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PDE = 1.1 mg/kg/day x 50 kg / 5 x 10 x 5 x 1 x 1 = 220 pg/day

FAST ROIEH = 1008 =485

(toxicodynamics; TD)ol| &3t 2789 3}

Ell &} (toxicokinetics; TK) ® =A45H%
AATE Yem  don, 77 Hee 1
~316°ltt. EF W37] 59& A &S TK 2AFE F 13 Fo A 1.582(~1
), € 13 Fof Al 12(~5827]) ZaAZd 5 dv. F 13 Fos= 4,
F20 th3t st Als A e ol &3t 5% Xl tig At 7lEe v+ 2ol
A = AT

1511—71-7

N

ARt 71 = 1.1 mg/kg/day x 50 kg / 5 x (1.6 x 3.16) x 5 x 1 x 1 = 440 pg/day
AL HHOZ o] Fhs 400 pg/day o= HHE ST}
A 2: HEAF RS ol&sHA ¥ FHEE=AE TK =44+

A4 ¢ Jdvh. 5% Z9 A5 HA2HMEFMRL) 0.02 mg/kg/dayS ©]
= 7

W17 4%101@. o] Fée

o

(0]
oo oE
ZOL_’:

At 71+ = 0.02 mg/kg/day x 50 kg / 1 / 3.16 = 3.16 mg/day

SRR

)

o2 o] k& 3000 ng/dayo = wh& gt}

34. B AT AF

A& o] 28] 7HA ] BIA T A o|FFS PDERRH 387ts T&%
(permissible concentration)E Al4Fel7] 3] 1dHNEZFS AL + ATk A4
A5 F /‘}%5}:‘ xe T T BAE 19U EFel 28HE 23S F e
A F(A: drErx AWFLay, AlA&4)e 4ol PDEZH-H
'34%7}%‘ AR 74] & o 288 &S AHEE T AT (Ref4).
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g0joH4

ACGIH:

American Conference of Governmental Industrial Hygienists

ATSDR:

Agency for Toxic Substances and Disease Registry.

CEC:

Commission of the European Community.

CFR:
Code of Federal Regulations (USA).

A7 #E](Change Management):
W7 AFGe] AlRE, 7Y, 91, o, AE #I AAZHA HH(ICH Q10).

CICAD:

Concise International Chemical Assessment Documents (WHO)

4-7]u}7] Al2H®l(Container Closure System):
ojefF S H¥sta HEsteE TAAAS FH A ZAAA 9 FUHHQ] RS
Z

S71vl A=l s

o 1y

2] X = (Control Strategy):

g A AlF FAS ZASH] A6, @AY AF R A gk A olA
=3 &

=

=
, A B A 2 23, IPC, HF AF 74, ZUE 3 8 e
F718 X8 By A €L 5 Ao (ICH Q10)
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#e] {HA|(Control Threshold):
w&5ETE %7 Al PDEE 94 F5F F7HHQ #E7t 2akA adstr] 4
5

sl A&ste Ve AE W v5ETE2 PDE #9 30%E ¥

19 % F(Daily Dose):
BA} sHpol] Fople ookFe] T

EFSA:
European Food Safety Agency.

EHC:
Environmental Health Criteria. (IPCS, WHO)

EU SCOEL:

European Scientific Committee on Occupational Exposure Limits.

EU SEG:

European Union Scientific Expert Group

AY kA Al (Herbal Products):
Aoz 424 2oy HEA A9F =Aes 4 dEo=E Taste 9
|

oFF. AFel Wt Frl=oly & 7 =2

IARC:

International Agency for Research on Cancer.

¢ &9 #1314 (Inhalation Unit Risk):

E(1 ng/L)oly 711 pg/md)ol J= AH B Ad&FHoE LEFHE
TS o] e A 23 JHA o T AFEAE. Y 99 fsiAdE o
2ol gt &9 YsiAdel 2 x 10%per ng/Loletd, &85 1 2H F 3
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stetEdo] 1 pgoel Ae 4o dA < WY === 45, 17 1,000,000
W2 23 o DA Aol ddETE 9n|oltt. (US EPA)

IPCS:

International Programme for Chemical Safety.

IUPAC:
International Union of Pure and Applied Chemistry.

IRIS:
Integrated Risk Identification System, United States Environmental Protection

Agency.

LOAEL(Lowest-Observed-Adverse-Effect Level):

A =' 2d0A w43 T3 FF2 AL (H=x) A} FHH

FH, 715, 4%, T, FHC Y FAES Fdste A=
[e)

23] sotg Bdo AX v EE L&D ojvAT)

LoQ(Limit of Quantitation):

pauye ARPAE AAE AEW AU AR8Le AAT AL

Je HaFolth AFTdA= A UHEEV\ < e AsEs Tt
O

B 2, 5§35 2oy ZeddEY

rr
TR

LOEL(Lowest-Observed-Effect Level):
w2E Agold A Uehe dde] A4 mE
FolRE FAATE Ao AGelA =AE 2

HEY A Modifying Factor):

4 AL Bohstel AR AL WEEY AR 243
A kA B BlEE Ag@Th (CH Q30) (HHA A% 3
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MRL(Minimal Risk Level):
Ad Aol M =E2FHE FRYT fAsidol TASA Fodal dqdE=

A X (ATSDR)

NAS:

National Academy of Science

NOAEL(No-Observed-Adverse-Effect Level):

AY w2 2AM B3 AA Fu, 75, 4%, TG, FHel AE AT B
37 GG fUeA Yt AoE Aoy BAL T woty ojw Hro
A ¥ B G o @

NOEL(No-Observed-Effect Level):
wEE Aol BN Uehtt 93 444 E: NEE 4EaHow

FoluEA FANAA G AoE =AY AT 53

NTP:

National Toxicology Program.

OEHHA:
Office of Environmental Health Hazard Assessment (California, USA)

OELV:

Occupational Exposure Limit Value.

OSHA:
Occupational Safety and Health Administration (USA).

PEL:

Permitted Exposure Limit.
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AF AF7](Product Lifecycle):
Z7] /i GARE BujE AX 1 AlFel SEEIMA EE AF7] SA(ICH Q9)

F 3 (Quality):
AE, Nzd T2 FAH WAZ EAe 71%2L £F5E F=(ICH QA ¢
FolofE B Ao efE Fdo At H

o

F4 93 #E(Quality Risk Management):
AF AF7ol A4 oofF: FA tiz fsl B7h, A, ARyAold, AEE
gk AAZA Al (ICH Q9)

F4 A|2"(Quality System):

7 UL olYstn A ZEE DA 9% Axade] mE BE (ICH Q10)

23l (Risk):
HAel Y FEH A8l A= =F (ISO/IEC 7Ieol= 51, ICH Q9)

{3l & (Risk Acceptance):
S Fg37=2 & AA (SO 7Hol= 73)

#3124 (Risk Analysis):
yote Qe a4 AHA 3o 48 (ICH QI)

23l B7HRisk Assessment):

el 2] AapelM JRE eS¢
Q49 Hoti F 93 Q40 =&
(ICH Q9)

s B 2L Uels AAH @ 918
o] 948l #4 2 B2 T

_Hl RS
rr
ol
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#13 SAI(Risk Control):
el Y E AT AA AHe old et s (ISO 7lol= 73)

{0

[¢]

$13l #<l(Risk Identification):
e Aol EAES EYE o] FAA ax(HE 2=
AH ol AAZ &g (ICH QI)

X
12
off
ol
rr
fo
£

$13l #2(Risk Management):
387 BA, A9, AEE A AAF] F2 A" B, A, 45 (ICH Q9)

74 38olA ofwl 2o wHolw B4 Qo] WAEkA orlehs 34 (Ref. 2)

O!

7}Safety Assessment):
stehz 9o 249 FeEd I UW_ ek3 o) 3
o=z o #HH Hddl FHE Fol BUbste
o 22 ou|z2 AHESH7] = R (Ref. 2)

2
)
o
do oﬂ

A A4 (Safety Factor):

HAsiE 7t ME7H7F NOAELolW 718k Fargh(dl, WAnt=a &Foly WA nt=
&F9 3t 4lE FHA|)ol| A 8-3ll, ADI(acceptable daily intake)Yt TDI(tolerable
daily intake) #o] <tHstAY T3 fHsidol vt ATEHE Ve &=
=3t AHgste BEE(Re) AlF(NOAELe|Y 7|8 Faghs b A=
ol g A, A Al g 54 ST A, B o Ao
2ot 7%, 28 F& 7hed SASH AHHo dA s udt 22t #

=

7} Al (assessment factor)®} £ A< (uncertainty factor)E FraL3Hrh.(Ref. 2)

Ji‘i

d (Severity):
| Qof wet BAst= Ao +F (ICH QI9)

l(

Az
9]

[¢}
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TLV(Threshold Limit Value):

ok ZAGA7E WY =EEH s FAAQ FFo] v AAEHE 7] F9
TE(F, & FE 91 §5 Aol @A ). ACGIHZF TLV #<= 243
orid 7HA), sl 7AIRE &2 8AIRE Lkl S 4041 LRt al TR R
N ZE-7Fs & X (time-weighted concentration; TWA)o|al, JIe|EE T4 FFH

o] At (IUPAC)

TWA(Time Weighted Average):
ACGIHS Hoo] mzd, dutx oz a7 8AIZL, 150 40A3 date= A
ANZE 7VE B FEE 2u|dt (IUPAC)

—o
1o

URF:
Unit Risk Factor.

US DolL:
United States Department of Labor.

US EPA:

United States Environmental Protection Agency.

WHO:
World Health Organization.
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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 risk assessment of chemicals in food,
chapter 5: dose-response assessment and derivation of health based guidance
values. Environmental Health Criteria 240. International Programme on Chemical
Safety. World Health Organization, Geneva. 2009;Table 5.5.

3. US EPA. 0410 Boron and Compounds. Integrated Risk Management System
(RIS). 2004.

4. Holliday MA, Segar WE. The maintenance need for water in parenteral fluid
therapy. Pediatrics 1957;19:823-32.

5. Haxel GB, Hedrick JB, Orris G]. Rare earth elements-critical resources for high
technology. US Geological Survey 2005;Fact Sheet 087-02.
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o
N

Fel =kl AAIE 3

Z A4 WHRef. 1)F EEA QA A7 Y sto] thd IPCsel 7]1&H

o) o Asle] PDE #te Al4tsle] HAITH(Ref. 2). o] ¥HS ul= EPA
VA

24, Gé A-E F7I2 AHgsA @nem o= MRL 4t=A oln| £g
H 7] dZolth ek T4 A9-o URFE o] &3l 1:100000 #13 &5 2
83t PDEE AASRoH, o] 5 304 Hdudtt 45 F9 PDE= 34

3 =

A4S A88a, £F/0 BB 514 IF

7 #EAe] 2 5EAY A5 NOAEL £+ LOAELS EUz g3

PDE = NO(A)EL x A% %% /[F1 x F2 x F3 x F4 x F5] (A.1.1)

PDE: NO(A)ELO.ZRE A4tsts Zlo] nighzalsin], wheF NOA)EL A7} §
£ 7% LOAELS AH8Z & itk Agelid A8 AAN77] A8 AL
3]

74 ¥ 217] F(Environmental Health Criteria,

rr

H 3 7 7 (modifying factor)+«
EHC)e “EFZ4AA  AlF(uncertainty factor)’(Ref. 2)¢}, H|=H=EH
(Pharmacopoeial Forum, PF)¢] “®¥ A< (modifying factor)” & “Hd A<

(safety factor)” <} Zth.

F1& 7t 4ts 317 93 Aol
QAA "olHl H$ Fl1 =1
HEANA AlFOo 2 itst= A Fl =5
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BA 5 FHkele BAEAode F4 = 1

BA S-S EHelA g+ EHAIEAo = F 4 =
BASAE SHkels H7| P Aol F4 =5
BAEAE SHetA] e H71FAdd = F4 = 10

F5& NOELO] 52 g2 Ao J83te Aol

NOELS! 7% F5 = 1

NOAELS! 7% F5 = 1-5

LOELS! 73-%- F5 = 5-10

LOAELS! 7% F5 = 10
ok w5 st NOAELS ©]83] 7 PDEE AAFi, olw] #H
% NOAEL¥# NOELY| zto]7} A=A 3kal PDEC) i@ &= &FolA =
“HAFAR] Ao R FHA FolA F5E 1= ZAHSIAT

rJ

ox

As 2 A Fd AFE 50 kg2 7HA ) o

AsE AHEstd, o9k %

= 70 kg)oll Hlste bHAFTE = )|

AL 9oz o] o mﬁﬂzﬂ% PDE &%Al AHEE Al B AT
lar

(lifetime studies)”} F+3] HFFE ATt tFAT do| 49 Aoprt 71 qst
Hekols}t aeEo], 4ok ARE o]&3] PDEE AT WebA PDE= &of

=
=
o olepEel® HAsita & 5 gk

2 A119 A& Atz ALAE ez AARE IZRE 24 Ade & F
ChRef. 4). AETZ7F5o] e NOAELS 1 mg/day©lth o] AlgolA =
o] PDEx U3t #Zo] ALtd.

3% of

lu

PDE = 1 mg/day /[1 x 10 x 2 x 1 x 1] = 0.05 mg/day = 50 ng/day

o AANA A Alge v 2ol .
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AA Algel==z F1 =1

P2 ANAAFZEA F2 = 10

AN @7|Zko] 90| BRE F3 = 2

SO A0 YEtUA FROE=E F4 =1
NOAELe A8 oE=® F5 =1

P

¥ A1l o] 7iol=E oA ALt ALER F

SHEOl MHET 425 g OfRAS| 55 43 L/day
Yilot HEO| MT 330 g E7el 2 g% 1440 L/day
OFRA9 XHE 28 g 71UEe =8 430 L/day
alot O 29| ME 30 g AtEel = 5% 28,800 L/day
7Ll MBS 500 g Hel =g 9,000 L/day
a8 As0|9 HFE 2.5 kg Hs0lel =25 1,150 L/day
E7Q| HF(A Ee H YL 4 kg OreAol 2 M2 5 ml/day
H=H2 HFE 11.5 kg HEQl = HUFY 30 mL/day
HEO| 5T 290 L/day BHEO| AtR MF2 30 g/day
FuEd

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

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

3. US FDA, Guidance for Industry and Other Stakeholders: Toxicological Principles
for the Safety Assessment of Food Ingredients (Redbook 2000), available at
http:/ /www.fda.gov/Food/GuidanceRegulation/GuidanceDocumentsRegulatoryInfo
rmation/IngredientsAdditivesGRASPackaging/ucm2006826.htm.

4. Tvermoes BE, Unice KM, Paustenbach DJ, Finley BL, Otani JM, Galbraith DA.
Effects and blood concentrations of cobalt after ingestion of 1 mg/d by human
volunteers for 90 d. Am J Clin Nutr 2014;99:632-46.
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T
A

(
o
o
i
9
o

(PDE)

o2 ZT PDE H| 37 PDE =% PDE
=T (Hg/day) (Hg/day) (Hg/day)

1 5 2 3

1 5 5 5

1 15 15 2

1 30 3 1

2A 50 5 3

2A 100 10 1

2A 200 20 6

2B 8 8 8

2B 300 300 3

2B 100 10 1

2B 100 10 1

2B 100 10 1

2B 100 10 1

2B 100 10 1

2B 150 80 130

2B 150 15 7

2B 100 10 1

3 550 250 25

3 1200 90 20

3 1400 700 300

3 3000 1500 10

3 3000 300 30

3 6000 600 60

3 11000 1100 3

Lug/day)2 £5 30 7|=E oNMAH XNE2E HIEHSZE MHEEA2H, MER oUEN ME=CH £
S =X Lgpct ARl ZXo|AM o el PDE #2 1 £= 29 FEaxX2 g2 10
EXX7F 10|04, JtE Ttk EHele =2 ghgd ot 102Ect 2 PDE= 4ol w2l 1 E= 29
gich o Eo shed S ChE Fo{F=zel PDE A Alo| H83 5 ek
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¥ A22: 99 19 & FEHEFEY LR

of Fi HAlo|ekE, YRIFE, A M F FHREEC U

[¢]
JeFE o] FHEEE BFL WSS Aol AEdy) 9%

=
TR= F A21E EGE St

4 o= 37 5E HZT 5E Y 5E
= = (ng/9) (ng/9) (ng/9)
Cd 1 0.5 0.2 03
Pb 1 0.5 0.5 0.5
As 1 15 15 0.2
Hg 1 3 03 0.1
Co 2A 5 0.5 03
Vv 2A 10 1 0.1
Ni 2A 20 2 0.6
Tl 2B 08 08 08
Au 2B 30 30 03
Pd 2B 10 1 0.1
Ir 2B 10 1 0.1
Os 28 10 1 0.1
Rh 2B 10 1 0.1
Ru 2B 10 1 0.1
Se 2B 15 8 13
Ag 2B 15 15 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 03
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2 3 )18 ™A "It
QE] E(ANTIMONY)

L] &9 gk PDE L.¢F

Antimony (Sb)
AT u73 7 £
PDE (ug/day) 1200 94 2
Ae
FEEGH) S AAHoE WA LM F34 UkolH, R Az B
of AREET. &Fe] FEEo] Ao THEY. 37F B 57k dAE FEHE
2R 225 JPED R 37h FEHE HPE] F ASHY 54 =9

-

ol A 71 %83}t Antimony Potassium Tartrate(APT)9} Z2 IF QFEHE-
FAZA TgHog AGEHUTE AASIIEE2 FujAZ AFSEI Th(d.
£7)up7) A 2'lo] AF&E = PET(PolyEthylene Terephthalate) Aol AR-g). QHE]
w2 TR xR olR Fa, tiAFol tial ¢H % vF fITHATSDR,
1992). B} ARAFSIQEE =& Eo tigk &3fA o] W2 ¥hH, APT+ 484
o] THWHO, 2003).

dR A =4

APT—E SO7F AAY fl= HEdA ArdetE o] &3 =AWl APolA =
< YEHATHNTP, 1992). #3854 A" AEAdAM= tsEle 237 ust
]‘ﬂ, Sb(3+)7F @M A <& (clastogenicity) ¥AS UEIHE o= BT
(WHO, 2003). A} &8 7153 AE=2= 47 FH 93 T4A
of AdstA vkl AZrEth(Lynch et al, 1999). AAEH FEC] Ao AT
2 0|39 13 THV|Fo T Holn, A= HA, FEESE §238 &= Q) AT
Fao Ao AEHELS ZF FFHA G=THNTP, 1992). FEE UlFo=z HAg
o}9kA (subchronic) Al @A B+ AT A dkel b o] w0l 7
T2 Uyt 11559 SbE A7Vt 24 Fdst
]

shol Algst FEo BF7] olakgol 43 4 AUtk Newton Fo| AN

—‘—4
N
N
d
N
N
ol
e
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-0 FEES A= AN Sb BT =& A5+ AgHF o]tk (Schroeder et
al., 1968; Schroeder et al, 1970; Poon et al, 1998). National Toxicology
Program(NTP)= APTE &0l Yol HES} nf2o Fosto] 1443 249
AAAY. o] ddolM APT= A7 Fof Aol oz 54 e~
Ao 2 WIHHTHNTP, 1992). Poon 5(1998)2] Tlo|EE A% 7}3 Lynch
0.5~500 ppm2] APTE o]&3] REE U= 90d B¢ =85 H4d& 4
A, AgFlA vEhd s AdFH Fae B AT At A9E Ed=E
NOAEL®| 50 ppmelztal ZE<S WHTH(Lynch et al, 1999). °] A=
Schroeder 5(1970)8] X1} Xty JHE=E T =Fof dg PDE= HA
NOAEL 50 ppm(6.0 mg Sb/kg/day°ll ai@)oll &3t AALHAUT. HY A
(-5 19 F1-F5) 5 13 wf, F7 PDEx tha3 Zo] ALtdn

> ot §2 o

o rlo rf

PDE = 6000 nug/kg/day x 50 kg / 5 x 10 x 5 x 1 x 1 = 1200 ug/day

e
X
lo
f
)
[t

#
oy
3

g A 3 ol wbE(RE M dF, 1 AE AL

a3 22 HA NOAEL 30 mg/APT/kg/day
E 249 o] #& YE
Jo = 9047 AAIGH A3 AFotHAPTE 3 HE 6 mg/kg 5
] UYebd 7F o)A ¥ AI)(NTP, 1992). ©] &FolA A wrg-o
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PDE = 1100 ug/kg/day x 3/7 x 50 kg / 5 x 10 x 5 x 1 x 1 = 94 pg/day

B%ﬂ:%éﬂ EE Mﬁ @Mﬂ-@ﬂﬂﬂ e 11%5‘EWE
(Newton et al, 1994), NOAEL(1.08 mg/m’)< ©]&3] &< PDE(~83% Sb)& T
Aot O =& &FAeE B #H TFEUWHS AUl sty ==
43 0.06, 0.51, 45 mg/m’ZE 3t 1d ¢ HAAS TF4 APdA= o9 2
%ﬂﬂtﬁh%l@%q o] AgollA Ttdol BHEHA FUTH A AA
DG FstHA AR o] wEgo] WA SR FUTH
& A5 19 F1I-F5)E 11835t 9 PDEE U3 o] ALkt

o Al = 09mg/m’ x 6h/d x 5d/wk = 0.16 mg/m’ = 0.00016mg/L

24 h/d x 7 d/wk 1000 L/m’®
Jdd &7 = 0.00016mg/L x 290L/d = 0.11mg/kg/day
0.425 kg bw

PDE = 0.11 mg/kg/day x 50 kg / 5 x 10 x 5 x 1 x 1 = 0.022 mg/day = 22 ng/day

g2 L rlo

re
AP
A

O

FaEHA

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

Lynch BS, Capen CC, Nestmann ER, Veenstra G, Deyo JA. Review of subchronic/chronic
toxicity of antimony potassium tartrate. Reg Toxicol Pharmacol 1999;30(1):9-17.

Newton PE, Bolte HF, Daly IW, Pillsbury BD, Terrill JB, Drew RT, et al. Subchronic and

chronic inhalation toxicity of antimony trioxide in the rat. Fundam Appl Toxicol
1994;22:561-76.

NTP. Technical report on toxicity studies of antimony potassium tartrate in F344/N rats
and B6C3F1 mice (drinking water and intraperitoneal injection studies). National Toxicology
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Program, Public Health Service, U.S. Department of Health and Human Services, Research
Triangle Park, NC. 1992; NTP Toxicity Report Series No.11.

Poon R, Chu I, Lecavalier P, Valli VE, Foster W, Gupta S, et al. Effects of antimony on
rats following 90-day exposure via drinking water. Food Chem Toxicol 1998;36:20 - 35.

Schroeder HA, Mitchner M, Nasor AP, Balassa JJ, Kanisawa M. Zirconium, niobium,
antimony and fluorine in mice: effects on growth, survival and tissue levels. ] 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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H] & (ARSENIC)

H| Ao Oj3F PDES ¢F

Arsenic (As)
AT ks
PDE(ug/day) 15 15 1.9

E]o{t
ins

re
rE
o
o,
rlo
o
o
v
2
s
2
i3
a7
i
)
fr

7] Blas 734 54< YA =
C‘)?]_.

o A EAE}(:L% 1; IARC, 2012).

and Raab, 2010).
Abgroll A o] HlA FEFo] i F=olA AAHA Fof HalBre F= 1 s
=% A 98 A A5 o & TH(Schuhmacher-Wolz et al, 2009). AF#
Aol vlA& =& ¢ vl YA (non-cancerous) Y& THo| YTt AT =E2
o5, 2t oH, A%, g g3 Aol ok §Y == Afde HY A8
7t S 7} ATHATSDR, 2007; IARC, 2012; EU EFSA, 2009; WHO,
2011; US EPA, 2010).
o REA A JFR Ao, S AdEE) ek fAH(el, 4ol A AHF olF H
o2 Holy, @ A3F, A #HH o]k, *J?é
F MTE B EAHIARC, 2012; Schuhmacher-Wolz et
al, 2009; US EPA, 2007). 47 =& A3 &3t 0.02 mg As/kg/day ©]/2|
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FEollA mE Wgio] YebE £ o) AT 0.0004-0.01 mg As/kg/day

Z FEF= FHFA ASUTHATSDR, 2007). o2 H
di3ted LOELe|Y NOELS A3 rlddle 93t A A57F TE3MA &tk 7
Z+atE Fole ARge® PE & I(ATSDR, 2007), HF43 yFeh, 1
g vdg A7 A% & f S BoAEndn A48 5+ JYth(Chen

et al, 2005, Hsu et al, 2013; Ahsan and Steinmaus, 2013).

ok erolmle] FA R A HelA 1000 ng/L oldel WAzt dHid ¢
A A H(~40,000%)= FHE AR A= AR, Hg HTod= L
Hgtel 918) Hrkel Edizk S ATHUS EPA, 2010). & 24 SIgAdel o A2
o wgl B4 Axto] osld, vre FEo| :=F(<100 - 200 ng/L) Al F714
A TFd B 9382 YErUA @A (Chu and Crawford-Brown, 2006, 2007;
Mink et al, 2008). ©]+= Schuhmacher-Wolz et al,(2009)2] 23} U] g}

J=oll §IAIS 270 Adae] A AR ZASY vl EPAE 4ol o3 &
A g B AEE pg/m’F 0.00430.2 A JTHUS EPA, 2007). “E74F A
#3t HAL: ]93] (Texas Commission on Environmental Quality)”= W=
EPAS 4 A ARS I=3 29" 24 Z2AY A ARE F7H8HY
H)= EPA2] URF(Unit Risk Factor)E pg/m’%d 0.00152 7§43t ©] URF=
0.067 ng/m>& = A 100,000 & 19 o]/Fo] kol o3 AT 91ge] Ak
+ 9" o]tk (Erraguntla et al, 2012).

2
1o
4

i3
A\
N
off
ox,

d

PDE - AT =&
47 PDE= Bl&7F 5o nz= A4 g2 EHE 81, Agency for Toxic
Substances and Disease Registry(ATSDR)® MRL¥} ®|= EPA®] 7](0.0003
mg/kg/day)ol =73t 15 pg/dayE 71+ 22 A IYTHATSDR, 2007; US EPA
2007; EU EFSA, 2009). ATSDR MRLS EUZ A4t PDEE S8 713 o
2] g THWHO, 2011).

PDE = 0.0003 mg/kg/day x 50 kg = 0.015 mg/day = 15 ng/day
MRL £% Ao Bt EAonz Wy ALE 2 &344 FUdrh
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PDE - HAF+ =&

As®] AT Aol &EL ~95%0°|tt. 71 HAHAQ] FA= 1EE ¥V AE
H oA FHig E(MA&Y T/Re FAEHA g AHAS A4S ARE A
N2 6Y &< HA HlEES ZASE Ao, S48 ¢F 95%<% ZoE HE

Q
&
N
=
()
)
aQ
Q
o
NI
()
(@)
B
¥
b
d
ull
)ﬁ
o
T
flr
N
4
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o
T
o
off
e
gﬂ
o

PDE - ¢ =&

AZo|A Y HAEZ =39 o|Fof ALY Ve 387 Aol FUMgta B
TEPT AT BE Blusty] SYBEY A AF-&F At B3I AR
dHor HEstel §Y PDE AACd & WHTE E83th dul thFe B
SE 98 URFE AHIorm=z Wy ALy ZR3HA &) 1:100,0002] Y& A ol
T7%tal Erraguntla 5(2012)¢] 7} 2345 Ed® §% PDET ts3 o
AR o

PDE = 0.067 ug/m®/1000L/m> x 28800L/day = 1.9ug/day

Erraguntla 5(2012)°] 7]<=3 5 ol Hsid =d= 3 URFOl <73+
PDEE Altste= WY A4S 28344 st

i A]

Ahsan H, Steinmaus C. Invited commentary: use of arsenical skin lesions to predict risk of
internal cancer-implications for prevention and future research. Am ] 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 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 ] Environ Res Public Health 2006;3:316-22.

Chu HA, Crawford-Brown DJ. Inorganic arsenic in drinking water and bladder cancer: a
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metaanalysis for dose-response assessment. Int ] Environ Res Public Health 2007;4:340-41.

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 Authority. EFSA
Journal 2009;7(10):1351.

Hsu LI, Chen GS, Lee CH, Yang TY, Chen YH, Wang YH, et al. Use of arsenic-induced
palmoplantar hyperkeratosis and skin cancers to predict risk of subsequent internal
malignancy. Am ] 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 Technol 2010;44:4395-99.

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

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

US EPA. Arsenic, inorganic (CASRN 7440-38-2). Integrated Risk Information System (IRIS).
1998.

US EPA. Inorganic arsenic. TEACH Chemical Summary. 2007.

US EPA. Toxicological review of inorganic arsenic (CAS No. 7440-38-2). In support of
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 ], Ng JC, Wang G, Lian W. The absorption and excretion of fluoride and
arsenic in humans. Toxicol Lett 2002;133:77-82.
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e ol AAA Folm s Zpolrb HAEA FUTHWHO, 2004). ©] Aol Al
T3+ NOAEL(7.3 mg/L) H°olEH ¢ & AHHATF FHA 2 L/days °l&3l, AT

PDEE U3 Zo] A4 4 At}

PDE = 146 mg/day / 1 x 10 x 1 x 1 x 1 = 1.46 mg/day = 1460 nug/day

PDE - HAT =&

HHE 8= HAT ol #3 AR7F AY ok vrEY AAolgES A4
Q7 fololl Al 20-60%Y ASE FHATHATSDR, 2007). L& 22 72+ PDEZ
WE A 23138 F2)E U] BIAT PDES AT

2

PDE = 1460 ug/day / 0 ng/day

g 3EEY Y =2 B A5E A9 gloh v= w1 FF(US Dol,
A utE Yol tdle Time Weighted Average(TWA)7F 0.5 mg/m’]

HY AFFH 19 FI-F5)E #8383 9 PDEE tha3 o] A4t
AL FEo Al = 500pg/m° x 8hr/d x 5d/wk = 119 11g(m3 = 0.119ug/L

24 hr/d x 7 d/wk 1000 L/m’
dYd &% = 0.119ug/L x 28800L= 68.61g/kg
50 kg

PDE = 68.6 ng/kg x 50 kg / 1 x 10 x 1 x 1 x 1 = 343 ng/day

FaEHA

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.

CICAD. Barium and barium compounds. Concise International Chemical Assessment
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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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7} = E(CADMIUM)

=59 g PDE 8.9F

Cadmium (Cd)
BT ke £
PDE (ug/day) 5.0 1.7 34

A&

7FEH(Cd)S ol 94z, Ad AedA FHeA EAste s Ld4Ls vy
Agolth AtddlA = MR FEE WHEHY, FE JteH FHoA FdH &
T2 FHITHATSDR, 2012). 7F=F-S +2 43t Aol o de =zt A3

A= E, ISR L AIEE 5 AR A= de Fe4eld e B
4 9o 4, W EE ks FEAES Tl £E40 @ 5 Ak A=F, 7
SE W5E, BTG A ASE G f7] FH FUAZ BT &
AEE G JHERY HFBY HYH £a3) g AgETG

7HEES 7A54s YeARE sddolde §lar, A P
ATH1%E 1; IARC, 2012). 1= ¥ 71=F FFEL FHLe Yot w3t 7}
THE Y 7IEF s E =29 A/ AEA 16 2
EhAsy

7FEFHS 7IEF Qo dE AT =0 WA Hae A =4 o] th(Buchet
5

N
[

g O
br
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1o
rIj
N
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N
¥
£
>
—
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N
S
—
N

Arololl TAAo] e ASRE YEHHTHIARC, 2012; NTP 1995). ATSDR(2012)->
| o) Il EHshAl ol AEAUH. 7=

Ho AEANAE J Tl £9H3 FHold, rhezoMe wolHolA &al, &%
o X

| M= FFo]l HEHA Ut "= EPA(1992)

o
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S
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FY 99 YA S 0.0018/ug/m’E FAHF oY, HEAHA AGEH = W
FAFYHS A8 & At US DoLolA= 7I=HS] PELS 5 ng/m’S2 W
1.3} (Cadmium OSHA, 2004)

PDE - A+

ZI=E3 Fl=FE ol dist AT =Fo e WFsE A% 54| th(Buchet
et al. 1990). A =& F=oA A AR 3t F&Fo] AFEHIIAL, o=
Fl=E =& W7sh A FO|HATSDR, 2012). AES} vle-2E HUz AAG

7ted AT =2 AFA EdAd S UEhA 4tk adeE A% =
HeE olgs) 7h=+52] 4+ PDEE T Jth ATSDRS| dirdl wet 44 ==
skl 01 ng/kgel MRL= %8sl 47 PDEE 43t °l= WHOS =&
71<%1 0.003 mg/L/day%} ¥ gTH(WHO, 2011).

PDE = 0.1 ng/kg/day x 50 kg = 5.0 ng/day

MRLS| £% Ao oln] wglons Wy A5s HeatA 2ok

PDE - HAT =&

M 59 &2 0.6 mg/kg FLE wd HAE] I FARSt 1253 AAR
Ao, 772 o] FHE AlA &4o] UES T (Prozialeck et al, 2009). ©] 4

A
d Al B &F FES AEWT. o &F A vEd AFT d4, &W
F 57 4% vlolentr Ao A3t LOAELS 0.6 mg/kgelth o] A+
ANE vy o® v 7T PDEE AAIoh EI 935t AE2E Gl ES 0, 1,
2, 4, 8,16, 32 umol/kg SHFOZ HPE T3 Hxo T & Fof Ay
AN, 725 FZ 717 F7 Al 27 HiL &F FEAA FA FHol 5Fol &
2= A H(Waalkes et al, 1999). ARt A 3ol me} FAF F-9jol A TS FolF
of 7tEgel ¥¢A F& FRE AeAE= FAstA Gk ol AR uwEol
Akl o3 BIAT Fteg &5l Hls] AA Fod HAT JleH &7l A

£ 19] FI-F5)& A &3ta 159 5¥A 7¢ S A%

(o
g3, ¥4 T PDEE thes} o] A4t

PDE = 0.6 mg/kg x 5/7 x 50 kg / 5 x 10 x 5 x 5 x 10 = 1.7 ug/day
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FIEEFS §Y A2 =5 Ao TdAAS Yeidla, 93 A2 FoA] HolFo|
HZ= o] F4ol s 52 A+E Agg) ol2s Ao AL AR g
LOAELS ©] &3l PDES AA o2 F59 thste] 109 AFS A9 gt

US Dol OSHA= 7F=H9 PELS 5 ng/m’22 723
WY AGF(FE 19 FI-F5)2 A &3] §% PDEZ thg3} o] A4t

A< T Al = 5ug/m’ x 8hr/d x 5d/wk = 1.19 pg/m’ = 0.00119ug/L
24 hr/d x 7 d/wk 1000 L/m’

dY &%= 0.00119ug/L x 28800L/d = 0.685ug/kg
50 kg

PDE = 0.685ng/kg x 50 kg / 1 x 10 x 1 x 1 x 1 = 3.43 pg/day

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

Cadmium: OSHA 3136-06R, 2004. (available ICHQ3D(R1)Guideline at
https:/ /www.osha.gov /Publications/o0sha3136.pdf; accessed October 10, 2017)

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
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Cancer, World Health Organization, Lyon. 2012;100C.

NTP. Technical report on toxicity studies of cadmium oxide (CAS No. 1306-19-0)
administered by inhalation to F344/N Rats and B6C3Flmice. National Toxicology Program,
Public Health Service, U.S. Department of Health and Human Services. 1995.

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

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

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. Background document for development of WHO
Guidelines for drinking-water quality. World Health Organization.
2011,WHO/SDE/WSH/03.04/80/Rev /1.
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3 E(CHROMIUM)

g9 s PDEL.SF

Chromium (Cr)
AT HZA T
PDE (ug/day) 10700 1070 29

ot
o

He
AEC)ES T A A 2AEE, M FaT AL Ag0)(=HAYx

Zol EA4), A&E2+), LEFEBH) R AFGHClH AFQRY)= &olstAl sk,
stet dAA SLAZ AREHT. AF(6H) = 2

CrO/ Y T3 84, CrnO/2 718 & 43 S A &9l (oxyanion)°] T}, A<
|/ 7Hd ol EAsteE FH AFGHS XEY At 83 4TS St
Ao d4=E, 71 AdA o=z o] EA%t A3 29 Add 25293 A2 9
thAbel]l W& EAsiE, Al7] I das, Add A, AAA Ao ¥4

2

5, Hd
AT AAZ-E T (Anderson, 1993, 1995). o]eF&F< =
1

N mE Yol AlzHe] A&, SulAelA el

B AL Adst, dofEel s HAHE AEL B4 o 2 ABEHET F
& Felo] (FBO)EE AEEH)OIY ohekA jekEe] hdA Wk A8EH
delz BHL WO Ha, AREHE o BrtA AgAh AR(EHE F
A2 AFgSohd, Hr tiAte] EZE A Ao o HAMA R ZA) = :—i%(aﬂ,
Asas a9, FanaE ad)e qEHow 4D, o semalsl ¥
98 Bojut

Xd AT =4

AN F7] 5% 5% Cr0s(1468mg Cr/kg/dayol @) 7kA] &3t 2olE A
Eo] Hl AolA o] whgo] UruA Funt. HT HEF o] &l AT
AT (Anderson et al, 1997)| A= 15 mg Cr(3+)/kg/day FEolAl o]/ ®Ego]
A U A7 BT AFAA Sl AT FA o] EHHA FUTH
AREA o2 15 mg/kg/day Cr(3+) &+ A7 AFH(US EPA, 1998) Al o]
Hbgol UetElgtal dFEA et 5 A8E FAESY Fo A2E kA



2000, 10000, 5000 o] D FULAFGBHE AR 4o RES} npg-o
Fojsto] WIS ZAFgE NTP(2010) A7} o ekFoll EAlst= 279
(AT 7HE AR e HARE AFSATE 460 mg/kgoll A A HES =
oA AFe] HAE FUIE BEUE, AEJA FFHULITE(3+)9 NOAEL #H2
90 mg/kg(11.9 weight%; 10.7 mg/kg/day Cr(3+)E AALEHATE o] A= &F
ojEAH A R ATAEL A g2 A Byt FH vhe-29
AA vlf2/AEA 0|9} 22 Ay} FHEHA LUTH(EAA). HE AFE=
19] F1-F5)E 1# % wj, 7 PDEL o3 o] ALtd

PDE = 10.7 mg/kg/day x 50 kg / 5 x 10 x 1 x 1 x 1 = 10.7 mg/day

(e}
N O
ao]
o 3
ofo
ro o

PDE - HAT =&

i( +)] FdehA A Eroq | 3t Ak Agd ol wet tefsit

3212 15 ng/kg/day°]th(Moukazel, 2009). ©]<}
2 %‘_?:_ A &F2 oy B5ol ol whgo] HAEA oAx(d, 53] A
mspobe] AN E Wtk ole B E7F SESHA ST

-H> lii
_'_,
e <
=)
o
(@)}
=
aQ
~
o
aQ
~
Q.
o))
\<
lil
"
S

A o} o}

A5 HHAY AEZ= WAT =F 4= 3 PDEE A4tsk=d fofvdt
B7F ARE AT AT AEH ”71 & d=o AT Al &E(S
10%)°ll <713+ (ATSDR, 2012) 77 PDEE W A4 10618 #FHX)o2 Y59

[¢}
B 77" PDEE A3t} ool whe} H] 76‘ w2 i3k ¥4 PDE= T3 2T

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

PDE - &Y ==

Derelenko 5(1999)% 135 5¢H6AIZL/ Y, 59 /F) A E2(3+) YA
Y AES AAgoH, o] AFdA HEH 4aH FAYNA 7]
AS(EA B4 gd HA{)o] F= #EEH AE} nE

UE T LOAELS 17 mg/m’(Bmg(3+)/m’)olth. &84 &= B84 aE
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BH)s AE FoAg 1357 F APolA A4 mA49 AA7 #FHAT. o
Azl A &Y MRL 0.1 pg/m*S 2839 PDES A4 I THATSDR, 2012).

PDE = 0.0001 mg/m’/1000m>/L x 28800L/day = 29ug/day

MRL £3 Ao vt =Eglona Wy AFLE HL3A Lyt

F3E3

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 M]J, 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, Kloppel H, Oldiges H. Carcinogenicity of sodium dichromate and
chromium (VI/II) 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;137:518-528.

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

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

US EPA. Chromium (IIl), insoluble salts. Integrated Risk Information System (IRIS). 1998.
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=4 E (COBALT)

FE 3 PDE 8.¢F

Cobalt (Co)

3T H T 4
PDE (ug/day) | 50 5.0 29
A&
FLE(Co)e AdHoz WSt W42, 24, & VA 5 O 448 F=2
At IR EE HER B12o| H4ZFQl 240y, FRESER FA B A4
N oo Ta3k o2 840 2842 2§51 “ﬂ | AA| ol HB=2 o]t
HHFAQA Aol AAE T3 oF 11 ug Co/days A3 SHTHATSDR, 2004). H
E}7l B12¢ RDA(Recommended Dietary Allowance)t 0.7-24 pg/ Aol (NAS,

2010), °l&= FEE 0.03-0.1 pgell sigdct AA A F7] ZLES AE3HA
< TetE A skth. IEE SE(d, ZLE SEUolE)S AH
2 F23 g ZmE ARgEH

o] A THs =E (2
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i 5
150 mg7kA] WHEH o R AT =2d Af Wz TEHS HAEF It
(~1 mg Co/kg/day; WHO, 2006; ATSDR, 2004). A-9=} 109 (&
5%)lAl 1 mg/Co(CoCLEM)E Y 88-90Y &<t FAS A3

7 solv 71EF gl BEEHA ZAUTHTvermoes et al, 2014). NOAEL 1
mg/dayS EUE AT PDEE T BE ASFE-2 19 FI-F5)E 7ekstd
7d7 PDE7} B3} o] AxtdE

PDE =1 mg/day / 1 x 10 x 2 x 1 x 1 = 0.05 mg/day = 50 ng/day
thr] ol A3 HolEE o] &3] PDES AAZ O T F3d] 29 A== Aeigio)

HE SgEo] HAT =29 dHE Ase A9 vk ZLES ] 2
g AT Aol &E W7 18-97% | THATSDR, 2004). 13 EZ

a 2 10318 #x)o2 77 PDEE U+
T =Zo| i3 IXES] PDEE T ZTh

B4 FY olF AgelA WAT £ U Fa
Bt Agsita Agsd, ol

= 1
5 AR/ d Aol 93 FamREe] Wyel e AA AR

d

[e)
o] ZTHWHO, 2006). ¥4 &% MRL
Z A4HITHATSDR, 2004).
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PDE = 0.0001 mg/m’/1000m°/L x 28800L/day = 2.9ug/day

MRL =% Aol oln] Wrg3l7] ol Wy AsE 2&stA &t

F3EA

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.IOM. 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;accessedMay?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 Health Service, U.S. Department of Health and Human Services, Research Triangle
Park, NC. 2013;NTP TR 581.

Tvermoes BE, Unice KM, PaustenbachD], 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 ] 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/hlthef/cobalt.html;accessed April23,2014).

WHO. Cobalt and inorganic cobalt compounds. Concise International Chemical Assessment
Document. Inter-Organization Programme for the Sound Management of Chemicals (IOMC).
World Health Organization. 2006;69.
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T-2] (COPPER)

T2 g PDER®F

Copper (Cu)

AT ik 54

PDE (ug/day) 3400 340 34

ME

TE(CuE TNt FEH F b s AHE sbAs R WA Qo)
3 % Yol

Axel 11% Axolth Tt $23 AY wrolA BEH v
Telt B Fa Ea Axddd B5H 4TS 3429l

A A 2 ARSI Ansel ok T HE(el, TEAZto|E)L
el oh we ol A Zul2 AgE T

}—ré, %E, NeE A= %Mﬁlﬂ% T8 8-FAsEEits AT HATIPCS,

AR AolA, A el Hitis3 A4t thek NOEL®] 1000 ppm©]
9tk 2000 ppm ©FEE 7+ =R A% =Ao] BAHATH NOELS 1000
ppm°l AL, °]+= 64 mg CuSO./kg/day(17mgCu/kg/day)ll 3l & h(Hébert
et al, 1993 IPCS, 1998). ¥18 Al (F5F 19 F1-F5)& 1#st¥, A7 PDEx o
=3 ARt

PDE = 17 mg/kg/day x 50 kg / 5 x 10 x 5 x 1 x 1 = 3400 ng/day
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PDE - HIAT =2

T8 HHY A5 AERE HATF =ZF U PDEE Axlsted fofu g
B7F ARE 9 5 o A=l bRl HAbelA AFE TE T AA
AZBL oF 30-40%= 7L T UtH(Wapnir, 1998). T2l¢F 7] 72 F9
AT AA o] &Eo] AT (30-40%)H e #etste], T PDEE ©dE AT 103.1
g Fx)o & o] HAT PDEE A4 HIZA T =Z°] thd #% PDEx=
U3 2T

PDE = 3400 ug/day / 10 = 340 ng/day

4" Y A dE A &8 Ut AREE 94, 3 = WA
T MRLE EF35h7]o AH3HA] &ty AHEJUTHATSDR, 2004). 747 PDEE
A A 100818 #Fx)02 ro] Y PDES A4

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

1ER

n}L‘

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 ] Clin Nutr 2003;77(3):646-50.

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

Hébert CD, Elwell MR, Travlos GS, Fitz CJ, Bucher JR. Subchronic toxicity of cupric sulfate
administered 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 ] Clin Nutr 1998;67(suppl):10545-60S.
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Z(GOLD)

= 3 PDE&SF

Gold (Au)
BT M) 7 T %

PDE (ug/day) 322 322 3.2

A&

T(Au)S Y4&E +194] +577}7<l 23t A2 EAskH, 1719 37F dEjrt 7

dutzoltt. 5 das A9 FFHEA ¥om ARFHom AEHor FAo

ATt AA4HA et 52 OHPﬂM dg=7 L-Au' (LS EAFR, T25

2210t} Telles, 1998) 22 E3A HEZ 771 g oA
oh oJekFolA Fo FET 719 FujAoltt F(1+) ol A=
o}

v 40 di dits AEe N5 54 AHge vEoE It dA &&
7HFedk ABAs 17F 51+ 3 & g3t 5 d(AuS)olARE daA =
(metallic gold)= ATHAT. 30 mg/¥ &FOoE FEO|EA W4 v 157¢
S A 109 oAl FAsta, B Foll= 60 mg/¥ SFOE FASALY, 1
At Ao Tk AYoM Aol #HEHA BT o] FASS FIIE 2
9 E¢ 30 mg/ Lo &Fe FoARoH AL AP AT €Y, A,
=54 A FAHA gew, FrtEl s 3] dF ST Al ETRI
HE7E AF 7] = A th(Abraham and Himmel, 1997).

= =l dsl 7] = 2 A ARVE AW 7 =S HE FAHS
o 217 o] WA (Payne and Saunders, 1978), AFHANAE FAMSE GF&F

o] YElwt o (Lee et al, 1965), 7HollA+= & ZAdo] A& E A H(Payne and
Arena, 1978). 3}A| T o] AHEL 17} F(Au(l+)) e 4F E¢-ES T
e FHY o2 HAAR Aoz, gF Fo 5 Ex=l g PDEE T3t
= 2% dudol v BAEHA F=
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ox

o r2

| &
At F(3+) %

= = =
e, Ak F064) 28

M

a)

A
el = Aoz AZg=m, Zuf wkgo] ALgE |
of i3t AE+= AZHolth 3 AFNA F(B+H)IEE [Au(en)ClL]Cl(dichloro
(ethylenediamine-aurate®"ion) N Zrell A HAgke] 2252 WEE
frdglon, o SFES 322 mg/kg £FCE HE B 14€U3t FAYE
= AA s A= THEA AUt (Ahmed et al, 2012).

o
e,
m

(o]
>

>0

F wZo] B S4SHoR Fond FUPL A FAot A% B4 T
Bo] F B4 WA FLHe] WEo, B ARE FE+HL AEe] Fo
§ Age 74T PDE 44 AFF Ao AU WE AFEES 19

)
o

g/ 5x10x 10 x 1 x 10 = 322 png/day
LOAELS A}83l PDEE AASy 5AATH HrrF 48 stA] o =2 F59 10
o] A+E AY

PDE - ¥MIBT =&

Gold sodium thiomalate 50 mg= AFEolAl &5 FAS o >95%<] YA|o]&&
= YEHJth(Blocka et al, 1986). 2/mg/kg &3 Gold sodium thiomalate &
E7NA 25 FARE BF oF 70%7F ¥ 5 A H(Melethil and Schoepp, 1987).
Aol & == A B4 A= o3 A7 BHE ol&si 47 PDEE
AR HS Atste], v 7 PDET 77 PDE®} FdsiA AA S

PDE = 322 ug/day

PDE - ¢ =2
HolA Fo FAaZzH EAYTFS 2T dd FY L vAF A57F s
olm2, 5 PDEE W A4 1003.1% =)oz UFo Fd =& PDEE
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A,
PDE = 322 pg/day / 100 = 3.22 pg/day

o

53

Abraham GE, Himmel PB. Management of rheumatoid arthritis: rationale for the use of
colloidal metallic gold. ] 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)CI2]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):51-87.

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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F(LEAD)

ol g PDE 8¢9F

Lead (Pb)

8T M) 7 T =4
PDE  (ug/day) [5.0 5.0 5.0
A&
G (Pb)> #7] FEet F7] = EAST. Ut o= 7 ¢ IFFEZE
ofMEICE Ze F84 g AsEH 2 B84 ol Aok {7+ 3}
F=2s 7HEd A7HA) EESHE RS HEZGdYde]l A f71 F 3
B 7oA ARs mEA ElEH1, =3 EGdAs 57 3 EES 3
Aok Agoly ZRFOA Fe LdEd A=A orE {83 T2 Y
(ATSDR, 2007).
Xd A =4
AbE I &0 doll =E2EHY, A, A, A, 1Y, Add, AR Bl I
o] WAL = Uk IWrHoZ AAF nlwal ojfolet Hol Are] =EFHE
Aeol F FA40 tig 9Age] ¥ At 5% ¥F FE 12 pg/dLS AA
3, Rdy T2 IF(US EPA, 2009)= o]&3td A 0l&E<S 10022 743t
02 x=Zo| gltx 748 PDEE TRk ol2ld o] fE PDEE Fo B
ARl Tttt

PDE - A7 =&

AT =F olF AROIM vehis s ugety dngel 2 WaE oy A3
]_
]

P Yol & = ATh J A AHe ot 5 F 57F < 5 pg/dL
A Aol ofololl A A7 FF EAZE DAL 5 ATHNTP, 2011).

US EPA X H(IEUBK(Integrated Exposure Uptake Biokinetic) 53, 1994)(100%
£, OB 719 gk sbg)el S5, 5 g/ AT AAA 0-74(082701Y)
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ojgole] "F F=E 12 ng/dLE FAETHUS EPA, 2007, 2009).
PDE = 5.0 ng/day

PDE - HAF+ =&

gol AT mEol e TS ¥€F v EUE I 1Y E=E WA T PDE
+ 77 PDE%} ZTt.

PDE = 5.0 ng/day

g AT &= wE Jd¥ge dF FEE EOER Y. 1322 §¢Y PDE=
A+ PDES} Zt},
PDE = 5.0 ng/day

53

o

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. National Toxicology Program, U.SS.
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; AccessedMarch25,2014)
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2] §(LITHIUM)

2] 9] th3l PDE L.9F

Lithium (Li)
i H 3 7 £
PDE (ug/day) 560 280 25
He
ARL)S AED 5B z¥d ZAleks QubHel Azl HET dEow
AFGEIAY B dast Aty SujAR AHEEL Y HE FEE,
AHUTHFE) S §7] FAol Ao AgHT Atk PES BE +1 45

XA ARG 54

gE2 ABAZ ASEHM 25, 54 B, ALY d=4 =5 A5

w49 Folol 3 AA A57F 433 B HEE ARE M= HFE =

S8e I A e EYE e dasit. Fo AP w25 A

5 HYE 06 - 1 mmol/LY 8H FEE HAFAtHGrandjean and Aubry,

2009). ARFH2 Fo A5 &FNA 2F 5401 HElE 5 AT AelA
= WA 7s Asks, FAEA &35, A

u H 0o 7]'1(:3_‘ <3

HAEAH(McKnight et al, 2012). I¥-&E<l A &

3HF 3-43] Fofsh= Zo|tH(US FDA, 2011). & A5& A
%

=

gEe A Fo FEE PDE A= SO At HA AA @d AT
5 747 PDEE oz} Zo] At
56 mg/day = 560 pg/day
LOAEL(d% 9¥ &34 1/3)= ©|&3] PDEE 2A IS E=E F59 109 Al
Ao

_64_



PDE - HAF+ =&

H7d 7 PDEE Tst=d &8 + Jd= AH3} A57F o AR A7 A A
o] 8E(85%) HlolH el ZA3t(Grandjean and Aubry, 2009), 747 PDEE ¥
A 2(3.1% =)= Yo ¥4+ PDEE A

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

PDE - §9 ==
A3 E 0.6 mg/m’F 1.9 mg/m’ & 3Fo

4
=ZA1FH Y (Johansson et al. 1988). FstdA v HAAAr|HOE HE ARl OH,
ol ¥F5 Wt TS TOi HEIY. Fou| Pl KA fYor=,
A1 §%FS o] 83 PDES AAAT WF AF(EE 19 FI-F5)E 13T o,
+% PDEt U3 #2o] ALtd.
A4 T Al = 19mg/m’ x 6h/d x 5d/wk = 0.34mg/m’ = 0.00034mg/L
24 h/d x 7d/wk 1000 L/m’
U &%= 0.00034mg/L x 1440L/d = 122.04ng/kg/day
4 kg

PDE = 122.04 pg/kg/day x 50 kg / 25 x 10 x 10 x 1 x 1 = 25 ug/day

n}l_',

1ER

Grandjean EM, Aubry JM. Lithium: updated human knowledge 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-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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42(MERCURY)

T2 U3 PDE 8¢F
Mercury (Hg)

73T H| T =4
PDE (ug/day) 30 3.0 1.2
A
F(Hg)2 &4 dg EAsts daolth. F22 44 2, 77 2, 77
T2 Al 7HA 2 EA%Y. A Y ofFol RS JheAdel 7MY & FHE
F7] 2oty OB EE o] kXA Hrle A4 F&oly 7] 23 #Hd
=45 dHolE & v"Ee=E It o] b Hriel o wet =53 PDEE
7] T2l A8EHA F=oh
¢A AT A
F7] g2o] AA A EIA S et = A5e gtk 939 iAol
gt 55 ASE AgFo|tt FAGATA(IARC)E UA S #HASIA
7] 2

7] o3 maste ¥ £ SAFES FoiusA e AT AA|EES
Bolm, A7, ¥4, 23, AF I IR ARAY 55 I oY
A B4 dFe fEEc Aol TE S AT BHe A

of 2d-%
67l s AH 3 de s, 2d A9 AR
&% HHAE 49 HAV] dE
(0.312 - 5 mg HgCly/kg/5d per week). Ath 2 Fi(AlF thvl) A& T

[¢

1O %
0.625 mg/kgi B S7HATH A 38 W 7heH R FFo] BE FH A
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oz Q 9}1‘4(331] O]-E] ﬂ, %}%, alanine aminotransferase, aspartate aminotransferase
72). olsh 2o A §F oEAS HolA Ytk ABEFE 0625 mg FF
I

RE Ay 24 s AZA@HE FEAA AF) E77F Ueth JECFA
£

3 7FJECFA, 2011)°l 9|std, 6o/l d HE doA yepd A% o vbg(HF
Z7hell A3 BMDLy 0.06 mg Hg/kg/day(F5¥ T AF}E EUZ =%
_]

PDE = 0.06 mg/kg/day x 50 kg / 5 x 10 x 2 x 1 x 1 = 0.03 mg/day = 30 pg/day
HAX &F FEolA oile 4 Axel 2d AF AArt FonetA gval At
HEE F4E 12 4433, BMDLj;= NOAELE ZIF3lEE F5&8 12 A4
(Sargent et al, 2013).

PDE - HIZT =&

e AFNA Fr &Y BT AAClEEC] 10-30% WA Aow HAZn
(ATSDR, 1999). 18|22 77 PDEE W3 AT 103.1% FHR)SE yro] H
74+ PDEE A4t

PDE = 30 pg/day / 10 = 3.0 ug/day

PDE - ¢ =&

14~20 pg/m*> 371 TWA oA A Aol & 5 Q& ukel 2o], F¢
=E o]l% /B Wg Weaes AR dEshE o) do|th(US EPA, 1995 EU
SCOEL, 2007). X3 i} Aegm Lo =&AL wj(14 pug/m’)E2A 27F
3583 Y (Ngim et al. 1992) 7<HstH, TWAE LOAELE =& 87}

= =
Atk WE AFEHEE 19 FI-F5)E 2ot 94 & F7)d g3 247 §F4

>

=EE 7122 9 PDEE A4t

A4 T Al = 14pg/m’ x 8hr/d x 6d/wk = _4ug/m’ = 0.004pg/L
24 hr/d x 7 d/wk 1000 L/m’

UdY &% = 0.004ug/L x 28800L = 2.30pg/kg
50 kg
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PDE = 230 ng/kg x 50 kg / 1 x 10 x 1 x 1 x 10 = 1.2 ng/day

PDE AA e LOAELS Ar&3om £7F FAEE T3l 20| Ho AF dEd
7Vs 5‘% aH3EA F50) 109] A& A8l

F3EA

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 ]. Chronic neurobehavioural effects of
elemental mercury in dentists. Br ] Ind Med 1992;49(11):782-90.

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

Sargent EV, Faria E, Pfister T, Sussman RG. Guidance on the establishment of daily
exposure 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.

US EPA. Mercuric chloride (HgCl2)(CASRN7487-94-7). Integrated Risk Information System
(IRIS). 1995.
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£ B¢l (MOLYBDENUM)

EZ 259 i PDE 29
Molybdenum (Mo)
AT IFE o
PDE (ug/day) 3400 1700 11
He
22 Bul(Mo)o] 58 418 el +49} +60]3, o] 7kl 74 AubHel Helst
S Aol (oxyanion)o|tt. EYH Ao WAt 2B FH FEH+=
ETHE o] E o], MoO/ 01, MoO4* = K, NH"Y Ca*'& X33 thdst &
o] &3} &34 SFES FAHeth EYHEL 01 - 10 mg/kge] TEZ EY
o

Q@
o
o 4% FHE EAITH. MoOE! MoS,v= = =4 &=t A4, 745,

4
2
— s
o )
rf
2
b
i)
fa
o
g
)
°
s
(o] m-llj
£
o~
<
S
]
P
<
S
[
o
il
o
T
-,
<
@)

2 Bl fobiE AJA7MA Aedd A3 W97 100-600 ng/ L2 FAIEE
I Y& O]THEC Scientific Committee on Food, 2000). &l Bdl ZAE Alo] of
<

BF, MaAE, B 344 3, EF4H, A 555 2 55 SFRIEH)E
et ¢ 3, 52 €5 Mg dS 2T e AsEtE o) TS B
ol7|= dt} T Y FIAE Fo HE FANA A AZFHA Fe A
84k 571 BaE I Abumrad et al. 1981).

XA AT =4

st e EyEde EdWolAdo] lIaNTP, 1997), vda= =y T3
A &4 AFARIVM) #H7EA FdF40] gle Aoz A& Wy
(RIVM, 2001). IARCH w"]= EPAC] o8| TH/do] H7tH A &dth. A7 F =
o3 HAL vt EEHS {9 HEE npexdd FAe u), IS e
Wohe SA7F €5 ATk o] =E AERAA 54TF dAuAol M F wge
et ol & AU
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EYHAAUEF 24385 60mg Mo/kg/day &% 5o ARl 4o FEM]
Fol 09 =4S A AFA AT, AT 57 AR Ag 528, 95 A7)
TEEU TFH AS vl ddl T2F), A% 22 Hesk(dA 2ntg o 298

= E3 o 7HA G o]

2
Eo] AT ZAE AYstaL o]} §hgo
A2 " Soll gk o] ®E
Mo/kg/day2t1 AE<S WHTh o] &l FAdo] A
AT 19 F1-F5)E ©| 83 47 PDEE t+3 #Zo] ALt

PDE = 17 mg/kg x 50 kg / 5 x 10 x 5 x 1 x 1 = 3.4 mg/day = 3400 ng/day

oo
rlo
4
7
i)
N
&2
3
O 52
o

PDE - AT+ =&

Vyskocil & Viau(1999)= UAGA A+ A o] &&°] 28-77% W&t Bt
Turnland 5(2005)2 A7 Atghe] EEBHE F4E&0] oF 90%ety Rugth
H

a2 g 5 PDEE Al 231% FX)E Yo WA PDEE AMHIH

PDE= 3400 pg/day / 2 = 1700 ng/day

X
Z
—
S
—
Ne)
Ne)
J

A ool A Ge R
2

T%_].‘l__’E'.

I B glabz 2
& 7hsA ol ATHINAS, 2000). FA vh-9-2~0] HF/4F EHE dolH
(530, 10, 30, 100 mg/m®> =& oA z}7] 3/50, 6/50, 8/49, 15/49)F ©]
&3t RERS dAE L AY A4S gom, Hd g9 fsiel 26 x 107/
ng/mu o2 A& JATHNAS, 2000). 1:1000002] Y814 =+ HLsl &
PDEE T3 #Zol ALtst
%<} PDE = 1x10° = 0.38ug/m’

2.6 x10°/ng/m’

2=
E=3

[e)
5
]
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PDE = 0.38 ng/m’/1000L/m’ x 28800L/day = 10.9ug/day

@9l 9lel4 WHow =23 PDES z2Asted WEASE AeHA e

n}l_ll

53

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

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

Miller RF, Price NO, Engel RW. Added dietary inorganic sulfate and its effect upon rats
fed molybdenum. ] 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: (need to get this information;
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NAS. Toxicological risks of selected flame-retardant chemicals: Subcommittee on
Flame-Retardant Chemicals, Committee on Toxicology, Board on Environmental Studies and
Toxicology, National Academy of Sciences National Research Council; 2000. (available at
http:/ /www .nap.edu/ catalog/9841;html accessed March 21, 2014)

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

RIVM. RIVM Report 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
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Clin Nutr 1995;62:790-796.

Vyskocil A, Viau C. Assessment of molybdenum toxicity in humans. ] Appl Toxicol
1999;19:185-192.
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U7 (NICKEL)

U 3t PDE 8.9F

Nickel (Ni)
BT H T £
PDE (ug/day) 220 22 6.0

Ne

E 7H = AT =

Aste AdH oz TSt diojty dibdow —’F%é% Ef= 14@_ ﬂ-@
=< Bk, 943y, Fa4yA, dAYAS £33 Feldel & YA I3
=dsE, YA YA e Bede] ¥ FHEG FA40 ¢ &
d&Fol AT(ATSDR, 2005). YA FIFsta oz Atdol|A BxHolx] AH
Uz 2y Aol F=lA ol vtee 72  du YA-LFrE e 22
AL ¢43 gk SmAz AdEn. AF &% FY AR ARHVE
st ZEIdY 22" e AF5e daske A 7R deeld, AdsEEA yA
(<1-38%) %= ?} & 4 dth(Stockmann-Juvala et al, 2013; NTP, 2006). 19 YA
A3 e 100-300 pg/dayelTHUS EPA, 1996).

UAL 731 =4d0o] oy SdWHolAdS JITHIARG, 2012). YA o] A7 FoA
Hetd-e HolA LUtH(Heim et al, 2007). €O T/l wef 47 A F F

i
U ]
=2
o)
o\

% Z717F YERFTHATSDR, 2005, EU EFSA, 2005). U=+ EPAE YA
Ad 23 LA gk A7 T8ttt 28-S W THUS EPA, 2012).
U Ad 2313 28 YA Faoly 2HRIg 22" A Aol A date #
A3 FYHzE ST HAEHA FUATHATSDR, 2005). E= F

ol AL T3] IARC(2012)= UA S A SEHAOF 1)E EFATH
Al FEo] e UAS AAsY, 55, AT 4, @3 A& ot
ol AL F Atk AFFES dRtHo®E V|3 9 HE Al YA
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d= Yetdth YAo] {H & T3 u
oA TGl wyE 4 = AF7F AH(Nielsen et al, 1999). &34
9] oral reference dose (US EPA, 1996) =% Alol, YA AHr1AdA AL
shAl Ut WHd FU Al AES & EFolA H e v 599
ol Wzl dAE & ot YA Adie FE A ZAHAAA T
=4 5o HAFATHATSDR, 2005). £314 3
A A58 H WHS dAdrd o= FASIAAL
of W2 FEA AT HHET A4l d o
= Zo® Holm, &4 YAo] H

2o

<y

> e oaf o T

N
o
Jo
ol
5
N
off

>
ox

e © XN oo R ot o =
o[:onﬁé\n& v

o
L
(i
o

=
i
rlo
)
[t
=2
X

ox o

(Benson, 1995). 83
of ¥t} e Fod

£oox

AW
i

o
iy
o2,
S
an)

0-105F &<+ A AREL FrT =EF-8HS YA, 10352k &3
TH BFoA &F oEF AT dart #FHL o= 303 50 mg/kg/day &
F FoFolA forldt A7 Ut Heim et al, 2007). LOAEL(10 mg/kg/day;
22 mg Ni/kg/d)S AE3t3 Wy AF(FF 19 FI-F5)E U3t 27 PDEE
O3 2ol Axrd = dh

PDE = 22 mg/kg/day x 50 kg / 5 x 10 x 1 x 1 x 10 = 0.22 mg/day = 220 ng/day

LOAELS PDE A Ao A&l o2 2 F59)] 102 A4S Adan)

PDE - HAT =&

FPHA YA BHULE o] 87 A HPNA, AT Fe) 2940%7F FH
L %L

ATHER & A5 7]F)(Patriarca et al. 1997). &2lo] YA Fof H|X|=

02 ddose, FAZFS 2-23%7F FEHE 202 U TH(Nielsen et
al, 1999). 1&g YA 84 YA 3tES AFdHA AT A o]8ES E
2, 47 PDEE WE A4 1061 Fx)o2 Yo v PDES Ao

PDE = 220 ug/day / 10 = 22 ng/day
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+9 PDE Altts fstd &8 7 ARoA dd4d A= YA FHol g

H [e)
A5 E A9t 43y AS P E(Wehner et al. 1984)1} vh-$-22(NTP, 2006)°]
23 FQF T3 AF oﬂ/ﬂ TFo] HEHA FUT. HEOA e FRIT=
7171 47 3

l

JEARTI 2()06) A YA FY Al Ekgel tie S i
(Oller et al, 2008). US| 79l M¥ Al ¥Wio] Agsitty 4=, <
oJefFe EANT 7l ol 9}{— FE e} FEAAE LA ti A7 7]
iZoltyt. Wy AF(HE-= 19 FI-F5)9 AE HAFA F+3 NOAEL0S5 mg
Ni/m’/day)S EUZ A4 §<¢ PDEE o3 ZtTh

A& 59 Al = 0.5mg/m’ x 6hr/d x 5d/wk = _0.089mg/m’ = 0.000089mg/L

24 hr/d x 7 d/wk 1000L/m’>
dY &% =0.000089mg/L x 290L/d = 0.060mg/kg
0.425 kg bw

PDE = 0.060 mg/kg x 50 kg / 5 x 10 x 1 x 10 x 1 = 6.0 pg/day
i o B84 Aele] Ude] Ho 49 b, mE Fre U FUA
Z2 WA At FHellA dSo] AR mE ol tisl 109 AlE
Kl g,

F1Ed

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

NTP. Toxicology and carcinogenesis studies of nickel oxide (CAS NO. 1313-99-1) in F344/N
rats and B6C3F1 mice (inhalation studies). National Toxicology Program, U.S. Department of
Health and Human Services. 2006;,Technical Report Series No. 451.

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

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

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

Schaumloffel D. Nickel species:analysis and toxic effects. ] 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 relation to
bioaccessibility. Human Exp Toxicol 2013;32(11):1137-1154.

US EPA. Nickel, soluble salts (CASRN various). Integrated Risk Information System (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.
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Z25(PALLADIUM)

Z2lF9) ois PDE Q¢

Palladium (Pd)
AT W7
PDE (ug/day) 100 10

ot
o

=
o

Ne

BoEPA)S A4 FA-MA dxolx, GE MFF Uk D U} fASH
o553} A AT BoE

o
HE EA3t. d2gEe 7] 44 3=

=
ZetES 2850 &3kl 10, 100, 250 ng/mL §HFO 2 F7 HE] T
2 ANA Aol Zetgeol SAEHAN It H, A, wolME SHEHA &
UetEth F2 W 422 w5 At (lavicoli et al, 2010). Allx-olvt
7 AlZE o83 uF detE SEEY SdWolEs AR AN Salmmdla
es test; Escherichia coli& ©]-&3F SOS chromotest; human
lymphocytes= ©]-83%F micronucleus test) EF 54902 YEFSHTHIPCS, 2002;
Kielhorn et al, 2002). & ARE AESIY Fof Z2HE A A% 4 g

E
]
:
:

2A A7) FE AYo] Wo| ANHAUL. AT

AA7EA F4H Aol e F3 rpoj=dlel wet dAd A2 it &8

2+)& 2ol ¥ol °F 1.2mg Pd/kg/day &2 2 wh9-2o Fojsin dAE<t
ZARE AT, ABlT Rl o Ui R AUl A ofdRelES W EC] v
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sHAl =k, FAS AR AV vEs ey o
and Mitchner, 1971; IPCS, 2002). T3 A ® )
A (Y 8 FF d3F 73 HELY FF BlE9 =% (pooling), F
T3 iz A8 Fong F7hE nHIASH LTIES Hrtstr]d A
8ol Aol WME AF(FF 19 F1-F5)9 LOEL(1.2 mg/kg/day)E
EUZ 47 PDEE A4t

I%8 A Z%th(Schroeder
A

5= AAARE,

PDE = 1.2 mg/kg/day x 50 kg / 12 x 10 x 1 x 1 x 5 = 0.1 mg/day = 100 ug/day
LOELS o] &3] PDEE EFHO 0= F59 59 AFE Adgo

PDE - HAF+ =&

2 g A ABHEZE AT =29 Ulgk PDEE A4tst=d &8
T A Fou| BrF ARE FH4d AT

D3t EeE(2+)(PACL)= &stdoA & FrEA| GFdrh(ord] 2lo] "olAA] e
3-4d At AM7IHE= F 5%, Bl HAEE 27] AT &5 < 05%). 713 A+
Ee AW =F olF AA HES FF/7A W&ol B E:ol, T o|F 40¢
Foll FowFe] F AW FF Hl&o] 47 5% 20%E YEFATHIPCS, 2002). 2
o AFAJD AT YA ol &ES AU, BT PDEE WE A 106313
Fx)o 2 e W4T PDEE AL

PDE = 100 ug/day / 10 = 10 ng/day

PDE - £ =&
43 22t Y =& A57) ik 2822 3+ PDESE HE A4 1003.1%
Fx)o® UFo] FY PDEE AL

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

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:

_78_



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

Kielhorn J, Melver C, Keller D, Mangelsdorf I. Palladium - 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. | Nutr 1971;101:1431-8.
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&%, ==7IZHIPCS, 1991; US EPA, 2009; Arts et al, 2006), 183l S<A(
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PDE - A+ =&

PICL(A A o2 E84)9 PCL(&3IA)E Atsd Hol 3 HAEJ 453 F
o3 Ao A PtCLol e =27 sHH 3

A2 e Aoz Yyt HAugFo g AF F, PtCly, 50mg Pt/kgE 453t
& s=odle €% AdotEd Skt AE784E 2 AE T FArE st
At E=F F e EFolA 2 (58 A Mg s S B
(Reichlmayr-Lais et al, 1992). & 7oA F2 4 FAd A-ANA ¥
S E 2RI SA0] #FHUY] wjio] o] Az & AAste=d A
Ak WY AF(HEE 19 F1-F5)9 NOAEL 10 mg Pt/kg(28¥ &<t 4.1mg9]
Pt 43, 0.146mg/d)S ¥R S E PDEE o3 o] Atk AT 7)o #
EY AlF2 3b5golil, ATVt T Ht AFTHEFL 235gH o, ok A4k
M Hi AS 135¢E AHE3IATH

N

2 B2
o

o

ool Moy
gl
=3
o)
t

0.146mg/d/0.135kg = 1.08mg/kg/day
PDE = 1.08 mg/kg/day x 50 kg / 5 x 10 x 10 x 1 x 1 = 108 pg/day

o o
= =
g A% < 1%) Al A9 o skl

5

Zo] AE Ao FE2EWFo] ALEHERE FE A YBiagini et al, 1983)3 AUA]
23 (Pepys et al, 1972; Pickering 1972; Merget et al, 2000; Cristaudo et al, 2007)
o] o] XAt "= EPA(1977; 2009)2} European Scientific Committee on
Occupational Exposure Limits (EU SCOEL, 2011)% "7 ZA3td S22
o] bHAS AT EU SCOELS @A 9 dlolEuo]l 22+ &g Wa
T AL = A 7IES 287 o"dur A8 WEH T "= DoL(2013)
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S BT 4 AYY =F /1FL 2 ug/m'OE AIYUTH MY ARERE 1
]

(o]
o] F1-F5)& A &3 &% PDEE o3 Zo| ALtsth

A4 T Al = 2ug/m’ x 8hr/d x 5d/wk = _0.48ug/m> = 0.00048ug/L

24 hr/d x 7 d/wk 1000 m*/L
AU &% = 0.00048pg/L x 28800L/d = 0.27ng/kg/day
50 kg

PDE = 0.27 png/kg/day x 50 kg / 1 x 10 x 1 x 1 x 1 = 1.4 pg/day

F3E3

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.
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Caverley AE, Rees D, Dowdeswell R], Linnett PJ, Kielkowski D. Platinum salt sensitivity in
refinery workers: incidence and effects of smoking and exposure. Int ] 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 and platinum compounds. European Union Scientific Committee on
Occupational Exposure Limits. 2011,SCOEL/SUM/150.
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Safety. World Health Organization, Geneva. 1991.
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HP, Alt F, Vormberg R, Baur X, Schultze-Werninghaus G. Exposure-effect relationship of
platinum salt allergy in a catalyst production plant: conclusions from a 5-year prospective
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of Labor. 2013.
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4 (Platinum-Group Elements)

WFE 440 e PDEL Y

o] E(Ir), L2F(0s), 2F(Rh), FHEF(Ru)

AT HI 7 T =4
PDE (ug/day) 100 10 1.0
N
a3 ZeEs Aty & WaE< Y4 (platinum-group elements; PGE)<]
=4 Ase Aotk 4 AR oA PGEY =EHW HEAY 1REH 35
7] < st AW Rkgo] vbErd 4 At (Goossens et al, 2011). €&
w5 44 e 54 LDsoAE7E ey, PDEE AAs7|ode SiEstA goH,
A7 FAAR ARe flth Aox 22 14 AHEE wlE, RuOyt OsOkE T
O 783 4sA| 2 Btk (Gaylarde and Sarkany, 1968; Swartzendruber et al,
1995). PGE9] &34 ol 94rt ZA4S o Ueide 2o 2 A48 th(Wiseman

and Zereini, 2009).

PGES] 54 ARI} BESEE By H4ZQ0 WHS AYsie] kg s &
2}5 PDE A 50 A3 Eo 742 PDEES AASth PGEY A<l QtAA
ARE ol oA A s

o Comet assay & HAEY AFolAZE H3lo|gF5GB+) FTIEE 2443
Wil s o olglEel 93t DNA single strand Atto] EAYSIATE 2A413F
B¢ S W= strand ATo] EAYSHA] Rkt (lavicoli et al, 2012).

o slelg]{5(3+) FES =l &3AIA©O, 0.019, 019, 1.9, 95, 19 ug

Ir/d), HEWistar rat)ol] 90243+ Fosta A% Z4H4S Hrido
(Iavicoli et al, 2011). 0.19 pg/d &FFH A4 =4 A7 YeEbHA R,
o] A= 47 PDEE AA37 o= AHAESIA FUT
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o AMEI 2wE Fo & A ZET(Luttrell and Giles, 2007). 444
< E4<e YEWA F=tH(McLaughlin et al, 1946).
o AREEle 2~F2 BHAA A 5ol AHEEHT OsOs 715 A4S & &4
= 718A, #H, g5, 3t A A=53% Ede 7 5 Ao
(USDoL, 1978; Luttrell and Giles, 2007).

o ARt ~F 9] Permitted Exposure Limit (PEL) TWA(XZHFOEH)&=
0.002 mg/m’°] T} (UsDoL, 2013).

° E%—

o Z% YH(KoRhCls,(NHy)sRhCle) Salmonella typhimuriumPl A 4 =43
UEPATHBiinger et al, 1996). ©] AlPolH Z2FS Ax 547 1 A4
ZehE 3 vlzFa, Wae visiAs FAo] A AT Comet assay
Eo AfotMEel HAEZFBH) FIES 28T Ee 2443 ekl
=243l o DNA single strand A To] A3 Th(lavicoli et al, 2012).
RhChe AR HEZF &3 AdoA 73 SA4<= YERRA, HEFelA
DNA migration®] <7HComet assay) T+ (Migliore et al, 2002).

o H3EHES PhFzol Fosta dA o AAH TS Z=ARE AT0lA =
& 57 5 ppm FEQ] A5l dEzod Bluste] AP TS
A BT o Zoh ZEhed gAAl S0 3 Ase 24
A A& Hg7]ol Ui A g4 o] A th(Schroeder and Mitchener, 1971).

oo o

o ZERhEN) Y& 7kx9t B84 3982 PEL TWAE 0.1 mg/m’o|th. 2F2
314 33E2] PEL TWAE 0.001 mg/m’°|t}h (UsDoL, 2013).
« FHF
o o 7FA FHF EFANI} Salmonella typhimurium T TA98% TA100
AN Fd FA WSS EATH(Monti-Bragadin et al, 1975; Yasbin et al,
1980; Benkli et al, 2009).

o FHFY AT FTEX LN 4%). VAT FAA 97 = 9F 200
ot A¥HH F ]‘Er 3et=2 o =2 @t (Furchner et al, 1971).
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Goossens A, Cattaert N, Nemery B, Boey L, De Graef E. Occupational allergic contact
dermatitis caused by rhodium solutions. Contact dermatitis 2011;64:158-61.
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A 9|7 (SELENIUM)

A gl s PDELCF

Selenium (Se)

3T ] T 4
PDE (ug/day) 170 85 135
A8
A e 5 (Se)> A 2ol A, & i PUEH AA = EATH. AdES
459 23} E(2, 0, +4 L +6)5 2ty YA A g, AyyolE, AYUoEE
I3 g JHE SATY. AdgS AlES 238 o] FolA & Qg
4 vF daolt A FS 54 AgA=dHA tRNAE T3 gl F
steth AgEe 1T AxA A2 AMEEHIT Jth RuSe ZwjA|7F A4
S Wk AlSFHT} old- B LA Mg F Aol f7] FA A thFskAl Al
£33 rt

1980). W= EPAo°l ¢]3}4
HTH(US EPA, 2002). &
dds EFEHA F=).

H=d Adds =5 Ald 7FE Fong 54 v Ay 55, B
Ry} win| & ZgE A7 e} AAGA STl FE YERITHATSDR, 2003). &21<
T A= dEyw Y == dF HvE ok BEE T = FES A
gty sk, o8 7i#e] gk 71EE 400 pg/dayE A JUTHWHO, 2011)

_'_4

4 Ao A Astel] o3, oldstddFolt AelE Ak WA ¥

’

OE EEHE Ay, ok 5571, He A= VIRA B9, V1A 5 Ul =
F71 S780] dehdth 4] 270 =EE Aol vEgd A3 fARE 5
F71 5% ek A4 Ay 9AY FVE FUF IR dEEHAR
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A3 1/]_ ] A /K-ﬂf/lﬂ =7 ] T

Holsh ¢ 1%20] Uehich §3)

FY =2A2 FEAIME A

H
T FAEA] FTHATSDR, 2003).

w2 °83% HE I APFdA, IAEZ dFe NOAELel 3

mg/kg/day(l.7 mg Se /kg/day);”iu}(NTP 1980). tH& FEHY A#EHwFol st

A57t FESHA &L, AXF F T DAY AgAY A

THIARC, 1999), olZlo]l FAZXN = HAdeo Azmoltt A Ax7}

, A2 71 433 FATHATSDR, 2003). PDE A4t 2 3= MRL(G

ETHATSDR, 2003). W& A(F= 19 FI-F5)& Hrgs) 74+
2ol ALt

g/kg/dayx 50 kg / 5 x 10 x 1 x 10 x 1 = 170 ng/day
AdF $5F Ade L5 F4ol 109 A5 A9

—

Y
o)
i
0
Z

Aite] o, deuolE, Ay o]

?_] o= = E

2343 oAy Ay stgE AFHA &olsHA FEHM, F5&0 FAF 80%
£ 7|5 JITHATSDR, 2003). A7 AA o] &E(~80%)= Z<tal 747 PDEE
AP A 2318 Fx)E Uro] AT PDEE AT

PDE = 170 pg/day / 2 = 85 ng/day

PDE - ¥4 =&

0.07(EU
OEL)& ’%Eﬂﬁr—rig H}%QE -s}%tﬂ,
1822 US DoLe] OEL Z3}
= Zo] ALkt

T AlFol EAE 7HsAdo] A
% 19| FI-F5) & A &3 &Y PDES

jg
.3
o
>
4y ©
f{ﬁ rr
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A& £ A = _02mg/m’ 8hr/d x 5d/wk = _0.048mg/m’> = 0.000048mg/L
24 hr/d x 7 d/wk 1000 L/m’

U & = 0.000048mg/L x 28800L = 0.027mg/kg
50 kg

PDE = 0.027 mg/kg x 50 kg / 1 x 10 x 1 x 1 x 1 = 0.135 mg/day = 135 ng/day

F3EH

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

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

IARC. Overall evaluations of carcinogenicity: An update of IJARC monographs volumes 1 to
42. Monographs on the Evaluation of the Carcinogenic Risks to Humans. International
Agency for Research on Cancer, World Health Organization, Lyon.1987;Suppl 7.

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

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

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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£(SILVER)

294 gt PDE 8.9F

Silver (Ag)

AT AT 4
PDE (ug/day) 167 16.7 7.0
=
S(Ag)S FE +17} 45 HE e & FFER EA 5, +27) 48t AEE IF
=AY, &2 FE - E84 9 v FeAEU AstE, d5tE 2 I8 4§
HZ AdHoz EXgT. 2 FoA 7H 8% 2 s died dske
otk HIFE] AFo|t 10 - 100 pg/kg HWSle o] wFo T FFHo| Yt
ee g AL AL ohiH, ga Vv E 4 vt gk e
NS oA FA|ER 47| = REZolA SujAlE AFEEHI AT 2-
IEE @52 Exst 712RYd =9 493 F43 w8 AMgHET. 4Hs)
e f7) FANA FE= asA2 AR

22 EdWOlE oA Feth TE 544FH A9 ZAHRIANANA 29
ek gdo] g 83 AV SRR GUth olHI ABE AR oo A
oA &< FEeA Fertar BHEHT(ATSDR 1990).

off

S & AFH W7 WA b RS dd WsorR Bt 2ARE
AT (silver acetate lozenge)”} =<l AR&® tH(Hymowitz and Eckholdt, 1996).
- Mo g WMAAY|= S35, 2o o7k °
]
=)

.

o3 WP 1EE ¢ FYSE 7

ALE0.015%)S =°ll ¥ 3 Ph¢2(0.9g/mouse: 32.14mg/kg A2, 64% =)
oA 125¢7 Wy &9 AA =X I5AY I mE TE AA PEEA



3l ZAFTH(Rungby and Danscher, 1984). Al@ w2 tiZwol Hlste A&
3 UEHa, e 443 4 UEUA &gt E=7F 1 mg/kgel 2iqt
< PR 2olA B FAEE A3oA = 2ol HolA THEH AT (Rungby and
Danscher, 1983). 47 PDE+ %% &% (5ug/kg/day)¥t @WETHUS EPA, 2003).
Ay AT(FS 19 FI-F5)E A& 47 PDEE tha3 #2o] ALt

v

H
5
°
-

PDE = 20 mg/kg x 50 kg / 12 x 10 x 5 x 1 x 10 = 167 ug/day

=87 H4E wo] ZANE R 29ka LOAELS PDE A& &83lo =g F59
3

PDE - HAF+ =&

1935 Gaul and Staud”7} #3EIE QA AT A @A 29 kAol osf
AT o] AFoA AW ofxHUFE 1299 SApoA 2~9.75d F<E
31~1003] Fogitt. o] Al AAA Ao WE2H 23FES fFEste 29
HA 5+ 1 g 5200tk 29 3 &0 52 SANA 2350
HuEAg. o AlgS &83ted US EPAQ003)2 ©] €3S LOAELZ
ARG o] AP FAZ &AL U A Fofo] tia A ™3| 7]sE o
AA] orZ WP PDEE *.-;!_ﬂ%}ﬂoﬂ o] Al'%‘.—&— BAME AoE AR
o Koy

2o A% Aygror FFHIs Ao 4¥A Idu 1F T FAHE FY
oF 21%2 WA ZEZA 29 Fo & 24be F4U ZAAUTHATSDR, 1990).
Lo AFE=EA  AAIA Hadrup and Lam(2014)—8— T w29
WAL A F (A0 2) FFE 04~18%2 AIHY A% 18%E 7|23 229
AT Al &E 1~50%F 71%22 H]7d 5+ PDE& ‘?353 A 1082 AT
PDEE Y7o ALNGE1E #F=x). 29 HAT =Fd dis ¥4 PDE:=

v}
o
A
i
iy}

PDE = 167 pg/d / 10 = 16.7 ug/day

PDE - ¢ =&
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TEEY 2o FU7 Ao #H 2 AR A5y HFo] F2 WA 2
a9t 8314 832 Threshold Limit Value(0.01 mg/m®)(US DoL, 2013)}
g AF(F-F 19 FI-F5)E A 88l, 94 PDEE =34 Zo] A4

A< Fo Al = 0.0lmg/m’ 8hr/d x 5d/wk = _0.0024mg/m’> = 0.00000238mg/L

24 hr/d x 7 d/wk 1000 L/m’
dd &% = 0.0000024mg/L x 28800L/day = 0.0014mg/kg/day
50 kg

PDE = 0.0014 mg/kg x 50 kg / 1 x 10 x 1 x 1 x 1= 0.007 mg/day= 7.0 ng/day

F3E3

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.

Gaul LE, Staud AH. Clinical spectroscopy. Seventy cases of generalized argyrosis following
organic and colloidal Ag medication. JAMA. 1935, 104:1387 - 1390.

Hadrup N, Lam HR. Oral toxicity of silver ions, silver nanoparticles and colloidal silver -
A review. Regul Toxicol Pharmacol. 2014 68(1):1-7.

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

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

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

US EPA. Silver (CASRN 7440-22-4). Integrated Risk Information System (IRIS). 2003.
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g5 (THALLIUM)

=4

3+ PDE 8.9F

gEo o

o
| o2
=
o
= [P
g™ |©
3
<
=
T
JIO
| 5
=
(o]
o
~
80
=
s
A
&

Ne

v, AW, debelol 5

koA
T

d#4 wpl

ojA @i WAt s HA

S1THATSDR, 1992).

0
Hr

T

0
o

tel HA o] A (Moore et al, 1993).

5]

E "l vl

ahyol o

Azt wel, g

I3}
=

.

S|

of =g 2}

At

0.04 mg/kgl 2 73

}e] NOAEL-%

S

= 1
(OEHHA, 1999 US EPA, 2009). 18|22 1 E°] NOAEL(0.04 mg/kg)ol =3l

b

I<
pul

T EC] 7t

o.

8.0 ng/day

i)

/1\_]_.

3 o] A

S
=]

o}

PDE = 0.04 mg/kg/day x 50 kg / 5 x 10 x 5 x 1 x 1 = 0.008 mg/day

#.g3ke) 47 PDE

=
=

A (F-5 19| F1-F5)

€]

H
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25 FFEY AT =& #HdE A5V AY gtk &8 2F 29 AA
o] &E2 =TH>80%)(US EPA, 2009). 1#==Z HIZH+ PDEE 77 PDES} 5Y
stA BT

PDE = 8.0 ng/day

PDE - ¥4 =&

g5 3EEY FY =9 #d9E A8 A9 gtk vlw EPAE §9Y RIDE
AEsted 259 §Y 54 A5V FEIA v 228 Uit 2F §4Y
=F 7hsACd gk A AR A8 2A AAs A@H o, FEg AE2S U
2l A ZITHUS EPA, 2009). AbEH s=oA EdE 8 542 €503, §¢
AE ogt Fret FAL A4Ee It AZHEG(IPCS, 199%). HT9 &%
AR oF GF =2AAME FAS AFE AT F Aok 287 g7 FY
PDEE ¥ 7 PDES} YshAl A3tk

PDE = 8.0 ng/day

n}l_ll

1ER

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. Thallium poisoning. Br Med ] 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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Tin (Sn)

g eI oy AE BzA ) FiEo] Ak

I PDES 9F

=4

[

Ho] o

724 (TIN)
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CEIN
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(¢]
S
~
&0
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mal
A
=

T4 (6n)e +29F +4 ASHHE EXstE &
(PVQ)l SHABAZ AEH T Aok oFE F

(A 10 ug Sn/ 7).

Ne

A A = lemw, o] A H7tel

5]

)

il g

70
Hr

T

&
o

1=
a =

THCICAD, 2005). v}

A

Hh)ell ZAsk 73+

I<

o A

J

[
=

Je] =AWl A

A

THNTP, 1982).
B2 A NOAEL(150 ppm; 32 mg Sn/kg/dayell

WAIRE, AAA o] Al ellA

1

ol

I THATSDR, 2005). ©]

73

PDE=

b H1d

[
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o]7] NZAHPTGE= AHE EUE 73 ZAo|th(de Groot et al, 1973). o] AP
747 PDE Al4tol 9lojA NTP AZ(NTP, 1982) 2t} ©f dA#Ado] Adoia Q75
8, 13573 AAIgE NTPY &% B9 4 A4¥2 de Groot 59 A3 nvls|
=42 HJrirt AdHor IAHYHAY] WZolrk(d, slE==vo] g IF
el o)

00*'

LY YF B3 AAE YAFA G9). WE ARRES 19 FIE5)E 2§
o] 7T PDEE the3} o] A4t
PDE = 32 mg/kg/day x 50 kg / 5 x 10 x 5 x 1 x 1 = 6.4 mg/day = 6400 ng/day

rulru

PDE - AT =&

FA R ARE AEFOUY AT =Fo] tF PD
1% W7k ARE setalA RATh FHFH £ F4
Bol °F 5%%& ZLsk(ATSDR, 2005), 747 PDEE Wd A+ 106138 #x)
° 2 o] HAT PDEE ALt

PDE = 6400 ug/day / 10 = 640 ng/day

d

ﬂﬂ

PDE - 9 =&

FH o Y ARE AEI oY FY A= &0l W3 PDEE Axtst=H
Folnet B7F ARE FoekA XIAUT. F4¢ TLV X}.%;ﬂ A2 mg/m3;
US DoL, 2013), MRL A4 g

SCOEL 2003). L& =2 100
(3.1% =) PDEE A4dio

ﬁ m]o
X
¥
gl
-
ofo
:C’}g
o
-
)ﬁ
)
T
gl
]I[olt
=
)
=
fu
o
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>,
b

PDE = 6400 ug/day / 100 = 64 ng/day

n}l_ll

IER

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

CICAD. Tin and inorganic compounds. Concise International Chemical Assessment
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Department of Health and Human Services. 1982; Technical Report Series No. 231.

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

Ress NB, Chou BJ, Renne RA, Dill JA, Miller RA, Roycroft JH, et al. Carcinogenicity of
inhaled vanadium pentoxide in F344/Nrats and B6C3F1 mice. Toxicol Sci 2003;74(2):287-96.
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vl (VANADIUM)

gl tid PDESSF

Vanadium (V)
BT kS £
PDE (ug/day) 120 12 12

+5)% *ZHY?:_ —/r: Atk 3 HiuES HEARE (VOS) ‘3-! H}Ur‘ﬂ(voz )ﬂr s
o] & FEZ tjFEe] A=Al mHFor EAY. AdHs I

A &tk A wiuE A o] AHFES 10 - 60 ng/d HR
+&7E T AAe 29 &4 mE =24y, Ao 140 g/
Al v EF s Ee s, A RSlelM M wE A
Aol EsAl EAFAE =7, vhbEel ey 932 A FUT

rlr

HUES 4 S4S UehAIRE 904 QITHATSDR, 2012). A HE-2
UA ek 7Hs B4 = EF/FEH(TLF 2B, IARC, 2012).

S=3 AFA BT FAdS 8
Wtk A7 5o A9 btuE A4S #H71eh]
'e EI3AA ZAEG. oY 6-12F F<F HIUE S
e AE012 =& 019 mg HMIUYE)S F 52
(84 54 24, SdzHER T4 AW 74, AR 7s(E@5 84 24 HAA
s, o 59 v Hsrt #HEEHA LUTHATSDR, 2012).

st F3Fe] 7 NOAEL(0.12 mg vanadium/kg/day)= °©]-&3t 747 PDEE
Al ?RE} HE AFES 19 FI-F5)E A&3 4 PDEE of#jof 2ol

PDE = 012 mg/kg/day x 50 kg / 1 x 10 x 5 x 1 x 1 = 012 mg/day = 120 ng/day

_99_



PDE - AT+ &=

HUE9 A A8 E AEJ oV 84T == g3t PDEES AAFsl=d &
ou|gt Frt ARE FHofetA Xk vivEd 7] vhvs sSgEY AT AA
o8& FAHXA(<1 - 10%)°l <3 (ATSDR, 2012), 47 PDEE ®& A4 10(3.1
g} Fz)o 2 Fo] H AT PDES A4+t

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

PDE - ¢ &=

IS

HEE AUz 2d 5 AN Y Y =F 43 A5E vyEY

PDE A4tel &8t ebsiulgE A 305 mg/m’) FFoA #d 9
BEE A (Ress et al. 2003). A S HMUES 7HdA| ol H o) ofFol] EA) 1A

Aoz y#EEY. I¥EE AT PDEE ¥E A 100818 Fx)o=2
HhuEel 9 PDES A4HTH

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

o

iR
=

o]

4 &2 ot ol

n}l_ll

REL

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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7t Ao

3

3

3o, 9

A E AR

=
ha

F gk,

oA Pb, As, Cd, Hg, V7} $8 digolth. 2 2&E&20
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AA oJofF 19

A420] Ao Jrh
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A
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E A42 F A229 % 3§ FE (FF FE 2 1Y FAF 10 g2 & 71X%)

AMME Z|cH 3"%':'5'5(”9/9)

Pb As Cd Hg Pd Y, Ni
HEAUE 0.5 1.5 0.5 3 10 10 20
OZ2™PMEZQA 0.5 1.5 0.5 3 10 10 20
=9 0.5 1.5 0.5 3 10 10 20
Ol Zr & 0.5 1.5 0.5 3 10 10 20
A2ATHIE 0.5 1.5 0.5 3 10 10 20
AHOFEAMOON|& 0.5 1.5 0.5 3 10 10 20
S|ZEUIZ A 0.5 1.5 0.5 3 10 10 20
At=HE| B 0.5 1.5 0.5 3 10 10 20
At H 0.5 1.5 0.5 3 10 10 20
19 ZHEHT (ug) | 1.25 3.75 1.25 7.5 25 25 50
PDE (pg/day) 5 15 5 30 100 100 200

W 2a: 19 ool AR AFe FEEE T v5EcEY 3F d& s V€

o) FAAB@RFE VA HAA 8, ® A4l FR)L FHate Ay
We TIHACTHE 13 5L AE 3
B

E ARSStER, o) FAAEES I oHtt F

I
£
Ht
il
2
=
o
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E A43. 54 1d Fo e gAGFAA == 7HEste HAUF s At

AMME Zt 5185 = (ug/g)

Pb As Cd Hg Pd v Ni

R O|FE 2 6 2 12 40 40 80
DE4HHEERA 2 6 2 12 40 40 80
=9 2 6 2 12 40 40 80
olMEE 2 6 2 12 40 40 80
QEAZHIE 2 6 2 12 40 40 80
AHOFEMOIOY & 2 6 2 12 40 40 80
SIZERUZQA 2 6 2 12 40 40 80
At=tE|EF 2 6 2 12 40 40 80
t@r’g 2 6 2 12 40 40 80
o ZCHFEHZF (ug) 5.0 15 5 30 100 100 200
PDE (ug/day) 5.0 15 5 30 100 100 200

WY 2b: 1Y FAFo] A AFY TFHPE T FEcEY & = IE

I FARAAREREEYLEF 1719 HIHA 871, & A4l #FE)E st A 1
A FojiFo] 25 gl W8 LFACEE 13 B 2a%t L AF)E A=E =9
A gt} %E«l@*% A Al Pde} Ni SuA|E AMEsHH, fsiH 7 2o
o] A3 Pb, As, Cd, Hg, V7} %-& th’elth. W 2bs AME3H7] HsliAe 4
AR F9 7z} FEELE Tk sk AH el dAYkE A ARV HQ35t
olgf] = 55F9 V|sd VHE FE5ESE AR o Aot
E Ad4 FEARBE T HETEY TE (ugh)
axME SXE(ug/g)
Pb As Cd Hg Pd V Ni
SIF O|eFE <LoQ 0.5 <LoQ <LoQ 20 <LoQ 50
OZELEZERA 0.1 0.1 0.1 0.1 * <LoQ | <LoQ
ot 0.1 0.1 0.1 0.1 * <LoQ | <LoQ
Ol ZE & 1 1 1 1 * 10 5
AZALHE 0.1 0.1 0.1 0.1 * <LoQ | <LoQ
AHOFEAOI Y| & 0.5 0.5 0.5 0.5 * <LoQ 0.5
SlmEHZ oA 0.1 0.1 0.1 0.1 * <LoQ | <LoQ
ASHE|EF 20 1 1 1 * 1 <LoQ
MotA 10 * 2000 50

10 0
= 2ol YItE Soll Pde &AM 2H=c=0| otd A2 upetxlo] F2HAn &HESIX| 3.

i
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FE Ad48 AHRF ol&s A4 FAAEZN EAs= =
Bt 4 vk & A45E o9t A2 FHETE w59 shte ootk o] 4
FTEE = FARoy, fAoE Fo| ASEE HlEo] W

=9 & =7 Yol PDEE z2HsA ¥eth & FE9 F
AR(E ALDE olﬂokﬂ T4 2E 9 =

X A45 TAHAAE T F5ECES FAFH w59 94A

g B &E(ug/g)

Pb As Cd Hg Pd v Ni
HELI%E <LoQ 5 <LoQ | <LoQ 500 <LoQ 750
DZEHEERA 0.5 5 1 5 * <LoQ | <LoQ
o 0.5 5 1 5 * <LoQ <LoQ
lMEE 5 5 5 35 * 70 80
AZAZHE= 0.5 5 1 5 * <LoQ <LoQ
AHOFEMOI O & 5 10 5 125 * <LoQ 100
SIZRHZA 2.5 5 1 5 * <LoQ <LoQ
Ar=LE|E 50 40 10 35 * 20 <LoQ
KIS 50 100 50 200 * 5000 1200
+ = 2l HItE Soll Pde &AM S2EH5=T=20| ot HdoZ miotx|of Mkl st SR 243,

T 3 HF SAGE B

97 AR E(AZFE 1709 HIHA 87N FHeks Al 19 Fefeo] 25 gl

ot 1
g TFZACEE 1, 2a, 2bs} FL AF)E 2 Eo A3 Yz oofE
&4 Al Pdet Ni SujAlE AHgstH, lsig7F 2ol o|As| Pb, As, Cd,
Hg, V7} %8 oidolth. &AIeJekEe] 19 Fo%, a458¢ES PDE, 181

=
F4 12 olgdtel RAGE F 2 FHREEY A FEE ALY 5 Aok

[e)
7 g&Eege] £ AT PDE olsholof @),

X Ad6: FHF SAYLFEFY = ALt

Z|tHHESE (ug/9)
19 F02 (@) | Pb As Cd Hg Pd % Ni
2t el Z 25 2 6 2 12 40 40 80
19 Z|CH F0{2(ug) 5 15 5 30 100 100 200

- 104 -



S FEECE AAG ANE AN AP Sl o A AN
mx02 v, faWs BARe §28 e oy Slsi@st s 9l
B7} Aol BAs we thsit

o

| Al 22 404 AAR WEAAE PO Bk o) TAAR(URFE
1718t A7A 870) S Fits A 19 FodFol 25 g9l g TIAE o=
Sol Myt AROFE WA Aol Pd% Ni ZUlAE AHgTh

A= 58] AAIE Aol wet AsiHIE AAskE, 1A FA 55
opgct. Ao okFl ALEEE HIFAC did Am7F FRIHA %
o, AAAE H7HA BF 1 F%5(As, Cd, Heg, Pb)S T371=2 AT

.
o) B 93IWIL & AH FLEEE gt A%ES 2okd Ao

I

Lo 8o >

§”.: Md mlo )

¥ A47 FAAAQN FEESES 9l

HFMHR s 5=E==
AWES| = J
THNE ojgxog | SHHSE BOL &2 | ooy o | 8710 AR
E O] XI:Il-XH %_—'T —= EE: IPX aAEHAD EH I}-XH
TH | w30 2eg | PN ETIEE| gasoe
gz o|orx Pd, Ni As Ni =3
OZMMERQA Bls As, Cd, Hg, Pb Bls Ble
oct o= As, Cd, Hg, Pb e gle
Ol At ZE 2 oS As, Cd, Hg, Pb V, Ni BlS
S2ATHE BlE As, Cd, Hg, Pb ge oS
AH|Of2 A0 H|& = As, Cd, Hg, Pb Ni s
S|TRYEZQA W= As, Cd, Hg, Pb e =) 0=
AFSIE|EF He= As, Cd, Hg, Pb aleg
ArSA = As, Cd, Hg, Pb V, Ni ele
F7HAR1 HIr 28% A 25Ee= 77 AT o] JheH 3=
o] FAEANA TAHUY. AAHAE F5H9A, 38 2 2 A5 5=
B3 F71 ARE FHAT eI B Fo A4 FAERY AR =
A48 AHElE ATt FE5EEEY 19 T dFE 7848EY 19 FAFH 5=
o] Foz Aike,
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12 SO BE 5X(ug/g) SEEEEQ 1€ EE (ug)
FEME © Pb As cd Hg Pd \Y; Ni Pb As cd Hg Pd Y] Ni
A =20|%E 0.2 <loQ 05 <LoQ <LoQ 20 <LloQ 50 0 0.1 0 0 4 0 10
| Z-PNEZQA 1.1 0.1 0.1 0.1 0.1 *  <loQ <LoQ| 0.11 0.1 0.11 0.11 0 0 0
/Y 0.45 0.1 0.1 0.1 0.1 *  <loQ <LoQ| 0.045 0.045 0.045 0.045 0 0 0
itz & 0.35 1 1 1 1 * 10 5 0.35 0.35 0.35 0.35 0 3.5 1.75
AZAHH=E 0.265 0.1 0.1 0.1 0.1 *  <loQ <LoQ| 0.0265 0.0265 0.0265 0.0265 0 0 0
AHOF2AM0M|E | 0.035 0.5 0.5 0.5 0.5 *  <loQ 05 | 00175 0.0175 0.0175 0.0175 0 0 0.0175
S|IZRUZQA 0.06 0.1 0.1 0.1 0.1 *  <loQ <LoQ| 0.006 0.006 0.006 0.006 0 0 0
At2HE| B 0.025 20 1 1 1 * 1 <LloQ| 05 0.025 0.025 0.025 0 0.025 0
A3 A 0.015 10 10 10 10 * 400 50 0.15 0.15 0.15 0.15 0 6 0.75
5 25 ¢ - - - - - - - 1.2 pyg 08 pg 07 ppg 07 pyg 4 pg 95 pg 125 pg
« 2l gIlE Sl Pde &AM 2H5E==0| ofd W2z metx[of Mzt SESHX| 25,

e H el TS GAAE E A489 HRE o] 83 WA UZT F A= w= =XE T A9 vl wate], A3
A& F3do

B A49: B7} 4A - A2 9"

G 1. ofOFE THAES AES] Az TANA EHoR HArkd Bl A TtAFE AnotElA f). Mo Hrtw
Be, Ad FE5L 7 9o gy S48 730,

G 2 GOFE Azol ASHE A BAR WA F& B BeEL ALV AT 2HE T/ Wt GEoR 12U

A 3 AzAU A AZHAL A2E A0 T AHE ZLBEES golst) sy 24 27 Pyt o 723

Q4 §o)U) A2EN AEHAL AEE AOE AL FHEEES BT T 24 T ot oz Ban

A 5 oobE THYEE JAEE Gt WA FHEEEY F AEE And
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A gt
1 2 3 4 5 6 7 8
ocmoz x| SHMeZ molgEe | [ 8700 | 35Ee8el | 35EcE | 2l @4 5]
ol s oy | SEEEE WEE MM | TS | MAHIM | 5 J|E | 7|6E #©SH | (Control _
(S0l A8t B¢ mo| Ao el £l A e o (Action)
3o ExE S (ng/day) T8 75 o | threshold)
RE HILK et =71 e
els . L a e el s 0.8 7ts 4.5 - -
HEOAEOA ExcE A= Ze gls
O | G | =P N == | == o © [el Ke) . _;IS7|- J_I_'_I‘El
HA T Et |:|7|'X‘”0"k| == ?ZIE BATT BA DY 0.7 7|'3 15 El_g_ olo
= HA DT
HO = = A D = oo Ho [ _j't_7|- J_'_'—I‘El
HA T Et xlz-lljl-x-”o"A-I =r= ?:-!E HA DT AT 0.7 7|’6 9 o olo
E-g- HA DT
oo [ =3 3 HAD 7]z o o oo [ 2'57'- %El
HA T Et |:|7|'X‘”0ﬂk| == o= HA DT BA DS 1.2 7|'6 1.5 ru.l_g_ oo
= HA TS
= oo o o o o L _jl<_7|' 'Tlnl}'El
API ‘%‘DH BEATT HATT =) 4.0 7|'6 30 mg oo
= HA DT
= = o o [ _j't_7|- J_'_'—I‘El
APl ZD0j 370 "7HHoIM A= =) =) 12.5 7ts 60 T oo
4R Sle
o = ) ) [ _j't_7|- J_'_'—I‘El
ERS) 370 B7HMOIM A= BlS BlS 9.5 ’ts 30 no oo
= HA TS
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S50 HE Al - IF X 3l 8= 5= 2

=

1. WA

2. ¥4

3. I F AF A <AL H7E 43

31 FEEEEE) 4y &5

3.2 Rujol 3 # &= AF2 PDE

4. 75 1923 8-%(PDE) 2%

41 JFEHA(CMF) 24

42 Y% PDE

421 F45E25E9 PDE 4= (Z5(T)), HlA(As) A9
422 Hlx9] PDE 4t&

423 ©¥%° PDE 4H=

5. UA(Ni), ZLE(Co) & F= AT

6. AE308 7}

7. 3% PDE %
8

)=
T
RG]

o L

=
=
ol

2014 12€¢ ICH+ A7 3] olA 71Ee ICH Q3D a&Ew=E 7HolEgkel<s
Ut AT, HIATF, FY FAAECA dal 241 S5EEEEDY
14923 8H(PDE)S AAgT Zlol=gkle] 328 T2 F
PDE A% & o] 7]&5 o ﬂv}. u‘%—“f—% Ay Ag AF> %é—%ﬁ%ﬂ PDE”}
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71| tH(Monteiro-Riviere and Filon, 2017). IF &= &3} 3z FA=HI
27t oY MEFTOE FAE At XY(EE AY) e gs=do] oF
QEFHAA HiIEFHo R o|Fstes ASEZHN R EA, IETH F9,
HeE e g4 54, 489 E5Ao wet ezt

Foo 13 AEe 74 w3l o9 (HdR)E duEo 15-20%9 HAE
Azz 7AEY 4AFe FHoes 2o Ui BA% 254 AR U
S EHQ g 4TS @k olYF olfE BAHGFYHEAP) 5 2
Adegoz Au Adde Awdoz FHRY Ay F4E FE B,
shebx) lak(el. FE FRA)7} Basi

“AE A" A API JFEE AV AL =8EEE EA4o
TEZo g2 27 i a5EsEed s A8 5 {ith g JE&H=
v5EcEd AN FFE Briete A9 Bl A Fskt. AF = gt
W20 2 ko ¥hgd 4 Qnh olE S0, IFoA wotEol= #2579 oF
HAUH(E& ] 1~4%)S =5 § & T 5 FOAZY sageto s A yUzpA T
7 7= A detredA R WEE At (Hursh et al, 1989). Hostynek

et al. (1993)2 S&(Ag)el IFol| FHAH= AFdol Ax HEHA F=val

H e Adog Qg o3 FH=3

| FHA ZEt(Lansdown, 2012). & FE|

< %y A" dzslole’r)d F2F Adsta R IRpete AoR

UEts th(Lansdown, 2012). w5A2gdiide AR gopel Al IR
ZASA (A, FH o] VARLAAME, SEIER) HOE

FormE(d. JdAaddY oENR), JREsE 55 ZAY 2 F5UA JheA e

Ho|FE(van den Oord and De Ley, 1994).

H~l

yFEZo olzjg EA HAZ} Hostynek et al. (1993)°] HES AFH JF
A7t ZleEdte HeE o] MAlxEd tid) Fe3 A JTs o o3
AN =2 o] Zlojugkel WMo &sl= HI7ME F&HEwE tiFEdA < 1%
T o2 HiuHdY F5EEE9 AY Fe 3% EHu &AE
ZlEH o At
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o] Ztol=eile] Z3H F&2 #H8 A, AR AT HuA F AF, FAST
AT B Hr BRuAo E3H FFHOE o]8Itsd ARE HESY HUe
Zolth, ity oz 73t Fo AFE AY FF B IRFTAA FEHEECES
AEE @3] Bad Aolth(Hostynek, 2003). #7]o] Hs) Ay AR g
sig7kel g AFH =ES Hrlste AT ®FEo] (v AEZ o=

o8 A,

1|
AP
d
=
i)
ok
)
gl
(s
o
ol
el
4
e
[-']I.
i)

Q3DY o] HEL A Ee A EHE =3 HJF W A o okFd
(°] FZoA “3F A F(cutaneous products)’ = H 3. =

A HAEAAM= oofFol ST 7HeAol A= FHd JFdoenz(ol =gl
z) 55 EEEY 1@ #3 AR HGUre a3 2 &A((RIA in
vivo A%, §& in vivo AE, in vitro AR)E A5 FHAA & AAH

oz A4 7} ol FolHnh

T4 B AA FAE 1HFHAG. drtdow kS Aejsta vl m4mAg 9
AF= gtk A9 A2 A2 54 HE 29 @59 Fus 1Al 540 AT
o] FEAN TF= S5 Ay Fol B3 o8 F A= ART) AT )]
HZol 558 S0 s o7717F Erbssta 558 AIie e
T AEF 7|E PDES ¥ A=2=2 HAss= Zol EVbesith IEE=R
I RBGAFCME)E AH&38to] 3% PDEES AF&sh7] 98 100% Al &E8<
FA3% ¥ PDES] AAAH EA(systematic adjustment)s Z|HFO=E It
Hwol /iEET@dd F=x). ¥ PDEx- dFo dd WA Lo dis)
Ah=E AT
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T

, AR Aol 8E, 540 B3 A7 A=A

)

of, AEANA A F
g =4

e}t AT A

)

°©
yal

=
[¢)

A% olg 7

T4

dTE

v A k. (Hostynek, 2003).

A3 0.005%

s

ks
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4. IR 1923 & FHPDE) 2%
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41 D F-EAQAF(CMF) 273
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=

Hl 2 (As), 5 (T)= AP a58c=Y 25 HAd 95 AA o] &E(CBA)
1%7F AH&E

2. CBAE ZAAZ 4 A& o7 ARE 183t A 10°0] CBA Z7HA17]7]
A

B 7T PDE Al4tell= oln] ¢bd A4 FI-F57F 850 JAY 77 PDEZEH
AEE T HEAdY fAe st 5 PDECl FEAS(ICH Q3D H5 1
Fz)7F 2FE o] k. 2 2R I PDEY| Wi FrF BAL FashA efth

22 I8 PDEE % 19 AAE th
421 FE5EEES PDE AHE(EE(T), Y& (As) A 9)
CBA7} @g S&5EEE(< 1%)9 4%, CMF 10°] & -gdt}.
< 1% CBARl v&E+=9 A A CBAE 1% x 10 = 10%

CMF 4t=S 938 ¥l BAE A CBAZE Uw
100%/10% = 10
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¥ 5 PDE = ®|Z 7 PDE x CMF
¥ E PDE = v PDE x 10

M FE&5EeEdd U

f
H

B PDE= % 19 A|A =] t).
422 H|A9] PDE 4=

o A o]&7ksd AsCd wWEW A FFEo] dFEe =
ARG © = 5%)(ATSDR, 2016). ©]E 7]Hto =
[ <F B o] ozl AAE] YTt

BA CBA A= : 5% x 10 = 50%
CMF 4t=S 93 ¥l BAE A CBAE Uw
100%/50% = 2

¥ 5 PDE= U3 2o Aok
3]E PDE = H]ZA T PDE x CMF
3 E PDE = 15ug/day x 2 = 30 ug/day

423 €F9 PDE 4=

B5e oA o9 B FFIEY AFH ARV gloeEz HAT FEI
A S71E FAH3IT B PDEw HZEA T PDE®F HYsta CMF 19|
AHg-E T}

¥ % PDE= G o] Atk
¥ 77 PDE = 8 ug/day
9 PDE = 8 ug/day x 1 = 8 ug/day
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o g HF AFo| ELEE EAste a5ETEY sEv e
YA FFo] ofd Aoz gAY, Y ojn] e AgEdA IH
Hse 2o JheAde ¥ e d Ao UANi)FH ZEE(Co)ol i3 PDE %
T A AR BHEsith & AgE oF 2 Ay & AHCICL)=
ouigitt. AF(Cr) T UE F5ECEY AT AF wee doe JATL
9E PDE(Cr)¢t A=AE TLd3AY JF PDEET X Eo. J8E2E=E F7}
T2 71 B8 3tA 2t (Nethercott et al., 1994).

YAl My F% A 05 ug/cm’/week> L Orld 2] SA(DMG) Al g ollA
HAZ FAE Menné et al,(1987)°] AR AH ¢ AV IAF FHFHo
WAskE 2B AFA ATl UAS AMgee A EU =7 UA
T4 YA A el A(@A REACH, Entry 27, Annex XVII) ©] SHAE
Z1Fo® AIZE o] Foin. AR oy F YA dHEr] TAo] HIT]
743 tH(Thyssen et al., 2011; Ahlstrom et al., 2019). ©o] A= oFF U
UAe] s} sxE AA] 98 HEHTh FES 05 g §FOFE 250 cm’
o5 g #g3kE Flo] 71¥Y W(Long and Finlay, 1991) 2] 2F#2] CTCL 35
ug/g/day T3 Zo] 4EHt. IWES Ay Er] A HASE s A
AEE AL 31~259 ppme] A9} f-AFSFTH(Fischer et al., 2015).

0.5 ug/cmz/week
0.07 ug/cm?/day x 250cm?

17.5 pug/day/05 g

0.07 /Jg/cmz/day
17.5 pg/day

35 ug/g/day

6. A== 7}
v Rg ook ol A|FE HrE ICH Q3D 589 AAE AFL F43le] Fns| ok

AH EAd W@ ;ALY 4E {4, F7h B

h A=
L ARe AT, NAT, FY AR AT AP FA2 AFo] U5
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A AXES] A9 PDES #Hste] oFe] FHEwE FEe 1LHdie
13} GlEo] oJofEoA o] F&HEEEES FX(ug/g)’t E 19 WAE CTCL¥
#Aste]  HriEolof ok wmeEkx  AFASEILA F UA, ILE
F(ug/day)e] PDE oldtolx ojekFolA 1 =7k & 1] AAE CICLE
FHahA] Fthe As s BAs o 3t

ICH Q3D 5230 7]&Xo] x| oekEF 2s)H 7}
A& FTHs] A AF L AHE
= AT ThsA o] ls

i

e O
s
o
12
R
rlr
N
N

ko
ln
T
_Nn_',
{o
of

I
e
M
it
rr )
A
=
~
Q.
<

5 AFY Hd F 1€ &l A WEI] WAHO YA BoE=
AFAsiE e deade Hrtel 277 2 e Hde =& Al dig
EldAd o] d5H F4o]tHSCCP, 2006; Long, 1991, Api et al., 2008).

TR AFL Ag BIoA AA ®E AHo| sPsetis Held AT, WAT
= FY AEHE Aot Ak B w2 5 Y AAHA FEBEE
Bkl Akl g =4 3 ookEe fAIel WE WL FaF F
Ak, o2 Sof, HFoh e 5 AFL AG A% Azke] Hrh LHBE 93
Bhs fA AAE Agste] RASNKE & UTHAA Al B o g
AH= ICH Q3D % 7|9 =& 1 a1,
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https:/ /www.ich.org/products/guidelines/quality/article/quality-guidelines.html.
PDE/} ols} 2ol HAHW Add N2& FFo| sgszo HI AuE
Hd golA 1HE o] "ot

7. ¥ PDE %
3 9 Ay AR it A=H PDE= % 19 AAHS Atk Q3DE &+
F AEE 4F T FEHECEUA, ZEE) 4 F WA ARIHCTCL

2o sl E PDE A Ao
e A2 #HS FEtgE

L

3 2014 19 &0l 10g?d o efFol i dAA &=7F AAIHS U

¥ 1: 9 ¥ AF - PDE, CTCL, ¥3]%B7}d =349 55
=25 | &% | H4E& ICH Q3D(R1) Xt&E oe §=
PDE(ug/day) oE™Mo=Z
PDE ZHArE HIt|X| 2
87 | HBT | 8% | (ug/day) | CTCLug/g) | B2 SIsh Htof

Esﬂmzs

Cd 1 5 2 3 20 - of

Pb 1 5 5 5 50 - of

As 1 15 15 2 30 - o

Hg 1 30 3 1 30 - of

Co 2A 50 5 3 50 35 o

v 2A 100 10 1 100 - o

Ni 2A 200 20 6 200 35 o

Tl 2B 8 8 8 8 - oL 2

Au 2B 300 300 3 3000 - OfL| 2

Pd* 2B 100 10 1 100 - OfL| 2

Se 2B 150 80 130 800 - otL| 2

Ag 2B 150 15 7 150 - OfL| 2

Pt 2B 100 10 1 100 - OfL|2

Li 3 550 250 25 2500 - OfL| 2

Sb 3 1200 90 20 900 - Ot 2

Ba 3 1400 700 300 7000 - ofL| 2
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Mo 3 3000 1500 10 15000 - OfL| 2
Cu 3 3000 300 30 3000 - OfL| 2
Sn 3 6000 600 60 6000 - OfL| 2
Cr 3 11000 | 1100 3 11000 - OfL| 2
o g Hrtd F£5& 4 9sH o] E3hEojok 3}
’Class 2B 242 o)xz oz H7IEA &e A EAT 7lsAo] dorng A HAF, FY
A Zo] Hrlo A A JH Tt
9] % PDEZ}F 500 pg/day?l Class 3 24-& 9z og H7Es A4S Adsta s Frtol
ESE A golx Hrh
‘Pd PDEE ©ldlE, &2F, 2%, FHF &2 Ao
¥ 2. 9% PDE ¥ 10g &3 AF &= A7
_ 19 88 10
. L I = pDE e 19 ZHEF HhA
oS T og sk
(ng/day) CTCL (ug/9)
(u9/9)
Cd 1 20 2 -
Pb 1 50 5 -
As 1 30 3 -
Hg 1 30 3 -
Co 2A 50 5P 35
v 2A 100 10 -
Ni 2A 200 202 35
Tl 2B 8 0.8 -
Au 2B 3000 300 -
Pd? 2B 100 10 -
Se 2B 800 80 -
Ag 2B 150 15 -
Pt 2B 100 10 -
Li 3 2500 250 -
Sb 3 900 90 -
Ba 3 7000 700 -
Mo 3 15000 1500 -
Cu 3 3000 300 -
Sn 3 6000 600 -
Cr 3 11000 1100 -
'PDEE 1% &% 10g& AH83to] A&sle] F5 7202 ¥
2y PDE$} CICL =% Jt 359 A%, F AdpE 2% F=doF d. ¥ A
A5t A4S AAGel A&Eolof gtk o ¢ IAECo)Y AF 10 g £HY w EH IR
FEv 5 ug/gelth dHARE 1 g £%FY wWe 1¥ TEE 50 ug/gS® CICL 35 ug/gs
233 e 2 o] o= CTCLAte] Ag-EojoF 3t}
’Pd PDEE °|8lE, &2F, 2F, FHE 82 Aotk
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