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4
& OPDE(E DHEE
' & (Au)
&0 e mA
PDE (ug/day) 134 134 1.3

=,

RHE

& (Au) 1%, EEFERUEBREEH O+ OREBTHEEL, BYEE 1RV 3 MOBERRES
—RHTH D, TRDHEIT, BINENUCLL, LEB->TEDENICEERH D b0 & idal
INTVRY, &%, FRARICBIT gL LT, BEET, idElEEY LAd (22T
W3 LEERTZ 7, BY VBA ATV ThB, Teles, 1998) DX 5 REAHTHN
bhTird, RFAFOEOME—DRFIL, s LTOFEANPELIZbDTHE, £OADHEIT,
BRCAVNeNRD,

R IEAEORIL & 72 o B

EOHBEDOIZ LA EOMAX, £OBFEMERICESW W3, HERATEREBERICAN LR
 BLOHEL 1 flOE&IDEAFVEMTF (AuS) EDE&ETHER, £BLLHEIATVS,
auf RROEES (BEFE) %, 30mg/day T 138, KRIZ 60 mg/day T 1B, ko =z
TV a— L TRESENCBE 10 FICEERR oAl ofc, SYFEBEIL, 30 mg/day TEIZ 24
FMRB Ak U, MikFoviEsE. SRoMARSEIFROMBEE ORI, VY
< FHEBEHROERFEREOTA b A Y - RIA—FZ B THIREOKENRD b
(Abraham and Himmel, 1997) ,

EEMEFRWEENOEME T rOT—ZBFBATERTH D, &eHc L dELE LT,
FhEaEREEENEZT v b (Payne and Saunders, 1978) BTt b (Lee ef al,, 1965) I35 B
BOFRE, 4 RiZBiT HHEEEME (Payne and Arena, 1978) &£2%H 5, UL, bR
. MiOEQHDXREESOAHYD L LTEREELR2WEBOEFHWTERENLTEY., L
Tl THEEIPOEITZAPDEEZEE H+ O+ o BEERAHE b0 L 1I3E L R,

£ OFNREFO PDE EZRETHLHIC, BAFICFEET S LEXONIFREOCLEOROR
Bic k2t X EESDICBIT SBEEEDH S E-RRRITRV, AuGH)iE, LY EERRVFEEL
Ezbh, BERISCBNTAVWLND B, ZHEd) . €GHEAHITEL T B
ni-F—# L, H5—REBRIZBWT, £6HEE% [Auen)ClL] Cl (PZupnxzFi v
T Iy—& A AV) i, Ty POSREVCTFFCRO CREARFNELEIIXED L,

T RCBWTIE 322 mgkg ODRAET 14 HREBEEARS Sh, BRETEELSI &R SR
o7 (Ahmed et al, 2012) , '

T OBRENOPDEE

& OREICIT 5 BRI E BTG EIBEE TH D, BEOSHIHEISEOEED
BEEOCTMBE CTH DD, 2EHEFEEARESNE~YACKBITARRIT. BOBRERD

PDE EOREICBWTZATER LD EEL DN, EERE (& 1 KB TERSA- F1

~F5) #ERICANT, FNBREROPDEEZLTOL S KENT 2,
PDE=32.2 mg/kg X 50 kg / (12X 10X 10X 1 X 10)=134 pg/day

PDE {EDREIZ LOAEL Z AWV TWAH Z &, RUEEFIRMESTET LTI Ehd, F5 &
L CHRE% 10 2 BIR LT, '

41



EETAYA 1>

BC X DR O PDE fE _

B MoBNT, &FF Y B b Y U550 mek BRI L RER, EWEORIEEIT05%
#BTHoTz (Blocka et al, 1986) o THHIZBWT, 2 mgkeZ HARNES Lz 0o&F 4 Y T
B b U & A DEIEITHT0% Cdh o7 (Melethil and Schoepp, 1987) . EMFEATFIAESAENT

b BOYENEREROPDEME DB ECEEAREI L 2ERF A bz &b, EHICELD
E%EH#@PDE{'&@%& MIRZEREOPDEMEIZZE LY,

PDE=134 pg/day
rﬁ&lﬂiﬁﬂ%m’nmﬁ

&l@ﬁ%ﬂ#ﬁoﬁ.ﬁm_ L ARBEHFICBITABEMEOH S F —Z it Wik 5&0REFTE#EE
IR LOEESDEELRN I LD, ﬁm&ﬁﬁmmﬁ%fﬂiﬁ?ﬁmoﬂ%br
ﬂz%ﬂq: LREEEOPDEEZEME LY GUAICEREIA TS EBY) ,

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

ZEIM

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

Ahmed A, Al Tamimi DM, Isab AA, Alkhawajah AMM, Shawarby MA. Hlstologu:al changes in kidney
and liver of rats due to gold (III) compound {Au(en)Clz]Cl PLoS ONE 2012;7(12):1-11.

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

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

Melethil S, Schoepp D. Pha.rmacokinetics 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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% 0
$h® PDE {E D%
$h (Pb)
&o B %A
PDE (ug/day) 5.0 5.0 - 5.0
Frid

gn (Pb) T AHME LTHEBYE LTHHEET D, — B2 2 Mok LTk, KeEss
FOKBHEER VBRLMEDOTREEERH S, FHAEEHE LT, VY BRI THET
FTAFNABREOT P I FAREH D, ARHALEEHIT. REFTHR)EPHCHMSh,
ARPROCEEPICEEREEME LTEE TS, #iCiE, b PITHREDIC BT 5Em0Ey
FRIEEAEIZ 2 (ATSDR, 2007) ,

TEMEETEDRIL L fo oo HtE

bt PRUBHIBW T, S~ OBRSEIE, Mk, A0, B4, R, BRERVERICES EE
HEERIEZRITILYNH D, —BIC, ShEtRcI 2B, BALICB W TBREShE
EELHERLT, BRAEWMNERCBWTIREINALEICLVE Y, O BERER 1~2
pe/dL. AEMFRORAREDR 100%. ENCEFERRNWLEELEET Y P as 5 A (US EPA,

2009) AT, PDE EAF LN, Z07EDHIC, BRE PDE HIX, BERKICHI D LTR—
Tﬁj Zao )

% DR O PDE X

EOREROE MCBWT, BbBERESFHL, 20, BEEOREVIHIEEIL. F5 2R
TEBFENRETHLLELDND, EFERMRENPLOT—F 1L, 5 ug/dl REOMPEAEREM, /)
ROMBITHFIEFCAEL CHAFREEEREL T3 (NTP, 2011)

US EPA E£% /1 (Integrated Exposure Uptake Biokinetic (EUBK) Model, 1994)  (INE 100%. %@

fgh OBREIRR L) kL, 0~75% (0~82 BAH) O/IRIZE - T, 5 pg/day DFOERIIM
HRIREE 1~2 pg/dL WZxtis T 5 LAER &5 (US EPA, 2007, 2009) .

PDE=5.0 pg/day
BRI L S RER O PDE &

SRR NREROERIIMAP L~MCESL, Lo T, EFICK3BERO PDE &1L, &
QIR PDE BT LU, '

PDE= 5.0 ng/day
% ABRERFD PDE fE

SO NBBREO BB M P L~ANCHESL, LEMN-T, BARERO PDE [EiX. RAOBRS
B¥@ PDE fEIZZ LV, A

PDE= 5.0 pg/day

SE T
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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 Tomcology Program, U.S. Department of
Health and Human Services. 2012.

~ US EPA. User’s Guide for the Integrated Exposu;re Uptake Biokinetic Model for Lead in Children (IEUBK).
Windows. 2007. :

US EPA. Integrated Exposure Uptake Biokinetic ([EUBK) Model _for Lead. 1994, updated 2009.
(http://www.epa.gov/superfund/health/contaminants/lead/products.htm; Accessed March 25, 2014)
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D A
Y 5 AOPDEfE DHEE
. UF7h (Li) _
&0 Be5 ’ A
PDE (pg/day) 560 280 25
s

UVFus (L) id. BHEDOEZETICEETS. VSN EEBTHS, VF U AR, BT,
NI DMOER & OBEE T, ML LTHVDORATYWS, VFUAbdy B, AFEb
TAI=gAYFUL) i, BRERICBITAREL LTCHWLORTWS, VFTAIE, JE{FJ
+1 DBLIREEDE E L TOREELTNS,

_féﬁ%ﬁ@#ﬁ% Ligo T_ﬁﬁ

UF oLt POBREEE L TERBEATEY ., BE. ﬂ’fﬁﬁ[‘“iﬁf}ﬁ%ﬁﬁﬁﬁ D OfFEDIR
FICBIT3VFy AEDORSICETIBERY NF—-2835H5, VFULEERAWEERL. U
FOLABREHEZXCH, HWREYEMCLSEELTELNEL TS, UF 7 AOIEERIT,
BEAFICEH X508, MIFPRE 0.6~1 mmol/L iIZRE STV 3 (Grandjean and Aubry, 2009) .
BF~—2 i<, VFULADFEER, BREKOBREBTREALED, b MIBITB ) F7 AR
EiX, Eio, REMGEET., ERBSEET. EEEBETERVEERMOY X7 LRI-HE
HLTW3 (McKnight et al, 2012) , BEOHEREIX, 300~600mg D 1 B 3~4F5CH S

(US FDA, 2011) . 37T —F &L Pa—L, BERRYEE 2, TEUEEBEORIL: 253
EHRE LT,

= IR OPDE

b Mot 3 U F U A0ERERA. ©0 PDE EORAL LTERSRE, b MoBTBRE
VF o AORNEEROAETH S 300 mg (U %wA 56 mg) EHAWERSIZIE., BORERO
PDE fEIZLLFO L 5 icBHER S,

PDE==56 mg/day / (1 X 10X 1X1X10)=0.56 mglday—560 ug/day

Z D PDEEOREIZIZ LOAEL ((#ER—BIREED 113) 2HAWVWEZ &b, F5ICIMER 10 238
W=, :

ESHC & 2 BRER OPDEE

EHIC L 2RO PDE HA2RETHOEERF—F B8Ry, L LakEs, ROBREkD
AR 2 85% (Grandjean and Aubry, 2009) THAZ & &#EE 2. ROBERO PDE &
FETERE 2 TBRLT, &%L;é%ﬁﬁmpmaﬁ%EMLt(31@Lﬂﬁénfw5e%
D) .

PDE=560 pg/day / 2=280 pug/day
0 ABRER I OPDEfH
CUFFEL6XIILY mym’ DBWEDELY FUAIC4~EM,BSEM, 1BRERBE LA

(Johansson et al., 1988) , JESFBMEER ST BMES VT, BEMEICER Loo, B2t -
REShE, FEREBIRESNARD-Ic), KEHBESPDEEOREICAVbhE, BIE
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R (fH&g1R w*c%a%ént 1~F5) FEBIZANT, wl&%ﬁﬂ#@mm‘é_‘%u?@im:

X _ 1.9 mg/m’ X 6 hr/day X5 dayiwk - 034mg/m’ = _
SRR = 24 hr/day X 7dayfwk. 1000 L/m’ 0'0093 4 mg/l.
—ppAg= 20084 mgﬁ(’; 1440LRaY  — 122,04 pg/kefday

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

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

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

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

US FDA. Lithium carbonate product label, 2011. (available at drugs@fda; accessed May 1, 2014)
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gt
KROPDEAE DT
| AR (Hg)
e HEE | A
PDE (pg/day) 30 . 3.0 1.2
Frim

AKER (Hg) X, HEBRBREICBWTEL M LTWS, KT, THEASE, EBASR UERKSR
D 3 OOBETCHFET S, BAPRET I TEESRbEVKEOTREL, BEFETHS,
Lz oT, ZOREMFHERE, THRASER CIEEAEROBIEMD H 5 EFEHT—F o E-5<
bOTHD, ZORSHFTMEVEE HE N PDE EICOWTIL, BHASIZITER L,

ZRMEEIEDRILL 72 o T B

b MBS TSRS RS AR T B T L B RTF—F IR, Bk DA A L
. EREWMICEYT B RENRIELAD S, EEAATERE (ARC) . MOk MR
E MR T ARBRBAEICOVTHETEARNWSEOTHS LS L,7L (Group3 IARC, 1997) ,

ERAKBIEEMIE. ARKEEHE_THFREIUEVENBRESOAHFAMARELR L., #HEEH
BB, Eett, EhREUBE~OEBECICEERE (GRERE) LVvolkiie nEESay
BRI ERIT, EHKERCEOEICE L ToReEEREOIRR - ROFHIL, BEETDH
D, BREBRZHLEH~OEERNAREINTNS (Shlmada etal,2005) .

B N EREEE OPDEE

Z o PR URIZBWT HgCh &R 2 FRRE L, X< TS rEhic NTP ORBAE
ET3, £035, LYHFMRERFEENFEAITOh Cna 2 s, B2 EMEREvLH
BEHEMAEV (0.312~5 mg HeClykg/sdiwk) Z & 2EHEE LT, Ty MIBWT 6 5A BB
OHBEZ2ToRBRAEBRINE, BROBIEERD (FEICHTS) HAEER 0625
mgkg VL EDBREHTHEMUE, BRILFERRFA—FOEL (FVT7F=2, BUTA TF
=TI TV RT G B ROT ARG R UBT I ) TR 725 -E0HD) Kelks
HOMICRD LN, YA, BEERESRbO LRBbhiehoT, BEOCREERRE
FEREE (B BERE) ommas, BB TKEER 0625 mgkg U EDHRERTRDONE, SFA
IR EEF5E 2% (JECFA) O (JECFA, 2011) W&BWTik, 6 HAMS v MkB (NTP,
1993) » LB EBRICHTHEERE (EEHEM) 2T, BMDL, & LTAE 0.06
mg/kg/day (G 5 BEIOBENLFBENTWD) PEEHINE, EERK (8 1 BT
BEINFI~FS) #RAWVWT, BOBRZERO PDEEEZLUTOL S ICEET 5,

PDE=0.06 mg/kg/day X 50 kg / (5 X 10X 2X1X1)=0.03 mg/day =30 pg/day

6% A BRBE 2EMRRIC BT 2 REARCOFRRIIAER LOLREL bhAN ok ki
5, F4&1& L, £/, BMDLpHNOAELE EZ X 511G 5 (Sargent ef al., 2013) Z kb, FS#1
&L,

B X S IREROPDEE

BIERRIE . HEHOKER O D W SRR A 10~30%DEENICH B - LEFB LTINS

(ATSDR, 1999) ., L7i=#oT, ROBEFOPDEMEEZEEFZKIOTHRL T, BHICL 2mEn:
OPDEE#EH L GIEHIKISHRINATWAEEEB0D) ,
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PDE=30 pg/day / 10=3.0 png/day

% ABREERF D PDE B

RATEN LM BSEN . MRARBRICBIT 2R bBREESEVIHEEE T B bND L
B, ZEEH TWA BEOHER 14~20 pg/m® OEEREICRI AWEFETREL TS (US
EPA, 1995; EU SCOEL, 2007) o EREMC BT AEREKGERE (14 pgm’) TOMRTEZEN
SO (Ngim et al., 1992) 12, %454 TWA RE# LOAEL & LTERTOLESRHO L%
RLTVWS, EEEE ({6 1 KBV TEESE FI~FS) 2FRICANT, THRASEIC
A EHMBABRZE LRI, RARERO PDEEEZUTOL I THEIMTS,

. _ 14 pgm® X 8 h/day X 6 daywk  __ Adpgm®

EEORERS 24 hriday X 7 day/wk 1000 i 0-004 we/L
. e o

A 0004 pg/LSO i;soo LY 30 uoskg/day

PDE=2.30 ug/kg X 50 kg / (1 X 10X 1X1X 10)=1.2 pg/day

PDE {EOBREC LOAEL &AWz kb, B LN U AR I ST 5 FIaEiEIC
SNTHERICANRT, F5 & UTHRE 10 2 IR LA,

SHI

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

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

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

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

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

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

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

Shimada A, Nagayama Y, Morita T et al. Localization and role of metallothioneins in the olfactory pathway
after exposure to mercury vapor. Exp Toxicol Pathol 2005;57:117-125.
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US EPA. Mercuric chloride (HgCly) (CASRN 7487-94-7). Integrated Risk Information System (IRIS),
1995.
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ETEYTFY
=Y 75 OPDEEOEE :
. )75 (Mo) .
®’o A ' %A
PDE (ug/day) 3400 1700. 11
Fif

U 7Fy (Mo) OEABLEITHE RUH6 T, F 724V EOBENR b —RMTH D,
Y FFOFERSFEIL. TEPROCRAKFTCREY 77 o BA T (MoO,>) THY., K,
NH, B8 Ca¥ & W o Tk & 12881 A L IO EFRT 5, I 77 ik, HRP TR
B2 2 FRBECRETE L. FOIE 0.1~10 mgkg THh D, Mo, BT MoS, iKICE T 2wy, B3,
BB UCEETIEBIESEET S, Y 7T AW (B, Bi-Mo, Fe-Mo, LT Y 7
FURGRE Y TR i BEARICBOTRES LTAVWLRTYD

FY FTFALMELETH Y . BREMH LROHEEMEE. R T 100 pg/day. BEAT 600
ng/day ’Céfo % (EC Scientific Committee on Food, 2000) , €Y 77 v RZEOERIL. KE. Bl
BERE . SHE. EREUSETFR THY . MEH 2 F A= BEOEE L Vo loik e REF
mﬁ%éﬁooit,ﬁqu—ﬁﬁ%ﬁwfwéhé$%Lkw1ﬁ 135 v D RERIREE AN IE
Eﬁmmﬁkﬁf%otaﬁ%énfwé(Mmmmadn%no

'yéﬁﬁﬁ@mmatotﬂ&

'ﬂ@k%&bT@%J77/mZ£ﬁﬁ&Té&mot(NW ww) ff, AT FEMA
A REEATZEET (RIVM) 1C L BFEMIE, %)77/ﬁﬁﬁﬁﬁ%ré&w&%ﬁbt(mwm
2001) , IARC Xik US EPA iZ X BB AALDOFHEIAT ThihTniwy, BORERFOTY 75
@aﬁmﬁw Y TFUERARE SR Y ACBIT ARBAAMEDTERS VL > dh b, B
BADREEMER, ZOBREBEREICEL T, %%k%&ﬂﬁ%ﬁﬁﬁﬁwééﬁﬁﬁfﬁ%ék%
Z bz,

&R SER D PDE fE

S5y MOBSBREINEEST) 77 BT N U AOEEETE L, GLP HAD 90 HEE
HEREBRIL. =Y 7T L LT 60 mygkg/day DR SEICBITAHE, (KEHME, EHEHE —8
DIEBRERE EHIEERCEERIC ST HAER) RS OREMEBFHORRE (B 2 EOEME
B DBE R IVE AMEDBRIER) ~OERAL Vo kBBLHLMC L (Murray ef al, 2014)
BF v MoBT 2 ENSERE, 60 AMOEEMME T RIZHEELEIIR b%ﬂ&motok
ﬁﬁ*\ﬁﬁ@lﬁﬁ?hﬁféﬁ?}“ﬁﬂ@ﬁiﬁﬂﬁ?bﬁﬂ@motn%%Bﬁ\:@
SER D NOAEL BE Y 75 & LT 17 mg/kg/day THDERRL TV, ZORARIBNT, #] -
B EOREICEE LSRR bR o, BEREK (& 1 KBV TEEShZ FI~F5)
FAWT, EBORERO PDEEIIELTO L 512725, ‘

PDE=17 mg/kg‘x 50 kg / (5X 10X 5X 1X 1)=3.4 mg/day=3400 pg/day
ERIC & AIRERO PDE '

Vyskoeil BOF Viau OFRE (1999) BT, BOREFO L M COEYENFIMRT 28~77% -
OEFH ThoT= L BESH TS, Tumland b (2005) ¥, EV 77 v ORI FHETH

0% T o= tBEL TS, LERST, E%L;éﬁ%ﬁ@ﬂmﬁm EERE 2 THRL:
%@aﬁé.elﬁmﬁﬁénrwéakb)
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PDE= 3400 pg/day / 2=1700 pg/day

% ABREREF D PDE fH

ll'.l

Mg~ RIZB v\rﬁﬂlﬁﬁﬁénf %ﬂ:a&) TTACEBAMERTED b (NTP, 1997) .
WMOBEBLMTIEZ, BV TTUBAALSTLARERE) TF BEHNE okt Lf%ﬁfuﬁ’&'?ﬁ‘i‘
HREEHEFREL TS (NAS, 2000) , iU XICBT3BE/ BPAORERT —& (S

(0, 10, 30 BTF 100 mg/m’ BBEEITIWTEFILEN 3/50, 6/50, 8/49 JTF 15/49) % HWTEE
NEEFTOEDOET I U IPERBINIZL IS, MBPADZI=y MY 271 26x10°0g/m® 5
WTH5 (NAS, 2000) , 1:100000 DY R 7 L~LEFAWT, BMABREROPDEEZUTOL S
ILEHT 5,

1x107°

o ABRZEHF D PDE fE= 26X10° g =0.38 pg/m’

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

A=y PRI T7Fu—FiIc X DEXHT PDE HICE L Tk, FORERICEESEEFFER LY
vy,

BEIR

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/scffoutd8Ch_en.pdf; accessed March 21, 2014).-

Miller RF, Price NO, Engel RW. Added dietary 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/}.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/984 1.html; accessed March 21, 2014)

NTP. Toxicology and carcinogenesis studies of melybdenum 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 711701025: Re-evaluation of human-toxicological maximum permissible risk levels.
Ruksinstutuut Voor Volksgezondheid En Milieu (National Institute of Public Health and the Environment).
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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 TETHPYA FFA

=
= v & VOPDEEDHEE
' » =w4 v (Ni) -
%0 e s BA
PDE (pg/day) 220 - 22 6.0
Frii

=o&N (ND i, H 10 BOF—BBITRTH D, =y ME 0, +1, +2 RU3 ORR{LIRE
CHETET B REMEN B B, T ZEBLIREBIR Thd, =yl HxREMTETER
RICEETAEBTH D, — BB, =y FVEEMIDKERICESHTHESh, Bh=y
e, BlEm y F ARV v 71V E Do T AKEER I Y En= v S bE 3, Bib=v 7
CNVERUERL= v S 80 o TR EEO BV EA BT TEEREVERICH S (ATSDR,
2005) . =< AL, b N CREEEFAICSEATIERWE, B8P CR=y I VRERFTEEEL
BlxfR ot o b, mvFA—TAI=UAEEE LTO=y NI, KBEEISIZBITS
sl LTRAVWLRTWS, TEEEXBABOSRICANLRLAT VL AHIE, 700%28
DR —ADEETHY . 1%RE~BUND= v FLEBILHE LTEF LTV IEERHS
(Stockmann-Juvala ef al., 2013; NTP, 2006) , = v 7 AD— BIEEREL 100~300 pg/day DFEFHIC
#»5 (USEPA, 1996) . : | -

BB ORI & /-

— o i, BEEEERET S, FREEEZ LRV (JARC 2012) , EORERO=y 7L
H DB AAE AT T 2 & DIV (Heim ef al, 2007) , F o EWEZ AWV OO RARE
RERICBVWT, EOF A S Lo TIHEEOEMAH -7 (ATSDR, 2005; EU EFSA, 2005) , US
EPA i1= v 7 VFEERA R b OFMN M523 5 5 LR L7 (US EPA, 2012) . =v ¥
JUEESE A R b LSBT, =y S NAEXIIAT U AROAEEIED A EEEITB VT
R R 7 DESREEMIED bhih o7 (ATSDR, 2005) , =y 7O _TOHREL—E
LT, IARC (2012) iZ, =y A%t FOREBAMEHE (Groupl) EHFL TV,

v FEUEICBWTE., =y X AVOXREROERIL. BB, FEBRS T I RER CFEA~O
EEREVEESRITIEESD, € NI, WIS, =y S UREREERIIICOE ) TS
L. ouricBIEShA L SicRB, B ROTF—ZiE, KL A=y S A OBE—HEORD
BB, v NIREBEEREE FTEBREFRLIDZEEZR LTS (Nielsen ef al,
1999) , = ADEEMEEORNIZBAROEIICIBVTIL (US EPA, 1996) \ =y 7 /ViBH
FEOE MIZEEIRLTWARY, BEBAREX, bt FERUSHL BICHETCRIEORIE LW oT
EELREREECDHEEADHY . RERE, HRE, BHEERCHSERER =y 7 VOBR
TERUSEEESCHEISNTWS (ATSDR, 2005) , HEEHE NiSO, & shiT v FTHE
Ul RAEMERIRZSE. B NI 285 327 v b TRELERRBRE L AT, EHRZITE
BLTWALDThokR, LVEEEDENLDTH-o7 (Benson, 1995) . =y XA DEHE
X, b Xy HONEBNINDAESHOBREIEBNT, L@ db0L EE':bth’o
(Schaumloffel 2012)

B OREROPDEME

10, 30X FES0 mg/kg/day ChaBE= v FVARKFIPEERE SNET v MOBIT D 2FERMDORES AR
B, #RHEOBRSICEE LEEBIRD AR, o, 2REHOHICIW T, 550
~105BTCORELER., BELREE—FGEERS D, T, HEL bICRSEIGATORE
R RS Y . SRR, 30R TS0 mg/kg/dayl S CEB Th o7 (Heim et al,
2007) . LOAEL 10 mg/kg/day (=& LT22 mgkg/day) &V, EEHEE HELIKBL
TEEINEFI~FS) 2EFBIANT, BNRFFOPDEEILUTOLBY THD,
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PDE=2.2 mg/kg/day X 50 kg / (X 10X 1 X 1 X 10)=0.22 mg/day=220 pg/day
YHPDEEOREICLOAELZ H\WeZ &b, F5& UTIREI0E @R LI,
E&ﬂ: L B IRERF OPDEE

HES=y 7VEMEERVW - FOBRBRE L. BOERISNERED 20~40%B RIS
B (EEPHEET — FIcBESE) LEETH LD THo7- (Patriarca ef al, 1997) . = v 7LD
WU T 2 REFOXELFEMTIH 5 1| >ORBRICEW T, WEARED 2~UBBIR Sh
7o (Nielsen et al,, 1999) . L7=do T, =y ZAVERUOKER= v 4 LM OR IREREO LY
FHRAAERBENR O THDH L 2T 2, BOBRERO PDE EAETEHEE 10 TRL T,
BEHICL 5BEROPDEEEZHEH L GlEAERRERILTWS &) ,

PDE=220 pg/day / 10=22 pg/day
I AR EERE (O PDE(E

WAREROPDEEOEIICE L Cik, FIATREART 400, BHEEDH B = v /L OREN
BRI, Bb=y AV ERW2EFORBR TRE, ~NAAZ— (Wehner er al., 1984) Xt~
VA (NTP, 2006) WEBIFRD bhiriroTe, 7 v M CHENSAMEIZET 5 D OFEHS
HoTeH (NTP, 2006) . &B=v 7 VO ARE TRHESAMOERIZ o7 (Oller ef al,
2008) , WMABRKITIZHEEL 5 DHERVCED = v FVIIERAMOTEME R L TWARWD T,
=y AZBE LT, BERET I m —FRETAND LR TEELDEEX DI, EER
#H ((FEUZBWTEZINZFI~FS) 2ZBICANT, 7 v MERIZBIT 5= v # /LONOAEL
0.5 mg/m* & EiZ, ZABRBROPDEEZUTOL I ICEHLE,

' ‘ 0.5 mg/m® X 6 hr/day X 5 day/wk 0.089 mg/m’
S =, = =
ERGRE 24 hrfday X7 d/wk 1000 L/ 0.000089 mg/L
. _ 0.000089 mg/L X290 L/day _
-E A& 0425 kg 0.060 mg/kg/day

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

HEAMREEOREO = o FVIIHICER ESNATEERH DI 2 L, RUTRTOBED= v 4
A DR ARTEE ORBHESEFORE CHICRENIBDO LN &b, FAE LTEKIOZSEIRL
o

BEIRR

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

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

nickel and inorganic nickel compounds based on an updated carcinogenicity toxicity assessment. Reg
Toxicol Pharmacol 2012;62: 191-201. ' ,
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Heim KE, Bates HK, Rush RE, Oller AR. Oral carcinogenicity study with nickel sulphate héxahydrate in
Fischer 344 rats. Toxicol Sci 2007;224:126-37.

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 Organlzatlon
Lyon. 2012;100C.

Nielsen GD, Sederberg 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 .carcinogeni-city 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 studLes of nickel
sulfide in pulmonary carcinogenesis of rats. J Natl Cancer Inst 1974;54:1165-72.

Patriarca M, Lyon TD, Fell GS. Nickel metabolism in humans investigated with an oral stable isotope. Am
J Clin Nutr 1997;66:616-21.

Schaumlsffel D. Nickel species:analysis 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, QOdnevall Wallinder, 1
Santonen T. Inhalation toxicity of 316L stainless steel powder in relatlon to bioaccessibility. Human Exp
Toxicol 2013;32(11):1137-1154.

US EPA. Nickel, soluble salts (CASRN various). Integrated Risk Information System (IRIS). 1996.

" USEPA. Nickel feﬁr_mry dust (no CASRN). Integrated R.isk Information System (IRIS). 2012

Wehner AP, Dagle GE, Busch RH. Pathogenicity of inhaled nickel compounds in hamsters. IARC Sci Publ
1984;(53): 143-51.
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AV A Av NN
25 U AOPDEEOEE
RSP T A (Pd) ,
- u S g
PDE (ug/day) 100 10 _ 1.0
o

RSN (P iE. FOMOESKREBR U=y A A LEELTEY, 70, ELTWAE.

C HEACTREMROHIEBEXFETHD, /7 VU AR, Pd0) (&B) . PACHEY PAEHD 3

DOOFETHERET D, NTVVATERER{LAMERER LEDN, FHLEWD 5 LEEF MR
BOLNDIBDITIFELAERY, NT DT A (R RIERELT) X ABEEGICES T 5 it
ELTAVWLRTWS, "FVT7LERIE. KEFIZBWTEETHY, FARUBEZGRIZ
& b E ORI L BIERICHL S,

REMEREORI L 2o T HHE

v 100R U250 ng/mLDARZ7 0 A HARE LT » FOWABRRT, RS0 h, B
ﬁk%ﬁ#ém FFig. B, MBSGLBICEER L2V ERRWEShL, MRk, £&LLT
BEZEALELOTHS (lavicoli ef al, 2010) , #7245 DU MESTIT ST OMBE X
WL 2 AV oin viroERFMRRO WV 2 (RXIF7AEEAVZZ—LARARR, X
BEEZBAWVWESOSZ2ET A, MY REREHAWEAERR) 13, BEOBESE L -
(IPCS, 2002; Kielhom ef al, 2002) . METF—F &L a—L, REBREMEL, TR
DR L 2 AFETRE LT

£ IRERF OPDEE

W ODDORHEHRBNRER S, T PU AMEOEERE CEBAEOERM TN TS,
LoL, B E T, BFOHTA F7 A VIZHE-» CEBI NSRBIV, AFAHER
F— &, T 27 L DONOAELA0.8~1.5 mgke/dayDFEFE H B TEEMZRB LTS, Bk
POEART T ARDERT ST AE LTHIL mgkg/dayDFA R THRET A< 7 RO4LERR
IO HEE BV ODDEETOT S us FERRBOFEREELZHD., T, HCEREN
H 2, MEITIXRERE 2R R o7 (Schroeder and Mitchner, 1971; IPCS, 2002) , =
ORERIT, RBPALOFREICR D FMEE 2 R 2 KEEZSATHWER, YiEBRO T4 v
(HE#E L, HEOEERERD T —N b, MBECH LTS L-BEED) i,
RBADOFREEEZFMET 3 L TCOYKRBRT — X 0MARBE SN, EESE (HElickwn
TERENIFI~F5) 2FRICANT, LOEL 1.2 mgkg/dayZ T, & OREROPDEES LT
DX IWCEHT S, .

PDE=1.2 mg/ke/day X 50 kg / (12X 10X 1X 1 X 5)=0.1 mg/day=100 pg/day
WPDEEOBEMHICLOELEFAWEZ &b, F5L LTHRESERIR L, -

R L 5 IRREEOPDEE |

RSy ACHET AR L o —it, BRIC L AREERITIES PDE MOEMANS x4
ERFMHIEETET B LB TE b ot, BT 0 AQY (PACL) 1. MEEH BRI S
Iz (EEORE 3~4 BRICBVT, 5y MRRTRED 0.5%K5. BI85 v ol

5%) o SEPNBREXEHIRARS BT ¥ FEBRICHT SR IRERIEEL . &Y 40 B
BOFAUIZBWT, BESNIEREDC S B, [ENRET 5%F. HIRNEE T 20%83LHICA
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RS T (RS, 2002) EOBBERED S U b AW ESBRGR S DTH D
C L EREE . ROEERO PDE EEEEFE 10 ‘CIS;% LT, ENIC X BRSO PDE HEHE
ML= (31@:&%25%'@\62:309) o

PDE=100 pg/day / 10=10 pg/day
& ABRERF OPDEA

RFUY KT B SRR ABRET —F 3R, Lf_rbw'c ?DH%%H#O)PDE{ fg{;xir:ﬁész
00T LT, BABRZEROPDEEZE L L (G1EK E%Ji@&:rob) o

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

B M

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 201 0;26:

IPCS Palladlum Env1ronmenta1 Health Criteria 226 1nternat10na1 Programme on Chemical Safety. World
Health Organization, Geneva. 2002.

Kielhorn J, Melver C, Keller D, Mangelsdorf L. Pallédium — a review of e;(posure and effects to human
health. Int J Hyg Environ Health 2002;205:417-432.

Schroeder HA, Mitchener M. Scandium, chromium (VI), gallium, yttrium, rhodium, palladivm, -indium in
mice: Effects on growth and life span. J Nutr 1971;101:1431-8.
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A&
B4 OPDEE DL
. H& (Pt)
#P . R ‘A
PDE (p,g/day) . 108 10.8 1.4
Frim

A& (Pt) 3. B=BBRIOERDORHZTH B, RNFVUAL, FRAITAL, BT A LT
= AROGA VP ULEET ASKERER] X 1753F /4 F1 LBRENAESELEOCR
LEVGODILEDOP T, ALIEIFRDEETH I, €RELE. 2L OBEBTRIGER N IRK
REMETOILOTHIIEBTFRENTEY ., AEOFEREERBIIMECH S, EdBL
REBIT2R P THLD, LHELBEREEZTTIASEESILRATWS, PIRHDIT4EM DT
I T A Z VPt (HO)* TR T D, Hb—EMAPADMEIL. 7 F5 7 no el A RD
~FY I uoHEBA DL R un A&BEETH S, '

BMILYEDRIL L 7o o T

EFESTICTHMDE LTHFEL ) SHEOBERTCASLEDORY AMECE L TR TRERE
BR7 =213 EEFNT—HIXRESNA TS (USEPA, 2009) .

 B&oE{khiElx, ASCEELEBREECRERETHY, FEFELELORERESEETHD

(US EPA, 2009) . BEUEIX, P2< & bBARKIC L 3HEASBE~ORBICEHL TX, &
LEEARTMEETHHLBLIOND, BHEE LTI, CAEE., BMEBREEDIZC Leik,
BN RUOFT /—EPLEEOKBEHE L THFFREBEEENET LIS (IPCS, 1991) ., £
CROEERE. BEOBBSAUNTH o (Merget ef al, 2001) , PHEOFEEKR U1 7 LE
frFEEERVERE, TLAS U ERFESRVW D EEDRS (US EPA, 2009; EU SCOEL,
2011) , BEUED Y A7 1%, BAERAERCNCIREOCER TR (IPCS, 1991; US EPA, 2009; Arts
et al., 2006) . BEE (US EPA, 2009; Merget ef al., 2000; Caverley ef al., 1995) IZBH L= H D Th
BLEZLND, YET—F% L Pa—1L, BRERKIEE . ZeUEEORILL 2 35S
BE L, ' '

2% H R EERF OPDEM

PtCl, (WLBWHFEITIZVWE) RUPICL (FIEEEDE) *4ERMEARETIHEMES v FORRIC
BT, PICLICE LT, IMRFERNT A —F RUBEEECFEN T 2 —Z ~ORBiTRd b
o fr, BRINEESHETH D HE50 myfklkeZ PICL,OFE C4ERIRE X i-8iipic
BT, MY L7 F=rO#MiFtic~< F 27 Y v NRURIER/RT 2 — & OFD B3B8 6
hic, WFho{EABZBELTYL, ThEaRSSNEBYHOMRET. FoBET O QSRR
MU7= (Reichlmayr-Lais ef al, 1992) , ZORBRICBWTASLABOTZLEBBMU TH T
B TEEARBDOIEZ LD, ZORREEZPDEMOWEICA VW, EEFRE (HEl1cs
WTEBRENEFI~FS) 2ZBEICANT, B4 L LTONOAEL 10 mg/ffkikg 28HRIchizo
THF4] mgDREFFERSI i, 0.146 mg/day) ZEIC, HARERFOPDEMELHIHT 5, Uik
7 v POKEX, RERMBIFICS gTHY . RBREE L COESEEREINRE3S g Thofz, T
BMAE 135 g ERFHEICAW, | .

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

R X 2 REROPDEE
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B4 ET AR L Ea—i, ERBERKICIES H&EEMEIC OV TOFlARENZ DO
THBECEEFHELME L, ASEORORNIE, Ty FTRIEDTELS GEEEAREOEHE
IIE1%EES) . B FCERE DEY (REPPD42~60%, US EPA, 2009) , L7AoT, EOR
BEEOPDEE A 10 TR LT, B L 3BZERFOPDEEEZRD S GURERREHS A TND L
BY) . - . :

PDE=108 pg/day / 10=10.8 pug/day
B ARBER OPDEE

fehdth o1 38— H BT AR AR OERO DI, SHROBYWHE (Biagini ef o, 1983) K
UEEERaEx (Pepys ef al, 1972; Pickering, 1972; Merget et al., 2000; Cristaudo et al., 2007) MRS
nTW3, E7-. US EPA (1977; 2009) BRUBRMOMERERAETHIRFEZAR (EU |
SCOEL, 2011) 1%, BAE# BE 2 /oL &R OZEEEHE Lic. B OMERZERFIC
M4 5R¥EERS (EU SCOEL) 1%, A0 A&EICH LTRELOREBEEZRETHITIE
F— H R ARFA 45T B LR L, US Dol (2013) IXAIFAEREIEICE T DM LOMR
EER2 ngmiicBREL TS, EEEH (HERICBWTERESNIFI~F5) 2ZRICANT,
R ARERFOPDEEZ AT O L 5 IKHIHT 5, . : _—

. _ 2 pg/m’ X8 hridayxs'da’y/wk _ 048pgm’

EROREIS 24 hr/day X 7 day/wk 1000 L/m’ 0.00048 pg/L
. y .

HRE= 0.00048 ug/LX 28800 LAdaY ) 57 o eidny

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

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

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

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

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

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.

[PCS. 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, Kniffka A, Artelt S, Koenig HP, Alt F,
Vormberg R, Baur X, Schultze-Werninghaus G. Exposure-effect relationship of platinum salt ailergy 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 p]atmum 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-Lais AM, Kirchgessner M, Bader R. Dose-response relationships of alimentary PtCl; and PtCl
in growing rats. ] 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 éPA Platiﬂum-group metals. Eﬁvironmental Health Effects Research Series 1977;EPA-600/1-77-040.

US EPA. Toxfco]ogical 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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B&HRTHE
B &R OPDEEOEE |
LUVPTA () . AAITA (0s) , 2P A (Rh) , M7=V A (Ru)
: .| #B A WA
PDE (ug/day) 100 10 _ 1.0

Fam

A&iEESE (PGE) @5 bALED (A4 L 0 xHEEENT —F B8R0 ) RS VT LLSHO
T DEMEHT —F ZEE SN TW3, PGE [Cx¥ ARERMERRIT. FPRIFERE it
R B BEEZBISEITIERHS (Goossens et al, 2011) , < SO B ESHRTHEIZE
T HRM LDs ERRIATRETH DD, ZONF#IL PDE 1‘5@‘“‘”*ui+%'mitt< XYV R#D
EMENRBRIC OV TIFIATE RV, P EHABROBEEBICAV LS HEITIE. RuO,
13 0s0, LY bIALE{EHITH S L E X bivDd (Gaylarde and Sarkany, 1968; Swartzendruber e al.,
1995) , PGE OF¥EHEIZ, @B L LTDYM% PGE LY bEMFRVEDODLD CBEbhd
(Wiseman and Zereini, 2009)

PGE OEHEICETABERTRLTVWAZ L 2T 2, TRCOBERKICETS PDE HIZ,
kT oEsmRT Tu—FE LT, BETEREL ATV T AD PDE ﬁl\_£0< BbOrLTWS,
PGE LE&TMEB%t;ﬁﬁ’F%iM‘F@ LBV ThHD,

<o S0 A ]
ANy h, FAI T A, u/¢A&UWTa9A®ﬁ$&kEf5A§7 HIEED TR,
« AUTTA

o 7/bﬁﬁ%%m%ﬁm4)v¢A@ﬂmﬁ%a&%L24%%%%L\:%y
FP v ESICBOWTRELEE 25, 1Y Py AIRAMIRO—FEH DNA k%
C R UTn, 2 BRI T — A DNA @Jﬁﬁﬂiﬁ. bRz (lavicoli ef al

.2012) .
o EEWEIMITLI-D. me7/%ﬁ# HikA VU AEHKY (£ VY
AR LT 0, 0.019, 0.19, 1.9, 9.5 BT} 19 pg/iday) # 90 BHEgAEKRE SN
(Iavicoli ef al., 2011) , 0.19 pg/day LA F DB EERCRWTEREZ TFIRT D H D
B ool ZORRIIENRERO PDE EOR Ek+ﬁ&%@fﬁ&

mavn,

e FRITA :
o WEMbA R I T ARFKIZHEVEETRY (Luttrell and Giles, 2007) . BBARXI
P AIEHEERH L TRV (McLaughlin ef ol., 1946)
o U_E!@ﬂ:z“z T AZBEEROEFICAN LR TWD, lﬁ%{tfz 7 A (0sOy,)
VERE LT, BEEORBEE. B, £, BROKEXCHT 5008, M. HE.
Hﬂﬁ&t}%‘ﬁ@%’ﬁ%%[%ﬂh L,o % (US DoL, 1978; Luttrell and Giles, 2007) ,
o PEMEAAIDA (FRITLELT) OFFEERA (PEL) TWA & 0.002
mg/m’ T&H% (USDoL, 2013) .

N 2 ./'7 I
o RhDHE (KRhCls. CNH4)3RhC15) AR 7‘77\ﬁfﬁ%ﬁ=ﬁ%ﬂ' L (Bunger
et al, 1996) , ZORRIZIBWT, HpEE R UOEEESCE L Tr Y T AR
SO AMIEELTEY, BE&L Y bHEERHRVBNLOTHoT, T M
ESFMPAEELe DT AGHATY & & bt F X II24RFMEEL. = A v b
FoEAICBOWTRAIELELZ A, uPy ARXRMARO —REDNATIBT ZHRE L
7= (lavicoli et al,, 2012) , RhCLiZ. & F U L <Ek&E AW/ MERBR CEEEESL
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AL, BMIRFODNABE) (2 Ay b7 vEd) 2EMEEZ (Migliore ef al,
2002) ,

6 TUAREeYYAFERETHIEERBAMASAASTT v EAITB T, &k
5 ppmDHAET, HBEICHEATLABESMHEOEEREROEMAED bk,
REZTULMIBELR LT DA, BEILRE T~ R5HEVICHRBREN R BOTH
B, BBRAMICONWTORRERDD Z LIZTE ARV (Schroeder and
Mitchener, 1971) ,

o a¥Th (Rh&LT) O&BE =— AR CREH(LEHDPEL TWAPiO] mg/m’
T 5, RUDFFEMEAHDPEL TWAIF0.001 mg/m*T#H 5 (US DoL, 2013) .

o AT=UA
o W OMORugbEIL, RA I F7 RAETAKE TALOOMRIZI31T Din vitroR RS
HTT, BEEERIEESIEE I3 (Monti-Bragadin ef af, 1975; Yasbin ef al,
1980; Benkli et al., 2009) ,
o NT=UADENO @%ﬁﬁ#@'ﬂﬂfiﬁb‘ (%'34%) HEHIC X Zaﬂ%ﬁﬂ#w AR TR
T200BMITH B, BROFERINEALT =D -b\‘fEA%Fi\ FIZFZ® 95 (Furchner et
al, 1971) .

BE I

" 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. Cﬁo— and genotoxic effects of coordination complexes of platinum, palladium
and rhodium in vitro. Int Arch Occup Environ Health 1996;69(1):33-38.

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

Gaylarde P, S.arkany. 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.

favicoli I, Fontana L, Marinaccio A, et al. The effects of iridium on the renal function of female Wistar rats.
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Tl
¥ L OPDEE DEE
LY (Se)
‘ | ' 22 5 \ B’A
PDE (ug/day) 170 85 135
R

BLY (Se) k. HERPICFELTEY, MESEEDESEI R LIELIEH S, L,
4ODBLKIE (2, 0, +4, +6) ZMBTENFETHY, €BELY, BEELUVBERUE
LB L WoTm B DFEETELS, BELiid, £ h2E0EL 0L » THEOKBEB TS
Thd, TLrid, BENREL /Y ATA RNAK LY Z 7B RVIAENRE, ELYv
P, TAEEICBHNTHE: CTHWLN TS, Ru-Sefiifis, BEETICAVWENE, 7
J~WfV/ﬁ%&U?»#wﬁV/ﬁ£ﬁ FBESRICBN T4 2B E L2,

FEMEEEDOIRIL L 725 e FH

Uik, IARCIZE U ZA—73bEY (BRABICOWTHETERY) L LTY 2 ME#ES
e (1987) , BMBICB D TEBAMR S S Z EARINTWBHE—DOE L {bEWIiE.. Filke
VVT%%(NWJ%MOLEH%Eiék it L AR A —7B2 (v Mot LTRBAME
OFREENRH D) Bz b (US EPA, 2002) , ot b5, ﬁ»—fn(tpr@%m
bﬁLOWT%ﬁT%&W)KﬁﬁénTmé

tbkkwrtV/mwﬁﬁﬁﬁkmb6n5%%ﬁﬁ&%ﬁm\&Etﬁfb%@ﬁﬁk%ﬁ
EHTROBE S Wi FNREEL L 288 ET 52 L PEETHS (ATSDR, 2003) ,
BEFOBFEOLLVICHTIRBEREAL T O10OBERH 5, T+ RBEE
FHRIBRT A7, #Ra BN, A ERBREZ400 pg/daylziRE LT3 (WHO, 2011) , 2548
B, FARE LTOBEEL Y NIITEE L BHER LS04, SERUH ORISR
P, [REEBIE VIR & V- RS RICH T ARBEBIC DV TERTWS, BEMICESES
N MCBELTHREEN TV A LOICEE LAEEERERS, SHEOTEE L YO 2—A
NiFFAFEZRALEBHTHLROATEY, T, EL U bAENEIREEL YO 2— A%
L RF R NOSHRARE 2T B BRAGE. FHREERUITESHEZRE LTS,
0 AR ORI & A2 b D & 2o TVRYy (ATSDR, 2003) .

Z EREREFOPDER

Bifbt I//L_EQTZ’D7 v FRBAMRRICB T, @R AT (% BNOAELAR3 mg/kg/day (&
L& LTLT mgkg/day) ThoTo (NTP, 1980) o ZDMOFEREDE LV DEBAAEZ M T 57—
ZIFFRTHTHD ., FomEOBEREO e Mok 2BEEIERESh T3 (TARC, 1999) |
ZOFRBL. AFFRARROBRTHD, V< 2hDt bF—FBARTETH DR, BREN L
BREHZIZBIT LD THS (ATSDR, 2003) . HH SNPDEMIX, £ LV DMRL 5 pgke/dayizBlI L
t%@f%é(Ammamm)o%Eﬁﬁémﬁmiwwﬁﬁéntﬂ~ﬁ)%%ELT &R
REOPDEMZLIT DX S ICEHE T3,

PDE=1.7 mg/kg/day X 50 kg /(5 X 10X 1 X 10X 1)=170 pg/day
ELHREEDY A7 07D, F4 UTHREIOZER LK,
BESIC X B REROPDEE
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v FRUERBH TORBRREL, B L BRE, BELVEBERDEL ) AFF=EnaTol
oD E L IALSRENEREINTES. LIELIEERSAED%EEB L DIELEFSHICHIX
ENBZLEFMLTVD (ATSDR, 2003) . BABREROENFNFHRR~0%THDHZ &
PREE X, BN %%%H#OJPDE{E%{#EF@TCF% LT, BEfick 5&%@#@1)135{‘5%%?@ i)
WEHLE GIEIEZHSATHSEERY) .

PDE=170 pg/day / 2=85 pg/day
W AV R O PDEE

RN 2R D PRI, %@H?E%Joﬁa‘é%ﬁ%%ﬁ@%%@ﬁ@ﬁwv—w—'@&éo TREREAE
e LIRS T A BN ETEEIE02 mg/m’ 5] i‘éb (US DoL, 2013) | ExMESRFRIEM
R N—7 (BU. SEG) IITEMEERR 0.07 mg/m’Z5RE L7z (EU SEG, 1992) , L& L72H
5. BU SEGOREMBREIRA (OFL) k. BASATIEELRZWLERDNOEETHD
VAR BRESHWTREINRE LD TH S, LicHoT, US DoLi &k h EHEH SN/-OELZ
Avy, ﬂ’fIE’E‘F#t (Hﬁlkkb\f%ﬁénfumnﬁ) %%E%_)\:n‘c % A2 Z b5 DPDEfE % LA

~

0.2 mg/m’ X 8 hr/day X 5 day/wk 0.048 mg/m’
\i 5 = = — R
’“‘ﬁﬂ%ﬁﬁ% 24 hriday X 7 dayfwk 1000 Lim® -~ 0-000048 mg/L
. . y
RRE= 0.000048 m;a;/é,ngSSOO Liday  _ 4 028 me/kg/day

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

ATSDR. Toxicological profile for selenlum Agency for Toxic Substances and Disease Reg1stry, Public
Health Service, U.S. Department of Health and Human Services, Atlanta, GA. 2003.

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

IARC. Overall evaluations of carcinogenicity: An update of TARC 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.

TARC. Some azmdmes N-, S- and O-mustards and selemum Summary of data reported and evaluation.
Monographs on the Evaluatlon of Carcinogenic Risks to Humans. Intematronal Agency for Research on
Cancer, World Health Organization; Lyon. 1999.

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

"US Dol (OHSA). 29 CRF 1910.1000 Table Z-1. ants for air contamlnants U.S. Department of Labor.
2013.

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

WHO. Selenium in Drinking-water; Background document for development of WHO Guidelines for
Drinking-water Quality. World Health Organization, Geneva. 2011. WHO/HSE/WSH/10.01/14
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§R
SROPDEE O
i (Ag)
® oo ekt e 2N
PDE (pg/day) 167 14 7.0
=]

R (Ag) X, & LTEHMbET OFET, RUMEEHEE DRV BB OBETEILEY
PICEFET D, Bk, ECBDTETIC K, o, BELTWBEES., F{EBEUV o0
© DEOTBTRRICHFLET D, BBRARKPORLEERF AWML, WBEBRVEBTHS, 1T
LA EDEMIE, 10~100 pgkg O THMEORE Ete, SITRBFEMICHLE I, K3
ARFREERIAATSH S, BR=F L UMb FLirdFy FAOBICB Tl E LTH
WHR TS, B~ FIYLAEGEE, FEAINVRLEHOBROAFZ LA LD,
BT, FBESHRICBW gk & L,'cﬁawazn/:s

LEMEEORILL 2o ot

RIZLERFEMEE B, B2 AVEERRBROE xR d LM, RN
T2 +4RTEMERELTHRY, ZhbDF—FicE %, ﬁEFiI: MZBWTEBAMEH
75 LIFTFREN TRV (ATSDR, 1990)

SLAEEX, b }~@ﬂ??sm:ﬁ@“as}iﬁsw#f%%@&ﬁbi%‘v\ﬁﬁﬁﬁ:ﬂtfﬁé LBbh3, B
B4R b o —FHREEZH SN S (Hymowitz and Eckholdt, 1996) . $RILIEEEIX. AAHEH
REBOFEREGAEELELDOTHY, BIEIHATVEAFBEL K Lo ER~O8
ENLELS, rE’:!/’\/MDéECD‘BU\Fi FRCEGEORBEE CICTAREE LA LBHD

(ATSDR, 1990) .

O IRFEFFOPDEH

HEHE~ 7 R REERERE 0.015% 00 L=k (0.9 g= v X, RSEEER32.14 mgkg. $R64%) #125H
M5 %, SOBEMNRIEREEICE S HRTHENFEMESFREE S - (Rungby and Danscher,
1984) , ESWITTREM & B L THREESEHR IR, TOMOBEK FosKEITED
biviehofc, BORBRITEBVTR, <7 RICHER mykeFBRENTEA L&, SN
WEET B Z AR &N (Rungby and Danscher, 1983) , R OIREFFOPDEEIL. BRAE 5
ug/kg/day & FJE L TWgvy (US EPA 2003) , {EIEMREK (&R WTHESINIF1I~FS) %
ERLT, BOBREROPDEELZLLTOX 3 ICEHT 5,

PDE =20 mg/kgX 50 kg / (12X 10X5X 1 X 10)=167 pg/day

BRI SHEFENFHMGEES LT ULvie <, PDEEDOREICLOAELZHEH L £5b, F5
& LTERBI0EBIR L,

BT X 5 RER OPDEL

US EPA (2003) i%, = oA FEREVFEEREZRWI-EYIEORICBILEE L BE LicER
EiZ L, b FoRBM 2~9FE#H) OBRNBESOF—FE2H T, EDLOAELE0.014
mg/kg/day & 4 TE Lz, BEERE (H@RUCBWTEBINIFI~FS) 2ZRICANT, EHIC L
m%%ﬁmpnﬁiﬁ%u‘l?@g: HICEHT B, .

PDE=0.014 mg/kg/day X 50 kg / (1X 10X 1X 1 X5)=14 pg/day
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ERAOROERIFE LIS 0NN a b, SILEEDHRZLOELE 272 L, F5 L
TRESEBIR LU,

B ARSI OPDEfE

B R OB 0D I Ot A%, ﬁVmﬁmﬁwﬁlﬁwtbhkﬁéihé%ﬂ1%5to%
BSRE UTIIER (LS ORERMAREE (TLV) 0.01 mg/m (US DoL 2013) #fVv, {EEMREK

(FHRUZ BV TEB SNFI~F5) 2EEICANT, &A&Eﬁﬂ#‘@mﬂﬁ%u?@;ﬂ_ﬁﬁ
T35,

. _ 0.01 mg/m’ 8 hr/iday X5 day/wk 00024 mg/m®
| ERARRA= 24 hr/day X7 day/wk = T looonh 000000238 me/l
5 .
_pmE— 00000024 mz)LngSSOO L8y 5 0014 mekeday

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

ATSDR. Toxxcologlcal Proﬁle for Silver. Agency for Toxic Substances and Disease Reglstry, 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 acefate 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 Toxicoi 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 'I‘able Z-1. Limits for air contammants U.S. Department of Labor
2013. : _

US EPA. Si]vef (CASRN 7440-22-4). Integrated Risk Information System (IRIS). 2003.
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Z2Y T h

& U 7 5D PDE fHOFEE
ZUJogh (TD
- 2 qm| A N
PDE (pg/day) 8.0 ' 8.0 8.0

Frim

g2 YA (T 1, FAROEETHSB, FU UL, & LTH RUH3 0208k
RETHEET S, 1 i0oF ) vhid, A VEBRECEFB ST YA (KH) IEPLTEY, =
O XS REBHED Z U 7 AOBEOEICHEL LTS, FEEORLS U T AGHERE, 7
T AEDZ BKEETH D, FBFV VAL, FELTHERE LTEERICANHATNS
1Zh, R, EROB#E, F7 X, BERU~F I T Lo -BIMEDIRROI-DOEERIIC
RAOHhTN2, 7Y 7 AGHERFREGRICAV ATV, VT ARRERERNIC LA TR
<, IREEEESEEITA LN TV (ATSDR, 1992) ,

REEERORME ol FBiE

b FRUEBMICBNTIE, BE, BICBan, ¥ 7 AORKERORENDOERICE HERSHE
BEOERSRE & BHbha (US EPA, 1992; US EPA, 2009) , KEEMEOE (R, BB T
IREENE) (IMMOFREL Y LW EEEZ LD (Mooreet al, 1993) o

R EEE O PDE

ERERUEHIERBITES Y TA~DROBRICES T/-2E08EIE. BE. BeEatEbh,
ik, BBV vADT vy FEAWE 90 HHEMRBRTREA TS, LY EHAECHERE
DFEIEFEPEMT D L &ML 2, # U U .AD NOAEL # 0.04 mghkg & EH/ (OEHHA, 1999;
US EPA, 2009) , L7zH2T, Fv MIBITHF U o7 .50 NOAEL 0.04 mgkg %EL&D&?@EI&%
@ PDE {‘E%i%ff L7,

‘ffoEE‘?ﬁ (Hﬁu_m\f%%énuvﬁs) EEBLT, &DH%E’EH#GDPDE{E%JA‘F@J:N_
BH3 5,

PDE=0.04 mg/kg/day X 50 kg /(5 X 10 X5X1X1)=0.008 mg/day=38.0 pg/day
HEH I & H5BRERO PDE &

5 Y MBI ~OERREIARS . BENDH 57— 2 RO SR AT, TGS Y
7 A OEMEATFRIRRIZE Y (>80%) (US EPA,-2009) " L7=i - T, BFic L 3BREEHD
PDE {Ei%, BORZEEDOPDEELFA—TH 5,

PDE=8.0 pg/day
% ABRFER D PDE i

&) 7 AMLE~ORMNREICHRD, BEEDH DT —F ik, US EPA X, # U 7 ADKA
ﬁﬁi_ﬁéféﬁiﬂiilﬂxiﬁ%%g%%%tt'.@*uﬂ"ﬁ—f\fab;é EREBR LT, 7Y UA~DORAIR
BOTREEEZ SO EBEFHFERBRENTH D, BER TIN5 (US EPA, 2009) , & &
VEZ B TRESNETAFERIIRETH Y, BABRKICI Z2RINRIIEL., ﬁ;ﬁﬁiﬁﬁb\&
ExzbNnBD (IPCS, 1996) , HEORUVRARREOZ Y v ARRICI WV ELOFRATREN S,

TOEBEND, &A&%ﬁﬂ#w PDE {EIZDVNThL, ST X 2RERFO PDE E% b- TRET 5,
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PDE=28.0 pg/day

B3I

ATSDR. Toxicological profile for thallium. Agency for Toxic Substances and Disease Registry, Public
Health Service, U.S. Department of Health and Human Services, Atlanta, GA. 1992.

IPCS. Thallium and thallium salts: health and safety guide. International Programme on Chemical Safety,
World Health Organization, Geneva, 1996. Health and Safety Guide No. 102.

- Moore D, House [, 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, B_erkeley_ and Sacramento, CA. 1999.

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

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

AA
A A OPDEE O E
A X (Sn)
O R & A
PDE (pg/day) 6400 640 64
Fegh |

AZ (Sn) X, REABOEBETHY. 2R UHOB{LIKEE CTIEET 3, AXWHHLEHD > b
BELEERL O, Bk, Et, 7 o tiEic A u F bR BT Y T A RO R XA
FrITLTHD, AR W OPOTAFEX LRI R TVRRHEBHAERDICHFETS
(IFEH7= 9 Snk LTHRE10 pg) » ARIE, —HOBWIC & - TREFHNCHE TH D THEEN
HBMB, b Mo THBHETH B LITRERTORY, EERARQHIE, BIEAlE LT, ROE
ViEfbE = (PVC) ORENMH L LTHANLRATWS, ERLBATICE TN 3L ERHY L
WOIEANLE, FRAXESHLY b, IV EEETHEETAEHAIRL VEET 50T
BB, ZOREMTHHITERA ICESEFH TS,

Fe o PEEENEDIRIL b 72 o T Tk

RARVRXEIET Bin vivoDBEFEENIRBAEEZ AL T EHOIRY, W 2hDTF v
FRRICEWTIE, EnOPHEEL LTO~NES 2 V¥ OBS AR BN ECEEEET
BHolc, BETDE, AXRVRXEin viro7 v A BV TERFHICHE LEETH - 755,
AZXRGARARED S BN OhOFEOS ORXREEAKEBECEL THBETH 7= (CICAD,
2005) , vV ARCGT v hTO2EMBRICBVWTI, HEE—AICERAEZ 2ok
{NTP, 1982) . ’

B NIREROPDEM

HlE, REEARSEDT v MNBIT 2R bEZHERE VWV EREE ChoTz, LiEd-T, B

ABREREOPDEEIC DWW TIE, R BIEVNOAEL, §723 %5150 ppm (AXE LU32 mglkg/dayfd

M) (ATSDR, 2005) WCESWTHRELE, ZOMIE. 5y MBI 290BERBENLELN-

LOTHY, HLE—RAXFEMBPESIET v MIBWT, 500 ppmEl EOBSBTORMD

e EITRESNI (de Groot ef al., 1973) , NTPIZ X D13 EMMERERER (NTP, 1982) i -
BT HEEFHFMIL, de GrootbiZ X ARBICBITEbOL Y BREINTVE BEIE, ~

EFB VT AREL Vo BRECEHRET —ZOXE) b, BOBEROPDE
EDOHREICBVTIL, de Grooth DERBIINTPORR LV bEHEMEXLZ O L EZ BN, &

EfAE (FEUZBWTERESNEFI~FS) 2FEIANT, BORERFOPDEJEX L TOL S

WEHT S,

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

HEFIC L 5 @RERFOPDERE |

AXCHETAESE LV Y2 —id, BRI L 2BEERKEICES PDE HOBEHO DI FERTL
NOFHEEF2BETCE o, AXROE#EA X{LEMOEAREHFOAYFENFIRAER
5% (ATSDR, 2005) ZZEiZ. B ORERO PDE B4 ETERE 10 THRL T, EFHc L 2REF0
PDEfEA#EH LA GlEICEBEIATWVWAEEY) .

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

% ABREROPDEE
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zx{_r-;‘at;ccop:éﬁVtz-&i I AIRELEKICIED PDE EOEHRO- DA REFER
4551%;(7\LOL"C@{TB?@*@#@?W%%ET%71&7.‘)307'(_0 2B LT TLV (2 mgm’; US
DoL, 2013) D3F[FFRIGETdH 525, RETHICRT—F B R+ THD (ATSDR 2005, EU
SCOEL 2003) , L7=hi=7T, ;&mﬂ%@ﬁ@ PDE & % ABREREF D PDE fHICE BT 5 7-0ic, &
100 2T, AXICHET 5 PDEEXEHTS QlERKEHIL TR LBY) ,

PDE=06400 pg/day / 100=64 pg/day,

BEITR

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

CICAD. Tin and morgamc 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 bloassay 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 contammants U.s. Department of Labor.
2013.
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VAL P ay VN
23F 27 AOPDEE DL
NFT L (V)
x| S |
PDE (ng/day) . 120 . 12 12
Fria

AFTTA (V) ik, HEBPIHBELRE LTHEEL, R RBERE (1. 0, +2, +3, HET
+5) CHEELD B, SHFP T A, FRXATFTIVVEBATY (VO) RUARFIAL T (VO

L LT, BLALOEYFREICOEREFET S, ST YV 0 AOHBLEE» S OREIIIThIC
W & PTORENLO/SIT VT AOREBEREHEMFEIX10~60 ng/dayDO&HIZH D, BEKN
L OEBREIIAKKICEL Y RERY, HEEENETRE TI40 pg/dayThH s, b F—AQEFTO
NFTT AOMEFTRESSHTHIPB, 2 w/LBEEGEO FRBTH B, FRICELSSHLT
WABIHEPND LT, b MERIZBIT 23T V7 AORBHRAEMZORENISIZES N TR,

REMEETEDIRILL 7 o T

AFTY AL, BEEEEET S, TREMS B/ (ATSDR, 2012) , EEE A>T v A
i B MEH LTESAEOREESH 2HE L LTHESN TS (Group 2B; IARC, 2012) ,

# 1IREEFF D PDE i

BMEUE b~ORORERICBO T, BEE, DOERECMEZRRE: 5BHEENTH S,
BOREZLIDZATV Y AOBEEZEMT 20K LBEOLEERS, "FPUAxRERREX
e MIBWTERENE, ZORRBIZRBWTCHE, BABT VE= U AT kEE T
DN TP AL LUT012X1X0.19 mg) I AT~ 12BEHRE Ui 5E o Mg a2
FA—F, I (LEPERL~VICLVEIE) ( avATo—AERN) 7)Y FREE,
Figie (MLPRFERICLVEE) \ AEXROECHFELREIT2A o7 (ATSDR, 2012) ,
MEENEER CIE~OEEBIZET 550V 7 AOFEONOAEL 0.12 mg/kg/day® ., & O HRER:
DOPDEEDEHIZAV V-, EIEFE ((HEICRB W TEZENFI~FS) #EZEIZALT, QO
IREBERFOPDEELZ UTO L S ITHEHT 5,

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

BT X B BRER OPDEL |
RFVYMCETBESMV Y 2 i, BHHC X BRERBICIES PDE HEHOKL R EHE
BRI REBECE At ole, /AT PUARVEBRAT VY MeAWIET 5 B8 X 2 0&EN
BEIFOEDFAFREN 1%KiE~10% (ATSDR, 2012) THAZ L #BEEz,. BROBEREOD

PDE fHZ B EMRHK 10 TRLU T, A5IC L 2\RE&EHFO PDE E2HH U G BIZEHEIhTH
BEBY) .,

PDE=120 pg/day / 10=12 pg/day
AR RS OPDEAL |
5 9 | OUEBBHERABRERRE. ~SF U5 Al B4 5 E ARG OPDEE~OIE R0 bl

BEtanis, ZORRICBW T, SEHERICAVWLNTERIEAETCHIHEEBISF VT A0S
mg/m CREBAERANED N (Ress ef al, 2003) , EEEATS Y A, BAaFIcH, 1
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j 1

RIS L EE ALY, LiEAoT, SOREROPDEEZ EERSI0THRLT,
AFDY AT HBRAREFOPDEMESH LE GIRCERESL TN ERY) .

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

BER

. 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 hurnan carcinogens. Monographs on the Evaluation of
Carcinogenic Risks to Humans. International Agency for Research on Cancer, World Health Organization,
Lyon. 2012;100C.

" Ress NB, Chou BJ, Renne RA, Dill JA, Miller RA, Roycroft JH, et al. Carcinogenicity of inhaled vanadium
pentoxide in F344/N rats and B6C3F1 mice. Toxicol Sci 2003;74(2):287-96. .
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fHek 4 - =41
PDEAE & o R MM DFE AP ~ DRLE ]

FFarl: —AEREN 10 g 2BIRWEROLDO, BARERKS SRR OTHARFY O
HILEREREE

ZoFE LT, oS (FERIEEEVENASER, £A41 2R) 2858715, FXK—HE
& 25 ¢ OROEBREENCOVWTHRNT S, JOHEMORA—BEREITI0 gBrirno b
PE, RA220FBBRELTAVAENRTE S, A7V a T BOFFTREL 20, #
RRFROIRESE EDOX I RERTHNTL L. YEREOARIT TSI ARR=v I
fREFANTHWALDOTHY, VRAITEARAAL MIESZH, B I FITA, AERUAS
TP LBEELRo TN, BRI BRA2AITRINEEBETCHFELTWS LIRETS
BEICBWT, BAIPOELRFMBORRK— BEREIRALL CRENELBYTHDS, b
HIEBETHHBWY FIEA—HEREX BA0— A ERERUVRA22OYETEASYOR
EREEZHVWTHEESNLD (REREFEICHAHOEREO—BERE2S ¢2FE L) ., RAL2C
BNT, EXFEFHPORR—HEREIL. &7 MORENTEOEF LTk,

ZOHER, FRENOPDEEE M BRFFMMAZN T LEIEL TG, LEkKoT, &
NO SRR ORENBI VRSB T, YREA, BEShETRFMBThTh
DOPDEEZ B LR DTHEZ EBMRIEEND,

FA41 : BFEIBRERS DRk — B R E

R 5 —HERE (g
JRZE 0.200
PR L —R (MCC) : 1.100
L 0.450
UL REANT T A 0.350
JoARY Ry 0.265
AFTY el 2T A 0.035
ERFaxi ot sFr 0.060

Fla—2Z (HPMC) :

[ - S ‘ - 0.025
E ek 0.015
A 2.500
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%Actz i&zz%%‘ixt#&ﬁﬁ (RERIEL L, 0. —BEREZ10 gbHETDH

&)

BRAUERE (ng/e)

AR Pb As Cd Hg Pd v " Ni
JRE 0.5 1.5 0.5 3 10 10 20
MCC . ' 0.5 1.5 0.5 3 10 10 20
HIE 0.5 1.5 0.5 3 10 10 20
U BT A - 0.5 1.5 0.5 3 10 10 20
TaARE R 0.5 1.5 0.5 3 10 10 20
ATFT Y BT SR T A 0.5 1.5 | 05 3 10 10 20
HPMC _ 0.5 1.5 0.5 3 10 10 20
b7 v 0.5 1.5 0.5 3 10 10 20
ER{l8k 0.5 1.5 0.5 3 10 10 20
BR—HERE (pg) 1.25 3.75 1.25 15 25 . 25 50
PDE (ng) . 5 15 - 5 . 30 100 100 - 200

AFSa 2a: - E!i@ﬂ’igibﬁm éi’b‘(’b\éﬁ%ﬁﬂo)t&b@ %ﬁ]ﬁﬁﬁiﬁéﬂxwmﬁﬂ_ﬁ%o
P LRI A IR -

ZofE L‘C\ A7a ‘/H::]Slﬂ'(’ﬂib%%’d’; otERALSy (REIRERORMAISER, &
ALIBR) 2EET 5, RA—HEREN2S ¢0FH UROABREAIC SOV TRNT S, 27
v a V2l EOTERE L 2D, BRAAFPOIFSE EQL S RERTRAVTHLWN,
WMHEEOSHIZI T VT ARGy FABEEAVTNELOTHY, YRITERAV MC
ES& vHE. VFIVA KERUATIZTABERER>TVD, YAITEARAY kG
#7E LA ER MY OBRRBERT, RA21OPDEERUR1»LFHINEDS,

B TE AP A 7D Bk — RIEEEL, MHEE D ERO— B ERBER UFALIOEET
Wi OPEREEZRVCRESNS BEREMECBAOERO—FERE2S g2 LD) .
FAAIICBNW T, FLRAHYORK—AEDET. 77 Akﬂ"éﬂ?‘_ﬁ‘@*&~+ & e bR,

T OEEL. FAFTROPDEER R L A TEERAMARNE L EELTNA, Li.?ho'C\ hal
OB RS DEERE 2 VRSBV T, YA, REShEXETMYTHLEh
OPDEEZFBIEWEDTHD Z EBHRIEEN S, )

AT ar1E ATy a2l THERE R L Lf:i;%ﬁt:ﬁ-fya L aDFE R AR RN
LT3 LS IRLZ0M, BHo—EERE: LTETRENI0 ghT25 g ANl &ickd
bDTHD,

~
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A3 : —HBRREPAZ SN TW S RFORRFFREOHE (RERELE LEELZEAR)

EATERE (ngle)
ﬁﬁﬁﬁi% Pb As Cd Hg Pd v Ni

K 2 6 2 12 40 40 80
MCC 2 6 2 12 40 40 80
FLEE 2 . 6 2 12 40 40 80
U BRI T A 2 6 2 12 40 40 80
7o ARE K 2 6 2 12 40 40 80 °
ATT VBT H UM 2 6 2 12 40 40 80
HPMC 2 6 2 12 [ 40 40 80
BibF¥ 2 6 2 12 40 40 80
gl 53 2 6 2 12 40 40 80
BA—HERE (ng 5 15 5 . 30 100 100 200
PDE (pg) * 5. 15 5 30 100 100 200

F7var 2b: —EEREFNHEZNTHAEROL-HD, flﬁﬂll%ﬁﬁﬁiﬁ?*@xﬁﬁiﬁ%@#
FREREM

DL LT, z-fya NEC2BWTHWO IV, 9IRS (REIBRECENAISHEE.
RALI1BR) 28FT 5, BERA—BEREN2S ¢RI CENBEEEFIC OV THRMNT 5, Y%k
BOGHRIINZ P LERR=y S AEEZAWTWELDOTHY, VRAZTEARA Y MIESX
T8, BER. A FIUVA KERCATPUABBELR->TND, 7322 A0Nn5EHic,
Y EA DR R O S F BRI RS F O RR MY EICET 58N aRic o THRE
EIT5, AT O®EIE, 5. sﬁe:aﬁiénr_’r*i&iﬁm6#%6%57%1?&75%6 BRSO %
LEARMIARD T — OB ERTHDTH D,

% Add: BRRSTPOTTERHYBE (pg/e)

BE (ng/e)

He ARy Pb As Cd Hg Pd \ Ni

R : <LoQ 0.5 <LoQ <LoQ 20 <LoQ 50
‘MCC 0.1 0.1 0.1 0.1 * <LoQ | <LoQ
e 0.1 0.1 0.1 0.1 * <LoQ <LoQ

U R Y A 1 1 1 1 * 10 5
I rARE R 0.1 0.1 0.1 0.1 * <LoQ | <LoQ

AFT Ve S RT A 0.5 0.5 0.5 0.5 * <LoQ 0.5
HPMC 0.1 0.1 0.1 0.1 * <LoQ <LoQ
k& 20 1 I 1 ¥ 1 <LoQ

Fe{kgk 10 10 10 10 * 2000 50

FUF Y RI TEAA Y MIPAREERNRHY TR WERELTRBY ., EENERIIELLT
VARV, '

FAAABT N BHRER T, SERESFOETHERFMICE LT, RO B BEDOE .
BREESHICOWTEET 2 Z EPFETH D, RALSCINOBEOHEAERO—FINEREH
T3, ZOBAFEBOTE., SERECHBEBLTF /cB8V ETHATVWAR, BElto -0
RS ORREEHENZ L, RUEOMOBRERS R OMOBEMINZ &5, PDEMEIX
BXRWEBZbND, INHORERUHERRSHE (FALD) ZHV., BHDOTETHMY
BEISVT, RQOEAVTRET DI ENTE, o, REPDEELHET S Z LB TE 3,
FAASITTRENTEREL., RAANTRENEBERSESOREGORCEARTETH S,
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= A4S FHERBL P OTERAHMBBEY FHREOH

RV ELRE (igd)

HERRALSY Pb “As Cd Hg Pd v Ni
=63 <LoQ 5 <LoQ | <LoQ 500 <LoQ 750
MCC 0.5 5 1 5 * <LoQ | <LoQ
gLpE 0.5 5 1 5 i <LoQ | <LoQ
U LA AL T L 5 5 5 35 * 70 .| 80
raARE Ry 0.5 5 1 5 * <LoQ | <LoQ
2T 7 U~ TR T A 5 10 5 125 * <LoQ* | 100
HPMC 2.5 5 1 5 * <LoQ | <LoQ-
BikFs v 50 40 10 35 * , 20 | <LoQ
FR{Lek 50 100 50 200 * = 5000 1200

* WY R TEAAY MIPAIBEENTERMD TIIRANERELTBY . TENRRIIF

LR TR,

FFY 2 V3 BRBROM
LIl LT, AT a vl

2a R U2l BT RV B,

ORERERLy (REEVERER VSIS

B 28ET 5. BA—REREN2LS g0 UENEBMAIC SV TRAT S, SREROS
R T VY AR V= p FABEEROTNS bOTHY, YRZTEAAY MZESEH, b
. A FIVA, KGROAT VT LR LR TN, BEITORERTMMOBKRED,

x (WEEV., fF0o— A ERERCERTR MY O »EPDEME A AW CEET 3 o LIRTE
%, BLEEREHOREL. REPDEEZ EEILRAVWES KT RETH D,
3= A.4.6 : BB OREEOFE
. BREFERE (uge)
—EERE (g Pb As | cd Hg Pd \ Ni
G0 2.5 . 2 - 6 2 12 40 40 | 80
RAk—RERE (ug) 5 15 5 .30 | 100 100 200
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