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D)

FE RGPt o, an 24 5 b BT 210 1 B0 B AR T R AR Tk 1 Rk
B, WP IR Le 7 30T UE T B R % 245 fh h A . Sk 4 ISR Ad2 JeoR T
—ANRLHIZITE S RIS 2 R A2.2 R VRREEANGE M, IR s
7% 2a. 2b 5L 3.

Titk 2a: RREBHBARNA RGP EFAS TRAR B LR ERE:

BETHE S T3 1RML B T 2580 1 H AN EA BN 10 go I 0 1 ASLpr
K HBA BRI F AN TTRAE M VR .

MR SE PR H RN &, BTVEXREA B br oo 3R A0 nT AR 24 b (RS 400 P i 52
—NEL pg/g FoRHE BRI EME. M 4 KR A43 JBoR T — R
BT o

FERES PR B 24 i b BT A i€ 1 H AR o R BRE Tk 28 UK
&, R A IX L2 oy AR a) DR LU AR 122 R A

Ttk 2b: FeRRHBABKNA ST EED TTRFBAKI R IPRERE

TR B SR HE NIRRT € 24 it 21 70 A AE TR AE R € JE SR A PRSI
N AT AR e 3 A 4L 00 P B A3 1 DL BEE FEVRRE (e Rl el SE e smAE 4107
FEAB IR . WAL MA T P RefFERTTR, HAKX 2, HE A
g3 1R B3 LAY HRE N BE RO REAN 20 T e 3 SR R K SR VRIS, PR P X 24 it o
FIAT Loy JEAT AT, RIS 2 245 it b oo 2 2 B A e K FiUYT B R ARIRIAS TR &
JE U HARAR DG 2 17 A S BB, 25 M Poe s s A ENAT A I 2 R A2.1
Zr i PDE fH. AR RS PPl e i g MR o R AN A RAR ALy B £E
2RI, WITER 48 HZ e R AR D P E LR o 125K FRVFIRTCERAE L b (R
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SO 8 203 TP I B OR S VIR BE iy T 071 1 80572 2a RS, H 75 2 p 7 24 i
fib 2 73 BEAR K SCVFIR EEEAT AR o A3 2 ] RIS R o SR AR AL ZG i
BRIy P FRE S PR BB, PADRAIE D 2 PDE {H.-

N
PDE(ug/day) = Z Cie - My
k=1 (2)

k= Zjfih N Rl 850G

Ck= k Ao FIeRE T RVIRIE (Lolg)

Mi= 255k DA R T k A0 (g

Bi % 4 (3% A4.4-AA5 JEIR T — AR TV I S

% 3. TR AT

I 2877 S AP AR G R IR A A3 1 R ZG W oK e B RSk R
KRR AVFIRE . It 4 98 A46 JER T AN 7 RS2
8. WAFMEMEE

A NCRNNES A, BIERMRAR. BPEEAS, RISE &Y
BT . MM DGR A RS ENE O, SR U LR 20 5 R 1 S
(185 1A% S8 & PDE {H..

BT IR AT E AT RS VEAR I, FH 280 8 R B e 3R AR KR Al 2 15
& PDE, HUHEAANLIREIESE S EUATRBTR NS LR 3 &t
i FH I A5 B o i B A R M, {0k (5 S5 I A BB A BB /K P 1 5 2
B

BT PR IC R AR KT AT R PEAS I, S AN 4R R 0 3 4 R
MEAFFEH 7 ORI AE A5 25 (H UG5 2 RERE B FH SRR BA LU 2 i S e 344 &
B R EKCE A B
9. DA E

ISR FHSE 4 O 5 B 7 A I G 3 28 0 BRAE S Ui, 76 KU PP
Al A5 AR e A2 KB 70 3R 2% O A AT R S e R R v o RIS P 24 U vk
B H A B T B E 70 3R AR
10. & EHIEE
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ICH Q10 v Jifridt iy Jot B A4 F AN BRHR Bt 15 £ b /£ A= i o 31 A0 A3 A B B
o P 2 RE MRS A T3, AR A 24 it B A A i o SO FRp 8 2t 245 d AT
SRR IVE BRI AIT 48 I 515 T 24 b i b 2 i L 28 24 T

MOT R SRAT RN, 258 Tl A = i 2 30 AN s ) F okt — DR T3 T2
MR T2 MERE . XAIRTTRENEIG 0B XS JU B A I A . ASHR S SR N AAT I
—SERTH T R AT R E TU R A R B AT IR . BEE TR AR, |
AR ARG 1 Bt e P i

P 2R 245 Wt A 7 1R BT 24 ik T T R AR S AT VR ARSI I E I E AT X
B EAG, ARG E TCR A IR 1. XA EAFRHEAR T Sk, H
BHE GRS AR T2, s WARMRI Bt A T . A 22 B 24 A AT
AAHEE MR (ICH QL0), Ay f%E, /A5 & A B A X SR 25K
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AL

ACGIH:

F I BUR Tk TAE 22K 251

ATSDR:

A P TFIB Bl Ak

CEC:

BRI 12

CFR:

RFRE GRS (SEED

AR B

—AERUL, VRO fhvE. SRR PR R R G757 (ICH Q10D

CICAD:

{7 W [ A 22 A SCPF - (WHOD

BERRS:

B ER A, FI LA GR Y 25 il 7. RSP R a A m — e
WA, SR BN MR RY . R RGER TR RE M RS (ICH
Q1A),

T SR -

—EATRIR RS, T B2 s A D Z R, H DU OR L2 REAT
Zyht R RS 5 R 2GR ISR S o) . BOREA i iR AR . AR
iy 287 b SRR E RAH R TR AR S BB AR A R I S B & I (ICH Q10D

FE ] R ML

TEE AR PPAl AR A PR BE, FH AR 2 15 75 B P2 DR R 245 i e
RIEAEIT PDEH. %R ATE 5% 105 € Jo R A4 5 i) PDE {E /) 30%.

H &

BERERAL 25 0 2

EFSA:

R B i 2 4 )R

EHC:
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W g REbrdE (IPCS. WHO)

EU SCOEL:

BRI HR b B 2 PR B R} 25 B o

EU SEG:

BRARHE LKA

HEWE

TR A R PR RN B 0 24 SRR D E Y A 24 i, IS B AR LA 4t
(R TCATLERC B P K U5 I A0 I o

IARC:

] B geg i BF 7 T

PN TANSE

EEREET 1o/l OKFD B 1pg/m® (50 FRA), fhihm T4 58 BE R
B BR o MR\ B IRURS: T fln T RE . an R4 R =2>10° / (pg/L), Rk
LB R RAIA L FEA Lpg FAEY R R K, THEE 100 5 NI 2 41 LA
EiEm e CERRAGTE). (US EPA)

IPCS:

[ B A 2 it 22 4 v R

IUPAC:

[ brafir 5 R E G 2

IRIS:

AR RS, EEIRSRYE

LOAEL:

WG B F 1 S S ) B G AERR e BR R 261, Jd i SER B 22 R LI AT
SEHAEMRNIES. TiRe. EK. KE. BEFFGRETTXNTIER G
[F) ol ) R A A A PR 3 SRS AR SR AR AR (Rl IR E B . (TUPAC)

LoQ:

SE B R T 7R IR s B BRI T SE RN e LAE 22 PR 5 P AN HE A
A A I R i PR — B o B i IR S B A BT I SR
5 il 2% SR AT B A I €« (ICH Q2)

LOEL:
17



W82 3] [ B B AR TR B 7E — T — AR 7T, 78 NBsh ik AT A2
RN AT R 8™ B FE Y B B BN R R &

WERT.

B2 OB I VTR E I — AN, BT AR e 5 R R
JERI<EE. (ICH Q3C) (MAHRAIE: %4 HT)

MRL:

/N R K AT REAN 2 77 A T8 IR PR N AR 22 9 9 [ P o ) il B
fH. (ATSDR)

NAS:

E K RHERE (EED

NOAEL:

AMEER BN S ST AR E B ER 26 IF N, T SER B SR LI AN 22
FHAREVIRIITEAS . ThRe. K. KB BUF AR AT RS 3 351 N 1)
Ji B KB

NOEL:

RMEER S 80575 - 7E N BB b2 AT AT A 40 25 8508 PR A 5 B 7% o B
L S IN ) g v e R

NTP:

[ X AR A (D

OEHHA:

WM R FEPN I AZE OnFIEEIM, EED

OELV:

HRND % 2 FRAE

OSHA:

b2z 4 SR B R (SEED

PEL:

FOVF 5 5 IR EE

PDE:

FHAREREE: A TR R R AR R R,

I

B



72 it A R 3

ME TR A 3 T B AR T B A R B B A B B (ICH Q9)

i3 -¢

PRl RGN L Z M HAERAER L ZORIFEE (S0 ICH QBA il
Xt JEURFZG AT 5 K E 3. (ICH Q9)

JR B XU

X7 it A i R B A 2 o RS AT PR A L FE L A AR R R SR
(ICH Q9

REER:

ST B SR RN R B = H AR T A AT LR AR &R . (ICH Q10D

P -

iR AEFMEMEER ™ EFEE . (1ISO/IEC Guide 51, ICH Q9)

R % .

Fexz KIS k32 . (1SO Guide 73)

P 534

5B G FEA KRS . (ICH Q9)

JRUBE A«

— AN RGNS BHLUIAE, DASCRE KU S B AR g RS e 3k . AR fE T

PRI & E V)5 2 B A S H 2 r AXURS: PP . (ICH Q9)

IR o 25 1«

ST RS R SR 4T3l . (1SO Guide 73)

PSR -

228 R 1) R K 10 R R R et R S Bk IINE EE R A H IR (fad).
(ICH Q9)

livg-gi:8

RGN P 5 R R L R PP ARG AT XU B VA | 2] Ve A [l e
(ICH Q9)

R4

TEAEE M85 T Faln i 2 58 AN 2 DL BB R AEA R R P,
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R ML

— P I TR D RIRII R 4 2 i W R0 A 2 2 i B DL M e 244 5 2 A R B
RS (5 SARTEIRE GFEATRSEN D 5 RS RSP,

TR T

RS VT A & ST NOAEL sl Ath 2 A5, 9 dn e ) i sl e L LA N
R, MAM—MES GEED B, HUHER M2 2R IR 2
FIE: Hlin— T2 HIRA RN Z 8 (S5l NOAEL Bl 2
R BR DL 2 R AR D . 22 BT A AR T SR MR RN . FR AR
FERRAMIFIAR, DL AT AR B 225 B . S HAHRARTE: AN
ANt R 1L

F

—MEFE PTG T RE A R R JE . (ICH Q9D

TLV:

BB R BEAA : ZHCC N R R BRI ICA R B ik B (R, 2L
(¥, 22 ARG RSIR BEZ M BIE D . Z{EH ACGIH #fisr (HAFEIHMTEID, &
DAREH TAE 7 58 8 /N, 438 TAE 40 /NSRS TRINEGR . (TWA), H5
KAz A 5. (JUPAC)

TWA:

IR 24ME . 40 ACGIH & X, LR RIUINRE H TAE 8 /NwF A4 E L AE 40
NI TSI A IOALT- 2K . (TUPAC)

URF:

LA XU PR

US DolL:

3% [E 55 T3

US EPA:

5 EIR BRI

WHO:

H A A2
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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. 2009;Table 5.5.

3. US EPA. 0410 Boron and Compounds. Integrated Risk Management System
(IRIS). 2004.
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fiIsR1: BIRBRENSGE

T ZHOTHR, AT 5N TR A0 AT 2 B R KT R AR YR AR 2 i h OE
2 7 B P2 1 7 vEDVR [ B 2 i 22 4RI (IPCS)D A g A A0 25 it R AR £ X
8 TR FH (K1 )7 95 25 PDE SR AANLIN o X 28 5725 5 EIA B (R978 (US EPA)
BOENREERS. EEGMAMERR (US FDA) BURH AL 8 197572
FAZABL . 723X BN 7 34T HEIR LL(E X PDE (B Bk — N IF B AR . 2457
H MRL & PDE {EI, HT BT OHEE N MRL T, FILTER
AN R T XFREFEFICZR A 1:100000 KUK K 1 HAT RS 2R 5006 2
PDE; XUEfEITE 3 HIZieh A i, —SIRNiR1EH PDE EMHEHE M T
BV FE PR AT . AT IR I35 DA RET R R R 45 (R Bk R i

FH AR St 7t i R UL 8% 215 1 S R2 77 B (NOTAJELD BOWL % 313514 ) B
57 &= (LO[AJEL) #E5L PDE, 1 FAis:

PDE = NO(A)EL >4 B 52/[F1x F2x F3x F4 < F5] (A.1.1)

PDE {Hit 5t NO[AJEL. &R # NO[AJEL, WA LO[AJEL 5.
NT 5 NEEIEE, SINREERE T, SIS REAR i A e AR 2
Hheofs T PR e 22 4 PR A T

B 740 T FTR

Fl= A [ ol g ) & ) 8 8 B

F1=1 AUk

F1=5  HHRERAMEZR A

F1=12 HH/hEAMEZ A

F1=2  HRAMEZR A

F1=2.5 HBRIMERZ AR

F1=3  HRAMEZ A

F1=10 fHHARZhPHMER N K

F1E S H AR B A A A E LRI R (S MitEARWT:

S=kMOc7 (A1.2)
Horp M=fAHE, W4k BUE 10. A TAX AL FAEEBNTR ALLIUR.
F2 =10, AFEAMAEZE 5 18 % H
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X T AR O R A RBUE S 10, AR TR g —HUE A 10.

F3 =i 1 5% 5% 2 MR 70 0 TR RE IR 1

F3=1 FFHELEE D — P A7 AW (ks 145 M. KRN 749
(FIwt 7

F3=1 F T a5 228 B U BUH I AR B I 7T

F3=2 FTm&UGE 6 M H WAL, BEms i3 3.5 4RI 7L

F3=5 FI-FHAihs 3 M H RIS, siEmitazt 2 Rt 5t

F3=10 FHT-HraLi (a5 w7t

FEFTA SO, U0 ST SO KA AN R s 18], TSR AR IR 7, s
Xt 9 AN H IR 5 AT 70 R B RN 2,

Fa=/ E RV BE 7, . RS G R VR BURTEIE . P T MBS T
FEATEF IR A, BB

F4=1 HT 5BASMA R LT

F4=5 T 5BAFMIRMR) LT

F4 =5 FT 5 BHAE A G S0 1

F4 = 10 FI -5 BRR P40 R I S0 1

F5= NOEL 18 A 321 (1) i B2 A 1

F5=1 k¥ NOEL {&

F5=1-5 {4 NOAEL 18

F5=5-10 &k 45 LOEL A

F5= 10 44 T 2 HEH B HRARKF (LOAEL)

YA X4 NOAEL A1 NOEL, HEVEAZH T PDE Frikfl&E ~
f “ARRERMN” B, 28005 K NOAEL #i%E 1 i1 PDE {4, F5%F 1.

1 58 42 AT =R A SN A4 Dy B0Kg AT Al 3. 5 F T b 80 S A bR v A
i 60 kg 5 70 kg AH LG, X ASAHXTEAR AR EIR AL TSN 2 A R A X T i
EALT 50 kg MR, FEMiE PDE IR Z 2 REAE HIZET T, W]
PAORUEIZ S B G . JLRHE X R EU, X R NBE R EE € PDE.
Itt, 1% PDE {HIEH T )LRHHZ

Tvermoes = 45 ) — N ARG B MERT FE AT Ry A0 AL 1R Sl 204
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4 2 iE ) NOAEL {54 1 mg/k . 7EX T 70 HH 4k PDE {E I THAE U

PDE = 1 mg/K/[1X10>2 x<1x1] = 0.05 mg/&= 50 g/ K

171 s

F1=1 2T NEMHEAR

F2=10 H&T NI AN ZE R

F3=2 JET 90 RHIHF AL FELET ]

FA=1 B&-F At ™ 5 3 M I

F5=1 ZJEF NOAEL {Hil&
RALL XCHHEAREE

N RN 425¢g 7N BRI PR 75 43 LIk
N NG 330¢g G P 75 1440 L/ K
/N AR E 289 JK PR 25 430 L/K
PRAL/N AR 309 NG ERSs 28,800 L/K
J B A 500 g R 75 9,000 L/ K
P NN 2.5kg WEnFy 25 & 1,150 L/ K
RIRE (ERMHAEER) 4 kg NERIKTH FEE 5 mL/K
A R AR 11.5 kg KEIKIHFEE 30 mL/K
K RIS & 290 L/K KR EBEYHEE 30 g/k
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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://lwww.fda.gov/Food/GuidanceRegulation/GuidanceDocumentsRegulatorylnform
ation/Ingr edientsAdditivesGRASPackaging/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/d by human

volunteers for 90 d. Am J Clin Nutr 2014;99:632-46.
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MR 2:  TTERAFRHIBRE POE {&
RA21 LERANEBEARAGTRER
TR i H A% PDE VES PDE A PDE
pg/R pg/R pg/R
i Cd 1 5 2 2
Y Pb 1 5 5 5
fi As 1 15 15 2
K Hg 1 30 3 1
& Co 2A 50 5 3
gL v 2A 100 10 1
N 2A 200 20 5
8 TI 2B 8 8 8
4 Au 2B 100 100 1
1 Pd 2B 100 10 1
B 2B 100 10 1
#k Os 2B 100 10 1
£ Rh 2B 100 10 1
%7 Ru 2B 100 10 1
fifi Se 2B 150 80 130
i Ag 2B 150 10 7
1 Pt 2B 100 10 1
B Li 3 550 250 25
& Sb 3 1200 90 20
Hl Ba 3 1400 700 300
1 Mo 3 3000 1500 10
i Cu 3 3000 300 30
% Sn 3 6000 600 60
B Cr 3 11000 1100 3

VA PDE fH (polday) fELAMER 3 Bilh Pk i) 2 A s B R SL R, JRE T
Weh. FRHI PDE EARMITEL. N TETNMA, ARPN PDEHCOBAE 1802 i
M. /T 10 [ PDE IR 1 AR IRt 220, KT 10 ) PDE (& 1A% 1
o 2 RAT AT . AR L SR INE T HoAh gy 253212 1K) PDE fEAESE.

2 g L 4 5.

RA22 FEELHITRBAKIRFIRE

AR I BEACR TT R A AL 2 )70« BROREZG AR A 1) SR VR, B
N polg. IXEEYR BERR FEIE T 0% 1 VR4S HIR AR E AT 10 g 25

TREARI. ARPHETRTR AL

JLR

B

I

|

RN E
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ng/g na/g ng/g
i Cd 1 0.5 0.2 0.2
& Pb 1 0.5 0.5 0.5
fi As 1 15 1.5 0.2
7K Hg 1 3 0.3 0.1
£ Co 2A 5 0.5 0.3
gL v 2A 10 1 0.1
BN 2A 20 2 0.5
5 TI 2B 0.8 0.8 0.8
4 Au 2B 10 10 0.1
#t Pd 2B 10 1 0.1
B 2B 10 1 0.1
% Os 2B 10 1 0.1
£ Rh 2B 10 1 0.1
%7 Ru 2B 10 1 0.1
fifi Se 2B 15 8 13
H Ag 2B 15 1 0.7
1 Pt 2B 10 1 0.1
L 3 55 25 2.5
& Sh 3 120 9 2
4l Ba 3 140 70 30
% Mo 3 300 150
i Cu 3 300 30
% sn 3 600 60
B Cr 3 1100 110 0.3
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B3R 3: ERENREMITE

B
BPDEME S S
B (Sb)
1R 5 ISPN
PDE (ug/ <) 1200 94 22
(iPix

B (Sb) B—FRABFENRABSEECER, HMNHTSMA R, ek
HhsE e D B TR, HU+3 MR +5 MIENSIAE. SR E =)
RS W) i B SV AL B B A BRI AH O BT o A LR, Al B ER A

(APT) FIRHCNZE FI SR s s (o = 4800k 80l MR AR (e BT s 4l
PORLERN 28 R £ R ER[PETIHIA ). BT S A NAEL g 7 ux HAR
R ThaeM. B =S BKIEMEZE, H APT AlE T /KB,

BEZERE

TWREPUR 9 (S9) LA, APT MW TRIEH LT RANE, g
N Sb (3+) AIEUREARTY, BB RER LA 4 R PGP B
AHFFEA R AVFAf B 1 RO Bum M. DRSS, AR E i
FEREIRE, T SECRE. EEMARL . B0 IR ERICZER. ERRIEKIHE
VERFFU AR, SPYAR R R R R AS RSO B IR I 24 a5 o A SR 1 751 )
A SEAMBYIFR KRG IA R RP, AFESUENE. 75 Newton 26 NPT —
TN EFEE R, BMRRBRE T A8+ 12 NMH, FHi TR 12
AN ARSI R R A 26 A0 2, AR HEWT Sh.0s N ELEUE M, FHTR T
SR BRI AT EATE A, R AT R AR H TNV PR ORI 3 300
H ARiE42 ) PDE {8

CL AR BRI /N B0 10 R R R S i 0781, [ KB s R4 (NTP) i
177 —BUNH] 14 R T RN S APT IRHKIIBEFS, KILiEE APT
AR T RERIBL. Lynch 55 A% Poon 45 NI AR 24T T B0, AIKH 0.5 &
500 ppm APT /KK R 90 RAFFLH, PATE S s 75 NP T~ AR fr i
/D HERT NOAEL E M 50 ppmt. %2555 2 | Schroeder %5 AR 1E — 3

R, FEF 5k NOAEL 14 50 ppm (F24F 6.0 mg Sb/kg/ oK) & O ARG
28



PDE 1.

LA T (F1-F5 Z LRk 1) 15 IR PDE B0

PDE=6000 pg/kg/dx50 kg/5x10>6x1x1=1200 pg/K

ST %A PDEE

FEAERIAE A CFFBEAE . FFANMIIRFERN AR 1) 2 oK BRI SR i 4 25 5 e it
& . Rk, JET A NOAEL 18 3.0 mg APT/kg/R (FH24F 1.1 mg Sh/kg/
K HEESHATE K PDE (5. iZ{EM 90 KK RAF 7RG GET X Mtk KR LA
6 ma/kg RIS APT BRI 210 FFEAS R SR Bl 15018 T RS 214 B 2k
J¥ o

AR IR+ (F1-F5 2 W% 1) K& 3 Rk 2 (RF28 317 iH5E
1% PDE fH10 F -

PDE=1100 ng/kg/dx3/7x50 kg/5x10>6>1x1=94 pg/ kK

WA #A2H PDE fH

CLEAT 17 KBRS IR SR N AT 5, 751X SERIF 5 H BT S0 6 28] 10 o it 6 14
SN — 3N SR IO 13 8 =4 Bk A 2 BR /K F- 43 3l 0.25. 1,08,
4.92 F1123.46 mg/m? IR BRI A EHER, LA NOAEL {f 0 1.08 mg/m? #fi &
W N1 1) PDE (~83%Sh) . 784 iy 71l & 7K T~ T W W45 381 4 6] R 6o it 2 2~ 3%
RGN, FFE/K TN 0.06. 0.51 A1 4.5 mg/m® 45— 4E I BUE M AT 70 Hh R L 22
B o ZIU T AR SR BN B0 . PR T T R AR 8 38 10 R B PR Ak 2
AR RS

PLVAEER 7 (F1-F5 2 LM% 1 THE RN &4 PDE {H 40 :

_0.9 mg/m® X 6 /NE/R X 5 i/}%zo. 16 mg/m’
24 /NEF/ R X T K/ 1000 L/m*

0.00016 mg/L X 290 L/F~
0.425 N FTiRE

PDE = 0.11 mg/kg/dx50 kg / 5x10x5x1x 1 =0.022 mg/d = 22 pg/ K

= 0.00016 mg/L

Hl&E = = 0.11 mg/kg/ K

BN
1. ATSDR. Toxicological profile for antimony and compounds. Agency for Toxic
Substances and Disease Registry, Public Health Service, US Department of Health

and Human Services, Atlanta, GA. 1992.
29



2. 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.

3. NTP. Technical report on toxicity studies of antimony potassium tartrate in
F344/N rats and B6C3F1 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.

4. 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.

5. 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.

6. 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.

7. Schroeder HA, Mitchner M, Nasor AP. Zirconium, niobium, antimony,
vanadium and lead in rats: life term studies. J. Nutr 1970;100(1):59-68.

8. 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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f

P PDEAE B 45
B (As)
(mPil EST LN
PDE (ng/ %) 15 15 1.9
& A

i CAs) TEMIEFAANTE, HiEAET '), L, AR S,
TR CA =AY (s =5 Rh, ERPEREN) BTt Cn: BREREA. T — A
BRI AL RAALE . ATE N SRBUH FLEh IR B E50A F AEY % Dhe . TEML
e T H S 2 oA, ATl I A
BHEREWRE

TEALAH CURIE B A BL R, (R ERAR M, R AW NEEUEY) (128
[,

T HRIR AR EAR 2, GRZ RAHERE. L5 & vy
VAT TR A HEAT I RS DR A 2L

P T LT A A R R R 29 28OS BEFE S A 4 P FE B, T DURUBS WP 7E AR KFE
JE FARHR T e 2 VR FEE N (RT3 2 B B0 N\ AR P e i 1 = iR 2850 S 45 i
BEEAK. DIRBEFES IR B Il BB REES <. A IEHERERA
T8 ] S0 s 1) ARG (4T

Bk (R UTE . FERfAA) MBRE (o) BRFR DR IE
JEREAS RS P A ORI RE A8 BT, 17 L R AR BRI 238 1) 52 T A 41 3
FEgRE £ s 381, AR 70 B T 0.02 mg As/kgl K 5 55 /K7 AT H IR Sk
A%; W 0.0004 | 0.01 mg As/kg/ R II7KT-38 WA BIA R M. 67855 (1
TEAT I 2 Kb Y LLSE B A& 5 LOEL B¢ NOEL {8 . i st J& # A0 e 7T 32t
R SRR, EL I AT Rkt R Jbk 5 A SRR RE DA R AR RE RIS R AR S N B
T -,

DL E & IR SR ARE (29 40000 A PR H AR E N 1000 pg/L HEF
EENIOF: i 52 S AP WIS 5 dli - S A1 0) R ) A N R (S PN e B AU B il
FOT T AE XU ) meta 70T R B, IRIKRIEFRER (<100~200 pg/L) A& K ARSI

i P e RV (127141 3% 5 Schuhmacher-Wolz 25 N\ B RF 77 45 B — 34,
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FEAELRE (US EPA) BT REP MG BRI E T IANRE M
JAIE KU BELLAE > 0.0043 pg/m3 Bl A5l g M IR i S 25 R 23 4 A e SR 2 A B
f11 55 FE RS540 4 B O B0 LA B S 1 o [ e gt 0 A (R BTN B8, 1 5 R B 3 A
BT G AR R B (URF), 725 URF N 0.0015 pug/m?.
% URF B 76 i A6 T2 R+ 77 4 2 — [ R R 3% e o 2= SR FE A 0.067
ug/melsl,

HfkiZ2H PDE 8

F iRk PDE AH A2 AR B Sk 1K A RBOR R Bt I 2 1A 3 BRI 1
4t (ATSDRD 1) MRL 18 PA A 36 #1555 0847 2 0.0003 mg/kg/ K HIFRE, & HLRR
JE 3 15 pg/ K58, FET- ATSDR K MRL {1151 PDE {8 54 FH /K v — 8,

PDE = 0.0003 mg/kg/%>50 kg = 0.015 mg/ Kk = 15 pg/k

KA S BT B MRLAE, i PDE THE I AR BN 5 X 7
ST %42 PDE fH

8y 11 R A 4201 Y E 242 95% o 3 L 4% (AT ME AR VIR T — T4 B 521X R P e i
FEARHK T, VAl RIE (R A P 1T BB (8] 2 6 R CR A e Tl ¥
), HEAWIT 95% )M s 28l [R] Gy i i 4% PDE {55 7] - H ik PDE {f .

PDE = 15 pg/ R
R #AZH PDE fE

PEARE , R TN PR IR 5 0 2 38 e AR L PR R R e s 11 XU < e
FRNE 24 RUR L E PR 445 PDE (2 BT 5 HURISAAHEL,  RRIRGRAR AR X 6 = F
TLRAME-FIEAMENE R . BN URF & ARS8 T 58, #7513 B R 7
T Erraguntla 25 ASHEAT R9PEAE DA K 1:100000 X% €, T Ni&12 ) PDE
[ERZ NG/

PDE = 0.067 pg/m?/ 1000 L/m® >28800 L/ K = 1.9 pg/ K

H1 T~ A Erraguntla %5 A\ MR ) e 2 Fotoof USRS HE ST SR 1) URF {24

Behit, i PDE {R v 5 A P A B R
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i) PDE HE 4
2 (Ba)
1k S LN
PDE (ug/°K) 1460 730 343
fEi s

Pl (Ba) £ —MIEEHEN. WA, BMEmteE, EREKah S8l
HATH5KRM. ZHalE FRZKEERALEY (EA. MR, S8y
HAFM. KBRS, iR, Ao B il s Mol
T, PRI X N TR . R SRS R u R Hia AR T .
RIRAIUEA Z M A&, VRO G2 oRkaE (R DL H T B i H g™
fin [ ) e Jo PR
BERERE

B T S AN N A B BN R ML B 1) o U (K B T #E 2 o W 15 2B )
MR TR S:, PR S B A K. AR E NS Tk, BN S
i\ BNE LR EA . BE T 2 kR B4R DA S AR E
BT A T AR o 1K AR AL AREAE 5 3 7E S /N B B S 38 1 SR PSR AT
B I P T A5 2 AN ] o 6T IS PR 50 ] B A A E PR 550 5 J BT W0 458 81 1) e UK
& Bl RN AT SIS SR R, BRI AR A R,
N kA2 H PDE fE

FEARF AR P A /N I 1 — T 7 b R B, ZE AR 7K P 300k FE 531
N 7.3 mg/L F10.1 mg/L L NFE, i B Co I8 B 978 R 8 2R T I 3 1 22
SBY, JE i MR 7T R 3RS 10 NOAEL {H 7.3 mg/L, LK 2 LIRAE /KRN &
fIft{E, 1R PDE it 80T

PDE = 14.6 mg/ RK/1x<10x1x1x1 = 1.46 mg/ K =1460 pg/ K
584 PDE &

ToRUL A Wi S i A% B e S AR DG B o BRI B LA AR R F R 20
20~60%!M. [Att, DLk PDE {E Bk LA IE K+ 2 TH 4 PDE EHIT R (05
3.17):

PDE = 1460 pg/X/2 =730 pg/ X
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W& PDE
T A PRI AT 5 e T A DS . 26 [ 57 ) kil 1 T mr ik
BUER RIS (R IABCFE3{E (TWA) 0.5 mg/m@.,
CLA# AT (F1-F5 2 ILH 3¢ L 1HER 4% PDE {H 41 R
_500 ug/m® X 8 /NEF/RK X 5 R/H 119 ug/m’

HE A= = =0.119 pg/L
' 24 INEF/ R X T R/ 1000 L/m® He
o 0.119 mg/L X 28800 L
H 7 &= 8/ = 68.6 ug/ke
50 kg
PDE = 68.6 pug/kgx50 kg / 1x10x1x1x1 = 343 pg/K
S CHR

1. ATSDR. Toxicological profile for barium and barium compounds. Agency for
Toxic Substances and Disease Registry, Public Health Service, U.S. Department of
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¥R 5 PDEHES
& (Cd)
AR S LN
PDE (ug/K) 5.0 1.7 1.7
& A

W (Cd) ARG RN R R RO ESE, AR
LI A e, ik bR ZAERE A R B, S A E S i A
fE. SR ISR . TR A R IR AR Y K M s e AR KA MR s mdE i
58 SesCEUR NI INVE R R AR ST R R R R R AT AR
ANLE BT . SRR A ST TR SR B S A R
BHEREWRE

ORI R B R, (HSORANE, R AN AARSIEY (135 B,
W R A YT T B, (R O R IR S AL A ) 2 5 5 5 e R i 41
I 2 8] BAT IR AR OGS

1 5 R FH AR 2R I — MU 2 U BRI, TEARBL 2 Fe/K-F T T IR 3|
SR BRI R PR ST, I A S R R 1 — P R R M

VF 22 L O AN R BE 77 VE Vil 47 1N 8 88 IO RAT R A FUIE B, S (&
TR IR (38 0 5 A N R 5 A e S [ RS OR Y B HE RN
AR AE A 0.0018pug/m® B,

H k&A1 PDE fH

1 I 5 2 R AT R — U ZS U B ), EARBL 2R B /KT R AT 5 3
X EE AN B R S, X e AR R R I — AU AR S M KR K RN R
ik 2 5 B 90 R S LU PR S DAL B 1 2 A T S AR ) i PDE
1. HEF#LL ATSDR K152 5% MRL 14 0.1 pg/kg 15 AR PDE fi. 5 WHO X
FH/KBRJE 0.003 mg/L/ R BIAH—5

PDE = 0.1 pg/kg/ K x50 kg = 5.0 ug/ K

KA T & BT MRLAE, ¥ PDE T3 R BN A 1.
AT 42 R PDEH

— TN 12 F KR H B RS 0.6 mglkg 4R RERIZG 25 5 RIETA
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Ny TESR T G T BT, AR AR R BT RE R, JRE
188 01 DA R A8 A R KT W82 B SRR IR, %A LOAEL {H % EN 0.6
mo/kg. ZHFFTEE R T BOE TS B2 1) PDE fH . fE— TS 1) $ 50 R e,
KB FENST 0. 1. 2. 4, 8. 16 5% 32 pmol/kg ISR, 72 JEIM 345
SRS E 5 15 PR 7 /1 71) 2 L 3 S B PAYIRA Y o ANTif s Y e 0 A ot 0 T2 14
PR 5 SRS B L T A e BTSN ISR . ST R ENER
WAL, ZIR T FHEIRE N A AT RN, ORERE T (F1-F5 2,
Bis 1 5, FFLAREM 3 B 5 RIESL 25 H R IE (BT 5/7) 141 PDE
(ER I
PDE = 0.6 mg/kgx5/7x50 kg/5x10x5x5x10 = 1.7 ug/ K

UMM N AR AR LA B e, BLZEVE SO W SR B R, (HANH 2 45 1)
FHCME, WOREER T F4=5. KA H LOAEL & PDE A, WW#H ¥ F5=10,
B\ #&42H PDE fE

I FH 68 R IRN B XU 0.0018 pg/m?® P& KUK 7K~ 1:100000, "% A\ PDE
[ERZ R/

1X10° 2 3
N\ PDE= — - =5.55x10? ug/m
1.8 X107/ ng/m

PDE = 0.056 pg/m®/ 1000 L/m?® 28800 L/°K = 1.7 ug/ K
HH AL RS T 5 THE PDE E, AN AR 1 %

e BN
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£ 15 PDEfH B4
# (Cn
(mPil ES LSO
PDE (ug/x) 10700 1070 2.9
(ibly

AR ZMENS, REZNE Cr (0 (HTFAHH). Cr (29, Cr (39
A Cr (6", Cr (29 FG#catl, WAV G HERRF. Cr (6" Auis
B3, IR EE (CrOs2) FIEESREY (Cra07%) 2 WA MER = F. Cr (39
B LER R 2R, S 5EE RN —FMLFoR. Bz
BURE AR AR S, FE 5 R R R « o L R0 28 3R G0 T A K
(20, 2 5 s R SR IR LR R B4 B REM R R IR DR AR R . B T
W T RAFIRIE R Z 8, W2 R L& 8 T U (Cr (0) 5 Cr
(39)) f74E, MAREMEE SN Cr (69). K, LI 2P RET
CLEIRT Cr (3% B8R, ANEFE Cr (6%). WRIENMALFIMHE T Cr (67, N
TR IZ I AT VRN . B N — RS (R (e SRS, St A
A AN, UG T A 5 5 a ek .
BERARE

YK R A% 5% Cro03 (FH4T 1468 mg Cr/kg/ KD HIBRIA HEIAS K
[N LEFRGE I — TR R BB, 455 15 mg Cr (3%) /kglRAHIIAR
SN RIS AR R B AR 25 M ¥R S B . B IIRIEA 1.5 mg/kg/ K] Cr
(3% VI A 2 R A A R T A B Yo

PA%5 253845 9 ZE R0 Bl AT S Aok i e R L PR .
H ARiE42 ) PDE {8

E X BRI (NTP) —IA M 2 4219 L 2000, 10000 F1 50000 ppm
frOmErE RS (37D MR KRR/ BRI S0 M Fe BRI T 25 b S5 e hE G 1
ZAE R %T 460 molkg F AR T HEME KRR A R IR R AR Z 3, NOAEL 1
W K R FTI & 90 mg/kg Mbie FHERES (3*) (11.9 EHEH 4kt 10.7 mg/kg/
R Cr (3)). WIFEINNIZE R IEF B, HR— MR T4 R .
RAEMEVESOMEPE /N AR RLAOFRAL (AR W% R . LLHER ¥ (F1-F5
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Z LM% 1) 1+ M Rki&4s PDE fHA0 T -
PDE = 10.7 mg/kg/d>&0 kg / 510111 = 10.7 mg/ K
ST %2 PDEE

BIRERIKSG T Cr (3%) HIHERE A BB ER B A AR, AE™ )L
1) 0.05 pg/kg/ REIR AN 15 pg/kgl®s B2 L5 IS SR TPAlEE HX L7 1 H
FIERSFBIA RN, e R Hr A LA EL LS I B 520 .

BRI 2 Ve SRR BE NVE SR 12 PDE 8 A5 HR AT i 2 B AR 130
LA AITCHLES AL A2 10%0) IR A=) R BE R0t LRIk PDE fEFR DAR
TR 10 THEVESE R R PDE E (WA 3.1 1), B HEFEI S PDE (4 T

PDE = 10700 pg/d / 10 = 1070 ng/x
A&/ PDE 18

Derelenko % NBLR A9 13 & (6 /NIF/R, 5 RIED MARERES Cr (39
RORLIEAT BT T, 52 380 14 i 32 B 10 S I 2 W 1 P JRk e (ARl KRR )
AL B R G 5 o P A 2 B T R, LOAEL B 1€ 17 mg/me (3
mg Cr (3" /m®). fE—BUNH 13 Ji (I n ¥ EA AT Cr (3% KRB H A&
B4 B EEtE . TR EEHEE, UL MRLEN 0.1 ng/m® HH59 A PDE {57,

PDE =0.0001 mg/m® / 1000 m%/L>28800 L/K =2.9 ug/x

K& A 71 MRL{E, & PDE 5B oK B 8 5 K7

e BN

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

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

3. Anderson RA.Lack of toxicity of chromium cloride and chromium picolinate
in rats. Nutr 1997;16:273-9.

4. US EPA. Chromium (I11), insoluble salts. Integrated Risk Information System
(IRIS). 1998.

5. 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,

41



U.S. Department of Health and Human Services. 2010;NTP TR 556.
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HiK) PDE (845
]
H 5 N
PDE (ug/ k) 50 5.0 2.9
fEi /v

B (Co) —FhRATTER, WEMHEMITRIE. W, s, Bidid
B Buo ARG AY, & A HIIL 21 8 1 ¥ 22 Pt 1) s g HL LA T0U S e 2 I P
Pk, BR ANERBTEIGER . MRS FIELN 11 pg /RN, HEF T
YeE R B AN EN 0.7~2.4 ng/ KB, HXMF 0.03~0.1 pg FI% . SEIUELTHE
TENAE WA BE RV 2 DR B CIn=eiReh) W FIEIE B S AL R R
AL
BERERE

7% 96 R A7F 70 T L0 At IR At R L by m Y P A B R U S T RE I A AR B )

(2B 25D Hd 22 W I gg (N R AR TE R BRI N (R0 o 4 il ELTE P M LA B oA

W, (HEAR PN E R AR AR E T . NTP BB & 7 M RO K R B/
BRI Y B A B . DU 7 =R T I A B0 Mt TR A5 B0 R4 1 A
GrRB NAAZ U AR 5 B B S 0 R A L A e 2 RE D RN ET 5] 7
(RO SR VE P R G, NG Jm AN VR s RO s e B 6 12,
N kA2 H PDE fE

1 il PDE {2 56 T-IUA N AR SE 50204 . 4% 22 K I RE LS 150 mg (£
1 mg Co/kg/K) 81, HARMURI L SN A ZRE. 55— 10 £ %2k #E (5
55 4) LA 1 mg/Col KL CoClo 88~90 K FRIHF 7 H I A W 22 3 41 40 o 185 %2
s A R N, R, JE T 1 mg/ K NOAEL (B MR PDE {E. LLUR%R T

(F1-F5 Z W% 1) 115 Hik PDE B0 F
PDE = 1 mg/K/1x10>2>1 %1 = 0.05 mg/ K= 50 pg/ K

MR R F3=2 S B SR A T B A A4 T 25040
AT 42 R PDEH

BT BRIV AR S AR O B - B B TEHAR A A 0 11 IR AE 40
2 18~97%M . LA ¥ 1 IR A= P R FH FE v S0 S 45 24 1) PDE i, LAFIk PDE
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EMRDAEERTF 10 (S0 3.1 ) 5 S0 PDE {41 F -
PDE=50 ug/~/10=5.0 pg/X

A #EA2H PDE {8

B R Bl AN LA ATV 1 — AN SR PR AR B Y (2B 2, fnfilis . 2B
T~ W I MR A R A8 A SR N S5 N A A 1 R B R o AEBRZ I
MR NAABURMEBER S OL N, I8HE UK MRLAE 2 —Fh B e S5 77 7% .
AR BT XU 1) f EE T4 538 5 SR B MRL B $E 521 PDE (AR, DL 0.1 pg/m®
KIAB A MRL B THE RN %441 PDE EM R

PDE=0.0001 mg/m’/1000 m*/L>28800 L/&=2.9 ng/
B TR H MRLEHES, 500 7 18 F VB 1

SE R
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45 PDE HES
# (Cw
AR ES LN
PDE (ug/K) 3400 340 34
(iPix
Bl (Cw) BF—JESHE+—nxR, Bf 2 NMEMASE Cu (19 Ml Cu

(29 BR—FNEFYLFRMETTER, EVF2 MR T HAEZEH,
5 15 % 13 i Thie AR AC T2 IA O . b &9 CnlAR R 5 PR SR %
32 S5 IS R A1)

BERERE

A NARAR G I 2 e VEBR R , SRN TRV R ROHT, w0 B pIE . A
B EA R g,
N Ak A2H PDE fH

FE/NR - KRR AT T BRERAR AN 8-32 KLk 4R AT 7T, 7R IX Le5h )
OXof JHF HRE AN U FR) SR Bl B M BEURS . AE— TS0 ] 13 Ji 45 7 KSR H ik 500~8000
ppm FL/KBRERHR AR 8 R R I, AR T B ORS EE AE A BE M ALY NOAEL fE A
1000 ppm, fE 2000 ppm B¢5E &) & N AR . BE k. BL 1000 ppm fEHN
NOAEL 1, #124F 64 mg CuSOa/kg/ K (17 mg Cu/kg/K ) 123, DLi#HE[A T (F1-F5
Z LM% 1) TSk PDE BT -

PDE = 17 mg/kg/ % 350 kg/5x10x5x1x1 = 3400 pg/K

542 PDE fH

BT 1 22 A PR SRR TOVEAE AT AT B VR AL, VR T B I S AR 1Y
PDE ff. £ TOLEZ, HEREBAMFE 30%~40%4 A\ AU, 34
ANTEHLAR £ 30%~40%H) I AREYIRIFHEE, PAEI AR PDE fERR AR IER T 10 (Z W
%3175 1HEES PDE HI T

PDE = 3400 pg/ & /10 =340 pg/ K

A& 42 H] PDE {8

A FH A ARBN B M e A R AHESR R i KIIRNAR 1 MRL 5B
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PLIETAR PDE fH R DA IERF 100 (2 W25 3.1 %) i PDE {Hl0F -
PDE = 3400 pg/7% /100 =34 pg/ K
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&8 PDE R4
& (AW
1R VE S5 ION
PDE (ug/X) 134 134 1.3
ikl

& (Aw WU RIEAAAE, HAEASTT AL A 20+5 4, +1 M H1+3 4
NI o IO MERR, BRI N T AE G I o <6 B F AR SR B an Ak 46
L-Au* (L Jy—4r FBE R £h s Wi g 2h el (b 0D Mlc &4 b, TEANLE R
BRI 24 8 < o R BOME— SRR SI N, +1 BrieEh e T
FERTT .

BHZERE

X R PR TR T AR IR R BRI R . HETATH+L &5 —1 S IR
FRATERNEE (Au-S) HHTIRYT, ME&RESHEMET THR. 47T 10
LEBHRAES (AR T4 £ 30mg/l R, % 60mg/K; HE—/E 60
mg/ K, B 30 mg/RIIAR KB B, REETE 2 SE N4 T 30 mglk,
A VR R B N R A AR = AR a1, (R SRR DS SRR A I
PRAEIRA o m, &) 4 o 8 -7 S BoK~F- A i 7L

SE DN TN SRR = T . RS A AT R R
B NARE= A B 450, PTG R ™ A B piE A el AR, X R — M4 (Au(1*)
BAE ) 2% o R AAEAE < TS AT IBE AL, AN DASCREEESR 24,00 Hh 2 1) PDE
fH.

AT AR N ARS8 T 72 24 i b R] REAEAE I T 28 BOAH S B 1k
WH9E, A BEE 4 DRk PDE (4. +3 NI T gk, @ mmT
AL SR, =S . A +3 MG RERGRE . £ T8 14 R
I, KIS NS T 32.2 mglkg )& [11+3 1 4B & 7[Au(en)Cl]Cl (&
LGS, SRR TR B A2 BN eE, RRIE N
SRFEL,

M ikig#:H PDE &
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PR i 2 R d . BN R N 5+3 M d, HEE TR
PDE fH 2 &2, KA e R BURZ S DUAEK T (F1-F5 2 LI
& 1 iHE Mk PDE EIIF:

PDE = 32.2 mg/kg>&0 kg / 12x10<10x1<10 = 134 pg/k

F5=10 s T L LOAEL fE>KiH5E PDE {8, ARHEATE P PEAY.
SR ER PDE E

NAEWLP ST 50 mg BRACE BR8N, AR FEE KT 95%7. WLk
B 2mg/kg MITRARSE SRR G40, AEWR FH FE R 700608, TR0 i AR MR R EE
SRFWLA S B 7 @S2 iR PDE {E, vEST@42H) PDE %6 [F T H ik PDE fH.

PDE = 134 pg/k
B4 PDE fH

TSR Z AL HE S AE Ml J=) 38 4 A BE VETE P BRI NNV SR I AR A DS U I 0 T

IS Ok PDE B FR AR IERR 7~ 100 K iH SR PDE . (Z 058 3.1 19):
PDE = 134 pg/X /100 = 1.34 pg/ K

SR
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PDE (g/k) 5.0 5.0 5.0

faifr
Hr (Po) AT WA I AP AE o S5 B A 0 B HE K 76 1 #h
W TR B A AN A R G UG A o A WL A & P G RV Hh FR s 77 Y PR R R Y 2
A4 B AL A PITE S SR B D, TEAKR L3 R T s e 1 e LA b &4 -
[ AR VBT E N A B AR 7L 30 g A 2 D e
BERERE
N BRSBTS P2 . A R AR O I RN A R AR
SO . —MAEGL T, BN AN ) LB 1 P U R N K. A R AR
FEE 2 100% HAE i FAb SRR g A 80, DLk B2 24 1-2 pg/dL Sk LT PDE
fH. Bk, TP 2ir=, 4% PDE I .
N Ak 42H PDE fH
AR T AR 5 7 AN R B R A AT N IR o IRAT I M T 3%
H, <5 pg/dL A K-FRIA] 51 ) LB s s 9500, fiRd US EPA BEAYE (e
100% W U AN HAth R AR D, 24 0~7 % (0~82 AN H) JLE MK TN 1~2
po/dL i, AR DRI 5 g/ K R4,
PDE = 5.0 g/ &
542 PDE fH
1l PDE {8 LA A /KT N 3EaE. Rk, E5H&1% ) PDE {5 /111 PDE {4
—.
PDE = 5.0 g/ &
&4 H) PDE 18
[l PDE {8 LA 3. BRI, A&/ PDE {E 41 /lk PDE {H
—.
PDE = 5.0 g/ &
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1. 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.

2. US EPA. Integrated Exposure Uptake Biokinetic (IEUBK) Model for Lead.
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products.htm; Accessed March 25, 2014)

3. NTP. Monograph on health effects of low-level lead. National Toxicology
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for Lead in Children (IEUBK) Windows. 2007.

52



#1
1 PDEHESE

& (LD
AR EST LN
PDE (g/k) 560 280 25

faifr

(LD M ZAAE T AL EEe R, T DL ke 5
fih @A R B E Y CnEAEHED & FEA HLA B A7), 414X
Ph+1 b T AR AE
BERERE

BRI N —FaYT B KENAEIER, SRR T BEE . XU s
I SR AE R BT AR o 2 R VR YT 75 AR BRI R U 4% T kAT, Horp Rk
JFER I AR AR T, i A YR YT R FE G 2 0.6~1 mmol/LMY, A riE
JTEARAE, fEyr s PP AT AE ddk . B VRIT T RE S B IRAN. HORIR AR
PR HIR 55 AL B U B s =i 1 g AU 2). - #E#3 577 5y 300-600 mg, 3~4 X
IRB, FARIE ARV L f e 2 A PR
N Ak#42H PDE fE

R N 2502 4 O PDE fH. DAAMREAK ST E DR 300 mg kiR

(56mg Li) 11510 ik PDE fH40 T -
PDE =56 mg/% /1x10x1x1x10 = 0.56 mg/X = 560 Lo/ &

EEIA 7 F5=10 /& A N T LOAEL (1/3 FIHHEEFIE) {Hil5 PDE.
542 PDE fH

VA 7840 BB S R S 45 254 £ PDE {8 . {H3ET- 3L 85% 1 11 IR ZE 41
JEM, DAOR PDE Bk LA IE R 1 2 TH5E 5T PDE B0 F -

PDE =560 pg/ X /2 =280 pg/k

&4 H) PDE 18

TS 4~8 N E AL 0.6 11 1.9 mg/m®, 5 K/E, 6 /MR, KA
A X A SOE HEAT WL, R L 25 AR Ak s TR P e e 7 R ST PDE
. DL (F1-F5 Z WMk 1D - 5ER A PDE HUITT
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1.9 mg/m® X 6 /NEf/RK X 5 i/}%zo. 34 mg/m’
24 N/ R X T R/ 1000 L/m®

0. 00034 mg/L X 1440 L/K
4 kg

LT R =

= 0.00034 mg/L

H&E =

= 122.04 o/kgl K

PDE = 122.04 pg/kg/ k>80 kg/2.5x10<10x<1 x<1=25 g/

e PN

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

2. 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.

3. US FDA. Lithium carbonate product label, 2011. (available at drugs@fda;
accessed May 1, 2014).

4. 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.
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PDE (Lg/ %) 30 3.0 12

fEi

K (HE) fEHRA A2 RUZFERGFE: Kok, LHRME
Blk. Zit ki vl ReIsk BB & k. Bk, T o R RECHLR KB
BARHAT RVl . 222V AR PDE EAEH TH LK.
BERERE

TCHHE 22 WA MR A A B M o SR AE B 5256 v 1 B0 PEIE B 1R
A, EBREER T (ARC) RETHEK (32 HEMIH BT,

TEMUR I 1 AR A= PR P B AR T A AR, I SECREIM# R B, AL
PR JRIE . A& A B DhRE . BRI B PEIRRE) . B B3t 2 Yo ek
FoR g Ve aEtE . YEIRIE, SR GNP R G N Kt
N Ak 42H PDE fH

NTP KA 7%, 4 T/ NRAK R 2 &R . Hx
T2 IR T, 1B HE 6 AN AR U B A TT R R AT BE VA I PR B A £
PEANEE 032 425778 (43)% 0.312~5 mg HgCla/kg/5 K. Zaxt FIAEXT CHEXF T
R B E RSN, H0.625 mg/kg AT N, ERTE 4G HENE K R A A0
S BIERAESEA N e JUEF. 80, AR R E R S R & TR R 2 K
PR SRA BRI EMHE. 45T 0.625 mg FALAK, B I K A Z AN E
RS CRREEZRPRED RN, E—mERBInmEE T XERS JECFA)
PRAREI, fRAE KR 6 AN AT E AN R R (EEREHD, % BMDL10 fH
4 0.06 mg Ho/kg/ Rk CR%y4aERE%25 5 7O M, LR (F1-F5 2 WIS D
HH O PDE {HUWIF:

PDE = 0.06 mg/kg/ X >50 kg / 5105211 = 0.03 mg/ X =30 pg/k

FA=1 2 FINTE 6 N H K& 2 FEHIWFFE B ARE o 2 35 A R OV, F5=1 & [l
UL BMDL10 £ NOAEL {H #k47 i+ 551,
B AR PDE fH

55



NI TER I, TEHURI FRAEYFIHBETE 10~30%°, Fik, LLHAREGZ

() PDE {EFR AR IER 7 10 (Z W36 3.1 7%9) tHBEVESH) PDE(E 1T -
PDE =30 pg/°k /10=3.0 pg/k
® A& M PDE &

R TWA KFAE 14~20 pg/m® Ja B A IRV AR B, sh&AT R A
PRI TR 5 S BB R 26 i 81, SR BRAEAMIS A B IFR (14 po/m®) RILHMZAT N
O, FKH] TWA BT LE N LOAEL {H. DA T (F1-F5 2 W% 1),
HRPESHBN TR ZE TR PDE {40 F -

14 ng/m* X 8 /NF/K X 6 K/ _ 4 ng/m’

S E= = =0.004 /L
. 24 /NBF/ R X T K/ 1000 L/m® Ho
X ) X
AaE = 0.004 ng/L X 28800 L _ 2.30 L/kg
50 kg

PDE = 2.30 pg/kg>50 kg / 11051110 = 1.2 pg/ K
F5 =10 &K NLL LOAEL {15 PDE {f, HZBRE TR REEILIFR RAEH
PN KN -

S 3R
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Humans. International Agency for Research on Cancer, World Health Organization,
Lyon. 1993;58, updated in 1997.

2. Shimada A, Nagayama Y, Morita T et al. Localization and role of
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3. JECFA. Safety evaluation of certain contaminants in food. WHO Food
Additive Series 63. Joint Expert Committee on Food Additives. Rome, 2011.

4. 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.
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daily exposure limits (ADE) to support risk-based manufacture of pharmaceutical
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Services, Atlanta, GA. 1999.

7. US EPA. Mercuric chloride (HgCIl2) (CASRN 7487-94-7). Integrated Risk
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2007;SCOEL/SUM/84.

9. 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.
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£ (Mo)
myil VES 1PN
PDE (Lg/%) 3400 1700 11

faifr

HEZEES N+ R+6 1, HigH WIR A & &S HE 2
PR MoO4? TR AATE T 8 S R AR K , FHERAR B8 7T 5 2 S 55 -t
K. NH¥ A1 Ca* s i e &4 . UL Z M RAEE T 13, S8R
0.1~10 mg/kg. MoO, Fl MoS; A T7/K. I ZAAETER. Al RS,
HEEY) (40 Bi-Mo. Fe-Mo. b HIE AW fEA LA B & FIEHEAL .

HE—MAELERN LR, BILERANTEANE FRZY 100~600 g/ KM,
B HRDONBEIE O ERRAT . ik, OElE AR S, 50
3% BB KT i 7E N 18 2 AR A A8 b e i A O LA, A HROETE — S 4
A HE TR HIR LA AS 1) 137 PR R /K PR,
BHEREWRE

AR BB TR, 4 RIVM 1A 5 45 BoR A B LR B,
IARC Fil US EPA ¥ AV HBUE M. TREE T HRMC. —SEHER /N BT
NHESEUE . TN F] e B0 AR S I F R 4
H k&A1 PDE fH

7E GLP M4 F—TUAMA 90 RIFFELHE 5T, BE%E4: T K 60 mg Mo/kg/
RITEKHBREN, FEFCNRE ., REIIN . WA, R T EE (A
FERSTAEED) FIEFHGUREL (2 FIEPE R RIT B NE R HORg MG ) 15Y
mBl, 60 RIWKE G, B T HEME R R AR EA BT sh, KRR R RPN
AEFEARE RGBS TR R RIS RN, 1E# R85 %0 70 P (1 NOAEL
64 17 mg Molkg/ k. 1EIZFIE A B SIRIT MM BT B L% ]
(F1-F5 Z ILff3% 1) 1HE IRk PDE fE40 -

PDE = 17 mg/kg>50 kg / 5105611 = 3.4 mg/ K= 3400 g/ K

A2 PDE E

Vyskocil F1 Viau FORF 7528 B, 4R7E N AR PN Y IR AE PRI S N 28~77%.
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Turnland 5 AR FE R B, BHLE R BERCAR 05 MR 9 249 90% i il [RItk, BA
ik PDE fHRR AR IERR 1 2 (Z 0038 3.1 715) 1H 55 PDE {E 40 T -
PDE= 3400 pg/k /2 =1700 pg/ X

A #EZ2H PDE

TEVEFIREPE /N BN = T B0 ), 3 IR 3R B SRR S AN EH R B A
FJRE A S0 LY. A8 ML /N B8 e RE AR SR B0 (BSR4 B ) BEAT A (O,
10. 30 A1 100 mg/m3 B FE 4, 4378 3/50. 6/50. 8/49 A1 15/49), eVt AN &
e () B XU N T 2.65005/ug/mBel, - DL /KP4 1:100000 1559 N\ [ PDE

=R/

1X10°
"W\ PDE= = 0.38 pg/m®
9.6 X 10 °/ ng/m’ He

PDE = 0.38 pg/m®/ 1000 L/m*>28800 L/K=10.9 pg/ kX
PRI SR FH B A, 5 T35 PDE fBL, AN P A8 FH T 56 R

SR

1. EC Scientific Committee on Food. Opinion of the Scientific Committee on
Food on the tolerable upper intake level of molybdenum. European Commission
Committee on Food, 2000 (available at ec.europa.eu/food/fs/sc/scf/out80h_en.pdf;
accessed March 21, 2014).

2. Abumrad NN, Schneider AJ, Steel D, Rogers LS. Amino acid intolerance
during prolonged total parenteral nutrition reversed by molybdate therapy. Am J Clin
Nutr 1981;34(11):2551-9.

3. NTP. Toxicology and carcinogenesis studies of molybdenum trioxide (CAS
No. 1313-27-5) in F344 rats and B6C3F1 mice (inhalation studies). National
Toxicology Program, Public Health Service, U.S. Department of Health and Human
Services. 1997.

4. RIVM. RIVM Report 711701025: Re-evaluation of human-toxicological
maximum permissible risk levels. Ruksinstutuut Voor Volksgezondheid En Milieu
(National Institute of Public Health and the Environment). 2001.

5. Murray FJ, Sullivan FM, Tiwary AK, Carey S. 90-Day subchronic toxicity
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study of sodium molybdate dihydrate in rats. Regul Toxicol Pharmacol 2013:
http://dx.doi.org/10.1016/}.yrtph.2013.09.003 (accessed September 29, 2014).

6. Wskocil A, Viau C. Assessment of molybdenum toxicity in humans. J Appl
Toxicol 1999;19:185-192.

7. Turnland JR, Keyes WR, Peiffer GL. Molybdenum absorption, excretion, and
retention studied with stable isotopes in young men at five intakes of dietary
molybdenum. Am J Clin Nutr 1995;62:790-796.

8. NAS. Toxicological risks of selected flame-retardant chemicals:
Subcommittee on Flame-Retardant 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/9841.html;
accessed March 21, 2014).
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myil VES 1PN
PDE (/oK) 220 22 6.0

fEi

BOOND 2 JESHEETR. RERTRAAE 0. +1. +2, +3 &
A, HHEFEREMEN+2 o HRALET ST R RAREEITER.
W, RIS KT RS AT 72K, iR E e s,
MREEAAHIR R, H R IE M B E B S AR KA B T ok [1] . 2R
NANEIELFTEFR R, HRZ e 5B R RN . H-48581EN
SR LT . B RSN, &R VORI S5 A 4
AT HE R <1%-~38% AR A2, I HER & 100~300 pg /KM,
BEZERE

BAABEREN, (AREORMER, o O R ER 280 1A SEES. fE—
S U 24 3 P RN 25 2 7 Hh R IR AR 2 1 B I e TR R g R T,
US EPA A7/ FIEUER\ET L EASURME. S8 OAR, KIWMNFHRE
S BN AN AR AR B TN S AR TG B B3 M. 285 BT A TR AR, 1ARCP!
KR NREUEY (139,

NFIBHIEEN K R HIAR AT BE 51 A B R T & DL I R B R AN R
o S, KA AR AT O B RO I . — T LAROK T R AR Kk
BRI I, B E IR ] 3 SO R BRI B R BT, EHE R IR ) R
(12 FI R, A fE R UM A . 12 MR AT R 51 R ARIBHAN K%
S, G 98 R0 i 90 s A IRIETEAR IR AR EAE T A TR I T S R
P AT Ak B it ShBE B0 M . 24 K BT A e R A R RS v SR AL
B, BB i 2 RE B, (AT AR BRI R O, LA PR R T M S R
I, DR B R,
A kg2 H) PDE &

— U 2 T T R S/KAREREE 10, 30, 50 mg/kg/ K FIEUE EHF 74,
WA MEERN 5097 FHR B8 . 0~105 J& A /K- T MEPE R BRIAE T 3 5 5%
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FRELREAADC, B 103 JAlAEE K M O IS H BN B R R B RIS, 30, 50
ma/kg/ K B SEIe A H e N B R 12, fd A LOAEL 184 10 mg/kg/ % (2.2 mg Nilkg/
KD, VLREERT (F1-F5 Z WMk 1 5 ik PDE HU0 T
PDE = 2.2 mg/kg/ X >80 kg/5x<10x<1 <110 = 0.22 mg/~ = 220 pg/k

F5=10 2[Rk H LOAEL {&il % PDE.
SR ER PDE E

K AR E AR R 3R BEAT 10— BB T, AR 29l 1 Aic SR & 19
29-40% (H:T-FE(EHRMEE) U3, 7E 55— TPPAl fr 0 SRRSO ma it 7
AR FH AL 2-230% 4 R 4 R, TR PR R A 1 B A P R FH 1
BRI, DAk PDE B FR AL IEF - 10 (3 WA 3.1 1) 1HEVES ) PDE W -

PDE = 220 g/ k/10 = 22 g/ k

B4 PDE fH

AT IHERNEAR PDE {8, MIUA B ik B O S . —TUA
2 SR EAC BRI TR, 1RO RISIEUN RIS R SR B MR . — LBESR B R
SR R EA SR MER, (HBCA RS R RN & Jm 4 B A BUm e BTN 2 i
HH R BB T A R K BB AT SR R U, R FH R IR 7 5 v vl A2 1
HRE K BT 705 NOAEL {14 0.5 mg Ni/ m® /K, LLE#E PR 7 (F1-F5 2 WL % 1)

B N PDE {40 K-
. e 0.5 mg/m® X 6 /NEF/R X 5 R/E0.089 mg/m’
b I = = = 0.000089 mg/L
R 24 NI/ R X T Fe/JH 1000 L/m’ Mo

0. 000089 mg/L X 290 L/
0.425 N TR

Hifl&E = = 0.060 mg/kg

PDE = 0.060 mg/kg>&0 kg/5>10>1 10> = 6.0 pg/ K

S 3R

1. 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.

2. Stockmann-Juvala H, Hedberg Y, Dhinsa NK, Griffiths DR, Brooks PN et al.
Inhalation toxicity of 316L stainless steel powder in relation to bioaccessibility.
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3. NTP. Toxicology and carcinogenesis studies of nickel oxide (CAS NO.
1313-99-1) in F344/N rats and B6C3F1 mice (inhalation studies). National
Toxicology Program, U.S. Department of Health and Human Services.
2006;Technical Report Series No. 451.

4. US EPA. Nickel, soluble salts (CASRN various). Integrated Risk Information
System (IRIS). 1996.
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6. Heim KE, Bates HK, Rush RE, Oller AR. Oral carcinogenicity study with
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7. EU EFSA. Opinion of the scientific panel on dietetic products, nutrition and
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8. US EPA. Nickel refinery dust (no CASRN). Integrated Risk Information
System (IRIS). 2012.
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11. Schaumldffel D. Nickel species:analysis and toxic effects. J Trace Elements
Med Biol 2012;26:1-6.

12. Heim KE, Bates HK, Rush RE, Oller AR. Oral carcinogenicity study with
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faifr

(P R—FAaMe. BEERENSEIGR, SHMMBSETRAE
A HAAEZMNES: Pd (0) (&EE). Pd (+#2) fIPd (+4), [ FEERE
M BEY, HApOUbEEE T H®E. 8 (FEARFREAE B o HER R R
AL, SBMESSFRE, BREKFRERSN, AT 324K 2 Bos s .
BERERE

—UN 90 RIIHFFLRM], 45 THEM: KR E 10, 100 F1 250 ng/ml 42X
FAK, RORTE R AR R &R, TOAERT Fii. B S BBk R E R . A B i 2l
HEM . JLIUAS [RAE AL A5 4% 40 o s AL s A i CRRAG €D T IR 1) Ames 2t
. KGR A W) SOS Yt iRkt . A4z RIS Rk S 3R iR
B2 T3 LR KIS [ 45 2 A% O B0 2 ST R 1k 22 A BR ¥
N Ak#42H PDE fE

O R J LI #5551 K% B0 PE KB IR R 7, (R T 5T & AT 75
HEWE AR T R SR . AR T A R AR S TE ) NOAEL {4 0.8~15
mg/kg. —IUNRMA SRR MA, 4 T/NREZ) 1.2 mg/kg/ RAlE (DUAETHED
() — SAAR IR K, M BT 0 SR P 22 P38 B IRV B AR 1 R A R I S Y
m, FEEIREE N R RS, moa N R [2,4]. AT R T —
PR B BUE A ST, AR R R A BRIEACE, &Ikt Sk
NIRRT, 2R SRS B T R AR BR ] TS P A A SRV A
IETERIEUEIE . RS 1.2 mg/kg/ KK LOEL {8, VLH#H ¥ (F1-F5 2 LK% D
HHE R PDE HU01F -

PDE = 1.2 mg/kg/ & 60 kg/12x10x1x1>5 = 0.1 mg/ K =100 g/~

F5=5 /& A4 L LOEL {1t % PDE.
A2 PDE H

AREFIAE ) 22 R SRR VPG VE S 1842 /) PDE {H. — &AL (PACL) £
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A8 A LA (3~4 R AR KB HIRFIH FE <<0.5%. 2hERZ08 5%). BUAER
RS PN B IR A 25 24 40 RS, WRCUAT/R) FH 1S, S A E 43 Jall 386 0 5%k 20%121,
T O AREY A AR S, LAE Ak PDE B R U IER ¥ 10 (L5 3.1 95)
RS PDE{HA1T:

PDE = 100 g/k/10 = 10 pg/ &
®\#&4H PDE fE

T NEHE AT 4o R, BACUAR PDE B R DU IE R F 100 (2056 3.1 41)

THHE R PDE B0 F:

PDE = 100 pg/k/100 = 1.0 /K

S CER

1. 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.

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

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

4. 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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#1f%) PDE (EE.45

& (P
myil VES 1PN
PDE (g/k) 108 10.8 1.4

faifr

(P RBE=DESESEIIE/\RITR, BB/ Rt 6METR (&
PR R B R &R, AR, 4A. BR. BB AT BO PREER A
<63 B BATE AL 5 S 80 B e gt B S R AL VR 72 Dol | AR fEAL 7).
KEMERR— RV CHENS, FEN+2 M L+4 o Pt (+2) AT 57KTE Y
B B T [Pt(H20)a]%* . 3 WLIGIVUANAA Pt (+4) (AL SEARREL, DY &4 R
RS AN SRR & 1.

BHEREWRE

WG B RIS B, BN ST L R LR TR AR TE, 5
AR A BRI,

RN SR S U N, R RPN R FE R RN, 2
DI T2, S FE SR I BUBUR N2 U 4 . REIRELFE SRS . Hefi
VER R M R GE AL, 0. FTWEHE, PPRAGAR . SRA, H A U™ E eGP,
Yk D HE R AT AL ARRE AR, P E2% S ) O B s R 1 28 B AN 22 51 R R
S WA I ) RS ALLT 5 SR R ik P 7R £ e TR 280 R R 6 T4 R
FAR . KT LA 2R R SR @ it e IR
H k&A1 PDE fH

FE—TUA A 4 B SS T MR R &0 (PYCl)2, MIXTAR KITAEL
B (PU(Clas ATV MIBFFEAR, ARMERF] PYCI)2 XK R MR GRS 50
SN . 45 T 3NN 4 JH 50 mg Pt/kg I Pt(Cl)a Ja, &It ey 77 & 2H 1 S LR At
AP BT, MR S 2D A DR I S 406 B T . —# 4 S EEhH 4
PNAIRFESG I, T HOR B EEL. ORI AW s 20 F bk, T H R
BRI FBAL S, BOE T2 7€ PDE 8. MR¥E%+ 10 mg Pt/kg (28 KAk
F 4.1mgPt; 0.146 mg/k) K NOAEL fH, VAAEERF (F1-F5 = L% 1) 1
HIARK) PDE T : HAp#tFiF M B R #E 359, WFFLId 2 ik P &
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235¢, WCRHFH1AE 1359 1HH .
0.146 mg/X /0.135 kg = 1.08 mg/kg/ K
PDE = 1.08 mg/kg/ 7% >50 kg/5x10><10><1x1 = 108 pg/k

ST #RZH) PDEE

FRAFTI) 22 A PE SRR VTl VR S I AR 4 26 X 35 1 52 B BR 1 B Bh PE K R I 1 11
ARAEYFI AR HAR (REB 424, <1%), TAE AT EE GRNFRR 42~60%)
M, [Ht, LACAR PDE R MRIERF 10 (S5 3.1 1) 541 ) PDE (K
LU

PDE = 108 pg/k/10 = 10.8 g/ K

A #42H PDE fH

BT SR S TE AL AL R RO R, X E A R E B S 50 O e N Ak 5256
[6.:10.11,12] - ys EPARSIRT EU SCOELME i i it a6 ) SUHARR £h (0 22 M AT T
M3 EU SCOEL Ay IAT Hicdfs AN & DA 57 AT v V80 26 i HR MV Bl PR B2 . US Dol
(L0 s AT i P R A PO B A R E Ol 2 pgim®. DU IR 7 (FL-F5 2 ILEE 1
THHB ) PDE {HUWIF:

_2 pg/m* X 8 /NIEf/RK X 5 %/%:0.48 ug/m’

S = 0.00048 /L
A 24 NI/ R X T K/ 1000 L/m’ H
X . X
g = 000048 nggl(;k 28800 L/K _ kg
g

PDE = 0.27 pg/kg/ 550 kg/1x10x0x1x1 = 1.4 pg/ -

S 3R

1. US EPA. Toxicological review of halogenated platinum salts and platinum
compounds. In support of summary information on the Integrated Risk Information
System (IRIS). 2009. EPA/635/R-08/018

2. IPCS. Platinum. Environmental Health Criteria 125. International Programme
on Chemical Safety. World Health Organization, Geneva. 1991.

3. Merget R, Caspari C, Kulzer SA, Dierkes-Globisch R, Kniffka A, Degens P et
al. Effectiveness of a medical surveillance program for the prevention of occupational

asthma caused by platinum salts: a nested case control study. J Allergy Clin Immunol
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2001;107:707-12.

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

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

6. Merget R; Kulzer R; Dierkes-Globisch A, Breitstadt R, Gebler A, Kniffka A,
Artelt S, Koenig HP, Alt FVormberg R, Baur X, Schultze-Werninghaus G.
Exposure-effect relationship of platinum salt allergy in a catalyst production plant:
conclusions from a 5-year prospective cohort study. J Allergy Clin Immunol
2000;105:364-370.

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

8. Reichlmayr-Lais AM, Kirchgessner M, Bader R. Dose-response relationships
of alimentary PtCI2 and PtCl4 in growing rats. J Trace Elem Electrolytes Health Dis
1992;6(3):183-7.

9. Biagini RE, Moorman WJ, Smith RJ, Lewis TR, Bernstein IL. Pulmonary
hyperreactivity in cynomolgus monkeys (Macaca fasicularis) from nose-only
inhalation exposure to disodium hexachloroplatinate, Na2PtCl6. Toxicol Appl
Pharmacol 1983;69:377-84.

10. Pepys J, Pickering CAC, Hughes EG. Asthma due to inhaled chemical
agents--complex salts of platinum. Clin Exp Allergy 1972;2:391-96.

11. Pickering CAC. Inhalation tests with chemical allergens: complex salts of
platinum. Proc R Soc Med 1972;65:2-4.

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

13. US EPA. Platinum-group metals. Environmental Health Effects Research

Series 1977;EPA-600/1-77-040.
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14.US DoL (OHSA). 29 CRF 1910.1000 Table Z-1. Limits for air contaminants.
U.S. Department of Labor. 2013.
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HIRTTR

R TTRIN PDE R4
& A R (0s). 4 (Rh). 4T (Rw
1R T LN
PDE (1g/k) 100 10 1.0
fai s

B2 B RO T, HAEIE TR (PGE) IIEEMEEME + A IR
PGE [¥IHRM 5 & 1] B8 5| K MR SRR fu v e 5% S5 ORI . B LDso (%K
HOUE) W TR PGE, (HX T #57 PDE [HIE A 785 MK IR B
M. EHTEEMAS, RuOs b OsOs R UL H B R i &AL RS, PGE 7T
B H SRR AR G R R, Tz B s, R RS 1 iR
FIAETIT AN 240 8 PDE AEAE AR T 3R & s 251842 PDE {H. PGE A IR %4
PG BHARWT .
g8 o R

. B B ET AT AEEERIR D

. K

- EERRIH, HEMEK (3+) KEWIE K RRLT4E4IM 24 /N, ]

7520 DNA ST . 7 E 2 /NF, AR5 BT,
- &4 Wistar K TR 4 TR (3+) KE4 90 X (0. 0.019.
0.19. 1.9. 95119 g I/ KD, UIEAGE L. EAR 0.19 po/ K ULk
R EH R RA BRI SR, HUHE A 2 LU E H ik PDE {H.
. ik
OsO4 M Tk, 4 @k To 7,
OsOs ELHFVAIT AT 98 o OsO4 ZETR T T HU™ F (IR0, ) B RS
MR AN SRR I Bk AR LT,
0sOq4 [ S VFEEA IR & (PEL) TWA &y 0.002 mg/m® (LLEkt) [,
i
B3 (KoRhClsw (NH4)sRhCls) X A5 %EV0 T TIR B H A L s M. 78
ZARIE H,  BETEYH M E R AE AL FE T T S A AL, H M T4
R T, HEAEE ($3) KGR E KR ST 4E4 i 2 B 24 /N,
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A S K BUBAT 4R 40 i DNA ST, RhCls 78 Ik 48 i o ik
IR RN AL RV, SRR A 4EM DNA KBRS (B ERE) B,

- IR T/NREUL AR BRI T, YRR E N 5 ppm AT
WL SAC B B P IR IR R A e e TR A o b T T RE g T )4
FEABR, AR BT Bom 45101,

- B (Rh) &EZARAAEELEYH PEL TWA 25 0.1 mg/m®. Rh [#)7]
WAL &) PEL TWA 24 0.001 mg/m?3tl,

o &7
- JUFt Ru ECEWILEARAN BRAGFEVD T TR TR Mk TA98 A TAL00 Hfg 5| iz fk
B g R [14.15.16]

- RU RIS (£ 4%), VESSLR B0 RE£0% 200 K. HEARIE 1L
E R R R,

SR

1. Goossens A, Cattaert N, Nemery B, Boey L, De Graef E. Occupational
allergic contact dermatitis caused by rhodium solutions. Contact dermatitis
2011;64:158-61.

2. Gaylarde P, Sarkany 1. Ruthenium tetroxide for fixing and staining
cytoplasmic membranes. Science 1968;161(3846):1157-8.

3. Swartzendruber DC, Burnett IH, Wertz PW, Madison KC, Squier CA.
Osmium tetroxide and ruthenium tetroxide are complementary reagents for the
preparation of epidermal samples for transmission electron microscopy. J Invest
Dermatol 1995;104(3):417-20.

4. Wiseman CLS, Sereini F. Airborne particulate matter, platinum group elements
and human health: A review of recent evidence. Sci Total Environ
2009;407:2493-500.

5. lavicoli I, Cufino V, Corbi M, Goracci M, Caredda E, Cittadini A et al.
Rhodium and iridium salts inhibit proliferation and induce DNA damage in rat
fibroblasts in vitro. Toxicol in vitro 2012;26(6):963-9.

6. lavicoli I, Fontana L, Marinaccio A, Calabrese EJ, Alimonti M, Pino A et al.
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The effects of iridium on the renal function of female Wistar rats. Ecotoxicol Environ
Safety 2011;74:1795-9.

7. Luttrell WE, Giles CB. Toxic tips: Osmium tetroxide. J Chemical Health
Safety 2007;Sept/Oct:40-1.

8. McLaughlin AIG, Milton R, Perry KMA. Toxic manifestations of osmium
tetroxide. Brit J Ind Med 1946;3:183-6.

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

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

11. Binger 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):33-8.

12. Migliore L, Frenzilli G, Nesti C, Fortaner S, Sabbioni E. Cytogenic and
oxidative damage induced in human lymphocytes by platinum, rhodium and
palladium compounds. Mutagenesis 2002;17:411-7.

13. 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.

14. Monti-Bragadin C, Tamaro M, Banfi E. Mtuagenic activity of platinum and
tuthenium complexes. Chem Biol Interact 1975;11:469-72.

15. Yasbin RE, Matthews CR, Clarke MJ. Mutagenic and toxic effects of
ruthenium. Chem Biol Interact 1980:31:355-65.

16. Benkli K, Tunali Y, Cantirk S, Artagan O, Alanyali F. Cytotoxic and
genotoxic effects of [Ru(phi)3]2+ evaluated by Ames/Salmonella and MTT methods.
Europ J Medic Chem 2009;44:2601-5.

17. 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):355-65.
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il
flf) PDE {8 45

i (Se)
i ES LSON
PDE (Lg/x) 170 85 135

faifr

fifi (Se) fA{ETHhFerh, JWE L EmA WA, WA UFEAE (-2, 0,
+4, +6), FLLZFIEAGLE, GFTRM. WA AR x5 TaH A%
TERIVEZ AR, 20 TR e K . E RS AR e 20 BR tRNA 1\ R
FUT P o B8 FH AR A R i K57, Ru-Se LRI AT TR S5 B, 95
FE A0 a7 E & AL BT R o
BERERE

IARC K5 3 25 (AREEY) M. BiAbml e s ik oy i — R H 80
PR AP, HRYE US EPA BT, BiAbifiJE T B2 3¢ (ArREM AR By Bl
HAbmi &8 D 2, NEH T AEBURMES K.

NI R He il Se WIS B 1 550 2 2 (M BV AL, 2 BEARRAE SR X R SR A
2 AN, AR RATEARRB, R o B R R A R R,
NT BRI Se MR R, FRHALLE T 400 pgl KI5z ERREL Ll st
WA T K IR o — AT Bl G B AR A JE 6 PR R GRS, G B, PPIOE . fil
HRRN, SRR . SR B BB N KB e R R AR S AU T
NZEHPN VA2 fuk i (g W 3R GEREAR  E B0 A I MR N A S B O 50 2 2 PP 7 v
s T T A AR R TR 2545 . RN RS A e
H k&A1 PDE fH

TER SRICTBR AL i S0 P 78 v, JF 48 98 1) NOAEL {E°4 3 mg/kg/ R (1.7 mg
Selkg/ KD Pl UG EA 7055 WIBE SR PPAl A R 20l i B, BN S mE U
KNI A DS S BE, (RS mT R 78 AEER BRI LA
T H AL T s AKREIEM, 5% PDE {5 Se 5 po/kg/ < ) MRL {8 — £,
LR F (F1-F5 2 WLFH3% 1 115 Se 1911 iRk PDE {40 F -

PDE = 1.7 mg/kg/ K >60 kg/5x10x1 <101 = 170 pg/ K
RIE Se i KUK #% F4=10.
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HESRAER PDEE

N FEAIZN ) SL 30 2R B, TN TG WA B £R Al 2 T ANl AR FH R = BR 7E
(K3 J UMM AL & A R AR S D RS, 38 R T BN ) 80960, &1 IR A=4)
FI I ~80%, LA k() PDE {EFR AR IE R F 2 (S MLEE 3.1 7349 -S4t 1) PDE
HIF:

PDE =170 pg/’k /2 =85 pglk

® &4 PDE fE

HRMPAF 7 i 25 AR RN 5 s BBURR 1A F e o 5 FEL A0S A P 2 R ) I
]I BE BRE Sy 0.2 mg/m® UL, TRk SRR 4 S5 20 Wl s O 0.07881, 4R 77
EU SEG MRV #FEIRZ (OEL) J& LML E LAY, Afifh S Al R A7 e T
ANZifhd. Bk, AR4E US Dol Y OEL, VL7 (F1-F5 Wi 1 5

K PDE{EUN T -
_0.2 mg/m® X 8 /NEf/ R X 5 7:/}%:0. 048 mg/m’
24 NI/ R X T R/ 1000 L/m*

0. 000048 mg/L X 28800 L
50 kg

EEELT &

= 0.000048 mg/L

Hfl&E =

=0.027 mg/kg

PDE = 0.027 mg/kg>&0 Kg/1>10>1>1 1= 0.135 mg/K=135 pg/ K

S 3R

1. 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.

2. 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.

3. US EPA. Selenium and compounds (CAS No. 7782-49-2). Integrated Risk
Information System (IRIS). 2002.

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

5. 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

6. 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.

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

8. EU SEG. Recommendation from the Scientific Expert Group on Occupation
Exposure Limits for Hydrogen selenide. European Union Scientific Expert Group.

1992;SEG/SUM/22C
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R PDE A4S

£ (A
1k S LN
PDE (g/%) 167 14 7.0

faifr

(A ENEYTEE R+, +2 MAKRE W, BRFETREZEUR
SE MMV A AR — 2 3R T AFAE o R /K P R R R R R S A AR 2
REBRHLED. KEBEWTEE 10~100 py/kg MfER. 20 FER
BIuER, ARERMINEE. BAE LTI 2@ R A L. 4R-
WA 4 m] T AR R AL S P I B S, AR AT R HLA R R R
AT
BEZERE

WA oA, Zh M 7oA N ER M 5 8 S 7835 T 78 43 10 B0 M IE
o PRI TR AR AT A AR A o 1R,

NIBNAR S U B R S SRR P . BERRAR & ol TP, R a2
HE TR AR S A AR U B R AL &, FT3E K APE IR f J JEk AR
o RN AR FRE 1A R SRt A i 5 350 R g
N kA2 H PDE fE

BT RIS EM A TE, 45 THEME/N R 2 0.015%A8 R HIZK (0.9 g I/ ;
32.14 mg/kg FHERAR: 64%HR) 125 K, W EINWIMAAT RIEZNCL. 55X ZHAH
LLAHER R B s Bk D, R W ARG RAEIR o 7E 573 — DU o, 45 T/
RIS 1 mg/kg FLERHR 2 )5, K+ R A #RA7A7EM. D ik PDE {55 5 pg/kg/
K SCmk 2, DL E T (F1-F5 2 WK 1) 15010k PDE {H 0 -

PDE = 20 mg/kg>50 kg/12x10>6x1x10 = 167 g/ &

HT3EEIE% S, K LOAEL 14i% & PDE {4, # F5=10.
AT 42 R PDEH

US EPA JET NRKH (2~9 5F) B BkiE S B AR AT HLAR 24 il i R i AR
Ff5E T 41 LOAEL {4 0.014 mg/kg Ag /KB, DIEEER T (F1-F5 2 0L 5%
1) 1H5HEE5 PDE B R
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PDE = 0.014 mg/kg/d>50 kg/1<10x<1<1>6 = 14 g/ &
BT A AV ERAE Bkt BUTRUE A RS2, DA IR 2 4F 08 LOEL 18, #&
F5=5.,
WA &K PDE {2
NARWBN v A JBE 4 i 5 = T2 1) s A2 it A e i SRS LA B 15 38 5 o %o T4 )
AT PEARAL A, TLV {828 0.02mg/mB3, LR B K 7115\ PDE B4 T
0.01 mg/m® X 8 /Nit/K X 5 K/F _0.0024 mg/m’

S 7] b= - = 0.00000238 mg/L
T 24 NI/ T X T T/ JA 1000 L/m’ J
N . X
e = 00000024 mgng 28800 L/ R _ o 0014 malkgl
g

PDE = 0.0014 mg/kg/x>50 kg/1x10x<1x1x1= 0.007 mg/k = 7.0 pg/ &

S CER

1. 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.

2. 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.

3. Rungby J, Danscher G. Hypoactivity in silver exposed mice. Acta Pharmacol
Toxicol 1984;55:398-401.

4. Rungby J, Danscher G. Localization of exogenous silver in brain and spinal
cord of silver exposed rats. Acta Neuropathol 1983;60(1-2):92-8.

5. US EPA. Silver (CASRN 7440-22-4). Integrated Risk Information System
(IRIS). 2003.

6. US DoL (OHSA). 29 CRF 1910.1000 Table Z-1. Limits for air contaminants.
U.S. Department of Labor. 2013.
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L2t
85 PDE fH A4

& (TD

Ak VESH N

PDE (po/k) 8.0 8.0 8.0

faifr

aigg (TO R—MEAGELSE, A+ A+3 FIMENNE. Bite5H
(K+) W REAEmAAL, XHRILERMRRE . BT AEER T (39
A2, RS TR BT H, EERERER, TR
WIT, W MRS SRR, BEEE. SRORAER. TI (39 HEHTEIS
. fERIEBFEFR TR, ARMAUITIERN,
BERERE

NS R ks R B, AR B IR 25 B U i A i 23,
KRR (BREREL. CMREh. Bk HHMIE b &Y d s s,
N Ak 42H PDE fH

— TG T K BRUBREREE 90 RIMBRMERF LR, LRSS T ARSI 3 21
FRES TR MR, UHR B A T s MR I B R AE 2, 10 NOAEL fE > 0.04mg
TlkgB, [Rlt, 4k#E K 0.04 mg Ti/kg i) NOAEL {i, VAT (F1-F5 &
DB 1) -5 ik PDE {HW T -

PDE = 0.04 mg/kg/ % >60 kg/5x10>6x1x1 = 0.008 mg/k = 8.0 g/ K

542 PDE fH

A WEEA A T S I8 A AR OB o m VA PR SR I A R B A (> 80%)
1, pAtk, y34F PDE {5 M)k PDE {5 —2%X.

PDE = 8.0 g/ &

&4 H) PDE 18

R WAL B VI N IR HOAR B . US EPA AARAEI N FFIE 45 EAS 2 LA
WS HIRE . ST ] BRI EE ARV IR AT B 78 A2 A BR 1 HL AN 5 1
Bl At NN = R PR B, RN AR O J PR e 8 sl 1
AP TE B feh T AT T IR . [RItk, 4%&4: 5 PDE {E % €k A\ PDE {H.

PDE = 8.0 g/
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1. 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.

2. 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.

3. US EPA. Toxicological review of thallium and compounds (CAS No.
7440-28-0). Integrated Risk Information System (IRIS). 2009. EPA/635/R-08/001F

4. Moore D, House I, Dixon A. Thallium poisoning. Br Med J 1993;306:1527-9.

5. OEHHA. Public health goal for thallium in drinking water. Office of
Environmental Health Hazard Assessment, Berkeley and Sacramento, CA. 1999.

6. 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.
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%) PDE {845

£ (Sn)
myil VES 1PN
PDE (o/-k) 6400 640 64

faifr

B (Sn) R—FMRAGEIR, A2 F+4 RN, SREERITH
AR EANY) . FAY . AR XL BRI i b . FELb 2 P4 R
FOW- P B b 7e 9 e s n g GRIEEIA ) 10 pg /). B ez WimiJE A
R FREFRITTR. @ ) WHEREFNRRLE (PVC) KIFEER .
TERTCR IR, LS LA NS BLSR v, [R e A 0 2 -
LA
BEZERE

B IR R GG e AR N B S R S M S BUE M . 7R K BRI LT 5T
i, AENF I HAAE IR A 2T 2R Y AR UK I 26 . TR, FEAR MR
BRI R B AR T N I P, AR 200t T e B A B M . FE N A
/N R ECR BRI, S 4 R B0 12
N kA2 H PDE fE

K R E IR 2 e B U & st R, AR B Ik NOAEL {8, 4n
150 ppm (#H4F 32 mg Sn/kg/ KD Bl e 1k PDE {H . 1Z{E M KR 90 KI5
k1S, BEEL TR RIS 500 ppm & L BT mBLR M., 4K 7
SE M) ik PDE fE EE NTP W 705 BARSGHE, RIDAAHA 13 JA 1 NTP 715y [ o
TR N T L Groot 25 NFT{EWF L E AA R (i B AR L &
FI2 IR A 2248 b5 ) . DL R 7 (F1-F5 0Lkt 1 i+ 1 ik PDE {H 40
iy

PDE = 32 mg/kg/ % >50 kg/5x10>6x1x1 = 6.4 mg/ K = 6400 g/ K

AT 42 R PDEH

B e A MELRIR TCIE N HE SRR 1Y) PDE {EHR AT EZ PR Ah . iR 4
BIFITEHLE A AP0 T RRAE AR F B2 20 5%0), LA ET AR PDE B Bk LA IE K7 10

(ZWE 3.1 719 THEFEN A PDE AW :
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PDE = 6400 g/ ~k/10 = 640 g/ &
W &#H PDE
B2 VSRR TOVE T IR R 1Y) PDE (B ER AT (] 2 1 PPA . AR
A TLVE (2 mg/m®) B, (B3 E MRL EIAN TSRS, Hik, LAE
flk PDE {8 k& EARZIER 1~ 100 THE N PDE fH (Z W5 3.1 75).
PDE = 6400 /K /100 = 64 g/ K

£ PN

1. CICAD. Tin and inorganic compounds. Concise International Chemical
Assessment Document. World Health Organization, Geneva, 2005. Document 65.

2. 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.

3. 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.

4. 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.

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

6. 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.
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#
HLI PDE fH a4

QD
myil VES 1PN
PDE (/oK) 120 12 1.2

faifr

V) AFETHRPRMETR, FFUEMAEMLS 1. 0. +2. +3,
+4 fI+5) f7E1E. VIERZH AR FZUIREE (VO3 FIEMH (VO
AR HLNE BIETRIR 2 . NP E SRR TN 10~60 pg/k .
MARF KRN R BOR T /KU, T ATIE 140 pg/R. AEER ALK FE AR AR
[, 2 pg/L IRV m R RS RN AATE, HAUE N R b 2R
P24 F AR B
BEZERE

WHA SRS, HESRAEN, HEL SR —FT e A\ K808
YR (2B 2% 1,

N Ak 42H PDE fH

R TR, B O I R I 2R e 32 B M0 . fE S
PEAS RN TUIREL 12 Rt e b, FIRE 0.12 B1.0.19 mg B A A R B4 B B
FRERHLIRTE 6-12 J&, AR ILMEZESH FFhfRE CRol s ag ) 8 R EE A H o =
157 G S = 7 = A L (739 D N NN 1 3 T2 A A PO S 11 A1 WA
8 25 BV SE BLAK 1 NOAEL 11 4 0.12 mg/kg/ %, LLIE#ER T (F1-F5 2 LI %
1 T ik PDE E 40

PDE = 0.12 mg/kg/ % >60 kg/1x10>6x1x1 = 0.12 mg/ K = 120 pg/k
5814 PDE &

P2 VLR TR T ST RN PDE (IR EZ P4l . BT
PRITEHLAL &P 00 T RRAE R FH B K298 1~10%0,  BLCAR PDE B RR DUEZ IE
HF 10 (005 3.1 HEVER K PDE U0 F:

PDE = 120 pg/K/10 = 12 pg/k
&4 H] PDE
—IU A 2 R R AR B 78 AT T8N PDE B H 5 LI 7L
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82 ) (1 LA LB R EUE RN 0.5 mg/m3Bl, AL AL — R
M, —AFET 25 . Bk, BAEk PDE B BURIER T 100 (WA 3.1 99
THEHLF N PDE {A.

PDE = 120 pg/k/100 = 1.2 g/ K

e PN

1. 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.

2. 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.

3. 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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B3R 4: 24451
¥ PDE EFAL N TTR JR Bk B FR B 15

T L A H IS 109 B 24 it b % 25 73 0 3 A% 0T R F e VIR RS

PA—h R R 25 it e, 2258 HBCRIR ARy 259, &F 9 M4l (1
FJEORLZ A 8 MhARL, AR A4 D). AZ AL 10g R HERN G, ) R
& A2.2 RE. BT AREIRA @B SR VEIRIE, # 9 A2 75 rr £e 57 o P
AEAT L o JEURE 265 7E & R 1 F PR AR AR AR 75 T XU VT A B s
. ORMPLETTR M HEE B B M TR AR A& A2.2 thas IR EEAFAE,
W2 A4.2 45 T 2585 rh AR RN T 3R 2% B L ) 4 H B KFN & o {5 F S PR 2 i
HEENERFIE A2.2 T 1 70 3 A4 5k B2 BB QR 3fe LA 2.5 24 b 5 H SERR SN &
WE TC R R I S K HEANE . BT R RS H R KIRAER R
A4.2 FEBE RS .

W, WA GER R PDE IR . Bk, iR —H ik
PR, W2 A — o ER R B AN 2T PDE (FBRFE .
RALL BRhEMASHHBRRKBAERE

Hay HEAE/g
R A2 0.200
ML 4EER (MCC) 1.100
FLbE 0.450
T RS 0.350
A2 B SR 4 i 0.265
T e ek 0.035
RN A4ER (HPMC) 0.060
ZHAMER 0.025
AR 0.015
il 1) 2.500

RAL2 HEA22 REKREH—HBHHBRARN 109) HSHRERE

49 BRAFKRE (0/9) _

Pb As Cd Hg Pd V Ni

J L2 0.5 1.5 0.5 3 10 10 20
MCC 0.5 1.5 0.5 3 10 10 20
FLbE 0.5 1.5 0.5 3 10 10 20
TR AT 0.5 1.5 0.5 3 10 10 20
72 Bk B A 0.5 1.5 0.5 3 10 10 20
T M ek 0.5 1.5 0.5 3 10 10 20
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HPMC 0.5 1.5 0.5 3 10 10 20
—EAER 0.5 15 0.5 3 10 10 20
AR 0.5 1.5 0.5 3 10 10 20
FHBEAXBAE () 1.25 3.75 1.25 7.5 25 25 50
PDE (g/k) 5 15 5 30 100 100 200

JiE 2a: REE BRI R Z b b A 23 J0 3R 2% O A ST VIR L PR

AT 1 i A iR 2G e, 2258 H B RIBANEN 250, &H 9
FReH sy (1 FpIEORLZGAN 8 Fhfkl, WK A4, WERFFETIE 2a B VK
FERRFE, 9 PheH 23 w] LALERI TR b DUE AT Ee s F o JURE 24 76 G B 48 F 1) 2 A
MEALTT G 2 T KUV Ah, Y

fifiy B8, RAMASE TR BT EHE IS XKl
A 0 3R A o ) RV AT DA AR A2.1 i) PDE fE AT A 3 1 K5

K2 S2 bt H RN E AR A4.3 GREEFRLL 2.59 24 it H SEFR A &)
170 38 % S AR PR PS8 A 5 TC 3R 2% o R £ H R R BRN B TR T 3R 2% i A

RN EAZE AL3 BFER M,

TR, WA TR PDE MIBREE. B, i REE—4 ik
FERIRMMR, ML) &E— o R A A 2l PDE IFREE
XFEUTTER 1A 2a WRIZIREE, T LURBILTTE 2a B SRV EZSE TN 4 15 . X
& RN 2 dh )RR H RN B 203 4% 10g A1 2.5g T 5LI4S

RAAL3 RiRFFEHBRARNARIKRERN —THERRRTFKE

BRAAKRE (o)

Ay Pb As cd Hg Pd \Y Ni

JR L2 2 6 2 12 40 40 80
MCC 2 6 2 12 40 40 80
FLbE 2 6 2 12 40 40 80
TR 2 6 2 12 40 40 80

2 TR B A 2 6 2 12 40 40 80
T e ek 2 6 2 12 40 40 80
HPMC 2 6 2 12 40 40 80
ZHAER 2 6 2 12 40 40 80
AR 2 6 2 12 40 40 80
HERBAE (o) 5 15 5 30 100 100 200
PDE (g/k) 5 15 5 30 100 100 200

Tk 2b: R R H BRI M T A TR IR A ORI R




PAJ7E 1A 2a Hfst F A ] — b IR AR 2590 00, 12458 H BRI &N
2.59, & 9 FhALsy (1 FhIEURIZGAN 8 FiAdkE, IR A4 JEURIZGTES b
FI BRI AL TR 7 2 T RS VR4, B, B, 48, SRS LRt R EHLRE,
R 77 2b, TEHEZ Iy X2l oy b & e R R S = M n&ni. R
FF IR TG 3R AR5 S B TS 5.5 ik A 2
R ALL BHESPILERFRREIRE (o/gd

s W (Lolg)

Pb As Cd Hg Pd \Y; Ni

R A2 <LoQ | 05 <LoQ | <LoQ 20 <LoQ 50
MCC 0.1 0.1 0.1 0.1 * <LoQ | <LoQ
FUHE 0.1 0.1 0.1 0.1 * <LoQ | <LoQ

IR 1 1 1 1 * 10 5
AEHR IR AE 0.1 0.1 0.1 0.1 * <LoQ | <LoQ

Tl N R B 0.5 0.5 0.5 0.5 * <LoQ | 05
HPMC 0.1 0.1 0.1 0.1 * <LoQ | <LoQ
—HAER 20 1 1 1 * 1 < LoQ

EZR A7 10 10 10 10 * 2000 50

* R PEAE Pd ANRTBERI TR A RRSEEET R

R A4 PIRBLIE R, AT APPSR 73 v A oo 2 2% i s AN ]
TR . 2R A4S R, 2IUEET T IR E . ERXMELT, BT
SEACERAE L5 BT EEBIMIR, IR BE BT e e — ALk, 1o FLA e 70 o R BT
JEAR, BEL2h B4R PDE (E AN IR . (X SRk FEANAL 7)1 73 bl (3R
AAL, EE AR 2 e TR AR KT, IF S D@L PDE fEEET
F#. & A45 g IR DGE T8 A4.1 Ao Ll

RAAL HHITTRBAE IR

4y BERE (o/g) -

Pb As Cd Hg Pd V Ni

L2 <LoQ 5 <LoQ | <LoQ | 500 | <LoQ | 750
MCC 0.5 5 1 5 * <LoQ | <LoQ
FUAE 0.5 5 1 5 * <LoQ | <LoQ

TR 5 5 5 35 * 70 80
AEWR IR AE T 0.5 5 1 5 * <LoQ | <LoQ

il TG PR 5 5 10 5 125 * <LoQ | 100
HPMC 2.5 5 1 5 * <LoQ | <LoQ
AR 50 40 10 35 * 20 < LoQ
AR 50 100 50 200 * 5000 | 1200
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* KBS TEALfE Pd AN RBIERICE RN, RIRFEELER.
FiE 3 ARt

LAJSE 1. 2a A 2b A A F (0 [A) —Ff IR A 2590 0 B, 1224548 H RSN
BN 259, EAH 9IRS (L FNERIZGA 8 Bkl WA A4 ERIZGES K
A SRR AL 5 2 U VP A, Y. Bl R ORI T R th R 2%
J€. AR 1@ oAU PDE (EATZ s H S N B RTTHE 25 dhrh &R oo R
AR ORI« BERP TR AU E R ARLK 1% TT 3 % i 1) PDE {H.

RALE B RPIRERITHE

BARAVFRE (o/gd
HIEAE (@) Pb As Cd Hg Pd \Y Ni
2 i 2.59 2 6 2 12 40 40 80
M AHBAR (pg) 5 15 5 30 100 100 200

25 YL B —TT R AR VRO
PAUR 7 B AE BB e 3 28 B 0 XS DA o s B T3 B H i, AN 24
NAESR VAR BIME—T7 e AR Z ANF 777200 F T KU Al S o0 d =% .
PABf s 4 vh il (0 1 R AR 259 9l 224540 H s RERNEN 2,59, &7 9
M2y (LR ERIZG A 8 MR . SRR ZG7E& B ] T A ANERAE A 711
HE N AT HZ 28 5 B TR I 7572 AN IR Ve 7E 1) J0 3R 28 BT SR 7EAT AR A o
HH T HE A0 24 it e B FEARDRL J3 S2 85080 7 A PR DRI R N 1 38u 2%
Jii (As. Cd. Hg. Pb) #EAT KU EML . RIS 1 PEAL S 2B Be i 45 R 4

RALT BIETTRERFFIIRF

BHETTRIRR
=y 25 (1 Y
» . PRI | ERETI ks
Wy BRBM | TERAEFEAEGEE | NREETR B 5 2 A
i Pl e
JFRl 24 Pd. Ni As Ni None
MCC None As. Cd. Hg. Pb None None
FLbE None As. Cd. Hg. Pb None None
TR None As. Cd. Hg. Pb V. Ni None
2 Bk B A ] None As. Cd. Hg. Pb None None
il Jla PR % None As. Cd. Hg. Pb Ni None
HPMC None As. Cd. Hg. Pb None None
ZHAER None As. Cd. Hg. Pb \Y; None
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| %k | None | As.cd Hg.Pb | V. Ni | None

B -CAMRAE AY JC 3R %R R AT BUONHE . A 3N RBITR AT 2
A I NEE PR R AE R G 2 ATF G AN, TP
JRUSE VAT o RS At R R 2 A2 0 Bt an T 3R A48 o . #2400 (1 33
NEFRLIRETHH TR AR USRI H RN &
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R AL8 TERFMEFEAIMARPTRAANEHBAR

W4 HEBA R E (polg) TLRFFEREEBAE ()
= (9 Pb As Cd Hg Pd \Y, Ni Pb As Cd Hg Pd \Y, Ni
JR A2 0.2 <LoQ| 05 | <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 | 011 0.11 0.11 0.11 0 0 0
FLAE 0.45 0.1 0.1 0.1 0.1 * <LoQ | <LoQ | 0.045 | 0.045 | 0.045 | 0.045 0 0 0
T IR A 0.35 1 1 1 1 * 10 5 0.35 0.35 0.35 0.35 0 35 1.75
AR IR A I 0.265 0.1 0.1 0.1 0.1 * <LoQ | <LoQ | 0.0265 | 0.0265 | 0.0265 | 0.0265 0 0 0
il /IR IR = 0.035 0.5 0.5 0.5 0.5 * <LoQ | 05 |0.0175 | 0.0175 | 0.0175 | 0.0175 0 0 0.0175
HPMC 0.06 0.1 0.1 0.1 0.1 * <LoQ | <LoQ | 0.006 | 0.006 | 0.006 | 0.006 0 0 0
“AEALER 0.025 20 1 1 1 * 1 <LoQ| 05 | 0.025 | 0.025 | 0.025 0 0.025 0
EZRER S 0.015 10 10 10 10 * 400 50 0.15 0.15 0.15 0.15 0 6 0.75
SR 2.5¢ - 12y | 0.8y | 0.7 | O0.710 419 9.5 | 12510

* R PEAGE Pd ANRTEERI TR A RIS E EAT R

RS PEAS ) — 2 6 A4.8 T2 vb o 5 2% 5 RS IR Bl TR0 8 55 45 ) R 0 bR e, 0 o & 24 48 it
R A49: B —BHER AU

%171
%2751
% 371
%475
% 57%1:
%671

[ B2 A A RSN 3R (R ERJFERMZD 0 T AR Fl (1 70 b AT e 3k DMETEPPAG Hh E— 2D %5 8.
B e 5 25 2B B A R SR AR AT T AE B TR B o AE ORI LMEAE VR it — 20 5 1

B E AP e 2 TR S AR AN TC 3R A% o 103 € A T 3R A ot ASEAE PP it — 2D %5 1

By e LR ) AR H AR AT LRI R B TC R 2% o o E SRR S B TC 3 2% ot AR P Al o it — D R

A A 2 o B DTk, SRR AR TR AR R S TR .

PR RG> FR TR 2R KT AL A

507 B BNEENE R E TR AR AR B . W SRAR R ORI I RAE PT S2 M BRE Y, U AT DAL FH A e 2% 2% ot (0 42 1) R
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(PDE 1] 30%)-
5 8 4 IR PRI it —Un R 2R S FI A BN T BEE THEMIBIE 5B 7 51D, WA DR 2Dl W RYRL AL S 1 e el i 2 B
B, MZHEHIZITER .

1 2 3 4 5 6 7 8
P AREM (T | FEMANERRAOBETRMEN | £ | MM | IETRAR | TRRRTRE el e
| D ISR R R wW& | BPRHE | M () | RHERETERYE
As No TETA AR PSRRI | No No 0.8 yes 4.5 T i it — DA
Cd No TEFTAT SR A OMLER 2111 S 5 No No 0.7 yes 15 T i it — DA
Hg No TERTAT SR OMLER 21 S 5 No No 0.7 yes 9 T i it — DA
Pb No TEPTA A 0 5% 2 1K) A4 R No No 1.2 yes 15 T i it — DA
Pd | API L No No No 4.0 yes 30 TC it — 41
Ni | API AL 7E 3 Pl k) oML B 1) 4 5 No No 12.5 yes 60 T i it — P
Vv No 7E 3 Pl R OS5 No No 95 yes 30 T i it — P
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