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Cd 1 = ) Zz =
Pb 1 = = g3 =
As 1 = 3 = =
Hg 1 = B = =
Co 2A 2 B Z G2
vV - 2A = B B =
Ni 2A = 2 = =
Tl 2B = TE REL A
Au . 2B = RE AE AE
Pd 2B = RE TE TE
Ir - 2B. B B TE B
Os 2B E S T~E TE
Rh 2B BL E RE ARBE
Ru 2B = & TE TE
Se 2B % AR T~ TE
Ag 2B = RE B RE
Pt 2B £ RE TE RE
Li 3 B RE B £
Sb 3 = TE B =
Ba 3. = | REE RE =
Mo 3 = AE w3 e
Cu 3 7 E B =
Sn. 3. = L ARE RE £
Cr 3 = TE REL 5=
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A

ACGIH (American Conference of Governmental Industrial Hygienists)

KEEXEETMRSE

=

ATSDR (Agency for Toxic Substances and Disease Registry)
ﬁﬁﬁ%%’g - FEEBRIRR RIT CRED

CEC (Commlssmn of the European Commumty) 2

BIMERS

" CFR (Code of Federai Regulations) :
EIARAIE CRE)

PEE R AL b (Change Management) : ‘
ERERIBEL, FML, ABL, ElL, ROLVE2—T5FRMMY S, (ICHQI0)

CICAD (Concise International Chemical Assessment Documents) :

ER R R CE (WHO)

KM FH (Container Closure System)

%ﬂ%&@bﬁ%Té@%@%&%%@é@ EREALE B, RAEEIC ko T E BICRE

P RETAHAIE. THRBEbEEhD, (ICHQIA)

SIEREE (Control Strategy) :

B OfLE &U§L1@®Eﬂ¥ﬁ>5gﬁ‘ﬂ5 %Liﬂf%@%@ﬁ@ &Uﬁznnmn’g%%:ﬂiﬂ"é
SHE SN EEBO—R, TR, FEERCEAOESER OBREHCEET 557 A —F RT
K, BERCEEOERSE, TRETHE, SHMARERVCEETLST= &J/ﬁjt'CMC 2200
ﬁ#ﬁ&uﬁg%ﬁaﬁé (ICH QIO)

‘CHERME (Control Threshold) :

FEF MDAz BT, irﬁﬂtiﬂ‘é’éﬁ%m%ﬂ%ﬁ%?ﬁ M EPDEMEA# BV L RFERT D
DB ERERSIRDONDNE D 7b>%ﬂ&ﬁ@'5rcmm6néﬁﬁl#{ﬁn WEZFREEME T,
RERERHABEOTRET ﬁ@ﬁ%o’) L EPDEEMD30% & B S D,

— A& (Daily Dose) :
BEMSIA NS HETSRAORE,

EFSA (European Food Safety Agency) :
B B S 2R '

EHC (Environmental Health Criteria) :
RERES FA 5‘- J 7 (IPCS, WHO)

EU SCOEL (European Scientific Commlttee on Occupational Exposure lelts)
BN OBGERERAICHTOBERAR '

EU SEG (European Union Scientific Expert Group)
- BRMESRENEMRR T

K (Herbal Products) : ' .
ﬁ;ﬁﬁﬁﬁ’\t LT, ﬁ%ﬁﬂ%ﬁ%ﬁ@%ﬂﬂﬁéﬁ]@&&éﬂ@%ﬁﬂo EEEEIC, S IIEME
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kOLOEEHBELH D,

IARC (International Agency for Research on Cancer)
[EIERA% A;E?%E%%%BS

WA= U RZ (Inhalatmn Unit Risk) :

AF 1 pg/l IEREH | pg/m’® ORED 5 5 WE~OMEHNBEIC L VAL B LRSS b

DEFERIRERAV R D LERE, BTAZ=y P RI7OITLTOEEY : 2=y MY RZ

=2x10%pg/l DHFBITIE, 1L ORI 1 pe SN AW B ICAE D> THEBREES

hi- k&, 100 FAYED 2 )\@ﬁﬂ%%#hrﬁ (HeE EFRME) BREETHETFHISHS,
CKERERET)

IPCS (International Programme for Chemical Safety)

EB R E e

TUPAC (International Union of Pure and App[:ed Chemistry) :
[ ERHEIE - FE%{ LEES

IRIS (Integrated Risk Information System, United States Environmental Protection Agency)
Hea Y R ER AT b CRERERET)

/iR (Lowest-Observed-Adverse-Effect Level, LOAEL) : -
—EOERESEET T, ENEHORE, g, Rk, FEXIFMC, A— OD@&GT—M’E@EE.% .
(M) EMERRALEL2FEREEESIERBITILPERNIBEETRADOND, 5P
BoOR/NBEEX IR/NE (AR . (IUPAC)

E&IBA (Limit of Quantitation, LOQ) : -

SHEOERMBF &L, EORBELEEZ2#->TERTE S, BETICEET 2OFRHO
REOCBDOZ L THD, EERMT. APPICFETHEBEOHEEERT HIHEDOHES
FA—FTHY., BT, THPOSMRERMOERITBVTHEMENS, (CHQ2)

B/INEER (Lowest-Observed-Effect Level, LOEL)

- HARBUIRBRBEIIBL T, BREEZZ I FUSEMCBIT AL 0REORFHEENIX

BEOCEMFHICARREMEE LS, HIMECR/NAR,

B (Modifying Factor) :
EMEEOEMRNEIC LV RESH, EROT—F 2 b bORSMICIET 57D DHEE,
(ICHQ3C) (BEEMEE 2fR¥ (Safety Factor) | &R)

B/h U A7 LUl (Minimal Risk Level, MRL)
ARER Y A7 BRNWEEZ NS, AEWEINT L hO—HREBEEOHEM, (ATSDR)

NAS (National Academy of Science)
EXRBET AT I—

LY (NO-Observed-Adverse—Effect Level, NOAEL) :
—EDREBLEMET T, ENEYOTEE, i, RE. BEIFHM lu*ﬁtﬂ—fﬁﬁfﬁﬁigfh%{"ﬁ)
BRI ERWIZ ERERNITEETRD LD, %5%§®%kiﬁﬁl.ﬁ:ﬁii

R (No-Observed-Effect Level, NOEL)

BEET L B R T, i EEICELTY, EORME R ARE DL

BICHBREMAR 2. HLUWHDRRRE,

- 15



SEETHG A 5o >

NTP (National Toxicology Program)
KEEREE ST T A

OEHHA (Office of Environmental Health Hazard Assessment) .
BERREEETER (WY 7+0=7, XKE)

OELYV {(Occupational Exposure Limit Value)
TR E

OSHA (Occupational Safety and Health Administration)
HHBLEET CKE)

PEL (Permitted Exposure Limit)
Eiat TN .

" HFA—HIEZR (Permitted Daily Exposure, PDE)
1B %7 » 0EEMUAPICE TN D TR ORRIFEENE,

BMGEFATHA TNV (Product Life-cycle) : )
MR LTHREBR THERFEFLICEDS T@ﬁznn%’n&ﬁd)énﬁﬁ (ICH Q9)

B (Quality) .
B VAT A, XMIELE5$EM&E@&$Abﬁ#EX$ﬁ%ﬁtfﬁﬁ(mHQ@L”

kﬁéﬁﬁﬁuﬂmmrmﬁjkﬁ¢éﬁﬁﬁﬁ)o(mHQm

REY A7 w3P A+ (Quality Risk Management) :
T BIRSATHAIANERLT, EXEROREIZFED IV AZIZOWTOTERA b, IV bR—-
N, Alamb—aly, LEa—DBREBZRKEHETrER, (ICHQ9)

B AT A (Quality System)
mﬁfﬂ%%ﬁb‘mEEﬁﬂ®ﬁA%ﬁE¢6/ZTAk%é%B@éME@%ﬁD(EHQ% ‘

‘U 27 (Risk)
FEEOFREDREL ZTANRE L L EOERMOMRLAE, (ISOJEC Guide 51, ICHQ9)

Y 227 %4 (Risk Acceptance)
U A7 ERETORERE., (ISO Guide 73)

U A7 44F (Risk Analysis) :
R Sh i P FCEET 5 Y A7 OHEE, (ICHQD)

YRZ7EAAY ] (Risk Assessment) : '

) A7 ZRP AP TIREADQPT, VRAZ I FELAIREEXFTHEREERTIRMEL -1

FakR, "NP— ROBE., RRTABNAF— R~DOREICED VA7 O LFHEN b S,
{ICH Q9) '

Yy &2 bkr—/»A (Risk Control) :
Ux¢v$9ﬂyk@ﬁﬁwi%%mf5ﬁﬁo(Bommwn

U = 4% (Risk Identification) :
U R 7 ~OBREXIZMEORERESR LT, F%@ﬁ&%&ﬁ@(nﬁ—b)%%ﬁf%tbm
ERERFLTTEATSZ &, (ICHQY)
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EETHY A FF1

YRI=RP A (Risk Management) :
YAZDTERAV b, zobn—p, ala=f—ral, Vt:—@%{"ﬁ%h—ﬁb\ g~
AVAY FOFE, FIR, ERERMELTTCEAT S L. (ICHQ)

2 (Safety)
REDRETIZEWT, HEWE~OREIZL )V BERENECRVERORRENM S,  (IPCS,

2004)

Y24 HESEMl (Safety Assessment) °
(2B — FROE S EREL N BT 2R b B L2 U 2 27 050 T DR

REBRUOSHIZER LT u—F, ZORAEIX. LIELIE BVA F7A 880 TH) Y
197?%%/%&H% ERZAWSHRB, (IPCS, 2004)

2R3 (Safety Factor)
MMH&&%@M@%%%(Mx@m/%v~¢b AL E OEFETRE) oL TV R
TEAAMEMRICIVEREND2BEEYN (BEM) 2EBETHY, FE—BERE
[acceptable daily intake] IIIHE—EH1EEURE [tolerable daily intake] &\\\o7oZ2 2SR Y
RPN EZDNLZBRAR (BRI TOMOSREAZESBECHRTIZLIZLYE
BHRENEHENS, ) 2EEIHTEDOLOTH D, BREFROMERDL. BERBOE, RH#
ENBEAOEFORER ERIE I AR RELASEFOFROSEIKET 5. UTDHE
ERBESR . [TRAAY ML | IFHEREERK) . (IPCS,2004)

'R (Seventy) ‘
AP EnHAEUBLEROBE, (CH Q9>

BB AR  (Threshold Limit Value, TLV)

FLAYORBENTERE N EIRESND LB TEBLEL Bnﬂ\é?‘“ﬁ#ﬂ%%f* (4

febt, EEMICIIERME L AREE L OMICHABHE) . O/, ACGIHK XV HRESH
(FFIm1EZRFT EN) . 1B 78 X8R 2 2 E 408 0 H iz 817 A R INE Ly g
HW%)?%D\LtﬁoTﬁﬁ%@K@@bt%@?%&,Gmm@

| EERIANETESME (Time Weighted Average, TWA)

ACGIH IZE > TEEERTVALEEY, ﬁﬁ@lEsﬁﬁmoﬁ4m@%m%@kkﬁéﬁﬁm
HEEH#@E, (IUPAC) .

URF (Unit Risk Factor)

: JZyFUxﬁﬁﬁ

US DoL. (United States Department of Labor)
KEFZBE

US EPA (United States Environmental Protection Agency)
KEREERET

WHO (World Health Organization) :
SRR GRS
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BEICHR

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

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

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

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

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

Geological Survey 2005;Fact Sheet 087-02.
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1 BRREEORE N

BEHARTA BNV TIE, ZLORRICEALT, EERCBITIRERERXENFIE
(Pharmacopeial Forum, Nov-Dec, 1989) R TMPCSHMEZFEHE DO MER Y R 2 OFEMED =) 1o
B U707tk (IPCS, 1994) > T, PDEfAZEMT 2 Z LTk Y TR RHMHDOFTERE L~V
BRESNE, ZhbOFER, US EPADIRIS, US FDA (US FDA, 2000) ROk v A
WHENRTWE D LEL LTS, BREPDEECAFRILOVWTO LY XWVEROEDIZ, 22T
FOBREFIEICDWTHER T 5, PDEEDER REICMRLASF VY BB A i, EEEEIIMRLO
EHHIZHEZAENR TV DD T, BMOEEREKIIAV LR THRY, BBEAMTEICEL T,

1:1000000 U 27 LS Bnica=y b R ZBEBPDEECREICAVWORE, ZHhbiXft
EIO@EBOE ) 7 7BRENTVWS, BRARBEROREPDEED VS ohid, BREMNRE
[RRZRAV, EEREEZHERAL. ELICFFRER~OMLIDERNL2BELER L CEHIN
T d, : '

BREPDEEN:, R biligl R BRI IC 11T BNOAELRFLO(A)ELY R D & 16 1 MH &N TV

Do
PDE=NO(A)EL X t M &EMIEE/[F1 XF2XF3XF4 XF5] (4.1.1)

FEPDEMEIEX. BE L IINOAEL»HEE I 5, NOAELBFLN TWRWEEIZIX
LOAELBBWSNTH IV, T I TREINBEERKE, F—¥%2t MVCAETIEDOL
DTHY ., BRERES ZA47 V7T (PCS, 1994) [TBOTHWLRTWS [FRERFRE RUK
EHERSF 7+ —7 2BV THVLBNR TS [EERE X3 I1E£6K LREO0LOTHS,

EEREZIILTOLERBY THD,,

FI=FEF TONEEZIT 5 1D DOFRE,

v rOF—FICELTIEFI=1,

S v bbb b~OHFEIZIZFI=5,

T ANLE b~OAEIZIEFFI=12,

A Zh b F~DAFEIZIIFI=2;
THEnbt h~DARRIZIEFI=2.5,
Ymb e h~DAFEIZIIFI=3,
FOMDOEIHN B & F~DHAFTITFI=10,
Flit, BEEE L v F & DEERERE, I R2bbEERZERICANTZLOTHS, AREH
(8) X, kAL vEHEZNSB,

S=KkM**’ ' (4.1.2)

T M=EEBETHY, T ki 10 THiEEhD, X AL2 KAVWLNAEREXERH DR
ALTIGRENTZERBD TH B,

R2=EEE 0 F Y 2 ERIZAND HOHFEE LTI0,
w&k\?mT@x%Tﬂ%hﬂbrﬁﬁwmﬁxan ¢ﬁ4b74/hbwr%wm—ﬁb'
THWLHRATWS,

F3=EHEREOEERREZEIC AN TZOOEE, _
bt<k%¥$ﬁ(foﬁﬁﬂ@?%#ﬂﬂ¢ﬁ Fa, A4 XRUHATIITER) 238
BRIZITF3=1,

BREROLHMMB L S—Sh 2 ETEERRIZIIF =1,

> EE O B BB TS - 03 SEMRRITIIF3 =2,

F - 03 B FISRER L FET - lIE O24ER B BIC 1IR3 =5,

& Y SR ORERICIIF3~=10,
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?mfwgmh ST, BHIRAOFH O ORBITIER VT ORES AV bhD, A
i o B0 A MR IRV b B,

FA=EE I, Pz, BESELEDRVERA, FEREEIIETHEOBSHEB
N5 I L b BEE, EEFERRICB T, &@ﬁ#mmwena
LM O BREFEICHF=1,

st 2 b WiIg REBEICIIF4=5,

BHEEE 2 ML S EFHEIZITFA=S,

FHEEM 2 D i W EFEICIZF4=10,
FS=NOELMEbhahoBAICEH NI Z L BHHEH.

NOELIZIEF5=1, '

NOAELIZiXF5=1~5,

LOELIZI3F5=5~10,

LOAELIZIXF5=10,

EL A LOTRICELT, SBULRRIL, NOAEL ENOELE DENIEOWTHEL TH LT,
B EPDEMOREICER L ARICK T 53BN [HE) 2bO0FNILONTERL TR
Piotolot, EOREROPDEEOREICNOAELAV b, FS& LTIAMVL b,

b MEERHER. b PRABLKOEEES kgl RELELDTHD, ZOREDHEICBWTER
X BIEHEEEGD kg XiX70 kgitkt LCX VBV OFER. BNoZefmikERity s, B&i
X o TIXEEAS0 kg RiMTH D Z LTRSS LTV D5, b OREFIIPDEEDOREICAVD
NEHARSFEIC L VEESh TS EELbNS k. RUEERRPBEASA TS Z L
T AN ARX THD, MICELTE, DARADEASELESHESBOANEATHS EEXD
. —DOALOEENLOF —Z BPDEEOREICHA VLN TWS, Lo T, BREPDEMEIL, /b
IBANEFAFER LEEERICLENRLOTHE LEZ LR,

itA.l.lCDiﬁFﬁﬁ'J L LT, TvermoesH (2014) IcX v &hi-, b FEEEIZBITZ =NV RO
TWHEREN T DNVTEET S, RIOBKHIEIZER ANOAELIXI mg /day THh D, ZDRRIZEBITD
=8 MR BPDEM/RE, RO X S ICEHEND, |

PDE=1 mg/day /[1 X 10X2X 1 X 1]=0.05 mg/day=50 pg/day

ZOFNT RV T,

t FORBRTHHOHFI=1,-

b MEGESEE T 52 0F2=10,
R 2390 A TH DI DF3=2,

EE BN DR TWRN D=1,
NOAEL VB TWA LD F5=1,

FEALL: COXECBNCHEIAWVWLLAIE

v FOBE 425 ¢ v AOHEEERE © 43 L/day
RZ v FOFE 330g X OFERE 1440 L/day
< 7 ADKE 28¢g ENTE sy DOEERE 430 L/day
iR 7 ADEE 30g t FOHEE 28,800 L/day
EEy FOKE 500 g A XDOFRE 9,000 L/day
T AL OEE 2.5kg WL DI 1,150 L/day
7Y ¥ OBEE GERXUIHERR) 4kg < 7 ADFTHRE 5 mL/day
B— L ROBE 11.5kg v hOFTKE 30 mL/day
7 v NOFERE 290L/iday | T v OFEERE 30 g/day
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1.

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

IPCS. Assessing Human Health Risks of Chemicals: Derivation of Guidance Values for Health-based

Exposure Limits, Environmental Health Criteria 170. International Programme on Chemical Safety.

World Health Organization, Geneva. 1994,

US FDA, Guidance for Industry and Other Stakeholders: Toxicological Principles for the Safety

Assessment of Food Ingredients (Redbook 2000), available at
http:/fwww.fda.gov/F ood/GmdanceRegulatlon/GuldanceDocumentsRegulator_’ylnformatlonflngredlen .

sAdditivesGRASPackaging/uem2006826.htm.

Tvermoes BE, Unice KM, Paustenbach DJ, Finley BL, Otani JM, Galbraith DA. Effects and blood

concentrations of cobalt after ingestion of 1 mg/day by human volunteers for 90-d. Am J Clm Nutr

2014;99:632-46.
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62« EERMMIAE DR EPDE B
# A2l : ERFHMBITRDITFE— HIRER'

PIvE 3 752 | EOSKOPDEE THAOPDEM, | WAKOPDEE.,
ng/day pg/day pgfday
Cd 1 5 2 2
| Pb 1 5 5 5
As 1 15 15 2
Hg 1 - 30 3 1
Co 2A 50 5 3
Vv 2A 100 - 10 1
Ni. - 2A . 200 20 5
Tl 2B 8 8 3
Au 2B , 100 . 100 1
Pd 2B 100 ' 10 1
r . 2B , 100 10 1
Os 2B 100 10 1.
Rh 2B : 100 10 1 C)
Ru 2B _ 100 10 1
Se 28 150 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 = DF TR THE SN APDEE (ug/day) 13, 30T/ 7T 7ICEBSNERENT—F
PREIIRESNTEY., FRACERENRS, £/ 77 7POPDEEZEBIEA S TVEL,
EEWETH b0 LT 57D, ZOROPDEEIIADHF M AN ABEA SN TS,

10 OPDEMII A S & L, EROHEAICHEIEAT S, 10X Y bXEV\PDEEIEE
HHEF W UIAFC R EAI L TNS, ZORICBOTHEEEAICER S FANL, &
s ODB SRR I B LT i & M- PDEIEI bl Sh/B3, @

P AEICBWTER SN TS
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#FA22 : AT Y a DT D DR RE

ORI ENTEER, BA, RERVRNAIPOXRZFHAMICE L 177241 s
nsS ADHFRREEZRTHOTHD, —EAEN10 gl TOMA P OILERMY L EEMT 57
DI T a3 VIBRBRENEESIZE, CAOOBEBEENAVWGRZZ LABERENLTY
3, ZORPOFFZ, RA2UIESWELOTHS,

e ZIA | BOBFOEE BEERORE % AF D FREE
ng/g ngls nglg
cd 1 0.5 0.2 0.2
Pb 1 05 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
% . 2A 10 1 0.1
Ni ] 2a 20 2 0.5
Tl - 1 2B 0.8 0.8 0.8
Au | 2B 10 10 0.1
Pd 1 2B : 10 1 0.1
Ir 2B 10 1 0.1
Os 2B 10 1 0.1
{ Rh | 2B 10 1 ! 0.1
Ru 2B 10 1 0.1
Se . 2B 15 8 13
| Ag 2B 15 1 0.7
Pt 2B 10 1 0.1
Li 3 55 25 25
Sb 3 120 9 2
Ba 3 140 70 30
Mo 3 300 150 _ 1
Cu 3 300 30 3
. Sn 3 600 60 6
Cr 3 1100 . 110 0.3
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fHg 3 : AR DR LM

FrFE
7 »F£ O PDE EHOEE
7 FE (Sb) .
&N HEH | ’RA
PDE (pg/day) 1200 94 22
i

TroFEy (Sb) W, FRREETIRACOEEERRETH Y, e REEIRIIBWTAW
bhd, MEOTVFEVBHBBETIZRAVWEIND, T TRV, 43 KU OBLRETHE
TR, ERELTOTVFEVRD 2~3 OEMT vF e by, BETREROEEI
BLTELEECHD, BRENV TLAFTYFEY (APT) o7 OMhDT »FEU e
WINAFERE L LTEFHCFIAELTHWS, ZBET et M LTAV LR TY
5 (FlziE. RENRROBRESCHAVLALRY =F LT L7 & L— b [PET] ORI
BNT) , PUYFEUVRERBEHICLATIERL, RBEEEEN#EREIALLTH 2N
(ATSDR, 1992) , 7/%%/&0_@m7/¢%/mmﬁ&mﬁm%@r%5m APT 13K
@T%é(wmamm)o

F A DRI & 7o B

APT 1X. SO OFEI»PDLTHLEXSEEZAVIERRSERRICBOWTRBETH =
(NTP, 1992) , 7V FEr( )R FEREFRECHEL THBETHD LEDNhE Y, BiEE
&@vun—hkmrmﬁﬁﬁéﬁﬁmﬁ6nTW6(wm)mm) A$T%&ﬁﬁmﬁm
ﬁﬂ&%hié%mhﬁ)Z?@Jﬁkﬁ?+%?%6&%x%ﬂ5(umhad 1999)
FEUESICBV TR, BROREZOT AENRETIIEEE TH 5 L BEbh, WEL. TH. m
R SR TEEERD D, BRABSEOT v FEVRBRI SISV (NTP, 1992)
5w hOEBHERRICRVTIE, $W¢Eﬁ?&oﬁﬁmﬁ%ﬁﬁm%%@ﬁﬁmﬁwﬂ%#ﬁ
Tholr, BHICDEAT VI OEBERAL, B FRUBHOWTIICEN T bR
BN MBS EEREEELES, Newton 5 (1994) 2L 0 B S BRARERAERRIC
BWTHL. Ty FEEBLTCFEVIC 12 HAMBES L%, 12 BAROCBEEHRARTL
e, SECEVT., FEORAERTHAYIED bhiz, BEBIL, ZBET FEoREN
IR LTV LR L SRR L L= ATRRICE T 2 BB R T AT O
R THDAREELZEELTWVWS (Newton ef al, 1994; WHO, 2003) . .

J O ARR: D PDE &

FUFE L ~DEOREHLRENREOT—FB, v VARRT v MCBLTHEATRETS
% (Schroeder ef al, 1968; Schroeder et al, 1970; Poon et al, 1998) . KEEZEEFMET T 77 A
(NTP) i%. Jv PRU= 7 AIZ APT 280k 575 14 BHRBRZERRE L, ZORRICEN
T. APT 13, ZOBERBCR—BNICEEABV I LRRAVWE SR (NTP, 1992) . Lynch,
BiE. Poon b (1998) OF—F #EFEM L. T v MZ 0.5~500 ppm @ APT % 90 HRFfKARE
L= SEIC BT, BEAECTOESHEERTRUBEERDICE-3E NOAEL iX 50 ppm T
b5 LR LE (Lynch ef al, 1999) ., ZOFFRIL, THLARIO Schroeder b (1970) 225 DHHE
CEFBLTRRY, Ltmor & H{EV NOAEL, TEbBSOmm(T/?%/kLTGO
r@mwwﬁ%)%gk\ﬁm%@ﬁwmmé&ﬁbto \

WE%&(H&IL%WT%QéntH~H)%%ELK%T %m%ﬁﬁ@mmﬁ%%?@
RS ICEHT B, K .
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PDE=6000 pg/kg/day X 50 kg / (5X 10X 5X 1 X 1)=1200 pg/day
ST & D IREER:D PDE i

OB ERR (FHEOKE., FFHREBERCIFE®RE) 8, 7y MOBEEARERSBEOR
HRBRSEAEVIMIEE CTh o, Lo T, EHHTI L ZBRERO PDE EIZOWTIE, &b
{EV Y NOAEL 3.0 mg APT/kg/day (7> FE & LT 1.1 mgkg/day 18%) 2EICRELE, Z0OE
X, v b o0 BEEBRNLELONE (APT ZHMENEBEENHET v MTBIT5 6 mgkg T
OB EFRRICESL, ) (NTP,1992) , ZORETLHEFEIIRD LR, oT,

EERE ([ 1 KRV TERShE FI~FS) 2ZEICANT, RO 3 Bi5H 5o EeEks
IEELT, BRI X AIRBED PDEELXUTOXL S ICEHT 3,

PDE=1100 ugfkg/dayXS day/7 wk X50ke/(5X10X5X1X1)=94 ug/day
g ANREREFD. PDE{‘E

Z v hOBRBEECEBEBRARBRIEE_RINE, THUL0RBRTRED ONLEM~ORET—BL
TUMe, 025, 1.08, 4.92 BT 23.46 mg/m’ D=ELT VFEVF R FERWET v b 13 BE%
AEEE (Newton ef al., 1994) #3507 —% . NOAEL 1.08 mg/m’® & VTR AREERE D PDE {H %
HEL (Sb 1E~83%) ., LY EEEOCBRERIZBW THOENEER VAR EE D FEHEOH
MAED HNT-, ZOFTRIX, 0.06, 0.51 B} 45 mgm’® OREEE S HA - | ERIORARE
HERIZBWTIHRE LR Aad =Tz, Z0 1 ERBARERRBRICBWTERBAMERSED Sabhat, |
WINORER T H MRFRIREUIRERELFARE LOFEREIIR LN o7,

EFEEE (1 KBWTEBENT FI~F5) #EFEICANT, WARKED PDE EXLUTD
LOICEHT S, ‘

0.9 mg/m® X 6 hr/day X 5

' 1 3
EEIRE R = . day/wk = Olemem ;00016 merL
24 hr/day X7 day/wk 1000 L/m’
_ 0.00016 mg/L X290 Liday  _
1 AAE 0.425 kg 0.11 mg/kg/day

PDE=0.11 mg/kg/day X 50 kg / (5 X 10 X5X 1 X 1)=0.022 mg/day=22 pg/day

BEHR

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, Pill‘sbury 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, FOS'[GI: W, Gupta S, et al. Effects of antimony on rats following 90-
day exposure via drinking water. Food Chem Toxicol 1998;36:20-35. :

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

Schroeder HA, Mitchner M, Nasor AP. Zirconjum, ni'obium, 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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b3 |
B %O PDE EOHE
B3R (As)
&N HEH N
PDE (ug/day) A 15 15 1.9
Frag

EFR (As) i, BEPOVELLIAEH Y, B, R, SBKERURETICTFET 5. Ef
ERESME B ZBbeR, BrBS M vs) FEM BRE eBT RV A &
BAbe ., vB) THEET S, b MOHILBMIC RT3 e ROFEREMFHIBRETmMbh T
720, ERrRIEEGBAICRLEELLLOTHLHI b, JORTLEFHMEITEE L FiC
BERZETH, '

LM EEEORIL L 72 - T

e RT, BEEEEET AN, FREMEZLEANVILBRINATREY., b FORBAME
& l,'c:%nésn'cwé (Group 1; IARC, 2012) o

ZDEERRUEET 2 7 7 £ LD, tikvtimA%uom<§<®)z97tz
AV IRERSNTEY, UFEIV AT ERAY M, ﬁﬁﬁfib BERAERE T 7a—F%F
WTU % (Meharg and Raab, 2010) ,

tbﬁ@t%@%%@k%%ﬁ@%f@ﬁﬁénrw&w@ﬁ\vz¢7txxyhm\%ﬁ§
BEINTEAODEAICBIAFERET —FILE 2HEO 5 5B 2 (Schuhmacher-Wolz et al,
2009) . B MTEBWTIER, BPARTVHERBPAZEOWTAS, CREZRICEEL TS, £
IREIL, RE. T, i, SEERUEBROBACEEL TS, BARBEELOMBAY 27 0
MM B3 253 5H 5 (ATSDR, 2007; IARC, 2012; EU EFSA, 2009; WHO, 2011; US EPA, 2010) ,

BOEREOFEREPAMOFEREBICHL TR, KF (BREE. £HALE) ROHEEE @
X, Bl) PRELESHEAEWVENLEEDhD S, hEFERESR, LHRER RSN ELIE
ENRAFEMBEL LTRSS TWS (JARC, 2012; Schuhmacher-Wolz ef al, 2009; US EPA,
2007) . —EOROERERZEREKIL, 0.02 mpke/day® LEIAD v FOA R TCRERESNHERT A AL
BB Z &, KRU0.0004~0.01 mg/kg/day® & FERHETIIEBRMICMOBERR ORI &%
ST LT3 (ATSDR, 2007) , FOMOPHEREZICE L TiX, LOELXIINOELERET 578
W+ EFET— BB, ﬁﬂ:mﬁ‘iﬁm:t BEEBNACERTAAMEENHY (ATSDR,
2007) . &Hmw&oﬁ@#&tvkﬁ%mm%@E%Eiﬁﬁiﬂwmﬂfgrﬁé&%z&
#L#%5 (Chenet al, 2005; Hsu et al., 2013; Ahsan and Steinmaus, 2013) ,

AL TD1000 pg/LLJJ:cDt%i%&@%ﬁﬂc@:&%éhf:ﬁﬁﬁ)xn%@ (~40,000) DT
B, RERA, ELCEETIIBERPARVRMBADY R TEAAY bOREITRsTND
(US EPA, 2010) , BEBAYV RAZIZOWTORIEDAZTFTY R0k, BRAEORE (<100~
200 pg/l) TERDIBEMERAY 27 ZRBELTWARY (Chu and Crawford-Brown, 2006, 2007; |
Mink et al., 2008) . ZAUkL, Schuhmacher-Wolz® (2009) DFFFEEFE LTV,

BERMIBETEIRAZ=y FURZ ugm® Y720 0.0043 13, KEOEET 2 EFRHLOF—4
% 3IT US EPA X WRESN (US EPA, 2007) , TFVAMBELSEEESIT. US EPA
7*—5' x4 2 OBRAFEMHPO T A 2 —7 /7°jfo~I REEERAY =—7 b OHEE
+HEMF—& F®ROAL, US EPA D=y hJ R7{FH (URF) 2FH LI~ YHEEL,
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" URF pg/m® %729 0.0015 %:%Ztti L7, Z® URFit. BIRMAAFELEDY R Z 1/100,000 {5
) ﬂ"éwﬁqﬂ%ﬁ‘m 0.067 pg/m’ LR+ B LD THD (Erraguntla et al,, 2012)

®n u&ﬁﬂ%ﬁd) PDE &£

R OIRMEEED PDE ik, REICHT5 e ROBERBLECLELOTHY, REFEVE -
HrEERAHT (ATSDR) MRL XU US EPA DRREEHE 0.0003 mg/kg/day (ATSDR, 2007; US EPA
2007; EU EFSA, 2009) ##i2, 15 pg/day IKREEZREL TV HDOTH S, ATSDRMRL ZE(C
B &7 M5% PDE B, SRBIKEEMELFE L Ty (WHO,2011) . |

PDE=0.0003 mg/kg/day X 50 kg=0.015 mg/day=15 pg/day
MRL OEHICEHAEN TS 2 En b, EEFRKCOVWCLER Lid o,
BEHC X DRERFO PDE &

b DR DR EEO &M EHFI I EIL~95%Th 5, %%Eﬁﬁﬁtﬁ;ﬁ@ﬂ t%i%)%@ﬁu\ﬁcm
B (e ROSTFREITHESHL THRY, ) NhDKEGSZbNREAZNSL LTeHEOHE
- HtE 6 B RS LR b BN TWS, FORRNBRINRITH 95% & @& S/ (Zheng

Cetal 2002) , LizdoT. %5k PDEEILEORERROPDEELE—TH D,

PDE=15 ug/day
% AR PDE &

RSB 350N C I E ~ DT AREEE OFiA AR O E DIMOFEREHERO Y 2 7 OEMAHE
XN TS, ARSI RESATEISESY PDE EOREICHA VBRI, BORERELEEL T,
‘ﬁ#ﬁ}fémﬁmﬁm%é%ﬁﬁﬁmﬁ%&ﬂ% LTWBZ L ThbB, %% URF ix—RAROREDT
CUBICREINTWA L END, EEAREINEL SRV, Eraguntla B (2012) (2K D ES
NIFEEE R, U A7 1:100000 #BEEXD &, RARERO PDE EEHUT O L 512725,

PDE=0.067 pg/m® / 1000 L/m’ xzssoo L/day=1.9 ug/day '

W3 PDE fEIY Frraguntla & (2012) 2k 0 B Sh7-EEDOE*Y z&%wlxmeél‘ont
URF 2L bDTHD T Ep b, EERBICOVTIEA L2V,

. BB

Ahsan H, Steinmaus C. Invited commentary: use of arsenical skin lesions to predict risk of intémai 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, ‘Wang CH, Shih WL, Hsu YH, Tseng MP, et al. Biomarkers of exposure, effect, and
susceptibility of arsenic-induced health hazards i in Taiwan, Toxicol Appl Pharmacol 2005; 206: 198-206.

- 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 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
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information on the Integrated Risk Information System (IRIS). 2010.
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Al |y VN
XY 7 A0 PDE EOBE
' s 7 A (Ba)
&g TR %A
PDE (ug/day) 1460 [730 343

Frim

AYvh (Ba) 1. BEOEV, SHETRLANWT VA ) HEERTHY . BEOHLERT
TEZIBILL, KERET 5. Ba@AA AV RUKEED ) U Meal (Rfdr, FHERE,
AREUA) FEMEEET D, BB SY 7AWV REEAY U AMEEWIL, WILETY ) -0
Ba(2H)A A v &£ LT, —REICE Mo L TERMETH D, SN U U LIRRBENICUATILR
<. REBMEB2MEREIIRETH B, BREY vAICIE, FlAOIBHRERR. BEOEEA,
TG ARVE OMOBGEOREIC BT BER L Woluiix 2 AiRDB H S (ATSDR, 2007) .

e S AELTE DARIL b 2o T BHE

BMECE MRV, MEEAY U AEAREROERISEERER» O, TS, Kb ME
RENEMENTHD L Bbhd, TomELdEs LERERRIZ, NV VLAREBEEEMEL
DEREMCETAERETET A HOTHS (NTP, 1994) . YUFEEIL, RETIR, BRM
YR, REMIEL . MTREER, SEEMEEREEEICEE LTEREEERICE
FAEREOEETH-oTo, TRbOELIE, N~ YA TEABESL S ERRENRTFEMER
25 L IR D C R R B ER LWL, LEICKHT 58S, RERBERICL bT
2 LS B HRSHENEVEMEIETH S ARESH D (WHO, 2004) , BRAI I DE{E Y
o A~DREREIL. BH, BEV/ XERAIhE Vot KREIREZII SR ITHRERH D
(CICAD, 2001) .

% O WRE%RF O PDE &

£ Y ) A MNO20D CEMBSNIETHECBV T, Y 7 ARET3 mgLOKEZHALTH
e AOSER & . BHAY 7 ABEE0] mg/LOKEERA LT EARER EOMT, MENTLM
mmgemt | IBRBOARBICEEZIIRED bhihof (WHO, 2004) , ZORBRNPLE
BAFENOAEL 7.3 myLZAWT, KUK EDOHEME2 LidayZ VT, ﬁmﬁa%ﬁﬂ#fDPDE{E%
BT INERTHZLENTE S,

PDE=14.6 mg/day / (1X 10X 1 X 1 X 1)=1.46 mg/day=1460 pg/day
i X B 1RER D PDE & .
Y 5 MR ~DERC AR B BT — 5 IR T b b s Te, oS 7 AD &I

- FIARIZ. BARCLORTEAEN 20% RN 60%THD LEE SN TS (ATSDR, 2007) ,

L7edio T, MRARERO PDE E2EEMRE 2 TRLT, ﬁéﬂ_;m&%ﬁ@ PDE {E%::%ttsb
7= (3.1 IEL‘E%&M’L‘CME: EBY) .,

PDE= 1460 pgfday / 2=730 pg/day
0% AUREER: 0D PDE f£ |

AU B AL~ ORARR IR B T — & X R4 b o te, KEHEE (US Dol, 2013)
b TS Y @ ME R L TWA % 0.5 me/m® L8 LTV B, |
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| BT A R

EEEE (FEICBWTERINEFI~FS) 2ZEICANT, BABRZERFOPDEEZUTO XL
SICEMT S,

. e 500 pg/m’ X 8 hr/day X5 day/wk _ 119ug/m®

EEREEAR 24 hriday X 7 day/wk 1000 Lim® | O-119uell
X

—REEe Ol pPLXBOOLMEY oo

50kg
PDE=68.6 ng/kgfday X 50 kg / (1 X10X 1 X1 X1)=343 pg/day

BEITR

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

Brenniman and Levy, 1985

CICAD. Barium and barium compounds. Concise 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 docuntent for development of WHO guidelines for Adrinking—
water quality. World Health Organization, Geneva. 2004. WHO/SDE/WSH/03.04/76
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FFRITA
# K3 7 AOPDEEOHEE

FFIvA (Cd)

&0 HEH |

PDE (ug/day) 5.0 17 1.7

B
HEITA (G IBEBLETHY. &bEVKRORMEIREELEE bR, BRATIE

FHETRNE SR, BEARICIIEL LTHRI Y AER»LELNS, (ATSDR, 2012) .

H ORI A, 2 OBRLREOATEE LTHEET S, HEV FIV A Gy FIVLARD
REEH R I A Lok oh0d FI W AEIKEETHY ., FOMOTREHERT, B, X
NEEER E OMEMERICL > TABRER X VBV L2V ED, H FIVA BETFIVA
Ry A BEEEON FI U AER, BEARICBOTHAEL LTRAVLNhS, B FIVAE
& AR = EEHOBRIAKRBICAV BN D,

F At R REDARL & 72 o o FHE

BRI UL, BEEEEET D, EREMZ IRV ERTENTEY, © hORBEBAY
e LTREHENTLS (Group 1: JARC, 2012) , # K UARUW FI U AbE&WiZ. A
FERERIT, T, IFIDLARUFFI WAmA%«mﬁﬁk\%ﬁﬁa&wﬁﬁ%ﬁhe
ORI IEDFHEBEMNED BTN, ) o

7b]~ TALARTI FI ?Aiﬁf\@.ﬁnﬂﬁeﬁkﬁgL‘C@’“‘ﬁ@ﬁb‘?ﬁﬂﬁ?‘é‘t@m*%‘ﬂ&'(&é

(Buchet et al, 1990) . B RUBIICRT 328, BEOBEL L THRDHLN, T FIV

A&ﬁ@@%&ﬁ%w7~ﬁmf%6(Amm&mu)

R ORISR EW U F I v A~ORARE %M Lf:%&@ﬁ%ﬁ}?%ﬁ%@%&mm\ H
K2 A~ORAREICHELERBA (ELLTH) ) AZ7OEMESIIEL TS (IARC,
ZMZNH’w%)o%llﬂ/FJ270%wm¢nmUSH%(WQ)LID%%&éﬂTM

B,
E O REROPDEE

BRI TAROH Ky AE~OEDNBEICHT 5 BZENEVIHERRL, BEETHD
(Buchet ef al, 1990)., BHREUERRICA 22811, BUORE L~V THEDLN, D FITV
MEBOREEREw—H—Th5B- (ATSDR, 2012) , 7y MRUTVATON FI T A
T35 < OIEORERRIE, BEAMOIERERLTOARY, LT, BEEOHEERE
BT, & FI v AET 3 ROBEROPDEEEZRET ST L & L, ATSDROFEICHE, &
HIREICIRBMRL 0.1 pgkg® AV CREDREROPDEEEZRET 5. Thik, WHOBRHIKMRE
1#0.003 mg/L & FJE LT\ ey (WHO,2011) o \

PDE=0.1 pg/kg/day X 50 kg=5.0 pg/day
hﬂL@%ﬂKﬁ&ﬁiﬂTmb:émB\%E%ﬁmowrmﬁﬁbﬁwot;‘

| P & 5 BB OPDEE

B FI Y806 mykgZBIZSEETENLET v M2BERRBRICLY, %71_%[&%\_%‘{%&73“% 5

hi- (Prozialeck ef al, 2009) , ZORBRTIZHE~DORAESAV bV, ZTORBRTRLONIEKE
B, REEMBRURASA<—b—%BE2 5L, ZORBROLOAELII0.6 mgkgTH D, &
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- PDE=

TLHETHEBA FZ

ST & DREFRFOPDEEDOREIZ Z ORBREME AV, 0, 1, 2, 4, 8, 163id32 pumolkgDif
A FIvAZTy MCETERES LENOHEERSEARICB VT, 728MOBENRKR TS
T16 pmol/kgll E DT G CHFTRAICRENRD bl (Waalkes ef al., 1999) , EHHALON
R, BB ESNETRERDY I T A EREIChE - THIBT A0 8 5 1R
FNTHD, ZOBREKT. A FITLAOBEFICLSREORERLHEMEL D b U AREES
HB, BERE (FBRIZBODTESSREFIF) 2Z2ERANRT, ROESEREMSETAD
R SICEE LT, EHIC L DREROPDEEZ LT O L 3 ICBHT 5,

0.6 mg/kg X5 day/wk X 50 kg/ (5 X 10X5X5X 10)
7day/wk

=1.7 pg/day

BRI AIBARKTERAMEEZFLTVWE L, RO TRES TAFERED b bh
b, F4 L LTHRE 5 28R LE, ThoOFRITEEENFTEN 2D TH S, PDE [HOKR
I Z LOAEL ZRWEZ Lhb, B5 & LTHRE 10 2 BIR Ui,

lﬂl&%@ﬁmmm{ﬁ

BRIV AL CEERHANER A=y FY R Y 0.0018/ug/m® B R 7 L~4L 1:100,000
FRWT, RAREROPDEEZLUTOLIICERTIZENTES,
1x10°%

0% ABREERED PDE {E= X107 g =5.55X 107 pg/m’®

PDE=0.056 pg/m’ / 1000 L/m3 X 28800 L/day=1.7 pg/day

2=y bYRS 7’7"n~—ﬂ_.3: D E X9 PDE EICBEL T, %mﬁ%hﬂxmﬁ?&%ﬁzﬁ L7
1,\

BEIR

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

Buchet JP, Lauwerys R, Roels H, Bernard A, Bruaux P, Claeys F, et al. Renal effects of cadmlum body
burden of the general population. Lancet 1990;336:699-702.

IARC. Arsenic, metals, fibres, and dusts: a review of human carcinogens. Monographs on the Evaluation of
Carcinogenic Risks to Humans. International Agency for Research on Cancer, World Health 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, Vaidya VS, Bonventre JV. Preclinical evaluation of novel urinary biomarkers
of cadmium nephrotoxicity. Toxwol Appl Pharmacol 2009;238:301-305.

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

US DoL (OHSA). 29 CRF 1910.1000 Table Z-1. Limits for air contammants U.S. Department of Labor.
2013.
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Waalkes MP, Anver M, Diwan BA. Carcinogenic effects of cadmium in the Noble (NBL/Cr) rat: induction
of pituitary, testicular, and 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.
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74 = VN
7 v AOPDEEOHE
. Zah (Cr)
.| #&D _ EH | B’A
PDE (ug/day) 10700 1070 2.9
P

i (Cr) i34 RBECREBTEEL, ZhbDIbEBEER LD, C(0) (RF X
#) . Cr2+), CrEDERVC(ENTH B, CIeIOIEBESICBEEZ T B Ehb, {BFEERKITEW
TETHE LTHAVWLNIS, CrEDIdBARBERTHY . 7 ABE (0> RUES oA
B (CnO/) RELLCAbhEAFIT=AVETHD, CGNIL, BEDPTRLEAD
AR THD, 7 FUBRKRICEERMNATETHD, 72LDRZEE, 7 FUVERVIEED
R#OEEBI SR L, RAREEERE, HRERBRVHREREEICEET SREER D
% (Anderson, 1993, 1995} , EEXST D7 o AORFEE LT, FEK, & - BEIIESEKR
BRSO OBEHE AR EZE X b5, CreH)RiEE: LTHVWLhABE2BE, BEELND
D7 uLOFRE, X BEEOEOC(EHDFEREL WIS LViE. B/ ah (Cr(0) XiXCrGH
DHRBIZEZEZ D THA D, LEFR- T, EFELMAICET 5 Z o2& lliicr3H DM O
FUFRICESKLBOTH Y| CrEHIZZOFHEL LRI EN TS, CreHAAtEE: LTER
EhBBEITIE, BReMFEILZ OFE (Cr(eh) 2ELRETHD, HEHE LTHEETSY
mh (FxE Bbras - F0—r, KBErab - Y —2) i3, a@%L%Méhfwé
TEM, $ﬁ4b74/@ﬁmﬁ@%?%5

gtk EYEDIRIL L o B

BE5%0DCH0; (7 1 hk LT1468 mgkg/dayfi ) #Stefbl 2 AERE LSy M, BEE
BRSPS, FVRADT v MBI HREAKRSFHER (Anderson er al, 1997) ITBW T,
Cr(3+) & LT15 mghkg/dayDR 5B THEREIR D bhvkhok, 7 A0ROTRBICELT
X, BEMNZENBEEERBEESL TO ARV, —FRIC. 1.5 mgkeg/day® Cr(3H D& O EE
(USEPA, 1998) i3, BE~OFEFRBICHEET I LD LIITRENLY,

WiET— & b bta—L, REERPEE 2, TeMEEORNL RI2EEZEE L,
B R OPDEME

. 2000, 10000 TF50000 ppmDAED = U VEECI(3HE T v PR U RICIEAER S L2245

BAMERER (NTP, 2010) T. BAPIFET 57 0 Al L TRLBEEERSH D, HoEEL
Bbh o2t FRNnE ohiz, ARER TI460 mgkeBOMT v Mo FIRIEO R R0
Lk, €2V /BO3HOT v P TONOAELIE, EAED mgkg (11.9% ; Cr lI& LT
10.7 mg/kg/day) Thot, ZOFFRICIEAEKFENT &bl‘oi’bfgtﬁiof..;_&?j“a\ RROES
BIITHEERFREBEL TS, F, ZOFRIE. E-UVANBEWTHLOEDOHE (iR
THLED bR o7z, EERE (HEICEBWTERENIZFI~FS) 2EEBIZANT, BOBR
BEROPDEELZLUTOL S ICEHT 2,

PDE=10.7 mg/kg/day X 50 kg / (5 X 10X 1X1X1)=10.7 mg/day
HEHHC & D IREER OPDE(E

CIGNEHEL UTHIRNE S T2 L 2 ORI, FEREICLDEARY, BHMERTIX 005
ugkg/day, FRATIL 15 pghkg L R->TWD (Moukazel, 2009) ., ZHBOHE—RREELEX
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6&%&&5(@1@ ﬁk%ﬁﬁ&@ﬂ%ﬁﬁ@%ﬁnﬁbf)ﬁéuémgam&%%¢5
Wik, FoRiERS R,

yuszBE LT, B5IREICES PDE HEOEHOEE 2D KO RERART—FBahole,
7 o AR UMES S 0 MESY OB OBREROEREOFARMN 10%TH5ZLrb (ATSDR,
2012) . EOWREEED PDE EHEESEL 10 TRLT, EFHC L ARERO PDE EEXEH LA
Glﬁkﬂﬁéhfwéakb) HHIZ L RGO 7 0 A BT AHEE PDE EIZITO &
BYTHD, '

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

% ABRERRF D PDEAE

Derelenko b DB (1999) Tk, BEECIGHRIFZ 13 (1 H oM. BIZSBRH) BARES

ﬁt&:a\iw%ﬁm@ﬁ%ﬁ(%&ﬁﬁﬁ\ﬁ%ﬁwg)&U%ﬂ%@%&ﬁ%&ﬁ%b%

nir, = ORBETTORERTED bR, LOAELIZ17 mgm® 3 mg Cri3+H/m’) Th 3,

A I RERCGHE T v MCBERBRARS LEZRR TR, WINCEL TLE2HERT

mbBﬂtmotu_nawvwﬁéﬁk\&A&ﬁf@W&OHQW%wxﬁﬁﬁ@Hmﬁw
REICAVZ (ATSDR, 2012)

PDE =0.0001 mg/m® / 1000 L/m® X 28800 L/day=2.9 pg/day
MRL@%tHi:%ﬁAi&inﬂ\é minb, EEEEIC W TIRER Lo T,
B% 3wk

 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 proﬁ]e of chromium. Agency for Toxic Substances and Disease Registry, Pubhc
Health Service, U.S. Department of I—Iealth and Human Services, Atlanta, GA. 2012,

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

Glaser U, Hochrainer D, Kloppel H, 'Oldiges'H. Carcinogenicity of sodium dichromate and chromium
(V) ‘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-S28.
NTP. Technical report on the toxicology and carcmogenesw 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 (IIF), insoluble salts. Integrated Risk Information System (JRIS). 1998.
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o230 b
Z30 S OPDEEDOREE
=250 b (Co)
0 ‘ S A
PDE (ug/day) 50 5.0 ‘ 2.9
Frig

2L b (Co) 1E. RROEET, 2L DHE. BE, MERVPLELV>EZOMOTHE LT
ELTND, /9 ML, ©F I B12 DRAIRZERERTHD, ~TJ/ 0 L SREVEM
B FRHICEERBROBREOMBER L LTRET DD, £ FOUERRTHD, FHMLke

W& 1 BRI 11 pg @250 bEEENGEINT S (ATSDR, 2004) . E'# I B12 OHEERIFA
i 0.7~2.4ug/day THY (NAS, 2010) ., =0+ & LT 0.03~0.1 pg lZfEY T2, b MER
I3 D EHB T S ORFEADFIERITBEINTOVRY, a0V Med F2E, F2
H BN R) REREKFECBOTMEL LTRNW bR TS,

LR REDIRIL . 7‘; > Tk

IARC (2006) . BBz A h ROVE OO KEEHE c:o(2+)1ﬁMi b M L TEBAEOTR

REMERH D LR L7 (Group 2B) . YBRBROT—#1X. 7 v PRUE b TOEERARMA
Eﬂic_ﬁﬁﬁéné LERLTWS, a9 B, inviro DEEFEMIZE L TIIBYETH -
M, in vivo DYAEEFESEREEBICE L TIXEETH o2, NTP X, BEERUVMO< T AR T v
TRBAMEOIRERIEMSAE LN LR L (NTP, 2013) , B MEBITABRAICLBZIERA
HERBRTHEBIIEONTE LT, BARAMEIZE L—c;}iﬁénfu\m\' (US EPA, 2000) , & biZ
FEZOIBRESELEHSEBV TR, FLEFEMESRDBESESBVIHR TH S (ATSDR,
2004) , & P TOa UL FORARER, EEECAMMESL LTHLN T A EE THITHEDIE
O SR HAE ONT N B R OB R ICBEE LTV 3 (ATSDR, 2004; IARC, 2006) .

| B NeEE O PDEME

BROBRERFOPDEMEIL, ARTRERE bOTF—F2EIZ LT3, 150 mghiHE{b=/5 N %22R
e FMCRERARE S EESIIEV TR, R LEEESFVIFIEEDT, RLBRENET
BHofe (assn b & LTHI mgkg/day; WHO, 2006; ATSDR, 2004) , =23V b & LTl mg/day®
CoCl,%#88~90 H FI#ERR L 7= & hERRE 1081 (BHSH. LiEsH) ORBRICBWTIX, FRIMLBKY
NEE i3 O OB EIIZRY b/ o 7= (Tvermoes et al, 2014) , BROBERFOPDEE .
NOAEL 1 mg/day%guﬁ&ﬁzbto EEFAE (ﬁf&lluibb“(’%ﬁéﬂil’lwﬁ) EERIZANT,
@;nﬂ%ﬁﬂ#@PBE{E%MT OLICEHT B,

PDE=1 mg/day / (1 X 10 ><2>< 1 X1)=0.05 mg/day =50 pg/day
W PDEEDR I MRBAER L0, I Lfﬂ*ﬁﬁﬁz&@?ﬁ L.
ST & 5 WREERS OPDEM |

T3 MEEM~DOEFIC X HRBERICRSEEEDH D7 —F 1321, 3,00 b RTEH =N
v MEEY DR D BRERFOAYERNF| R OHAIL 18~97%THD (ATSDR, 2004) , FORE
REOASZEOFAENENZ LB L. BOEERFO PDE B2 EEAR 10 THRLT, Bz
LHBRERO PDE E2HEE Lz G WICE#HENTWELEEY) , BHRICLZ3BBED 230
MZRE9 % PDEEIZLLTOERBY TH D,

PDE=50.ug/day / 10=35.0 pg/day
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W ABREZ IR OPDE{H

T RO OMOKE-COENEI, E N CHOBEE FBI TTRERD D
(Group 2B) .

T A, AR O L, B RAREIC LY & FTHLORDEBAEINOE
~REMETH D, THHOF—FIHEFERLIIBVNLOTHELEXLNTVEZ &, KU
B S PORBAMERETAE FOF—FERnI e b 250 MBI LT, MRLT
B—FEZFANDIERTEDLELDNS, E MNIBITDEBAY AT D B DHEEE .

MRLZ% A TR 7 PDE[E & 1IZIERI—ThH 3 (WHO, 2006) , RAREREOPDEMEZFELT DI
., BHEREAROMRL 0.1 pg/m* % AV 7 (ATSDR, 2004) . -

PDE=0.0001 mg/ m’ /1000 L/m® X 28800 L/day=2.9 pg/day
MRLOBEHICEHRAEN TS Z & dvd, BERKIC OV TILEA L2 o7,

BE W

ATSDR. Toxicological profile for cobait. Agency for Toxic Substances and Disease Registry, Public
Health Service, U.S. Department of Health and Human Services, Atlanta, GA. 2004. TARC. 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.JIOM. Food and Nutrition Board. Dietary Reference Intakes: RDA and Al for vitamins and elemnets.
Institute of Medicine National Academies. Summary Tables, 2010. (available online at
http://fnic.nal.usda.gov/dietary-guidance/dietary-reference-intakes/dri-tables; accessed May 27, 2014)

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

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

2014;99:632-646.

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

" WHO. Cobalt.and inorgginic cobalt compounds. Concise International Chemical Assessment Document.
[nter-Organization Programme for the Sound Management of Chemicals (IOMC). World Health
Organization. 2006;69. :
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&
R PDE {HOHE
¢ (Cu)
: : ®=A VRS : A
PDE (ug/day) 3400 340 34
FFRa

g (Cw &, FB—EBBIRTHE 11 KERO 1 2THY, EIT 2 SOBERE, ROAHEUEH
@HEDmD, BMERUE hOWTHIZLE o THDLADHMEBTETH S, Wik, W< HbLOEER
FERRTIAURZEEER L, EFLELROCHBRASICERZIEEL TV, @kdty (F
ZiE, B v AR 13, KABESHECHERBRGCBIT 3L LTHVYBhA,

C RAMEEEDRILL o e B

B RO MNIRLBEEED HHEEMT —F OREMAR VY2 -2 XY, @ik, BEAROE
HIERICBVW T, HEEE. FERERUERBICAEEEEERITTWREERDH D ZERRINTNS
(Araya ef dl., 2003) . '

R OREROPDEE

TR, Ty FRUA X ERCEREBAROE% ) U ) 5— MO ARBRAER Sh T B

(IPCS, 1998) . 7 M, FBEURBICRT2EBICEL T, b0 5 b TRZERED
VB LRI N, Ty MIT500~8000 ppmdTRERSR R KT 2 BAHRE L - 3BRMRR
IZRBWTiE, RIEMEOERAR CAEEMIZEET ANOELIXI000 ppmTdHh o7, 2000 ppmEl t

| OBREBICBWTITEERUEEERRD bivfs, NOELIX1000 ppm, 64 mg CuSOy/kg/day (67 &

LT17 mg/kg/day) $8Y T o7z, (Hébert et al, 1993; IPCS, 1998) , EIFEE (FlcBWT
EBEIXNEFI~F5) #EEICANT, BOBREROPDEMZLTOL > KEHY 3,

PDE= 17 mg/kg/day X 50 kg / (5 X 10X 5X 1.X 1)=3400 pg/day
EFT X HIRER OPDE(E |

BT AREM LY 1T, B L 3BEERICF SPDEBOBMOE L 25 & 5 REER
FHMEEET D LB TERN o, BETERICBOWTHER Sh3MENREENOEREN
TED S H, b POBEEIEERIT, 30%~40%ERINTHZ LB TED (Wapnir, 1998) . SRR THE
R DFE NIREIE O M FNT A ENI0%~RITBONTWD Z L 2BE L, BORRFD
PDEfE % EIEMREI0TRL T, EBFIC L 2BEROPDEELZEH L GUERERHEIA TS L
BY) , EHIC L REROMIZET 2HEPDEJIIUTO L BY TH 3,

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

I A BREER; OPDEAE

WA SNGIOBEITE L. AFTEThH o F—F 5. G4, BB R AR OMRLE
ZHFWIER TS THBEEE L LN (ATSDR, 2004) , FOBEROPDEE S IETHE100 TR

- LT, RARZEFOPDEELZHEH Lz GIEIIEHKELTWS LBY) .

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

SE IR
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Araya M, Olivares M, Pizarro F, Gonzédlez 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 CJ, Bucher JR. Subchronic toxicity of cupric sulfate administered
in drinking water and feed to rats and mice. Fundam Appl Toxicol 1993;21:461-475.

[PCS. 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(supp1):.1 0545-608.

40



@,

THTHA A K54 >

&
& DPDEMOHHE
. & (Au) '
&0 bet LN
PDE (pg/day) 134 | 1_34 1.3
il

& (Av) 1T, @BFEBREUELE] Ho+5 ORETHEEL, BEE BRU 3 MOBESRS
—REITH D, THREHET, BRI LK, LER> TERENICEERH L L0 EidHAR
ERTVWARRWY, &%, FEARICRBITA8E L LT, BELET, idEEEET LAY (22T
WI LIERRTZ 7, BY VBAF VY XIETAY U THD, Telles, 1998) DX 5 REEETHY
LT3, BEIFO&OHE—ORIERE., Mld LToERMBL 260 THS, £01DEIL,
HBEICHWER S,

L HERTEDRIL L oo Bl

SOBMDIT LA L DR, SOBRAERICESNTVS, STERIATERERCA bR
b0, 1 io&QD A T VBT (Au-S) EDOERTHDHH, EEELHEEN TS,

L aug FROEEE (BEFE) %. 30 mg/day T 18R, KIZ 60 mg/day T 138/E. XIHo=

Pa—ATRESNEERE 0 FICEEER N 2o, HiZABEIL, 30 mg/day THRIZ24E

RITRER T Mkt U, MEFRMREE, SROBREEIIFBOMEEEOBINIRL, Yy

< FHEBHROBFRERR YA b A2 - N7 A-FEBOTHEBREOWENBD b
(Abraham and Himmel, 1997) ,

&AM ERAVWERHOBHRE O bOT—2DBFHATERTH S, &eBicidEHE LTI,
FHEERTSENTZF v b (Payne and Saunders, 1978) ROt b (Lee ef al, 1965) IZRBITHE
Bﬁ@f‘?’i A X RIT HHELESME (Payne and Arena, 1978) S35 3, L?ﬁlb\ B DR

. MEOE(IHEEEZORHMBDE LTIEHEELAVWEECEEAWTERENTEY., L
7’:'755"0 THAFOLIFELIPDEHEZEE MO +HSEEERH D LD LIEE LB,

ﬁ@ﬁmﬂ%ﬁﬂ#@ PDE {E% RETDIHIC, BARICEETD &%x%hé}bﬁs@ﬁ@ﬁnfé
EizLdt 1~mﬁﬁ%rw55@@&@%51@&%%@7‘;1{\ Au(BH)id, LV EMEARVWERR L
E 2 bh, BERKSCEVTRAVORS (I, ZHke) , £@HEEGECE LTI B
Ni=F—& Ly, H3—RRIZBWT, €6HEE% [Auen)ClL] Cl (Y7 muxsFL e
TIV—&IE A FV) 1E. Ty FOBRE U BV TR BN T L E23xBI L

< 7 RIZBW T 322 mgke DHET 14 BREEERNREZN, %‘H‘cfﬁ”*“i@ﬁ%‘:%l%ﬁ_éf;
iz (Ahmed et al, 2012) ,

O BREROPDEM
S ORI BB A B LR Th 5, B0 ST & OB D
BRE DTSR Th B, SENEEIENESE S New v XICRIT HRERIT, &0 REED

PDE EDBREICBWTERAFTNERbD LEX b, EERK (T8 1 a_mx-c%ﬁém F1
~F5) BEBIZANT, %uﬂ%ﬁ%ﬂ#@ PDE EZLLTO L 5 ICEHT 5,

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

PDE fE®#EIZ LOAEL %:Fﬁh\'cmé &, BRUSHEERFMAET LTWRNnZ &b, F5 &
L TRl 10 2BIR L7,
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HFEEMC X 3IRERO PDE E

B RMZBWT, €F4 Y I8 b Y 7 A0 mgEFANER LERER. EHFHRAEIZS%
#TCHo7e (Blocka ef al, 1986) , TV FILBNT, 2 mykeZ HRNES LALBROEF A T
BT N U AORIEITNT0% TH o= (Melethil and Schoepp, 1987) . EWERIFIRERE N D
& RUEMEZFOPDEEOR EICERARS I LIRBRHAVOREZ LMD, BHITLD
IR OPDEE L& O RSN OPDEEIZF LV,

PDE=134 pg/day
%A@%Hﬁﬁommﬁ

0% ABRESERE L UNERNC L ARSERIC BT 3EEE0H 27— 13, MiCBiT 2&0RiriikEtt
DEEHIEA LD EEOFEELRNI Eh b, BROREFOPDEMEZEEREIOTERL T,
AT L ARBRFOPDE/EZEE Lz CIHICEHShTHDEBD) ,

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

BE I

Abraham GE, Himmel PB. Management of rheumatoid- arthntls 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 (III) 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 Lesxons 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. Hea;/y metal nephropathy of rodents. Vet Pathol 1978;15(suppl 5):51-87.

Telles JH, Brode S Chabanas M. Cationic gold (I) complexes: highly efficient catalysts for the adchtlon of
alcohols to alkynes. Angew Chem Int Ed 1998;37: 1415 18.
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@
&y PDE H O
&% (Pb)
&3 S %A
PDE (ug/day) 5.0 5.0 5.0
g

gn (Pb) FHEME UCLERD L LTHFEET D, —BR 2 fiok{bEd L LT3, Erilkih
SEOKBEER OB EORAMEERH 5, FHiMbawE LTI, YV BNFlITH BT
FFRAFNMRROT FFFARES D, BHEMEEHIE, KRFTHARDELHIHESN,
KPR SR ESI LS L LTERET 5, IR, b FUIHABCRIT 3BEm0E£Y
SFEHEEEIL 21 (ATSDR, 2007) .

FLRMEEORIL & p o Tk

b FRUBMICEW TR, S~OBREIS, R, AT, BE. £F., BRERVCFRICEIEE
BRI ERITILRH D, K., BN AREMEIL, AR TREShE
EELHEBRLT, BEHRONESMICBWTREEALLZICIVEY, 0P BFERER 1~2
ug/dL, EHERIFIFER 100%, IENCBRBLPVWERELEET V7 7n 7 5 (US EPA,
2009) %MW\ T, PDE fERHELN, ZO®IZ, BRE PDE fEIX, BRERKICH LD LTR—
T Do :

& QRIS D PDE £

EOREEOE MCBWT, ROBEERE< . ho, EEOKE VIEREL, AEemE
ITBIENEETHD LEAOND, FENENLOT —FIZ, 5 py/dl REOMAHBEN, /D
ROBWRITEFHEFICEEL W ARREZ TR LTWS (NTP,2011) ,

US EPA &7/ (Integrated Exposure Uptake Biokinetic (IEUBK) Model, 1994) (BRI ZE 100%, &0

R ORBIRAZ L) WX, 0~7 5 (0~82 @A) D/pRICE 5T, 5 pg/day OF NITERGLM
FRIREE 1~2 pg/dL IZRHET 5 L AZIREN D (US EPA, 2007, 2009) ,

PDE=:5.0 ug/day
HEHNC & DRI O PDE B

SADOBEAIRZEREOREIIM L ~Vn K-S, LER-T, BFRIC X 2BREED PDE EIX, &
OHRERO PDE HIZZE LY,

PDE= 5.0 ng/day
% ABREE D PDE {E

MOBROREFORBIIM P LNV ESL, LR T, RARSERD PDE HiX, BORE
IFD PDE fEIZE LV,

PDE= 5.0 pg/day

% 3R
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ATSDR. Toxicological profile for lead. Agency for Toxic Substances and Disease Registry, Public Health
Service U.S. Department of Health and Human Services, Atlanta, GA. 2007.

NTP. Monograph on health effects of low-level lead. Natlona] 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 (IE‘.UBK)
Wmdows 2007.

US EPA. Integrated Exposure Uptake Biokinetic (IEUBK) Model for Lead. 1994, updated 2009.
(http://www.epa. gov/suQerfund_//healﬂllcontammants/lead/products htm; Accessed March 25, 2014)
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UF o h
Y 17 ADPDEE OAFE
, UForh (Li) ,
] mi St ‘ % A
PDE (pg/day) 560 280 25
R

Vo b (L) i, SHEYOEBKTICTEETD, HOVSNEE€RTHD., VFUvLiE, BT,
XITEDMOER L DEEET, L LTRAWDATWS, VF U AEY BIXE, AHRL
FAI=TA)F VL) I, BEERICBAREL LTAVLRTWS, UF Ak, @m

+1 OBIRIEDIE & L TOLFEEL TS,

ZEEEEDIRIL 2: T e

Yy AEE hOBEEL LTERSRTEY . B, RENREERUEREEGIE 5 SRO%
FITBITE U FUAEORECETIEERL FNF— 28355, UFULEEE BT, U
FULABEUNEZIILD, BEREYEMCLIIARREEELNEL TS, UF v LAOEBETIL.
BEAFICS L2358, MiFFRE 0.6~1 mmol/L [ZFRE STV D (Grandjean and Aubry, 2009) ,
ERe—V ik, VFvLAoFER, WREORETCERLED, E MBIV F U LE
’RiX, £, RIEBFEET, FIRBEEET. ER/MESETERCEEENOY X7 ERICH
EH LTS (McKnight et al,, 2012) , HFEOFEHPRIT. 300~600mg D 1 B 3~4 BIRETHSB

(US FDA, 2011) , ¥&ZF—4 &Lt a—L., BERKEEE X, ﬁéfﬁ%ﬁ%@ffﬁma 7D EME
BEELE,

| £ O BREROPDER

b MoBT B U F U AOEREERS, =0 PDE EOEAL LTERSNE, b kit s mE
Y 79 AORMNEEENRETHS 300 mg () FY 556 mg) ERVEBAII, BHIMERO
PDE XA T L S cREHEND,

PDE=356 mg/day / (1 X 10X 1X1X10)==0.56 mg/day=560 ng/day

> O PDE fEDEREIIL LOAEL (EE—RREED 13) ZAW-=Z &b, FS iR 10 28 -
RLE,

AT L BIRER OPDEE
EFNC L AREREO PDE E2RET 2 DICEE 2T — 2B, L LRaRs, ROBEED
A ERF) A 85% (Grandjean and Aubry, 2009) THD T LEEE %, BOERERO PDE &

ZEESRE 2 THRLUT, EHICK2B%ERO PDE EZEH L G HIZEHIhTWwWaER
D) o . ' -

PDE=560 p.g/(iay/2=280 pgiday
R AR R OPDEfE ‘
CUPER06XITLY mym’ OWECELY F U A4~ EM,ASHE, 1HRMBELE

(Johansson ef al., 1988) , WZTEMEER OMETEEMEEE AT, SEMDKICER Lo, st
BEINE, FERREBREEEINR -, BEAERPDEEOREICA O, BIE
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S (FHRICBVWTEEENEFI~FS) 2ZBIZANT, BRABRRROPDEEZLUTOX S
%fﬂ'ﬁ—ée !

. . 1.9 mg/m® X6 hi/day X5 day/wk __ 034mg/m’ = _
RIS = 24 hr/day X 7daywk. 1000 L/m’ _0'00934 mg/L
—HRE= 0.00034 mgiLk: 1440 L/dey 109 04 orke/day

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

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

Johansson A, Camner P, Curstedt T, Jarstrand C, Robertson B, Urban T. Rabbit 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-analysts. Lancet 2012; 379:721-728.

US FDA. Lithium carbonate product label, 2011. (available at drugs@fda; accessed May 1, 2014)
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KR
KB DPDESE DIFE
' KER (Hg)

&n S T
PDE (pg/day) 30 3.0 12
P ot

RER (Hg) 1&, HERBREICBWTALL S LTS, ki, mEkE, EEKER E#KER
D 3 >OFETHEET S, HAITICHRBET S AREESR DAV KEDOTERIL, EMBETH S,

Licdi> T, ZOEEWEFHIT, TRAER CESRKROBNEERD H SEMFENT —#IcE-5<
bOTHD, ZOREMHERUEE H S/ PDEEIC OV TIE, ARKERICIZER L2,

REMEBORILL 72 > T B

B MIBWTESAENREBAMEE T B I EERTT— kR0, iﬁ{tmﬁﬁo%ﬁmﬁmﬁgb
T, EREBWIZBIT SRENRIERYH D, ERSAGZEHE (ARC) &, BHEAKELEHH
B MINT BEBAMEICONTHETERNLOTHD LR L7z (Group 3; IARC, 1997) ,

EHOKSRILAWIT, BEKEL E_TEHERELEVEOREROEYEAFAREZR L., BRFEHN
B et BEORRVBEA~OREY R EERER GBIRERE) L\ olrtke REE%R
BB 2B T, EEKEERUEOEICE L TOESHEHEDIBILY 2 55T, BEETH
5, BERKES LUEB~OEZRINSHRE SN TWS (Shimada er al,, 2005) ,

& R SRR O PDEAE

Z v PRBR= D RIZEBWT HgCl 2FE 2 FHBEE L, X< F¥A - Ehi NTP ORBIE
FTB, £0Yh, LV RARBRFESMEESTOLTHhAZ E, RO 2 ERBRLY LA
BEFEAEY (0.312~5 mg HeCl/kg/5diwk) Z & Z#BHE LT, Ty MoBWT 6 B A ksl
AREZ2ToBRBRARREINE, FEOKEMEER T (FEICHT D) HANEESN 0.625
mg/kg LA EDOETEFRTHEM UL, BRIEZHNATA—FZOEL (FVTF=r, HVUL 75
=TI MFVART =T BROTARGEVBT I/ M T RAT7 27— ORd) Beks
HoOEZRD Oz, YUFTRE. FEEFNRLOLEEDh ot BECRRERVE
FEE (R HERE) O, BB KR 0.625 mgks ELEDERERTRAD LN, SFE
SRR SH (JECFA) ORI (JECFA, 2011) iIZBWTik, 6 BAMT v FRB (NTP,
1993) o/ oA BRI HT>HEERE (EEHEM) ZEI, BMDL, & LTKE 0.06
mg/kg/day (B 5 BEOBRENLLFEENTVS) BEEHENT, BEMRE (& 1 12BN T
EERINIZFI~F5) 2#AVWT, BOBREROPDEEZUTOL S KEHT S,

PDE=0.06 mg/kg/day X50 kg /(5 X10X2X 1 X1)=0.03 mg/day=30 pg/day

6 A RIS R UREMRBRICE T B RIEH BTORRIIBERER LD LEBZbNRN-T=Z &b
b, FaZ1L: L, ¥, BMDLyANOAEL ¢ E % bfEs (Sargent ef al, 2013) = &b, F5%1
E L, : )

AT X 5 IREERF OPDEME

B ERIT. ERAKBOROEYFHFAENI0~I0%OHANICHEZ LEREBLTVS

(ATSDR, 1999) , L7=8 o T, BOREROPDEEZEEHFEKIOTHR LT, B ARERS
DOPDEEZEMH L= GIHEICEEZIALTWHWSEBD) ,
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PDE=30 pg/day / 10=3.0 pg/day
W AMBER O PDEAL

WIRITEI SR RN b MRARERICBIT R bETESEVIMEE THLLEALND L
23, Zegh TWA EEOEHEN 14~20 pg/m’ OEEBEEICBI 2REFETRERTND (US

* EPA, 1995; EU SCOEL, 2007) . MREMICIIT 5 EREKMRE (14 ug/m’) TOMEITEIZER
SEOLAEFE (Ngim ef al, 1992) 13, B2 TWA BE% LOAEL & LTEETLILEAHIILE
FLTND, BERE ($& 1 CBVTERSNL FI~FS) ZERICARLT, TRAERIIC
T 2 EMERARE S Eic, RAREROPDEEEZLTOL I IKEHT S,

. _ 14 pg/m’® X 8 hr/day X 6 day/wk dpgm’ -

EHREHRR 24 hriday X7 day/wk T000 Lim® 0004 e/l
' . X

_ERE= 0.004 pg/L X 28800 E/day =230 pg/kg/day

50 kg

PDE=2.30 pg/kg X 50 kg / (1 X 10X 1X 1X10)=1.2 pg/day

PDE {EQRIEIC LOAEL & AV e s b, WAEE % B L OUKRARICE BT 5 Ptk
SV THEEICANT, F5 & UTHRE 10 @R LT,

C PN

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

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

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

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

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

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

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

Shimada A, Nagayama Y, Morita T et al. Localization and role of metallothioneins in the olfactory pathway
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EYTF

£ Y 75 OPDEEDES

EYTIT - (Mo)

:1a) Bit — [®mA

PDE (ug/day) 3400 1700 11
o

1) 75y (Mo) OELREEEIT+HL BRUHE T, IF V7 =4V EOFERER L —KNTH S,
EY TR LOERLHEL. FEFRORRKPTIIEY 77 BA 4 Mo0) THY, K\
NH RO Ca¥* Lo Tole & RRIBA AV ERBHEDLEHETRT D, EY 77 4%, LEP TR
Bea RREECHEEL, TOBEX0.1~10 mgkg THB, MoO; BT MoS, ixAIZEEIT 2V, B3,
CABESRCHEPICEEFET S, €Y 77 e (XX, Bi-Mo, FeMo, BLED 7
FURGE Y FFVEEER) . BRARIKBWTEE L LTRANLR TN,

TYTFUIENEATETH Y, EBREHEBOHETMEE., HLHIET 100 pgday, AT 600
ug/day Td % (EC Scientific Committee on Food, 2000) , €V 77 o REEDKFEKIL, KE. Bl
RYmpE SE, BEIREOEFPRTHY | EH 2 F4 = BREOEME L Do lotks gL
BIREERES, ik, o) —WHiEEZT V253 BEICEWTL, MIEPORBRENS
Ef#ﬁﬂjﬁﬁﬁﬂiﬁﬁ'@%of:kiﬁ%éﬂfhé (Abumrad et al., 1981) ,

RLHEVEORI Y 2o B

._M%{E%é: LTOEY 7 F B REMR TR & 2 o7 (NTP, 1997) E, A7 U FEMNA
RETAERENER RIVM) I L 556X, €Y 7‘7/0;t§{f<ﬂli%1*é W ERERLE (RIVM,
2001) o IARC XiZ US EPA IZ & B3RP AEDFHEIXITOIL Ty, BIBEROEY 77
DEMEIIEY, TI 7TV E2RARE SN U RTBITDEBAEDTEI N 22 dh D, F
BAOTREMER, ZORBEREICELT, %%k%f;ﬂ%%ﬂﬁfﬁﬁﬁw%é#ﬁwﬁf%é LE
Z b,

R NIRER D PDE 1E

Ty MOBSHRE SNAEMREY 77 VBT R ) U AOEEERE LI, GLP BED 9% BRE
PSRBT, T Y FF L LT 60 mykg/day DIREREITE T HFE, AERNE, BEME, —F
DIFRER MHBEERUCHAECHTAHENER) ROBORBEBRENITR (M 2 EoIRHR
NS DIREE R UVE AMEDBIER) ~DER L W EA LM L (Murray ef al, 2014) ,
BTy MoBITAEERASEZRE, 60 AHOEEMMRTRICAEEEIIRDOhARdboT, £
BRE. HAPXIIRTCETINI A ~OEERRIRD NPT, FEDLIE, IO
RERD NOAEL REYFF & LT 17 mgkg/day THAERRLTWS, ZORBCBNT, #
BB ORSIIEE LEE®ER Db ok, BERE (T 1 KBV TEESNL FI~F5)
ERWT, BORERO PDEHEIEIBTOL S 1Ck5,

PDE=17 mgfkg X 50 kg / (5 X 10X 5 X 1 X 1)=3.4 mg/day=3400 pg/day
FEIHE & 5 IR0 PDE '

" Vyskocil B Ut Viau OFEFE (1999) ZBWT, BRRERFOL b TOAEYENFIREIL 28~77% -
DB TH -T2 L B/ESN TS, Tumland & (2005) X, €V 77 ORIUIEEBETH

0% Cdh-o7- LHELTWS, Linho T, EHICE AR PDE &1, BESRE2 TRLE
Lok/ed GLEICERINATHWSERY)
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PDE= 3400 ng/day / 2=1700 pg/day
% AMRFERS O PDE E

Hilf~ D RIZBWTRARES N @{E%Jvf%"yh%ﬂwrimm&b biL (NTP, 1997) . &E
WMOEHRHTIE, BV TTVBAIALY Y ARTEY 77 VBEHRS E Mok L‘C%?ﬁw’vri%ﬁﬂ‘
DAREMEREL TS (NAS, 2000) . M~ U RSB DI/ BADRERT 5 (#E)
(0. 10, 30 BTF 100 mg/m’ BREEHCIBWTENEN 3/50, 6/50, 8/49 RTX15/49) % AWVTHEE
SEZITIIDDEF I IRERINFE LIS, BBADZ=y M) A7 2.6x10°/ug/m® 3=
WTHD (NAS, 2000) , 1:100000 DY X7 L-<L 2 BANT, BABRZERO PDEMEEZLUTOLS
[“:Etﬂj—‘éo -

[l

1107
2.6X10” fug/m’

% ABREIFD PDE A= =0.38 ug/m’

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

2=y MY RZ77a—FIk 0 #E& Y PDE ERE LTI, ZOBRCEERREZER LY
AN

B30
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TR A FF1

=
= v i v OPDEE DS
' =v g (Ni)
&R B A
PDE (pg/day) 220 ) -22 ' 6.0

Fr i

=l (Ni) i, B 10 BOE—BBRITRTH D, =yl 0, +1, +2 RUW3 OE{LIRE
CRET B ATREMEN H B85, B3R EII2 THE, =y VL, R REHFETER
RICEGET 4B THD, —BNICIE. =y b ikisicESnWTash, Blk=y
v, = v FAVROTEER= o A LW KRR L Y BV = v Suvbe it Bib=v i
NECERE =y 7 0o oK BEEDEVES WA TREPEVVERICH S (ATSDR,
2005) . = v AbE, b FCHSERENICUNATIRRWE, BTy FAVTRERFTEREL
BlEEr4rm Lilihd, covFA—TAI=UAEELELTO=y 7L, KELRIEICETD
gL LTAVLRATVS, EEEERARAROBEIAVLONE AT VAL, 7o skE
HEER—ZDEETHY . 1%RE~BUO=w r L eBtHE LTEALTVEHERHD
. (Stockmann-Juvala ef al,, 2013; NTP, 2006) , = v 7 /L0O— R EEREL 100~300 pg/day @ﬁﬁlﬁk
&3 (USEPA, 1996) ,

LEMERBEORI L p o

= VI, :ﬁ{aﬂr&%iﬁﬂ‘ém FREEMS B (IARC 2012) , EOBRERO=v 7
tﬁw%ﬁwﬁ%n—ﬂﬁﬂ"é%@mf;b\ (Heim et al., 2007) . #foﬁiﬁ%mwmwomoﬂ&)\ﬂﬁﬁg
RERICB T, DX A 7 Lo TIREBEDE N H -7 (ATSDR, 2005; EU EFSA, 2005) .

EPA (3= v 7 VIEGE Y R F DFENBAMEIC 43RS H B L L7 (US EPA, 2012) . ——/’?‘
JURSE A R R EIZSBEAIC, =y A AEE NIRRT VASOEEIC D D ERF B WTIL,
BV R OFEREMIED bhiho7 (ATSDR, 2005) , =y 7AOF_ATOFEEZ—IE
LT, IARC (2012) iZ, =v & &t POBBAMEDE (Group 1) EHEL TS,

b FRUBMICRWTR, =y rAVOKRERDERIZ. B, FERD IO LK R REE~0
HERBLEXRBITIERDD, b I, BN, =y FABRKEE RO AT D
L. A MTEESRAE IR B, B FOTF—Fi, KL D=y S VOE—REDOREA
BN, =y FVERIEENEE PTEBREBRELIZZLEF LTS (Nielsen et al,
1999) , = v rAOEEEEOROSEAEOE HICB TS (US EPA, 1996) |- =y 7 /ViBH
FEOr MIZBEIShTHARY, BERAEBRZIL. & FRUEWME DICHERTCRIZEORIE Vol
BEREEEUSTREESHY . KEXR, FKE, BHEE R OIS REREE N = » 7 L DIEHE
TRUSHSEEE THRESN TS (ATSDR, 2005) , F¥HEME NiSO, ##F &hiT v b THE
L7 SRS, RIS NIO 25 8hi/c 7 vy PTHRELERRE L ST, EMERCE
PLTWB LD ThHofh, & DE?"‘J#@{E&M%UD“C‘EDOK (Benson, 1995) , =y 7/ OFEHE
B RS X 0ESHIRIR I NS HBEEOBRBICEBWT, LVRRZbOLEEDRD
(Schaumlaffel, 2012) ,

B ORER OPDEE

10, 303}350 mgkg/day THiR= v 7 AAKTpERE SN T v MBI 526 RORED AER
B TiE. BB EORSICEE L EEEIIRD bhAhof, SREBOEICENT, REH0
~10SATORER, FERRERE-SBEHEEH Y. i, HEEL HICTREHEIGBE TORKE
CHREENRRBOYESH Y. YEREIT. 30R TS0 mpke/dayR SR THE TH -7 (Heim ez al,
2007) . LOAEL.10 mgkg/day (= v 7N & L T22 mgkg/day) AV, EERE (H&EITEL
TEHESNRFI~FS) ZEEICANT, BOREROPDEEIRUTOLEY THL,
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PDE=2.2 mg/kg/day X 50 kg / (5 X 10X 1X1X 10)=0.22 mg/day=220 ug/day

W PDEEDEREICLOAELZ W &b, F5& LTREI0EZER LI,

HEHIC X S REROPDEE

FEL=y VRN EE RV FORBRAEEL, BOERENERED 20~40% BRI EH
3 (EFERET -t ECSE) LHETA LD ThoTr (Patriarca ef al, 1997) , =y AD
BAICRTT 5 EEORELTMTEE 5 1 2ORBIZBWTIL, BREAED 2~B3%BNRIR S
7= (Nielsen ef al, 1999) , LA oT, =y ZARUKEME= v 7 AL H OF ORERO ALY
FERRARSRENROOTHD Z L E2EEA, EORFERFO PDE EZEIEMRE 10 THRL T,
EHIC X mieé’a?ﬂ#@ PDEfE#EH L7 (3.1 @:ﬂi@énﬂ\é LBY )

PDE=220 pgfday/ 10=22 pg/day
0 AR EERE OPDESE

% ABREERFOPDEME OB EICBE L T, RIATELRT —&00, BEEOH D= v 7 /L ORER
R &N, By v ERAWE2EROBRBRTIE, ~NARXZ— (Wehner ef al,, 1984) Xid~
7 A (NTP, 2006) (ZIEEIIRD bhlhol, Ty P TRENAETET DV < o DiERA
ot (NTP, 2006) . &B= vy TV ORARE CIERBAAEOFERLIZ 2 o7 (Oller et al,
2008) ., ARG+ ECT?T'I“ L5 5BEBREUED =y ¥ VEIRBAMDTFREZ R L TVRVDOT,

CZw ML TR, BERET e —FRRTAND I ERTEDI LD LB Z b, BER

BRI BV TEESNEFI~FS) 2ZEICANT. Ty FRRICHIT A= v Z/LONOAEL
0.5 mg/m* % 2z, MABRBEEOPDEMEZUTOL IICEH L,

. - 0.5 mg/m® X 6 hr/day X5 day/wk _ 0.089 mg/m’
IEHRIERS = 24 bafday X 7 diwk 1000 Lim® 0-000089 mg/L
. _ 0.000089 mg/L X290 Liday  _

.El A& 0425 kg 0.060 mg/kg/day

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

B RE M DTRED = o I BB EN A REERH B2 2 &, RUTRTOREBO= v 4
NDRAREER OREABRENRE CIHICRESRO bRl b, F4d& LTHEEI0EBIRL
Yol

BE M

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

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

EU EFSA. Opinion of the scientific panel on dietetic products, nutrition and allergies on a request from the
Commission related to the tolerable upper intake level of nickel. EurOpean Food Safety Authority. EFSA
Journal 2005;146:1-21.

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

nickel and inorganic nickel compounds based on an updated carcinogenicity toxicity assessment. Reg
Toxicol Pharmacol 2012;62: 191-201. '
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NFTT b

/87 VY b OPDEEDHE

NIV Y L (Pd)

e & T A

PDE (pg/day) 100 - 10 , 1.0

F i
RZ VUL (Pd) E. EOMOBEREBE Gy FVEEELTEY, o, £EFELTHS,

C HHATREEEOHDIERBERTH D, AT VU AL, PA0) (£RB) . PAZHEY Pd4H)D 3

DOFETHEET 5. NI VUV LMIFRER{LAMETER LEZR, RSB0 5 LEERMAR
BOLNDBDIXIELA LR, NF VUL (e RZFFELT) 1X. ARCERICBT AR
ELTHWBNTWS, N7 VT LAERE. RRFRBWTEETHD ., EARUMELER 12
kﬁuc‘fﬂ)ﬁ%’?”ié{’ﬁﬂ?kﬂ'ﬁxé

REWEBEORI & 72 o7

10, 100K U250 ng/mLD /N7 P07 AEFARE LEHET v FOWARRRT, 30T A3, B
Bl EET 58, . M. BMIESGIFICRER L2V EBRWESRE, HEEkik, E2LT
HELZEALELOTHS (lavicoli ef al, 2010) , Frx 2,85 7 AMERMIZ SV T O X I
LM Z B i viroBRFEHRROW o (A XIF7AEEA V= —ARRE K
BEZHAWSOS7 mEFT X b, b MY UNREAV/MERR) X, BEORERES AL
(IPCs, 2002; Kielhorn et al, 2002) . YT —F &L a—L, BREBBLBEE 2, Lolun
DRHLE 2 AEMEEFEE L,

&N BREROPDEE

WL OO RMEMHBNER SN, ATV UV LAEOBEEROBBAMOCERMTPATHA,
LinL, SRET, BHOVA FI 4 VP> TER SN EBELHNRBIT RV, AFETRER
F—& X, T P ADONOAELS0.8~1.5 mgkg/dayDFFEIZH B AREM SRR L T35, ik
FOEMAT PV A@HEAF VY AELTHLL mgkeg/dayD RETRET 5~ 0 ADLEERR
i E STV ONDBRTOT S us FERAROFEREELRD, £i-, BICRED
B & ERD M, MEICIZREIHZ B b o7 (Schroeder and Mitchner, 1971; IPCS, 2002) , =
ORBIL, BHEAOTREREIELFTFMFEE TR T 2R EZFA TR, YERBROF V1
(BEES L0, BECEEREROT—(k, MBS L TEBCIE LR ER) 1.
BBADEREEEZFMET S L COYRRRT — 2 OFBIRBE S, BELAEK (LB
TELESNFFI~F5) #BREICANT, LOEL 1.2 mg/kg/day% i, EOBEBIEOPDE@EZ LT
DL ICEHTD, .

PDE=1.2 mg/kg/day X 50 kg / (12X 10X 1 X 1X5)=0.1 mg/day=100 uglday |
LHPDEEDOEHICLOELE AV =l &b, F5& LTHRESEBIR L,

BT & B IREERSOPDESE |

RV AMCETIREE L Vo —ik, EHICL 2REBEEICHRD PDE HOBEHAIE ~&F
BRFHEFIERET D LB TERD o, |EAT VU AQRY) (PACL) 1X, HEEH HRIR S
iz <vy (FIERE DHRE 3~4 BRIZBWT, 7y MRETHED 0.5%KM. RAHT v TR

5%) . [ENEESUIFIRNEEE2RTET v MRERICET 2RI ArEREE< . &5 40 H
BORBIICEBWT, BEENEHAED I b, KRENRET 5%8, HFIRAIBE T 20%8 S5 Cg
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frEh Tz (IPCS, 2002) RORBEED,T D0 LOEDFHFIRESRENZDOTH S
T L pEE %, ROMRERO PDE EEEERE 10 TRLC, EHIC L HWRERO PDE E2H
HL% GlECEHREATNEERY) . |

PDE=100 pg/day / 10=10 pg/day
R AR OPDEfE

25Uy AT A ARBARET — # 1, LindSo T, BRIRER OPDEEZEIEMREK
100 CH LT, BRAREROPDEEZEH Lz GUREKERDOEBY)

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

BEIR

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

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

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

Schroeder HA, Mitchener M. Scandium, chromium (VI), gallium, yttrium, rhodium, palladium, indium in
mice: Effects on growth and life span. J Nutr 1971;101 :1431-8.
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=E
H4& OPDEME OHEE
BHé& (Pt
A% [ A A
PDE (ug/day) .| 108 10.8 1.4
P

B4 (P 1t. BoEBRIIDEEOTRTHDB, NTFVIA, FRITA, BUT A, LT

C EUARUA Y Py ARED THEKRER] Xk [77F /4 F] LRBFENIBSELEDOE

LEVEODTLRDHF T, HEEFRLEETH L, €EEEIE. ZL OB LETKER SRR
IEEET DI LD THD ZLH RSN TEY, BEDTREREFASIIMETHD, 2Bk
KRBIZREPHTHD P, ERAZB{LRELZ T TRESEESA LN TWS, PURHIT4EMND T
7T A AP0 B HET S, Bb— e PAnsiy, 5 S/ uo eSO

~NEY T PR EREA A DL Sy uo BEBEETH B, ‘

AN ETEORILE o S

EEER B REM L LCHTE L 5 BTRO Bk O E &AM DR A B L TR Tk =
By —& 17, EHENT—FIIBESN TS (USEPA, 2009) .

B&oEYER, BERBEELLBEECER CHY, FHFELORERBREEFRTHS
(US EPA, 2009) , BEBUEE, 472< &b RARKICLSEOEBIE~OBREICEH L Tk, &
HEERTMBE THD LEZLND, BFEL LT, CAED, BEMEEBRAEOICL Lok,
BUNECFT / — B bEEOBEHEM & T2 MRRBEENSEF LN (IPCS, 1991) ,

CROEEIICIE, BEOERSEN ThH o (Merget ef al, 2001) , FHEOEER U Na 5 {LER

MFaEEERVEEEE, TUAF U EESRVED L B3 (US EPA, 2009; EU SCOEL,
2011) , BEUED Y A7 i3, BEAEFCCIRZEOERUEIM (IPCS, 1991; US EPA, 2009; Arts
et al., 2006) . BEEE (US EPA, 2009; Merget ef al., 2000; Caverley et al., 1995) ({ZEE# L= b D Th
5rEELIBND, BT —FELE2—1L, BERRZHEZ, Z&MEEEORIRL 235 Y
BEL, '

B O REEFOPDEE

PtCl, (EEBRAOERITIC W) RUPCl (FIEMORE) 24EMIBEERSTIHES v FOoRBRIC
BT, PICLIZEI L Cid, MEFEMN T A —F RUBERAE(LFEN AT A —F ~DBBIIED LN
Bdrol, RRENLEFARTH S EES50 my/FltkgEPICLOFE C4BRKR S Shi-Biic
BNTiE, 07 LT F=0BMERII~ b2 Y v b ERTRAOEK AT A —F OB BED b
iz, WIHnLOILEBICELTH, Ta2REINEYMOART., FICRBFTOEE&EBE Y
M7 (Reichlmayr-Lais et al, 1992) , ZORBRIZBWTRHEEYMOELERIM TH-F
BTEESRD NI b, TORBRBRESZPDEECREICH V-, EEREK ((T&iicE
WTEBRINFI~FS) #EEIZANT, A& L LTONOAEL 10 mg/fiktkg (28HMizihi~ -

 TEE mgDBENER I 7, 0.146 mg/day) ZEIZ, BOBERFOPDEELZENT S, %43

7y FOEEIR, BBRESFICS gTHY . RBREE L TOEYKEHENEII235 gThotz, T
UKE 135 g MBEBEEICAWE,

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

HHIC X IR ERFOPDEE
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A& BT 34 L a—it, ERREREKICEDBEEFRIEC OV TR RERZ b O '
THBIEEBELMC L, BEEOBRARINT. 5y FTIHED TELS BERAREORE
WI1%sERE) . b FTIRE DEY: (RERPIOD42~60%, US EPA, 2009) . L7cd-T, EAR
TR OPDEME 4RI 10THR LT, BAIC X 2REROPDEEZR® S GUAIERINATND L
B, : - ‘ :

PDE=108 pg/day / 10=10.8 pg/day
% AR & B OPDE(E

fidt = LS — F C BT BECESBEOFRAOHI, SHROBWRR (Biagini e al, 1983) &
OB (Pepys ef al., 1972; Pickering, 1972; Merget ef al., 2000; Cristaudo ef al., 2007) M35 S
nTW5, E7, US EPA {1977; 2009) RUBEM OMERBEBRRICEHTIHFERS (EU |
SCOEL, 2011) %, MERESE 2 - ASBEEOREWEETE L, BN OMRERERRIC
B+ AR4%ERS (EU SCOEL) 43, MO HSEIHE L TR LOREEERET I
F B AR T D LS L7, US Dol (2013) RXFENEMHEEICE T M EOR
EER2 pg/micBE LTS, EEREE HRUTBWTERENIFI~FS) 2ZEICANT,
Lk ABRERFOPDEEE AT DX 5 IEHT 5. . ' :

. _ 2 pg/m’ X 8 hr/day X 5 ‘da'y/wk 048 pgm’
BRI RS 24 hr/day X 7 day/wk 1000 L/m’

==0.00048 pg/L

0.00048 pg/L X 28800 L/day

56 ke =0.27 ug/kg/day

—BRAE=

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

&5 3T

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

Biagini RE, Moorman WJ, Smith RJ, Lewis TR, Bemstein IL. Pulmonary hyperreactivity in cynomolgus
monkeys (Macaca fasicularis} from nose-only inhalation exposure to disodium hexachloroplatinate,
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H&ECHE
A&7 OPDEE DR . .
AV A (Ir)  FAITA (0s) . v¥TA (Rh) , AT=0U45 (Rw
. | &R air] | ®A '
PDE " (ug/day) 100 10 ‘ 1.0
o |

B4&ETEE (PGE) 09 bALSEDY (A€ LV I3EEFNT —2 B8R 0E) RF P07 AHUAD
SEEOEMREAT —F IRESN TN S, PGE 2T AIREMRE L, FPRIFER K USRS
YA S EEEEBERBIT I EMNHS (Goossens et al, 2011) , WL OhDEEETHIZHE
+HEME LD IENXFIATRETH M, ZOIFRIE PDE EOREICR TS TIRARLS, LV ERAD
EMSHRBRIC OV TIHAIATE R, 22 L bEROEERICAV OB EHEIIL. RuO,
I 050, & 9 bIRAREIER THB LEZ BN D (Gaylarde and Sarkany, 1968; Swartzendruber ef al,
1995) ., PGE OF[IEMHEIL, B L LTOYR PGE &Y %ﬂrérhsﬁm%co@ctjk ¥ ok (0
(Wiseman and Zereini, 2009) . .

PGE OFMICHTAFERBARELTNDZ J:%ﬁ’%iz\ ST OESZIERICET S PDE {EiL.
I hERSFH AR T Fu—F L LT, AL TR /TP A0 PDE HICESS HDELTND,
PGE 28+ 2RO NI REMERIILITOLEB Y THS,

e ok ] :
AUYTHTA, FRITA, OPULARTILT= 7A@ﬁéﬁkﬁféﬂﬁ7hﬁmﬁb19tw
. AUVTA

o 7y MERHEFRIIAEENLA Y Dy AGHKFIE Ebic 24 FERIEEEL, I Ay
R oA IBWTHEIELRLE A, 14U D7 AXRBIRO—AE DNA Slif%
FR Ui, 2 KRR TiE—F8{ DNA LR b b= (Tavicoli et al,

.2012)
o E%ﬂﬁ%n%ﬁﬁ‘?‘éf:é‘b\ Wistar 7 v FEEMS, H{bA VP UAQ@HAKFIH (L VT

AL LT 0, 0019, 0.19, 1.9; 9.5 BT* 19 pg/day) % 90 AREAKBREEShE

(Tavicoli et al, 2011) , 0.19 pg/day YA EDERERICBWTERELTRR TS H O
ML Do, T ORERILE QRO PDE HOREIC TR bOTILR
hrof, ’

. j-z '7A
o MWEMEFARAI T AIIAKIZHE M ETARY (Luttrell and Giles, 2007) . EBARAZ
v AIEEEEE L TR (McLaughlinet al, 1946) .
o WELAR IV ARBEHRAOHREICANLI TN, NREAAIT A (0s04).

i, BE L LT, BEQREE. B, £ BROKEXICHT SR, A, KE,

AR OBIROBELSIEE I L 55 (USDoL, 1978; Luttrell and Giles, 2007)
o MEEE{EARITAL (FARAITALELT) OFFRERF (PEL) TWA X 0.002
mg/m’ TH5H (USDoL, 2013) . '

o TYUA
o Rh®¥ (K;RhCls (NH4)3RhC16) IER X3 5&774%1@%@1&%7 L7 (Biinger
et al, 1996) , ZORBRIZBVT, HRBERCECEECEL T Yy AEN
7 :)vaC%ﬁ{ﬂ LTEY., AL LbBEEEARIBVLOTHoT, Ty ME
MM AR T AGHKTIS & L bIR4SB E L, A v b
F oA ITBWTRELLE S, vy AIRMREO-AREDNAIBT ZFHFFE L
7= (lavicoli ef al.,, 2012) , RhChiZ. b MU L 8RkEAVW/MMERBR CREEES
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FU, BLERFODNABE (22 y b7 vES) ZEMSE (Migliore ef al,
2002) ,

S -v'77:&_5{!:1:v?A%&##éiﬁ%ﬁwrﬁNmﬁ/t%i_:rou\'a:t /98
H15 ppmD AR T, MBI~ TABEYHEOEERERDBMAED bk,
NIV MBHULTWAEN, BEICEIT—FRHEVICHLBENRLOTH
B, BEAMBIZOWTOREBERDHZ EIXTE 22 (Schroeder and
Mitchener, 1971) ,

o v&A(MaLT)@éﬁt:—A&UTW%mA%®mLTWmMImyn
T b, RWDFEEELAMDOPEL TWAIX0.001 mg/m*TH 5 (US DoL, 2013) ,

o T A
o W 2OMhORugEEiE, FX I F 7 RAETASHKE ITAICKKIZEBIT Bin virod RS
BT T, BEEHERIEZ3EE 27 (Monti-Bragadin ef al, 1975; Yasbin et al.,
"~ 1980; Benkli et al., 2009) . _
”wT 7 AR OREEORILITE (194%) , TSI L BBREROLREITH
200 AR TH B, ﬁ@ﬂ?ﬁﬁ_ﬂéﬂ’bﬁ_ﬂ/T 7 AMEEIE. FIZEY 33 (Furchner et
al, 1971) ,
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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;17:411 417
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TEHTPEI A N7+ 2

ol
¥ I OPDEEDIEE
1LY (Se)
' #Zn0 , i % A
PDE (pg/day) 170 85 135
P

Ty (Se) ik, HBPICFELTEY, MESEEDEAEI LB LELESH S, LT,
40DREIRIE (2, 0, +4, +6) ZMBZLHARTHY, ERELY, HEVVBERDTE
LUBE L Wo B OFRETELD, ELViE, b FE2ERELOREIZE - TUEOME TS
Thd, ELVE, FEMRELV /I VATA URNAILL Y F U0 BIZRDIAERS, EL Y
i, TARBIZBNTHME S LTHWSRTVWS, Ru-Seftifil, BEETICAVWLRE, 7
U= LrBERVOBTAXE VORER, FEERICBNTH L 2ERE b,

LR EDORI L 2o B
L lid, IARCIZE Y FA—T73EEW (BBAHICODNWTHETERY) ELTY X MERX

Chis (1987) . BBV TEBAERH D LRRENTWEIE—DF L&, Wik

L TdhD (NTP, 1980) . US EPAICL B &, FilbE L i/ —7B2 (b MIRLTRBAME
OFREMERSH D) hicdhH s (US EPA, 2002) ., ¥ L k&, ﬁw~7n(tbrm%m
AMEIZDWTHEHTERY) ITHEITH3,

L RN TE L r~DOBRFRFEICGED Oh DR VEELEERIZ, BB T 58T CRE
ESPTRURE L VW o R FHEEL T OREL T2 L UPEETHS (ATSDR, 2003) ,
BAEDOFFEOE L ACHTIBEITE LTV 2hDBE 55, LUt TrRREE
EHIRT 27w, e REBEN, WELEREEZ400 pg/dayilBREL TS (WHO, 2011) , 8
WEIE, FRAMELTOZBLE VO XIERRE LV CBHERE LR OE, SERUB O
P, BRI NI & Vo T RRIR SR RIS T A B DN TR TWW 5, TREAMICIREE X
it P L THESATW 3 b 0REE LR SERYS, EAROTEELL DL 2—A
XiEFAPBRALESH THLREOATEYD, £, BV AMEREIITREL VDL 2 —AF
LLiFEF A FOSHERABRE 21T BB aRE&iL, ﬁmmfﬁﬁaﬁﬁéﬁ%ﬁibrwéu
wx&ﬁﬁoﬁmmﬁemt%w&&orw&w(Amm&mm)

HOREROPDEE

Hibe L EET 35 v MRIBAMRRICEVTIL, RIS AR BNOAELA3 mgkg/day (&
L& LCL7.mgkg/day) Toh-o7= (NTP, 1980) . £ DO E L o ORNRAMETHET 27—
ZFFR+aTHY, FomEDHFBBEEO L MR EESRIEME SR TWVAA JARC, 1999) .
TR, AFEREREORER THD, W 2hDE MNF—FBAFRETHIMN, [BEMH
BREBUICHBITD LDOTHD (ATSDR, 2003) , B SN 7-PDEfEIL, &L OMRL 5 pgkeg/dayiZBi L

t%@?%é(Nmm{mm)oWE@ﬁ(ﬁﬁmiWWﬁﬁéﬂtﬂ~H)%%ELT BORE
BEEOPDEEZUTO X D ICE T 5,

PDE=1.7 mg/kg/day X 50 kg / (5§ X 10X 1 X 10X 1)=170 pg/day
TLVHREEOY A7 D), F4lk LTHREI0EZRIR L,
M & 5 ER OPDEE
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t FERUOERBYWCORBREE L. B L BE., “TZV/@TERU\'E L) AFA= ol .

DT L IALAMBRRABERENEES, LIELIEREREO%EBA HIELAS RN
EhBZEEFRBLTNS (ATSDR, 2003) , RABEROEYFHFFRSE~0%THSEZ &
PREE 2. ROBBSOPDEMEZEERERTRL T, BEF L SBERFOPDEEZUTOLS
ICEHLE GUACERSIATVEEBY) .

PDE=170 pg/day /2=85 pg/day
0 AMRSEFs OPDESE

NG SR DG ISR L. IR BT ARARBORLBEOEV—I—CThH 5, HHERERE
i3 LRI T A RN E THE0.2 mg/m B R be (US DoL, 2013) . ERINESRIZFEAIER
£/ —7 (EU SEG) [IMGEEMERERA 0.07 mgm’#FRE LK (EU SEG, 1992) , LAL7aw
5. EU SEGOREMBREIRR (OEL) 1. BARFATICHEELRVEEDRIFETHLE
LIAbABIRESWTEREShE LR THB, Lo T, US DoLIiC L b & H & /OELZ
v, EEREE (TEIEBWTEEESNEFI~FS) 2ERICAR T, RAREROPDEE % L
T LS EHT S,

. _ 0.2 mg/m® X 8 hr/day X 5 day/wk _ 0.048 mg/m’
’@ﬁﬂ%@@%— 24 hr/day X 7 day/wk ~ 1000 L/m’

=0.000048 mg/L

0.000048 mg/L X 28800 L/daY =0.028 mg/kg/day

—RAgE= “50ke

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

BEFIW

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

'EU SEG. Recomimendation from the Scientific Expert Group on Occupation Exposure Limits for Hydrogen
selenide. European Union Scientific Expert Group. 1992;8EG/SUM/22C

IARC. Overall evaluations of carcinogenicity: An update of IARC monographs volumes 1 to 42.
Monographs on the Evaluation of the Carcinogenic Risks to Humans. International Agency for Research on

Cancer, World Health Organization, Lyon.1987;Suppl 7.

IARC. Scme aziridines, N-, - and O-mustards and selenium: Summary of data reported and evaluation.
Monographs on the Evaluation of Carcinogenic Risks to Humans. International Agency for Research on
Cancer, World Health Organization, Lyon. 1999.

NTP. Bioassay of selenium sulfide (gavage) for poss1ble 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. Limits for air contaminants. U.S. Department of Labor.
2013.

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

WHO. Selenium in Drinking-water; Background document for development of WHO Guidelines for
Drinking-water Quality. World Health Organization, Geneva. 2011. WHO/HSE/WSH/10.01/14
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&R
$ROPDEEOPEE
& (Ag) '
Ba A | BA
PDE (nug/day) 167 14 7.0
Frig

] (A 1, E& UTREE OFRBRT, RUFEREIID 2V BRI OBETHRILEY
FIZFFET 5, SBid, EICEBD TEFIZI L, 2, BELTWAEES. BRI 25

© DEOEETRACHEET D, KEKTORLEERBEEYIE, HBEERVELRTHS, I1F

A ORI, 10~100 ugke ORI THMEDORE ST, FBITRBENICHETII R, 5
AFEHBREETATHS, RII=FLrhbzFLrdFy FADBicB W THiEs LTH
WERTWD, B~ FI U LAEEIT, FEMINVE=NMCEHORIRFKE LA NS,
BELERIE, FHARICBVTEMRBREAE LTRAVWLRS,

e EOBRILE ol Bt
SUITREMS LR, S BV IEEHRREOE hERS L LB, RAAKD

B3 FAREMERELTVRY, ZALDF—FIiESX, ﬁE#it MZBWTEBAEEE
'é‘étfi%’t? ER T2V (ATSDR, 1990) ,

SRR, b OSERICN T BRSO R TR LRSS E ERERTH S L Bbh b, B

RO b o —FHIREEIZA V55 (Hymowitz and Eckholdt, 1996) , $RILHEEIL. RE[HHY
RREBOERELELELDLDOTHY, RICXDAT =V ELFEL KL RoEE~DERIE

HENBELE, & 1//\!1/03@,&03'1&7\#;* MR CEEORIEME NICBEEAELDI B35S
(ATSDR, 1990) ,

R NREERFOPDEM

HEME < 7 RICRYERERZ0.015%ES M L7=8ik (0.9 g/v v A, FYERER32.14 mg/ke. $864%) %1250
5%, SOBENRPREEICES HRTEENETES B X iz (Rungby and Danscher,
1984) , LEEDIIAREMY & BB L CEEES TR S h B, TOMOBRK Lo%EIRD
BIVRMoT, MORRICBW T, <=7 RICHEMR mgke T BEHEREA LERIZ, SRASHA
WTFEET A Z ERRE N (Rungby and Danscher, 1983) , ROREMHOPDEEIL, 2RHAE 5
pg/kg/day & FE LTy (US EPA 2003) , EIEMRE ((FMEICBWTEBREINEFI~FES) %
EFELT, BORESEROPDEEZLUTO L 5 CEHT 3,

<

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

R I N-FEHEAOTMEES DT L. PDEEDCREICLOAELEZERA L - &M, F5
& LTREI0RBIR LT,

HESHT & 2 BRER OPDEE

US EPA (2003) 1%, amo FERUEHREL AW EYRIEORICHLEELRBE LIEME
EizLk, v bORME Q~9FEM) ORIRNREDT —F 2 HWT, BOLOAELZ0.014
mg/kg/day & FFE Uit EEMGE (RFHRLICBWTERENEFI~FS) 2ZFICANT, EBHICX
% UREERFOPDEME % LA T O & > i HH T 5,

PDE=0.014 mg/kg/day X 50 kg / (1 X 10X 1X 1 X 5)=14 pg/day
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HENOHROERIIEELRZELLARNI b, RIEFEOHREZLOELE A2 L, F5& L
TIEERSERIR L, '

W A BREE B O PDEAE

B O I OV B 25, 7 L~V OSROBARDE M B} BT SHECH o, &
BEER ORI MRS Y OBERFBEE (TLV) 0.01 mg/m’ (US Dol 2013) #fv. EEME

(I BWTEEINEFI~FS) 2BEICANRT, % AMREERFOPDEMEZ LA TO X D ICEH
33, . _ _

0.01 mg/m’ 8 hi/day X 5 day/wk _ _ _0.0024 mg/m’
24 hr/day X7 day/wk 1000 L/m’

ERURERE = =0.00000238 mg/L

0.0000024 mg/L X 28300 L/day
50 kg

—HHE= =0.0014 mg/kg/day

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

BE 3R

ATSDR. Toxicological Profile for Silver. Agency for Toxic Substances and Disease Registry, Public
Health Service, U.S. Department of Health and Human Services, Atlanta, GA. 1990.

Hymowitz N, Eckbolt H. Effects of a.2.5-mg silver acetate lozenge on initial and long-term smoking
cessation. Prev Med 1996;25 :537-46.

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

Rungby J, Danscher G. Localization of exogenous silver in brain and spinal cord of silver exposed rats.
Acta Neuropathol 1983;60(1-2):92-98. -

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

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

& Y 7 A0 PDE [EOHE
ZVU oA (T
: #&0 0] ;A
PDE (ug/day) 8.0 8.0 8.0

Frim

Emns Y va (T . FEHAOEBETH B, FUTAIL. & LT+ RUH3 D208k

WRRECHEET S, | linZV AR, AFFEEREVEFSL Y TL (K0 IKEELTEBY, &
DX SRS ) v ADBEOHICFSE L TWS, PEEOELLY VT AGBHERE, &Y
T AEDEL BAREETH D, MEF ) VAR, FELTRERL LTEERICHNERTWS
1Eh, MR, BEEOBE. F7R, EERU=F VT Lo BEDRREOT-HDEZERIZY
AnbsTnsd, £V '7-’A(3+)iﬁii7ﬁ%€*ﬁm:)¥ib\6;11'(1/\25,, &) U AIRBEFICSHETIE

2, REEBZEEEIRT b T eV (ATSDR, 1992) .

ZeetE ORI & e o T FE ik
t FRUBICBOTIE, EE, BICBAR, & U Y AOREEDREYDOBMICE bRSE
EVERNSE & Bbh B (US EPA, 1992; US EPA, 2009) , AKiEfEDHE (FiBslE. BRESE T
PRERER) IO EL D biVWEEE D (Mooreetal, 1993) . _ '
B NRERO PDE {E

b FRUEHICEITSSZ ) U A~ORORBITHELIELSENRET. BE. HlcBa L Bbh,

IR BV ATy MERAWE 90 BEBERRTREINTWS, LVGFAETHEBE

OREENPEMT D L 2BFE L. #V 7LD NOAEL & 0.04 mg/kg & E®H7= (OEHHA, 1999;
US EPA, 2009) , L7d->T, Ty MZBITHF Y 750D NOAEL 0.04 mg/kg % HIZHE D RER
O PDE {E&RE LT, | :

BERE (TEITBWTEESNEFI~FS) 2ZEL T, BOBREKFOPDEEZUTOL ST
BHT 5, g

PDE=0.04 mg/kg/day X 50 kg / (5 X 10X 5X 1 X 1)=0.008 mg/day=8.0 ug/day

HERIC L S IRERFO PDE &

2 U0 LMESH~DOEHBRIZRD, BEEOH AT —FIZRWEENhotz, FIEEOZ Y
7 AEOAHERFIRRIIE Y (>80%) (US EPA,-2009) " L7=2-o T, BERICLABEIRED
PDE fEiZ. ¥ OWgERF® PDE & B—TH 5, ' ' '
PDE=8.0 pg/day |

% A\BREZRF O PDE fi ‘ |

2 U MY~ OBRABEICRD, BEEMEDH ST — 2720, US EPA 11, & U 7 AOEA

FHCETABHIIBASRBBESEX HINICEIFR A THL LML, U T LA~DRAR
BEOTREEZ SOHEERMRIZIRENTH D . BERMTIER»o7 (US EPA, 2009) , & MR

CUBMICRBWTRFE SN ERBRRRETHY . BRARKIC L 2RINERTEL< . EEEARHL

Zxbhb (IPCS, 1996) , BOARUVRAREOS ) v AREC L VREUOFEARTFEENS,
T OEHR» L, BRARERO PDE [EIC2OWTIE, EHIC L HBRERFO PDE E2 b > TRET 3,
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PDE=8.0 ug/day

B35 3R

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

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

Moore D, House I, Dixon A. Thallinm poisoniﬁg. 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). Integrafed Risk
Information System (IRIS). 2009. EPA/635/R-08/001F
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A A
A X OPDEfEDHEE
' A A (Sn)
&0 122 BA
PDE (pg/day) 6400 640 64
i |

ZZ (Sn) 1%, BEHADEBTHD ., 2RUHAOB(LIREE CIFET 3, A SERLEMD 5L

C ROEERLOE. B, Bk, 7 o ERIC A S LA XEET B Y U AR U R B

FrUTATHD, AR, WLOPOTAFES IVERIXIARBEYRSPIEETS
(182E 720 Sn& LTHREILD pg) » AR, —EROBDIC & - TREZMICUETH D AReMA
HBEB, B ML THRATHS LITRERTWARY, HEXXQHIE, BEHAE LT, RUE
VT =A=(PVC) OREMFIE LTAVLA TV, EXLBAITICEENISBTMS L
WOBRN B, AEAZLEHmL Vs, JVEEECHEETIERAARIVBEETZ DT
HoHlD, ZOEEETMITERA XITELEN TS,

S S RTEDOR & o B

AARVCRARBICET Bin vivoDBEFEEGIERAEERIET S HDIZRY, W 2hDF v

FREICBOTIE, BhoEEL: LTONES o Er O BEBRISHENE VW EFE T

bHofe, BETHE. ARRURAE in vitro7 v EA B W TERFECE LA TCH 7205,

ARXRVAREDI BN OLOEBEOS QIR afEBEIZE L THEThH o (CICAD,

2005) , TV ARUT v P TO2ERBRICBWTIE, BIEE—AXITEXAEIT -1
(NTP, 1982) .

# 1R RF OPDEE

iz, REEOREEDT v MIBIT SR LBZESEHVIHMEEFE Thol, LER-T, &

MR EERFOPDEMEIZ- DV Tik, B BHEVNOAEL, 72505150 ppm (AX & LT32 mgke/daytl
%)  (ATSDR, 2005) IZESWTHRELE, ZOEIZ. Ty MEBIT30BHEBN»LE LN
LOTHY, BILE—RAIZRERESNET v MZBWT, 500 ppmEl EOREFHETOZ M D
BiEZEICRES NIz (de Groot et al, 1973) , NTPIZ L 2 13 EMAERERR (NTP, 1982) 1= -
BT HEEFRRHEIL, de GroothiTXARRICBT D2 bD LY bRESh T (BIXE, ~
EuE AT AREL VWS RBREERNRET —FORE) Zéhb, BOREHOPDE
EOBRECBVWTIL, de Grooth DRBRIINTPORRBR LV L EERHALOLEEL B, &

ERE (FRICBWTEBEENEFI~FS) #EZEBICANT, BOBREROPDEELXZUTO LS

WEHT 5,

PDE=32 mgfkg/day>§50 kg /(5 X10X5X1X1)=6.4 mg/day =6400 png/day

HERIC L 5 REROPDEE

ARCHETDIREE V2 —I3, HEHRHICLIREZFKICHRD PDE HOBEHOEDICEFERTL
PO MEF EZEETERDP T, AXRUERZ X% 0 NIRERO £ MZHFBEES
5% (ATSDR, 2005) ##iZ, BORERFO PDE EEEERE 10 THRL T, EHIC X 3REFD
PDEEZEH L Gl1ERZERINhTWBEEEY) .

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

W MBS (OPDEE
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ZRNWCE L TORSME LY 2 —1%, WAREREICHS PDE EOEHDEHICHL REFER
A R KN DN T O B P DERMEF 2 EETERP o, AXICHELT TLY (2 mg/m’; US
DoL, 2013) RFIFFHETH D, MRL #RETHICRT—ERAR+2THD (ATSDR 2005; EU
SCOEL 2003) . L7EN-T, EORERO PDE H% W ARERED PDE HICEBT DD, &
¥100 2 AWVWT, ARICET 3 PDEEEZEHNT S GlEKERINLTHNDERY) .

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

BER

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

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

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

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

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

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

TR 1 FZ 4

AV BV Ar N
IV AOPDE(EOEE
RFT A (V)
Z0 TEH A
PDE (pg/day) . 120 _ 12 1.2
il

NPT A (V) i, HBRPICKETREE LTHEEL., BaezBRbRE (-1, 0, +2, 43, HMEWV
+5) TIEEL D B, SFTY AR, FLAFIVESFY (VO) RUARF AL G (VO

L LT, BEAEOEDFREICHRIBRFET D, AT VY LADEEMEN,LORIIIThI

<V, & FTORENLDNNFTI Y AOREREHEEMEIZI0~60 pg/dayD@EHEIZH B, BBAN
bOBRERITKRICE WV RERY, HEERERES T140 pg/dayTh s, b b—FRARNEMATOD
NI AOIETREZSETHDIN, 2 np/LBAEERBO LB THB, ERICELHHLT
WBIZHARR LT, b MERIZBT 2357 V0 A OKRERRERFHRENIIES TR,

LEMEEORIL L o EH

NFVT AL, BESEETT ., EREMEEZ bR (ATSDR, 2012) , Ef{EAF U0 A
i b MO LTRPAMEOTRIELR H DPH L L THRSHL TS (Group 2B; IARC, 2012)

ENRER O PDE {E

BHE UL b~OROREZRIIBNTIE, HEE, LOFARARCLIERNEE2BHEEHTH S,
BOREIZLDATV Y LAOFEEEZFMT 3 DR LETRRRA, TP U L2 2EMRES

ke MIBWTER SN, ZORRICBWTH, BRET VB0 A3 P+
DN (RFD AL LT012XIE0.19 mg) &4 EAT6~12EMERE L HRE O mik$m 2

F A&, FHERE (WEFERLVVICEVAIE) . 2 VATFe—ARRMNI U FEE, -
ERAE (MAPRFBERICLVAE) | FEXIOFEICHEFE2E(LIT2d -7 (ATSDR, 2012) ,

MEEAREER CME~OFEBI T 5370 AOKEONOAEL 0.12 mgfkg/day%, R OIRER
DOPDEENE IV, FIERE (HRICBWTEEINEFI~F5) 25EBICANT, &O
REROPDEELR L TOL S ICHEHT 5,

PDE=0.12 mg/kg/day X 50 kg / (1 X 10X 5X 1 X1)=0.12 mg/day =120 pg/day
HES I K SR ER OPDEfE , ‘

NFPULCETIREME L U —id, BEHICKSRERRICHRD PDE EREHOELRZZFE
REMBEREZ/FETERD2F, AT PUARVEEAFTC 7 MeEYcET 388 L 20N
IREBRF O A FOFBRY 1%RFE~10% (ATSDR, 2012) ThHAZ LB 2. BOBREROD
PDE fE#EEFEE 10 THRL T, E%Li%&ﬁﬁ@PmﬂE%ﬁmLi.Glﬁkﬂﬁénrw
2R,

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

W ABREE R OPDEE o
5 u h OUERIIRIEE ABERIRS, T U0 AT 5B ABRER OPDEE~OTE A D ibic

mEtank, ZORBRIZBO TR, YERRICAVOIARERETH S ERB/ SFU T A0S
mg/m* TEPAERABRD BNz (Ress ef al, 2003) . HEME ST P U aiL, BAFITHO, &
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EFTAYA R4
}

RIPITHEET D LB L bR, Uil o T, &OBEROPDEE - EEMREI00 TR L T,
AFVY AICET BRARERFOPDEEERH Lt CIURICERSh TV LEEY) .

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

BEICHR

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

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

Lyon. 2012;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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THETRA A RS >

1653 4 245
PDEAE> b T3 RSl DS A B ~ DR B

FFvalrl: —AEBREN 10 g 2BLRVWEAIONO, BARRS &R0 TERHEDOS
g#i@ﬁﬁﬁ&ﬁ:{ﬁ '

ZoflE LT, SRS (REIEERUTIARER, RA4l 3B) 28475, BAk—AE

D& 25 g ORABBEANCOWTHRET 5, ZOMAORRK— BERETI0 g2 B2 R0k
o, BAZ20FFRETRHWAILNTES, A7 a  REEDHERREL B0, 4
FINF P DOIRSSE EDL I RERTCAVTH LV, YZREOARIAT VLRV =v L
A RN THOEEDTHY, VAIZTEARAAL MIESEE., ©H, Y FI YA, KEBEUS
FTOTLBEEL RTINS, ELBAMDBRA22ZCRENTZBECHEELTWS EERETS
BAIBHT, BAPOZTHEFMPORR—BEREITIFRALL WRENELBY ThHd, b
DREAHYBROEIER—ABERER, BA0o— A ERERUVRA22OYMRTHERMDOME
EREEZAVWTRESNS (REREEIZEBAOERFEO-RERE2S g2R L) . RAL2Z

BT, ERFAMBORA—BEDENL, £H 7 JTRSNIEOEF LITRGRN,

Z ORI, ERENROPDEEEE B RRTHIARNE L EIELTNS, LT, =
NOEMBAS OBENEZ BOHE BT, YHIHIE, BE SRR ThZh

DOPDEEZBEARNVLOTHDZ EBMEEEND,

FAAL : BAERR ST DR — H R

HEELAR ST —AERE (g
i3 . 0.200
#iEE L —2 (MCC) - 1.100
wLyE 0.450
U UBANY T A 0.350
7 ARE R 0.265
RFT VeI XL T A 0.035

bt Fefxsrra i Fil

A Z—A (HPMC) 0060
EBtFar . ' 0.025
ER{ldk 0.015

iz 2.500
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HAdD BALLNEEE L EHARE BEFIALE L. b, —HEREEI gl RKET 58

) -

BXEERE (ug/e)

WAL Pb As Cd Hg Pd \4 Ni
JRZE 0.5 1.5 0.5 3 10 10 20
MCC 0.5 1.5 0.5 3 10 10 20
SLEE ' 0.5 1.5 0.5 3 10 10 20
U UEEANAT T A 0.5 1.5 | 05 3 10 10 20
7 RARE R : 0.5 1.5 0.5 3 10 10 20
AFT VBRI RL Y L 0.5 1.5 0.5 3 10 10 20
HPMC . 0.5 1.5 0.5 .3 10 10 20
{4 0.5 1.5 0.5 3 10 10 20
Bl gk 0.5 1.5 0.5 3 10 10 20
BA—HERE (pg) 1.25 3.75 1.25 1.5 25 . 25 .| 50
PDE (ng) 5 15 5 30 100 100 200

¢7VQ/2a-—HﬁﬁﬁmﬁﬁéhTW5%ﬂ®tb® @ﬂﬁﬁﬁ‘éﬁ@m%?%%@
BT HIR R B FREEE

IOBELT, A7 /ugsrawcm\&m‘_\ RS (RENFEER CRMASTER, &
A41BR) ¥EFT A, BA—BEREN2S gHRLEOBABMAIC>HDTHRETT 5, 47
g L2l EDOHEBEL RS, ﬂﬁﬂﬁ?@%ﬁ%%k@io&mirmwf%iw
W EE DAL AT ST ART=y FARBEERANTVE LD THY, URAZTERARY MC
HESEEH, BHE, A FIVA KERUOATVTLABEEKER>TWS, JAITERALPT
HE LA TRTHYOFERBEL. RA2IOPDEERUVRINLHEHINGED.

b B RIRAASELY 85 Bk — AT, AHMHORRO— A FRER URA A3DRHET
A DEEREEE A TRESNS (REREEIC AR OERED— R HRELS g2 RLS) .
FAAIITHT, STHTHIOR— BB, 477 MR SIEDAH 2 R,

TOEHEL, FRAFNOPDEMEE R X AREFMBI RN EEMELTVD, LER>T, O
U BERREES DB ENB R R VES TRV T, SERRA, B ShETERMG TN TN
DOPDEERBX2WEOTHDH I LBRIES D,

FFaviEAdTraal CHABEF B LEGEICA T3 /2a®#&2§1§75>4{ﬁh_i%j]n
LTWA SR X201, BHAD— REREL LTERENI0 ghURs gVl ick?

HDTHB,
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TR A RFA

RA43  —HEMBSHESH TSI HAORKHFFMEOHE (BENIE L HE LILBE)

BATARE (ng/o)

-
' ,}

%ﬁkﬁ%} Pb As Cd Hg Pd vV Ni

[CE 3 2 6 2 12 40 40 80
MCC 2 6 2 12 40 40 80
s C2 . 6 2 12 40 40 80
U BEHNT T A 2 6 2 12 40 40 80
AT e 2 6 2 12 40 40 80 °
AFF ) Ve SR T A 2 6 2 12 40 40 80
HPMC ‘ 2 6 2 12 40 40 80
b & v 2 6 2 12 40 40 80
[l 2 6 2 12 40 40 80
BRk— AR (up) 5 15 5 .30 | 100 100 200
PDE (png) 5. 15 . 5 30 100 100 200

FFvay 2b: —EEREMEESNTWERAOREDO, EIERES T 0TRSO
28 E TR EAE -

CZOPE LT, ATV arIRURaAEBCHWORE, SRS (REIFEE R UEnAsEE.
FALAIBR) 2EHTH, BEA—HEREN2.S gD U O BEERAIC OWTRET S, YUiE

BOERIINRTZ VUV LRy FAEERN T2 b O THD, VAITEARAAY MoESE

fa. b}/ A FIVA KBRUATVTLBERER>TVWS, 7Y g L2 AN DI,
W A DEL S MR R O E B AB AL s P D& TR M EICET 2 BMO RIS\ TRE
ETH, UTORE, SSECTERSNEFRREM LB ORI TRESENHZ, HEBRESTOE

THBRFDARE T — 2 OFERTHDOTHSB,

% Add  ERBATOCTETHMRE (1g/e)

BE (ngl)

RS Pb As Cd Hg Pd 1% Ni

B - <LoQ 0.5 <LoQ | <LoQ 20 <LoQ 50
"MCC 0.1 0.1 0.1 0.1 * <LoQ | <LoQ
g 0.1 0.1 0.1 0.1 * <LoQ | <LoQ

VBRI D A 1 1 1 1 * 10 5

7 exRE R 0.1 0.1 0.1 0.1. * <LoQ | <LoQ

AFTY VRS R T A 0.5 0.5 0.5 0.5 * <LoQ 0.5
HPMC 0.1 0.1 0.1 0.1. * <LoQ | <LoQ
b7 & 20 1 1 1 * 1 <LoQ

ER{hgx 10 10 10 10 * 2000 50

P Y RI TERA Y MEIPABREENTAHY TRE2VERELTEY, EENERIB LT
VNARY Y,

RALMTHBT ENEEREAOT, FEEEASPOLETHELHADICELT, RO BIEEOH~
AR OWTEFEMT 5 Z & BAEETHSD, RALASKNINOGBEOHATO—FINRREIN
TW3, ZOBECBOTH, AREOCHRBBIEFZ VcBIV Y TOR TSR, MAHhDZ D
HEREES DERBIABENZ L, RUEOMOBRRRS P OSROBENEN D LA 5, PDRER
BABRWEEZLNS, ZhbOREERUVERRSER (FA4D 2V, BFIFOTHE Y
BEICOWT, RQOEAVTRET S ZLATE, »o, REPDEMLHET B N TE B,
FAASITRENTBE R, RALUSRENTBREALSESOESOICERTETHS,
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TR A FFA

# A4S BHBRRERSY P OFRFMD ST FHREDH

RERR ST

BRYEIRE (ng/p)

Pb As. Cd Hg Pd v Ni
gk <LoQ 5 <LoQ | <LoQ 500 <LoQ 750
MCC 0.5 5 1 5 * <LoQ | <LoQ
LB 0.5 5 1 5 * <LoQ [ <LoQ
U BN A 5 5 5 35 * 70 80
7o ARE R 0.5 5 1 -5 * <LoQ <LoQ
2ZFT Y BT IR T D 5 10 5 125 * <LoQ * 100
HPMC ‘ 2.5 5 1 5 . * <LoQ | <LoQ.
s 50 40 10 35 * ,. 20 <LoQ
ek 50 100 50 200 * "5000 1200

x W X7 7E AR DEAPABEEN TR MBS TIIRVWEREL TR, EROFERIIE

CbRTAR,

ATy a3 BEREEGOSHT

ZoflE LT, A7 a vl 22RTbIRBWTEWS I, IFERES
) ASET5, BA—EEREN2S gOR LN BREAIC OV TR 5, SRERROE
BRiE AT O AR= o FAMBIEERAVTWA BDTHY, VRITEARAY MIESEMHR, b
FE.HFI A, KEBROAFT T AL E 2o TS, AR O TR ORI,
Z (WEAV, BFo—RERERVYETHETHMMOREPDEEZHVWTHEBET S ERTE

B, BERTHHORET, REPDEEL EELRVEIITTNETHS,

# A46 : RS OREOFRE

(RS TR OIS

BRHERE (ng/g)

—HHERE (g Pb As | Cd | Hg Pd \ Ni
A 2.3 2 6 2 12 40 40 80 -
BRk—BEERE (pg) 5 15 5 .30 100 100 200
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TEFRY A T 2

4 — TR DI

UTOME, mBm MOV RITERAA L FOFRERDZEZERLELOTHSL, = OF
g, PIRZBERLEDOTHY, VRITERAV M2 XETIM—DOFELRLZ L E2EH
Leb DT, VAZT7TERAAY e RRBREDOIEADT Fu—F o id e ik
Db,

ZOFIE., HEACERENRTWAENEAIE SN bOTH D, Thbbousmms (EIE]
FEROUEMAEE) 288 L, RRX—HEREN2S gDROBEFMANCSWTRNT S, %
HREOSRKIL, 17 V?‘A&U:y&/bﬁkﬁ%ﬂiw'cwé%;@'C%éo

. "7

MRS, SARREIANE P a BRI~ BENEAEREDOEELEAELTY
RITEARY M ET D, YHBEEL. BHTCRAV AL TMAICELT, BENLE

BF—F2RETHCLEE TR END, M7 =—RA2BLTI/ TR ITE (bR, &

FIUh, KR &) 2BV LT 2RELR. UTORIZ, VAIT7ERAAV MIBITS
BEMTETHMOBEDRR THELNNROBEL R LELDOTHS,

# A7 BENTRAMBDORE

e

AR BRI | ERAEWEERD | BUERRE - BE | BEEREND
BENTERAOE | »L0BENT | OBITHTER
U/ EFmE R o e i
ETER TR
| B3 Pd, Ni As Ni 2L
MCC 2L As, Cd, Hg, Pb : 2L - 2L
FLbE e L As, Cd, Hg, Pb AgP L
VBN T A 2L As, Cd, Hg, Pb V. Ni 2L
FaARE Ry L As; Cd, Hg. Pb 2L 2l
_7; ;; i ;% ' 2L As. Cd. Hg. Pb Ni 2L
HPMC L As, Cd, Hg. Pb 7L 7L
BRbF & 2L As, Cd. Hg, Pb vV L
BE{hEk Ay " As, Cd, Hg, Pb V. Ni 2L

WHVRITERAY M, BNMOFREE2LE L TATREOBENTERMY 2EE LE, +
DY bR RHYBEENEROBRES PO RWNIFShE, YEBRHEEL, a5 O,
ARRILBROT—FPLEBRENEL, YUBURITEAAV FEHELE, URZITERAY
M7 a REBITAEx OBRES T —F it RALSJTRENTWS, TRERHHOB—AER
B3, SRRSO — BEREYEERR ST ARBREZR U TEHENS,
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