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CEC (Commission of the European Community)
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NTP (National Toxicology Program)
KEBEFREMET ST A

OEHHA (Office of Envir(mmentaliHealth Hazard Assessment) : .
REGRRGEMEFHER W) 7x1=7. KE)

OELV (Occupational Exposure Limit Value)
TRAEVER B R E

OSHA (Occupational Safety and Health Admmlstratlon)
B@efEr CkE

PEL (Permitted Exposure Limit)
AR RA ‘

#rE— AR#E & (Permitted Daily Exposure, PDE) :
18 47 h oEERMFITICE ENDTRF ﬁ%@mk#ﬁfﬁﬁgu

BRI THA TN (Product Life-cycle) : :
TR A b TR 2 TRIEAR 7 PR Eéif@ﬂf‘u%ﬁ@éﬁh (ICH Q9)

m'E (Quality) : ‘
T, AT A, UTITRICER 51?3’] E’EUD#HS’JLA:}D'EbEZ‘?%IE%TﬁT_?‘%F (ICH Q6AIZ

B 5 EERURAO [HED | Eﬂ'é‘%’u"t’%ﬁﬂﬂ) . (ICHQ9

BBV A7 <FxP A b (Quality Risk Management) : .
HWHS A T AT LEBLT, BEEIOBREIBEAV AZIZOWTHOTEAAY M, avbue—
L, A3 a=mb—iay, LEa—hbRBBRFELEoTETrE R, (ICHQY)

B A7 A (Quality System) :
B e EEITL. nn’gﬁﬁf\@ﬁA%{%m‘ré /171\@;4?6@6@5@@@%3%11 (ICH Q9)

YR27 (Risk) : |
fEEDREOHRE TBRBA L L EOEAMOHAEDE, ([SO/IEC Guide 51, ICHQ9)

Y X757 (Risk Acceptance)

LY Ry REETHEBRE, (SO Guide 73)

U A7 5#HF (Risk Analysis) :
RSN F— FICEET 5 27 OffEE,  (ICHQ9)

Y27 7EAAL M (Risk Assessment) :

YARTwRIA N TR ADOHRT, VAZIBDAIRELXZFTHHERLERT IR/ o7

TaktR, "¥—FOEE, RUTHh BT — R~OREICHES VA2 OST EFEMP LS,
(ICH Q9) '

YR =ay hr—/A (Risk Control) : '
JRZ XY A "ORBRELFEM Y H1T8), (SO Guide 73)

U & 787 (Risk Identification) :
U R ~OGRGIFEOEREBZR LT, SEOEBENRERE ON—F) 2BETIEHO
FEHARESLCTEATHZ L, (ICHQY)
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URX 7<= A2 b (Risk Management)
VRIZDTEAA N, avia—l, aia=y—vary, LEa—O&EEL, &E~
ZP A boFE, FE, ERERRITCER TS L, (ICHQ9)

T (Safety)
BEOKATIZEBWT, HEYEH~OREIZ L VEAERERLE CRWERNZENS,  (IPCS,
2004)

ZEVEFEM (Safety Assessment)

L E Y — FRMEEYERE T P RERT T TR LI &EJL Lz ZAZ 20T ORZH
LREERUSHIZER L7 FYu—F, ZOREE. LIELIE (B4 FZ74 0080 Th) UL
A7 TEAA, N EREBACAVENRS, (IPCS, 2004)

TR (Safety Factor) :

NOAEL iz £ Do BBA (Bl iE~rF<v—2 F—IA XN TOEHETRE) LTy 22

TERA LV FPEMFICLVFEAILAEER (HER) REZRTHY . FE -BHERE
[acceptable daily intake] MIEMH7F—B#EHE [tolerable daily intake] &V ->7ZZ2iIWiRER Y

A WIENEEZLNLIEHRAR (BEEHEX R FOMOBRAYESRETHRIZ LIS

BAENEHENS, ) 2EESHEIEHOLOTH D, BEEFREOMER, BHEEOY, RE

é‘ﬂ’bé’\%)\ﬂ%@@iﬁﬁ&t}@ﬁit} AT EEFENEHO REIEET A, LT OB
BERAEESH: [7vAAr MR . TFREEEGRE . (PCS, 2004) |

"M (Severity)
AP FbAEUBOREORE, (ICHQY)

BRI LREE (Threshold Limit Value, TLV) -

ZEAEDTBENAERELN BARBEINAZENTEIEFE LN THWAEETRE (T
bbb, EEAMICIIEAMIRE L ERIEE L OBICHLRIE . ZOMIT. ACGHIZL DV BRESH
(FEIC1RIEET E ) . 1 B 7RI USRI A D40 0 5 @i B 1T AR ME E
(TWA) Thh, LB TREREICEELZbDTHSD, (IUPAC)

FEFIANEESEIDME (Time Weighted Average, TWA) :
ACGH iZX» TERIRLTWA LY, B 1B 8 KFfADE 40 H#Fﬂﬁ@%’@]iuioﬁ % BEMEIAN
BRE, (IUPAC)

URF (Unit Risk Factor)
o=y bYAZHRE

US DoL. (United States Department of Labor)
*@’%’@J%\

 USEPA (United States Environmental Protectlon Agency)
AEBTERET

WHO (World Health Organization)
RS
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M1 - REREE ORI

AL FFTA BT, Z2<O0ORRCELT, ERRIBIIREREBAREDOFIR
(Pharmacopeial Forum, Nov-Dec, 1989) % CIPCSH{LEEME D v MER Y 2 7 OF O = ic i
L7 5 (IPCS, 1994) I2ft-> T, PDEEZEIITA Z LI L D mRETH OFFRE L~
REREEI N, TNEOHEE., US EPADIRIS, US FDA (US FDA, 20000 Bz X b A
WHERTWABDEEU LT WS, REPDEEDHEIZSDWTO LD TWEROEDIZ, 22T
DEREFIEIC OV THERRT 5, PDEAOREIIMRLA AV b FEICHE, BEERBIIMRLO
EHICHAIAENTWAOT, BMOBEEREEIAV LR TWRY, FERAMETLEICE LT,
1:1000000 U A2 L~y ez =y b U A ZFZEDBPDEEOREICHA VR, T biLff
FIOM@B DT 7T 7ICRBEEINT WS, BABRBEROKEPDEEDOW S 2hid, MELERE
RAE AV, EEREZEFL, é Bz Fﬂ%%%f\@ﬁtaﬁ:@%ﬁ%mc ML ERLTEH IR
T3,

FREPDEENL, B bLBEUI2EMRRIC ﬁﬁéNﬂMHXﬁummimawwkﬁbﬁm&%rw

]

o

PDE=NO(A)EL X & MEEMIEE/[F1 X F2XF3XF4XF5] (4.1.1)

WEPDEME L. BE L HENOQAELMHEH IS, NOAELBBLNATWRWE G
LOAELAAVSNRTH LV, ZZTREShAEEFREI. T—F %2k MNIAMHFET B 0L
DTHY, BERES ZA4 71U 7 (IPCS, 1994) IZBWTHWLILTWD IIREERE) AU
EHERH 7 4T MIEVWTAVSA TS [EFFAK X [E2E%) CRECLOTHS,

EEREIILITOERBY THD,

FI=FER COMNMF LT 5 12O DEE
b rOF—F B LTIEIFI=],

T v kb b~OAFITIFF1I=5,

<~ ZAbE h~DSEIZIIF1=12,

A XM F~DAFITIIF1 =2,

7R ENL Y FDAEIZIEF1=2.5,
HFAh B E F~OAREIZIEF1I=3,
FOMOEHD Bt F~OAFITIIFI=10,
Flii, BEEEHRE L v b & OWEREHA, T&b%@ﬁ%&%ﬁkkht%@r%@ A R
(S) 1, ZKRCLvEHEh 3,

s=1M" ‘ ' (4.1.2)

T, M=FETHY. EF kit 10 THhoLzhd, X AL2 ITAVWLh D EEIBHOR
AVLLITRENTEEBVTH S,
PR={E&MD AT Y XEERICANSHOFEEE LTI10,
—fRIZ, fﬁf®x$Tﬂ%kﬁbf@ﬁmﬁﬁxBn EHA RTA L CBOTHI0B—EL
THWLHRLTWS .
F3= ﬁ%ﬁ%ﬁmﬂ&ﬁﬁ%ﬁﬁklﬂétmeﬁ
Lipl EHELEE (TomEXIT ?‘ﬂ'aif'fiilfﬁlaﬁ R, A XBOPFATIRTER) R+ 53
ﬁu:m—l
Fﬁ@é@ﬁmwﬁ—énééﬁﬂﬁﬁﬁaim=u
- EEE D6 A IR T - IR O3 SERRRIC IR =2,
F o A O3 E A BRI IET > IR O2EMARICIIF3=5,
I EHEORRICIZFI=10,
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FRTOFFICHT, FHELAOFROHMEORBRIITIRVAIOREBANOND, FIZHE,
F ol EE O A MRBRICIMRRA AV D,

Fa=EELEM, Flx Y. BEEELEDRVES AN, RS UIRFHAEORSICEM S
N5 T &N DR, ERMEERARICE VT, RORESAVLID,

BHASRIE 24 5 BRIBRFIEICIIF4=1, o

BEZEME A £ D2 e REEMEICIIFA=S5,

FHETEME & £ S AT IIF4 =5,

BHARME & R D2\ MEETEAEIZIXF4=10,

F5=NOELA & bR - BSICEAIND Z L DD DEE

NOELIZ 1 3F5=1,

NOAELIZ jXF5=1~5,

LOELIZ jIF5=5~10,

LOAELIZIZF5=10,

AP DOTERICB LT, 3B LARBIE, NOAELENOEL: DEWVIZOVWTHEL TEL T,
MEPDEEDREICBR L HELBITAEER THE] 2LOLEMIONTEEL TN
Pt i, BROREFEOPDEADHEICNOAELBHE WS N, F5& LTIBAWLNT,

b MEEMIER, b MNRABZOEELS0 kgl RELIEHDTH D, ZOEOFHREICBWTER
XN AEHEEEG kgXIIT0 kgioxt LT X W IEWZ OEKER, BNORLARERET 5, B
Lo TIREEMNSO kgRBETHA D LIFBHRENTVAHR, ZhbOBEIPDEEOCRECHA NS
NSRRI LV BREISA TS EELONDZ &, RUAERRPEASI TS Z L
WA AN BLEXTHS, WICHLTIE, MNEADEANELBZMESEVCADEATHS EE LD
n. “OAOEANLOF—# HRPDEEORECHAVLNR TS, Lizdi- T, FEPDE[ER, /I
IBANERAFBER LZEERICLEIR O THD EELDND,

HALIOBEAF & LT, Tvemoosh (2014) ICX VB S, b FEEFICRIT S I/ bO
EMRBICOVTERT D, RLBKHMIMEIZRDNOAELIX] mg /day ThH D, TORRICEIT S
213V MOAR DPDEERE, RO LD HHEIh D, _

PDE=1 mg/day /[1 X 10 X2 X1 X 1]=0.05 mg/day~ 50 pg/day

= OFIC BT,
EhORBRTHLOFL=1,-

t MAREEZSET D OF2=10,
SEHAR A0 AR ThH DT HF3=2,
EEREEIED LR TWRNEHFI=],
NOAEL BHWHILTWS72¥ F5=1,

#ALL: ZOXECBN BRIV LN S E

Z v hDEE 425¢ v ADFERE 43 Liday
HEZ v NOEKE 330 g 7Y X ONER & 1440 L/day
v U ADEE 28 g TNy POFRE | 430 L/day
iR~ 7 ADEE 30g v b ORER & 28,800 L/day
ENTy NOFE 500 g A XD E 9,000 L/day
7 HFFADEE 2.5kg T OFER B 1,150 L/day
T XORE HEX TR 4kg ~ 7 ADEKE 5 mL/day
E— 7NV ROEE - 11.5kg T v FOFEKE 30 mL/day
7y FOWRE 290L/day | 7 v FOFEEE 30 g/day
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FHé 2« SEFRFMEMIT R 5 BRE PDE fE
# A2l TEAMBIRLFE— AREE

S IvE 7 I R ¥ 0 BH O PDE YES# OPDEME, % A OPDESH,
_pg/day ng/day ng/day
cd 1 5 2 2
[ Pb 1 5 3 5
As ! 15 15 2
Hg 1 30 3 1
Co 2A 50 5 3
1 2A 100 10 1
Ni- 2A 200 20 5
Tl 2B I 8 8
Au 2B 100 100 1
Pd 2B 100 . 10 1
Ir _ 2B . - 100 10 1
Os 2B 100 10 1
Rh 2B B 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

T - DHFICBWVWTIMESNSPDEE (pg/day) 2. 30T ) V7 7Bl a2l —4+
FEHCBRESATREY, FUACERSNS, €/ 77 7HROPDEREIIEIA S TVRN,
FHEICET A LD LT A0, ZOROPDEERASERFIH ULHMTICHBRA S TN S,
0RBEOPDEMIZE SN E L, B OBEAICMBTEA TS, 108D HREVWPDEMEILEE
BHHERIHT TN BEREA SR TVS, ZORICBCTEEEACEA SN DFERNIT, 12

POBESERICHE L TEXH S EPDE/EICHEH XNED,

I AEICBWTERSNLTWALE
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FA22 AT a 10D OTEAMYIERE

IORITENRER, BA, BEERVENAPOLREAMCB LTSI AN <vA 7
RYZLAOHFBREZRTLOTHD, —BFAEN0 gbl FORF D OTRAMMZFMT 57
WA T MIBBREINERESICE, ZhoOREREESAVWGRIZEBRERILTY
B, ZORFOETFE, RAZIESWIEHOTHS,

oK TR BEORBORE ERBIOBRE AR DR EE
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 ' 15 0.2

Hg 1 3 0.3 0.1

Co , 2A 5 0.5 0.3

v 2A 10 1 0.1

Ni 2A 20 -2 0.5

TH 1T 2B 0.8 0.8 0.8

Au | 2B 10 10 0.1

Pd | 2B - 10 1 0.1

Ir 2B 10 1 0.1

Os 7B 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

Sh 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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% 3 ¢ fE B D&M
4

7 FE 7 PDE fHOHE

7 FE (Sh) .
: &0 S | BA
PDE (pg/day) 1200 94 22

Frim

FyFEY (Sb) . RANGFETAHOADESETETCHY ., R RBETERICBWTHY
BB, IEOT VFECRHEPICRWE SRS, TUFEUE, 43 RUHS OBBIRETTHE
ET5, &BELTOTYFELVRD 2~3 DEE7 FEALEHR. BETEER UFRIC
BLTERLEEThE, BAEBY Y VAT FEY (APT) Lo 2307 »FEULE
WA REL LTEFHICHASATWS, ZBET FEViL, s LTAN LR TY
5 (Blzif. BEHRROERERICAVLNLEY =FLF L7 F L— [PET] OBEC
BWT) , TryFEUIREEFHIILEATRRL., REEEFPHEREIHOA THZY
(Nmmaw%)DT/%%/&U &mT/%%/imﬁimﬁw%mfﬁém APT 3k
&T%é(wm)mm)o

Fe M EORIL L 7o B

APT 11. SO OHELZ b LT HAEXTHLAVIELEFERRICBVWTEAETH-TE -
(NTP, 1992) . 7 ¥ FEL (NI RAKRREHERIALTHBEE TH2 L Bbh 5. #i5%
HDOLE 2— ibwtﬂﬁﬁféﬁ%m%enfwé(WM)mm) AFHEE ﬁ%ﬁ&#ﬁ
ﬁDﬁ%KI5%#b&)27®JWKHT+QT%6&%KBH5(wmhad,w%)
b&@@%mﬁwfd\ﬁm%ﬁ%@iké%%%ﬁﬂ%m%fﬁék%bh\Mﬁ\Tﬂ\%
MELF| SR oTAEERND S, BOREEDT VFEIRREIZS W (NTP, 1992) .
5 v FOTIRMRBRICE Tk, EHEERTROFROEER AR b REE? & EEE
Thot, BEHICOEATVFEVOBBERAL, b NERUBHOWTIIZEBNTH R
ERAMRESDEEREE A UBS, Newton 5 (1994) 12X Y R Sh i RAFES AMRRIC
BT, Ty ST oFELC 12 BAMRES Y%, 12 GAROHERMARTL
N, SREICBWT, RGORERTHEMARD bivk, EFDbIL, ZBET VFEVHRER
AMERELTWRV LR L, BBAMERE S LI TRERIC kﬁé@%ﬁ$ﬁ&ﬁ%@ﬁﬁ@
R THLTEEMREE LTS (Newton ef al,, 1994; WHO, 2003) . _

¥ O BRERFO PDE i

TrFEL~ORIBBRCRIBENZREOT—FB, < VARTT v MBI L TRAARETS
% (Schroeder et al, 1968; Schroeder et al, 1970; Poon ef al, 1998) ., KEERHEMETR ST A
(NTP) iX. T v FEU=TAIZ APT #8Ak#5T2 14 AEAREZER L, ZORRIZED
T. APT i3, “OREEBETR—BRMICEEIBV I EBRWEZ R (NTP, 1992) . Lynch
51X, Poon B (1998) DF —# ZHaEML, T v M 0.5~500 ppm D APT % 90 H KIS
LRBC W Tit, BE AR TOESRER TR CEEERIIZHE-3& NOAEL it 50 ppm T
5 L L7 (Lynch et al, 1999) ., Z OFFRIZ. FHLLLATOD Schroeder & (1970) A5 D&
LFBLTIARY, LEd- T, &bIEV NOAEL, $724% 50 ppm (72 FEE LT 60
mg/kg/day F82) ZEIC, ﬁu&ﬁﬁ@m&%&ﬁbt ‘

WEF&(H&lE%PT%@éhﬁ.1~M)%%%L1nr ﬁmﬁ%ﬁmpmﬂﬁ%uTm
iy Dﬁuﬁtﬂ‘—g—é .
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PDE=6000 pg/kg/day X 50 kg / (5 X 10X 5X 1 X 1)=1200 pg/day
ERIC X 5%E RO PDE &

i oEER R (FHEORE, FFHRESEE UCHES) 5, 7 v MoK ERE %O
bR EVEEERE Ch o, Lo T, HHRIC K 2BERD PDE HIZ 2V TIE, &S
{5V » NOAEL 3.0 mg APT/kg/day (7 > & LT 1.1 mghkg/day 18Y) #EIZRELE, Z0E
X, Ty bD 9% BREBRMLELNT (APT 2EEAREIAEET v MIBIT5 6 mgkg T
DA EFFRIZES<, ) (NTP,1992) , ZORETE2FEEBIRD LI T,

EEEE (R 1 BN TEESh FI~FS) 2EEICANT, RUHE 3 AR5, LGRS
ICIEIE LT, BT & 2IREERED PDE ER U F O L 5 ICBHT 5,

PDE=1100 pg/kg/day X3 day/7 wk X50 kg /(5X10X5X1X1)=94 pg/day
% ABREEE; O PDE fE

7w %@ﬁl&t&&@lﬁ&rﬂjﬁt&m%ﬁﬁénto Iho 0RBRCRDONTM~DOREBIT HL
TUN=, 025, 1.08, 492 1) 2346 mgm’ D=7 > FE XA MERAVWET » b 13 BRI
AZE (Newton ef al, 1994) H b D7 —% . NOAEL 1.08 mg/m’ % i\ TR AREERED PDE %
TAELE (SbiX~83%) . £V ERECERERICEV TIOMEIEER U EROYEEMEDRE
MBS S, TOFRIE. 0.06. 0.51 U 45 mg/m’ OREERES AV 1 ERONARME
RERICBWTRA LR RN -T2, 20 1 FEBARERBRICB O TERAMEED b7, .
CDPRORER T b MR EORE IR R E Lo EFERR O 1,

ETFHE (81 I8V TEE SN FI~F5) 2EEIZANLT, Fﬂ)\ﬂ%ﬁﬁ#@ PDE {E& LLF D
SO EBHT A, ' '

0.9 mg/m’ X 6 hriday X §

. 0.16 mg/m’
R = day/wk - = mg/m =0.00016 mg/L
24 hr/day X 7 day/wk 1000 L/m’
0.00016 mg/L X290 L/day  _
= =0. d
1 BAE 0.425 kg 0.11 mg/kg/day

PDE=0.11 mg/kg/day X 50 kg / (5 X 10X 5X1X1)=0.022 mg/day —22 pg/day

BEIM

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

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

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

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

WHO. Antimony in drinking-water. Background document for development of WHO guidelines for
drinking-water quality. World Health Organization, Geneva. 2003. WHO/SDE/WSH/03.04/74
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=5
b # ¢ PDE {1 =
EX (As)
. &R W W A
PDE (pg/day) 15 15 1.9
Fim

E® (As) k. BEFOWEDEZAITHY, B, HE. SRR UORKPICEET 5, HEH
EFEIIEM (B, ZEbeE, BeES U vs) XEM (FAE cEI NI UL R
{35, bEE) THEETS, b MemiEiickir e BOAEREMENBEITM LT,
20, EHeEPEEUAICRLEELELOTHLI NG, ZTOESEFRETE#SERIC
EREYHTA, '

TRMIENEORI L 72 o TR

W #i:. BESEEETON, FREMELEZNI EAFIATEY . b FOBRAME
ELTCEHENTWVWS (Group 1;1ARC, 2012)

FORERR VBT LT 7 A VDEBIC, EERPERLAWICOVTEL DY RI TER
AVIREBENLTEY, ¥FRVAZTEAA VML, REZL. MERARRET 2 —F %24
VWTUv5 (Meharg and Raab, 2010)

bt P COEROEBORTITEH TIIFR SN TWRNOT, JAZTEAAL NI, BRE
BEINTAQERICBITAEZET—FIKEL 2EL I 5% B2V (Schuhmacher-Wolz et al,
2009) , b MIBWTiX, BBARUERSAFEEOWTR S, ERBRBFICEELTOND, #D
BREIT. KBS, TR, B, BRERUIEROSAICEEL TS, BABEROMRA Y X7 DHF
SNzBI T BEE#LASH B (ATSDR, 2007; IARC, 2012; EU EFSA, 2009; WHO, 2011; US EPA, 2010) ,

BREREOHENACOFEZEICEAL TR, BF (BFRIE, EHAMLE) ROHEEE (H
ziE. B ARLESESEVER EBEbhs s, MEFHEER, AFEEE RO ELIE
ENAFTEMBEL LTHEEIN TS (JARC, 2012; Schuhmacher-Wolz ef al, 2009; US EPA,
2007) , —EOROIBRERRIL, 002 mgkg/day? EES b ROAETRERENHEST 2 THE
HRHD =&, KT0.0004~0.01 mgkg/day®D b RRE TR LEERR OBV &
R LTW5 (ATSDR, 2007) . % OMOFHEIEICE L Tik, LOELXENOELARET 570
it sy gEFT — & Bniey, ATIERMTIIX, KENPAERT D EMENH Y (ATSDR,
2007) . HERARUABSAEICERR A EORPAERFRHEOCHFRETHDI L EXD
N5 (Chenetal,2005; Hsu et al., 2013; Ahsan and Steinmaus, 2013) , ‘

EESETO1000 ug/Lil EO b BEEDOHFKICRE S KREADER (~40,000)0 OHFF
B, BEERA, SHERETCRBRSARUVMPADI AZTERAA LV FDEIZR->TVS
(US EPA, 2010) , EBALY RAZICOWTDEREDAF TV Ak, BREOCKRE (<100~
200 pg/L) TEZDIEENRAY R 27 2778 L T2y (Chu and Crawford-Brown, 2006, 2007; .
Mink et al., 2008} . Z#LiX, Schuhmacher-Wolz% (2009) DHFFEE F/E LTu 72wy,

BRACETARAZSy FU RS pg/m® B0 0.0043 b, KEORESRET 2 @FLDOF—F
#HEIT US BPA L WE®ESNI (US EPA, 2007) . TX V- AMNBREREEZESIL. US EPA
F— BT D EORMERPD 7 + 2 —7 v THRCERER VR Y =—7 )1 b O EE I
THBMT—F ZBMYiA#, US EPA M=y b AZHE (URF) ZEH LI, HUEEESIE,
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URF pg/m’ % 7= 0 0.0015 #EH L7, Z& URF i¥, FIRMBASLTED Y 27 1/100,000 15
T DKL 0.067 pg/m® EIRT A LD TH S (Eraguntlaet al, 2012)

SEOIRERF O PDEfE

EOUEERFD PDE I, BBICHT A ROBMEBEEICLZbOTHY . REFEDE -
B RIR ST (ATSDR) MRL & UFUS EPA O REE{A 0.0003 mg/ke/day (ATSDR, 2007; US EPA
2007; EU EFSA 2009) FElC. 15 pg/day WREEZRELTWA LD TH S, ATSDRMRL ZEi
B &7 5% PDE {EIZ. BB AKEHEL FE LTzl (WHO, 2011)

PDE=0.0003 mg/kg/dayx 50 kg=0.015 mg/day=15 pg/day
MRL OB T AR E RTINS - é:rbs% AR5 _ou\'ca;tﬁ)ﬁ Lieioic,

HEHIC L SREBRO PDE i

b E O TIREREO LW ENFIREII~05%TH S5, BHEENZTIE, c ZRREOE VK
BT (P EONFREITSEEIN TR, ) »hokEEZONEREAZHSEL LTEROHE
WA 6 ARIZEML-RESLEBLATWS, TORBRYDRINELTN 5% LHEINL (Zheng
etal 2002) . LIENR-T. YU PDEHIIFARERFOPDEELRI—TH 5,

PDE=15 pg/day 7
% ABRZERFD PDE E

B EHE I WO B EE ~ DR ARBEE OB AR T OMOERBRAD Y 27 OEMBBRE
X TS, AR S BN AEMSES PDE EORECAWVHIRIL, FORER L EERLT,
BT BRI R B ISR RR L TWS 2 L Th D, Bk URF [EI—BRAROREDL
DIRESN TV &b, EERNINEL Sy, Emguntla b (2012) IC& Y EHES
ni g2 EIT, U 22 1:100000 ZREEZ S &, BRARERO PDEEIILTOLS oA,

PDE=0.067 pg/m’ / 1000 L/m’ X 28800 I./day=1.9 ug/day

W=y PDE {fi% Ermaguntla & (2012) (X b &2 S iz B oMY 2 7%%1275:61%6#1,%:
URF ZEICLEbOTHL I b, BEFRBIZ W TIEEA L2V,

. BETHR

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

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

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

" - Chu HA, Crawford-Brown DJ. Inorganic arsenic in drinking water and bladder cancer: a metaanaly51s 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: 329-41.

EU EFSA. Scientific opinion on arsenic in food. European Food ‘Safety Authorlty EFSA Joumal
2009;7(10):1351.

Hsu LI, Chen GS, Lee CH, Yang TY, Chen YH, Wang YH, et al. Use of arSenié-induced palmoplantar
hyperkeratosis and skin cancers to predict risk of subsequent internal 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 guidelines. Environ Sci Techno]

-2010;44:4395-99.

Mink PJ, Alexander DD, Barraj LM, Kelsh MA, Tsuji JS. Low-level arsenic exposure in drinkihg water
and bladder cancer: a review and meta-analysis. Regul Toxicol Pharmacol 2008;58:295-310.

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 summary
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 absorption and exeretion of fluoride and arsenic in humans,
Toxicol Lett 2002;133:77-82.
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230 7 A
237 7 A0 PDE {HOHE o
: 23 7 A (Ba)
o ER B A
PDE_(pg/day) 1460 730 4

F-s

AV A (Ba) i3, BEOBV, EEETHLIAWTALY LEEETHY . BEDH LLEXRF
TEBICBILL., AERET 5. Ba2h) 1 Ay RUKBEHEO Y v AMEGY GREY. HEE.,
KEAH) XEEEZET D, BERAY YA L Vo REEARY U AEmIZ. BRETT ) -0
Ba(ZH) A A 2ALT, —MCE M UTERETH D, Y U AIRFEFRICHH TR
<. {REIERPHIMSIIIAATH S, BRI U AT, fl X idREREER. BHoEFRA.

H T AR E OMORLGROBIEC 1T 28 L Vo Tetkx R H D (ATSDR, 2007) & '

TAPELROARM & 72 o 7o itk

RO MIBWT, BAEEAY v AEEREREDERSIEE/ER1L, B, BEbEEMT
BEWERENTH S & Bbhs, FomiEedd s LBERBIE, ) v ABEEEEEL
OFEEMICET AN NMEI/RT S5O THD (NTP, 1994) , UBRE L, RMEILR, BRH
wEERE RMMAEMBEA, MTHERA, SREEREEREETCICE L UTERAEERECE
FARROFEETH- . ZThbOET. N~ v A CHlfEE S5 B RBENRBELEMR
4L IR EEAICH LR S BEAR L CWe, MFIIT 388N, REBRERICE T
LA LESENEVIEEE CH A AREENXDH D (WHO, 2004) , WAL DL
7 A~DREBREL. W, KR GIBHN S Vo RERRE I S E TS D D
(CICAD, 2001) . ‘ '

B OB O PDE i _ _

4 ) AMD2o DI CER S NI BTV TiE, FHSY 7 WBETS mg/LOAZKA LT
FARERE ., EHAY T ARE mgLOKERKMAL T ALQERE ORT, MEST LM
EHREEE L IXBEBRORREICARZEIRD b7 (WHO, 2004) , ZORBRMLHE

BRF-NOAEL 7.3 mg/L%& W T, RUEAEOHEM2 Liday® AW, #OEREROPDE/EY
PLFoOLH>CBETAZENBTEL,

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

E%Kié&ﬁﬁ@Pmﬂﬁ\

2Y T AL ~OERC L AREICE AT — I RS S Ao T, AN DA D AR
CFIHEIT. RARUDASBETCEAFNL 20%R T 60%TH D EHESNTVWS (ATSDR, 2007) ,

L -~T. BOBRERO PDE A EESRE 2 TRLT, B X 5BERO PDEEZEH L
 GlUEKE#RSn T2 ERY) o _

PDE— 1460 pg/day / 2= 730 pg/day
Wi ANRERRF D PDE i

DY AMEES ) ~ORARBRICEABEET —F ZRY LR oT, KESEYE (US Dol, 2013)
H\ﬂﬁﬁﬁyWAE%EKLETWAéﬁijHkﬁ%bfwéo ,
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EERE ((TEUCBWTERINFI~FS) 2#FBICANT, BABRERROPDEEA# LT O X
SWEHT S, ,

. _ B 500 pg/m® X 8 hr/iday X 5 dayiwk 119 pg/m®

ERB AR 24 hr/day X 7 day/wk 1000 L/m’ 0119 pg/l.
' X

EEE= 0.119 pg/I;O EESOO sy _ g6 uekelday

PDE=68.6 pg/kg/day X 50 kg / (1 X 10X 1X 1 X 1)=343 pg/day
BETH

ATSDR. Texicological 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 FITA

# F3I v ADOPDE{EOHE

&R oA (Cd)

% S WA

PDE (pg/day) 5.0 1.7 1.7

FFim

HEITA (CA) ITEBEBTHY ., BHEVWKROFRMEIIRHESS bRy, BRE T
MR TRWE SN, EEARICEEL LT FI VAR LEbNS, (ATSDR, 2012) . -
HEI T AL, +2 OREREORTHE S UTHEETD, B RIvhA BB FIVLIRD
AL FI WAL Dol 2hnd K0 A IEABETH Y, £OMOTEMERL, 8. X

RIEE L OMEERIC Lo TKBEER LV BV L RV EDS, A RIVA, BV FITA

R A B EOD FI AR, FRARICBONTMEL LTAVWLND, @ FIVLE
&k, BAR = ALEMOBRIIARLICH O, ' '

e EBORMY o EE

F KT UL, E{E%’rizﬁﬂ‘érﬁ,%ﬂﬁﬁ%%tt&w:kﬁ%énfﬁm t hDFREN A
B L TR AN TWD (Group 1; IARC, 2012) . # FI U AKRUG FI 0 a{bEWIT, A
AR, £, A FITARUH FE U AMEEH~OREL, BHEASAKUINLREA L
DRICIEQFBEERRD b T 5,

BEI Y ARUH KD AM~DOEOBECE L THRSMAE RS RE TH S
(Buchet ef al, 1990) . B#HEOERICXT 2 2E& I, REUOBRE L~V TRED L, AFI D
ABRBEORSHERE v —H—THD (ATSDR, 2012) ,

ERVRERRBZE LS FI ?Ax_\a)@t)\ﬂ%%%:ﬁﬂﬂﬁ L7 B EOEFEM LB OFERLIT, B
FIvA~OBRARBICHELERESA (L LUTH) VA7 O¥MEIZaEL TW5 (IARC,
2012; NTP, 1995) , A==y h V) X% 0.0018/ug/m’ 7% US EPA (1992) IZ L W& HEL T

Do

B g ER OPDE(E

HFITARCH FI Y AEA~OEORZEICETABRIHEAEVITMEET., BEHTHS

(Buchet ef al, 1990) , BHEUBRICHT 2 &L, BUOBRELV AV TROLA, W FIV

ABRBORSEREVe—I—Thb (ATSDR, 2012) . T RO T ATOH FI U AIZH

T54 < OB OIRBERRIT. BHEAMOIEZRL T, Lo T, BEMOFMmEEL
BAWT., H FITACETARNBEROPDEEYRET S5 E & L, ATSDROEIEIZIEW, 18

| CMIREICEAMRL 0.1 pgkek AV TR OIBEROPDEEHRET 5. ik, WHOREIKRE

£0.003 mg/L & FJ& LT\l (WHO, 2011)
PDE=0.1 pg/kg/day X 50 kg=>5.0 pg/day

MRL OBHICHAGATN TN D &M b, BRGSOV TIEEA Laso i,

| ABHC L B IR OPDE |
BRI Y506 mekghBICSEE TER LES v MOAMREI LY . ETEUECEEESRD

L7 (Prozialeck et al., 2009) , “ORBTIIE -oRERAVLNE. ZOHETRLONIZHE
W, RERNMRUORAAAF—h—%EEL DL, ZORBKOLOAELIZ0.6 mghkgTH D, &
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$HT & B IRERFOPDE OB EIC - ORBEEA 7o, 0, 10 2, 4, 8, 16XI332 pmolkgDi
b FIvA%Ty MCETHRS LRBIOBEARERBRICB VT, 728M0OBREBREEKTRA
T16 pmol/kgbA LI SEE THEFALIC AESTED bz (Waalkes ef al., 1999) . HEHFEBAIORA
FEA, HEHEMICERESWEAFEEOH FI UV AZRERICDIZ- “CF‘HETE) MHE DT
BN THhHDH, ORI, FRITAOHEFICLAEROBEELIEMLIY LR UL WHEEN
H5, ETHEE ((HEICBWTEEINEFIFS) #ZRiCANT, RUOBESERSHLETA®
HEREICEE LT, B 2BBFRFOPDEEELUTO L 2 BT 5,

0.6 mg/kg X5 day/wk X 50 kg/ (5 X 10X5X5X10)

PDE= Tdaylwk

=1.7 pg/day

BRI L] lﬂkﬁ%f%mb&é;?ﬁ LTWaIE, &UE{TH%&TW%E#%@ SY 1) P b
B, F4 L LTHRE 5 2B U, ZHHOFRIZEESESAFEN 2L O THSH, PDE HORE
1= LOAEL &F]wt_ Ehsh, FS ELTHREL 10 2 BR L,

W AU 8 R O PDEAE

Ry AREL TS NERA==y F) X7 00018/g/m’ BT A2 L~SL 1:100,000
EHVT, RARBERO PDE RO L 5 ICBHY 5 2 L8 T& 5,

: 1x10°
0 I%0 PDE i — =5.55x102 3
% N\ EEFD PDE fH T8X10° /gl 5X 10" ug/m

PDE=0.056 wg/m® /1000 L/m3 X 28800 Liday=1.7 pg/day

2=y kY 7«& F7Zo—Fiz LY #ExHT PDE EICE L Tit. FOWBEICEEREEHERA LR
W, _

BE R

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

Buchet JP, Lauwerys R, Roels H, Bemnard A, Bruaux P, Claeys F, et al. Renal effects of cadmium 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 Organization,

Lyon. 2012;100C. ,

© NTP. Techmcal 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, Valdya VS, Bonventre JV. Preclinical evaluation of novel urinary biomarkers
of cadmium nephrotoxicity. Toxicol Appl Pharmacol 2009;238:301-305. :

US EPA. Cadmium. [ntegrated Risk Information System (IR1S). 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 cffects of cadmium in the Noble (NBL/Cr) rat: induction
of pituitary, testicular, and injection site tumors and intraepithelial proliferative lesions of the dorsolateral

prostate. Toxicol Sci 1999;52:154-161.

WHO. Cadmium in drinking water. B-ackground document for development of WHO Guidelines for
drinking-water quality. World Health Organization.2011;WHO/SDE/WSH/03.04/80/Rev/1.

34



TR A N7

=N
7 v ADOPDEE OB E
. 7 ai (Cr)
: A , HH | BA
PDE (ug/day) 10700 1070 2.9

Fr i

b (Cr) 38ksRBERECEEL, ZhbDIbRbEERZBOIE, C(0) (AT LA
) . Cr2+). Cr3HERUCHeNTH D, CreORABRICEBIbEXIT5 b, BEESRICEW
TETH E LTRVLBRS, CrEe)EBEaARBIEHITHY, 7 a L@l (Crof) RUEZ v
B (CnoM) IR bLIAONIEAXR LT =4 VB THB, CHiE, BETTRLEZLED
NABETHD, 7 FVERMBCEELVWATE TS, 7 AORZE, 7 RVERVIEED
REOEZSITEI L, MARERERRF,. BRBERBEUCHBRESICHEET S FBESD
% (Anderson, 1993,.1995) , EER T DY o AORRE LT, FEH, 3 - BAIEERR
EHDOBEHIENCMBREZ bhvd, CieD i LTHWLNZESGERE, EELMD
D7 LOERII. LVFEEOHEWC(EHOFEREW D LT, @B 74 (Cr(0) XiXCr(3+)
DERICHELI LD THA S, LIEH-T, EXELBANCEY 5 Z 0REMFHMIECrEHDBEm D
BHERICESCBOTH Y, CrieZZ ORI LERA Eh TS, Ceh) g & L TR
EN5BEI0E, eI ZOFE (Ceh) 22T & ThHhD, BEAE LTHFETDY
ok (FlxiX, Bkl - 7)) —r, Kbz ohs - 7Y —r) 12, BERBCEMENLTWS
ZEhb, BAHA RIA o OBEABENTH D,

ZRMREDRIN L Tp o e

HE5%DCnL0; (7 ok LT1468 mgkg/daytiy) *#Etefdfla £EREELET v MiX, A%

BETRSRPST, KVBEDT v MCRT DRER SRR (Anderson ef al, 1997) (THVITHL,

CrG3HE LTI15 mglkp/dayD i 5B THEZEIRD bhveh ok, 7 A0ROFEREICELT

M, BRAODEMBREERRRES T2V, BRI, 1.5 mgkg/dayDCr(3-+H) D& O #EE
(USEPA, 1998) it, HE~OFEREBICEAE TS HO LITTRIZY,

UHF- SR LA L, BEEEEEE L. REMERORNE 25 BELEE L,
& A g R OPDEfE

. 2000, 10000 U*50000 ppmDAED ° 3 U SBECIGHE T v RO U A TR S5 L -2 RS
ARAMERER (NTP, 2010) T. EF(PICHFEET S u Al LT bLBEENERH D, hoEEL
Bbh3Z&mEERELNT, KRR T460 mykeBEOMMT v oA R BIE O R B E AR
Licizsd, B2V U BC(3HD T v b CONOAEL, EHED0 mgkg (11.9% ; Cr & LT
10.7 mg/kg/day) Thotz, ZOFRICIIAERGFERRD b2l &b, RBOEE
BIIAREERFR EBEL TS, £/, ZOFRI, B AIWThOBEOM (%)

THRERD N7, BERE (U WTEESHIZFI~FS) 2ZBICANT, &EOR
BIFOPDEMEZ LA T O X D ICH Y 5,

PDE=10.7 mg/kg/day X 50 kg / (5 X 10X 1 X1 X1)=10.7 mp/day
BRI X SRR OPDEE

Cr3DEEE L L THIRAR ST 5 LSO, FmEIci R0, BHERCIX 005
pe/kg/day, FEATIE 15 pghkg L7225 TS (Moukazel, 2009).. ZhbHOME—BRSELBL
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4L HERE Bl BoHERECRMEROTRICAN LT) BECDINE I PEHET5
WL, o iERs A,

suAMCELTH., ESIBRSZICES PDE HOBHOEE 2D X5 RARLTF—FBabho /.
7o b RUMER 7 o MES B OR O RERFOEMENRFAERNKE 10%THDZ Lhb (ATSDR,
2012) . BOBREEO PDE EAETEES 10 THRLT, B L 2EERO PDE EXZHH LI
(.1 BRI TVA LB Y) , ERHC X DIRERFD S 0 AT 54 PDE BRUTO L
BOTHD, . !

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

W A SR O PDEHE

Derelenko & (O3B (1999) T, MBEACIGHRIT % 13:8MH (1 B6HFH, WIZSAM) RARES
Hi- koA EICEIBEAE (BERKRE, BFRDE RUOMEEORELEENRD L
i, T OBEITACORERTHRD bR, LOAELIE17 mg/m® 3 mg Cr3+/m’) Th 2,
M IR RMCI3HE 7 v MCBEBIR AR S LR T, WinicB L ThesEki
I L ott, Thb DT — & FHIC, WABRE TOMRL 0.1 pg/m’ % % AIRFERFOPDE[ED
EEICH W (ATSDR, 2012) o

PDE =0.0001 mg/m" / 1000 L/m® X 28800 L/day=2.9 pg/day
MRLOEHIRFAENTNS 2 &b b, EERIIC OV CHEEA LA i,

ZE 30

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

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

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

Derelanko MJ, Rinehart WE, Hilaski RJ, Thompson RB, Loser E. Thirteen week subchronic rat inhalation
toxicity study with a recovery phase of trivalent chromium compounds, chromic oxide, and basic chromium
sulfate. Toxicol Sci 1999;52:278-88.

Glaser U, Hochrainer D, Kléppel H, Oldiges H. Carcinogenicity of sodium dichromate and chromium
(VI/IID) 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;137:518-828.
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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=290 b

=13V k OPDEAE DR

a0k (Co)

&0 FERT B A

PDE (ug/day) - 50 5.0 2.9

Fram

a8 b (Co) 13, REROTHET, HLOHE, BR, MERTrFERL V- FOMOTR LR
ALTWS, asUb i, 4 IV BI2 OAREBHRERTHD ., ~E7 o ¥ 5REUEE

B FHICEELZBEROBEORMBREL LTHETS D, © FTOUATETHD, FhANRE

MEIL 1B pg 0z R ERFENLIERTS (ATSDR, 2004) . ©'4 I B12 OHEEFFA
=1 0.7~2.4 pg/day THY (NAS, 2010) . =220 b E LT 0.03~0.1 pg oY 5, & MER
BT 5 E# = N0 P OXFEAMFREREIIRE STy, a0 MEsY (FX, A7
HUBasr ) IGEREARBICE T E LTHV bR TV S,

LEMIEEORI L 2o 1o

IARC {2006) i%. FiBg= L b RO O OKEN CoQHEIZM, b MIR L TEMAAMEDT
REtERH D EREER L7m (Group 2B) . UEEHBROT— 41k, 7 v FRUE b TOEBRAERAAS
JRCBESNAZ LE2RLTVWA, I3V RE&BIE. inviro OERFEMEICE L TITBETho 7=
B, in vivo DRRAEREFEEICEL TIRESETH -7, NTP L, HERVMEO-Y ARTT v k
TRERBAMEOYREZ2FEAB L &R Uiz (NTP, 2013) , B FMCBITARAIZLDREBA
HHBCRBIIBONTRELT, BRAMECELTHESHTWaRYY (US EPA, 2000) , b MZ
REROBRESI LB ICEWV T, ROLREMESELBZENHVATRACTHS (ATSDR,
2004) , B FTOa NV FORAREL, EERBLAMESL LTHALA T 5 EE CHETHEORE
R 255 BB TN i B S U R RF R I3 LTV % (ATSDR, 2004; IARC, 2006) . '

B OB R OPDEM

fEORERFOPDEMIX, AFFRERE bOT—FEEICLTWS, 150 mgn#{k= v F%22H
Me MoEERIBZEIEEEAIEBOY TR, BLESMENSVERMEL, R BREnE T
Bhole (2,9v b & LTHI mg/kg/day; WHO, 2006; ATSDR, 2004) . 25U k & LTl mg/day®
CoCLZ88~90 H B L 7=t MEEE 108 (FiEsHl, &HEsH) ORBRICRBWTIK, AREkY
TESULF OMOBEIIRD bl h o7/ (Tvermoes ef al, 2014) , EOBREROPDE/E% .

NOAEL 1 mg/day % EIZ#RE L7, EEMRE (HRUIZBWTEESIEFI~F5) EEZRICANT,

RORERFOPDEEZLLFO X 3 ICHHT 5.

PDE=1 mg/day / (1 X10X2 X 1 X 1)=0.05 mg/day=50 pg/day
UHPDEEORIEIAIN e MRBRERFI Lo, B3k L CEERECEBR Lk,
EFIZ X ammmm

2390 MEE~DOERIC L SRBRICRDSEEEDOH 57— 21300, 2950 R OE# o
N MESHOE OREIFO A EAF EROEEIL 18~97%TH 5 (ATSDR, 2004) ., EIESE
BFOAMZAFIHEIMEN L ZEB L., EROEERO PDE A% EIEMAER 10 TR LT, &5ic
L 2EERFO PDE EZ A L B Hick#ishTna & B0) , EHIC L 2BRERO =L
FICET A PDEMEIZLL T LB TH S,

PDE=50 pg/day / 10=15.0 pg/day
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 TTEFRET A FTA

W AR5 I D PDEAE

B a8 B ROE OMMOKEECHER, E Lrﬁﬂmﬂi%%al—%@ THREEDN DD
(Group 2B) .

U AMEE “%E&U‘%ﬁﬂﬁﬂi%%ﬁi\ BHEMARABREIZEY E P THLRAEBAMELUADE
FREETH D, CNOLOT—HIEBEERLVBENDBDOTHEEZEZLRTWSZ &, kU
B L R ORBAMKIETHE FOF—F iR b, 20 MBI LT, MRLT 7
O—FESFARDLERTEDEELOND, & MNEBITAEBAY AT ORBOHEEML
MRL % fiv Tk 7-PDEM & 1EIER—CH 5 (WHO, 2006) . RAIRKEEOPDEMERINT 57
. 1M AFOMRL 0.1 pg/m* & AV 7o (ATSDR, 2004) '

PDE=0.0001 mg/ m> /1000 L/m’ X 28800 L/day=2.9 pg/day
MRLOBEHITHAAEATWNSE Z b, EBEMREIC2WTIEEA Lo,

BE LR

ATSDR. Toxicological profile for cobalt. Agency for Toxic Substances and Disease Registry, Public
Health Service, U.S. Department of Health and Human Services, Atlanta, GA. 2004. IARC. Cobalt in hard
metals and cobalt sulfate, gallium arsenide, indium phosphide and vanadium pentoxide. International
Agency for Research on Cancer, World Health Organization, Lyon. 2003;86, updated in 2006.

NAS.JOM. Food and Nutrition Board. Dietary Reference Infakes: RDA and Al for vitamins and elemnets.
Institute of Medicine National Academies. Summary Tables, 2010. (available online at
http://Thic.nal. usd_gov/dietary-guidance/dietary—reference—intakes/dri-tab1es; accessed May 27, 2014)

NTP. Technical report on the toxicology studies of cobalt metal (CAS No. 7440-48-4) in F344/N rats and
B6C3F1/N mice and toxicology and carcinogenesis studies of cobalt metal in F344/NTac rats and
B6C3F1/N mice (inhalation studies). National Toxicology Program, Public IHealth 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, Qtani JM, Galbraith DA. Effects and blood
concentrations of cobalt after ingestion of 1 mg/d by human volunteers for 90 d. Am J Clin Nutr

2014;99:632-646.

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

WHO. Cobalt and inorganic cobalt compounds. Concise International Chemical Assessment Document.
Inter-Organization Programme for the Sound Management of Chem:cals (IOMC). World Health

Organization. 2006;69.
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TR A R A

&
1 PDE fEOE ‘
¢ (Cu)
- 248 S ‘ A
PDE (ug/day) 3400 340 34
Fram

8 (Cw) 13, B BRIRTE Il BxKO 1 DTHY, X2 2 2OBRE, SFOHKRUR
@EHEERS, BUETE FOWTRIZE S THUADMETLRERTH D, #ld. W< HHLDEER
BERATAARZERFRLL, ERRELRUHRARHICERICEEL TS, fkedhm (Fl
AL, B v ABRER) 1, AE(SRREOBUREESUS TR T St LTRAVW LIS,

C REWEREORIL 2o Bk

BHECE MURIBEEOH ZEZLEMT —FOREM RV Ea—Ic XD, MiT, EEAEOR
OEBUICRWT, HEE. FBRROCERICASEEZMETRARESH D BRI TS
(Araya et al., 2003) , . -

B R ERFOPDEE

U A, Ty PROA XEAWEREBFEEVHES-* /) 27— MIETHRBREEREZNA TS
(IPCS, 1998) . 7 v b, FRE ORI T2 BCELT, ZALD5 L TESENSED
BWENHEE S BT S, T v RiZ500~8000 ppmDRRERSR R AT A IRAERE L7218 RS
CBWTIE. ATE R OBB R & O B B4 SNOELIZ1000 ppmTéh -7, 2000 ppmil L
| OBREHIIRB W TIFSEERUEESESFRD v/, NOELIX1000 ppm, 64 mg CuSO,/kg/day (8 &
LC17 mg/kg/day) Y4 Tho7=, (Hébert et al, 1993; IPCS, 1998) . {ETEHEE (FHElLICE T
EBZINFI~F5) #FEICANT, FNREROPDEEZLTOXL S ICELT 5,

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

BN T X IR ERF OPDE | |
RICEAT 2 REMELV Ea—iT, FESHC & B IRERIE I (R SPDEEOEIMO® L 25 L 5 NS -¥/S
FEEBETDH LN TE ok, HEILEHICBWTEE S BHANERENLEBIIN
DS B, B FOMEBRRIL, 30%~40%ERNTHIEHNTESD (Wapnir, 1998) , SHEUE
SR O DRI O A F R EAS30%~40%IZBOENTHWBZ L FME 2, HOREFD

PDEEZEEMAII0TIR LT, EHIC L 2BRERFOPDEMAEH L QlEICEHEEATWS
BY) , K AREFOMICEET S HEEPDEHIILI T O LB Y TH D,

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

B AR OO P

WA SISO BB L. AFTETh -7 —F 1, . PR UHBIER AR OMRL %
EHFICEFR o THAEEEZ BN (ATSDR, 2004) , EQEEEOPDEE % 1E1IE{25100 T
L LT, MAREROPDEEAZEH LA GUHRIEREHEIATHWEEEY) ,

PDE—3400 pg/day / 100=34 pg/day |

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

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

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

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

Wapnir RA. Copper absorption and bioavailability. Am J Clin Nutr 1998;67(suppl):1054S-60S.
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TERAPE A F 74>

&
& OPDEEAOBHE
- & (Au)
#n A | A
PDE (pg/day) 134 1A34 1.3

& (Au) 1T, €BFHERUVELEH »6+5 OB THEEL., B{E3 1 MAT 3 MoRENRD
— R TCH D, TEEEEIE. BRI, Lizdio TAMENICEERH D b0 L3k
ATl &3, ARSRICEITAiE L LT, BE LT, XidElER D LAY (22T
W LIEEARRT 7, HY VA AT A ThD, Telles, 1998) O L 5 RBEHETHN
LT3, BHDOEOHE—DORFEIL, ME: LTOERAMLLZ2bOTHD, &0HEIL.,
BECAWENRS,

REMEEORIL L -7

SEOFEEDIZ L A EOMRIL, &ORBEHERICESWTNS, BEFATERBFICAVLH
HH01F, | fiO&EANL A FVEMF (Aw-S) LOEETHDIM, EREBHEINL TS,

oo FROS&E4S BETE) %, 30 mg/day T 1R, KIZ 60 mg/day T 1 BRI, Rﬁiﬁ@z

TV a— N TRESNCEE 10 AICEETR bhad 0T, HikBE 1L, 30 mg/day TRIC24F
RITRER 2 HkRE Lz, MPaokiiasit. ﬂﬂfﬁmﬂiﬂaﬂrix%iﬂﬂfﬁ@#ﬁﬁﬁlar&@mwif;< Ry
7?&%mﬁwﬁﬁrk&0#4bﬁ4/ NRTA—ZIBWTHHIBREOHRERRD LN
{Abraham and Himmel, 1997) . ‘

ErEPERAWEREOBHMR VUL FOT—FBFIATNRETSHDS, &EEWcl5FEL LTI,

FhEERESENZF v b (Payne and Saunders, 1978) Rt b (Lee er al, 1965) ICBIT 55
WEOFRE., 4 XICisiT 5(bEF# (Payne and Arena, 1978) Z£235H 5, LaL., ZhbORE
i, MEO&IDXEIEEROFHPD E LTRFELRVWBROEEZAWTERINTEY, L
P o THF H O &I R HPDEA2E & H3 O HrBEEMERH L b D LITE X LR,

&DEOURERRFD PDE BERETHOIC, BEPKFETILEIAONIEEOEOFORE
BRI X5 FIUIEBIC R T ARhEEO H 2 FHRRIT RV, AuBHiL, LV HENBOERE S
EZz bh, MERGCEWTAVWLRS (FixiE, =Z#Hts®) . €CGHESEICEL TR, R
hiF—& Ly, H5—RRICB\T, £@HEE® [Auen)CL] Cl (Y7 rpxFL oy
Ty —&tE A AY) 1t Ty FOBBRR ORI B TERER AR XD L.
=W A LBV TIE 322 mghkg OAERT 14 HEEENRS Sh, BREFEELIEE &4
o7 (Ahmed et al, 2012) ,

¥ O igER OPDEE

& OB BT 5 BN A ST EE BN TH B, BROESEHEEIILOSED
EREOCEMEETH LD, £EHEEIEARES SN ACBT 53 RIL. ROBERO

PDE [EOBREICHBWTEATRELZ D EEL BN, EEEE (M1 ICBWTEESNE FL

~F5) ®ZEICANT, ROBRERO PDEEZ AT O XS IZEHET 5,
PDE=32.2 mg/kg X 50 kg / (12X 10 X 10X 1 X 10)=134 pg/day

PDE fED & F I LOAEL %Fﬁb\‘tlﬂé & &Uﬂﬁ%ﬁﬁﬁ-mybsmT LTWwWi2wnwz Emb, F5 &
LTS 10 28R L,
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TR A FZ+1 >

T L 5RO PDE

B RrBWT., &F4 Y IEBEF R Y U LS50 mgEFRNESN LER, EUFERFINERIT%
HThot (Blocka ef al., 1986) . THFFITBWT, 2 mghegk FANTEHR LEgo&T A4 3
B R YU s OWRIERITIT0% T o7 (Melethil and Schoepp, 1987) o AWFHIRIHERE VD
Y. ROMEORENOPDEEOREICHEENRSICLAZBRIAV NI Eb, EHIZLS
BREEFFOPDEAEILAR NBRFEIFOPDEMEIZFE LV, ‘

PDE=134 pg/day
o AMBERS D PDE(E

LSRR o OUERHC T B IREEISI 513 5 BRI D 5 55— 4 11, BHICIT B &0 RITEME
DHEEEIEAILDEESDFELEVW b, ;Fg%D&%ﬁﬂ#@mmﬁ%{%ﬂ%ﬁmoﬂﬁebr
FRHC kAR EROPDEEAEM L GUAKE#ShTHAERY) |

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

B 30K

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

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

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

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

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

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

Payne BJ, Saunders LZ. Heavy metal nephropathy of rodents. Vet Pathol 1978;15(suppl 5):5 1—87

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

& (Pb) RAE#EDE L THLIEHLE LTHEET D, — R0z 2 Miofke L LT, Bilgs
ZOABEEEROBLISEOREEERH 5, FlaMbame LTI, AV ) Y BENRThL 7
FFAFARBT b TFoFAGNH D, AHEEYIL. KRPTHRYESHITHMEN,
KPR UHEPICESHESHE LTEE TS, 8SiCid. & FOGIFMALEBwIc BT SEmn 4y
FHoMsEEIT AV (ATSDR, 2007) .

SRR b e o Te FME
b R RUBIHICE TR, i~DREIT, MiE, AR, %4, SN, EEBEE OSSRk

FEBEEEITILNHD, M, SMECAETDRREE. RABICB V- TRE S
EXLEBLT, REAERCNEHICEBWTRESRIL L ST VR, M EFEREN 1~2

“pg/dL. AEFERRIFER 100%, IENICBERRVWEERELEET ) 7 7a s F 5 (US EPA,

2009) #FHWT, PDE ERAB LN, ZOFHIZ, 3%E PDE EHIX, BEERII D OSTRE—
Thd,

& LHREF O PDE {4

BOBEGOL MCBOT, BROBSHAT . Ao, BEEOK S VOEMEEIL. B
TBHFAURETHDEELLND, BEFAHENLOT—F 1L, 5 ug/dl RGO MAHREDR,
RO RITEFRIESICIE L TV S RIS 2R L TWD (NTP, 2011) ,

US EPA £ 7 /L (integrated Exposure Uptake Biokinetic (IEUBK) Model, 1994) (MR 100%, D
A DEEFR 2 L) XX, 0~7 5% (0~82 BA) D/DRIZE - T, 5 pg/day O OFEGIM
A 1~2 pg/dL ITRT 5 LIRS 3 (US EPA, 2007, 2009) ,

PDE=5.0 pg/day

HEHIZ X 51%EFF O PDE {&

MORORETEEOBEI M T L~Lic S, LEdtosT, BHICk 2BRENO PDE {HiT, &
MRS PDE IZZ Ly, '

PDE= 5.0 pg/day
Wk ABEEER: > PDE fE

"ﬁ@ﬁmﬁﬁﬂﬁo)%gﬂm‘? l/"\‘\}l/}:%’j<o L,f':?j‘)o'c\ EI&AB’%%E#G) PDE {E‘i\ ﬁﬂﬂ:ﬁﬁ
FFOD PDE fEIZF LV, ’ . _

PDE= 5.0 pg/day

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

NTP. Monograph on health effects of Low-level lead. Na‘uonal 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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TETHYA K51~

UFoh

Y 5 AOPDELOEE
. UFo A (Li) , :
38 TS ' A
PDE (pg/day) 560 280 25
Frif

UFoh (L) ik, B OBREHICIFET 2. SVSNEeBTH D, U F U ok, BT,

HEOMOERE OHAEET, ML LTHO LR TWS, UF Ukt (FlA, KFEbL
FAIZTAYFUL) i, FREECBIZREE LTHNLR TS, UF U Ak, @l
+1 DER{LIREEOE L LTORTFELTVS,

REHIEOTILL 120w

UFrhide hOWEEEL LTERAESRTEY ., BRE, ﬂﬁﬁ[“t—"ﬁ&(}ﬁ%ﬁﬁﬁﬁﬁj DIFDIE
BIcBT ) FULEORSICETIEERL N4 EHL, VFUVLAETHWEERE, Y
FULARBEREEIICS, BRELYEMCLOHERERLALETLTH, ) F U7 ADREIRI.
BERFICS L 55, miETIEE 0.6~1 mmolL IZRESIN TS (Grandjean and Aubry, 2009)
iR~ — 3k, VF o LA0FHE, BEROBEECHEEALES, £ MIBFAH Y F U LK
RIT. Fi. REEEE T, FIRBSEET. ER/MESETLEREERMNO ) X7 ERITE
BEL TS (McKnight ef al., 2012) , BE OHEEHAEIL, 300~600mg © 1 B 3~4 FERETHD
(US FDA, 2011) , M5 —# %L ta—L, BEBRKZEE L, T2EEORNS n55E
EEFE LT, ‘ :

&N IRERF OPDEfE

b M2 B Y FULOEMERA, Z0 PDE EORAL LTEASNE, b Mois 5 R
UF o O/ BREEAFARETHS 300mg (VF U556 mg) ERHWEEEIKE, #ORERO
PDE HITAF O L S ICEHEN D,

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

@ PDEEDRREICIE LOAEL (JEE—B®EED 1/3) ZHWEIZ &b, FS & 10 212
WL,

ST X B R RE OPDEE

VEFHT L 5@ EIRD PDE AR ETAOEN 2T —F 8w, L LiEds, RORENRD
AW F ] B B 85% (Grandjean and Aubry, 2009) THaHZ & #F%E 2, BORERO PDE &
PETEMRE 2 TRL T, BHic X 2ERo PDE EXEH LA G.1 BEH#shTna s
D) o i B ! :

PDE¥ 560 pg/day / 2=280 pg/day
W AR 8%FF O PDEME ‘
OB RR06XITLY mym’ OEE DY F v A4~ AS AR, 1AHATRE LK

(Johansson ef al., 1988) , J&SFEAMEER NEFHEMELAVT, RAEMELIZER LoD, it
BREIRE, BELEBRIBEINE T, ERAESPDEEORTEICAVWLNE, BIE
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B8 (B W TEESILI-FI~F5) ZEBIZIANT, MABREROPDEEZLUTO LI
HHA B, ‘

. . 1.9 mg/m’ X 6 hr/day X5 day/wk _ 034mg/m’
R 24 hr/day X 7day/wk. 1000 L/m’ =0.00034 mg/L

0.00034 mg/L X 1440 L/day

g =122.04 pg/kg/day

—RHE=

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

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

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

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

US FDA. Lithium carbonate product label, 2011. {(available at drugs@fda; accessed May 1, 2014}
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TETAAA K5

4R
A SROPDEE OE
' AR (Hg)

Y m! e A
PDE (pg/day) 30 3.0 1.2
Fridi

KER (Hg) 13, HEREEICB W URS M LT 5, AR, THFKE, BEAKERECTHAE
D 3 DO THEET D, WAPCEET D IEEARbEVKEOHEL. EREETHD,

Lictdo T, ZOREMITFMIZ, KRR UERAROBEEED H 5 FEFRT — & o34
LD ThDH, ZOREWTHERE & H &z PDE EIC oW Tk, B#ASRITIER L,

Z At ORI L V2 o T B

b MBSO TSR RS A EF TS - & Rt 7 —F 1170, ML AROTRERN AR L
T, EREMICET B RENRIERLA DS, EESABIEE (ARC) i1, EHOAG{LA B
b Mo AREBAMIC OV THETERNWLOTH D LW L,f_ (Group 3; IARC, 1997) .

HHEOERIE ST, AHAR S E~THEL t-ﬁl/\ﬁlilﬂ%ﬁﬁ#@i%%%ﬂﬁﬁ%i‘b FHHREZERY
B A, EhRRUEE~OREYICREER (URERIE) LV olotke REFEETFR
EELB X, ERAKEEVFOHICEBL TOREMEEDORILL 2 5F kT, BEETH

"5 BEREZ LIH~OEZEREAHE & T3 (Shimada ef al., 2005) ,

¥ N IRE R OPDEE

Z v PRU=TRCEWT HeClL 25k 2 £S5 L, LT Sz NTP ORERTE
T35, #0355, X0FEMRERFEENEE MITEOATVWAZE, BT 2 EFHABRLV L H
BEIFEMNEVY (0.312~5 mg HgClykg/Sdiwk) Z & 2Bl E LT, F v MIBYWT 6 & A MR
A#REZIToRBEEBREINT:, BIROBHTEERT (FEICHNTS) HEEEHN 0625
mg/kg DL EDBRERTEMLE, WHERILENAF A—ZOEL U VvTF=r, HIVAL TF
ZUTEI NI VAT T —HBRUOTANTX VBT I ) b7 R T7 7 EORD) neks
HOBCRY bk, YEPTRIE. BEEFENZR DO LIXBbhihoTc, BEORRER VE
FEEE (BMH BEEE) OB, HILFE A 0625 mgheg U EOREHTHO LN, SRA
MM EAZE S (JECFA) OFFHE (JECFA, 2011) CBWTHL, 6 HAMT v MABR (NTP,
1993) o/ LAEBRICHTIEERE (ERHEM) 2. BMDL, & LTAEH 0.06
mg/kg/day (B 5 ARIOBENOLREIN TV D) HEESH I, BERE ((H6& 1 it
ELZ SN FI~F) 2AVT, BNBREROPDEER2ETOL S ICRHTS, ‘ :

PDE=0.06 fng/kg/dayx 50 kg / (5 X 10X2X1X1)=0.03 mg/day=30 pg/day

614 A Faﬁfi%%&méﬁf'ﬂﬁﬁﬁkioh‘éfﬂﬂ:}ﬂ BETOFRRIIAEER % D ELITEZ anmw ToZ&;m
=N F4Z&1& L., &, BMDL|075>NOAELki%Z HNED (Sargent ef al, 2013) Z b, FS&1
R

BHIC X D IRER OPDEE
AT, EEXKBORDEYMEARHEN0~0%OFHERNICHAZ LEFTBRLTWS

(ATSDR, 1999) , L7Edo T, &mﬂ%ﬁﬁ#@m}ifﬁ&ﬂ*ﬂ%ﬁloﬂ%bf EFIC & BRI
OPDEEZEM L (3. llﬁk“ﬂﬁé:&’bfb\éé::}bb)
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PDE=30 pg/day / 10=3.0 pg/day

- B ABRERF O PDE {E

FIRITEI A S b MRABRBRICRT 58 bIBSE mﬁwﬁMPﬁf%ékﬁxBné L
25, 225 H TWA BEOFIEN 14~20 pg/m’ OEEREBITAREMRTCREN TS (US
EPA, 1995; EU SCOEL, 2007) . ﬁﬂ[ﬁﬁhﬁbb‘éﬁ{ﬁﬁﬁkiﬁﬂiﬁﬁ (14 pg/m’) TOMEITEIFHY
BEBOFEE (Ngim et al, 1992) 1X, 43% TWA JBE % LOAEL & LTEETOMERHDLI L%
%waéo@E%ﬁ(ﬁﬁltﬁwfﬁééntmaﬁ)%%menf‘iimﬁﬁﬁm
ST AEHMRAERZ LRI, MARERFO PDEEEZLUTOLIICEHTS,

. o 14 pg/m’ ><8 hr/day X 6 dajﬂ'wk o 4 pg/m’ .

EEUREAR 24 hr/day X 7 day/wk 1000 Lim® 0004 pe/L
‘ . x

_pmg— 000 pg/f;o ﬁssoo LAY 5 30 uo/ka/day

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

PDE ORAEIT LOAEL # AU e & 2 055, MRHERE 2% L CRRAMIC AT 5 ATt
SWTHEEICANT, F5 & UTHRE 10 28R L7,

BE W

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 manufacfuring 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. Technica! report on the toxicology and carcinogenesis studies of mercuric chioride (CAS No. 7487-
94-7) in F344 rats and B6C3F1 mice (gavage studies). National Toxicology Program, Public Health Service,
. ULS. 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 dai ly exposure limits (ADE)
~ to support risk-based manufacture of pharmaceutical products. Reg Toxicol Pharmacol 2013;65:242-250.

Shimada A, Nagayama Y, Morita T et al. Localization and role of metallothioneins in the olfactory pathway
after exposure to mercury vapor. Exp Toxicol Pathol 2005;57:117-125. '
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US EPA. Mercuric chloride (HgCly) (CASRN 7487-94-7). Integrated Risk Information System (IRIS).
1995.
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TV TF

=1 77 OPDEBEOEE

) 75 (Mo)

wn P —TwA

PDE (ug/day) 3400 1700- 11

Frii

FUTFY (Mo) OFAEBIETH RU+6 T, X7 ot VROBER &L —RITH 5,
) FF LD ER AR, THERURKKTTIIEY 77 VBA A (MoO,”) THY, K\
NH, B TR Ca2 b o fefx 0B A A0 L TIEN OB ERRT 5, €Y 77 ik, BEP TR
BE 2 2 REECHTE L. TOREN 0.1~10 mg/kg Th D, MoO, U MoS, iAUCIET 22vy, H3E,
BT OREETICEL CFEET B, Y IFEEH (FIXiE. Bi-Mo, Fe-Mo, LTV 7
FURGEY TF U 11, FEARICBOTHME S LTAVWLR TN,

FYFFEUEMNALEZETHY . EREGHELBOEEMIT, AT 100 pg/day, EAT 600
pg/day T# % (EC Scientific Committee on Food, 2000) , £ Y FFURTIEOREIL. S, B,
Rsiisd  SEE, FERRVEPR THY ., MRFAFA=VBEORME L Vo ks RELSF
BRERED, o, B0 Y —HBREZTTWAEH B HREICBW T, MIER ORBREEIE
ITRHBARB CTHo L MESA TS (Abumrad eral,, 1981)

RLPEREORIL L 22 o T HE

L ZEME L Lo ST URERFMEAR S 2o (NTP, 1997) o $£h. A7 FEHIA
RATAEEENER RIVM) L3 @E. ) 77 il EEERS RV ERR L (RIVM,
2001) , IARC XU US EPA IZ X RS AMEDFMIIATOU TR, HOBREROT ) 77
DOEMITE, TV 7TV ERARE ST RCE T ARBAMEDIERS W B D, R
NAOEEEME T, —ORERKICEL T, &bRKEAREERMEEEDH ST MEETHL LE
2 B, ~ :

B NRS|EEo PDE A

5 o MRS SREEREY T BT P D AOHEEETFE L/, GLP HED 90 BRE
PERERIT. F V7T L LT 60 mpke/day DR G EICEIT AHE, KEREME, BEHE, —1
OIFLER (BHERLUREICHTHHEMER) RUBOREBMBFITR (M 2 ICofR
WE ORERUEAROBER) ~OERAL Vo EBERLMCLE (Muray e al, 2014) .
T v MBI A EREBESEERE, 60 FROREYM#TRICEEZERIIRD bhiah ol &
FELE . MEAHIIRTICETE NI A= ~OFERBIED Lol FELIX, IO
StER ) NOAEL BE U 752 & LT 17 mykg/day Thd LfEm LTS5, ZOHERIIBNT, #
BB DREICEE LSRN0k, BERE (MR 1 KRBWTEE S/ FI~F5)
AW, & OREED PDEEIIM FO L 5ic#2 5, '

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

HESHT & 5 UREERE O PDE fi |

Vyskocil T8 Viau OFE (1999) 2BV, ROBRBEHFOL F TOEYFNRIHEL 28~77% -
DEB ThHofr L BEZIN TS, Tumland & (2005) X, €V 77 » ORRIZEEBETH

0% T fe EMEL TS, Lidio T, ST & SURFERFO PDE I3, EERE2 THRLL
ks GlEEEHRINATNDEEY) '
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PDE= 3400 pg/day / 2=1700 pg/day

W ABREF O PDE

el v 2B WTW AR S :EE&{EJ&U7‘?"‘/0:%755‘&'&7)%@&3 b (NTP, 1997) , iF

WOBHM IS, E) 77 BANY Y AROVE ) 77 VRERAE MR LTRB A AT
DAREMEZ R LT3 (NAS, 2000) , M~ TR ICBITDREE " BALORERT—5 (E)
(0. 10, 30 BTX 100 mg/m* BB I TENEIL 3/50, 6/50, 8/49 KUK 15/49) % A\ TEM
NBEITHTEDOET VIR ERINTEEZAS, Hﬁi‘,ﬁ)ﬁ,@:l.:y Y 2 Z L 2-5><10'51’}1g/rn3 %
WTHD (NAS, 2000) , 1:100000 DY A7 L=k BT, BARERO PDEEEZLFOL S
ICHHT 5,

1%10° - S e

- B AMREFFD PDE {E= 26X10° fng? =0.38 pg/m’

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

a=y b YRS TFFR—FIC L DiEHT PDE EICH LTI, £ORBICEEREEHERE LA
by,

&% ik

Abumrad NN, Schneider AJ, Steel D, Rogers LS. Amino acid intolerance during prolonged tota) 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/out8Ch_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/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, WNational
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 Toxiceclogy 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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=N
=y 7 VOPDEBOBE
‘ =X (Ni) -
2= A BA
PDE (pg/day) 220 22 6.0
FFim

=& (Ni) i B 10 ROE—BBRRTHDL, =y 7ML o, +1, +2 ROMS OEIREE
CHIET A TEEMEN B 228, £ 2E(LIKIEIZ2 ThbH, =y ik, e 2EMFBETHR
RUGEETAEBTH D, —BBOICIE., =y 7 WESiTAkEticESWToEEh, #Bh=y
i, Bl v VR UOREEBE = v S L Do e KR L D Ro= vy S AAEEME. Bib=>
NVRUERE= v 7 0o oA B OBV BRI S TEENRVRRICSH 5 (ATSDR,
2005) . = VL. B P CHEEEFIICHATRRVR, 8P Ti=y FVARRBTERERE
BIZE- T B hb, v A—TAI=UAGEL LTO=y SV, RFERIEIZET S
gl LTAVWLRTWS, EEEERARABOTRICAVDRALIAT VA, 71 LEE
RS — ADESETHY . 1%KE~BBHO=y YL EBIEBELTEAL TV EHEEEDLD

(Stockmann-Juvala et al, 2013; NTP, 2006) , = v #/L.0— BIEREIL 100~300 pg/day DOHLFHIZ
&% (USEPA, 1996) . -

ZEMEIEORILE 2> T-HPE

=V, EEEEEE TS, ERFRMEE B2 (TARC 2012) . BRORERO =y 7L
M O AME BRI 5 b OV (Heim ef al, 2007) , Fo#EE AW ion < 20 DORARE
SRERIT VT, O F A T X o THIEEORMNS S -7 (ATSDR, 2005; EU EFSA, 2005) . US
EPA 1= v 7 WAEEES A L DB AT & 5 LR L (USEPA, 2012) o =v 7
JUBSSE A 2 b PSS, =y A VEEXRAT L AROAEICEED S EEEITBV T,
MY R OBFERBEMIERD Lo (ATSDR, 2005) , =y FA-OFT X TORBEE—E
LT. IARC (2012) &, =y # V&t hOFERAAEDE (Groupl) &AL TS,

b FROEMICEOTH, = v 7 AOKREE DS, T, KERDE N hiRE OB~
HEZBYR|ZRITEEHD, b MEI. —AKANT, = A APEEEESIChE Y EMTD
by A VICBEENS LY, B FOF—Fi, Skickd= vy A OB-REORED

BN, = rVREESAEE PCREREFRLIDZ &R LTS (Nielsen ef al,

1999) , = FAOAFEHEOROSBAROEIIZEB\TIL (US EPA, 1996) . = 7V

FEOE MIZESHTOARY, BERARRZIL. b PRUESHE bITHROCREORIE &V oiz

BERE(LRECLAEENDH Y, REIR, MREE, SHEER OHE EEEN = v 7V OTEEE

TRUSEELEE THESNTWS (ATSDR, 2005) . #¥H NiSO, #®E&hi-7 v P TRAE

L RIEPERAREE L, FRMENIO 2 G EhizT v %’C%EL&H?K&H:&’C EMERICITIR

BLTWAbOTHok, LYVEEEDENBDOTHo7 (Benson, 1995) . = 7 /A OEE

I b LSRN IS AHFEEOBRBICEBWVWT, K< 2sb0LEbND
{Schaumlsffel, 2012) . .

B OgEEEOPDEM

10. 30350 me/ke/day CHiEE= v Z L AARBMERE SHT v MTET D22FERORED AMER
B CIL. BERWE OBRSCEE UEBIIED bz ok, 2REHOEIZE VT, B5F0
~105ETOIECR, FELBEE - CBEFREH D, Fio. MRS B 03B TONRE
IC BRARTERI 2B MRH Y . BB, 30 TS50 mg/kg/dayjﬁ—’?-ﬁfﬁ%‘f‘ébo 7= (Heim et al.,
2007) . LOAEL .10 mg/kg/day (= # /& LT22 mgkgday) &RV, ELEHAE (Hﬁ-mm\
T%ﬁéntﬂﬂrs) AEEBICANT, ROBRBEROPDEEIILTOLEY THD, '
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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 DR EL L,LOAEL%/EFJD‘T_ b, F5& LTHREI0EZBIR L,
HERIC & 3@ EFRFOPDEHE

EER=vrVRAEERHVEE NOEBRAREIL. BOERENIZRED 20~40%HB RIS
A (EEPHET —F I ESE) CHETAILOTHo (Patriarca ef dl, 1997) . =y 7D
WIICx T A RBEORELZAMTAEL S 1| DORBRICEN TR, #5BED 2~23%PRNEH
7= (Nielsen et al, 1999) , Li=MoT, =y ZrVRUOKEBE= v 7 M bEH O ORERRO LY
FHRAENRRENRZLOTHDLZ L EEE 2, BOEERD PDE HAEIEMRE 10 TR L T,

BT L HBREROPDEEEAEH L Gl1EICEHIW TS EEY)

PDE=220 pg/day / 10=22 pg/day
U ARG R (OPDEAE

% AR OPDEEORHIZEE LTk, FIAAEE ﬁ:T—a b, saumm v A VD FEREM
BRI, Blb=v A ERAWE2ZERORR T, ~NAAZ— (Wehner ef al, 1984) XX~
7 A (NTP, 2006) (ZHEEIIRBHONRN -7, Ty P TRENAACET SV 0O
oo (NTP, 2006) . &R = 7 VOWARRTE CIIIENAMOIILIT /20> (Oller et al,
2008) , WABAHICHFEL ) DRBRURO= Y FVIZRBAMOTERET L THRODT,
=y NMCE LT, BERET7 /a—FRZT AN I ERTELILOLEL DN, BIER
B ((FHEUCBVWTEESNIZFI~FS) 2ZEBICANT, 7y FRBRICEIT 3=y 7 LONOAEL
0.5 mg/m’ & HiT, BHABRERFOPDEEZLUTOL S ICEH L,

. N 0.5 mg/m’> X6 hr/day X5 day/wk _ 0.089 mg/m’
IR = 24 hrday X7 Iwk =000 Lm® = 0-000089 mg/L
= 0.000080 mg/L. X290 L/day ~ __
— = =0.0 d
_Ei A& 0425 kg 0.060 mg/kg/day

PDE=:0.060 mg/kg/day X50 kg / (5 X 10X 1 X 10X 1)=6.0 pg/day

B REEME DFERR D = » PR ER SN TR S S = L, RUTRTOREO= v &
' /vwlﬂlﬂvﬁeﬁiﬁ:ﬂ)rﬁi‘ﬂ%%ﬁﬂﬁﬁfﬂﬂﬂ FEHNBOONRTZ &b, FAE LTHREI0ZBIRL
?L\—o .

E IR

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, Kénnedy 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, Sietken RL, Valdez-Flores C, Grant RL. Develbpmeht of a unit risk factor for

nickel and inorganic nickel compounds based on an updated carcmogemclty 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. 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.

Nielsen GD,rSﬂderbérg U, Jergensen 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 studics 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 Serles No. 451.

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

-Ottolenghl AD, Haseman JK, Payne WW, Falk HL, MacFarland HN, et al Inhalation studles of mckel
sulfide in pulmonary carcinogenesis of rats. ] Natl Cancer Inst 1974;54:1165-72.

Patriarca M, Lyon TD, Fell GS. Nickel mefabolism 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, Odnevall Wallinder, I
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 Systein (IRIS}. 1996.
' US EPA. Nickel refinery dust (no CASRN). Integrated Risk Information System (IRIS). 2012

Wehner AP, Dagle GE; Busch RH. Pathogenicity of inhaled nickel compounds in hamsters. IARC Sci Publ
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-

v

A
NI

7 A
25 0 AOPDEBEOEE

RGPy h (Pd)

Bo gt | A

PDE (pg/day) 100 10 1.0

FF
NIy h (P 1T, FOMOASKERR N =v NV EEELTEY, o, HFELTHD,

C HBRATREMOHLEBTHRTH D, /AT VU AN, PA0) (&RB) . PA2HRT PA4+H)D 3

DOBBCHELET D. N7V AIFRLEBIEHETRELELL, Rkeho 5 LEZERRN
BOLNALBOIXFEEALERY, RNT VUL Re2EFHELET) X KRS T St
ELTHWHLRTWS, RIVT LRI, KRTIEBWTEETHD, TARUCHELZRIE
&AL ORI L HERICHTZ S,

TR ER ORI L 72 - e Bl

10, 100 U250 ng/mLD T V7 LEBAKRS LT » FOWBAMRRT, "IV A1, B
e ERFT 508, R, . BBOULIBICIER LEVWZ ERRWEShE, HEAE, =& LT
BELRALELOTHS (lavicoli ef al, 2010) , FEx 235 D7 MEAWIZ-OOTOMEXIT
WL AV iin viroBERFEMRBO W 2 (R XIF 7 AEEAWEm— A A REE, X
BEAFWESOSZeETF R b, b MUV ERERAWE/IERER) . BEORBREEEX K
(IPCS, 2002; Kielhom ef al, 2002) , WET —F &Lt a— L, REBREME L, ToEEE
DR L 2 DFMEERFE L,

0RO PDEJE

WS 2O RHEMEBRAER I, N7 PULAEOEMLRUEBAMEORRB T TS,
Ll, AEFET. BHOTA FTA L iCit- TERES - EMHPARBI V., AFRREY
F—HX, /3T 7 AONOAELH0.8~1.5 mg/kg/dayDFMHICH D FIEEMEEZ R LT 5, BAK
POEL AT U ACHEAT DT AL LTHL2 mgkeg/dayDHETRET A7 A0AERR
B, E BICW O DRERTOT I us MNERREORERSBELRD, £, BEICEERM
B 23R T AN, M IIRRE IS 2 b 22 b o 7= (Schroeder and Mitchner, 1971; IPCS, 2002) , =
DORERIL, BRAOWRMEICRDFMERE TR D MEEZTATOELR, SERROT YA
(BEEE L~v, BHOBEREED T — b, HRBEICH L TERICNE LR E8E) 11,
MO EMT A L CoOYBART — 2 0FBIEIBES L, BEREK (F&LIZRW
TEEINF1~F5) #EEBi- AN T, LOEL 1.2 mgkg/day® Bz, BOREFOPDEM LT
DEHICEHT S,

PDE=1.2 mg/kg/day X 50 kg / (12 X 10 X 1 X 1X 5)=0.1 mg/day=100 pg/day |
MPDEEOBEIMICLOELE W e Z & v, F5& LTHREGEBIR L, -

ESHIC & % BREERS OPDEAE |

RSO AT HREM LY 2, EHICE DIRERKICRD PDE EOBHNHE R4
ERTOFIASET A LR TERI o, FH{ENT7 VU LGH (PACL) &, HIEEMSRINE
iz v [FIERFEARE 3~4 BRIZEBWT, 7 v MREATHED 0.5%FKM. RAHZ » TR

5%) . RENERESIERARE RS0 T v PERERICET 2RI FrRRIIELS, &5 40 A
BOBRERIZBWT, RS ShERAED S B, KENRET 5%, BIRNERE T 20%B3 2808
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'

Fféhﬂ\f_ (IPCS, 2002) , FRMAREBEREFD T D AOEMENFIRENBENLELOTHS
C b ERECE . BORERO PDE EAEIERE 10 'C[S,% LT, & X ABREMRNO PDE HEE
HLixz (3.1 fﬂk‘ﬁ%ﬁéh'@\% LB,

PDE= 100 pg/day / 10=10 pg/day
W AREROPDEH

RS0 MCBET BT ARET & 120, L,yub:o'c ﬁm%ﬁﬁ—*fo)PDE{ %{féfiEﬁ?%?ﬁ
100K LT, MABREFOPDEEAEH L GIEICGEH#OLEY) .

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

BEIRR

Iavicoli I, Bocca B, Fontana L, Caimi §, 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. ,

Kielhorn J, Melver C,'Keller D, Mangelsdorf L Pal]édium — a review of exposure and effects to human
health. Int ] Hyg Environ Health 2002;205:417-432.

Schroeder HA, Mitchener M. Scandium, chromium (VI), gallium, yttrium, rhodium, palladium, indium in
mice: Effects on growth and life span. J Nutr 1971;101:1431-8.
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H&
H& OPDEEOHE
- H& (Pt)
o s WA
PDE . (pg/day) ‘ 108 10.8 1.4
Frim

H& (Pt X, H-BBRIDOEYRDOIETHD, NTFVUL, FAITAL BTy h VT
C mULRERA )P oLEED (BEEITE] XiT (F7F /4 F] LBHRINIEERALEOK
HLEWEODILEOTT, HEIIELVEETHH., EBEEIE. £ OB{LETLTKGE PoHER
ISEMET A O THIZENRINTREY., HEOFEREEXERRIIME TH L, Fi- 58k
REBIIREUCHTHLH, LEEZB(LREX R E€EER Mo TS, PIEHIT4EM DT
I TA AP (H0uF BT T 5. &b —KANRPANMEE, T 7 unAfBRs AR
~FYraafdeifi Aol ShsnuA&REETH S,

RAMEIEAEDIIL & 72 o T T

ERGPICIMME LTHFEL 5 2BEOELRURSLEMDRESAMEIE U TR AR E
By — 2 i3hr <, EMFHF—FIIBESN TV S (USEPA, 2009) ,

 BAEOHE{LYER., B&ICHELLREECREETHY, FBMEELOXKTIRBEFRATHS
(US EPA, 2009) , ®EUEIX, 272< & bRARKIC L2 ELEEME~ORFEICEHL T, &
b EMIFETHE L ELOND, MEE LT, CAESE. BMEFRIFCNICT L&,
BEYINRCF7 / —EnoBEEOWRETEHEE L T HMRBEERZETLNAD (IPCS, 1991) , iE
KOEHEICH:, BEOERSED ThH o7 (Merget et al, 2001) ., PHEOCEER U a7 {KEd
LT EEERVEEI. TLASUEEES VWb D EBbivd (US EPA, 2009; EU SCOEL,
2011) , WEAED Y A7 i3, BEAERCICREOELTHIR (IPCS, 1991; US EPA, 2009; Arts
ef al., 2006) . BRE (US EPA, 2009; Merget ef al., 2000; Caverley ef al., 1995) B E L= b D TH
B3EEZOLND, ¥FET—FELVYa— L, BEMRKRERE A, TREEEORINE 2 55 ES
HE L, o '

#% 1 B FERF O PDE{E

P(ICl; (HBRIEITICSWE) RUPCL (FIIEHEOE) 24 BEREERETIHEE S » FOoRBRIC
BT, PICLICE LT, MikFEMNT A —F ROBRALFERNAT A —F~ORBIIRBH LN
rhol, RRENVEESAETH S BH450 mg/fAktkgZ PICLOFRE C4RME S Sh -8l
BOWTR, M7 L7 ForofmiEtic~< b7 U v b RUHFRMER AT A—F OB HBEH 5
hiz, WFhoLSBIcELTH, TA2BREShEEHOMAKRT, HICBRPOBLSBEI
L7 (Reichlmayr-Lais et al, 1992) ., ZOFBRICBWTHSLEHOERERETLTH -2 F
B CHEEARDOREZ D, ZORBRBREZPDEEOREICA W, EEMRE (H&1IZE

WCEBENFI~FS) #EFEICANT, A& L LTONOAEL 10 mg/fttkg 28ARICHz-> -

TEE4.] mgDAENERE N, 0.146 mg/day) ZZEIZ, FRORBERFOPDEEZELT 5, Uik
Z v+ OFEER. RBREAEIFIZSS g THY . HWBREE L TOTHREEMEII235 gTh o7z, F
BItRE 135 g MpEtHICRA W, _

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

ERIC X 3 IREROPDEE
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A& B LML 2 —i, EHRSRBICED BSEBEEC OV TOFEAREN R LD
THABEEFEBRLNC L, BSEORORIE, Fy FCRED TES GaREnRS0ORS
I 1% . b FTIRL DAY (BFHPt42~60%, US EPA, 2009) ., L7c28->T, BNk
WA OPDEE 244K 10 TR LT, Eic L AIRERFOPDEEERD 2 QUEHICRERBMI L TN DH L
B, . .

PDE==108 pg/day / 10=10.8 pg/day
ik A% k7 O PDEAH

fig o L — F B AL AEMEOER DI, ZROBWIRER (Biagini ef ol, 1983) &
UEESRRER (Pepys ef al, 1972; Pickering, 1972; Merget et al., 2000; Cristaudo et al., 2007) #3FHE &
nTWa, E7. US EPA (1977; 2009) RUBMOBERERFICET ORFEERS (EU
SCOEL, 2011) 3. BAE% B E 2 b A& ORSETE Ui, N OMSRERRIC
My 2R$ZEAS (EU SCOEL) 1, AIFAMOHGEITEL THE EOREMEEFRET ST
F B R R PR TH B LR Lz, US Dol (2013) RAVAMASHIIC BT DRELOR
A2 py/m iCBEL TV S, EIERE (HRITBV TERSNEFI~FS) 2ERICART,
R ARRESOPDEER L FO X S ICHEHT S, . L

T 2 ug/m® X 8 hrfday X 5 day/wk  _ 048pgn®
Eﬁﬂ%@ﬁ%_ " 24 hr/day X7 day/wk 1000 L/m’ 0.00048 pg/L
pm 000048 gL X2BB00 LAy 0

50kg
PDE=0.27 ug/kg/day X 50 kg / (1 X 10 X 1’ X1 X 1)~ 1.4 pug/day

BE IR

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 1. Pulmonary hyperreactivity in cynomolgus
monkeys (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 occupational hypersensitivity to platinum group elements. Anal Lett
2007;40:3343-59. - :

EU SCOEL. Recommendation from the scientific committee on occupational exposure limits for platinum
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H&ETE
(5 G55 % O PDEIEOIEE |
LUPTA Ir) . FAITL (0s) . BV A (R | AT=T75 (Ra)
: .| &R R A
PDE (ug/day) 100 [ 10 | 1.0
i

H&HTE (PGE) @5 bASET (H& LW IEMENT —F B0 7nn) "7 00 LD
TEEOEMENT —# 1BE I TWA, PGE IZxd 2REEMRE X, MRIER R O R
EREESBEEASEZRIT LRSS (Goossens et al, 2011) , W< 2D H& TR iCB
T BEAME LDs [ERFIAAIEETH 525, *@FﬁjﬁmEﬁ@ RECIHR TR, ZVER#O
TR RBIC O W THAIATE RV, 22 b EROEEMICAV R DESITIE, Rul,
W 080, £ 0 bIRARBEFITHA LB X bD (Gaylarde and Sarkany, 1968; Swartzendruber ef al.,
1995) , PGE DFI¥EMESEIE, £BL LTOYHZ PGE LV HEESBN SOOI IICTHELND
(Wiseman and Zereini, 2009) , ‘

PGE OFEMICHTAERBFRLTWS L LEARE L. TN TOREREHIZEYT S PDE fHIZ,
L VRSP T I —F L LT, AE TR AT P TU AD PDE HEIZESIC LD ELTWD,
PGE =BT AR 6N ZEMERHIILITO LB Th 5,

TR VEREm
AVPOA FRIVL RIYTVLARUNLT= vbwﬁé&k%féﬂﬁr Fi3iRe T2,
o A VUDTA

o T v NMEMEIEMETEA VDT AGHATSE L BIC 24 FFEEEEL, oAy
R oA ICBWTRIELEZE S, 4V V0 ARRHMBRDO—4&E$E DNA BIETZ
FEHELE, 2 H#F'Eltn%'cc:t A$ DNA HIHFIE R 5o 7 (lavicok et al,

. 2012) .
o BEMEFMTEID. WMm7/bﬁm ﬁm4)v9A@ﬂmﬁ%(4)v
v AE LT 0. 0019, 0.19, 1.9, 9.5 &UF 19 pg/day) % 90 BRIRAIEES S/
(lavicoli et al., 2011} , 0.19 pg/day LA EOESFHIZBWTEELL TR TS LD
B Do T, _®ﬁﬁmﬁmﬁﬁﬁmmmﬁw EL+%&%®T@&

IR el

o FAIVA ‘ :
o MEMbA R 3w AIZAICHE D ETEY (Lutirell and Giles, 2007) . &BA R 3
w7 AIEME A A LTV AV (McLaughlin ef al., 1946)
o E@kiz 7 AZEESROBEICHN N TV A, B EF A bA(mm)
L FESE LT, EEOREE. B, A MEUKEXICHT AR, M. KE,
Hﬁ&o?ﬁm%@%a%ﬁ bjé (US Do, 1978; Luttrell and Giles, 2007) ,
o MEgkAAI VA (AR vAaLT)w#@ﬁﬁmﬁ(Hm'NMiiomz
mg/m’ T&H% (USDoL, 2013) .

™ = /‘7A
o Rh®HE (K;RhCls (NH4)3RhC16) TR A 3‘72%“(@%&&%3‘ L7 (Bunger
et al, 1996) , ZORBRIIBWVWT, HREERVEEBEICEAL T YU LIS
ﬁvaKﬁMLTBD\E%i@%%ﬁﬁ#ﬁ@%w%®ﬁkoto7?%%
ﬁfﬁ%%ﬁmuivAwﬂmﬁ%kk%um%ﬁlﬁm%ﬁﬁib\z%vb
T oA ICBENWTHELELZA, BV AZRAMRO —AKEDNAYIKZFER L
7 (lavicoli ef al,, 2012) , RhCLIL, b bV X /3EE AW NERRCTRESEE
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L, BIEKPODNABE] (oA y T vEA) BEMSER (Migliore ef al.,
2002) ,

6 TUARBIu YU LAERETAEERBAME AL T vEAITBO T, 8K
H5 ppmOHE T, MRBEICHATLBSYUROEEREROEMIBTB D i,
REDYANCEHLTWAR, BEICEIT—IRHEVICLRENZHOTH
B, BRI DD TORGRERDDZ &L TE72 v (Schroeder and
Mitchener, 1971) .

o BY7A RhELT) D&BE =—ARCFEEEAYWOPEL TWAX0.1 mg/m’
Tdh 5, RADFEMEEHOPEL TWAIZ0.001 mg/m’ T&H 5 (US DoL, 2013) .

s LT =07A
o WL OMNDORugEEIL, X F 7 AETAISKRK U TA1008RITR 1T B in. vitro? BR 5%
BT, BEEERGE3 & 21 (Monti-Bragadin ef ol, 1975; Yasbin et al,
1980; Benkli et al., 2009) .
o AF=UAOEARBEEORIVIED (194%) , FEHIC L BREE OB
C200BRTHB, BOERS ﬂ’bﬁﬂ/?‘ 7 A{EA%Li BIEE T 5 (Furchner et
al, 1971) ,
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Furchner JE, Richmond CR, Drake GA. Comparative Metabolism of Radionuclides in Mammais - VII.
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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 tuthenium complexes Chem.
Biol Interact 1975;11:469-472.

Schroeder HA, Mitchener M. Scandium, chromium (VI), gallium, yttrium, rhodium, palladium, indium in
mice: Effects on growth and life span. J Nutr 1971;101:1431-8.
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Ly
+ v OPDEfE DO
1 (Se)
2 qs) A LN
PDE (ug/day) 170 - 85 135
P

L (Se) X, HFRFIZFEELTEY, MESFEBRYEFI &P LELED D, B L4
4DB(LIREE (2. 0, +4, +6) ZRMAB L HBFARETH D, €BEL Y, B L URERTE
LB L Wo L OFRBTELD, FLiit, b h280E 0l > THEDHMETLR
Thd, TlLid, BRM2EL VAT RNAK LV F U7 HILRYIAEND, TV
I, FARBEICBWCHME L LTHOWSNLTWA, Ru-Sefitfifit, BREBETICAVWLNE, 7
U— e L RERRTAFAE L RAIERL, AEARIZRBW TR Y REISE S,

Lo EEORIL Ino

¥ L i, IARCICE D ZA—THEAH (REBAMEIC SV THETERY) L LTI X ME#E
R (1987) , EMAICEBWTREMNAMENH D Z LR EN TV IME—OE L IALEWL,. BilkE
L Thsh (NTP, 1980) , US EPAICX 5 &, BifkE L i/ A—7B2 (b MO U THENAM
DOR[FEMRH D) I &5amEm.mm)om®ﬁV/mA%m 7»—7D(tbv®%m
AEIZDWTHETERY) ZRESOLTH S,

B MCBWTE L ~OBRIRECHED bh s R bHEREEE. KI5 B8 N Rk
EHRITROHRFE & W - RENEE P - 28 ETHE L FHIETHS (ATSDR, 2003) ,
AEFOBREOE L ACHTIREIIEL T o001 HD, ELACHTRIREER
FHEIBT A, fRa BN, MELREZ400 pg/dayicsRE LTV 2 (WHO, 2011) , FHiE
ek, ¥R RE LTOI@bE Ly UinHte Uic @M LB o R, Kk O O RE
M, SRR N & o PR BRI T A FEBIZ OV TR TV S, MENICIRE X
itk MCELTHRESN TV A b OITEE U MERIHERS, BREBEORAFEL LV OE 2 —A
RIZFANBRALEES TLRLATEY, £k, EL A EAENRTEELV DO 2 — LK
L&A D ORERAREZToLBWHRBRERIL. ITHREERUITRERZHE L TW5,
% ABRE R ORI SR b O & 72 5Ty (ATSDR, 2003) .

&n&ﬁﬁ@mmﬁ

WmtV/k%¢57/b%#hﬁaﬁLhwrm Hﬁﬁ#bhﬁéMMﬂﬁnn@@mw(t
Vi LTLT mg/ke/day) Th-oiz (NTP, 1980) , FDMMDEREDE L OBEBAMEE TG D7
BRAAATH D . o WEOTHREED L Mot 5 ERIE SR T 54 (ARG, 199) |
ZORRIL, AFETRLEROFRBRTHSL, W OO b —FBAFARETHLN, REMZH
BREBICBITSHDTHS (ATSDR, 2003) . B ZH/-PDEEIL, L OMRL 5 pgke/daylZBiL
b THD (ATSDR 2003) , VEﬁﬁ(HﬁMukwf%ﬁéntHNB)%%Ebf\ﬁﬂﬁ%
RFOPDEfE% LT D & 5 ICBHT 5,

PDE=1.7 mg/ke/day X 50 kg /(5 X 10X 1 X 10X 1)=170 pg/day
LR BEOY A7 O, FAl LTEEI0E2ER L,
ST X A RER OPDE(K
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v FEROESREH CORBERAL. L UEBE, BPLVBEROEL S AFA=E o
DT L ALEHBRENERINEES. LIELITRSAED%E B A DT ERLH IR
ENBZ L EFELTWS (ATSDR, 2003) . FOEERFOLEMNZRFIFARL~80%THD I L
PRSE . BENIREMNOPDEMEEEGE2 CRL T, &% L ABEHOPDEELTOLD
WEHLE (3.1 ﬂﬁéﬂfwéakm

PDE =170 pg/day / 2—85 ug/day
W AIR R FE O PDEAR

DR BE O TR 5T, HEHRIC BT ARAREOELRBEOT Y —I—Th D, BFEREE
5 i vﬁ%ﬁ%’hﬁé?‘éﬂ#ﬁﬂﬂi%ﬁ{ﬁoz mg/m* %8R FE L (US DoL, 2013) | BRI FRIERM
F N~ (EU SEG) IIRREMESEHER 007 mym’ 5% E 7= (EU SEG, 1992) , LA L72A
5. EU SEGORBEEMBERA (OEL) i, WABAPILFELZVWEEDhIFETHIE
L AL ESOTRESNE LD THDS, LR T, US DoLic L D& X HEN/OELE
v, EEEE (FRUICBVWTEESREFI~FS) 2ERICANRT, RAREROPDEEZ LA
TFToroicEHRT S, -

\ B 0.2 mg/m® X 8 hr/day X 5 day/wk _ 0.048 mg/m’
HEREAR : 24 hr/day X 7 day/wk 1000 L/m’

=0.000048 mg/L

' X
0.000048 mgs/(r;kgzssoo LAY _0 028 mekgday

—HHE=

PDE=0.027 mg/kg/day X 50 kg / (1 X 10X 1X 1X 1)=0.135 mg/day =135 pg/day
2E W

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

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

IARC. Overall evaluations of carcinogenicity: An update of 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.

JARC. Some aziridines, N-, S- and O-mustards and seleniumm. Summary of data reported and evaluation.
Monographs on the Evaluation of Carcihogenic Risks to Humans. International Agency for Research on
Cancer, World Health Organization, Lyon. 1999.

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

'US DoL (OHSA). 29 CRF 1910.1000 Table Z-1. L1m1ts for air contammants U.S. Department of Labor.
2013.

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

- WHO. Selenium in Drinking-water; Background document for development of WHO Guidelines for
Drinking-water Quality. World Health Organization, Geneva. 2011. WHO/MHSE/WSH/10.01/14
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R
SROPDEE DEE
& (Ag)
#n R I BA
PDE {(ug/day) 167 14 7.0
Friim

R (Ag) M. FL LT OFIEET, RUTFESEID RV SRR ORI TREAY
FICIEIE T 5, SR, FICBO TETIC L, 2, RELTWSEEY, BRI 20

C DEOFIECRARICEET 5, KEKPORLEERREEYIT. HBREREMLRTH S, 1F

EAEDRMIL, 10~100 pgkg OFETHREORE ST, FTRBFMITHA TR, RH
AEREEIIAA TR D, RIITF Lo bnF LAy FA~OBICB W THRE L LTH
WHEN TS, -4 FI v A58, FafihLrR= »MA%@@mmm$Mmeen5
Ee{befit, ARARKICRBWTEMZEAR L LTHY RS,

ZEPEEDRI L o T

SUIEREMR B2, B F SRR CE MRS E L R EHRT. A
B3 5 H A REEERI L TORY, TbO7—FIESE, BiIE MBSO TRAAMELH
Té EIXTREIN TV (ATSDR, 1990) ,

RICFIET, b }\@ﬁﬁi&ﬂii:ﬁ#éﬁmfbElﬂ?%%@%ﬁﬁ%‘bﬁbﬁﬁﬁ'@%é ERbh3. BE
MR b I FRRBMZ AV Hivd (Hymowitz and Eckholdt, 1996) . $RIEEIEIE, RAHAY
BEEOEKEIEEELDI D THY, BICLIAT=VEEFTHE Lot BEERE~OHIL
EN6HELDL, BLLOEORAN, MEVREORMBIECCEREE LA EMWNHS
(ATSDR, 1990) .

& 1 IR RO PDEAR

HEME = ™7 A T REBRER A 0.015% I L 7= 8k7k (09 g/v 7 A, MYMRER32.14 mgkg, $R64%) #125H
W& %, SROBERMZEBRMEICE DS CMRTHENEEMESFE S/ (Rungby and Danscher,
1984) ., ALEEIIAEEM & B L CEEERSIEI S, EOMOEK EOBEERED
Lot BIOREBIZBWTIL, < v R ICHEER mgkeZ BESNEA L%KiZ, IHAN
WfFET A Z L&k (Rungby and Danscher, 1983) . # ABREFFOPDEMEIL, i\"ﬁﬁﬁﬁf@g 5
ug/kg/day & FE LT W7z (US EPA 2003) . #IEfRE (HERUIZBVWTEE I NF1~F5) %
EZELT, BOREEOPDEELUTOL S ICE LT3, '

PDE =20 mg/kg X 50 kg / (12X 10X 5 X 1 X 10)=167 pg/day

B X EMEMATEEES LT UL . PDEEDOREICLOAELEZFER L=l Lk, FS
EUTEEI0PEBIR L, '

HEEHHC X 2B ER OPDEE

© US EPA (2003) it., oA FEREUVEBELRAWEREEORICERILEE 2 2E U ES %

Ei Lo, v PORME Q~9%R) OBIKAREDOT —F AT, SOLOAELE0014
mg/kg/day & FETE Ui, EIERE (fFe&k1i M\'C%ﬁénr_mws) EEBIZANT, BHICX
BHIREFOPDEMEZ L FO L ) ICHIHT 3,

PDE=0.014 mg/kg/day X 50 kg / (1 X 10 X 1 X 1X 5)=14 pg/day
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&Fwwéﬁwﬁﬁiﬁi&m%x B:n::eu\* L, fM:%fﬂ)WE%LOEL&%t&L F5& L
THRESZBRIRUE,

%U\ﬂ%ﬁﬂ% O PDEAE

%&U%W@Wﬁio WWEEA, LUV DEORAKOE MNIBITAELLE @v%otué
BERCTIEEELSWORZERARE (TLV) 0.01 mgm’® (US Dol 2013) &M, ELHAEK

(FHEIC BV TEESNFI~F5) ZEZEICANT, RABREROPDEELZ A TO X 3 IZHEH
T3 D,

‘ _ B 0.01 mg/m’ 8 hi/day X 5 dayiwk 00024 mg/m®
TR AR = 24 hrfday X7 day/wk = T oo 000000238 me/L
x
0.0000024 mg/L X 28800 LAGaY 0, 1014 gy

#‘HEJ‘%: S0kg

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

BEIW

ATSDR. T0x1c010glcal 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 spmal 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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FU A

% U 272 5@ PDE fEOEE
ZY A (T
FE 5 %A

PDE (ug/day) 8.0 ‘ 8.0 8.0

Fr

iR 2 U A (T 1, SAROERTHD, #Vohid, £& LT+ B3 D208t
RHETHEEY S, 1 BOX Y UL, AFEREUERSASY VA (KH) KEEILTBY ., -
DX S RECPESZ Y 7 LAOBEOEIZES LT D, FEMORLES ) v AGBHERE, # U
T AEOEL BNAKEETHS, S Y AR, FELUTREA L LTEERICANVWLGNRTVWD
FEh, MR, ERORE, TR, BEERU=T )T EWVORBREDHEROIOODEERICS
RAwnwehTng, #1 '7A(3+)iﬁht?ﬁﬁ%éﬁ“ﬁmu)ﬂb\6n‘ﬂ% &Y WJAPi?k%—T—E’JLZZET#i
o, fREAESATHERE T M B T A2V (ATSDR, 1992)

LEEREORIL L - T B

b FROBIC BT, KE. BICBER, ¥ U 0 AORKERAREN D OEMICE bR
MEVERZEE L Bbhd (US EPA, 1992; US EPA, 2009) . KEMEOE (RERE. BEEHE U
RERER) 1T oOFREL ¥ bi8WEME &2 (Mooreetal, 1993}

R OIRER O PDE i

ERERUBMICHITAZ Y T A~DRABRRICFELI T 2ENEEL. KE. FICEG L Bbh,
ThE. FBA Vv AOST v FERVE 90 BRAEMRBR CRENTWVWS, LV EAETHEE
OREESEMT 5 E2BE L, ¥ U 7 .AD NOAEL # 0.04 mgkg &EH (OEHHA, 1999;
US EPA, 2009) , Li#-T, 7y MIBIF5F Y 7 LD NOAEL 0.04 mgikg %%i_&mﬁmﬁ#
@ PDE {ﬁ%ﬂ&m L.

ﬂ%rtﬁﬁr (BN TEEBINFI~FS) #ZEBL T, ZFOBRERFOPDEELZLTO LI
Eﬂj’gﬁéa 7 '

PDE=0.04 mg/kg/day X 50 kg / (5 X 10X 5X1X1)=0.008 mg/day=8.0 pg/day
EA T L 2REFFO PDE i |

521 7 MM ~DEREERIZHRD. F%i%'rimbé—?‘—&sim\téntemoto AIEMED &Y
T MO AFERFIHERITE (>80%) (US EPA,-2009) ., LAdio T, f—t%f L LBRBERFD
PDE fEid. R OBRERO PDEE LR —Th 5,

PDE=8.0 pg/day
% AR &R PDE fH

F YU AMEEY~ORARERICGRD, BEECHDT—F TR, US EPA 1, # U 7 ADRA
ST AESIIRAZREESEEHIICRATSTHEEER L, ¥ U A~DRAE
F O SR @ FHRILRENTH Y . IREN T2~ (US EPA, 2009) , & ME
U BWTRESN AT RERERETH Y, RABRKIC L ARREIRE L, ﬂm:.ts‘ﬁma
Zxz bhd (IPCS, 1996) , FEORUVIRARKEOZ Vv ARFEICLVEBOFRAFREINS,
TOBHME, RARERO PDE HIZ-DOWTIHL, HHIC L 5EERFO PDE fEE > TRET 5,
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PDE—=8.0 pg/day

Z N

ATSDR. Toxicological profile for thaliium. Agency for Toxic Substances a.-nd 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 Heaith 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, Berkeley and Sacramento, CA. 1999.

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

US EPA. Toxicological review of thallium and compounds (CAS No. 7440-28-0). Integrated Risk
Information System (IRIS). 2009. EPA/635/R-08/001F ‘
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A A
Z A DPDEME O
AZ (Sn)
' A 2T & A
PDE (pg/day) 6400 640 64
Fraa

ZA (Sn) ik, BAROCEETHY ., RREVHOBLINETEET S, AXEZEEHD I b
%%ﬁ%&%wm‘%m%\ﬁmw\7yk%ﬁwwnnkazﬁ@+bu7A&Uﬁ1f@
FRYTATHDB, X, WIPDOTALFES IR X T VRERIBRPICHEETD
(184 7= Snk LTHESIO nug) » AR, —SHOEWIC L > THREFHITUNE TH 5 TREMHENR
HBHEB, B MIEoTHATHD LRI TWV Y, BEAZXRHIE, BrAle LT, RUUR
VE = (PVC) oRERRE LTAVLR TS, ERABAITICSEN 2 &R MY L
WOBRENBIX, AEAAESH IV b, JVEEECHFET IERA AR L VEETILOT
BHOTD, TOREMHITHITERA XICEAE ST,

ﬁéﬁ%ﬁ@mmatotﬂﬁ

A AR A XBIZET Bin vivoDBEEEUIREBAEEZRERT 2 DI RN, W 2hoF v
FRBIZEBW T, EMOABMEERE LTONE Y 1 B0 O R bS5 O FRMEIE
BHol, BETHE, AXRRRZELin vitre7T v A BV TEREMEICE LEETH - 7225,
ARAROVARED S bW D0 OREOLDRBREFEREICE L TESE Th -7~ (CICAD,
2005) , YUV AKRUVT vy FCO2EBMBRICEV TR, HEFE-XXICRBAEX ok
(NTP, 1982) ,

B IR @ OPDERE

gk, RERAREEDOS » MeBIT AR LEZEIRWVEMEE Tho#, LT, &
OBREREFOPDEMEIZ >V T, B BIEVNOAEL, §724>%5150 ppm (A X & L T32 mg/kg/dayF
M) (ATSDR, 2005) (ZHSWTHRELE, 20X, 7Y MBI 30 HBEBR» LG LK
LDOTHY, BEE—AXLRERS ST » MCBWT, 500 ppmbl EOBERFHETOE MO
BiREEICRE S (de Groot ef al, 1973) ., NTPIZ X 2 13MMASEREARR (NTP, 1982) &
Bif 2 EFAFEMIL. de GrootbiC X ARRICBIT 2 b0 LY bRESH TV (HlxiE, ~
TN TAREBLE Vo BRAECTFIRET S ORE) i, ROBREFEOPDE
EOREIZBV T, de Grooth DRBRIINTPORER L » bEEMERH I bD LEZ BN, &

A ((FRUCBWTEEINALFI~FS) 2ERICANT, RURENFOPDEEEZLUTOL S
L%&?é ‘

PDE=32 mg/kg/day X 50 kg / (5 X 10 X5 X 1X1)=6.4 mg/day=6400 pg/day
BRI L A REROPDEE |

AT st v a— ik, EHIC X 2BRBEKIZIED PDE EOREHO-DICEERME
POFMEFAEFETX ok, AXRVERZ (LAY ORDIRERO & YR AR
5% (ATSDR, 2005) #klz. #NIEEFO PDE EEEFEHREK 10 TRL T, E$HC L 2BERO
EDEEE%&LE.&lﬁhﬂﬁénfwékkb)
PDE=6400 pg/day / 10=0640 pg/day

T’ ABRE R OPDEM
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ZZCELTOZEM LY 2 — 1, RARERKICHES PDE EOREHDREDICID X HFER
R R 22 DT DI S DT EFI 2 EE CE Ao, AXICELT TLV (2 mgm’; US
DoL, 2013) ASFIATRETH B4, MRL 2 RETHICIIT —FBA+2THS (ATSDR 2005; EU
SCOEL 2003) . L7#-7T, EAMRERO PDE AR ARERFO PDE HICEMRT SDIT, 14
¥ 100 #FHNT, AXICHET 5 PDEEABEHTS GlHEICERSNLTHSEED)

PDE —6400 ug/day / 10064 pg/day,

BER

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 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. ' C

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 contammants U.S. Department of Labor.
2013.
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R} A
23FP AOPDEE OB E
RFTTA (V)
A TES A
PDE {(ug/day) . 120 12 12
FEom

PP UTA (V) L, HERRICHEBETRE S UTHEEL., Ba B bIRE (1, 0, +2. 43, HMEWY
+5) TIEEL D B, /SFI W AR, Fe TP Ay (VO) RUAF DA 4y (VO,)

LT, BLAYOEDHERECVRIEFET 5. T YU ADHELEN 6 ORNITThIC

<y, B RTORENSD AT DY AOREREWHEMIT10~60 pp/dayDEEHICH D, BREKS
LOEBREIIARICL Y RAY, HEMREIIRE T4 pg/dayThd, £ F—RADEFRTOD
NFPAORERPBEIEHZTHIN, 2 ng/LBEFHED LRETHD, RIS S/ LT
WA L2Bb LT, b MERIZRIT B3V 0 AOFRENREYFIIRENIIAE SN TV,

e At S @mm_a oo Tl

NFTV T AT, %ﬁﬁﬁ%?ﬁ?éﬂi TRRFMEZ SR (ATSDR, 2012) ., ZEMb/ A FPo A
. B MCR L TRERSAMO RSN H 2WH L LTHEEN TS (Group 2B; TARC, 2012) .

¥ OuREERF D PDE &

BHROE F~ORATRERICBWTHE, HEE, DOERRVCLEREELIHEENTH S,
ROFEBICL2AAFTP 0 ADERZIMT 201K LETRHEERY, T U U AR 12BEHERE S
Nz MW TERINT, ZORBICENWTIE, BAET =0 AT UAIINER/ T
DN (SF VAL LT012XI30.19 mg) &I S EATe~12BMERE L RS o mikFa /S
FA—F, TR (LEFBELSAVCEIDVHEE)  aLATre— VRO 7Y NBE,
EHEE (MPRBERICLVELE) . FEXTLFCHFEREILIZ 20257 (ATSDR, 2012) .
MEFEEE R G E~DZEC AT 5,370 Y AOPEONOAEL 0.12 mgkg/day? |, & ORHEE
OPDEEDEHIZAWE, EEAE (FEICBWTEBENEFI~F5) 2FFEICART, &N
BRERFOPDEMELZ L FOL D ICEET S,

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

NP ACETARESE L 2 —id, HEHC L SRERIRICES PDE MEHOK L RHEE
REMEREHFETE 2D oT, NFPUARUE#R AT VY AMEEBICET BB L £0&ED
BREREOEWERFIFES 1%FKE~10% (ATSDR, 2012) THHZ L 2EE 2. BOBRERD
PDE & LEFEE 10 TR LT, BRI 2REEEO PDE E2HEH L G0 HoR#EshTw
HERBY) .,

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

W AW BERF OPDETE
S v h OUERBERABRERRN, TP UACHT IR ABREROPDEHE~DERDEHIC

BEtEhz, ZORBRICBV TR, SEARICAVOLONIRERETH L HEBRE AT VT A0S
mg/m’ TREPAEANRBD B (Ress ef al, 2003) , TbLASFTV U AR, BRAICHY, R
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)
FORICHIES 5 LB X bhvnv, Liedsi-> T, & AIREROPDEE & EEMAK100 TR L T,
RF Ty MCETARABRERFOPDEEEZ RL L GIHIZERIA TN ERY) .

PDE=120 pg/day/ 100=12 pg/day

SE

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.

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

Lyon. 2012;100C.

Ress NB, Chou BJ, Renne RA, Dill JA, Miller RA, Roycroft JH, et al. Carcinogenicity of inhaled vanadium
pentoxide in F344/N rats and B6C3F1 mice. Toxicol Sci 2003;74(2):287-96.
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1% 4 : =@
PDEAE > 5 T E R i O F IR E~DBREH)

FFvavl: —-REREN10 g %ﬁzﬁ:b@zﬁ* DD, BRI S O TR AR OFF
AL iR A PR AL (E

I E LT, MRS (RERIEERCHNASTER. £A4.1 38) 28775, mK—HE
RE 2.5 g OROBERHFICOWVTHRET 2, ZORAOKERK—REREIZI0 gdB2 2Tk
Mh, RA220HFREEZAVIZENTED, A7V a VIREROTABRE L bz, #
K HPOIEAE DL S REETHANTL LV, SEREOSHII ATV VLARR=v L
A2 AT WALDOTHY, VAZTEAA L MIEISEH, R, A FIvA, KERUA
FOY ABESE o TN, BAB NP RA2UATRENBECHFELTWA LREETS
BEICRBWT, BAFOETERFTMYOBEX—HEBREIIRALL2 KRINELBY THA, H
DIABEAFRE YA RA—EEREL BH O BBERERVRA220 YL R MmO
EREEZAVWTRESN? (BEREMICHAOERD - ABRE2S grFELH) , AL
BT, STEFMYORI—BIEREL. £ 7 MTRENEEOEFH LT B RN,

T OB, FREROPDEER B 5 R TR RO E X THLTND, LEKST, &

N OB RERAESOBEERBLVESICE VLTI, UL, BESNI TR TS EhEh
DOPDEEZRBZRNHDTHBZ LB RIEEND,

FeAdl : BEERRSOFRK—BENE

WRLEL 5 —RBERE (p)
[FER 0.200
ﬁb‘tftaat/m — A (MCC) 1.100
L - 0.450
IV 5 IV ar N 0.350
ruARE Ry 0.265
ARFT Y VEEw TR N 0.035
EFaxlarrtirisFin 0.060

FTAre—A (HPMC) )

BibFz ' 0.025
el ek 0.015

A 2.500
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%Amz3&&2%%ixtﬁﬁﬁﬁ(ﬁﬁ&%ﬁet o, —HEREZI0 gtRET 5%

)

RATARE (ué/g>

ARy Pb As cd Hg Pd vV | Ni
JZE 0.5 1.5 0.5 3 10 10 20
MCC 0.5 1.5 0.5 3 10 10 20
LbE 0.5 1.5 0.5 3 10 10 20
UghNv 7 A - 0.5 1.5 0.5 3 10 10 | 20
7o ZRE RV 0.5 1.5 0.5 3 10 10 20
ZAFT YT TR YA 0.5 1.5 0.5 3 10 10 20
HPMC A 0.5 1.5 0.5 3 10 10 20
BE{bF & 0.5 1.5 0.5 3 10 10 20
gk 0.5 1.5 0.5 3 10 10 20
BAk-AERE (pg) 1.25 3.75 1.25 7.5 25 25 50
PDE (pg)} . 5 15 | s 30 100 100 200

%7Vay2Mfﬂﬁﬁ§#ﬁméﬂfw5%ﬂ®tb® %ﬁ%ﬁﬁﬁ%&@m%T%%@
B iR BE FRBEAA -

l@%&bf\j7ba>dmﬁmeWBhﬁ;9%ﬁﬁﬁ'%@Qﬁﬁ&ﬁ%ﬂﬁmﬁﬁ\%
ALIBR) ZEETDH, BRA—-AERENLS gD R ULRBERBMAC SV TRET 5, &7
g L2 B OTRRE L D70, BALF ORI EEOL DI RERTHNTH LV,
WM EEOASFHIENAT VT ARP= y S VEEERNTHS SO THY, VAZTEAALME
HSxs, bE HIFIVA, KERUATVUABMEELRoTD, VAZTEARAL T
WS TE L 7= B IR M OB ARET. ﬁAN@HE@&UtM%%&éh%%

HAETEAHDPRVBLEX— BERET, YHMERAORED Eﬁﬁé&UﬁAmmxiT
W OBREREREAVWTHRESNS (BEREHICEFOERRO—BERE2S g@RLDL) .
FAAICRBWT, ELERMBOREKR - BEREID, %W7ALréntﬁ®A+km&6&w

T OEYL. FRPhOPDEMEEE LA TERBMN RN L EIFEL TV D, Ltmof -
N OB RERRK T OBREFEZ2VERITEV T WERAIT, HEISNREERENY-ENTh
OPDEMEEB 22VWbDTHD Z L BHRIESILD,

FFaV1E AT a Yk THERE R R LFEICAT Y 3 V2O ERE S 4R
LTWaA XS IR A0, HEio—EREE LTERENI0 ghURs g AWl iZdd
LD THD,
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JLHETPE A R 7 A

FAA3 : —REREFHAESNTHIRADRAFFREOCHE (RENSLEELFE LEEE)

) BAFERE (ng/g)

%ﬁm&.’} ' Pb As cd Hg Pd % Ni
JET I 2 6 2 12 40 40 80
MCC 2 6 2 12 40 40 80
9l BE 2 . 6 2 12 40 40 80
U BT 2 6 2 12 40 40 80
JRARE K 2 6 2 12 40 40 80
RFTV U R TA | 2 6 2 12 40 40 80
HPMC 2 6 2 12 | 40 40 80
B F & o 2 6 2 12 40 40 80
el gk 2 6 2 12 40 40 80
Bk— HERE (ug 5 15 5 .30 100 100 200
PDE (ug) ~ 5. 15 5 30 100 100 200

FFUay b RERESEE ST B RE Dk b0, ERHERRS T 0 TR 0
FRERE - -

ZOFE LT, 73 PIRTaLBW AW b, SRR (IR R UFRnAIs L,
FAAIBHR) #EFT D, BRX—BRIENLS g R U D BERRAN DWW TRETS, YK
EDERIINT PV LRC=y FAMEERANTO S bOTHY, VAITERAL MIEDE
gh, B, A FIVA KFERENFPTABBELR2TNS, A7 a 2b2fAN572DHIT,
W% A D B AT HELRR R OV iR A R LS R D& TR BT 5 EMD MR oW TRE
FEITH. AT ORI, SSEICEH SNFRRILHEONDWREENH D, RABERS PO
FRTHIFRDT—FOBETTHEDOTH D,

£ AL BERSTOCETHORE (ugle)

BE (g0

HRBLARSY Pb 'As cd Hg Pd v Ni
JE - <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
VAN T A 1 - -1 1 1 * 10 5
IuaRARE Ry |01 0.1 0.1 0.1 * <LoQ | <LoQ
RAFTY Ve TR T A 0.5 0.5 0.5 0.5 * <LoQ 0.5
HPMC 0.1 0.1 0.1 0.1 * <LoQ <LoQ
T 20 1 1§ 1 ¥ 1 <LoQ
[ S 10 10 10 10 * 2000 50

FUH Y RT TERA Y MIPASEBENAFY TIIRWLBRELTEY ., EEBNERIELNL T
b‘fatll‘o

FALMTET HNIERE AVT, SRR TOETERMBDICE LT, R BIBEDKL
REARICOVWTEMT A ZENTEETHE, RAASILINLBEOHAETD—FIXmFTEL
T3, TOBGIBWTH, BERECHSELT Z /icH YN TohTwaAA, 8Hldo -0
BERER S OBRREESHEN D &, R FOMOBRR ST OROBEMEVT &b, PDEER
BMrpnwekEZOND, ZHhbORERUERRSERN (EA41) TRV, BEAIROTEFMY
BECONT, ROEAWVTRETEZERTE, o, REPDEELEB TN TX3,
FBAASITTRERTBEL. RALNCRINEERRSESOEEOHIEATETHS,
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TTETFFGT A FZ4

# A4S SHERESTOTHE MBI Y 55 REDOH]

R ERE (ug/g)

WAL Pb As Cd Hg Pd \ Ni
B \ <LoQ 5 <LoQ <LoQ 500 <LoQ 750
MCC 05 5 1 5 * <LoQ | <LoQ
HE 0.5 5 1 5 * <LoQ | <LoQ
NG5 BN 5 5 5 35 * |70 80
TRARE R ' 0.5 5 1 5 * <LoQ <LoQ
AT T U R SR A 5 10 5 125 * <LoQ* | 100
HPMC 2.5 5 1 5 * <LoQ | <LoQ.
(b F & v 50 40 10 35 * , 20 <LoQ
FE @k ~ 50 - 100 50 200 * 5000 1200

x WEEY 2 S T ARAY MIPABEENTEAMP TRV ERE L TEY . EENERITS
BTV ARV,

AFra 3 RO , :
CroO@ELT. AT a v, 2aRUBICEW TRV b, MRS (RIEIFEE R VTR
) REATD. BA—BEREN2S gD U D EFRAIC OV TRETT 5. HEREOCE
RGOy ARy FAMEEZRVTCWE LD THY . YAZTEAA Y MEIEH, L
F. BRIV A, KREROSTETABEER LR TS, BEOETREFBORRIREL,
£ (HEAV. WHO— A ERER PSSR TMHOREPDEMEZAVTREET S LA TE
%, BT AMBHOMBEIL. FREPDEMER LB LWL IITTRETH D,

#ALG  BRHRELOBEOHA

| BEXHBRE (uglp

—HERE (g Pb As | Cd Hg Pd \ Ni
A 2.5 2 6 2 12 40 40 | 80
Bok—BENE (ug) 5 .| 15 5 .30 | 100 100 | 200 B
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uTwwﬁ\ﬁ%ﬁ%%@yxﬁ?tz%v%oﬁ%&&é:k%ﬁ@bt%@f%éo:@%
i, BIREBERLEbOTHY, UAZTERAA L M2XELT 2H—OFEERD I EEER
LEbLDTERARWY, VAR TFERARA Y Vot AEREOLEIL~DOT Fu—F T3 S8R HiE
ﬁgﬁ)éo

ZoFi, FRACEEENTVWIEORAICESW b0 TH D, ThbLIESRKS (HE]
AR NRIFISTEE) #SA L, BR—AEREN2S5 gOEABEBRANC>WTRET 5. 4
ZREOSHIL. ATV ARF = v SRR NTNS LD THD,

WEHELIL, SECRRENETuaERIcit- T, BENLTEFIAMOSESEA L LTY
AZTEAA L MVEERT S, YEPFERIL. BEAPICAVCLENAHENAICE L T, REDRE
BT 2 ERETINELEESTWAIEND, i 7=—XEWMETrITAITE (E, &
FIwh, KER, #8) IRV EFAZ2¢2BELE, UTORILZ, VAZTERAMNIBITS
BENTREA P OREDEE THLNZMROBMEL RLE LD THAS, '

£ AAT  BENTHTHB ORIE

BT

WRLRL BRBEM | WEEEWFERDO | BUERE - FE | FERERRMS
BIENTE MY R | »LOBENT | OBEMTHETR
U/ ST EA S o F T i
BTERTTRA M
K ' Pd, Ni As Ni 2L
MCC 7L As, Cd, Hg. Pb 7L 2L
FLpE 2L As, Cd, Hg, Pb 7L 2L
VBN T L 7L As, Cd, Hg. Pb V. Ni 7L
s ARE R 2L As; Cd, Hg, Pb 7L 2L
i;;i;% 2L As. Cd. Hg. Pb Ni AL
HPMC 2L As, Cd. Hg. Pb ] 7L L
ibrsr 7L As, Cd, Hg, Pb vV L
B gk 2L " As. Cd, Hg, Pb V., Ni AL

WHY RS TERAL ML, ENOFHEELE LT 5TREOBENTETMYEHE Lz, *
DD HAFAPIBEESEROBRB 1B RSN, YEKBETL. RE»LoBH.
ANRRIBRVT A nLEREFNEL, BV R I TER A N E2#ELR, VRITERAY
bR BE 2 ORERESTT — 1, RAABIRENTWA, TEFMBOKR— BT
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