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ACGIH (American Conference of Governmental Industrial Hygienists) :

NEELEEEMRSE

B

ATSDR (Agency for Toxic Substances and Disease Registry)
fﬁﬁﬁ%%'g - BEEBRIR R RT (ﬂilﬂ)

CEC (Commlsswn of the European Commumty)

BRINER

' CFR (Code of Federal Regulations)
EFFAILE CKED

EE<RXI AV b (Change Management) :
EELXZEREL, ML, ARBL. EEL. &U\l/t;_ﬂ*é{zl:,ﬁa’]m!o%ﬂyf (ICH Q10)

. . N
CICAD (Concise Internatlonal Chemical Assessment Documents) : (

EE LR EREECE (WHO)

KEHiKFR (Container Closure System) : ‘
B 2 IR LRET 5 AROBREROEE, ERAEZIFTH, TREEIC X o> TE biIcBA
ERETLHAIT. CKRAELEEND. (CHQIA) o

SSTHERRS (Control Strategy) : . ‘

B DRLE &U%ﬁlﬁo)ﬁﬁwﬁ(&%?ﬁlh% %zfi?"r:lﬁx@%@]ﬁﬁu&Uinuung%%i‘?‘é
HEShEERO—X, THEIL. EERVCEAOFEM R OEREMICEET 17 A —F RV
et RERVEBOEGRE. ITREFHE, TRASRERUEETSE= 5 DIV A6 o= 5:0)
ﬁ(ﬁ&oﬁ)’?%aﬁﬁ% (ICH Q10) } , \

3 A{E (Control Threshold) :
E%Tfﬂl%@nﬂﬂﬁ B WT, %ﬁJ*T%EﬁZE%Tﬂ%ﬁ* Y EPDEEZB XAV & 2R TH7-

BN AREBRERNIRDONINE I DERET S ETHVWONDREME, LEBREMET
%ﬁ#ﬂ%&&t&é%m@m%ﬂ‘ EM DR EPDEMED30% L EFHES LD,

—H# 58 (Daily Dose) :
BB H M0 N ARAORE,

EFSA (European Food Safety Agency)
RRN B 2 R

EHC (Environmental Health Criteria)
BEREs 747 U7 (IPCS, WHO)

EU SCOEL (European Scientific Commlttee on Occupatlonal Exposure lelts)
BRM OB ZERER BT ORI FEERR

EU SEG (European Union Scientific Expert Group)
- B EARFNEMR L —T

43K (Herbal Products) : . B
AR & LT, MR- R R 0L 2 L ERE, GRS, B UIEHE
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IR Mﬂ%%%ﬁé
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IPCS (International Programme for Chemical Safety)
EBMEEE RN E

IUPAC (International Union of Pure and Applled Chemistry)
EFRFLIE - i ﬂﬂ{ L¥ES

IRIS (Integrated Risk Information System, United States Environmental Protection Agency)
Ma Y RTIER AT b CRERERET)

B/ NEtEE (Lowest-Observed-Adverse-Effect Level, LOAEL) :
—EDRESMHFT T, EMNEYMOIRE, #E., K&, BEXIFMIZ, —DOBBRURKEOEE
() EM L IIRF LB LR ERRBLZII SR IT I BRRX i@?f VJBII’LE)\ H5Y

- Bo/MEEX i%d\g (H&) ., (UPAC)

EERA (Limit of Quantitation, LOQ) :

SHEOERBR LI, BYURBELEEL > TEETE 3, B n-T?T“?‘Z) SRS D
REDOENDZ L ThHDH, EERL, BBHICHEET IRBEEOMELEET DHEDLITRE S
FA—FTHY, 4‘#1_ RO FRERY DERICB W TEM IS, (ICHQ2)

B/INCERE (Lowest—Observed Effect Level, LOEL) :
CHARBRNIIAREICIBWNT, BEEZZT- P XUIEMICBIT A MO OEEORBEE T
BEOAMZEMICERERENEE LS, HIAWEOR/IHE,

EIELS (Modifying Factor) :
BHEZEOFEMAHNIC L VIRESh, EROT—F &b FOREMIIMNET 572D DR,
(ICHQ3C) (RSEMFE 'LLEfR¥ (Safety Factor) | 2R) :

BN X7 L)L F(Mlmmal Risk Level, MRL) :
ARER Y R B2 EEZ OIS, BEMEICRH TS FO—HREEDOHFEME, (ATSDR)

NAS (National Academy of Science)
EXBETHT I—

WEER (No-Observed-Adverse—Effect Level, NOAEL) :
—EDBRBESEET T, ENEYOFRE, e, K. FEX i%ﬁb‘ IZHRINFIRE R B E Z{ﬂ:’i’WB
FlERI IV ERERUIBETRD LN, %5%§®%j§(ﬁ}#R‘iﬁjﬁEo

R E R (No-Observed-Effect Level, NOEL) :
BEEXTCE FXEBIIBVT, WrRIEZBCEL TS, TOREREXIIRECEDF
CHBREMBRN, &5 WEORAE, |

- 15
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NTP (National Toxicology Program)

KEEFEE 2T T b

'OEHHA (Office of Environmental Health Hazard Assessment) : : .
BERREEMEFER VY T7HA=7, KE)

OELY .(Occupational Exposure Limit Value)
TEMER R IR S E

OSHA (Occupationﬁl Safety and Health Administration)
F@zefEET CKE)

'PEL (Permitted Exposure Limit) :

FFABRERA

- #r5— HUREER (Permitted Daily Exposure, PDE) :
10 %72 0 OEERLBAPICE iﬂé?ﬁ%Tﬁ%@%k“F@ﬁngo

BRI T TNV (Product Life-cycle) : '
WIEIBER M DI 2R CRERFETILICES £ TORBFEMDOEER,  (ICHQI)

E (Quality) '
15, VAT A XFLRICRIAENEREOMZEDENERFEEMITRE (ICH Q6AIC

BT HEEROEA D THE] 35’9"5/&%353) . (ICHQ9)

BB Y R 7 <XP AV b (Quality Risk Management) '
BESA T AL 7 VEBLC, BEEGHDBEIHED Y ZAZIZONTDTERAL b, 2y boe
A, a3 :L——/?‘“—/a/ I/I::L~—75=67‘£(73;ﬁﬁ7f_07’\_7°ﬂ‘127< (ICH Q9)

BBV AT S (Quality System)

RESHETITL, mgaﬁmmﬁA%ﬁﬁfa/XTA_ﬁ5@6@5ME@%ﬁo<mHQm

Yz (Risk) _
F£®%E®ﬁ+&%ﬂﬁ%ébt&%@Ek&@ﬁ&Abﬁ (wmmxmmﬂ,KHQ%

Y 27 %% (Risk Acceptance)
Y27 &FRTHERBRE, (SO Guide 73)

U 27554 (Risk Analysis) :
ﬁﬁéﬂtﬂf~°1%ﬁ?éﬂXﬂ®%Eo(mHQ”

Y27 T7EAAL P (Risk Assessment)

)Ry w R IR hFREADEC, U R b B RE R HET AR BET B R o

Frukvx, "NPF— ROEE, ROENOAT— F~DOBREBEIZHED UV R O & F M bR D,
(ICH Q9)

Yy 227 a2y hu—» (Risk Control) :
Uxﬁv$9xyh@§@&m%%m#5 178b, (ISO Guide 73)

U 2 7 #%E (Risk Identification) :
Y 27 ~OERXIIREORR 2SR LT, AEOBENRERE (NP—FR) ZRETHZDHD
ERERBEILTTHEATHZ L, (ICHQY)

16
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YRRV A b (Risk Management)
)x&@?tz%/h ayvira—ip, AIa=s—av, Vt1~®%¢¥kﬁb\mgv
RTAMDOFE, FE, EREZRFELTCTEATSZ L, (ICHQY)

et (Safety)
BEOKRRTIZBWT, H5ME~DOBREIZ L 07555"%/@7%& L?‘M\%F‘%E’J?‘Mﬁ?ﬁ: . (IPCS,
2004)

ZeMEl (Safety Assessment) :

L2 E T — FROMEEYERE L CICFRBICIEEN DICEE L2 Y R 7250V TOREER
REMEVEHIZBER LT 7u—F, ZORAERE. LIELIE GBHA FIL280Th) U
AT TEAAY M ERBEEHICHNONDS, (IPCS,2004)

4R % (Safety Factor) : ) .
NOAELX i ZF DD BR R (FZiERyFv—7 F—XXTZDEETRE) LY 227
TERAY FPEMRIZLVERAESNIESE (BEW) REHETHY, FE—BERE
[acceptable daily intake] I —HIBEEE [tolerable daily intake] & \W\\o7o&KE&X TR Y
RIBIRENEEZONIBRAR (EEMEXIZTOMOSBASEAEETCRTI LIk
BHENEHIND, ) 2B8EXHTEDOLOTHD, BEFEBOMERR. EEZEOYE, RE
EINB_EANOEAOHBERCEREE I AR RELEEFNEROSEIKTFT 5, LLTOE
HEAEZSR . (T2 MR . [ RREESEEE] . (IPCS,2004)

EAH (Sevérity) '
ANP—RENBAUBIEROEE, (ICHQY)

- BREEIRABME (Threshold Limit Value, TLV) : |
BEAEDFBENTERERBEABRBEINDZ LB TESLLE LF)%L'CV‘%%’;?\EPE)# «
bbb, EERICIIESBE L GREELOBICHHRIE) . O, ACGHIZLWVBRESH
(1 EIKET & 4L) . 1 H 7R S8R >0 40 s [ D %5 @) 1 kﬁéﬂ#ﬁaﬁbuiqii’w%ﬁ
(TWA) THY . Lf:;bﬁoﬂ%&%@c:@ﬁﬁut%@f&;& (IUPAC)

ﬁF'ﬂle]EI-iﬁ{ﬁ (Time Weighted Average, TWA) :
ACGHH IZk > TEBENTWA LB, @HIDO1 B 8 H#Féﬁmoﬁ 40 H#ﬁaﬁ@%'@ T BRI
BEHRE, (IUPAC)

URF (Unit Risk Factor)
2=y b R7ERE

US DoLL (United States Department of Labor)
KEFHEE ‘

'USEPA (United States Environmental Protection Agency)
KERFRET

WHO (World Health Organization)
R ORGERED
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BE IR

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

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

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

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

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

Geological Survey 2005;Fact Sheet 087-02.
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ek 1 : &%@WWWDAEﬁ&

AL RTA BNV THE, Z<O0XTHRRELT, EEXRICBIT2BEREEREDFIE
(Pharmacopeial Forum, Nov-Dec, 1989) R ONPCSH{LEME DL MERE Y X 7 OFEM D 72 Iz E
%Ltﬁ&(ma;w%)_ﬁof PDEMEZEH T2 Z LI LV o R R OHFTRE L L
BEREINTZ, TihbDFEIR, USH%@RBlﬁFDAUBFD&%W)&U%@@ VA
w&nrwé%mkﬁULrwé ﬁmmﬁmm%_owfwiwiwﬁﬁmtbk\::T

DREFECDOWTHEEF TS, PDEEDOFREICMRLEAWV SN EEEIZIX. BEARIIMRLO
%m_maginfwamr EMOEEREITAV LTV, %mhﬁmﬁkﬁbfﬁ
1:100000D U XA 7 L Awvia=y b Y X7 EREPPDEEDOHREICHAV OGN, T bitft
GI3DO@EBIDE ) 7T 7ICHREENTWD, BRARBER OFREPDEED W DOniE, BENERE
RAZAV, EEREEZEAL., S ORNFRER~OMONPOBAENREZELEZR L TEHIN
W3, ' y : '

% EPDEMEIL, & LEEIREMRBRIZEIT ANOM)ELXIILOAEL HRD E B Y BHEN TUY
%o ' ) :

PDE=NO(A)ELX b hMKEMIEM/F1 XF2XF3 X F4 XF5] (4.1.1)

"B EPDEfEIX., E¥ L<#iNO(A)EL7§=B’§Hjé7I’LE> NO(A)EL7§>?%Ei/bfb\fib\iaé‘%:bi
LOAELBAVLNTH LW, ZZTREISNZEEREII. T—F %t MIETIEZDDOL
DTHY ., WEREZ 747 V7 (PCS, 1994) IZBWTHWLA TS TRHEESRE] KUK
EEBF 74+ —F Al kwTﬁPBﬂfwéf%Eﬁﬁijrﬁéﬁﬁj&ﬁﬁ@%@f%é

{I’“‘IEF%I IUTFTDEBYTH B,
F1=REMTOIMNEEIT S I=D DRI,

v FOF—FIZB L TIEF1I=1,

F v b e FA~DAFEIZIIF1=5,

< A5 E bA~DAEICIIFI=12,

A X b b ~DIEITIIFI=2,

7Y ENDE FA~DABITIIF1=2.5,
Phnb e B ~DAFEIZIFF1=3,

T DMOE DS B S ~DHNEIZIZF1=10,
Flii, BEEE L M EOUERERER, TRLLEEREZEBRICANLELDOTHD, KREHE
(S) 1X. kAU X VWEHENB,

— kMo.67 : (14 ]2)

T, M=(KETHY, mﬁkﬁnOfbékéné N AL2 ICAVWShAKEIRBHOE

Allkréﬂt&kbf%é
R2=EEMDONTY X EEE/ICAND D DR E LTI0,
~&;\#«T@x?Tm%QﬂbfﬁﬁwmﬁxBn $ﬁ4b74/_kwf%mm—gb'
THWHLRTWDS,
F3=E4HREOCEMRREZEERICAND HODOER, _
m&<e%¥éﬁ(ﬁoﬁﬁXi¢#¥mm$ﬁ =N 43&U%WUM$W)%ﬁT5%
%’%c IIF3=1,

SEWROSHIM M I ~— S 5 EEEBERRICIIF =1,

T > D6 B RIERER LT - IR D3 SEMRRITITF3=2,

o W O3E A BRBRIUIFET - EO2FMRBRICIZF3=5,

& Y BB ORBRITIZF3=10,
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TRCOEFIZBNT, EHEAOPHOHEORBRIITAVFORESP AV oS, FIZIE,
iF - BIEOE A FRBRICIIRERB AV D,

FA=EELRSM., flzil. BEEEEREDLRVERSAME, BREEIIBTMECEEICHERE
N3 I ENHHEE, EEBUERRICBVTE, KOREERAVLI D,

BB O BRIREMEICIIFA=1, '

BEEEE bR VIR REMEICIIFA=5,

A S EATREICIIFA=S,

BiEE 2 bR W MEFTEIEIZITF4=10,

FS=NOELBB LN o BAICEAIND Z LB HEEE,

NOELIZ IXF5=1,

NOAELIZ i¥F5=1~5,

LOELIZ/ZF5=5~10,

. LOAELIZ{IF5=10,

EEALOREICE LT, 28 L7-38kIT, NOAEL X NOEL & DBEWVIZOWTHEE L TR L3,
S EPDEEDOEEIEBR LEABICBIT AHEMN [HE] 2bONEMCOVTEEL TV
o fzizih, ﬁu&%gﬂ#@mﬂﬁo%&“ IZNOAELA Vb, FS& LTIV LT,

v MEEREL. v NRABLOEKERS kgt RELELDTH D, ZOEDHEICBWTER
SN BEEEE0 kgXiET70 kgio LT L VRN OEER, BNOREARERIET 5, BEIC
Lo TIHEEMNS0 kg TH D Z LIFBBENTWVEN, ZnbDBEIIPDEEOREICH NS
NIARSERIC L VREISNTWS EEZBNEZ L, RUCAEERRKERAEL TS Z 8T
FHXNB~NETHD, MCELTE, MNEADEFSRLBEZEHESFHOAREATHD LEXD
. ZDOARLEFNDS DT —F BPDEEDREICAVSONTWS, LEen-> T, REPDEMEIX, /b
BANEMZERL-EERICOENR O THD LELLND,

KA LIOEAF & LT, Tvermoes® (2014) 2k DB &N, b FEEEICBIT B/ UL b
EHRBRIC OV TEET S, FRMEKEMEIZFR SNOAELIX1 mg /day’C&)éo ZORRIZEBITS
=9V MZER B PDEMEIL, RO XS ICEHEN S, :

PDE=1 mg/day /[1 X 10X2X1X 1]=0.05 mg/day=50 pg/day

Z DBERZBV T,

t FORBRTHDDFI=1,

b MEEEEZEET HI2DF2=10,
HERHAEI A0 HE Th BT HF3=2,
BEELREERRD LN TWARWZHF4I=]1,
NOAEL BV TS F5=1,

FALL: ZOXERCBOTHEICANONE

F v FOEKE 425 g v ADEERE © 43 L/day
HEHRT v NOFE 330¢g X O E 1440 L/day
T URADEE 28g  |ENEY FOFFRE 430 L/day
FiR~ U ADEE 30g v DR E 28,800 L/day
ELVEy NOKE 500 g A XDOFRE 9,000 L/day
7Y VORE ~25kg BV DORER B 1,150 L/day
Y XOEE (ERXIIHEER) 4kg <7 ADEFKE 5 mlL/day
v— NV ROEE 11.5kg | v FOEKE 30 mL/day
7 v NOFFRE 290 L/day | 5 v FDFEEEE 30 g/day
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1.

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

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

US FDA, Guidance for Industry and Other Stakeholders: Toxicological Principles for the Safety
Assessment of Food Ingredients (Redbook 2000), available at
http://www.fda. gov/Food/GuldanceReguIatlon/Gu1danceDocumentsRegulatorvInformatlon/Ineredlent :
sAdditivesGRA SPackaging/ucm2006826.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. AmJ Chn Nutr
2014;99:632-46. »
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£16% 2 : TTRAMPIZFR DX E PDE E
# A2l TERMMIAESFA—HRER'
TR 75 & % 0 8% OPDEE ENFIOPDEE, | BRAKIOPDE(E.,
__bg/day _ng/day pg/day
cd 1 5 . 2 2
| Pb ] 5 E 5
As ] 15 15 2
Hg : 1 30 3 1
Co 2A 50 ' 5 3
% 2A 100 » 10 1
“Ni 4 2A 200 20 5
Tl 2B , 8 , 8 8
Au 2B 100 . 100 1
Pd 2B 100 10 1
e . 2B . 100 10 1
Os 2B 100 ' 10 1
Rh 2B : 100 . 10 1
Ru 2B ] 100 10 1
Se . 2B 150 80 130
Ag 2B 150 ‘ 10 -7
Pt 2B 100 - - ' 10 ' 1
Li. 3 " 550 250 25
Sb 3 1200 , 90 20
Ba 3 1400 700 300
Mo 3 3000 \ 1500 - 10
Cu 3 3000 300 30
Sn 3 6000 600 . 60
Cr. 3 11000 1100 ‘ 3

U - DRICBOTHE SNWAPDEE (pg/iday) 13, HE3DE V7 7 ICRB SN REMT — ¥
RREICRESATRY., HEACEAIND, €/ 77 7HOPDEEIIIEEIA S TR,
EHICETHLDET DD, ZOROPDEEIIEHRF I URFTNCHBREIA IR TV D,
105 OPDEEII AN & U, EEOBAICMBEAT 5, 10k 9 K&\ \PDEMEITEE
BEHEENT A HBEEAIA TS, ZORCBWTHEEASER S L RANIL, 12
A SEHIT B LTS I & 7 PDEEIC bl Shg 5.

PAHICBOWCERSWTOB S
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£A22 : ATV a V10D ORI ARE

IORIRENEMEZ, BA, BERCENEIFOTERICE LTI T 248720 <12

075 ADHRRESRTLOTHS, —ARAEN0 gl FTORFIFOTERHMYZFTMT S -

DI Ty a VIBBRENEEAICE, TH0BREREESAVWLNDZ EXRERELTY
%, ZODOFERFOEFIX, RA21ZESNHDTH D,

vt IR | ROBAORE ERAAORE WARIDORE
ng/g ng/g nglg

Cd 1 0.5 0.2 0.2
Pb 1 0.5 0.5 0.5
As . 1 1.5 1.5 0.2
Hg 1 3 0.3 0.1
Co L 2a -5 0.5 - 0.3
\Y% . 2A 10 1 - 0.1
Ni 1. 2A 20 , 2 0.5
Tl ' 2B 0.8 0.8 0.8
Au | 2B 10 10 0.1
Pd 1 2B - 10 1 0.1
Ir 2B 10 1 0.1
Os 2B 10 1 0.1

{ Rh | 2B 10 1 ) 0.1
Ru 2B : 10 1 0.1
Se . ‘ 2B 15 8 13
Ag 2B . 15 1 0.7
Pt 2B 10 1 0.1
Li 3 55 25 2.5
Sb 3 120 9 2
Ba 3 140 70 30
Mo 3 300 - 150 _ 1
Cu 3 300 30 3

- Sn 3 600 60 6
Cr 3 1100 110 0.3
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e 3 : BRI DL 2R
TUFEY

7 v FE D PDE EOHE

7 rFE (Sh)

- o et i) | BA
PDE (pg/day) 1200 94 %)

o

FLUFEY (Sb) 1E. RRIHFETHIHEOAOEERETHETHY, He2RBETRICBWVTHN
b, INEDT UFEVRHBHIZRNEESNS, Ty FEUIL, 43 KU OB{LRETH
E?éoéEkbf@?yf%V&wz~3@EMTV%%VMé%ﬁ\%ﬁﬂ%ﬁ&@%ﬁm
BHLTELAEZCTHD, BEBI I VLT VFEY (APT) LWV oW O0OT »FEUALE

WAFEEREL LTERNCHASA TS, ZBMET FEVE, S LTAVR LR TY

3 Bzl REHERACERERICAVONIRI=F L FLT7F L— b [PET] ORI
BWT) , TUYFEVREREFWICLEATIERL ., REAEZHEEBIZALA TV R
(ATSDR, 1992) , 7/%%/&0_@m?/%%/imﬁﬁﬂﬁm%@raém APT i3k
&f%é(Wﬂozmw

S M RLAEDARIL & 72 o T F

APT 1. S9 DOFEIZ m#baf%w%?iﬁémwéﬁiﬁ&%ﬁ BWTEEThH- T -

(NTP, 1992) , 7V FEVE)IRBEREFERECEHL UIBETH 2 L Bbh oA, BEE
@@vez~_kwfiﬁﬁT5F%mﬁanw5(Wm)mm) AFWHE &ﬁﬁmﬁm
BRORKIZE DEPAMEY R 7 OFHEIZIEFA 52 T%é&%z%ﬂé(wmhad 1999) .
FRUOBICBWTIE, BROBEZOT 2EMNBEIIHELE Th D L Bbh. I, T%\m
P3| &R THEERDHS, BARSEOT VFEIFRRENIZS VY (NTP, 1992)
S5 v FOBEBMRRICEB\VTIE. EHERERTRUFROZER R A3 b B ES m O FHETE R
Thotr, BHICHERT VFEVOEBERAL, © MRUBPOWTRIZEN TS RS
BN S EERELELESD, Newton b (1994) 12 & 0 Ehe SNTZRARD AAMERERIC

BT, Ty FEZBRETCFEUIC 12 GAMBRES Y%, 12 SARCEESERSRTS

Nz, £EICBWT, FRERORERTHEDLIRD bz, EELIZ. =BTV FEVBRER
IANERF L TWARWERER L, BRAMERME L L TRRICEIT 2 ERIINREA FRAR O
F%T&é‘mbr&fxﬁtbﬂxé (Newton et al., 1994; WHO, 2003) . ‘

& OgEF O PDE fE

7V%%Vﬂﬂﬁﬂ%ﬁﬁ%é@ﬁ%&ﬁﬂfﬂ5ﬁ\771&07ﬂﬁﬁﬁbfﬂmﬂﬁﬁﬁ
% (Schroeder et al., 1968; Schroeder et al., 1970; Poon et al, 1998) ., KEEFRHEMET 1 7 J A
(NTP) &, 7 v PR TR ;WT%ﬁm&5#514aﬁ%%%%mLto_wﬁﬁ B

T. APT I¥. ZOHBERE TII—ROICEESBV LBRWESH (NTP, 1992) . Lynch,

5it. Poon B (1998) DF—F ZEFEH L. T v MZ 0.5~500 ppm O APT % 90 H AR E
LERRICBWTIL, AR TOESERERTROEHEERDICE-IE NOAEL i 50 ppm T
b5 LfEsm L7 (Lynch ef al, 1999) , ZDFTRIL. ZALLARTOD Schroeder & (1970) A2b D#EHE
EFBLTORY, LER->T, BHIEW NOAEL, 77b%H 50 ppm (7 FEL LT 6.0
mg/kg/day FHY) Z& &I, ﬁm%@ﬁ@mm&&mtto

VE@&(H%I;kwf%ééhtﬂ~ﬁ)%%§ulﬂf % DR EERF D PDE fE % LAF D
ko> ICEHTS, o
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PDE =6000 pg/kg/day X 50 kg / (5 X 10 X 5X 1 X 1)=1200 pg/day
S X 2REERED PDE B

DA ERR (FFREORE, FHREEROITER) 28, Fv b~DOBEBENRERSZOE
LIRS HEREWVIHMEEE Chol, LMo T, ERICKISBERFO PDE EIZSWVWTHE, &b
V> NOAEL 3.0 mg APT/kg/day (7 > FE 2 & LT 1.1 mglkg/day F8Y4) ZEIZRELE, ZOE
X, 7y D 90 BEEBRNOE LN (APT ZEMEAREINHET v MIBITS 6 mgkg T
DOIFEESHRICESL, ) (NTP,1992) , ZOAETLHEEBIIRD bR,

EERE (4R 1 LBV TEE&N: FI~FS) 2ZEICANT, RUSE 3 BHiRE5HbEERs
CEELT, Bk 2BERO PDEEAUTOL S cEHT 3, |

PDE—HOOp.g/kg/dayXBdayﬂwk ><50kg/(5><10><5><1><1) 94pg/day

W ABRTERFD PDE {

T h@ﬁl%fé&@l%ﬁ%&]\%tﬁm%ﬁaénto IhHDORBRTRD DN~ DEEI—B L

TV, 025, 1.08, 492 BIX 23.46 mg/m’ DEBALT VFEVF R FEAVWES v b 13 HER
ARBE (Newton ef al, 1994) H5HDF—4#, NOAEL 1.08 mg/m® % AV TR ABRERD PDE %
WE LT (Sb 1I~83%) ., &LV EIREDRERF ;kb\'Cﬂfﬁ@%éxfigl’z()\*ﬂﬁizﬂﬂiﬂﬁwi%
MARH b, TOFTRIE, 0.06, 0.51 BT 4.5 mym® DIRTBEE LAV 1 ERIOBAEKE
HERIZBWTIER OGN o T, Z0 1 FRBAESERRICBOD CREPAEIEIERD b ihol, |
W ORR TS MIKZERIRZEE X ihﬁf@tﬁ%ﬁﬁt@ﬁ*i’ﬂ&iﬁ bhiadots,

BERS (HB 1 0B TERSNE FI~FS) £SEICANT, BARMERD PDE 25 F0
L5 CHEHT B, | .

' 0.9 mg/m’ X 6 hr/day X 5 3
X 0.16
e T day/wk = Olemgm ) 00016 me.
‘ 24 hr/day X 7 day/wk 1000 L/m’
| _0.00016 mg/L X290 Liday  _
1EAE 0.425kg 0.11 mg/kg/day

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

BEIR

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, Plllsbury BD, Terrill JB, Drew RT, et al. Subchronic and chromc
inhalation toxicity of antimony trioxide in the rat. Fundam Appl Toxicol 1994;22:561-76.

NTP. Technical report on toxicity studies of antimony potassium tartrate in F344/N rats and B6C3F; mice
(drinking water and intraperitoneal injection studies). National Toxicology Program, Public Health Service,
U.S. Department of Health and Human Services, Research Triangle Park, NC. 1992; NTP Toxicity Report
Series No. 11.
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~ Poon R, Chu I, Lecavalier P, Valli VE, Fostef W, Gupta S, et al. Effects of antimony on rats following 90-
day exposure via drinking water. Food Chem Toxicol 1998;36:20-35. .

Schroeder HA, Mitchner M, Nasor AP, Balassa JJ, Kanisawa M. Zirconium, niobium, antimony and
fluorine in mice: effects on growth, survival and tissue levels. J Nutr 1968;95:95-101.

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

WHO. Antimony in drinking-water. Background document for development of WHO guidelines for

drinking-water quality. World Health Organization, Geneva. 2003. WHO/SDE/WSH/03.04/74
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b#E
t #? PDE fEOHEE
_ R (As)
- | #&D 5 wA
PDE (ug/day) 15 15 1.9

2A,

BHB

EFE (As) 13, BEFOWELLEIAIHY, R, TE, BBAKRUCRKFICHFET S, EH
ERII=M (B, ZBMEeR, Er®T bY vL) 3L BIAE. eBFT NI UL R
Febb R, bB) THEET D, bt MOHAEWICRIT 5 e ROFRLEMFHBEITM O T
721/‘ HERECRPEELGRACKRLEELZLDOTHHI L0, ZOREEFHITEK L RiC
EREYTD, -

ZEMEEREORIL L iz o B

WH Y F, BESHEIETAIN, TEEMSZLARN LATINTEY., b FORBAME
L LT ﬂénfwé(&wmlmmzmm

%®ﬁﬁﬁ&0ﬁ%7ﬂ774W®tbk\t?&UtimA%=OWT§<®)X?7fX
AV IREBINTEY, UFEIVRITEAA ML, BERL, BFEHERGT 7u—F%H
UWTU%  (Meharg and Raab, 2010)

b N TOEROZEDOKES ME%TiﬁﬁénTm&wmf YRITERAY M, BRE
BEINTZAODERAICBITIZIEET —FIXEL #ED &5 %%V (Schuhmacher-Wolz et al.,
2009) , b MZBWTIL, BEBARUERBPAREBEONTN S, ERBEICEEL TS, &O
BRERIL. BB, T, M. BREROBEROPACEEL TS, BRABRBEROMBAY X7 D
Iz B4 HREHA 8D (ATSDR, 2007; IARC, 2012; EU EFSA, 2009; WHO, 2011; US EPA, 2010) ,

BOBREOCHEEPAMOEERLEICE L UL, KE (BFRILE,. ERANME) ROYHLE
2, BD) PROLESESBVENE Bbh 30, MEERE, £EEERUHBRENTELIE
RERAFEMBEL LTHE S TWS (IARC, 2012; Schuhmacher-Wolz et al, 2009; US EPA,
2007) , —EOEOBRERBRIL. 0.02 mgkg/dayr EEIA bt EORECHERENHE T3 T4E
HRH B &, Kk1U0.0004~0.01 mgkg/dayD b FEHETIIERVIZAOHEERR LNV L %
LTS (ATSDR, 2007) , EDMOFEREZEICE L TiX, LOELXIINOELEZRET 5720
WG REFET —FBR, ﬁmﬁﬁ%&m\&%mhkﬁﬁiéT%ﬁw&bQnm&
2007) . HEBPARCHBR AT CICIERNAEOEREEREEEDNERETHILELD
185 (Chenetal, 2005; Hsu et al., 2013; Ahsan and Steinmaus, 2013) . '

FTEEE TOD1000 pg/LLl ED b RBEDHFAIRE SNz KA DER (~40,000) OB
B, BERA, SOIRRETHBERSARVIHBADI A7 TEAAY FOEIZR>TNS
(US EPA, 2010) . EBAY ZATIZONWTOEIRDAZTF I A%, EREOCRE (<100~
200 pg/l) TEARBDEEMENAY X7 Z2FRH LTV (Chu and Crawford-Brown, 2006, 2007;
Mink et al., 2008) , Z#iE, Schuhmacher-Wolz® (2009) DH#FZEE FfE L TV \f;b\

FENA ﬁﬁéﬁknwyb)x&uynétnom@j:*@@%ﬁfz%me@T—a
#EIC US EPA I X DEBESNT (US EPA, 2007) , 73V AMEBEREEZESIE. US EPA
F—F T D EORMEMOPO 7 4 0 —7 v THREEHR VR T = —F b OHEEICHE
?5LMT“5%WDQ$-USHA®1~/F)X?Q§(WW)%Eﬁbtoﬁ ZEB &I
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URF pg/m’ %729 0.0015 #BH Lz, T URF i, RIRMHAFTHROY 27 1/100,000 & bl S YN
B 2o R L 0.067 pg/m® & FBIRT S ’E)@'C?JE) (Erraguntla et al., 2012) , '

R OMRER O PDE fE

R ORERFD PDE i, &’J%’ d’ﬂ‘é t%@[‘%r HELEICILEZEHOTHY, REAEVE -
iR T (ATSDR) MRL & T* US EPA DFREEE 0.0003 mg/kg/day (ATSDR, 2007; US EPA
2007; EU EFSA, 2009) % Zi, 15 pg/day ICREZREL T2 HDTH S, ATSDR MRL ZE(Z
B Sh7=M45% PDE fEi%, BOBbKERELFE LTz (WHO,2011)

PDE=0.0003 mg/kg/dayX 50 kg=0.015 mg/day=15 ng/day
MRL OEHITHAAEN TV Z L2 b, BERIIC OV TZEA LR o7,
TSI & AR ER O PDE fE

b EOROBREROEMFHFIAEII~5%THD, KOEENRIEL, tRBEOERVEK
B (L BOFFRITBESN TR, ) BHDKEEX bNEEAZ IS LTz
Wz 6 HRIFHELERBEALELNTVS, ZTORBRMLRINEIH 95%L HE SNz (Zheng
" etal 2002) . LT, 4i%PDE EIZEOBEERO PDEELR—TH 5,

PDE=15 ug/day

W ABRERED PDE i |

TR 33\ TS ~ DI AR OB AR OVF DR OIFRISERD U R 7 QRN HE
STV, BAIRDESAFHEREL PDE EORECHVHRILEL, RO L HLBELT,
B BARICR D ERSHEMHICRR LTS Z E TH B, 4% URF IE—RARDFRED

DICBRESN TS Z b, BEERBITSEL SV, Eraguntla b (2012) 2k Y K &
ni-FE RIS, YR 1:100000 PHFE 2B L., WMARERED PDE EIXLLTO L S22 5,

PDE=0. 067 pg/m’ / 1000 L/m* ><28800 L/day=1.9 pg/day

w=r PDE {I Erraguntla & (2012) 12X ¥ iRk S /=B O Y X?‘ET/V%)BHB#’LT\_
URF ZEILEEBDTHD ZLND, EEREKIZ OV TILEA L,m\

. BEIM

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

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

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

" Chu HA, Crawford-Brown DJ. Inorganic arsenic in drinking water and bladder cancer: a metaana1y51s for

dose-response assessment. Int J Environ Res Public Health 2006;3:316-22.

Chu HA, Crawford-Brown DJ. Inorganic arsenic in drinking water and bladder cancer: a metaanalysis for
dose-response assessment. Int J Environ Res Public Health 2007;4:340-41.
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Erraguntla NK, Sielken RL Jr, Valdez-Flores C, Grant RL. An updated inhalation unit risk factor for
arsenic and inorganic arsenic compounds based on a combined analysis of epidemiology studies. Regul
Toxicol Pharmacol 2012;64: 329-4].

EU EFSA. Scientific opinion on arsenic in food. European Food Safety Authority. EFSA Journal
2009;7(10):1351. ,

Hsu LI, Chen GS, Lee CH, Yang TY, Chen YH, Wang YH, et al. Use of arsenie-induced palmoplantar
_ hyperkeratosis and skin cancers to predict risk of subsequent 1ntemal malignancy. Am J Epidemiol
2013;173:202-12.

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.

Meharg AA, Raab A. Getting to the bottom of arsenic standards and guldellnes Environ Sci Technol
+2010;44:4395-99.

Mink PJ, Alexander DD, Barraj LM, Kelsh MA, Tsuji JS. Low-level arsenic exposure in drinking water
and bladder cancer: a review and meta-analysis. Regul Toxicol Pharmacol 2008;58:299-310.

Schuhmacher-Wolz U, Dieter HH, Klein D, Schneider K. Oral exposure to inorganic arsenic: and
evaluation of its carcinogenic and non-carcinogenic effects. Crit Rev Toxicol 2009;39:271-98.

US EPA. Arsenic, inorganic (CASRN 7440-38-2). Integrated Risk Information System (IRIS). 1998.
-US EPA. Inorganic arsenic. TEACH Chemical Summary. 2007.

US EPA. Toxicological review of inorganic arsenic (CAS No. 7440-38-2). In support of surnmary
information on the Integrated Risk Information System (IRIS). 2010.

WHO. Arsenic in drinking-water. Background document of development of WHO Guidelines for Drinking-
water quality. World Health Organization, Geneva 2011. WHO/SDE/WSH/03.04/75/Rev/1

Zheng Y, Wu J, Ng JC, Wang G, Lian W. The absorptlon and excretion of fluoride and arsenic in humans.
Toxicol Lett 2002;133:77-82.
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NY A
XY 7 5D PDE EDOHEE
l YA (Ba)
e qm EH A
PDE (ng/day) 1460 [ 730 343

FF i

NY A (Ba) . BEOEW, SAGRTEHOIPNTAIY TEERTHY ., BEDOHHEXTF
TEBICBL L, KERIET 5, Ba@H)A AV RUKBREDAY v aMueY (W, FHERE.
KER(LW) BMEZE TS, WEEAY U AL WO REEANY U MEADIE, HIEETT V-0
Ba2H) A AU B ELT, —REICE MNERH L TEFEETH D, N U AIREFICKATIIR
Q| RBHEEFHMEEIITHATH D, REEANY 7 A, Fl L ISHERERA, BEOEGH]
H T ZAROE DO R ORI IT BHEMH L Vo feffx IR H 5 (ATSDR, 2007)

RV ORI L 72 - T EE

B RO MIBWT, FEEANY 7 AHEREROBRSE/ERENL, TS, &K HEZHE
BENEHENTH D L BDbND, TolEedsRe LEBERRIZ. NV VLARRLBEEL
DR EMEIC BT AHMME XTS5 D THS (NTP, 1994) . UKHEIX, REEILR. BRM
g RAEMRELE, BMTHEREER. SEEREEREETCICE L LTERAEEERICE
T AREEDEETH- 7=, T bDEIL, M~ XA CEFABEIN S BRBRENREFTEER
75 2 IITURE I SN R DA A LTV, MRS 2 &N, REBRERICE T
= b D R LESENEVIHMEEETH S AREERH S (WHO, 2004) , ‘ALK SBIEAY
Y A~DREREE, W, BRO/ XiXEBON Vo R EXKE5I SR THEERHD
(CICAD, 2001) , ‘

2 O BREERE D PDE {H
£V ) A MD2 DB CEME S =TI BV TIE, Y U ABRET3 mgLOKERA LT
ARERE., FHAY U ARE0] mgLOXKERKALTWEAREREORT, MEXITOM
BRERE L IBEBROARBICABREIRD bivieh -7 (WHO, 2004) , ZORRNLE
. BAENOAEL 7.3 mg/LZAWT, RUEKEBOHEEM2 Lidayd iV T, B OREROPDEEZ
UTOLSICEHTDIENTE S,

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

BEAHC & 5 BREEFF O PDE i .

NY 7 AMEAY~OERIC L ABRBICGEIEET —FIZRY LR o7, NY U LAOEYFR
CFERIE. BRAROCLSRETENLEN 20%KE N 60% THhD L#HEIN TS (ATSDR, 2007) ,

Li=tio T, RMORERO PDE [EXEEMAEK 2 THRLT, ESc L 2%BERO PDEEZEHL
7 GIEZERINTVEERY) . .

PDE=1460 pg/day / 2=730 pg/day
% ABREERE D PDE fE

N T MEAB~DRAREIAE S BIET — X T RN b Aad o T, KEHEEE (US Do, 2013)
b, FTEEMESY U AR EIC LT TWA % 0.5 mg/m’ EHE LT D, .
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IEERE (HEUZBWTEBEINFI~FS5) 2EREICANT, % AMRERE DPDEME % L T &
HICHHT 2,

e e _ 500 pg/m’> X 8 hr/day X 5 day/wk 119 pg/m’ .
ERTRE RS = 24 hrfday X 7 day/wk 1000 Lm0l pell
—HEE= 0.119 pg/L X 28800 L/day =68.6 pg/ke/day

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

BEHR

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. S : ‘

Brenniman and Levy, 1985

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

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

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

WHO. Barium in drinking-water: Background document for development of WHO guidelines for drinking- _
water quality. World Health Organization, Geneva. 2004. WHO/SDE/WSH/03.04/76
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A EIVA

B K 7 AOPDEEDOHEE
' 1 FIv A (Cd)
. - | BB e 5] %A
PDE (pg/day) 5.0 1.7 1.7

o
BRI A (C) BEBRETHY . &LV RAORIEIHHEEL bR, R T

ST TRWE SN, BHERARICIZIEL LTH FIvAEE» OB bN5, (ATSDR, 2012) ,

J RI v AE, 2 OBCREEOAZTHE LTHET D, BV FI VL MBI FITVLART
WEES FI T AL Wl D0 FI U AEIKEETH Y, EOMOTREERIX, B, )t
RIIBREOHEERICL > TKBERLVEV DD LRV ED, W FIVA BIESIFITA,
ﬁ?#%%ﬁ%h@ﬁFi?Aﬁm\ﬁ%éﬁm%wr%ﬁkbrﬁwanéoﬁﬁFivAé
&l IR = EEHOBREKRLICANOND,

REWEEORILL 2o o B

A RIT L, BEEEEZET MR, BRFRMEZ HZRNI EIRINTEY, v FDORBAY
BL LTSRS TWS (Group 1; IARC, 2012)  # FI U ARU I U MEEBIE, FIBA

BB|XFEIT, £, W RITAROY FIUMMEAD~DREL, BRSAKRORILENAL
DRNCEDHBEESRH b TS,

wPi9A&wwPsWAﬁmwﬁn&%mﬁbrﬁﬁﬁﬁ%wﬁMﬁﬁm EHETHD
(Buchet et al, 1990) , BREVBEICHTIREL. BLUOBEL LV TROLNL. T FIY
LrREORSENEV-—I—TH5 (ATSDR,2012) , :

%%&U?ﬁﬁ%%thwb 7 Lh~DWRABRE % 5 U= S OEFNE b OFEIE,
FIWA~OBABRBICHBLERERA (F& LTH) VA7 OEMESIFEL TS (IARC,
'ZmzNﬂ5W%)o%lliyﬁyx0amwmyfﬁUSHM(WQ)Ki@ﬁ%&éﬂfh
D, , =

& N IREFFOPDEE

HERIDAROH FIULAE~OERORBEICETIBRZESEVIEERL. BEETHD
 (Buchet et al, 1990) , BREOBRICXT 288, BUOREL~VTRO LI, Z IV
LREORZMER BT — I — TH% (ATSDR, 2012) , Ty hRU=TATOHN FI v LB
?5%<®ﬁn%ﬁﬁﬁm\%ﬁhﬁ@ﬁ%%ﬁbfm&woLtﬁof\%ﬁﬁwﬁM%ﬁ%
CRWT, 7RIV ARET 2R OREROPDEELZRET 5 & L L, ATSDROEIHFIZHE,

TEBREBIIEBAMRL 0.1 pgke® AV CRABREROPDEEZRET D, T, WHoﬁkﬂMEr“
{E0.003 mg/L & FJ& LTz (WHO, 2011) ,

PDE=0.1 pg/kg/day X 50 kg=>5.0 pg/day
MRL ODEHICHAAENTND Z &b, %Eﬁ&kowfiﬁ%b&#oto

| BT & BUBER OPDEAE

BRI U506 mykgEBICSHETFES LT v M2BMBRICEY . BRI R EE AR

7z (Prozialeck et al., 2009) , ZORBTIFE—ORAESBV bz, ZOHBETRONIER
B, REEMROCRAASA—I—%2BELDE, ZORBRDLOAELIZ0.6 mgkgThH D, &
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Fiz & 2IRBERFOPDEEDREIC Z ORBREEZ AV 2, 0, 1. 2, 4. 8, 16XIE32 umolkgDiE
fbr RIvL%Ty MR THRE LEZJIOEERRSRBICBO T, 728MOBEHIRK TER
T16 pmolkghh LD EF#E CHESNERALICIENFRD bz (Waalkes ef al.,, 1999) , FEFEALOH
SEREDS, BEHEALICERGINTEREEEDOS NI v LAEREERI btof?ﬁi@f%#éf‘bb#ﬂ?
FENTHD, ZOBRBIE, W FIVLOEFICLDIERORBELHEMBELY %ﬁué‘fab'rézi
b5, BERE HHFUCBVWTEBESNIFI-FS) 2ZBIZANT, ROESARENHETHD
ERBGIBEEL T, ERICK2BEROPDEELZUTO L S ICEET S,

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

PDE= =1.7 ng/day

BRI ARRARECREBAMEZET LTWAZ L, ROE TRECHASENRD b &5
By F4 L LUTIRE 5 28R L, b0 RIIEEESTEN LD THS, PDE [HORE
I~ LOAEL %:_mv\t_ Enb, F5 & LTHRE 10 28R L7,

'ﬂkﬂ%ﬁﬂ#@mﬂﬁ

ARITACELTEIHERERAL=y FY R 7 0.0018/pg/m® BTY 27 L1 1:100,000
ERVT, WARERFO PDE EELUTOL ) ICEHT 5 Z LB T 5,
1x107%

L FEH = =5.55X10" pg/m’
% ABREERFD PDE f T8X10° /g’ 5.55X107 pg/m

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

2zy N R T FE—FIc L D EE PDE fEIZBE L CTik. T OREIMELEFEEZER L
VY,

BEI

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

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

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

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

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

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

WHO. Cadmium in drinking water. Background document for development of WHO Guidelines for
drinking-water quality. World Health Organization. -2011;WHO/SDE/WSH/03.04/80/Rev/1.
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J A
7 1 ADOPDEME ORE :
: . s1rh (Cr)
- =38 A EHE BEIN
PDE (pg/day) 10700 - | 1070 2.9

Frifi

srh (Cr) 34 2BLRETEEL, 26D bREBVEER LD, Cr0) (RFU LR
) . Cr2t). Cr3HERUVCH(E6H)TH D, CrROIIFZICBLEZZIT 52 b, {LFESRIZBW
TETHE LTHVWLNRS, CreHIFBRALRBAFITHY ., 7 o il (Cro) RUEZ o
B (Cr,0) EEb I AbNEAR L T=F U ETHS, CGBHIE. BEPTRELEAD
NABFRETHY, 7%7%ﬁm_ighz5ﬁ$f&5°0mA®kzi 7 RUERCIEED
REOEEFIEEZ L, RARERERKE. BREFBRUHBRRES ICEET D WREERSD
% (Anderson, 1993,.1995) , EERH DS v AQFEEE LT, BHEK, ﬁ BANIIASER
R B OEHIFE O mﬁm%xana Cr(em)fifiE s LTRWON DB EERE, EELND
D7 ADOERUL., K VEEORVCH(EHDOFEEL WD L VIX, B 7 24 (Cr(0) XIXCr(3H)
DHRBIEDI D THA D, LENR-T, EEKHEANCET 5 - 0OLZLHEFMIZCIGHDEEHD
BEEFRICESCHOTH Y, C6HIXZ DFHMEN LR STV D, Cr6H)A & LT
ENBEEIIE. ZEMFTMIZIOEE (C6h) 2ELRETHD, BEAE LTEETSY
oh (FIZE, Blkrulk -7V —r, KEgbrsa s - 7Y =) i3, BENCHRMEATHNS
e, AFA FTA OBERGEHENTHD, :

BHEWEEORIL L 2o TcEME

BES5%DCr0; (7 vhd LT1468 mgkg/dayti ) # SR 2AERELET » M, BEE
BERaRRholc, KVBREDT v MIRITHBHKREGFRER (Anderson ef al,, 1997) (28T
u@ﬂebfwmgmmwwﬁﬂzrﬁ*? RO N7, 7o AOROBEREFIZELT
X, REMNRDENSEEERIIFEILTHRY, —&IIZ, 1.5 mgkg/day DCr(3+H)D#E O EE
(US EPA, 1998) &, ERE~OFEFZEICEETLI O LITTFRINR,

UEF— 5 &L a—L, BEEREIEE L, RAEEEORILL 25 BEERE LE,
#E MR EE R OPDEME. |

42%0l%%&UW%Omm@ﬁ%@tﬂj/@Q@ﬂ%7/F&U77Xu@ﬁ&%bﬁﬁﬁ%§
BAMERER (NTP, 2010) T, BAFIHEFET 27 n Al L CRBBEENHY . HOEEL
Bbh s REMBFBRIBONT, RRBRTIO0 mykeEOHEET v MIE K IREDFEI RN
Liceth, ©a ) VEEC(GHDT v hTONOAELIE, EAED0 mgkg (11.9% ; Cr & LT
10.7 mg/kg/day) T olz, ZOFRICIIARKEERRBOLNED-72Z b, RBOEE
DITFREERFTREBEL VD, £, ZORFTRIE. B U AXEWTHLOBOM (RIS
THRO LR o, EEREK (HEUICBWTERENEFI~FS) 2B5EIANT, BROB
BEEDOPDEEZLUTOL S ICEHT S,

PDE=10.7 mg/kg/day X 50 kg / (5 X 10X 1X1X1)=10.7 rﬁg/day
ESIC X A RER OPDEE

CQﬂ%*%&LT%WW&Efékéwﬁﬁgi EHBICE YRR, RYER T 005
ug/kg/day, FRATIZ 15 pghkg £72oTW5 (Moukazel, 2009) ., Zil b DIER—BHZRERZE2
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Z) LEERRS Bl BICHERRORSEROBRICK L’C) BELDZNE S P25
IiE, TR RIERBR,

su B LTI, BSBEICIED PDE EOEHOEE D X O ERRT —F B Rhol,

7 a AROERE 7 o MESYOROBREROEYZHFI RN 10%THBZ L2b (ATSDR,

2012) . ROREEFO PDE HAEEMAE 10 THRL T, BHIC X 28RO PDE EXBEH L
(3.1 EKERShTBLBY) . BESICE SRERD Y 0 AlCB+ 5#52 PDE @iuw) r
BYThHB,

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

% AR EROPDEE

Derelenko & DERBE (1999) Ti. BEACIGHRIF % 1338M (1H 65, BICSHM) TARE S

Wl oA, FRGEICBEAE (MEREE. FREE) ROMREDREERENED 5

ni, ~OEEIT_RTORERTRD LI, LOAELIX17 mgm® (3 mg Cr(3+)/m’) TH 5,

TR IREHECIGHE S v MCI3EMBRARE LR TIX, WTnBEL TbeH BRI

w&) bhiphole, ZHbDT—F BT, % ABRE COMRL 0.1 pg/m* %2 R AREREOPDEE D
FEIWCAV . (ATSDR, 2012)

PDE =0.0001 mg/m3 / 1000 L/m> X 28800 L/day=2.9 pg/day
MRLOEHIZHAAENTWD Z &b, EERBIZOWTITER LigdhoT,

BE I

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

Anderson RA. Chromium and parenteral nutrition. Nutr 1995;11(1 suppl.)583-6.

AT'SDR. 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 basxc chromium
sulfate. Toxicol Sci 1999; 52 278-88.

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

Moukarzel A. Chromium in parenteral nutrition: too little or too much. Gastroenterology 2009;137:5S18-528.

NTP. Technical report on the toxicology and carcinogenesis studies of chromium picolinate monohydrate
(CAS NO. 27882-76-4) in F344/N rats and B6C3F1 mice (feed studies). National Toxicology Program,
Public Health Service, U.S. Department of Health and Human Services. 2010;NTP TR 556.

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

- US EPA. Chromium (III), insoluble salts. Integrated Risk Information System (IRIS). 1998.
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291 b .

23V F OPDEEDHEE

_ a0 b (Cd)
&0 ' TR : BA
PDE (pg/day) 50 ‘ 5.0 , 2.9

2A,

IIHB

a5V b (Co) 1E. RARDTHET, L DFEA, BE. MERVCLRLV - EZOMDOTHE LR
ALTWD, 22UV NI, ©4 IV B2 ORFRZEBHRERTHY . ~ES/ 2 LU EREOENE
BN TRHICEERBROBROMER L LTHRET 2D, £ FOXSETRTHD, FHMLe
M, 1 BB 1 pg 02V FE2RENLEIT S (ATSDR, 2004) , B4 I Bl12 OHEIEHEA
%Pi 0.7~2.4-g/day THY (NAS, 2010) . =L k& LT 0.03~0.1 pg iZfHYST 5, b MEN

BT D EH =V N OMLEEYFRIEBRIIRE I TR, 329 MEa® BIziE, A2
Z AR IHRRAARICSONTHEE S LTRVW LR TS,

ZeRHMERLIEDIRIL & 72 > F BbE

IARC (2006) %, Hilg =SV P RO EOMOKENE Co@HEICIX, b MIX L TEBAMEDT
abrib%é J:F L7z (Group 2B) , HERBROT—#it, 7 v FPROE b TOEFERAELRAL
CHIZREINAZ EEZTRLTWS, a2 MBI, inviro DEZEFEMICE L CXBETH o 72

73§\ in vivo DRAKEREFREICE L TiIRETH oM, NTP L, ERUHO-Y XK T v b
TRBAEDORELRZIESEONZEFER LT (NTP, 2013) . & MIBITARAICL ARSI A
MHRBRTERIIB O TELT, BRAMEICE L THESATWARY (US EPA, 2000) , E R
REFROBRESEZHEACBO TR, ROLKEMESZLBRZEESBVFTRATHS (ATSDR,

2004) , E bfo):uw FNORABRZEIZ, BEEBUCARESL LTHAONTWS EE CHITHEORE
' Fﬂaﬁﬁéﬁjﬂ} M B OVl Fr 1B LT 5 (ATSDR, 2004; IARC, 2006) ,

i qui KRR DPDEE

B ORERFOPDEMEIX, AFFRERE hOT—% %gh LTW3,s 150 mgDiE k=30 %221
it MIRERDRE I EEEEICBVWTL, BHREZESEWVEMEEEX. RoEREME<T
BHotz (=L b & LTHI mgkeg/day; WHO, 2006; ATSDR, 2004) , =3 b & L T1 mg/day®
CoCl,%88~90 B A L7z & FEREZE 1061 (BHESHI, ZotEsHl) ORBRICBWTIL, FRinEke
TE XL ZF OO EITRD b7edy-> 7= (Tvermoes et al., 2014) ., FOBREFOPDEE% .
NOAEL 1 mg/day % ZEIZHRE LTz, EEAE (HEUCBWTERINZFI~F5) #EEIZANT,
EOREFOPDEEZ LT O L 5 ICEIHT 3, : '

PDE=1 mg/day / (1 X 10X2X 1 X 1)=0.05 mg/day=>50 pg/day
YUHPDEEOREICEHE MRAREZFER LD, F3& L’C{lkIEFﬁ#CZ%:@R L,
HEHIT X D RERF OPDEE

a9y MEEH~DIEFIT X 6&%5%5# WARDEEMDH BT —F i3V, 290 M RO =3

v MEABIORE ORER O EMHFI RO 18~97%TH5 (ATSDR, 2004) , i&MERE

ROEMFARARNENZ L 2ERE L., BORERO PDE EZEEMRE 10 TRUT, EHiz

X 2BRERO PDE fEZEH L Gl HIEH SN TVDELEY) , ERHICLIBERO L
(2R3 % PDEMEIZLAT D EBY TH D, *

PDE=50.pg/day / 10=5.0 pg/day
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% MR i OPDEH

.m,@:'/\ﬂ/ FEOVE DM OAKBEECORHEIX, £ FTHOBEZIIEEITHEEREH D
(Group2B) .

AR, W B RSB 1S, BRI AR IDEFTABM5%ﬁA&u%®E

T5EETH 5, _ﬁ’bl’o@'r—ﬁ?&:tfn?ﬁimlDﬁb\%@f&é&%x"onfb\é & RU%E
B oL hORBAEKRETAE FOF—FZI3R2NnZ b, 29 MCE L TR, MRLT 7
O—FESFAND I ENTERLEZONS, b MIBITBIENAY X7 ORROHEEMEE
MRL% FiV TR 72 PDEE & iE1ER—TH 5 (WHO, 2006) . BAREROPDEELZHHT 57
. B ABEOMRL 0.1 pg/m* % BV 2 (ATSDR, 2004)

PDE=0.0001 mg/ m° /1000 L/m> X 28800 L/day=2.9 pg/day .
MRLOBHIHEHFAENTND Z Eh b, EERKICOVTIIER LT,

e Z P UN

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. JARC. 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 énd elemnets.
Institute of Medicine National Academies.. Summary Tables, 2010. (available online at
http://fnic.nal.usda. goV/dietary—guidance/dietary-.reference—intakes/dri-tables; accessed May 27, 2014)

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

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

2014;99:632-646.

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

WHO. Cobalt and inorganic cobalt compounds. Concise Intemational Chemical Assessment Document.
Inter-Organization Programme for the Sound Management of Chemicals (IOMC). World Health
Organization. 2006;69.
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4
§f D PDE fHDHEEE

‘ &l (Cu) ’
: L & o HEa _ % A
PDE (ug/day) 3400 340 34
Fem

87 (Cu) X, BE—BBTRTE 11 BIHED 1 2THY, EIZ 2 >OB{LRIE, RAHERUEE
CHEES, BPETE FOWTHIZE > THLADHWEILR TH D, Hid, W<OHLDEER
BEEZ TRAXRESHEZ R L, EEREMRCHRARHICEZCEEL W5, Saw (4
ZiE, B v ABEER) 13, AKFOMROBLURBERISIZE T A : LTRAVWLRAS,

| REMEEORIL 2o BE

BR Ot MIRDEEREDH DREMT —FOREHRVE=—Iit kY, ik, FEAEOR
ARV T, HLE. FREUER Jﬁgi'@é”& i?‘TﬁufﬁﬁWﬁ)é EBRTRENRTVD
(Araya et dl., 2003) ,

% NURERES OPDEE -

TR, Ty MRS XERAWEZMBHREERS-X /Y /77— MIET3RBRREHRINLTWD
(IPCS; 1998) . T v hiX, FREUERICHTAIHEBCEAL T, ZhbD 5 bTEZERED
BEVEIWRELHB AN, T v MIZ500~8000 ppmDFRERSRTLAKFIY 2 IBEEIR S L 13RI
WBWTHE, ATEREDERK OAEEFEIC 3 5NOELIX1000 ppmTéH -7, 2000 ppmEl E
" OBREEHIIBOWTFEER OB EENERD b7, NOELIZ1000 ppm, 64 mg CuSO4/kg/day (87 &
L T17 mgkg/day) FEM T o7z, (Hébert er al, 1993; IPCS, 1998) , EEHE ((HEkl1izBW\T
EEINTFI~F5) 2EBEICANT, ﬁmﬂ%ﬁﬁ#@mﬂﬁ%ﬂ?@i5%:%&*9‘50

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

HESFHT X 2 IEEROPDEE | _

FCBTAEAME L Ea—iE, AT L SREREICROPDEEOBHOEL 25 & 5 REER
FHMEEBET DI LB TE R o, FETEEICBWTHEE S HENRRENLERIN
TEERD 5 B, b b OHELRRRIE, 30%~40%E RIS D Z LA TED (Wapnir, 1998) , FROE
HAERHE D FE O RFERF O EMZEIFI I RH0%~A0%ICBONTND Z EEBE X, BROBERO
PDEEZEEREKIOTERL T, EFIC L 2BEMOPDEEAEH Lz GIERKESHILTHSE
BY) . EHICXSRERFOHRICET 2HEPDEFEIILTO LB TH B,
PDE=3400 pg/d / 10=340 pg/day

% \Wg % R OPDEfE

WA SHISAOEECE L, AFTRETH T — &I, EH. TSR AR OMRL % 4
%Hﬁ" R+ ThHDEEZ BT (ATSDR, 2004) , ﬁmﬂ%gﬂ#man1ﬁ%ﬂkE€f§kloorﬁ%
. BABRSEROPDEEAEH L GIEKEHSATWAEERY) ,

PDE =3400 p.g/day/ 100=34 pg/day
BEH
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Araya M, Ohvares M, Plzarro F, Gonzélez M, Speisky H, Uauy R. Gastromtestmal symptoms and blood
indicators of copper load in apparently healthy adults undergomg 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 admlmstered
in drmklng water and feed to rats and mice. Fundam Appl Toxicol 1993;21:461-475.

IPCS. Copper. Env1ronmenta1 ‘Health Criteria 200. International Programme on Chemical Safety. World
Health Organization, Geneva. 1998.

Wapnir RA. Copper absorption and bioavailability. Am J Clin Nutr 1998;67(suppi):1054S-60S.
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&
& DOPDEEDOBLE
' & (Au)
2 qm| S ;A
PDE (pg/day) 134 134 1.3

& (Aw) X, EEFERUELE+] > 5H+5 ORETEEL, B I MRV 3 MOBENED
— BB TH D, TEREDIEIE, BRI, LEX> TEMENICEERD D O L I13LR
INTWRY, &%, ABERICBT 3t e LT, #HEKLET, XFEEkeEkR D LAY (22T
W LIEFRRTZ 7V, BY VEBBA AV RIET AV ThBD, Telles, 1998) DX 5 REAKETHN
bR TW3, BEIGOEDOHE—DRIRIL, Mﬁkbfmﬁmm6<5%®fb5 &(1DHEIE,
BERICBAVWLNS,

e M ETEDRIL L 72 7 Bl

S DEEDI ié:/uazmu,% 3. EOBEMERICESW TN S, BEFIATRZBEICAV LN

Bb0IE. 1 HDEANEA A VELT (AuS) LDLETHEN, £BREBFEIL TS,
== Fﬂ(@éﬁﬁ (BRFE) %, 30 mg/day T 13#E. KIZ 60 mg/day T 1B, Tz

TV a— VTREENZBE 0 FICEERIIR N0, BREEIL. 30 mg/day TERIZ24E
FITRBR & fkfe L7, m(‘&‘%ﬂﬁ#ﬁiﬂ@ﬂr& BB OB XIIFROMBBEEORILIT R, VY

< FHBESRDBRERR YA b AL - NI A=FIZBOTHLIBEOHESBD b
(Abraham and Himmel, 1997) ,

&AM ERVEEHOBHR N bOF—F BRATRETH B, &M BEEL LT,
FhzEFfEsEn7T7 v b (Payne and Saunders, 1978) Bt b (Lee et al, 1965) 2Bt 3%
Hﬁ&@ﬁﬁ’z{ A XIZBITBHEEEZME (Payne and Arena, 1978) E335H 5, LAL, bR
 MEOSAHXBERGORHB L LTIIHFEELRVWEROEEAVWTERINLTEY, L
7”\_75>0'C§<§U':P®é ROPDEEZEE HTOIC+HEEERHD D LITEZ LR,

é@@émﬁessﬂ#m PDE BERET DD, BAFICFETI LB ONAFEDEDORORE
I X B b FITEWICR T HEEED H 5 FERBRITRV, AuBHiE. LV EMENERVIEE L
Ezbh, MESCBOTRAVONRS Bl2E, ZHke) . @@HESEKICEL T, BH
N7 —2 Lz, b5 —RBRBRIZBWT, £@HEE®H [Auen)Ch] Cl (PrumxFL P
TIV—&E A FV) iX. Ty FOFBRBEOFRICE W) CEBRESEZNE Lz & L,
v U RCBWTIE 322 mgkg DAET 14 AHEEARE s, BRMEEFELSI SR &R
Ao 7~ (Ahmed et al., 2012) . ‘ '

& N RERFOPDEE

SOBREICET 3B ENICA R R ER RS Ch 5, BROSEIMEEIIEOBHD
BREOCEEETH LD, £BHEMENRE SN~ T RITRIT 2 RIT, BOREED

PDE fEDREIZBWTZATRELR LD EEL N, EERE (8 1 BV TEEBInE F1

~F5) &EEICANT, EORERO PDE EE LT O X 5 EHT 3,
PDE=32.2 mg/kg X 50 kg / (12X 10X 10 X 1 X 10)=134 pg/day

PDE{'EUD‘”""& LOAEL%:FHIJ\'CV\E) L. ROEEZAFMENTET LTHWRNWI &N, FS &
LT 10 28I LT,
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St X 5 IREH O PDE

b MIBWT, &F4 Y v =S b Y 7550 mgE BENER LR, AR AEIX95%
HcHot- (Blocka e al, 1986) o THFIZBWT, 2 mgkeZ BRNEN LizgO&FFY o=
B U A DURINERITHKIT0% Tdh o 7= (Melethil and Schoepp, 1987) . E#FERIFIRERREHNZ
L. RONEOMREROPDEEDR EICEENESICL2BRBAVDLONIZZ D, HEHIZLD
BRI OPDE(EIXR N BEERFOPDEMEICE LV,

PDE=134 pg/day
0 ABRERS (OPDEE

R ABMEERER ONENI & BRI B B BB D H 57— 2 1, WICEI B &0 BB R
DEEMITGE DS bOEEHHEELRNI D, ROBREHOPDEMEZEELRIKI0TERL T,
TR X AIREBOPDEEZEH L GIUERKERIhTWELBY) ,

PDE=134 pg/day / 100=1.34 ng/day
’ ‘N

BEIR ' | _ ' L

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

Ahmed A, Al Tamimi DM, Isab AA, Alkhayvajah AMM, Shawarby MA. Histological changes in kidney
and liver of rats due to gold (IlI) compound [Au(en)CL,]C1. PLoS ONE 2012;7(12):1-11.

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

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

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

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

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

A 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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$h > PDE {HOBEE ,
g (Pb)
238 S N
PDE (pg/day) 5.0 50 - 5.0
-

gh (Pb) IXFEHHE LTHEEME L COLEET D, — B2 2 0L e U Tid, Beleh
FEDOKBEERVBICSEORNBEENH D, BEAEEME LTX, IV YV HEIFITHDT

N AFAEGRBR T b TFZFNANH 5, AEEMEEMIL. REKFTHRDELNZHEE N,
KR OEER BB LA E LTRET S, I, b MUIHILEMICBIT 5BEmn4ey
FHIEREIZ2 (ATSDR, 2007) _ :

REPRIEDRILL 72 - T b |

b FRUBMICIV T, ~ORIEIE, i, AR, R4, S, BEREROERICE 5 R
ML XRBITIENH D, BT, SREEICTT AT, RABICBWTBRESh-
LELHELT, BEHROWNESRICBWIRES R L EICLVEY, OFEEREN 1~2
pg/dL, EWFERFIFHED 100%. IENICBRERRWVWERELEET IV I 7275 5 (US EPA,
2009) # AT, PDE EAB LN, Z0EDIZ, i%FE PDE i, BERRIC»»b ST FE—
T B -

#2 OIREERF O PDE &

BOBE®ZOE MIBWT, BBEBEEREL, o, FEEOREVEMERERR, FELMR
THENEETHDIEBELOND, EFERENLOT —FIL, 5 pug/dL RO MAEHREER, /I
R OWRATEI FAIEE ICBE L TV B FTREME 2 7RIZ LTV 5 (NTP, 2011) .

US EPA £5° /L (Integrated Exposure Uptake Biokinetic IEUBK) Model, 1994)  (W&I¥=R 100%., F0

fSrDORFEIR A2 L) XL, 0~75% (0~82 FH) D/NRIZE ST, 5 ug/day DR OEFERIIM
FRIBEE 1~2 pg/dL IZxHE3 5 &R &5 (US EPA, 2007, 2009) ,

PDE=5.0 ug/day
BESIC X 5RER O PDE E

DR OBRBREOREEIIM AP LANVZESL, L -> T, EFIC X 5BERDO PDE Eit, &
MEEEER D PDE fEIZZ LU, ' _

PDE= 5.0 vug/day
% ABREFE R D PDE {E

MO NBBEEOFEIIMF L CESL, Lo T, MARERO PDE 13, &ORE
F D PDE fEIZFE LV, »

PDE= 5.0 ug/day

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

NTP. Monograph on health effects of Low-level lead. Natlonal Tox1cology Program, U.S. Department of
Health and Human Services. 2012.

US EPA. User’s Guide for the Integrated Exposure Uptake Biokinetic Model for Lead in Children (IEUBK)
Windows. 2007.

US EPA. Integrated Exposure Uptake Biokinetic (IEUBK) Model for Lead. 1994, updated 2009.
( http://www.epa.gov/superfund//health/contaminants/lead/products.htm; Accessed March 25, 2014)
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VF A
Y 57 AOPDEEOMEE
) , VF7h (Li)
=3s! &t : N
PDE (ug/day) 560 280 125

2A,

nﬂﬂ

UYF o h (L) X, SEHOEBTICHEET D, VS E&BTHB, UFULid, BT,
XITEDOMDER L OMEET, MlEE LTHANWDLHRTWS, UFUAkEl BIIE, AFl
TAI=gAUFUL) X, AERERIZBITZREL LTHAWLATWS, UF 7 AiL, WJ

+1 OELREEDEE E L TCORFEL TV,

ﬁé‘lﬁ%@@*&m 2: o t.-ﬂi:'ﬁ'if

UF o Aidt OIBEEL LTHERAESATEY, BE, RiBkEE &Uﬁ%@ﬁ@ﬁ?orw?ﬂ“
BBV FULEOREICEATIEER b —2 0853, VFULEZRAWIERZ, U
FULABERNEZIICLD, BREAYMEMCL2BEREELZLEL TS, VT U LAOERRRIX

BEAIFIZS X 523, IEFRE 0.6~1 mmol/L IZRE XN TW5 (Grandjean and Aubry, 2009) o

R YIRS, VT U LOFEEL, BREOBRBETERLEDS, £ MNIBTFVFULE

Eix, Eio, REMERET. PRBEEET. ER/MEEETLERCEERMOY X7 LI
ELTW3S (McKnight et al,, 2012) , EHOHERARIT, 300~600mg D 1 A 3~4 EHETHD
(US FDA, 2011) ., %3 7—5”5_»1/t1~— . BERRKEIEE 2, REMEEORILE R 5EME
PRE L,

B NREROPDEE

b MCBITB Y F U AOEMRENS, Z0 PDE EOBAL LTEASRE, b MOBT 5 5EEE
VF I LDR/NEEROBETHS 300 mg (VF UL 56 mg) &AVEEEICIE. BROBERD

PDE EIXUTO X 5 ICHEHEh D,

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

= '@ PDE DR EITIE LOAEL (1B — B?&Ef%o) 13) ZRAWEZ Ehb, FSICIHEE 10 28
R,

HEHIC X 3 IREROPDEE

BHIC L BBRERFO PDE B2 RETHDICHEE 2T —F B2, L Lais, ROBRERkD
A ROFI RS 85% (Grandjean and Aubry, 2009) THB I &2 BE 2, BRORERO PDE [
ZIEFFZE 2 TRLT, BEFICL 2BERO PDE E2EHLE (6.1 HEfihTna R
D) -3 . o

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

0 AN BE R O PDEAE |
VYR E0.6XIT19 mym’ DIWEDEY F U A4~ EM, BB, 1HREMBRE L

(Johansson et al., 1988) , HFEMER OVEFHEBELAVT, REESICER Loo, Bl
&Eénto ﬁnfi%%@iiﬁiénfmxott&) B e &2 PDEE D% ﬁfumb\&nto EIE
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3 (Hf%miob\f%?éntl?wm) PEEBIZANT, RABRZFOPDEEZLLTOL S IZ
EHT 5, ' '

e g = _ 1.9 mg/m>X 6 hr/day X5 day/wk -~ 0.34 mg/m’

R RS = oA briday X Tdaywk. . 1000Lim 00034 mel
X

—HAE= 0.00034 mgftLkg 1440 L/day =122.04 pg/ke/day

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

BERR

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

Johansson A, Camner P, Curstedt T, Jarstrand C, Robertson B, Urban T Rabbit lung after inhalation of
lithium chloride. J Appl Tox1col 1988;8:373-5.

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

US FDA. Lithium carbonate product label, 2011. (available at drugs@fda; accessed May 1, 2014)
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7KER

KGR DOPDEAE D ,

' A (Hg) _
&0 S RA

PDE (ug/day) 30 3.0 | 1.2

Fed |

AR (Hp 1%, HERBEICRBWTAL M LTS, Kk, THRAR, BEKERROERKE
D 3 DO THET S, BATICEE T L REENEb®EVKEOFIRIL, ERTETHS,

L7edo T, ZOREMEFMIT, TRAKER ERKROBEELED H 5 EEFEHT —F 1K<
HbDTHD, ZOREMEFEROE & H X417 PDE EIC DWW TiE, AHEOKERIZITER Lz,

| RAMEREORIL 2o B

bt MCBWTEBKRRIRERAMEET D2 LR TT —F IR0, ﬁ{bmﬁ%@%zi/\/mzﬁé L
T, RREWICBITHRERREENYEH 5, ERPAFZME (ARC) ik, HE#KE(EHR
b MIRTBRBAMEICOVTHETERVWLDTH D L L7z (Group 3; IARC, 1997) ,

EHOKBRIL AT, BEKEE ERTEEIEVROBREROAYZENFAZEET L, MR2H
BE EeE, EMRRUOBB~OEEY NICHEERE (GERIE) LW onEx 2BEESY
BERIEEIT, EBEAEROFOEIZE L TORSELEDRILL 235X, BEHTH
5, BERKEN LIEH~OEZERIAHE SN T3 (Shimada et al., 2005) ,

R OREZEEOPDEE

T v RO U RIZBWT HgCh 2% & 2 FRES Lz, X< TS Ehiz NTP ORBRMTE
ET D, TD 5, LVFEMRERFEZFHFIEI T TVWEZ L, RO 2 £ERBRIV LA
E#AMNIE (0.312~5 mg HeClykg/5d/wk) Z & 2HEEE LT, T v MIBWT 6 & A sk
A®REE2ToRBRBPBRINE, BROBKEERD (KEICXT ) HIEER 0625
mg/kg UL EDBREFETEM L, BKILFER AT A—2OEN (FVTF=v, IVIL TS
=T I) N UVRT2F—BROTARGE VBT I VTR T7 257 —EDRD) ks
HOECRD b, YR, BEEFORLOLIIBbRd o7z, BEORALRLVE
FERE (BEPRODERED) M, BB KR 0.625 mgkeg LLEOBREHTRO LN, AFRE
IR EFIRS® (JECFA) OFHE (JECFA, 2011) IZBWTik, 6 BAMS v FRB (NTP,
1993) 2o /BONTERBICHTTLHEELE (EEHEM) ZEIZ, BMDL, & L TKE 0.06
mg/kg/day (B 5 BEIOBRENLFBENTWND) BNEIHIN, BERE ((HE 11280 T

EBLRINIZFI~F5) ZRWT, EORERO PDEEZUTOL S IZEHT 5, '

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

6% A MRBR R O2FEMRBRICK T 2 REARCOFTRIEERbOLIZB L bNARNo7 2 L
by FA%1& L, £7-. BMDL|(#’NOAEL& E X 5155 (Sargent ef al., 2013) Z &5 5., F5%1
L L7, ; : :

BT L 2R &R OPDEfE

BERIT. ERKEOROEYFOFIAENI0~30%DEFANICHD Z EETRELTNS

(ATSDR, 1999) . L7z#->T, EOREFRFOPDEEEIEEMRKLIOTHRL T, EHIC L HRER
OPDEEA#EHH L7z GIEICEHINL WD EED) ,
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PDE=30 ug/day / 10=3.0 pg/day
W’ A\BRg&HF D PDE B

PRITEISEMZEN E FRABRBERZICBIT AR DBRZMLAFVIHMEEZECTHLEBLXOND T L

M, ZEEE TWA BEOHEMN 14~20 pgm® OEERBEICKITIFERETRERLTVS (US

EPA, 1995; EU SCOEL, 2007) , fﬁﬂl:ﬁﬂn_%b‘éﬁw;%)ﬁkfﬂﬂ;%ﬁ (14 pg/m’®) TOERITENER
EEBOEFEE (Ngim ef al, 1992) WEZ TWA JBE% LOAEL & LTEBRTOIMERHDHI L 2

/Tl,m\b EIERE (8 1 L:Jbb\f%éént FI~F5) #EE/Ic AT, tHEASEERIC

TS EHRMABRE SR, RAREREOPDEELZLUTOLSICEHT S,

. . _ 14 pg/m’ X8 hr/day X 6 day/wk  _ 4ugm®

BRI 24 hriday X7 day/wk 1000 Lim®~ — 0-004ne/l
X

—pAE= 2% “g’LSO 132800 LIy —2 30 ug/ke/day

PDE=2.30 pg/kgX 50 kg / (1X 10X 1X1X 10)=12 pg/day

PDE fEDEEIZ LOAEL # AW Z L2, IREKZ2BH L CKENMICEEEBT T4 5 AR
SNTHEEIZANT, F5 & UTHE 10 2&R L7,

BEIW

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.

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

NTP. Technical report on the toxicology and carcinbgenesis studies of mercuric chloride (CAS No. 7487-

94-7) in F344 rats and B6C3F1 mice (gavage studies). National Toxicology Program, Public Health Service,

. U.S. Department of Health and Human Services, Research Triangle Park, NC. 1993;NTP TR 408.

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

Shimada A, Nagayama Y, Morita T et al. Localization and role of metallothioneins in the olfactory pé,thway
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 Systém (IRIS).
1995. '
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EYTTF v
EY 75 OPDEEOHE '
=Y 75 (Mo)
&0 B ‘A
PDE (ug/day) 3400 1700 11

20
i

FYFF (Mo) OEREEIZ+E RU+6 T, X7 =4V EOBEREL— KN TH D,
Y FFL O BB, HEPRORKZATTIITY 7 FUEBA A (MoO) THY, K|
NH, RO} Ca¥* & W o T2 RIBA F 0 L AIEEDILEE R T 5, £V 77 Uid, TEP T
Bx IREECIEIE L., FOEEIL 0.1~10 mgkg TH D, MoO, KT MoS, 1I/AKIZEEIT 2V, EF3,
AR R OCRETCBESFET 5, T 77 LEW (BIZE, Bi-Mo, Fe-Mo, B{LEV 7
FUROEY 7T UEEE) 13, ARERICBVTHMEL LTHANLATYS,

FYFFURMELETHY . BRAHELROEEMEIT, LR T 100 pg/day, mkfem )
pg/day T 5 (EC Scientific Committee on Food, 2000) , €V 77 > RZIEDFKHIL, KT, Bl ( D
RuEspEE  SiE, FIRROEMER CH Y, MIFPAF4I = BEOEME L Vo fokke R4S
BBEZRMEY, -, B0 —BEREZT CVAEHBEICRBVTIE, MIETOREBRRENZ
lf*ﬁﬂjﬁﬁﬁﬂiﬁﬁ'@&ot J:ﬁ?c;ﬂ:u:é nLTW5 (Abumrad ef al, 1981) .

fé’f&%ﬁ% DR L 72 o T FtE

, _&m%&Lf®%)77/ XEREME TR S 207 (NTP, ww) Fio, AT U FEMA

REEBERZEH RIVM) & X 250X, %J77/iﬁﬁﬁﬁ%xé&waﬁ L7 (RIVM,
2001) , IARC XiZ US EPA W2 X BRBAEOTEMITLTVARY, ROREEOTY) 75
DEMEIIE, Y TFURERARE SN~ 7 RCBIT BRBAMEDTIANL >h b5, F
BADTREMEE., ZORERKICEL T, RbARELFEENEEROH FTMEHFETHD LE
Z BT, : :

R ORER O PDE 1

Sy MIBAREINFEREY T UBT NI U LAOESEEZFAE L, GLP HA&D 90 BHEE
MRERIT, TV T L LT 60 mgkg/day DEEGEICKITHKE, KEHEMNE, FEHEHE, —8
DHEEER EHEERVEEINTHHENER) RUBOREMAMFATR (M 2 EOEMRE
WIS DEREE /e OVE AMEDBER) ~DIER & Vo BEFZHA LML (Murray ef al, 2014) ,
S v MBI 2BERDEZERE. 60 EFﬁwlﬁlﬁﬁ;ﬁFaﬁ%T?'ﬁ CHEREIIR &bammoto E
FERRE. MAMXIIRFICET /37 A— 2 ~DEEREBIRD NN oT, TEDLIX

HERD NOAEL WEY FFr L LT 17 mgkg/day TH 3 &ﬁ LTW3, ZOAEICBWT, %&
BB OREICEE LEEHIIR O ol, BEREK ((FE 1 ICBWTEBZSh FI~F5)
ZEAWT, BOREEFO PDEHIZUTOL 212725,

(L

PDE=17 mg/kg X 50 kg / (5 X 10 X 5X 1 X 1)=3.4 mg/day=3400 pg/day
ERC & 2BRER O PDE E

Vyskocil BT Viau DFE (1999) 2B W T, ROBRFEEFDO L b TOEYFERIFIFEIL 28~77% -
DEEH Tho Tt BEIN TV, NMmdB(m%)ﬂ FY FTORRITEREBETH
0% Tih-oT= BELTWS, LEd-> T, EFICL 2RERFD PDE EiX, EEMAE2 THRLE
bDLied G1EIZERSNTVDEREY) :
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PDE= 3400 pg/day / 2=1700 pg/day
R AREERE O PDE &

HEME~ 7 RIZBWTRABRESNZ=ZBEE) 7T VISR BAMENRD b (NTP, 1997) | iF
WOBELSTTIE, FU T UBINAT T AREDEY FF U BEHN e M xTL'C%ﬁeré%?ﬁ#

HAREMEERE LTV D (NAS, 2000) , M~ RICBITDRE/ BAOREET—F (FFE)
(0. 10, 30 BT* 100 mg/m’ BREEEEZISVTEILER 3/50, 6/50, 8/49 1N 15/49) % FVNCHEMR
NEEITHTODET YV VIRERENTZEZA, MBADZ=y M) 27T 2.6x10°ug/m® k&
TTHD (NAS, 2000) , 1:100000 DY R T L_)LZ2FAWT, RABRZEFEO PDEEZUTO LS
ICEHT 5,

1X10°
2.6 X107 jug/m’

W ABRERED PDE = =0.38 ug/m’

PDE=0.38 jig/m® / 1000 L/m® X 28800 L/day=10.9 ig/day

o=y NYRZT7T 7R —FIZ XV EEHT PDE EICEAL TR, CORBICEEREKEZER LR
AV '

& 3R

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.

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

Miller RF, Price NO, Engel RW. Added dletary inorganic sulfate and its effect upon rats fed molybdenum.
J Nutr 1956;60(4):539-47.

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

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)

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.

RIVM. RIVM Report 71 1701025: Re-evaluation of human-toxicological maximum permissible risk levels.
Ruksinstutuut Voor Volksgezondheld En Milieu (National Institute of Public Health and the Env1ronment)
2001

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.

Vyskocil A, Viau C. Assessment of molybdenum toxicity in humans. J Appl Toxicol 1999;19:185-192.
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=
= v iV OPDEEDOBEE
‘ =y & (Ni)
o eis) ‘ A
PDE (p.g/day) 220 22 6.0
P

:97W(m)ﬁ\%10ﬁ®%—%%ﬁ$1%6 =y Ak 0, +1, +2 RU+3 ORR{LIRGR
CEET B MR D B2, E-2BLREIIR THhb, =y rivid, HxREMFETER
RICEETAEETH D, —BHITIE, =y Z U EEMITABEICESWTHESh, Bll=y

T, RBE= VR OWEER= /7/1/<‘: Wo lrKEER L Y BV =y S bEWIL, Blbk=y 7
AR OERL= 7V E Vo KB EDEVEA IR TEEREWEMICH S (ATSDR,
2005) , = v 7/ViE, b N TIEERFMICSHEATIIRVY, BTH=y FVRRBFAERES
BB d - enbd, 2o T A—TAI=ULEELE LTO=y I, KBIERISICRIT S
fi > LCHEWLR TS, EEEEARABOHMIZAVONIAT VY VAHIE, 7 ulbed
DHER—ZDELETH Y, 1%RBE~38%D=y T EBRIEHELTEALTWIHERHD

(Stockmann-Juvala et al., 2013; NTP, 2006) = NO— BEREL 100~300 pg/day OEEEHIC

7% (USEPA, 1996) ,
FAMEIEDRILL 2o e B

=o ik, BEEEEETHE, EERREMEEL b2V (IARC 2012) , BOBRERO =y TV
HORENAMEETRET S DI (Heim ef al., 2007) . FoEEEA NN OO RARE
REMCBUNT, HOZ A 7L - CHIEBEDHEMA H -7 (ATSDR, 2005; EU EFSA, 2005) . US
EPA 1X= v 7 VIESZ 2 N DRMB AT+ H D L L7z (US EPA, 2012) o =v 7
JUBSER A 2 N LIRS, =y AR EUERT v VAROABEICED S EEEICB VT,
ﬁhyzﬁ@ﬁ%&EMﬁ%an&#ot(Ammgmw)o:y#w@?&fwﬁﬁ%—%
LT. IARC (2012) iZ. =y &t FORBAMEME (Groupl) LHELTWD,

bt FRUBIICEN TR, =y X VOREROTERIZ. BR. AEROEOICLER R~
HEREBLEESRITIERDD, b MI, —IC, =y FABNEEERHIICORE D ElT D
L. oo VITBIESNBD L D ITRR B, tb@?w&m\&mw;a:y&w@$~m%®ﬁm
BN, = v INMCBESRTEE FCHEEAEZFER LI D EERLTWS (Nielsen et al,
1999) . = A AOFEEEEORAOSRABOEHIZBWTIX (US EPA, 1996) . =y 7 /v
FEOE MIZBEIN TV, BHERAREIL. tF&Uﬁ%k%k%&U%W@ﬁﬁk“ot
HERTE A ULTREERD Y, [EXK. WEIE, BHUER OBSRERES = v 7V ORE
TRUSEELEE TRESNLTND (ATSDR 2005) . FIEAME NiSO, 285 3hiz7 v P TRA
UTe REMMRLEIL. RAENIO 2RESNTZT v I\T%E L72RREE & BT FEMERTICIEER
BLLTWBHDTHo M, I VEEEDENSDTH o7 (Benson, 1995) , =y FIDOEHE
WX, b &Y E%ﬁl&:%ﬁﬂéhé—ﬁ*&@ﬁ/ﬁq IBWT, Lo b boLtBbhd
(Schaumlsffel, 2012) .

2 IR S OPDEE

10, 30321350 me/kg/day CHilt= v X VAKFPERE SNIZT v MTBT D2ERM OIS AAMER
BT, WRPEOBREICEE LZERIIRD bahof, £REHOEIZENT, RER0
~4%ﬁf@%t4_\ﬁs&%ﬁ%—ﬁm%%ﬁﬁb\it\wmk%t&ﬁﬁumaﬁwwi
CREERERZBAORHY . BB, 30X D50 mg/kg/dayi® 5 CHE Th o7z (Heim et al,
2007) ., LOAEL 10 mg/kg/day (._ vl LT22 mgkg/day) 2V, BERE (F&LIZBW
f%ﬁéntm~ﬁ)%%€_Anf B OREROPDEEIIUTOLEBY TH D,
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PDE=2.2 mg/kg/day X 50 kg / (5 X 10X 1X 1 X 10)=0.22 mg/day =220 ug/day
W PDEE DEREIZLOAELZ AW =2 &b, F5E L'C{:%#cm%@#i L7,

EHIC XS ﬂ%ﬁﬂ#ommﬁ

RER= 7 VENLEZR W PORBRAEREIL. BAOBRINERED 29~40%1 RN Eh
5 (EFEBHEET —FICESE) LHETDH LD THoT- (Patriarca et al, 1997) , =y 7LD
RIICKT T A REOEELTIMT 25 1 2ORRBRICBWTIE, RERED 2~B3%NRIN S
7~ (Nielsen et al., 1999) , L7 o> T, =y FVEROKEH= v F N LEMOREORERO LY
FRAAESRENZOOTH LT L 2BEE X, RABRERO PDE EZELHRE 10 TRL T,
HEHIZX 5&%@5&?0) PDE {LE%::%Z& L7z GlERZE#HIhTWwsERD),

PDE=220 ug/‘day/ 10=22 pg/day
W% ABREERE DO PDEAE

Wk ABRZEEFOPDEEOEHIZBE L ik, FIATRERT—2056, BEEDOH D= v 7 L OEN
BRaNnT=, Blb=y 7 VERWERORERTIL, NA XX — (Wehner ef al, 1984) Xit~
7 A (NTP, 2006) [ZFEEIIBO LRI oT-, T v b TIERESAMIZET BV O 0ZELAS
HoTeh (NTP, 2006) \ @B =y VOB ARE TIIREBAMEDIEIITR D> 7= (Oller ef al,
2008) , BMABFIFIZHFEL 5 BBERVED= v F VIR B AL R L THRVD T,
=y ML TER, BERET e —Fl3RTANS LB TE b0 EEL LN, EER
¥} O(HEUCBWTEEINEFI~FS) 2ZEICANT, 7y FRBRIZBITS =y 7 /LONOAEL
0.5mg/m’ % FiZ. BMAREROPDEEZLTOL ) ICEH LK,

v i e 0.5 mg/m® X6 hriday X 5 daywk _ 0.089 mg/m®
ERRERE = 24 tafday X7 vk = o000 Lym® - 0-000089 mg/L
- 0.000089 mg/L X290 L/day ~ _
— = =0.060 mg/kg/d
HAR 0425 kg mg/kg/day

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

HEHREEDBRED = » &7 VIEHFIZ ﬁéﬂéT%ﬁ#%é L. RUOTRTOBED= v 4
N DR NRES OFERGHEORE CAICKENRD b2 L b, Fak LTHREIOEBIR L
7o

BEYH

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

. Benson J, Chang I-Y, Cheny YS, Hahn FF , Kennedy CH, et al. Fundam Appl Toxicol 1995;28:232-244.

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 carc1nogen1c1ty 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
Fischer 344 rats. Toxicol Sci 2007;224:126-37.

IARC. Aisémc 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.

Nielsen GD,-Szderbérg U, Jorgensen PJ, Templeton DM, Rasmussen SN, Andersen KE, et al. Absorption
and retention of nickel from drinking water in relation to food intake and nickel sensitivity. Toxicol Appl
Pharmacol 1999;154:67-75.

NTP. Toxicology and carcinogenesis studies of nickel oxide (CAS NO. 1313-99-1) in F344/N rats and
B6C3F; mice (inhalation studies). National Toxicology Program, U.S. Department of Health and Human
Services. 2006; Technical Report Series No. 451. .

Oller AR, Kirkpatrick DT, Radovsky A, Bates HK. Inhalation carcinogenfcity study with nickel metal
powder in Wistar rats. Toxicol Appl Pharmacol 2008;233:262-75.

Ottolenghi AD, Haseman JK, Payne WW, Falk HL, MacFarland HN, et al; Inhalation studies of nickel
sulfide in pulmonary carcinogenesis of rats. J Natl Cancer Inst 1974;54:1165-72.
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J Clin Nutr 1997 66:616-21.

Schaumloffel D. Nickel species: ana1y51s and toxic effects. J Trace Elements Med Biol 2012;26:1-6.

Stockmann-Juvala H, Hedberg Y, Dhinsa NK, Griffiths DR, Brooks PN, Zitting A, Odnevall Wallinder, I
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Toxicol 2013;32(11):1137-1154.

US EPA. Nickel, soluble salts (CASRN various). Integrated Risk Information Systeirl (IRIS). 1996.
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AV AVA/ N

X5 D7 AOPDEMEDOHEE

NFVy L (Pd) _
= B ‘A
PDE (ug/day) 100 - 10 1.0

- FFim
RIZVUL (PA) 1T, EOMOBEKRERR =y 7V EEULTEY, o, EEFELTWS,

- HHATREEOHIERTRTH S, X7V U AE, PA0) (£B) . PACHRT PdAHD 3

DOFETHEET D, NI VUV AIERERLEMETRR LB DA, RILSHD 5> HEERN AN
AODNDEBDIXIELEA LR, RTPUL (BFReRXFELT) 1%, ABEIKIZRIT 5l
ELTHWONRTWS, RIVYLAERIT. REPIZBWTRETHY, EXRUHEBELZRIZ
EAEDORET L BERICHX 5,

RAPEERORILL 12 > T

10, 1001250 ng/mLD/RT T LEEKEE LZHET v FOWHBRRT, N5 AT, &
WERT 52, FFiE. B, BEBIIFICRERBLRVW I EBRRWESRE, ML, £t L’C
BEFRALELDTHS (lavicoli ef al, 2010) , $EL /3T D7 MEAWIZ DOV T OME X
LM 2 AV izin ViroBERFEMRBRDOWL 9 (RXIF7RAEFAVWEZT—ARRER, X
JBEZAVSOSZ BET A b, b MU U AEERWE/IERR) X, REOKRELELE
(IPCS, 2002; Kielhom ef al., 2002) , ¥EF—F %L Ea—L, BERBEEE X, REMERE
DIRHL L 72 A EME R FFE Lf:o,

B ORERFOPDEE

WL ONDOEHBMRBAER S, T VT AEOBENER RN AMEDER ST T3,

LnL, ABE T, BFOTA FIA Vit TER SN EHEEHRBRITR V., AFRER
F—HF X, T VU ADONOAELH0.8~1.5 mg/ke/day DEFIZH D ATREMEZ TR LTV 5, Bk
HOEA T VT L@HENRT VUL E LTHLL mgkgdayD B TRET 5~ U RDOEERR
I L SIS ONDERRTOT I u s FERREOFERHMELRD, £7-. HEICHREM
Bl 2RO, HETIZR RIS 258D 2255 7= (Schroeder and Mitchner, 1971; IPCS, 2002) , =
DOREIL, BBRADOFRBIEICR D FTHERE L RET 2 KEEEA TR, %’n%‘%ﬁﬁﬁ@?*)ﬁ% v
(HMEEE LV, MEROBERERD 7~ b, BRI L CERICME LR 58 13,
ERADFEMEEZFMT 2 L COYUKRART — & OFIRIXRE S iz, BIERE (&R
TEEINTFFI~F5) Z#ERICAILT, LOEL 1.2 mgkg/day%% . TRRRERFOPDEME L LT
DESICEHT D,

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

W PDEEDEHICLOELEZ AV e Z &hh, FS& UTHRESEBIR LT,

TS & 5RER OPDEfE

RIPYLMCETAIEEME LV 2 —iT, BFICL2BRERKICED PDE HEOEHSME&H
BERFEFAZEETD LB TERD oM, BILIT VU AR (PACL) X, BN BRINE
iz v (FIERRO#ES 3~4 BRIZBWT, 7y MRECTHED 0.5%KMH, FAHT v FTH

5%) . [RENBEEIIRRABREEZT727 v MRENICB T 2RI/ FERITEL, &5 40 B
BORBRIIBWT, ESNZHAED S b, [ENRE T 5%, FHIRNERET 20%03LFIc&
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& Tz (IPCS, 2002) , ROBREBEDNRS DY AOEYZHFIHERRENRLDOTH D

L RECE X BRORERFO PDE EEIEEMREL 10 'CIS,%I,T TSI L 5IRERF O PDE (2 E |

WL 3.1 JE%J?S#’L'CI«\ZD LBY) ,
PDE=100 ug/day/ 10=10 pg/day

% AR 8RR OPDEMHE

NGO AT BT RRARET —F TR, Ltmor fxmﬂ%sﬂsﬂ#ODPDEﬁ%ﬂXIEf%#c
100 T LT, BABRZFOPDEEAEH L GUHEICEROLBY) .

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

BEIHR

Iavicoli 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. Intematlonal Programme on Chemical Safety. World
Health Organization, Geneva. 2002.

Kielhom J, Melver C,'Keller D, Mangelsdorf I. Pallédium — a review of exposure and effécts to human
health. Int J Hyg Environ Health 2002;205:417-432.

Schroeder HA, Mitchener M. Scandium, chromium (VI), gallium, yttrium, rhodium, palladium, indium in
mice: Effects on growth and life span. J Nutr 1971;101:1431-8.
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H&
BH&DOPDEEOHE
H& (P
g i ‘A
PDE (pg/day) .| 108 10.8 1.4

=,

i)

B4 (P) 13, BEEBBRIOERDOTETH D, NTVTA, FAIVAL, BY UL LT

CZUARGA Y P LRE THEETE] Nk I75F /4 F] LEHESNIEETEDOE

HLEWVWODITRENDH T, HERRLVEETHD, €BHALIE, ZLOBILELRKIER DK

SEMET LD THIILERREINTEY, BEOXEREEMRIIMETH D, 58k

W2 EUHMTHDIN, RERBREREZRTEESEENMLNA TS, PIRHIX4ELIOT

I TA VP 0T EEET B, RO —RRPANBIEIX, T N7 nnBeRRA AU RO
AFY I o TEHEBA A DX S R uu AEBIEETH D,

Sz bEREYEDIRIL b 7 o 7o ik

BRI & LCHEE L S BB AR UE S A MO RN AICE L ORI W2 5
By — #1372, BEENT —FIIREIN T3 (USEPA, 2009) .

HE&DE MR, ASICBEELZBEEDERTHY, FAFHELOKERBEFEETH S
(US EPA, 2009) . @BUEIT. D72< & bRARKIC L BB SHRE~DREICEL TIX, &
LEEARFMEETHDHEEZDLND, BEL LTI, CAESE., BEMEERETCII Lok,
BEINROGFT /) —ENLERECWHE L& T2 FRBEENZTONS (IPCS, 1991) , E
ROEIEICIE, BEOBEENSED TH -7 (Merget et al., 2001) , FHEDEER O v 7 L {LED
MFEEERWERIT, TvAFritdzgEsnbnt EBbhs (US EPA, 2009; EU SCOEL,
2011) , WEUED Y X713, BRAEAEL CICERZEOEROHIM (IPCS, 1991; US EPA, 2009; Arts
et al., 2006) . " (US EPA, 2009; Merget et al., 2000; Caverley et al., 1995) \ZBE L= D Th
HrEZOND, ¥ET—FELa—L, BERKEEE 2. REMEEORILE 58 Y
BE LT, '

#& N IRER OPDEfE

PiCl, (BLERROETIZS WE) RUPICL (FIEMEDER) Z4ERIRERSTIHET v P ORERIC
BWT, PICLIZEAL T, MKRFEN/ T A —F RUBRKREMFEHRT A —F~OEEBIIFED L
iphol, BRINTCESAETH BES50 mg/fAkkg% PICL OB T4BM B 5 S hiz8iic
BWTIE, M7 L7 F=r oMt ic~~ b7 U v PRUFRIMER (T 2 —Z O353R 5
Nz, WThOMEBIZELTH, ThEESINZBMOEBT., FICBRFTOAESBEN
L7z (Reichlmayr-Lais et al., 1992) , ZORBRIZBWTHESLAHOEREBRMN TH -7
BCEESBD LN LD, TORRBEZPDEEDOREICHA W, BERE ((HEklick
WTERINFI~FS) #ZEIZALT, B& L LTONOAEL 10 mg/fiktkg Q8RAMICH=»" -
TAE4.1 mgD AEBRER SN, 0.146 mg/day) #Eic, BOBERFOPDEMEE*EH TS, Uik
7 v FOEER, RERBAAKII3S g TH Y, REREE L TOVHEEREMEL23S5 gTholz, F
BIRE 135 g2 ¥EHHEICAWE, .

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

HEHIC L 2 IRERFOPDEE
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BEIET A RS L B a—it, BEHRERKICE S AEEEEIC OV TOMESREN 2D
ThBETEEHALMNCLE, AEEOROKIL. Ty FTiED TELS (EBRRAIKRSOHE
ICIE1%3REE) . B R TIRLVE (BEHPID42~60%, US EPA, 2009) , L7zd3o T, AR
ERSOPDEME R8I0 TR L T, EHIC L 2BRBEFFOPDEEZRD S GURICEH ATV L
BY) ., , '

PDE =108 pg/day / 10=10.8 pg/day
%ﬁ)\ﬂ%ﬁﬂ#@mﬁﬁ

ﬁﬁﬁ;’%ﬂ //\—‘5’Lk”éﬁﬂ:ﬁ%@iﬁ@ﬁ}ﬂ@t [ %%EUD@J%?&E& (Biagini et al., 1983) &
Vg BE (Pepys ef al., 1972; Pickering, 1972; Merget et al., 2000; Cristaudo et al., 2007) E S

nTna, if:\ US EPA (1977; 2009) RUBMOBERERFCETOIMREZRS (EU |

SCOEL, 2011) i, B{EZBSE 2 L ReBEEOREMETE L. EMII@H&'%B%EEBEE%
B AR E 84 (EU SCOEL) i, BN HEBRICE L THRELOREELRETDIC

F B R ZARWRF 5T B & ek LTz, US Dol (2013) IXFIEHEREEIC Eé#éﬁ%%k@ﬁ&
CEEER2 pgm IR ELTVS, EERE RISV TEESNFI~FS) 2BRICANT,
EABREROPDEEZLLTOX S ICEHT 5, . :

\ 2 ug/m® X 8 hr/day X 5 day/wk 0.48 pg/m’® |
’?’ = == =
RS | 24 hriday X 7 day/wk 1000 L/m® 0.00048 pe/L
X ‘ ’
amg— 00008 ug/SLO k;ssoo LY _ 07 uokefday

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

BE T

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. '

Biagini RE, Moorman WJ, Smith RJ, Lewis TR, Bemstein IL. Pulmonary hyperreact1v1ty in cynomolgus
mornkeys (Macaca fasicularis) from nose-only inhalation exposure to disodium hexachloroplatinate,
Na,PtClg. Toxicol Appl Pharmacol 1983 69:377-84.

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.

Cristaudo A, Picardo M, Petrucci F, Forte G, Violante N, Senofonte O, Alimonti A. Clinical and
allergological biomonitoring of occupatlonal hypersensitivity to platmum group elements. Anal Lett

2007;40:3343-59.

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.

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

Merget R; Kulzer R; Dierkes-Globisch A, Breitstadt R, Gebler A, Kmfﬂ(a A, Artelt S, Koemg HP, Alt F,

Vormberg 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.
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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 2001;107:707-12. :

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

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

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

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

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

Us EPA Tox1colog1ca1 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
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A&k
45 % OPDEEOEE |
AV A (Ir)  FARAITA (Os) gdwA (Rh) . »7=7UA, (Ru)
K3 S | BRA
PDE (ng/day) 100 - 10 ‘ 1.0
Fm

AéETE (PGE) 5 bAESRD (A& XV FEEENT — 2 BORVR) RZ Py LLSHO
SEEOBMENT —FIIBRE SN TV D, PGE IIxd DREEMREIL. ﬂ%ﬂﬂ%ﬁféﬂk&zﬁﬁﬁmﬁ&’
EAERE S BEELSIER T e85 S (Goossens et al, 2011) , WL DD HEKRTRIC

+ A &M LDy EAFIAFRETH I, ZOFEHRIT PDE EOREICITHHTIEZRL, &Y Eﬂ;ﬁ@
B RBIC OV CITFIHTE RV, < & bEBOBEEICAV LIS HEEITIL. RuO,

13050, £V bIRAREREAITHD EE X HD (Gaylarde and Sarkany, 1968; Swartzendruber ef al.,

1995) , PGE DR[IAMEHEIL, @B L LTHNH% PGE LV bEESBNBODO X S ITEDOND
(Wiseman and Zereini, 2009) , _

PGE OEMICET 3BHEATE L TVWA D L REE 2, +_RCORERKIZHETS PDE fEix
C FORSFART Fu—F L LT, AL TR TP U AD PDE EICESS DL L'Cb\é
PGE | %?55&6%71?%@%#&ilyl—FUDk%D’Cébé

g2 S VEET
AVDTA, ARITA OPULARUNT = ?Awﬁéﬁk@T6A%Tw5m@bTm&w
e AYTTA
o Sy FEMIEHIAEENA Y TAGHATISE EBIC 24 BFEEEL, 2 Ay
R o BAICBWTHIELRZE ZA, Y VU AZRAMBIRO—4H DNA GIETZ
ER LT, 2 BEEE TIE—A¢E DNA IR ool (Iawcoh et al,
2012)
o %ﬁ%ﬁﬁ?étb\Wmm?ybﬁﬁ\ﬁMJJVWA@ﬂ*ﬁ%(4)V
WA&LTO\QMROM%L%95&U19Mww)%905%%*E5éﬂt
(lavicoli et al., 2011) , 0.19 pg/day A EOBEGHICBNWTEEEZTRTOH 0
BN OmboR, T ORBRITEORERO PDE EOREICHLR DO TR
Mo, , .

e FRARI WA

o DUEMEA A I ™ AXAKICHE VET RV (Luttrell and Giles, 2007) . &BAAI

U AITEEEH L T2 (McLaughlin et al., 1946) .
o WHEMLAR IV ARESROBFICANDATND, HEEAFZI T A (0sO)

i, BRE LT, BEEORES. B, £, BROKECHT 08, M, BE.

vﬁﬁ&v%mw%i%a%ﬁ L %% (USDoL, 1978; Luttrell and Giles, 2007) .
o m@mfx A (XA 7Akbf)®4@%§mﬂ(mmimmpiomz
mg/m’ TH5 (USDoL, 2013)

. D/?.L\
o RhODHE (KthCls (NH4)3RhC15) j:Z\X %7X%TE{E-@:t¢%T L= (Bunger

et al, 1996) ., ZDRBRIZBWVTC, HMRBERVEFEEICEL To AV > O
ST AMBELLTEY ., BELV LEERAMLRVBOLOTHo, Ty MR

HFMBEAZEL e YT AGHAKFIHE & bIC2RER T4 MEERL, = Ay F
T yBAIBWTRIELLL S, v YU ATFEMERO—AHDNAGIKT ZFH 5 L
7= (lavicoli e al., 2012) . RhClLiZ., t kU »(BkZEAW/MEIRR CREEESL
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AL, HILERFODNABE (2 Ay b7 vEA) #HEMEI T (Migliore ef al.,
2002) .

o WURIEMR DY LAEBRETIHEERBAMENSAAFT v BAIZBNTIE, Kk
B5 ppmDAE T, MRBFHICHSNTLEBYHOBEREEOEMBRD b,
/\°-3~‘/“7M:§E{£lbm\57ﬁ BB T BHEVICHLREMNR LD TH
B, BRAEIZONWTORKHRERDDIZ LIEXTER N (Schroeder and
Mitchener, 1971) . ‘

o mYUA (Rh& L'C) NEBE = — LR UREELEWDPEL TWA 0.1 mg/m’
T D, RuDTEME(LEMDPEL TWAIX0.001 mg/m*TH % (US DoL, 2013) .

o JNT =N
o WL ODODORugEEiX, RXIF 7 AETAISKR K U TAI00RIZ BT Din vitros RS
ﬁ:T“’C“ BEBHEISZ5] & & 29 (Monti-Bragadin ef al, 1975; Yasbin et al.,
*1980; Benkli ef al., 2009) , ,
VT =T ADR D%@Hﬂ?@ FUTIHEL Y (194%) o BRI & B IREER O YA 1
“200BRITH B, BROBRINIZLT =T A{BA%@\ BIZFEE T 5 (Furchner et
al, 1971) ,

SEIM

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

Biinger J, Stork J, Stalder K. Cyto- and genotoxic effects of coordination complexes of platinum, palladlum
and rhodium in v1tro Int Arch Occup Environ Health 1996 ;69(1):33-38.

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

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

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

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

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

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

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

Migliore L, Frenzilli G, Nesti C, et al. Cytogenic and oxidative damage induced in human lymphocytes by
platinum, rhodium and palladium compounds. Mutagenesis 2002;17:41 1-417.’

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

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

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

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

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

Yasbin RE, Matthews CR, Clarke MJ. Mutagenic and toxic effects of ruthenium. Chem Biol Interact
1980:31:355-365. . :
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ELv
+ L > OPDEE DOHFE
- Ly (Se)
' o HEH | B
PDE (pg/day)- 170 85 : 135
Frifi

LYy (Se) IE, HERPICHFELTRY, MESEIEVEMAS A LELIESD S, EL VT,
4DDBLIREE (2, 0, +4, +6) ZRA T EHNARTHY, &BELVY, HELVVBEROE
V/@ﬁ&wot§<®%?rébé FLUE, B FEEDRZELOBICE > THADHETE
ThbH, BlLit, BREOLREV VAT A URNARREI DV RN BIZBYIAENRS, LY
X, TARBEICRBWTHEL LTHANWSLNT WS, RuSefliifik, BERTICHAVWLRS, 7
Y= L URBBERVTAFLE L CRER, FEEGRICBO TR REGREZ b2,

BRMEIEDRIL L 12 - 7= FHiE

E L ik, IARCIZE D I —73{bE M (A iLowTAﬁT%&w)&Lf)x%%ﬁé
iz (1987) o BMICEBWTENBAMR S S Z ENRREINTWEIME—DE L IALEWIX. Bkt
VV?%%(NWJ%@ US EPAIZ L B &, FifbE LU —7B2 (B MIR L TEBAM

BN H D) FizdH B (US EPA, 2002) , oL iAbE8IL. 7 1—7D (k& brw%#
/Vré ~_OI/"C SERTERW) J\ﬁénﬂ\é

EMCRNTE LU ~OBRRECRD b3 &b EEABER. RECHT 2E8E o R
EHTRURE L Wo R ENEEL -2 EETHEVUCPEETHS (ATSDR, 2003) ,
ARETOBREOE L KT IRBICEL T O DBARH D, ELUICHT I RERE
 BEIRT B0, Hx 2R, MAELBEZ400 pg/dayiZRELTWS (WHO, 2011) ., 518
Waeir, FRAMELTOZBLEL Y UITHEE LUV ICBERE LR OE, SEEOHORIE
., [RETTEEL I & W o R ERR I A EBIZ OV TR TN S, BEMICRE S
Nzt MZBELTHREIN TS L DICEB LR EFERYS, SHAEDOTREL VDL =—L
RIIFARERALEEHTHLAELATEY, £/, BUIAMEABENEITREE L VO 22— A3
LLIZF A S OBMRAREZIT - BB EIL, HﬁﬁW@&UWW§W%$iLTV5
%A%%%wﬂﬂi%6bﬁ%®k&ofw&w(Amm{m%)

BENBRERFOPDEME

Wik L AZBET 5T v FEBAMERBRICBO TR, FFHIES AR ANOAEL3 mg/kg/day (&
L& LTL.7 mg/kg/day) Th-o7z (NP, 1980) , £ DMOFREOE L ORBAMETHE T 55—
HFARF5THY ., TomEDOFREED b MIRT A BEERITEMR I TV 328 (ARC, 1999) |
ZOFBRII. AFTRLAREORRTHD, WL 21D NF—FZBAFETRETH DN, REMHE
BREBICBITHHDTHD (ATSDR, 2003) , EH I 7ZPDEMEIL, BV DMRL 5 pgkg/dayizBiL
t%@f%é(Ammzmm)O@E%&(ﬁﬁmmnwﬁﬁéntm~ﬁ)%%Ebf\ﬁn%ﬁ
EFDOPDEEZ AT O L 5 ICEHT 3,

PDE=1.7 mg/kg/day X 50 kg / (§ X 10 X 1 X 10X 1)=170 pg/day
BLUVHBEDY A7 D, FAL LTHREI0ZER LT,

ESHC X BIRER OPDEME
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b FROEREM CORBEEIT. B LUBE, RFLVBERVEL ) AFF= 0ozl

HMDE L AAHBPROBRENEEES., LIZLIZREAEDI%EB A DI1EERSITWIX
ENBZEERELTINS (ATSDR, 2003) , & OREROLEYENFIAENR~0%THDH I &
FEEE 2. BNBEEROPDEEZEERB2THRLT, {Iﬁﬂ_otéﬂieﬁréﬂ#mmfﬁéu?@io
CEH L GUECEHSLTHDEBY) .

PDE=170 pg/day / 2=385 pg/day
T A\ B2 E R OPDEfE

MR 28 DELMIEIEIY. HBIFEICBIT IRARBEORbBREOE V-V —Th D, WEREME
It U VIREIC T SRR EESE2 mgm 2 E L (US DoL, 2013) . BMNESFR FAIHEM
K7 1—7 (EU SEG) !iﬂ%”z%t%%ﬁ%’li&ﬂ 0.07 mg/m’ %% E L7z (EU SEG, 1992) , LaL7aH
5. EU SEGORRZMIREMRA (OEL) . BABAPCHEELRVWEEDND 5%‘%1&;5«’2
L AEARBIZE DO TR /’i’ént%@r&)é L7z T, US DoLIiZ & D #EX H I /=OELZ
AV, EFEEE (HRUIBWTEBESNEFI~FS) 2EBIZAN T, RABREROPDEEZ LA
TFToXHICEHT S, : ‘

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

RIS = 24 hriday X7 day/wk = TToooLm® . -000048 me/L

0.000048 mg/L X 28800 L/day
50 kg

—ARE= . =0.028 mg/kg/day

PDE=0.027 mg/kg/day X 50 kg / (1 X 10 X1 X1 X 1)=0.135 mg/day =135 ng/day

BE W

ATSDR. Toxicological profile for selenium. vA’gency 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 OCcﬁpation Exposure Limits for Hydrogen
selenide. European Union Scientific Expert Group. 1992;SEG/SUM/22C

IARC. Overall évaluations of carcinogenicity: An update of JARC 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 azmdmes N-, S- and O-mustards and selenjum. Summary of data reported and evaluation.
Monographs on the Evaluation of Carcinogenic Risks to Humans. Intematlonal Agency for Research on
Cancer, World Health Organization, Lyon 1999.

NTP. Bioassay of selenium sulfide (gavage) for p0551b1e carcinogenicity. National Toxmology Program,
US Department of Health and Human Services. 1980;Technical Report Series No 194,

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

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

WHO. Selenium in Drinking-water; Background ddcumen’t for development of WHO Guidelines for
Drinking-water Quality. World Health Organization, Geneva. 2011. WHO/HSE/WSH/10.01/14
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Eiid
EROPDEE DO
R (Ag) ,
1= e ) | BA
PDE (ug/day) 167 14 - 7.0
Frim

B (A 1. E& LTERKEH OWET, ROGESERD 2 ASBLE2 OFECHEILAY
P HTET B, ST, EEBHTEFICC . 2o, BELTHVBEES, FILHRO S oh

 DEOWETERICEET b, PEKHORLBEERGLAMIL, BB R OEILRTH D, 13

LA EDEMIZ, 10~100 pekg O THREDRZ STe, SRITKBFEEITHATIIRL . RH
AHFEREIAHATSH D, RII=FLohbzF Lo dxy FOBIZBWTHE : LTH
WHRNTWD, - FITAEEIE I@ﬂﬁ»fwwmAwwgmmmﬁm_mwané
Befbsiz, AEASRICR O TREMZR{IH & LTHV bR,

REEEEDORILL R olHtE

SRIZEBRFEHEZ L=, ﬁ%%ﬁ%u\f:%&iﬁ%ﬁ&rﬁt M Extg & LIz S @urseil, BB A
B33 +oRERERELTWRY, ThbDT—ZIZESE, Bidk MNIBWTERAMELE
#5&m%ﬁéﬂfwtm(Ammgw%)o :

SRILEEX, b POBRBRUCKHTARISOF TRLBZIERFH WERKERTHS LBEbh D, B
R b o —FRINEEIZA VNS (Hymowitz and Eckholdt, 1996) , $RILEEIL. AR
REBOERGLEELDBDTHY, RICLHAToVEAFTEL KL RoEE ~DHIL
ENbLAEL D, r'%l//\ﬂ/@fﬁ@'ﬂ)\ﬂi %&U‘ﬂ[ﬂ"ﬁ@ﬂﬁ(jﬁ()\ BREELDIZLBHD
(ATSDR, 1990) .

ﬁn&%ﬁ@mmﬁ

WM~ 7 R IZRSERER A 0.015%F N L=k (0.9 g/~ 7 R, RYBEER32.14 mg/kg. $864%) #125H
- 5, SBOBENRMREEICES S MRTEFENEEMENREBR &7 (Rungby and Danscher,
1984) , ABEMWITHIBEMY & LB L CHREEB 26 SN iz2s, FOMOEER EOMEITERD
Bzh?‘m:o 7oo BIORBRIZBW T, < VRICHEBER mgkeZ BENEALZEIZ, BRKA
ICHEETH Z &R EN7 (Rungby and Danscher, 1983) . #&OBREEFFOPDEMEIL, 3%ﬁ%5
pg/kg/day & 7FJ& LTV 2wy (US EPA 2003) , EEMAE (NEKICBWTEESINFI~F5) %
EZBLT, ROBRBROPDEEZLUTOL I ICEHT B,

PDE =20 mg/kgX50kg /(12X 10X5X1X10)=167 pg/day

RER AN T-EHFENFMBEENR LT LR, PDEEOREIZLOAELEZFER L2 &b, F5
& U TIREIOZZBIR LT,

EHIC &SRB OPDEfE

US EPA (2003) i, A NEEROFEELZ RV -EDRIEDRICHBILERE 2 RE LILER %
EicLk, v FoRME Q~9FEH) OBIRNEEDT —F% 2 HWT, $ROLOAEL%0.014 .
mg/kg/day & E Lz, BERE (HERUCBVWTERINZFI~FS) 2ERICANT, EHICL
HIRBEIEOPDEMEZ U T O L 5 ICEHT 3,

PDE=0.014 mg/kg/day X 50 kg / (1 X 10 X1 X1X5)=14 pg/day
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BN ERITEE L B L bR &b, BIEREOFTEFLOELE #72 L, F5& L
TIRESZEIR LT, : )

% ABREEEF O PDEfHE

6 OO DRI OV B2, L~ DEROBAB DL MR BER SHETh o, &
BRE OISR L &M OB ERARME (TLV) 001 mg/m® (US DoL 2013) &MV, EEMRK
C(FHRUICBWTERENEFI~FS) 25RICANT, MARERFOPDEELZLTO L 5 ICHH
T B, ' ' . , '

0.01 mg/m’® 8 hr/day X 5 day/wk 10.0024 mg/m’

3 ’\ 1585 = = =(.
BRI 24 hrfday X7 day/wk 1000 Lim® , _ 0-00000238 mg/L

0.0000024 mg/L X 28800 L/day

50 ke =0.0014 mg/kg/day

—H &=

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

BEMR

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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D FN

% Y v 5D PDE fEOBE
. ZYys (T \
3] & | BA
PDE (pg/day). . 8.0 8.0 8.0

s

R EZ YA (T X, FEAOEETHD, #V UsiE, £LLTHL RUH3 0”208
WEETHEET D, 1 fi0FY ULiE, A FVEEROEMBII UL (KH) ITEHLTRY, =
DX S BRBELMERZ Y T LAOBEOBICES LTS, RAEDERILZ Y 7 A@BHERE, #V
T LAEOEL BAKBETH D, HMEEF Y VA, T LTHEAE LTEERMZAVSRA TS
0, R, BROBE., FT7R, BERUT VT LV mBREDIRED O DERERRZIC Y
AVbBhTWn5a, #U 7 AGHEIIAEBARICANLA TS, ¥ U AIREZHICHETIE

7, REEBERFIMEEILM BTV RV (ATSDR, 1992)
REVEEEORILL 2o Btk

t R RUEIICRBON T, BB, $RCBEaR, 2V Y AOREETRED D OBMICK LRI
DEVERSEE L Bbihd (US EPA, 1992; US EPA, 2009) . KiISHEDE (FiEtls. ErEAE X
REEHEE) IO LY HiMWEHEL LD (Moore etal, 1993) , '

R ORERSO PDE B

t FRUBHICBITAZ Y U LA~OROBEICFRDI - 2ENBREIL. KB, FlCEaLtBbh,
i, FEBZ IV UADT v PERAWE 90 BEEERRTRINATWS, LVERETCHEE
DREZRNEMT DL E2EEEX, # Y 7LD NOAEL # 0.04 mgkg & EDH7- (OEHHA, 1999;
US EPA, 2009) , L7 ->T, T MIBITH4Z U 7 ADNOAEL 0.04 mg/kg % EiZ % M IRER
@ PDE fEZRE LTz, ‘

EERE (FEFUZBWTEBEINEFI~FS) 2Z2EB LT, ROBREMOPDEEZUTOX 5
HEHT 5, ‘ 3 '

PDE=0.04 mg/kg/day X 50 kg / (5 X 10X 5 X 1 X 1)=0.008 mg/day=8.0 pg/day
BT K DEREERF O PDE B

52U MEA~OERBEICES. HEEDDHDF—F ERNE SNahofe, TEEOS Y
7 AYEDAEMFERFIARIZE Y (380%) (US EPA, 2009) " L7=- T, EHICE ABRERD
PDE flii%. BROMRZEEO PDEELR—TdH 5, :

PDE=38.0 pg/day
% ABREEI; D PDE B

£V U MEEM~ORABRFIRD, BEEOHDZT—FiZ72V, US EPA 1, #U 7 ADKA
SHICETABRIRASREEZEEXHTICRFR O THE LR LT, 4V U A~DRAR
BOFREME L ELHBEFHRIIBENTH Y . WEM TR 27 (US EPA, 2009) , & bR
CUEHICBWTRESNZERBHEIBRETH Y, BABRKICLZ2RNEZERL ., ZHITHRVE
EZzb05 (IPCS, 1996) , BORUVBRAREOZ Y v ARRICX VELUOFRATFE SIS,

ZOEENS, BAREREO PDE EIZOWTIE, EFICL ABRERFD PDE EZ L > TRET A,
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PDE=8.0 pg/day

ZE M

ATSDR. Toxicological profile for thallium. Agency for Toxic Substances and Disease Reglstry, 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, HouseI Dixon A. Thallium poisoning. Br Med J 1993;306:1527-1529.

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

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

US EPA. Toxicological review of thallium and compounds (CAS No. 7440-28-0). Integra"[ed Risk

Information System (IRIS). 2009. EPA/635/R-08/001F
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AR
A X DOPDEAE DOHEE
v ' Z X (Sn)
‘oo e SN
PDE (pg/day) 6400 640 64
FFaf

ZZX (Sn) 1%, FAADEETHY, 2R UHOBLIREETHEET S, AXEBLEYDS b
ELERR LD, B, B, 7 v (EBERIC a S AR T Y U AR OER X
FRITATHD, ARXE, W OBDIAFEY IVRPIRTVERRBRSKTICEETS
(154720 Snk LTHEEIL pg) » AXIE, —EOBMMDIC & o TREFMITHETH 5 T HEMEN
HBN, B MIESTREATHS LITRERTVERY, HEEZXXQHIL, BEAE LT, ROR
VL E=15(PVC) DREMAE LTHVWLORA TS, EEKRAITICEENIEB R MY L
WOBLRN DI, ABAZEEMEY b, IVERECHFETIEEAIRLVBEET 0T
HBHH, ZOREMTHHITEEAXICEREY TS,

B A REEIEDIRIL b 72 o 7o B

ARXR IR XEICET Bin vivoDBEEEBHEIUIR B AEEZTRET 2 L DIERV, W H2hDT5 v

NRERICEB VT, BILOFEEES L TONES o Ol 35 bRBRSHENE VIR ESE T

bofe, BET DL, AXRVRXEIZin vitro7 v BBV TERFRIEICE LERETH - 7208,

ZAZXRPAXED S LWL ODOHEO L DX REEREBEICE L TEETH -7 (CICAD,

2005) , VARG T v b TO2EMBBRICBWVWTIL, BIEE—XXITRBAEIZ o7
(NTP, 1982)

. EOREEOPDEM

B, RERORERDT v MBI AR LBRZENEVFMEETH o7z, LEN-T, B
ARERFOPDEEIZ DWW T, B BIEVINOAEL, 37255150 ppm (R X& L T32 mg/kg/day+l
%)  (ATSDR, 2005) ZESWCTHRE LKL, ZOEIX. Ty MIBIT30BREBRMN6E LT
HLDTHY, HEF—AXZREREEINET v MZBWT, 500 ppmEh LOHFERETHOE M D
WiEkE FEICBRE S (de Groot ef al., 1973) . NTPIZ & 5 13EMAERERER (NTP, 1982) i
BT 2 EEFAFHEIZ, de Grootb I X ZRBRICBIT 2O LY bRESH TV (BIXIE, ~
TR T AR L Vo BRENMFIRET —F OXRE) b, BOREROPDE
BEOERFEIZBWTIL, de Grootd DRERIINTPORER LV bEEMERHZ DO LEZ LN, &

ERE (FEUICBWTEEENEZFI~FS) #ZRICANT, BOBREFOPDEEZUTOLS

WCEHT 5, ‘

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

HEHIZ X 2 RER OPDE

ARICET BELM L a—id, BHICL SRERBICES PDE EOBH O I EE R
POFMEF ZRETE 2P oT, AXRUERR XL ORE D RER O LW FHF] 2K
5% (ATSDR, 2005) Z#ic, RORERO PDE [E2EEAE 10 TRLT, BEHIC L A3BRERD
PDEfEZEH L7 Gl HIZEHREINLTWBALEED) |

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

R \BREZRF OPDEfE
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ZRCELTOREHEL Vo —it, RABRERKIZHEDS PDE EOBEHOZHICMD ~EHER
%1%2x“b:omf@ﬁf%7b=®'%‘ﬂ?1ﬁ$m%:!ﬁﬁf%f;znoto AR LT TLV (2 mgm’; US
DoL, 2013) 23FIATFIRE TS 5 25, RET AT —FBA+oThHD (ATSDR2005 EU
SCOEL 2003) , L7z23-> 7T, Fnﬂ%@ﬂ#@ PDE {E % W AIREIF D PDE EICEHT D201, %
¥ 100 Z VT, AXICMET 5 PDEEAEHTS Gl1EKEHINTWDLEY)

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

BER

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

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

‘ de Groot AP, Feron V, Til H. Short-term toxicity studies on some salts and oxides of tin in rats. Food Cos
Toxicol 1973;11:19-30. . .

EU SCOEL. Recommendation from the scientific committee on occupational exposure limits for tin and
inorganic tin compounds. European Union Scientific Committee on Occupational Exposure Limits.
2003;SCOEL/SUM/97.

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

US DoL (OHSA). 29 CRF 1910. 1000 Table Z-1. Limits for air contaminants. U.S. Department of Labor.
2013
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AV R A7
2V 7 ADOPDEEDIEE
NPTy A (V)
238 | A R
PDE (ug/day) . 120 12 1.2
FFaw -

NFTUA (V) 1L, #HFRPIIHERRE LTFEL., BRxRBOKRE (1, 0, 42, 43, HED
+5) THEEL I B, NFUT AR, FEANFTIUBA A (VO) RUONFINA F2 (VO

LT, FEALDEMEREICHEBMEEET 5, NPT LADHELEN D OERIUIIThIIC
VW B R TORENDDNNF VY LAOKRIEREMHEEMEIL10~60 pg/dayDEFIZH 5, BEIKD
SOBREIKRICE Y B2 Y, #HEEREIIRE T4 pg/dayTh b, & hb—ADERATO
NRFPTLADMBEBPREIZHETHIN, 2 ngLBPEFHED LB THB, EHNIZIELS /LT
WRIZb PO, b MENICRIT 23T U0 AORERREMFHORENIEES L THiRw,

REMEEEORILL 2o Tk

N AL, BEEEEETE8, EREMEE B2 (ATSDR, 2012) , TEEAF D0 A
i3 B MR LTEBAEOTEEN HDWE L LTHESA TS (Group 2B; IARC, 2012) ,

#& O EREERF O PDE fE

FYR VOt b~DOROBERICBNTL, HEE., COERROMIERYEER DB EENTH S,
BOB/SICEAIANTFTC Y LOEEEZFTMT D DK BERRERN, TV TAZRBRIRE X
Nk MIBWTERSN, ZORBRICEBWTL, BARET VE=U AT ORI/
DN (RNFPYAELT012XIF0.19 mg) &V FEAT6~12BEHRE U-HRE O MikFEH <
T A—%, e (MEFERLVNVICEVAIE) . aVATe— VRN 7Y R REE,

BHgEE (MFRFBERICLVEIE) . AEXRLEICEELELIZR) o7 (ATSDR, 2012) .

MIRZHEE R OUMLE~DOEECET 5/37 YU ADREONOAEL 0.12 mgkg/day% ., & OBREE
OPDEENEHIZAW, EIEAE (HEHCBWTEESNEFI~F) 2ZBICANT, &0O
BREEFFOPDEMEZ LT D X 5 B HT 5, ' (

PDE=0.12 mg/kg/day X 50 kg / (1 X 10 X5X 1X1)=0.12 mg/day =120 pg/day

BEHIC X IR ER OPDEE

NPT RIETAIRLE LV E 2 —id, HHFICLZBRERKICIED PDE EEHOELRIEE
BRI RS BE TERDP o, NT VT ARVERAT U MEAHICET 288 L2 0R0
IREREOEWENFIE RN 1%KRE~10% (ATSDR, 2012) ThHAZ ¢ #BE %2, BROBERD

PDE E#EEFZE 10 THRL T, BEHIC X 5BEMRO PDE [E2EH L 3.1 HiZEHIh T
5EBD),

PDE=:120 pg/day / 10=12 pg/day
W ABREE R OPDEAE
S5y P OUERBHERABRERR, AT ACET B RAREEOPDEE~DER D= HIC

mEtEhiz, ZORRICBWTIE, Y%RRCAVONEREBEAETHIEMIL TP T 105
mg/m’ CEBAERAIRD bz (Ress ef al, 2003) , HEL AT VT AiE, BAKITHY, Bl
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THETAYA FT1>
. )

I BEET B L IEE X bRV, Lo T, EOEEROPDEME X EEMRKI0THR LT,
AFVY BB B RAREROPDEEEHH L GUACEBEShTVELEY) .

PDE=120 pug/day / 100=1.2 ng/day

BEI

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

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

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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TETRGA AR5 o

16 4 - EH
PDEfE D> b IR AP OB RE~DHBEH]

ZFFvarvi: —BEREN 10 g2BX 2 WEHIDD 0, AR ERDTERMY O
i@ EREME

ZoflE LT, 9BEES (REIBERUINASER,. ®A41 3R) 28F75, RA—HE
W& 25 g OROEBEACOVWTRET 2, ZORFOKER—AERERI0 geBrRno
DD, RA220HFBBRELRAVDIZLNTE S, 7V a  IIHEOHRBEL 251-), &
RLEF RO ZEDL I REETHNWTH IV, YEEROAKIZI TV TLARN=y 7L
EEZRANVTWNAHDTHY, VRITERA MIESEH, BHE. I RITL, KEROA
FTUUABEERLR>TND, EXEBFAMPBRRA22ZITRENTEZRBETHEELTWA LRETS
BRICRBNT, BAFOELRERMDORK— BERRITRALL WRENEEBY THB, b
LB TMPPIRY /BDHER—BEREIL, BAO—BERERUVRA220 Y TR RS OE
EREEZAVTRESNDS (REBREFICEAOERO—RAENE2S g# R L5) , FAL2C
BNT, EXRTHPORER—BEREIT, £FF LITRSNEOEFILIERL2,

T OB, TNENOPDEER B2 3 RRFAMMARNC L 2T LTINS, LiesioT, =

NOEBRRS DBENBLRVBAICB W TIE., YEEKII, BEShETERMY TR TR
DPDEEZBXIVWEDTHBEZ ENREEENS, ‘ o

#A41: BABRRS ORA— B ERE
| BRIy —AERE ()

58 3 0.200
R/ e —X (MCC) ~ 1.100
LA 0.450
YSBEINLT N 0.350
JuARE Ry 0.265
AFT Y VB TR T A 0.035

bt Fafxsrat LA FL

A E—Z (HPMC) 0.060
BbFE 0.025

3| #5S 0.015

2 2.500
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BAAL: BALIEEEE % ARE (REVEEL L. o, —BEREEI0 gt HET S

&)
BRRHERE (nglg)
HEBLAR ST Pb As cd Hg Pd 1% "~ Ni
JR3E -] 05 1.5 0.5 3 10 10 20
MCC 0.5 1.5 0.5 3 10 10 20
HE ' 0.5 1.5 0.5 3 10 10 20
U LB HNT T b 0.5 1.5 0.5 3 10 | 10 20
7 ARE RV 05 1.5 0.5 3 10 10 20
2ZFT VB~ TSRV T L 0.5 1.5 0.5 3 10 10 20
HPMC 0.5 1.5 0.5 BE 10 10 20
Bivrs _ 0.5 1.5 0.5 3 10 10 20
| Bkgk : 0.5 1.5 0.5 3 10 10 20
BEAR—RERE (ng 1.25 3.75 1.25 15 25 . 25 50
PDE (ng) ’ 5 15 | 5 30 100 100 200

AT av 2a: —Eﬁﬁ%ﬁﬁiéﬂf“é%ﬂ@tb® %ﬁ%mm Q&OE§7M%®
FALBREREME :

:@%kbf\ﬁivavdmxm1ﬁw6hﬁ;9%&mﬁ~%@Qﬁﬁ&ﬁ%ﬂﬁﬁ@ﬁ;%
ALIBR) 2ESHETH, BRk—AEBREN25 ghF UREOBBHEAICOVWTRHT S, 7
Ta Vit BOTRBELRDD, BHFLFFORGEED LI BRIEETHVTDH LV,
WS ERD AT T ST ARO= v FABEZANTVAEDTHY, YRAITERAAL M
ESEH, bR M FITA KBROASTITABBELR>TNS, VAITERAAVIT
BE LIS TRAMY OFRBEIT, RA21OPDEERURINLHEE SNED,

BB EERHMYHBERY B85 %K— BIEREE, YZEFOERO—BERERVTRALIOTRTR
SmOBEREEY BVTRESND (REREECHAOERO—AERE2S g&RLD) ,
RAANCEBNT, BRI OTRAR— B BRREL, %ﬁ7AkTéﬂtﬁ®A%kﬁ36&%

*@H%% FNFNOPDEEEBZ A THERMBRIRNT EEMFELTND, LEXR-T, T
B AR DBRENMEZRVBAICBV TR, Y%EAIIR. FEShTRTHmEThTh
OPDEEZBZR2VNSDTHD I EBRIEEND,

ATy a1l ATy a Voak THREREY HE LB GICA T Y 3 L 2a0FP A REDSHMEITHEMN
LTWA LS IR A0, BHO—EEREL LTERTHI0 ghT2S5 gV LIiZLd
bLOTHB,
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A4S : —ABDEBEPRESN T2 RADERFFREOHE (RENLE L FE LLHES)

BRRITERE (ug/p)

| %ﬁmw Pb As Cd Hg Pd V Ni
[FER 2 6 2 12 40 40 80
MCC 2 6 2 12 40 40 80
g 2 . 6 2 12 40 40 80
U BRI T b 2 6 2 12 40 40 80

| r7rARE RV 2 6 2 12 40 40 80
RFTY e SR T A 2 6 2 12 40 40 80
HPMC 2 6 2 12 | 40 40 80
B{bF& 2 6 2 12 40 40 80
| B kgk 2 6 2 12 40 | 40 30
BRA—HERE (pg) 5 15 5 - 30 100 100 200
PDE (ug) ° 5. 15 5 30 100 100 200

F7vay 2b: —RERESEE SR TWARA DR D0, BRSO TR R O
‘ %?_‘EE%BE)E{E : :

IOFE LT, 7Y a3 VIRURaCBWTHW b, 9B (RIRIEER CRNKISTESE.
RAAIBR) 2 EFTH. BRX— BEREN2.S gHR URDEBRAIC O W TR 5, 4ZE
BOGRIINT PV LRV=y FAMBEEANTHE DO THY, YRITERAY MCESK
fa. BB A FITVA KBRUOATITLABEEL RoTVD, A7V a L 2bEAVBdIT,
2 B BRI D R ML R R OV B BRI R R 5 T DB SER A B B3 2B N0 & R oW TRt
EITY, UTORIE, SSHEICERINZHFEREN OB LN THEMENH B, MAKRRS T O
TRAMDIAMR DT —F OFERTHDOTH S,

# A4 BRRSFOTITHIRE (ug/e)

BE (ug/g)

R Pb As | Cd Hg Pd v Ni

-E 3 - <LoQ 0.5 <LoQ . | <LoQ 20 | <LoQ 50
“MCC 0.1 0.1 0.1 0.1 * <LoQ | <LoQ
LB 0.1 0.1 0.1 0.1 kL <LoQ | <LoQ

ULEEILT T N 1 1 1 1 * 10 5
JuRRE RV 0.1 0.1 0.1 0.1 * <LoQ | <LoQ

ATT VB~ TR DA 0.5 0.5 0.5 0.5 * <LoQ 0.5
HPMC 0.1 0.1 0.1 0.1 * <LoQ | <LoQ
BikF& 20 1 1 1 * 1 | <LoQ

| BR{kEk ' 10 10 10 10 * 2000 50

* YUY A7 T ERAAY PEIPABREENTMS TIIRVERELTRY, EENERIIBOAT
1,\7‘;1,\0

RALAZHBT b FEREANT, EERESTOETHERMMICEL T, MY BIREDKEX
REARICOVWTEHMET 2 Z L BFREBTH D, RAASKLINOLBREOHSEO—FINERIN
TW5, ZOBAICBVTIL, SEEOHSELF Z L ICE VS THLATHER, BFlho -0
BT DREREIE BB &, RUEOMOBERS T OSROBENRNZ &6, PDEEL
BRRWEEZDLND, ZHhbORERUERERSER (RA4D FHV., RHITOTRERY
BEICOVT, RQEAWTRET S Z LA TE, 20, REPDEM L BTS2 LB TE 3,

RAASITRENTZRBEILX, RAAUTTRENTZERRSEIEDBEDRITERTETH S,
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TEFEFHYTA FZ A~

& A4S FEBRRS T OTRTMPEIRY 5D B DB

4 BRYBIRE (ng/g)
HERRALY Pb As Cd Hg Pd \ Ni
K , <LoQ 5 <LoQ | <LoQ 500 <LoQ 750
MCC 0.5 5 1 5 * <LoQ <LoQ
HLE 0.5 5 1 5 | * <LoQ <LoQ
U VEBEINY T A 5 5 5 35 * 70 - 80
JuaRARE R 0.5 5 1 5 * <LoQ <LoQ
RFT YT XY A 5 10 5 125 * <LoQ * 100
HPMC 2.5 5 1 5 * <LoQ | <LoQ.
BleFsr 50 40 10 35 * , 20 <LoQ
FR{LER . 50 100 50 | 200 * " 5000 1200

* WY Ry TERAY MNIPABBIENTREIMBP TITRVERELTRY, EENRERIIE
BTV, ‘ .

AT a3 BREEOSHT ‘ , : :
CIoflE LT, A7V a v, 2aR02bCBWTHEV BN, MRS (REVERR OUINAIS
B 2SAT5. BAk—BEREN2S gPF URABFBEAICOVWTRIT 5. SREROE
BRI S5 Oy ARV= v FAMEEZ AV TWE D THY, YR TERAY MIESER, b
£ HRITA KEROAFTITABEEL R>TVS, BRIFOETRERMYORRRE,
% (W& AV, BHo—AERERVCYMTR MY OREPDEEZ AV TREHT S Z LA TE
%, HTERHYOREIT, REPDEEE EELRVWEIIZTRETH D,

#A46: BRREGOREOHE

. BRHARE (ng/g)
—AEIE (g Pb As Cd Hg Pd \ Ni
ele]| 25 . 2 6 2 | 12 40 40, 80
ERk—BERE (pg 5 | 15 5 . 30 100 100 200 B
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TEETHYT A N1

B — TR O R

UTDFIE, TRAMBMOYV R I THAA Y FOFIRERDZLEZBRLELDTHD, Z0OF
X, BIREBERLEZLDOTHYD, VRAITERAAY M2 XE(LTIM—DFHELRPZLEEN
L7ebDTIERY, YVRAIZTERAAV MO ERARPEDOXLENADT T —F ik 22 Fik
BB, '

ZOBlIE, MEAICEH SN TWAROEKICESW LD TH B, Thbbomksy (K]
BEEOHRNFER) 288 L. FX—HBEREN2S gPROBEREANOWTRIT S, Y
BEROBHITL, /37 VY LRV=y FAMEERNTOE 5O THS,

WS, SERER SN o BRI > T, BENRTERMHORELRSLE LTY
RITEHERAA NEEET D, SZFFEETIL. HAPICAVWLNAEMENCEL T, BRERMRE
BF—22RETHICLEEoTNDI LMD, M7 =—X%2BE LTI 7 X1tk (B3R, &
RIoAh, KR, $7) 2RV EFARZLZ2WELE, UTOXRIZ, VAIZTERAY MIBITS
BEATRE AP OBFEDEB TR ONCAROBMEL R LD THS,

F A4T  BERTRERHYORE

EER TR THY

RS BN | EBROEWEEED | BERE - BE | ABRHEREND
BENTRRAMDE | 26 OBENT @%f%mir
O/ EEmElF o EXN T i
BENLRETHY
R Pd, Ni As Ni 2L
MCC 2L As. Cd. Hg, Pb 2L L
$LbE 72 L As, Cd. Hg, Pb 2L - 72l
U BN T A 2L As, Cd, Hg. Pb V., Ni 2l
JuaARE RV 2L As; Cd. Hg. Pb 2L 2L
i;;i;% nL As. Cd. Hg, Pb Ni 2L
HPMC 2L As, Cd. Hg. Pb 2L 2L
BTz 2L As, Cd, Hg, Pb \' 2L
R kg 2L " As, Cd, Hg. Pb V. Ni 2L

UHIVRITERAY MI, BMOFMEEZMLE L THATREDEENTENMEBEE L, £+
DD HLILEAMPIBEEPBEEOBRESNO BWIEEhiz, YZHEET, ©HEE»DOESR,
DNRHRIBOT—ZNOERZMEL, UZVRITERAV ML, VR TERAY
FF o AR BE L OEREST —F 1%, RALSITTRENTWS, TERHMYOR— BIER -
Bix, SUEEBRRSDO— Eﬁmi UHBRRTTP TRBEEZR U CEHEN S,
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