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Cd 1 yes yes yes yes
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Tl 2B yes no no no
Au 2B yes no no no
Pd 2B yes no no no
Ir 2B yes no no no
Os 2B yes no no no
Rh 2B yes no no no
Ru 2B yes no no no
Se 2B yes no no no
Ag 2B yes no no no
Pt 2B yes no no no
Li 3 yes no yes yes

_12_




o

-

yes
yes
yes
yes
yes
yes

yes
no
no
yes
no
no

3 e wHA A% =Ee] 7b

no
no
no
no
no
no
S
=]

=949, ot

yes
yes
yes
yes
yes
yes

19722 E 2

[<

1) ¢

Sb
Ba
Mo
Cu
Sn
Cr

55. H7}

TN B o
M,_mo ,_ny.,._o_“_
N T Y
B g
%1 o
Lo 4w
RN e
A
il w T
F oo S
G I
o 03
oy © mHmM
FHx z
Mﬁﬂ__/ll EOMT
.:Dlr m_ME
TR RO o
G )
TR ®
Hnnzurl,w.
g g B
do = o bL_L
o <° o —_—
I A S
o= = P TR
CEsw = E
m_x‘nnmﬁ:i Mmﬂ
Moo X o)
<o TN ® X
Vo oo S
%ﬂwmﬁﬂﬂﬁﬁﬂ
(G =~ N
— C-
Q o)
11 .
F R

7HA

o

]

3

3

B e 2art Yot ol

9

glom, 9

PN
T

o
=]

=
=

_13_

1=
T BN

F =}

9]

stk of7)o] o

-

S

8

AR 7

i

1
Aol

T

) N

2

A7F AE

A A zTHA G
shA|ojorEe] N A=

o
T



o]

[e)

T—

7}

=

XH S}

=
-

Sho] kA o] ofFol

S

=
7}

3T
=1

3

o= ¥%

=

bol eha el ok
2

<]

7}

53

= o

=

Xélﬂ;_

7F A ol A

(€]

3

AV

3

9

5.6. AlsiH7E A Kof

=

<

W

o

X
AF

A

S

A A

F/]E

‘&2 gHAl(control threshold)’

771, PDE A&7k 30%l

]

G

Z|

=
=

|

oy
)

Bo
Nlo

o

™
ce

)

—

O

o)
N

A

2}

il

3t

AH OOk ¥

j
a-

H 54 (variability)

0
Ho
7
o)
TH
=0
X
i

)

#

154

1

°
pal

S H

3
STk WA=

gl 37] 6 ZEO|A]

Q)
=

_14_

(inherent variability)o] & T



2

7 A

]

8

Zholl A 3t

F ook

[}

ko)
(€]

=]

AV

2% A

=

by
olwf )3

7} A5}

st

=

=
7t At ¥, AEA

o

]

Y2

3

3 A

=1

_?4
2ol Wa

R T o ® O MR W T F oo o do N

A I o S R c e S i S aﬁaTMﬁz?Nrﬂ

o T T o} X0 L - TR <

R R I P g
o_lA‘._AI.M,WH\HEﬂENEOW_,T OMﬂLm_v:.LuT

o N T3 kT L T o T g 4z
STTIEFLfEL IEcELT

,murﬁTu,_lryl ﬁo_igﬂ‘moﬁl ..vmo‘Ll:im.a._wA_uHMo
— T . b3 .
R T i N L I )
u_.E = = my = ‘DI =3 . Z,* Xl u_.._ ,_.ma o
GE T e W PFE e ¥ e [ w
%moﬂ_vrmr\m)%@omuﬂ%lewg%

Xdr 0 = N K kﬁ.7.o]r
B E e SREEEE
= T g B o E @ o2 qd T Mg
SpagLas Pl 3%

I B m " O = = 5 4
wﬂﬂﬂﬂmmwwﬁaﬁuw%gmawgem
. _lm_ ~ Ol_u_lﬂ- Jn\l/
o _&EM%MAm;ﬁlwmm.\ﬁo ﬁmoﬁowﬂ@xm%
Nrwﬂwmnﬂr_mw&mﬁadr.w%ﬂ Mmaﬁ%ékwLA

. dﬂ U= ©) ) L
5 B BT wngmo3cg P agwyPr L
o B %ﬂo,@ﬂmmo%&ﬁ%z TN ﬂﬂﬂoﬂ@
ww %%%W%@WEW%%% %Ww&%g@mﬁ,
I T2 ®EL P g T LW

of mﬂ%ﬂflor o M_uulo» = Ol ,_tdl ,
i = %%M%m&?ﬂ#%&% %%%%15%
o Fk ® ® E \C/,A,__.LAI_,T o o N ok T
Qo o .x.__u o) - B JU o H%.E E.E lo T T oy E,._
03 o w _ 4w = T g eh Bghixd o
x R FBTEFImSRsE DEE YL TR
R e inrldfTITL cadkane
Yy S W oxN T T RN T e ® T oo A
™ 5 o o i M T AT T O omT R A W

_15_



cl

ol
DU
<t

<ar
Mo

A RES s A FF

o] PDEZ

Jjo
_

B
)
)
ey
N
{

o
A

4
st

ey
)
oV

o

X

™
)

S

)|
~

B

ol & AA

e

Y Ee A9 F A (upstream)

=
)

g

A

Ho

Np

A7HA 4 S 7

) =

H A

ks

.

O

Np

O

Np

|

_'I:F

|71l A" A3

Hp

b o] o

A%

]
&

12 oAty gHEwEd 713 A

o
gl

ICH Q6A°l 71&H

=
4

A9 At 2ok

o
Plo

il

Y
o
oR
BA

1. PDEQ ST JIE ALOIQ] izt

Al o) oFFol| o) et

T—
) .

=2 Hd s&Fe|th. PDE

= =
= o

FEEBELE Pyl 722X PDE

‘g]
b o ok

A 2| fFo} AL FE FHHE F

o] PDEE YA

o A = N = |
oS E T e

3T =
=T

T—
) .

o}z ol

7] 9lal shAl ol okEol T

S

=2 ABATE FES
o 744

L=

ol
5

2] 744

-y
-

ERL!

o}, ol ol A

o
ol
o
Ta

=0

H

_16_



)
o
+
s
o
S
o
£
By
>
i
ot
ofo
off

5 (permitted concentration)s A o] oFF

S v&5ETE°] PDES 2384 St Ae W80k doh. Ao oFF 9

o)
(upstream) 2] E AAs=H &&

.+ BHEEEO 3H T B P A, Bn RS 2Ased B8

o F5EcE dYo H3dE BAERE AR AE EA40 Jlsst=H 28

g o, 871l A"y Az=gE
TAREG7HAL 5ok 59 HS] 8- S(maximum permitted concentration)=
At Hsigrt Aol wet &7|vil Al A xg6vE Sl o E T

LEeE T 719eA et BEHY, ol Ui FUF AE= ¥
[e]

o =
2 gty 2y &7)up) A 2"l Az AZAeld 3 FEESE 97 dE
AT, & EAol g 1Y FoAHF FAHXE PDEAAA Wl o, HIHAIS} 959

_17_



o % (g/day)

PDE (pg/day)
o]
=

Hp

bof g o) o

d 2E 53X g5 s

Qe

3

Y2

9)3)

Nd

A

=
=

Mol A& AR RE 40 E A42

A

W
Ho

i)

G

Ak, ghA| o okE o] 19 Fodo] 10 goletal 71 shA|

S

T 13 FAE

o] A& A

Zhell A Tt

7

3)

=1

| Hl&ol #A flo] <A

A2

i

WY 2b: EF 1Y

o] EAT 7hsAd ol

of me} 5&

X

140 H
=59 &

b AR THAE

<

28

JR7}

1<l

X

A7 Fstal AA 74

o
i

0

0

N

A7t AT G s

3

Al %

3k,

o

oy

oA dr3l miol uwel, g

g

e

‘g]

=2}el

2). & 7ol

ol

o}

_18_



i

Uz

Rz

O

i
d&r

Wi

A21¢ PDE zrol #3t

il H =] ofof

[9)

58 o 9

[e)

)

o o

o

Nio

C, M,

PDE(ug/day)
k = ojekF o] N/ 744 % ] A< (index)

TH 3 AT A FE B

oy
NS

o] M} AL A= BE 4 F AL

X JIE 104 ArE

I

& %

<

-
T

3 (speciation) & &

=
<5

3l

A&
a)

o3}

B

o

Ko

St

€ o] &3t PDEE 2H

of g 54 HH

o

s I = N =
TS ETE

&

e W, gACFE B

_19_

%_



Zl
Sy

1

kel
of

ol FHAITE, HE
F, B 39 AMEH F
il ooﬂ H]B‘H E X i]-_
=70

w5

3hA] &

S

A&

=

=

# AR

um ©
= o AR n
N o o T X gl B N MR o
3K B . W SO cel o _wﬁwﬂ%oﬂa
& wh & o T "o )
T = W of T CEA) of o B K
o oo W E woop T A w
Boowgn s Sie RErEC
T T oo R ERS T
< HH fro — RG]
o o = W T o o M e < o )
N do o ™ o w _ " " X .- - W
~ - = o= W ~ Ao T MR g
] < Y N R = W oo W o W
i o w3 % = RS 5% -
Ao R Mo 2 T oR - F 9 N
o - %O R Fiac) ou Hm ) n m_yl L@ h_:m
5 o N bz I o e
o5 w_ww_orm%/l Heﬂ_u T T = T b X,_N
ﬁoMT %ﬂ@dr = & memaww E717ro_em7r
N o I ) S W gy o N
W oo [} Qe o = N <) Jo T
K N of ® o Aﬂ%%uﬁv@duw
Mo oy ° T % Mu”ul g X = o Vo s
UF E_E AT u_.E ‘_.__me ﬂo S o T or X — < X0 R T ok
T o o & oo o o T oo L o AR
B I~ I hy o o w ™ R n
- .@v do 1__1_ ‘Ul =1 3 EO < m_./l N _ﬂa
o o o fp W i Ekl_:ﬂ_ﬂﬂx%
ZT_ — o :U ,HT_ - 1_7|.A X a ,,Alﬁ % K ﬂ_OI ) o X E.E 3
TS e ¥ NN b o oo TR X oh T
Mo _ B B0 qwﬁmm o P a W CC =
o He T - X" o <o ~ o T it oy
TEREEE x T LT xTiiiiﬂi
Mo o o % o T 1| Y oy = = w2 o R Ho o &
X T '’ o3 m”” AR . o R K < o s T W AF
o< = m e B o i3 3 ! sl
U X oF N & %u oF 1 | T

- 20 -



A7

g4 Az,

b,

S

Aol g

_21_



g0i0Hd

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).

M7 #2](Change Management):
W73 AReRel A, B, <l old, HE w3k AA A HTH(ICH Q10).

CICAD:

Concise International Chemical Assessment Documents (WHO)

& 7117 Al 2El(Container Closure System)
SepEg RBHT NEAE TAAAY FF UF TRAAE FHA BE
e€ Ze oA 2RAAE 2FIH. £ A2'2 87| Al=dol s

o Z(Control Strategy):

T4 A AF FH2S 1Ay A&, A AF L FAA 3 A4 A
=% A8 AE dsoofEa oodF ds 3 74 =243 ddd At 5
4 oaa AR 8 AN e 24, 1IPC, S AFE 4, ZUE 2 ae
F71E€ 298 B9 d=e FHE 5 Adv (ICH Q10)
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19 % %(Daily Dose):
FA7L ol Fople ookEe] FF

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

A kA Al (Herbal Products):
Aros 484 Bdolt N84 SoFE EAERS BY HROR FHshs o
l

ofF. AFel Wt Frieoly & wdH £

TARC:

International Agency for Research on Cancer.

T &9 984 (Inhalation Unit Risk):

5
E(1 pg/L)oly 3711 ug/m’)oll 2 ofd E-o] d&Hoz wEFHE A9
A g1l e A 2 BA & HA AEA. Y 29 ded S g
2ol Mgt &9 iAol 2 x 10°per ng/Loletd, 284 1 2EH T T
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sletE2o] 1 pgol Y& Aol A &< WY =25 = F-5, T 1,000,000
o g2 23 o BAYCETE FAA) o] ddETE oulelth (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 e 244 L T FFo A (H=) A FHeA TFEEHs,
o, 715, 4%, 2, FH Y FAEes mdste Aoz Aoy #Es
T3 Fetd E49 HA TR e F(EHS Ik

LoQ(Limit of Quantitation):

BAvH ol AHEd A= AAE HAE3 AU HAIAHLE IR A S
Ae HaFolth. AFIAE AA e F SFEY AsEE FTFse o
g E &2, 53] fFAdEdoly Bl ES] Fes Hsl A8 (ICH Q2)

LOEL(Lowest-Observed-Effect Level):
wEE Agolu SEel4 UehtE dake] Az Ex
golmal SANE Ao AN ZAE AX &

-lleE

3 A% (Modifying Factor):
A AE7 7Y Brbsle AA AR AEEA g ALt
| G A Bl=d AT (ICH Q30) (A Al &

N &
off
X
bl
gl
re

2
>
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MRL(Minimal Risk Level):
Ad A2l M =E2HE FRT fsde] TASA Fogdal ddEH=

%72 (ATSDR)

NAS:

National Academy of Science

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

AH wE 27004 B2 QAL Fu, 75, 4%, B, FH0l A b R
S %3 wotg oW YR

i I
A dRe fUsA Yt Ao Aoy B
FE EE

A F& o)ulgih,

= =

NOEL(No-Observed-Effect Level):
=29 Ageld BRIA Ushts 9T 474 E: NEE YEHon

ol FANAA G Ao 2T A £

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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1¥9 &3] & F(Permitted Daily Exposure, PDE):
ol T wEETCEY d AW & HHAF

A F AF7](Product Lifecycle):
Z7] I SARE BE AA 1 AlFe] FEEIIMA B AF7] SAICH QI)

F2 (Quality):
AF, N=" e FAHY WA1H EAHo] 7VEs TF3he AE(ICH QoA ¥
TolokE 9 Ao ekE FH A Ho Fx) (ICH

A

F4 98 #28(Quality Risk Management):
AF A7 A ojofF FH 3 s B7}, A, AU, AEE
Ak AAAQ AAF (ICH Q9)

F4d A 2" (Quality System):

4 e oldsty T4 5325 24

ol

7] 93k Al 2Hle] ZE BB (ICH Q10)

23l (Risk):
Sa WA eI 98 F=e =3 (ISO/IEC 7Fol= 51, ICH QI)

3l +8(Risk Acceptance):
E F&3712 & AA (1SO 7lol= 73)

4 A](Risk Analysis):
gtets 98] a4t HHER sl F4 (ICH QI)

3l B7HRisk Assessment):

el Bl AApollA RS At s #d AAe W= AAZ] Ak el
849 gopat F Hd 840 =E2HE A9 e 24 2 HriE A48
(ICH Q)
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#1131 BA(Risk Control):
A Bl E AR 2AH AZE oldst= B (ISO 7lel= 73)

#13 #<1(Risk Identification):
93 AEolY EAE EdE flsle FAH aa9lE o)
AR AAA &8 (ICH QI)

0

Of

i
&
19
ol
ol
rlr
o
rok

$18 #2(Risk Management):
sl 7t FA, Au, AES A AAZ] F4 A9 B, A3, 45 (ICH QI)

A A (Safety):
SA GRolA oE ol EF o FgH o] WS Fod]ehe Al (Ref. 2)

¢4 B 7} (Safety Assessment):

stebA S8 g4t FstEd wEdd Wi HehE oot #4, 1Ey g=F
oz 9 #dd A8l FHe Fol Hrtstes &F. XA BUIE HAsEt
o 22 o2 AHES] = DT (Ref. 2)

A Al (Safety Factor):

AsliE 7 A=7H7F NOAELelYW 7leF Frargh(o, #WiXxnet= &Fo|y wix|ni=
&F9 kgt 4lE FHA|)o| A 83ll, ADI(acceptable daily intake)Yt TDI(tolerable
daily intake) #o| FH3AU FEHI fsiAo] gty AGHE Ve &FE
TEshed ARgsleE BE(AE) A (NOAELelY 7|Ek Fagks kA A=
o] Fa g AL, b Al e =4 9T 54, RE i HEY 1
29 §3, agla 88 7153 2483 AR AR £Fd ug geiRich 3

< =4
7} A5 (assessment factor) 9} EA4 Al (uncertainty factor)E FralgHo. (Ref. 2

~—"

Z} A (Severity):
3i

Al Z
Al 8o wet TAstE Ao £F (ICH Q9)
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TLV (Threshold Limit Value):

Bk HAA7 MY mEHolE RYA ol Yoty AZHE T4 F
FTEF, A wE AY = Abele] @A ). ACGIHZF TLV #h= 243
omd ), a2 747 B 87 AakT wF 4047 AT AHEE
N ZE-7VE & = (time-weighted concentration; TWA)©|1l, I8 E2=2 wHAd F&Fa
#Ho] ot (IUPACQ)

TWA(Time Weighted Average):

ACGIH®| Aeofoll mEr, dubd o= k7 8AIZF, 150 40413 dot= 459

Ay 7V B BEE 4 n) g}k, (IUPAC)

URE:
Unit Risk Factor.

US DoL:
United States Department of Labor.

US EPA:

United States Environmental Protection Agency.

WHO:
World Health Organization.
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. Ball D, Blanchard ], 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.

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.

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

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

Haxel GB, Hedrick JB, Orris GJ. Rare earth elements-critical resources for high
technology. US Geological Survey 2005;Fact Sheet 087-02.
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HE 1 LESAE LY

B 7tolegiile] ANE FE5EEESY 38 E: FF FY =F A 7]

= A4 WHRef. 1)F st A 174 fsiB kel gk IPCSOll 7<%
o

WiHol 9] ASte] PDE #< =
[RIS®} w]=+ FDA oAl AF&5 W

st EFe T & WHEE otgdA AWIth MRLE ©| &3] PDEE
AR o, Wy AFE FUIE AFESA ZFRer o]+ MRL AH&EA o|w] =3}
HA7 djZEolth HAAE 4<% Ao URFE o] 83l 1:100000 ¢#& FF< &
239 PDEE AA3HoH, o] BF 304 HAisitt 45 ¢ PDEE A4
A =E A Ve 2 HE ATE 485, 571 dd Solddd IF¥F=
A=k =

7HE #AEAe] E FEAE A859 NOAEL & LOAELS EUZ ts3

PDE = NO(A)EL x A% ZA/[F1 x F2 x F3 x F4 x F5] (A.11)

PDE= NO(A)ELLZHE A4tsh= Zio] nighalsin, thef NO(A)EL A=7F /1
4% LO(A)ELE AT 5 gtk AdolAl AR AAAZI7] 98] AH8-H
4

B 7] (Environmental Health Criteria,

(e e

H & Al (modifying factor)=
EHC)Y “EZ4Ad A< (uncertainty factor)’(Ref. 2)¢, FlmFH I
Pharmacopoeial Forum, PF)¢] “¥H3& A < (modifying factor)” =2 “<bd Al
(safety factor)” <} Zth.

—~~

| F
HENA Aoz 9
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BA S8 et BiAE Aol F4 = 1
BEAFAEE S6etA g EAEAdod= F 4 =
A5 S FHkele H71¥AHoE F4 =5
BASE S FHeA] g+ H7|F Ao+ F4 = 10

F5+= NOELo| &5 A &2 9o &3t Aot
NOELR! 4% F5 =1
NOAELS! 4% F5 = 1-5
LOELS! 7% F5 = 5-10
LOAELS! 4% F5 =10
ok S0 thsted NOAELS o] &3 27 PDEE AR, ojw #H <
< NOAEL¥ NOEL9| zo]7} ZAMH A e3tal PDEC] s 3%+ &%l

YRR AOE FFHA FolA F5E 12 AASH T

S~
At
O>”
S

ZAoAE A Y AFE 50 kgl 2 7P o]gA FjFoE e
A, o]&t ZE 7P AitlA &3] o] &st= BEA

FrtH oz Agdch A

21 A119] A& AEE ALAE UFoE AAS IRE =4 AFE E F
THRef. 4). ATZ715] g NOAEL
o] PDE& T3 o] A4k

¥0 o
rlo
—
3
aQ
~
(oW
Q
<
o
=
i
>
ol
X
2
i

[t

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

of dAAA A Age B=3 2ol AT
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o1 AZPolEE F1 =1
A AMAZFEZA B2 = 10
A& 7)1 7o) 90Y o] EE F3 =

E A1l o] Zlol=ERAoA ALt AH&R Fk

HES| MT 425 g oAl 52 43 L/day
ALt SHEO[ HF 330 g E7Q sEEt 1440 L/day
OrA9l ME 28 g ZILEe =25 430 L/day
Yiloh O A0l HF 30 g AtEe| 25 28,800 L/day
ZILEe| MBS 500 g Nol = 5% 9,000 L/day
a8 809 HE 2.5 kg As0|o =25 1,150 L/day
ENQ| MB(4l EEs HYA) 4 kg OFQAQl 2 M2k 5 ml/day
HZ2H2e| ME 11.5 kg HEO| & UxE 30 mL/day
HEOl o5 290 L/day BHEO| AtR MF 2 30 g/day

FaEF

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 D], 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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http://www.fda.gov/Food/GuidanceRegulation/GuidanceDocumentsRegulatoryInformation/
http://www.fda.gov/Food/GuidanceRegulation/GuidanceDocumentsRegulatoryInformation/

2: 35E==9 12 =012 F(PDE)

FEECEY 1922383

b= 37 PDE H|ZT PDE ¢ PDE
=T (Hg/day) (ug/day) (ug/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 5

2B 8 8 8

2B 100 100 1

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 10 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

tug/day)2 £5 30 7|=% MM AZE HIESE HAYEJ2H, MER ol2Zo HIFECH
7L% EP%%EIXI oitct ARMol =Hof|M ol Eo| PDE #sS 1 E& 29 RaeXA2 g2 D
TEXAZE 10|04, JHE Ji7te HRle 2 gHESE3ict 102t 2 PDE= <ol mal 1 £= 22
2gct ol Eo uied XS ct2 FoiZ 2ol PDE A Alo MgE £ Uct
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ooFE Fo FEHEEEE FHFS HUstE H9ol L3 Aolt}. o]
FA= ® A21S EU=E 3t
=2 o= 37 5E HZT 5E 29 5E
=" =T (Mg/9) (Mg/9) (Mg/9)
Cd 1 0.5 0.2 0.3
Pb 1 0.5 0.5 0.5
As 1 1.5 1.5 0.2
Hg 1 3 0.3 0.1
Co 2A 5 0.5 0.3
Vv 2A 10 1 0.1
Ni 2A 20 2 0.5
T] 2B 0.8 0.8 0.8
Au 2B 10 10 0.1
Pd 2B 10 1 0.1
Ir 2B 10 1 0.1
Os 2B 10 1 0.1
Rh 2B 10 1 0.1
Ru 2B 10 1 0.1
Se 2B 15 8 13
Ag 2B 15 1 0.7
Pt 2B 10 1 0.1
Li 3 55 25 2.5
Sb 3 120 9 2
Ba 3 140 70 30
Mo 3 300 150 1
Cu 3 300 30 3
Sn 3 600 60 6
Cr 3 1100 110 0.3
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= 3 Y oM T}

—_ o

gll!

<HE] = (ANTIMONY)
UE & ¥ PDE 29
Antimony (Sb)
AT ke £
PDE (ug/day) 1200 94 22

UE E(SH) S AAH T BAE Lude] Eas ooy, Oud Az BF

ARG 37F 2 571 AR GEHE

2% QEED AR 7} QB SFHE wE A5HH 54 =0

oA 714 %83t} Antimony Potassium Tartrate(APT)2} 22 AF QHE =2

SAHZA ostr o ARGEHAT. A E2 SujAlE AREEI AT,

|71k} Al2="lol| AL8-% = PET(PolyEthylene Terephthalate) A 3¢l A}-&). <QFE]

T2 ddTH ez AxF o)A Fa, A sol tial < ¥ QITHATSDR,

1992). *FE}EH AHAFSQE =& Eo gk §3fA o] w2 ¥kH, APT+ 84
o] THWHO, 2003).

XA AT =4

APTE S97F IAY §le AeEdA Amdats o)g3t Edwold AlddA &
d& YUERATHNTP, 1992). #3154 AR AEAAE dutEs 237 vust
A7, Sb(3+)7F FAMA 34 (clastogenicity) ¥AHS UEIHE ZASE BT
(WHO, 2003). &4l &4 715 A52= A7 Foo o ddH8S Hr1sl7]
of HHE3A 2ty BZrEHLynch et al, 1999). AHE3 FE2 fgHdo] AT
EF olF9o 1A BAT|Ho R Holy, A=, AL FES 2 A AT
Fao Ao AEHEL ZF FFHA E=THNTP, 1992). HEE Ulfo=z A
o}t (subchronic) Al @ollA B AT Astet 3+ o whgo] M WE W
T2 UEyt 1559 SbE A7z AA Fdste Bfols, TdAEe =%
sto] Alg FEY TF7I o] dukge] fFIE 4 Atk Newton 5o HAIE



EE 1219 SoF 2AEotE
E_

=
© HeoA FFo] 5T ®l

oj% T 1271¥ F<F # LB w2= 3
Th ofol wep AAFEtE 2 kAol ofvste 2ES WEla, A AlA
UESE A Y Ade A=3 E84 rIHA ] o3 FFo] 24T o

Wy
= =
Tolgte oS AA T (Newton et al, 1994, WHO, 2003).

-0 FES A= HAAZ Sb AT =& A5+ A o]tk (Schroeder et
al., 1968; Schroeder et al, 1970; Poon et al, 1998). National Toxicology
Program(NTP)& APTE S8 2ol HES} ufg2o Foste] 1447 A3
= AN, o] doA APTE BT Fo Ao Addo=z =4S YellA
B AoZ HSHTHNTP, 1992). Poon 5(1998)Y] ©lolE]E AIH7}g Lynch
52 05~500 ppm® APTE ©] &3] HEE HUE 0¥ ¢ &5 2435 4

l

Alskal, agFelA UEhd AR AFH et Hd AT Ast 2HE EUE
NOAEL®] 50 ppmeol2til ZAEE& WHTH(Lynch et al, 1999). ©] A¥E
Schroeder 5(1970)8] X9} YAt} TH =2 HF =ZF s PDE= FHA
NOAEL 50 ppm(6.0 mg Sb/kg/day°ll ai@)oll <At AAHAUT. HY A
(= 19 F1-F5) & 1 W], 47 PDE: U3 o] ALtdt

PDE = 6000 png/kg/day x 50 kg / 5 x 10 x 5 x 1 x 1 = 1200 pg/day

Fl

\

BExRog YJE B FAF A5 1T o) ¥t 34‘1} A, 1 AE AL
ﬂﬁ}) o] 7} WIzHe WAt :wi.ﬂ_i # A NOAEL 30 mg/APT/kg/day
g Sb/kg/day°l &3 )oﬂ =73k 7 PDEE& 7é7<é§li o] & HE

9027t HAF Y %iﬂrol‘:}(APT—a— #7 AE 6 mg/kg 2%
g 7 o]y W A

&&ég
LHU

Ry rﬂlmﬁrir#'i
g:_lq
£

N
D) FUIO o>‘

a
o)
1<)
5

Q
o

-
,‘ll
4z
i

1¢] F1-F5)& st F 39 Fog d%5 F(continuous
S Y 74
h g

2 BA (S 3/7)8ks, W7 T PDEE o

oL
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PDE = 1100 ng/kg/day x 3/7 x 50 kg / 5 x 10 x 5 x 1 x 1 = 94 ng/day

b /R F HAE Aol AAFHAT o AP Hel tHk FFo] o
FEA BEEATG =F FFS 025 1.08, 492, 2346 mg/m’Z 5t A4kl
HE AAE 13573 HE =E3AA AAT AdPdA 42 HolHE EUE
(Newton et al, 1994), NOAEL(1.08 mg/m’)& ©] &3] &< PDE(~83% Sb)% T
%“E‘r O =2 &FdAs B¢ #d SFEAGAFS dddd)ol 7oy,

Z 0.06, 051, 45 mg/m’Z 3t 1d B AAZ FUdAd AFHo

% 7&?%7} UEREA] skt o] ARolA EetA ol #FEHA gtk @Oﬂ 74/\}
U A st Abl M = o] REg-o] AEHA] ettt
WY AF(FE 19 F1-F5)E 183ty &< PDEE ts3 Zo] ALkt
A< Fo Al = 0.9mg/m’ x 6h/d x 5d/wk = 0.16 mg/m’ = 0.00016mg/L
24 h/d x 7 d/wk 1000 L/m’
dd &F = 0.00016mg/L x 290L/d = 0.11mg/kg/day
0.425 kg bw

PDE = 011 mg/kg/day x 50 kg / 5 x 10 x 5 x 1 x 1 = 0.022 mg/day = 22 ng/day

n¥~'

A1Ed

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] 4(ARSENIC)

H| 4o T3 PDES&SF

Arsenic (As)
R IFE 4
PDE(ug/day) 15 15 1.9
NE
Na(As)e BAO EsAl 2AST, §4, BY 8%, IVAE Ao

F71 Blae §4 245 UsAT Sd¥olde ofUn, A ek EEE
dHA JATHZEF 1; IARC, 2012).

Hl A9} Hl A& 3RtEo] &5t At 5 AR 54 Z2ads A o] 93|
B AAEAEE, F2 ¥9A, A¥ &Rk RS &3t (Meharg
and Raab, 2010).

Abgol| A o] B4 Gkl RE FEAA AAEHA Fot ABI=E FE L
E Ao 98 =4 A5 o E3 T (Schuhmacher-Wolz et al, 2009). At
Aol Hla =& 4 vl (non-cancerous) G #HEo] ATk AT =
o5, 2t =, 2%, ‘jo*%?% @ Aol AT FY == BFols HE A

o F7 (A A Q2 Aell, F4F A7sE)e AR, 24)ol AT AH o)F H
U G P MRS FoE Holw, A A A BH o dukg, A7
std JF= HAAH FF HTE HAEJTIARC, 2012; Schuhmacher-Wolz et
al, 2009; US EPA, 2007). 47 =% A3l 9st¥ 0.02 mg As/kg/day ©]7<]
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FFEANA IF ¥l YEld 4 Uth AT 0.0004-0.01 mg As/kg/day %
NM= LW or ofudt FF= AF

H A & UTHATSDR, 2007). ThE 59
L g3 2 AR FERSA 2 3
o AR ew JyY=E  IL(ATSDR, 2007), F-<tat 79k, 1
% TAY fFE 7heAdS RAEty 44T 4+ Ak (Chen
et al, 2005, Hsu et al, 2013; Ahsan and Steinmaus, 2013).
5 Efofdlo] AR Ao A 1000 pg/L ©l/de] ®l&7E e $EES 7t
Al A (~40,000%8) s FOE ZARGE A3s 951Y, Bo HIode wEd ¢
el $s) Hrlel Euizl EJATHUS EPA, 2010). ¢ A Aol Uik
o] wle} B4 Azl od, We T =F(<100 - 200 ng/L) Aol F7}13
g A ¥ YA 3t (Chu and Crawford-Brown, 2006, 2007;
Mink et al, 2008). ©]& Schuhmacher-Wolz et al,(2009)8] 2t} X3k}

n ol $1x|3 27) AHA0 A AR 2ASS HF EPAE FYol o
9 ¢F I YL pg/m’F 0.00430. 2 HAFTHUS EPA, 2007). “FHHZFA
#3t HAL2 9|3 (Texas Commission on Environmental Quality)”’& ¥l
EPAS] F7 2A Azt =3 29dd 4 224 A ARE F715HA
t)= EPA<2] URF(Unit Risk Factor)E pg/m’%d 0.00152 7§43t ©] URF&
0.067 ng/m>& XA 100,000 & 19 o]/o] kol o3 A 91ge] Ak
+ 9" o]tk (Erraguntla et al, 2012).

{2

PDE - AT ==

47 PDE- H|A&7F dFo mA= A FFS EdlE 81, Agency for Toxic
Substances and Disease Registry(ATSDR)] MRL¥ "= EPA$ 7]<F(0.0003
mg/kg/day)ol A8 15 pg/dayS 71302 A FTHATSDR, 2007; US EPA
2007; EU EFSA, 2009). ATSDR MRLE EW=E A4Hs PDEE =& 713 ¢
2] g H(WHO, 2011).

PDE = 0.0003 mg/kg/day x 50 kg = 0.015 mg/day = 15 ng/day

MRL =% Ao Wt onz WMy AFE HE34A &t



PDE - H| 3T &2

A89] AT Aol EEL ~95%0|tt. 7MY AHARN FAHAE 1F
H oA g =AY TRE FdEA )= AHATS A

=2 6d T HA W& ZAS Ao, F480] oF 5% Aoz B

A TH(Zheng et al, 2002). 1222 PDEE 77 PDE$} T3l

PDE = 15 ng/day

PDE - €9 =&

oA FU A2 =9 ol Fo HH Ve 57 Ago] SUHITA B
FEAPG. BT A2} Hlaste] FAZ R AF AP-&F 2atel #3 FERIF
doiFer FEste] 9 PDE A4 of HEE &3 I 59 B
SE f8 URFE Aoz Wy A7t HoskA &t 1:100,0002] &4l
T3l Erraguntla 5(2012)¢] H7F 235 Ed=E §F9Y PDET Ua3 2ol
Al

al
T}
= (0.067 ug/m /1000L/m’ x 28800L/day = 1.9ug/day

Erraguntla 5(2012)°] 71=3 &3 Ao Hsid =d=2 3% URFl <731
PDEE A4tstEz Wy AsE 2 8skA v

IR

uzl_t‘

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 J 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 J 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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1 THCICAD, 2001).

o
A

PN
T

BT =

o19 vhg F RelA AN

=

]

PDE -
o



= dsboll oA Fefml ek Rpolrt A H A FUTHWHO, 2004). ©] Aol A
g NOAEL(7.3 mg/L) HI°lH & & HATF F4A 2 L/days ol&al, AT
PDES thg3 o] Axg % stk

DE = 14.6 mg/day / 1 x 10 x 1 x 1 x 1 = 1.46 mg/day = 1460 ng/day

g W A

w

PDE - H|AT =&
g 3Ee HAT o B3 AzIF A gtk vlEe AAol&EL A
o7} frofoll A 20-60%Y Ao Z FHATHATSDR, 2007). L2l2=Z AT PDEZ
WE A 2618 F2)E Yol BAT PDES A4 TH

2

PDE = 1460 ug/day / 0 ng/day

shet=e &Y =0 #T AR A9 floh vl= w=5=EH(US DoL,
2013)= &34 BFEYol st Time Weighted Average(TWA)”7} 0.5 mg/m’©]
H

2hal g
HE AFF5F 19 FI-F5)E 483 §% PDES s o] A4k
A< T4 Al = 500ug/m’ x 8hr/d x 5d/wk = 119 pg/m’ = 0.119ug/L
24 hr/d x 7 d/wk 1000 L/m’
dd &7F = 0.119ug/L x 28800L= 68.6ug/kg
50 kg

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

1y

ﬂzl_t‘

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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=E(CADMIUM)

ZEFo 3 PDE 89F

Cadmium (Cd)

AT o174 7 4
PDE (ug/day) 5.0 1.7 34
Ne
AERC)S Hol &2, AR Hejor FRA EAsE FADLE 1Y

Aot Aol e PvlE FHE BAEY, FE JtEw FAAA 4 %ﬂ 2 &
=2 SRFTHATSDR, 2012). FFEFLS +2 443} Aee] o Fe=v =3
AsTlo g, ISR 2 AAISE 5 AR Sl 9o Fe4dolnt e B
g4 de 2 2 EE Aae 4ege 55 FE4 B 5 Ak J=E, vt

71 &del FuiA=E AFEHT &

[e)
°
H f3h wgo] ALEHE T

O

nf fo

7EHS FASAEe UBARE sd¥oldEe gla, IA
ATHLF 1; IARC, 2012). 7tEFH JtEF FFAEL HY
Eg 2 7tEs F3¥E =23 A/ AEA

= AT},

H=F Fl=F dol tig AT =Eo we WeE A% 540 t(Buchet
= 3

Afololl BAA o] A= A= %fﬁxit}(IARC 2012; NTP 1995). ATSDR(2012)<&

‘%%%Eﬂﬁ%ﬂ:?wM%@aeﬁmw+W%ﬁﬂﬁbﬁqﬂqﬂovvg%
ojEHoAE dgkon], BN E FUo] BHHA AYTh vl EPA(1992)E

|
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A 29l S-S 0.0018/ug/m*E FAP O, HIEAHAY TAELdE W
RS 28T F Utk US DoLollAE 7t=F9] PELS 5 ng/m’e =2 B
g} (Cadmium OSHA, 2004)

PDE - A7+ =&

FI=E3 FI=F ol digt AT =Fo UHs Wge A% 54 o th(Buchet
et al. 1990). FAFS =& F=olA =43 A W YFo] BEHIUL, o=
Fl=E =& Weh A FO|THATSDR, 2012). AES} vle-2E FulzE AAG

Hef AT =& APlA

HrE ol &sl 7k=F<] 47 PDEE 73t ATSDRS| Hilel| we} v ks
thate] 01 ug/kgel MRLES # &3l 7 PDEE A ol WHO? &8&<F
7]£<1 0.003 mg/L/dayt €A FTHWHO, 2011).

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

MRLS| =% Ao ole] MgPomz Wy AcxE 2834 Witk

PDE - HAT ==&
W= 59 &2 0.6 mg/kg SFOE wjd HE H3l FAStA 1253F AA
A E4o]l YEFS T (Prozialeck et al, 2009). o] &
d Aol dd &F T2 4890, o] & FFAA UeE AF L&, &AW
F S7F 49 vlolentA Asto] ZAIY LOAELS 0.6 mg/kgolth o] A+
A5 v" o2 H T PDEE AR =3 93t FEE II=ES 0, 1,
2, 4, 8,16, 32 ymol/kg §FO 2 HPE Fog Hxo @Y &3 Fof A
oA, 72 #Z 71 F5 A 27| HAL &§F FEAA FAF FLj SFo] #
ZkE] Sl tH(Waalkes et al, 1999). AlZF Z 3ol we} FAF oA dAS SolF
of 7ZhEFo] dA F& T AeAe FAsA &oh olgd A
ALboll &gt HIAF 7t=HF &7l Hla| AA FoH vAT Jl=F &0l
F Jdu. M¥ AFEF 19 FI-FHE ZL835ta 150 5804 78 &<
Foste 4ES wYgs), vd+ PDEE ta3 o] ALkt

o

e & Fd
B o £ o

PDE = 0.6 mg/kg x 5/7 x 50 kg / 5 x 10 x 5 x 5 x 10 = 1.7 pg/day
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US DoL OSHA+ 7F=H29 PELS 5 pg/m’e.2 73t
Ay AF(F5F 19 FI-F5)E 483 §% PDEES Uad o] A4kt

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’
A &= 0.00119ng/L x 28800L/d = 0.685ug/kg
50 kg

PDE = 0.685ug/kg x 50 kg / 1 x 10 x 1 x 1 x 1 = 3.43 ug/day

MY A5 Rt B B UF E Boldel Med, BN 4 WF 2
mapel F% B, A4 faldol A Aow AAEA B dF wE
o v

A Ao g JqAEHE AAA =& S50 93| Ao &3tE JsA
57 1S A"9gt. PDE= PEL=
F4= Q3R] &thar H3 AT

FuEH

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/0sha3136.pdf; accessed October 10, 2017)

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
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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 £(CHROMIUM)

A& s PDELSF

Chromium (Cr)
AT A7 T
PDE (ug/day) 10700 1070

foi
o

N
O

NE
2B ThFE A3 FHE EASY, b FLF e AFO)(2EA 2
Zoll EA), DB+, AEEH) B TEEH)OIT TEEYE Folsl AshEa,
shsh FAA BAAZ AgEL AB(EHE BT AstAolm, ABNY,

i)

CrO/ % T3EF4, CrnO7e 78 & ded A9 & (oxyanion)o|t}. A<
oA 7 Bol EAste FHl AEGBHS T2 A 83 J4EE dte
A A4, /M AdHo =z o] EA%T 25 2R A =933 A H]
thAbell W3krt EA sk, Adl7] O G ANBA oot #d

A

O

| A3 AZrEth(Anderson, 1993, 1995). 2] 9F3 =

e 871 A2"Y HAEE, SHAdA S & Ao SulE AHEH
Ze A9, -/]Q‘FE‘O" o3 A== A5 F40]
FEHS (ZF0)EE ZFEH)°IH webA ofofFel A Hrk= ZEF(6+H
4 54e H}E]“OE atal, AE(6+) = © BIIA AT AF(6HE =
A2 AT, WIE didel] EZAIACk gtk AR EAEtE ZE(d,
et aE Od, FAEaE ad)2 EHor HUlEER, o] Jrojxgkelel W

=z

JP) rlr

NF7] &% 5% Cr05(1468mg Cr/kg/dayell &l 37+ &
el AP o] ®Egol YEA sttt HZ HE

(Anderson et al, 1997)°| A= 15 mg Cr(3+)/kg/day FTFolA ©
Q ] _Lob;]_ A= 74_‘[1 /\4_;}4/\] lE_o];Ho] ﬁx47<L7] E/Ho] 3 A
o & 15 mg/kg/day Cr(3+) F< A7 A3 (US EPA, 1998
o] yetuziztar dg4HA Fed T ARE AESHY Fo =9 A

sk Aol g
=
=<

-

oo rE e 4 2 o2
;
o
o3

e oMo
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2000, 10000, 50000 ppm &#F<2] HZFULIFEB+HS AL 4o HES} vl-g-2of
Fofste] HwAdS 21 <k 2010) AT7F o eFFoll EAsh= A5
AT 7HE A8 e BERE AFSAT. 460 mg/kgoll A FH HES| =
A Age] HAE S7HE EUE, REA 1FAUNHIEF(G+H) S NOAEL #He
90 mg/kg(11.9 weight%; 10.7 mg/kg/day Cr(3+))Z AL AT o] A= &%
ojEZolA Fpa AFAES FHeA &2 AAgan Bt FH mkbe29)
U vhe/RENA o]et e Ayt BEHA BUTHEHA). WP AF(FF
19 FI-F5)8 181d o, 37 PDEx thi 2o] Axtdch

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

PN
>
ok
Z
H
pac

PDE - H|ATF =&

AEFGE+He YA A E°4 | et duAEe Al wet tefsit n
&ol= 0.05 pg/kg/dayolal 412 15 ng/kg/day®]th(Moukazel, 2009). ©]<}
22 4
A

lF°

o dF &FS dojus Aol ol whgo] TATEA ofF(d, 53] A

ofo} misote] AE Hrlsrldle RV FEA B

JE9 AN AEZE HAT == AHZ U3 PDES AAst=d v st

B ARE A4S F JAAS AEH FU] AF SFEY AT BACIEE(Y
A3 (ATSDR, 2012), 7 PDEE W& A5 10(3. 1% FE) o2 Lo

PDEE A4ttt olo wre} HlAF =Fo) digt 9% PDE: o3 2t

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

Derelenko 5(1999)2 135 &H6A1ZH/ D, 5¢€/F) A E(B+) dAE ol &3
A A= AAFloH, o] dAdA HEHY =43 FAHAEH V=Y A
F(EA 529 99 HH)o] FE AHHUT. B

Ebgtth. LOAELS 17 mg/m’(3mg(3+)/m’)oldtt. &34 == B84 =2

£ nof oo

b
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o

3)e AE T3 135 FY AFoA dA 549 A7t BEHAY. 9]
Ap 5.0

Astel F9 MRL 0.1 png/m’S #-83te] PDES A4 JTHATSDR, 2012).

RUSC

;1

DE = 0.0001 mg/m’/1000m>/L x 28800L/day = 2.9ug/day
MRL EZ Ao HtgERonE WY AFE 2 E3HA It

Qe

Al

=

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/III) 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 (Il), insoluble salts. Integrated Risk Information System (IRIS). 1998.
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F4HE(COBALT)

AWM E T PDE 89

Cobalt (Co)
AT B 77 F4
PDE (ug/day) 50 5.0 29
A&
SLECo)e AdH oz WTh dag, Atk &, Wx T OE dig FE
Attt AL EE HEMY B129] Al 840la, FREEN FA P oA
]

N odbe] Q3 o] T4 2EAE Z83l7] wlEd oA Bz o))
B A Ardol HAE T3 oF 11 ng Co/dayE A FFTHATSDR, 2004). H|
7l B129 RDA(Recommended Dietary Allowance)+= 0.7-2.4 ug/ ¥ °]1(NAS,
2010), °ol& FHIE 0.03-01 pgol sigsot JAAANA Fr] ZHES AYETH
< FetbEA skt ZUE FF=(d, ALE SFEUYolE)S AE

2 a3t oA SHE AR

FTAGATAE GRIFLES} & &3 FTTE+2) Fol UA Wb EF (1
& 2B)olgt AES UHTHIARC, 2006). A5l ostd HAES} AlFe] Ho =
ghole] F&o] TAEE o= Bt FUE AAE in vitro EAHOIA
A = el e, in vivo ARV EAI RN =4S UERT. NTP= &
I FA vpe2e AEA IS et AES W HTHNTP, 2013)
Yol ot AA =4 @%fﬂ AgL EWMOIXI gom Wty oARE BRF
%M(US EPA, 2000). <142 A e
=

AT Z7=0 2 0%7i7< E]-(ATSDR 2004). = =
Z4 AAzow dEA A4 AP 5F7) 28 A

R (A
N
p Mo &2
N
ek

J
oX
K
o
g&
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PDE - AT =2

248 7ted A ARE WMECeR2 4T PDEE 7T 29 FQF EEITE
150 mg7hAl HiEH o s A5 =29 ZF¢ U7 FLHL AT 7SI
(~1 mg Co/kg/day; WHO, 2006; ATSDR, 2004). Xz} 109 (¢4 5937 oA
58)ollAl 1 mg/Co(CoCLEM)E Y 88-90Y¢ & FAg HAFolAes HIF

Z7Fsolv 71ep dFo] HEEA| g dtHTvermoes et al, 2014). NOAEL 1
mg/dayS EUE 77 PDEE 7 W3 AFEES 19 FIF5)E etsid
74T PDE7} th3 Zo] AtdAn.

PDE =1 mg/day / 1 x10 x 2 x1 x 1 = 0.05 mg/day = 50 nug/day
7] Al A9 dlelHE ol &3 PDEE AP CEE F3o 29| Aeg AE 3

PDE - H|AT =&

IwE 3ol WAT w27

#HEdE Ames A9 ot ZLES} Fr] I
E = i AT Aol EE W
3

&& 7t 18-97%°ITHATSDR, 2004). 12|22
e A ol 8ES AL 0}0:1 Eﬂ 0318 IF=x)o= ﬁ? PDEE 79

Bl 7 PDES A4t v
PDE = 50 pg/day / 10 = 5.0 ug/day

FAFRES} 8 &4 ALE (2+) 92 #H TS A2 F A IA TS
Ve EF(F 2B)olth
AE g, A4 D HEG AFFLe 4 FY olF ARdA 2L 5 Ae F2

H
= MRL HH4o] Bt} Adtsitta Az, 9]
F AR7 O A#Ae] Jda FaIRES] webgd] i A AE
2l el FAHAE MRLE Ol%f‘sH
PDES} 719] ZTHWHO, 2006). ¥4 &% MRL 0.1 ug/m’S AH&3) F<

(ATSDR, 2004).

gl
Y
r
e
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PDE = 0.0001 mg/m’/1000m’/L x 28800L/day = 2.9ug/day
MRL =% Al oln] Rkgg7] ol My AFE A& LUt

2nEd

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;accessedMay27,2014)

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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T2](COPPER)

T8 U3 PDEL <}

Copper (Cu)
AT DRk 54
PDE (ug/day) 3400 340 34
Ne
TE(Cus TEIH TEEH F A 25 FHE sAs R A Aol
dao] 11F dLolg. Fev =3 AR EFoAl B3] " daolth
THE B2 78 84 Az"HodA 3] 482 st AR =848

AL oA g DA dvsel Ak TE HRB(e, TelLEriE)S
haBalel BE WS Eul AgHT)

1998). Al&3} Itoll mX FFom= HEV) o] 7heH 7 WS & AL
2 83 H Tk 500-8000 ppme] F4tFE| LS ES PE FA3tH 1373 A
Agt AgolA, 19 dare] vitiEd AohzstFe] digk NOELe] 1000 ppm©]
AT 2000 ppm o FHEH %t FA A FA4o] #FHIW. NOELL 1000
ppm°l AL, °]= 64 mg CuSO4/kg/day(17mgCu/kg/day)Oﬂ 3l ¥ o (Hébert
et al, 1993 IPCS, 1998). ¥18 AlF(F5 19 F1-F5)& 1#st¥, A7 PDEx= o
w3 AstE .

PDE = 17 mg/kg/day x 50 kg / 5 x 10 x 5 x 1 x 1 = 3400 ug/day
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EZE ¥AF =F° Uigt PDEE AlXbstsd fov
AT A= AREARD AAtol A HHE T8 F AA
A2 oF 30-40% J ATH(Wapnir, 1998). 78 7] T8 €9
AT A o] §Eo] ALH(30-40%)U = Aeste, B PDEE W A 10(3.1
g #FER)o 2 Yo HAF PDEE AAMATH HIAT =2 s d% PDEE
o3 2ot

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

FUE T A e A & e AsEsE 94, 0 Ee WA
%Y MRLE =&35h7]0 HAskA] &ty A= JATHATSDR, 2004). 747 PDEE
Ay Al 10061 Fx)o= Yo §FU PDES ARt

Fagd

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

ATSDR. Profile for copper. Agency for Toxic Substances and Disease Registry, Public
Health Service, 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):1054S-60S.
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Z(GOLD)

=°] g PDER<F

Gold (Au)
BT M T £
PDE (ug/day) 134 134 1.3

: Ae A9 %#HX] O}ODﬁ ﬁJJrX*Oi A= ﬂﬁgi %Héo}
A 2+ =] A] %}%E}. =& AU 4353 L-Au (LS =2HQ, x5

T}
°olE, && oflzilolt}; Telles, 1998) &2 &E3HA HelZ #7] FAd ZwjAl
|52 AMEET o fFoA o FdT 7|HS SHjAlolt. 5(1+) |l AR
=2 AHEH

e}
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o Wl ml o
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(
sl &7l = 2 JAA ARVE Atk 5 SFES AE FAES
Ho] WAYg) 3 (Payne and Saunders, 1978), AtFo| = [AFSE Gk
o] eI O™ (Lee et al, 1965), NAlA = AT Fdo] #ZE S TH(Payne and
Arena, 1978). A%k o] A¥ &2 17} = (Au(1+)) =
=
=
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olfFol EAY 7HeAel Ae 5 FHE ARy T F A
T3 =9 A7 PDEE AAst=d 488 + Idv Ax5e stk 5(GHol 54
Uetl= ez AZEm, Su] jkgol] ARgHT(d, A4dsts). 506+ FFA
of tig s+ ATdFHott. F AFANA FBHEHE  [Au(en)Cl]Cl(dichloro
(ethylenediamine-aurate®ion) < Eo] A& ZholA HLZe] =45HH WEE
FEFglon, o] 3lgES 322 mg/kg EFCE vk Bt 1447 FAPS
e AAad A THEA EUTH(Ahmed et al, 2012).

PDE - A7 =&

w mEo WE FATHCR Fou FLRHES A ZAoH. A 54 F
ol 5 FA49 A FERo] Wi, 54 422 F(G+He w2 F
% A¥ge AT PDE Aol A@d Aoz AAHUL Wy AFHE 19
F1-F5) & #¢hstd, 4+ PDEE th&3 Zo] Axtdth

LOAELE A3 PDES 4437 54317 %717t gualA shonz F5o] 10
EH

o A%E A

PDE - BB T =&

Gold sodium thiomalate 50 mg= AFRAlA &5 FAS o] >95%2] AA 0| &&
= YEFATH(Blocka et al, 1986). 2/mg/kg &% Gold sodium thiomalate &
E7NA 25 FARE BF °F 70%7F F% AATH(Melethil and Schoepp, 1987).
Aol &El =t AN B ARl o d7 AL °l&s) F+ PDEE
AR AS s, v A5 PDEE 77 PDE®F L sHAl A3

PDE = 134 pg/day

PDE - £ ==
HolA 59 F4ax2 SAYTFS 233 #d FY 2 HAT A5V §le A
°o|mg, 5 PDEE W¥H¥ A4 100318 #Hx)o=2 o] F% =& PDEE
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A2
PDE = 134 pg/day / 100 = 1.34 ug/day

2nEd

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 ] 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)

Fol tigk PDE 8.9

Lead (Pb)
AT 78T 4
PDE (ug/day) |5.0 5.0 5.0
A&

F(Pb)> 7] FHe 77 FHE AT dvtFo=w 2l 2 SREEe o
O HIOIE 22 +84 9% & AsEH e B84 dol Utk f71 & 3
deE2c 7HEY HA7HAQ HEZHE Y HEDO"R Y At 771 F 3
=< 7oA AEs] MEA EdHi, 23 EGdAs F F sdeEs ¥
ARTh Aoy ERFAA Ho U HEIFHoE {83 Jee (o
(ATSDR, 2007).

A A =4

At FEo] dol =&FHW, A4, A4, B4, WY, A8, A B I
of TWAE F At At ow Al wlus] ofdolet Bjol AV k=EH=
Aol i S0 tid 1Al ¥ At 5% €% §& 12 pg/dl= EAHIH
3, BdE ZEI3(US EPA, 2009)< ©]&3t A 0] &ES 10002 7143t
OE =20 it 7Hgs) PDEE T3th ©l#d ol#FE PDE= £ =
s |

AT =F olF AFelA Ut 7 Ugsta dsgel & dFE o)y A7
V5 GPolg & 5 Atk 45 24 Aol oJstE BF P FEIF < 5 pg/dL
Q1 7ol ofolol A A7 AF EAZ BT F ATHNTP, 2011),

US EPA X = (IEUBK(Integrated Exposure Uptake Biokinetic) 53, 1994)(100%
F5, O g 7190 gz AAR)dl 218k, 5 ug/ Y AT AR 07408270 D)
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ojdole ¥F F=E 12 ng/dLE A THUS EPA, 2007, 2009).
PDE = 5.0 ng/day

PDE - H AT =&

g3 AT = &
+ 77 PDE$} 2t

PDE = 5.0 ng/day

of
o
rlo

g5 755 EUE 3ty O3 22 6T PDE

PDE - ¢ =&
GO AT =Eo wE g3k
747 PDES} Zt}.

PDE = 5.0 ug/day
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ATSDR. Toxicological profile for lead. Agency for Toxic Substances and Disease Registry,
Public Health Service, U.S. Department of Health and Human Services, Atlanta, GA. 2007.

NTP. Monograph on health effects of low-level lead. National Toxicology Program, U.S.
Department of Health and Human Services. 2012.

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

US EPA. Integrated Exposure Uptake Biokinetic (IEUBK) Model for Lead. 1994, updated
2009. (http://www.epa.gov/superfund/ /health/contaminants/lead / products.htm; AccessedMarch25,2014)
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2] §(LITHIUM)

gl gl g PDE 89F

Lithium (Li)
BT H1 3T 54
PDE (ug/day) 560 280 25
Ne
dEL)S H=H s =F0d EAsts dubdR] daolg. gy d5o=
AHEEAY T8 daet et SiAE AAEHI Ao 2EF FEEE, F

Ay

(1 S

ABAZ AEHH 25, 54 Fof, ALE &5 $&F X
: 25 AsiAE

Z3H3E oAbe] e mUEPoe] Fasith B A wg g F A
T 9= 06 - 1 mmol/Le 84 52 AAHJHGrandjean and Aubry,
A gEF 540 Uekg At ARl

s Asts, B T S, A
= 37F T ¥l S7te AFEF T (McKnight et al, 2012). E¥kEd A% &
Zo|th(US FDA, 2011). 5 A5E 7

o ¢

=
[¢}

ol
rlo
(6V]
(@»)
@
(@)
(@»)
(@)
=
9
=

PDE - 37 =&

gl5e dA T FP= PDE A9 SRR Atk HA A dd BT
Sof GRS 300 mg(56 mg Li)< o143 AT PDES ozl o] Akt
PDE = 56 mg/day / 1 x 10 x 1 x 1 x 10 = 0.56 mg/day = 560 ug/day

LOAEL(E# 94¥Y &£3F9] 1/3)2 o|&3] PDEE Ao E=E F59 109 AFE
Ao
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PDE - HIABT =&

H73 7 PDEE Tt 88 o e A4 A57) glo. shAvt A7 AA
o] -&-E(85%) Elo|E o & 01-021(Grand]ean and Aubry, 2009), 47 PDEE W¥3¥
AT 2313 Fx)= Urol HIZA T PDEE ALHAH

DE = 560 ng/day / 2 = 280 p/day
PDE - ¢ ==
A3l E 0.6 mg/m’F 1.9 mg/m’® &l 4-8F BAGH/F, 641/ Y) EVE
&3

=ZE A FAH(Johansson et al. 1988). F&dv| 743 AAAR|HOE HE AP OH,
o] HuEA| Ffor=,
I o

ol €5 Wt FHE Fol 4%6;1}1:} oo e ok
A1 &FS o4 PDES HAAY. WY
Y PDE= a3 o] A4k,

A4 T4 Al = 19mg/m’ x 6h/d x 5d/wk = 0.34mg/m’ = 0.00034mg/L

24 h/d x 7d/wk 1000 L/m’
dYd &%= 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

FuEd

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. ] 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)

_65_



_66_



& (MERCURY)

29 tg PDE &9
Mercury (Hg)

a1 H 7 T 4
PDE (ug/day) 30 3.0 1.2
He
TZ(Hg)2 ol d8] EAlsts diolth. 22 d4 72, 77 &, 771
T2 Al 7HA R EA7 Y. A Y okFo RS JheAdel 7MY & FHE
F7] 2oty O EE o] A Hrbte 94 F2oly U 23 #Hd
=454 dHolHE nt" o g 3t o] kA Wrke 1o wEl =&3% PDE=
771 2ol HLHA SFe=
A AT FA4
F7] 20| AANA EdSs Uehit=E Ase fith d3te29 T ol
gk s= AsE A oln. IALYATAETARCO) = JAA k3 Adsho
7 & sgEe ERY 7 /it 28 WHEHUH(E 3; IARC, 1997).

j = = O
7] =
Holw, 417, A4, 24, A% F9FH JF AT 5)2 T o9
AR =AH dFe Qo e b AT ZHL A%

A3t AES mhe2o] 2d5¢ Foste] ARG NTP 23 2371 v
FEES dU=E o/ld T 98 94 35 A4d<= A", 2d 29 AR
Hisle] oAk WElsta Byl A5 o FAFoln 8% MR o Yol WE
°]tH0.312 - 5 mg HgCly/kg/5d per week). Ath ¥ Fi(AF thrl) AA FZFo]

g 5
0.625 mg/kgHH S/t A4 3 Heay Jhed dF F50] EE FH0A

_67_



&= %E}(ﬂﬂﬂ olEld, Z-§F, alanine aminotransferase, aspartate aminotransferase
7). o9} e A & oSS HolA Ut A3l 0625 mg TF
FH AR A NEe ARG (FHE A ABF) 7 UENRTE JECFA
B7FJECFA, 2011)°l <jstd, 674 HE AdFlA yepd A4 o w3(AF
A3t BMDLyy 0.06 mg Hg/kg/day(55¢ Fo Z34E EQE =
A= ==AHNTP, 1993). & AF(F5 19 F1-F5)& °©|&3te 47 PDEE
th&3% o] ALkt

PDE = 0.06 mg/kg/day x 50 kg / 5 x 10 x 2 x 1 x 1 = 0.03 mg/day = 30 ng/day
A7 8 s2A 6719 AP ARsl 298 4 Al folulaA wntw B
HBZ F4E 12 AA 3, BMDL,y& NOAELZE 32 F5& 12 A4t
(Sargent et al, 2013).

PDE - HIAT =&

= AFdA F7 F29 AT AAol&Eol 10-30% M ALE HAZG
(ATSDR, 1999). 18|22 75 PDEE W3 AT 103.1F FHR)SE ro] H
77+ PDEE A4t

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

PDE - ¥9 =&

14~20 pg/m’> F7] TWA WA ZAS Aol & 5 & bie} Zo], 9
=F ol% M WIet W A dEsHE o] 4o|th(US EPA, 1995 EU
SCOEL, 2007). X3 2JA7} Ae® 20 =EFHAS w14 ng/m’)Hel 2173
3584 YF(Ngim et al. 1992)& 7stH, TWAS LOAELE 58 a7}

At WP AF(FS 19 FI-F)E kst da 2 7 tg 47 §F4
EES 7|IE22 F9 PDEE A4t
A4 Fo Al = 14pg/m’ x 8hr/d x 6d/wk = _4pg/m’> = 0.004pg/L
24 hr/d x 7 d/wk 1000 L/m’
I &% = 0.004pg/L x 28800L = 2.30ug/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 pg/day

PDE A Ao LOAELS A& o 372y HA2E Faj| 20| Ho| AH L=
7VeA S 1183t Fsoll 109 A4

il
]
)
o

FaEH

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.
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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.
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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)

Eg B4 3 PDE L2.9F

Molybdenum (Mo)
BT H A T =4

PDE (ug/day) 3400 1700 11

NE

2 HEMo)e] F8 48} FelE 49} +60]T, o] sheEl s Ak Fejvh
S Al &0] & (oxyanion) o] th. EFI AA g A At EElEde] 4 JH=
EZHHOE o], MoO/°]1, MoO4* & K'Y, NH"Y Ca*'& 23sl thFet &
ol &34 SFES AU EFEAL2 01 - 10 mg/kgd] TEE EY

o

of e FHE EATT MoO,%E MoS= = A &t ALk, 7A1F,
ol g7 EAdH. =B " 3tgE (o, Bi-Mo, Fe-Mo, 4Fst=2]Edl, Mo
Aol 771 dAdA Az AHEEH

= BElE FobRE ARA7MA deEE A H917F 100-600 ng/ A= FAbE =
I Y& THEC Scientific Committee on Food, 2000). &l BEdl ZAE Ald] of
s, MeAw, BEF 244 34, EF4E, A 8455 2 55 ZFRE
vetd 4 3lar, =

%
o|71E Ut} EZE <
A

At 8l
B2 34 AFARIVM) B7lelA fH=
(RIVM, 2001). IARCY =|= EPAC] <]3]
o3 EAL Yt EgHEds FY 74
O SA7F 47 Ath o] =& ARoA 54T

F4 Foler T & Ak

(I )
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EZHAMUESF 25385S 60mg Mo/kg/day &F FFL ALzl 4o HE

Fol 0Lt F4e AR AAA AT, AT 57 AR A &5, IdF A7)

THAEY FFHL AT div Al TF), A% =2 HYH(IA 20 e 298

Aol A efzte] mvkd S45 B AdE I EFT o2 7HA Gl

#Z = A (Murray et al, 2014). 60 &2+ 3 & 7S A deolle FAH HA
o

A2 Mg Soll W3 o RS dEHA &gkt o] 01] w2} NOAEL®] 17mg
Mo/kg/daya} AES Wt o] &FollA ZAo] He AFHA Furh. WP
ATF(HF= 19 F1-F5)E ol&3 24+ PDEE U3 #Zo] A4et

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

PDE - H|AT =&

Vyskocil & Viau(1999)
Turnland -5(2005)<
=22 77 PDEE

= AAANA AT A o]&Fo] 28-77% HL L Rt
A7 Ao EgHd F480] 9F 90%Thal H gt
53|

o
2 Al 231 Fx)E Yo AT PDEE A4,
PDE= 3400 pg/day / 2 = 1700 ug/day

AH A whgzoA e FEIATHNTP, 1997).
s ﬂaﬂt%ﬁﬂ Eg] B hlgtolAe Abghol A
O <

o HE/UF WHE HolE

al
& 7hsdol AT(NAS, 2000).
(FH)(0, 10, 30, 100 mg/m’ =F ekl 1 771 3750, 6/50, 8/49, 15/49)E o©]
g3to] RAYS AN AF 944ES don, Y 99 fAsidel 2.6 x 107/
ng/m’uRke 2 A& E QI THNAS, 2000). 1:1000002] 94 +F& &3 F4
PDEE th=3 o] A,
%% PDE = 1x10” = 0.38ug/m’
2.6 x10°/ug/m’
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PDE = 0.38 pug/m’/1000L/m’ x 28800L/day = 10.9ug/day

99 91y Yo =5 PDES 2ysted MIAFE ASHA wth

2nEd
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molybdate dihydrate in rats. Regul Toxicol Pharmacol 2013: (need to get this information;
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U7 (NICKEL)

YA g PDE &9F

Nickel (Ni)
AT n A7
PDE (ug/day) 220 22

n:]oll
iR

N
o

X
rfu

(1
)
=
o
i
b
o
—
(@)

daolth, YAo] 0, +1, +2, +39] A7}
—’F QMUJ, T8 48l dEle 20tk YA Od mulE FHE &
AAH o7 WAst= diolth dWrH o F£8A4E EWE YA 3F
s, dsiuA, g, dagAs 235 gadel & UA 3%
ety &styA s Ze faldo] @ FERG FAdo] ¥ &
THATSDR, 2005). YA -2 FFst oz AtgelA 2
Ao FEAA ol ¥gE FEY F Utk UA-EF
3} whgo] FujAlE ARSHEHT AYE EF FY AR AEHI=
S s Ffste H 7§ deelH, AgEEA YA
<1-38%)% & F Ath(Stockmann-Juvala et al, 2013; NTP, 2006). 1¥ YZA
A # % 100-300 ng/dayeltHUS EPA, 1996).

[‘l[“g’z

5y
4 & 3“ jr'i
ro H

T
_\E
1>
1>

o T T o mo mr X gt T
FlrmﬁimﬁiogéQOlO—?ﬂ\l

i)

AL FH EAo] oy EdWolde YITHIARG, 2012). U2 Ho) AT FoiA
S HolA FUTH(Heim et al, 2007). Fo FF/ol wet dF HAAF T
ol A 2 Z7171 urE}wE}(ATSDR 2005; EU EFSA, 2005). "= EPAE U#A
d 239 HE??MOH g F77F SEsitta 288 W THUS EPA, 2012).
2o YA oy zEQlg ez A @A det= 2
gol Feve ST BAHA GUATHATSDR, 2005). B& F
ol AL T3] IARC(2012)+= UA S A #SEHAOF 1)E EFIATH
A FEo] oY UAS AdASH, BF, As A, A AR g

ol TS = Ank AR %?}ﬁ 2 A7 AR HE A YA

v
i
2
r
r-{n:
o E
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32 Uetdt. YAe] fHE =& 93 AT FARSA UA UgAd A
oA TRAo] wrydE & 011:% A2 7F ATH(Nielsen et al, 1999). &34 Y
A 2] oral reference dose (US EPA, 1996) =% Aloll, UZA& HA1AGA A&
FA Ut T FA Aldle AES ' EFolA HH e v 79
S ol Wiyl dE F At YA A-dA FE 3 AAANA TH
Z, ARE 9 7% &4 5ol %ﬁﬂ%iu}(ATSDR 2005). &34 4t
Fo e PE A
AsiyAs Fo v
(Benson, 1995). &34 U9 ZAo] ¢ & Zo= Holw, &34 Yol H
of Bt} @] F4HthSchaumlsffel, 2012).

ofl

N,

~

M © XN o kI o o =2
A%
Olt

oo ¥ o

gEdA wAS eng Hztdel ¥ ao

ox, NIO
¢

filo
o
o
1_,

S
N
ﬁ>~1_-,
2
o (o]
Sk
:Ll

sy
247 #EEHI ol 307 50 mg/kg/day &
F FATNA Foulg 277t UkthHeim et al, 2007). LOAEL(10 mg/kg/day;
22 mg Ni/kg/d)% Zﬂ%ﬂﬂ AE AFEHS 19 FI-F5)E ZA<ksle 4+ PDEE

PDE = 2.2 mg/kg/day x 50 kg / 5 x 10 x 1 x 1 x 10 = 0.22 mg/day = 220 ng/day
LOAEL<Z PDE 2A o] AHEFoB=E F50 109 AF+E A

AR YA FHALLEE ol 8T UA AFolA, HHAT F 29-40%7F FTF
ATHEH vlE A5 7)) (Patriarca et al. 199% =20l YA Fol PR IS
A & AydAe, FAFY 2-23%7F S5+ ASE YESTH(Nielsen et

al, 1999). 2222 YA £84 YA 33Ee] AdHA AT A cl8ES E
=, 27 PDEE ¥¥ A5 10613 #=x)2Z Yro] AT PDEE A4

PDE = 220 pg/day / 10 = 22 ng/day
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%% PDE A4S $13te &8 7Hsdt A5dA AR e UA Feo g

S 3 2E|(Wehner et al. 1984)1} wF-$-2(NTP, 2006)°1
g AFA FFol HFEHA FUth. HEA S FEITHE
OWKNTP, 2006), ¥4 YA FA Ao I digk 4= it
(Oller et al, 2008). UZ 2] 79w W3 Al ol sttty A4, 4
oefFol EAT 7heAdol A= FEe T T gk SAVE |V
et WY AlF(F5 19 F1-F5)$ HE AgoA 3% NOAEL(0S5 mg
Ni/m’/day)S EUE A4 &9 PDEE o3 2t

A4 FEo] Al = 0.5me/m’ x 6hr/d x 5d/wk 0.089meg/m° = 0.000089mg/L

717} ;l—r A

24 hr/d x 7 d/wk 1000L/m’
dd &% =_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 ng/day

dAoR =84 FH YAl o 544 s, Be FH YA FUA
z2 gysta At A FHelA dFo] dEHASEE Faol tisf 109 AsE
A,

FuEd
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Public Health Service, U.S. Department of Health and Human Services, Atlanta, GA. 2005.
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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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al. Absorption and retention of nickel from drinking water in relation to food intake and
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NTP. Toxicology and carcinogenesis studies of nickel oxide (CAS NO. 1313-99-1) in F344/N
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Z 25 (PALLADIUM)

Zg}Eo] oigk PDE 8.9F

Palladium (Pd)
ks IEE: 74
PDE (ug/day) 100 10 1.0

Ne

ZebE(Pd)S A9 AE-mA dioja, & WHa{ d4 9 UAL FASHY
o5} A EATY. FEES Pd0)(¥4A), PAR+) E Pd@+)el M 7HA] 3
T A, o] ke YRR
2 F43 HEgof FHujA=

AHEE I Y ZokE 9 aL

o 28] Aokl Tt A&

ol

| &3l3te] 10, 100, 250 ng/mL &F o2 7 PEC T3
AolA Ao Zehgo] FAHAR 3L, #, vA, woMEe FHHA &

0d 43
T ASE Yeigth 2 2 FE2 2 wjE5 At (lavicoli et al, 2010). Aol
IR AEZE 083 et oy e WS 2ARE A 3N Salmmella

E
:
:
:

es test; Escherichia coliS ©]83F SOS chromotest; human
lymphocytes= ©]-&3%t micronucleus test) EF S4°E YEFSTHIPCS, 2002;
Kielhorn et al, 2002). & A& AE3 Fo A2 b At 548 ottt

2AE Ash, GAT% FR oF W F7INA olBR|EF WP Fo] fn]
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SHAl =9ka, AL A AV ey oy R O%A] gt (Schroeder
and Mitchner, 1971; IPCS, 2002). =3t Iotd WMo #dddEH AFE JAA T,
A IHEL &F &, A A HES T4 HlEo E¥(pooling), F

T 2w A" fFou|d FUhHE nEPASH SIS U)ol AEY
840l AFHo|ATt. WY AF(FZF 19 F1-F5)9 LOEL(1.2 mg/kg/day)E
EUZ 7+ PDEE A4

PDE = 1.2 mg/kg/day x 50 kg / 12 x 10 x 1 x 1 x 5 = 0.1 mg/day = 100 pg/day

Ao,

rulru

LOELS o] &3] PDEES =310 2 & F59) 59 A<

PDE - HIB3F =&

Z2ehEe A AsRHERE WAT =E° W3 PDEE AldtstedH 8%
A= FYmZE FrF AR5E gotd + gl

A3t E Q) (PACL)= &3taolA & FE A Gskth(obd 2lo] "ojxx] o
4 A AW7HAEE F 5%, AU AEE 27| AT £F < 05%). 71& 4
e AY =T olF A HES Fo/7A vlEel ¥ =oh T olF 40
Holl FA® & AW F7 Hl&o] A2 5% 20%E WEFIT(IPCS, 2002). £
gHE o AT AT A ol &ES Hetste, 7 PDEE ¥WE AT 103.1
Fx)o. = 1 WA T PDEE AT

PDE = 100 pg/day / 10 = 10 pg/day

1

at

W

l

i

ﬁm&ﬂnﬂm

(

[e)

et

7} it} 2822 T PDEE WHE A< 1003.1%
A
PDE = 100 pg/day / 100 = 1.0 ng/day

== A
[e)

4
x)o.®2 yFo] < PDE

i

kil

U
K

Iavicoli I, Bocca B, Fontana L, Caimi S, Bergamaschi A, Alimonti A. Distribution and
elimination of palladium in rats after 90-day oral administration. Toxicol Ind Health 2010;26:
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PtICL(E A o2 E84)S PtCl(&314%
0215_]_- ﬂ?oﬂ A PtClzoﬂ o &l /\1 — -;JL—ZW ==
Aeg Yelgt HugHgor ANFH ZF, Pl 50mg Pt/kgg F3r

>
N
72

Reichlmayr—Lais et al, 1992). & ATolA F2 7 FLA A& oA M
stt=2R1% ZA4o] A&HHAY] wiEd ©] Z34E PDEE
g\)i‘:]‘ HEY AT(FF 19 F1-F5)¢ NOAEL 10 mg Pt/kg(28¥¢ &%+ 4.1mg<]
t 43, 0.146mg/d)S vlE S = PDEE &3 2 l AAbgth A5+ 7] =
—E—gl AF& 35golal, ATV T B AFTFTFS 235gH o, otz Al4kol
Ae B AF 1355 A& T

0.146mg/d/0.135kg = 1.08mg/kg/day

& ooy Mo
%
)

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

PDE = 108 pg/d/10 = 10.8 pg/day

PDE - ¥4 =&

Zn] Ag Ax|o| FEzMIFo] ALHEZ FE 23 (Biagini et al, 1983)3 A
’é]?ﬁ.(Pepys et al, 1972; Pickering 1972; Merget et al, 2000; Cristaudo et al, 2007)
o] o] XUt vl= EPA(1977; 2009)2} European Scientific Committee on
Occupational Exposure Limits (EU SCOEL, 2011)% WA TASY 2=
Mo kA S ZAMT EU SCOELS dAl HolEHo]~2 & &34 9F
o] AP vz A 712 AH7] o¥y AES Uk v DoL2013)

1 H O
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S g do AYF =& JFES 2 ug/m’eE AAYY HE AFEE 1
o] F1-F5)& # 43 &% PDEE tta3 Zo| Ao

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
dY &% = 0.00048ug/L x 28800L/d = 0.27ug/kg/day
50 kg

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

2nEd

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

Biagini RE, Moorman W], Smith R], Lewis TR, Bernstein IL. Pulmonary hyperreactivity in
cynomolgus monkeys (Macaca fasicularis) from nose-only inhalation exposure to disodium
hexachloroplatinate, Na2PtCl6. Toxicol Appl Pharmacol 1983,;69:377-84.

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

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

EU SCOEL. Recommendation from the scientific committee on occupational exposure limits
for platinum and platinum compounds. FEuropean Union Scientific Committee on
Occupational Exposure Limits. 2011,SCOEL/SUM/150.

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

Merget R; Kulzer R; Dierkes-Globisch A, Breitstadt R, Gebler A, Kniftka A, Artelt S, Koenig
HP, Alt F, Vormberg R, Baur X, Schultze-Werninghaus G. Exposure-effect relationship of
platinum salt allergy in a catalyst production plant: conclusions from a 5-year prospective
cohort study. J Allergy Clin Immunol 2000;105:364-370.

Merget R, Caspari C, Kulzer SA, Dierkes-Globisch R, Kniffka A, Degens P, et al
Effectiveness of a medical surveillance program for the prevention of occupational asthma
caused by platinum salts: a nested case control study. ] Allergy Clin Immunol
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Reichlmayr-Lais AM, Kirchgessner M, Bader R. Dose-response relationships of alimentary
PtCl2 and PtCl4 in growing rats. ] Trace Elem Electrolytes Health Dis 1992;6(3):183-7.

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

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

US EPA. Toxicological review of halogenated platinum salts and platinum compounds. In

support of summary information on the Integrated Risk Information System (IRIS). 2009.
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W =% 4 (Platinum-Group Elements)

W= d4&d tht PDER.9F

oE 5 (Ir), ©28(Os), Z5(Rh), T 8% (Ru)

3T H 7 T =4
PDE (ug/day) | 100 10 1.0
A&
=3 ZeEs Aty & WaE< Y4 (platinum-group elements; PGE)<]
=4 A5e AdHolth. 4 A A PGEO =W HEAH JHEH 5 F
7] F4< FWste AW Rkgo] YEE o At (Goossens et al, 2011). €7 ¥
=5 o] gt 54 LDsoAE7F 9oy, PDEE AAs o= SEshA ¥oH,
271 SAAE ARre u Hox: x£2 1A AHEE "=, RuOyZF OsO,E T
o gt 4AstA| 2 BQlth(Gaylarde and Sarkany, 1968; Swartzendruber et al,
1995). PGE®| &3l §o] d4kng Z4S ¥ Uehlle Aoz AZ4ETH(Wiseman

and Zereini, 2009).

PGES =4 AH7F BSstEE Ho H4FQ WS Agsie dgrgs &
2}E PDE A5 2A3 FEo 4= PDEES A A3t PGEY AdAQ ¢HdA
ARE olg oA A gt

o

kA

o,

37}
olgl\, L%, 2w, FHFEY HAAL Ame ATH T
« olglE

o Comet assay & HEQS AfFolAEE dslo|g|5(6+) TIEE 24AZE
sl o olglgel] &3k DNA single strand Hdo] WA TE 24
Sl FD S o= strand A o] FAYSHA] Z U (Tavicoli et al, 2012).

o 3ol FE(B+) FIES Eo &3AAO, 0019, 019, 1.9, 95, 19 ng
Ir/d), FHEWistar rat)oll 90943t Fostn A% =4S H7HH
(Tavicoli et al, 2011). 0.19 ng/d &FFEH A& =4 AF7F YeptAqt,
o] 7= A7 PDES 2A37|odl= HAsHA &kt
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2w =0 & A Fe=th(Luttrell and Giles, 2007). 944

45 YEM A &=t (McLaughlin et al, 1946).

o Ao sFe DAY AR LG 050, F71E A4 = £
=2, &, 718, =, 95, 3, A A53% E4e 728 7 Ju

(USDoL, 1978; Luttrell and Giles, 2007).

o AHitst e 2 F 9] Permitted Exposure Limit (PEL) TWA(L 2 FOZH)=
0.002 mg/m’e] T} (UsDoL, 2013).

25

o 2% H(KoRhCls,(NHy)sRhCle)> Salmonella typhimuriumPl A 4 =73

YEFATHBinger et al, 199). ©] AlgolA 252 Ax 4% 73 54
ety Bl3aL, gl Blsids =540l A AT Comet assay &
Eo AfotMEel H3lE2F(BH) FIES 2A EE 2443 vt
43S @ DNA single strand o] A8 th(lavicoli et al, 2012).
RhChe AR HZF &3 AgddA 73 SA4<S Ueblal, HE T4
DNA migration®] <7FComet assay)3it}t (Migliore et al, 2002).

o HIEZF<S P20 Fosta dAe A TAAHe =ARE ATONAM =
&7 §57F 5 ppm FEJ] Ao 2T Hlwste] AldTe] FF
A =T o o s fARSH Sl B Ase Edol
A3 AES Hg7]ol UF AgH o] A th(Schroeder and Mitchener, 1971).

¥ O

o ZFERhEAN) U4 7k29} B84 319HE9] PEL TWAE 01 mg/m’|th ZH9
34 &2 PEL TWAE 0.001 mg/m’e]th (UsDoL, 2013).

FEF

o o 7tA FHF B&AI Salmonella typhimurium @5 TA983} TA100
oA FH A ¥HSES EATHMonti-Bragadin et al, 1975; Yasbin et al,
1980; Benkli et al, 2009).

o FHFES BT FT5EE RO 4%). MIABT FAA ¥TI= 9F 200
olth. A9 FHF =< Mol =2 dH(Furchner et al, 1971).
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Aot Qa Ay 37) =2 A4 34 FY =B FRAAE WA
=

d B 3
E3kel b AFSO] YEH FU == olF Fide s BTHATSDR, 2003).

FolAdHFEe ol&s AE LG HAFA, AE dFS NOAELe| 3
mg/kg/day(1.7 mg se/kg/day)a‘;t}(NTP, 1980). th& FEHY A#Hol st
TS e AE7 FESA Za, AAF 3 TS DAY AETe AR
do] ool A THIARC, 1999), Ol Zlo] AAZA = HA Aso|th QA A=E7}F
AR oy, HFA 7t 433 HTHATSDR, 2003). PDE A4t A 3#= MRL(G
ng/kg/day)= WETHATSDR, 2003) WY A4E= 19 FI-F5)E wkgs) 4+
PDEE ot} o] A4k

PDE = 1.7 mg/kg/dayx 50 kg / 5 x 10 x 1 x 10 x 1 = 170 ng/day

AYE 55 A9 183ty F49 108 A4S A9

AA & TE AF Ao <ostd, AvolE, AuolE, AgxvEdS
ESS o2 Ay sdE AFHA &olsAl FFEHH, FFE0l FAF 80%
£ 97]1% 3JHATSDR, 2003). 47 Al &&E(~80%)= #<¢+el 2+ PDEE
Wy Al 2318 FXR)E Uo] ¥4 PDEE A4

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

0.07(EU SEG, 1992)2 AA =3t} 3tA|%F EU SEG Occupation Exposure Limits
(OEL)2 A#zlraE oz shet], ole FY AT EA4T 7ol Ao
OB & US DoLe| OEL A} Wy A5(F5 19 FI-F5)E 83 &% PDEE

T3 2o ARt
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Ag T Al = 0.2mg/m’ 8hr/d x 5d/wk = 0.048mg/m’> = 0.000048mg/L

24 hr/d x 7 d/wk 1000 L/m’
dd &7 = 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

23

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

IARC. 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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Aoz AAd AL ofyn, A 7le=s 4HA Bt
dHill SA| B2 AN 7= WhEolA SujAlE AREEH I o
< X3 7l2RY 39Ee A8 F F4a3t vkgel AbgdTh
7] FAM FEE ASHAIR ARS-H T
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T
°of 2o] mFow i
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rlo %
rlo

rlo

2
1)

=l AH8E T (Hymowitz and Eckholdt, 1996).
= Mo Z HAAT= &9F5L, 2o 93 4
%

= =
F &9 E3o] o WAL uFE 2 FYsE A

= rlo
4 O
—
92]
2,
<
@)
=
jaY)
(@)
(@)
o
jaV)
=8
(@)
-
o
N
)
=]
aQ
)
N—"
N
T

A4H2(0.015%)S =l ¥ &R vF-209g/mouse: 32.14mg/kg A4k 64% )
ANA 125947 = 229 AA 54 7heAdd 2o wE = AE dTSHH



H3E ZAMITH(Rungby and Danscher, 1984). Al@d w2 th&wol Hlste] A&
%/\3% 14_5}%51, E]—% o]/\l—xq z/\L,Q. 14.1;]_1/]_;] l-q.‘ ."’E"ﬂr 1 mg/kggl ;G/\]-
<= Phe2oAl B FARE ARdoA = 20 HelA A E AT (Rungby and
Danscher, 1983). 747 PDE+ %% &% (5ug/kg/day)3t @WETHUS EPA, 2003).
HY AFFEE 19 FI-F5)E A &3] 47 PDEE thead 2o] A4t

A3
=)
=

PDE = 20 mg/kg x 50 kg / 12 x 10 x 5 x 1 x 10 = 167 ng/day
/484 WE Wol ZAMHA %%kl LOAELS PDE AAd S8 o =2 F5
3

PDE - HIB3F =&
Fl= EPA(2003)= EZol=Aet 7] 2 olofw 7o olF yehd 2 55 Aldlol
A3k, Z712-9¢) AW Fo A5F ©]83] LOAELS 0.014mg/kg Ag/day=
A MY A(FF 19 FI-F5)E ©83] vlAdT PDEE t=3 2] A1t
PDE = 0.014 mg/kg/day x 50 kg / 1 x 10 x 1 x 1 x 5 = 14 pg/day
ol 20 i?ﬁﬂb AL ol Weom YA ol 2 TH A

LOELZ ZtF3l o= =2 F59f tiste] 59 Al4E A9

i

AFEe] 22 FUT Aol #d B AF ASH HFol F2 TAYY. = o
a9t &34 33E2] Threshold Limit Value(0.01 mg/m’)(US DoL, 2013)<} W
8 Aw(FF 19 FIF5)E #1838, §9 PDES U Zo] At

A4 £ 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 &7F = 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
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ATSDR. Toxicological Profile for Silver. Agency for Toxic Substances and Disease Registry,
Public Health Service, U.S. Department of Health and Human Services, Atlanta, GA. 1990.

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

Rungby ], 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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=25l i3 PDE 89F

Thallium (T1)
AT ek &9
PDE (ug/day) |80 8.0 8.0

go| 93, 55 mio] WEel wF P
o

o

FAEES 90Y B9 PE Eoste B4 2ASH A% Ao ue, AET

EE Aol dxk mF7| oty 1&F 5
723t NOAELS 0.04 mg/kgl = A3tk
(OEHHA, 1999 US EPA, 2009). 12| 2 & AE 2] NOAEL(0.04 mg/kg)ol =713}
77 PDEE A4t}

Y AT 19 F1-F5)E A-83ty 747 PDEE tha-3 #2o] A4kt

PDE = 0.04 mg/kg/day x 50 kg / 5 x 10 x 5 x 1 x 1 = 0.008 mg/day = 8.0 ug/day

e
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B35 FFEY HAT =27 BHE A8V A9 ¢k &304 %% el AA
7 PDE®} &<

=
o] 882 =TH>80%)(US EPA, 2009). 18|22 B|AT PDES 7
=]

gE IgEEY FY == #49E (57 A9 gtk vlw EPAE 9 RIDE
sEsteEd 259 §Y 54 A5V FESHA gva AES Wit gF ¢
= 7hsAo g Ak AR I8t A AR s A3z o, FEI AES Y
212 ZFTHUS EPA, 2009). AH& 3} EEoA A" Fa =42 groli, §¢
AR 3 Fe 58S 4Ds At AAETIPCS, 19%). B T¢ &
AR 93 BF =ENAHE A 2HE G4 5 Atk 287 wie] §Y
PDEE Y77 PDE®} HY3HAl AA Ao

PDE = 8.0 ug/day

23

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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o]7] NZAATGE AH}E EHE 73 Zo|th(de Groot et al, 1973). o] ¥
T PDE Al4tel 9loiA NTP AZ(NTP, 1982):5th o A#dAo] ok Azt
<Hl, 1353 AAIR NTPe| &3 He B4 432 de Groot 52 Aol
=48t Hrpb AdH oz JPHAY] wEolgh(d, =W d
& T3 YA 33 AAS AANSA L) W AF(EE 19 FII5)E
st - PDEE U3t o] AL,

PDE = 32 mg/kg/day x 50 kg / 5 x 10 x 5 x 1 x 1 = 6.4 mg/day = 6400 ng/day

_l\l

o
oo o2 2 _\ﬂ rlo

X of

(

Fo] ¢tdA AZRE HEFH oY HAT =ZFo| U3 PDEE Axtst=d #2

sk HrF A5E Foslx] ZAT. 49 B 4 FgES AT A&
E°] o 5% 7S (ATSDR, 2005), 47 PDEE W& A4 103.1% =)
o2 Uo] 7T PDEE A4tAH.

DE = 6400 pg/day / 10 = 640 pg/day

PDE - ¥¢ =&

FAo ¢kAA ARE HAEFHOY FY AEY Zo gk PDEE AAst=T
v e B A8 dotetx Rk FA TLV % 7} AL1H2 mg/m?
US DoL, 2013), MRL 24<& 943 Az32E FE3A LTHATSDR 2005, EU

L o

SCOEL 2003). 13 E2=Z 1002] AFE o] &3] A+ PDE%— %g PDEZ 7 $HA[HA
(3.1% #=) PDEE A4+

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

FaEd

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

CICAD. Tin and inorganic compounds. Concise International Chemical Assessment
Document. World Health Organization, Geneva, 2005. Document 65.
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HU-E(VANADIUM)

HhuE o] tid PDEL S}

Vanadium (V)
3T BT T4
PDE (ug/day) 120 12 1.2
Ne
HUHE (V)2 Aol m@ das SAska, e b3t i1, 0, +2, +3, +4,
)R AT + Ao =3 wiyEE Bl (VOy) B EIE(VO,) T 22
ole Fel2 trre] AEA nFoz EAUL APBE 5T vhbE FFE
22 gt Age whiE AA Ao HATE 10 - 60 pg/Y WIE FHA
w8TE T8 AFHe =9 X wEk =2y, Hol 140 pg/d2 FHEH
Abe BluE 85 sEs udstH, A4 1A I =2 A= 2 pg/Lelt
ul

BbES #7154 LERATE SAwol e QITHATSDR, 2012). S4HshilbE &
2B, IARC, 2012).
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wEAA ZAT ojuf 6-12F F¢F vhE et
g A€0.12 =+ 019 mg HIYE)S F 5}
(B 84 z2A), FU2HEY T4 AW £4, A% 715(E8F &

=, Y 59 Ford wsr HFEEA ZUTHATSDR, 2012).
g Y& 47 NOAEL(0.12 mg vanadium/kg/day)S ©]&3t4 7+ PDEZ

gl g AF(F= 19 F1-F5)E 283l 7 PDEE ofefie} 2ol At

PDE = 0.12 mg/kg/day x 50 kg / 1 x 10 x 5 x 1 x 1 = 0.12 mg/day = 120 ng/day
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PDE - HIAT =&

HES] bdAd AR E AEJ oY vAT =Fo tiE PDEE Aktste=d
o Hr7F ARE dofskA| XAH. v 7] vivs gghee] AT AA
o] 8-E& FAXA(<1 - 10%)°] <A (ATSDR, 2012), 7 PDEE WHE A4 10(3.1
& Fx)o2 o] B4 PDES A

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

PDE - 94 =&

iR

o

o

——)

HES AUz 2d ¢ AN Y FY =% 24F ASE vhEY
PDE Alxtell &gtk kbl HA 8305 mg/m’) FollA wet 9
HZE A H(Ress et al. 2003). A SIHES 7Hd A o] W o] okFo EA351A|
Ao yHEEY. I¥EE FF PDEE ¥HE A4 100618 Fx)e=z U
HhuEe] §9 PDEE A4

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

4 &2 o oo

2 o

Fagd

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.

- 100 -



4: Mg 0lAl - PDE

=
CE

S
LL

W 1 1Y FHF0] 10 g o8] AL SE T TR FF I8 = 7]

HA7HA 871,

9l TFARAHAERELSE 19}

Q]
=

ool 25 g9

-

o

ez, o7 FAAES 1 ow

5]

A
AR FE G4 Aol Pdst Ni

Ho

7t Ao

7

3

g3, )

=
=

uf] A

=
-

T At

o|A3) Pb, As, Cd, Hg, V7} $8 ti’io]th

R
=

A

4= U4 -

ks
pal

A

A420) AzlE o] oy A oef

=z =

AT} weta 7t

qr

F A4l SAFE FARZEL 19 HY FAHF

@
MW o|lojlolo|vw /v ojuvw|lwnm]|o
T|IS|S 2 88 g8 ¢dls|g
W | co|~|oc|loc|c|c|c|oc|o|a
ol
-
< £l
of W=
_ e -
K mﬁi AEHHﬁE - _m_w
%0 (S o a2 S K|S
3T 2 o < |3l | = o] | Of
=0 7 | oF | %I | <] o] ol
|3 < INEERER RS
oF | o | H ofl
N mM|=|=
=8 o |10
<]

- 101 -



47HAl 871,

=

%

E A42 & A229 9% & 5 (TF FE R 1d FAF 10 g2 7}HA)

s |lolo|ololo|o|olo|o|e|8
Z|NNN|N|N (NN (N N(;n R
olo|o|o|o|o|o|o|on(8
11111111121
—~ |o|ololojo|lo|o|o|o|o|wn|8
gP11111—|1—|121
<
()]
3
H
(VI el n o
)
——
[]
¥ |o|wn|n|n|n|n|n|in]n|nlQ
Ulo|lo|o|o|o|o|o|o|o|=
v |1 ||| |in|n|in|n|n|2]wn
A111111111&1
0 [in|wn|un|in|n|n|in|n|nQ
o o|lo|o|o|o|o|o|o|o|=
)
0 2
w N
|_|_L_|A_ .__._.p_o)
lr=gle] &>
T [<|MH ETM
<fa{iH [ [z u_Lum.J
-t —r —
m (<[ S [ ¥ij=
M_._._._F_E OED
od|m [£l|1o —-|a

5 HE EE A

O TRARRABFE 1]}

o

ol
-

o

e, 97) TAAES 1 oy

S

YA
(¢}

J)
S

™, sk

°

AL

=

=

uj A

=
=

Fd Aol Pdet Ni

Ao o A3 Pb, As, Cd, Hg, V7F 8 di’delt}. 93|

o

ol:%

29]9]

. ¢

)

~N

o)
ol

=y

f

B1E 5

o]-&

ALk <

<

| gelf, meA 7t

o

=

=

ol e

A21°] PDE
wTSEETE

s

23}

qr
]

~N

ol

il
[ma)

o)

A
T

- 102 -

13 R 220 F5 7



E A43. 53 1 FAZFe SA TN T FEE 78St HUS &= At

aMMe Z|tf 3 8sx(ug/g)

Pb As Cd Hg Pd Y] Ni

S|Zo|or=E 2 6 2 12 40 40 80
OZFHHMEERA 2 6 2 12 40 40 80
=5 2 6 2 12 40 40 80
QlArzt & 2 6 2 12 40 40 80
JEAXHE 2 6 2 12 40 40 80
AHOFEAMOI O & 2 6 2 12 40 40 80
SIZEUZA 2 6 2 12 40 40 80
AoLE|EF 2 6 2 12 40 40 80
A+§P<* 2 6 2 12 40 40 80
e ZHEATFE (ng) 5.0 15 5 30 100 100 200
PDE (ug/day) 5.0 15 5 30 100 100 200

WH 2b: 1Y FoFo] A AF] FAHAE T FECE & = VIE

N TR T(dEFE Uleh HUHA 87N, & A4l BE)e FFoh

I Fojwo] 25 gl W& AFA(TH 17 ¥ 2a9k edT A F)E
At dgolokE 44 Aol Pdet Ni ZuiAIS AREstH, 91313
}A8 Pb, As, Cd, Hg, V7F -2 tidelth. W 2bS AHE3H7] #lsiAM =
AT T A4 SEECE T U R} SAtF =4 FHIL asi
obf = 5530 Vled VIUE FH5EEE AH Aot

A
(s
[11
nﬂ

aMME S X (ug/9)

Pb As Cd Hg Pd Y, Ni
H=o|E <LoQ 05 <LoQ <LoQ 20 <LoQ 50
EEEEEEES 0.1 0.1 0.1 0.1 * <LoQ | <LoQ
gt 0.1 0.1 0.1 0.1 * <LoQ | <LoQ
SIPNETES 1 1 1 1 * 10 5
JZATHE 0.1 0.1 0.1 0.1 * <loQ | <loQ
AHOFEAMO I & 0.5 0.5 0.5 0.5 * <LoQ 0.5
S|ZEUHZQA 0.1 0.1 0.1 0.1 * <loQ | <LoQ
AFSE|EF 20 1 1 1 * 1 <LoQ
AtstA 10 10 10 10 * 2000 50
= QWIS Eof PdE EA 2HE+20| ofd Hez mietElof MatHAD SHEEX 22
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AL A - FEESE BT

ol FEBEE AHIIY AR AT 9T Aol o] A AN E

wAow an, JaHsl BEARe] §UF FHL ol AsiHs BE 96

B7h Ao EAE Y-S thsi,

of Al B2 aolA AAE WEAANE o A 97 THAR(ARO|HE
=

st A7HA 870) S Fake A 19 TP 25 g WE LIAE 9
o] AmFt. A8olokE F4 Ao Pdet Ni FujAS A-g3tth.

WA 586 ANE Aat] et B IE AAGT, WA FA] FEEe
29 gotgny, ohxloetEe] ALEEE A bAG te Asst FEREA ]
W Eol, AL BrhA BF 1 (s, Cd, Hg, Ph)e Tdsrlz A4

5 e
obelol Ei AW F WA FEHEEE ot ARE L4 AolTh

HIEHR SHE=S
AI-[HI-IQE D-<5"O| —E—_E._l Q_7||:||.7H A|¢E1I
Ta8E OEXo=Z ,‘;XH}&;AE co | MEFEH R | ° ooy X -
I=Xe) = o Erfs —1T :A%¢% T =
e H7tM B2l == | T 7T sH=T=
e Pd, Ni As Ni =
O ZYMEZQA =) As, Cd, Hg, Pb H78= =)
oct = As, Cd, Hg, Pb = =)
Ol AbZE: 5= As, Cd, Hg, Pb V, Ni S
SEAZHE S As, Cd, Hg, Pb ¥e=) 8=
AHOf2 A0 & =) As, Cd, Hg, Pb Ni A=
SZ2HUZA =) As, Cd, Hg, Pb =) =)
AFSHE|EL 8= As, Cd, Hg, Pb 8=
AbSHA =2 As, Cd, Hg, Pb V, Ni gls
F7HQl BrE B8R A sEEes 77 AJASHAG. o] ke 3=
oe] FAAEAA THEHNT. A= FFEA, INE 2D E A5 55
B8 7} ARE AT AdEIE B T AN TR A=S =
A480 AYE Jtt FHEEEY 19 T AEFS 7AAA8EY 1€ FAZH 55
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E A48 FE5ETE B7F - FAASF T FSHECE T AT 1Y 79 = BV}

12 RO dE 5k (ug/9) 25229 19 EE (ug)

THME ) Pb As cd Hg Pd v Ni Pb As cd Hg Pd Y, Ni
2IFo|oE 0.2 <loQ 05 <LoQ <LoQ 20 <lLoQ 50 0 0.1 0 0 4 0 10
OZ2YGHEZEQA 1.1 0.1 0.1 0.1 0.1 *  <loQ <LoQ| 0.11 0.11 0.11 0.11 0 0 0
= 0.45 0.1 0.1 0.1 0.1 *  <loQ <LoQ| 0.045 0.045 0.045 0.045 0 0 0
QAL & 0.35 1 1 1 1 * 10 5 0.35 0.35 0.35 0.35 0 3.5 1.75
AZAZHE 0.265 0.1 0.1 0.1 0.1 *  <loQ <LoQ| 0.0265 0.0265 0.0265 0.0265 0 0 0
AHOFEAMOIO|E | 0.035 0.5 0.5 0.5 0.5 *  <loQ 05 | 0.0175 0.0175 0.0175 0.0175 0 0 0.0175
S|IZEUZA 0.06 0.1 0.1 0.1 0.1 *  <loQ <LoQ| 0.006 0.006 0.006 0.006 0 0 0
AHHE|EH 0.025 20 1 1 1 * 1 <LoQ| 05 0.025 0.025 0.025 0 0025 0
AtotA 0.015 10 10 10 10 * 400 50 0.15 0.15 0.15 0.15 0 6 0.75

5 25 g - - - - - - - 12pyg 08 pug 07 pg 07 pg 4 pg 95pg 125 pg
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