B LT, URI TR AL
F7rE BT D2 OBRERD T — 41k, BAABITREN TS, TEARMMOR— BER
B, BRSO BEREI SRR S P o RRE A R U TEH s R A,
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