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Alumina

1344-28-1

215-691-6

44 - 54

Tin Oxide (CI 77861)

18282-10-5

242-159-0

1-5

Silica

7631-86-9

231-545-4

1-5

Titanium Dioxide (Cl 77891)

13463-67-7

236-675-5

40 - 50
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- 284 2Z(HE & AXs 2 = 5)2 FXNE HS &40, SEHIIS |0
HOA2.
- M E S0t QLEE NES AMA =2 A WAL
7.513 2 HEYY
I CHEFZREY
-2 O HegEX 237E A 0lolHdl)] Mol= FZ36HA OFAI2.
- EJJHIRE FEHE HSE WWHIIIF 0 U2 %= ALz BE MSDS/ZE DHA
OgxXE GEA2.
- FHZ/HEO =25t AFESHAI2L.
-2 &0 ZAASEH OIHE AL
-JtgeE SHUM 2dlotE SIIE S E0HA OHAIL
- MEst DI e HEXSN ZLoHAl OtAIL
- L/olor & & & XAHU R2ISHAIL.
Lt OtNEF H &Y
- E2EXI U= MEEA0 HEGHAIL
- B CHASES 280| =0t HES| 2ot SAl &8 &8I0 D= =L HED|
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ZWHAE
Alumina TWA = 10 mg/m?
Silica TWA = 10 mg/m?
Titanium Dioxide TWA = 10 mg/m3

ACGIH 73
Alumina TWA 10 mg/m? (as Al, & 0|& &, Z2F & 213l 1% 0|2t E2&)
Titanium Dioxide TWA 10 mg/m?

NMESHH LE)|E: 2SS

OSHA =73
Alumina TWA = 15 mg/m? (total), TWA = 5 mg/m? (respirable fraction)
Silica TWA = 20 mg/m? (80 mg/m?3/%Si02)(Mineral Dusts)
Titanium Dioxide TWA = 15 mg/m?

NIOSH #&
Alumina TWA = 10 mg/m?
Tin Oxide TWA = 2 mg/m? (as Sn)
Silica TWA = 6 mg/m?

EU 73 : ages

JIEH
Alumina Austria: TWA = 5 mg/m?3, STEL = 10 mg/m? Belgium: TWA = 5 mg/m? (as Al)
Denmark: TWA = 5 mg/m? (total, as Al),2 mg/m? (respirable, as Al) Estonia: TWA =
10 mg/mé (total dust),4 mg/m? (respirable dust) France: TWA = 10 mg/m?® Hungary:
TWA = 6 mg/m? [AK](respirable dust) Latvia: TWA = 6 mg/m? Spain: TWA = 10
mg/m? Australia: TWA = 10 mg/m? Canada: TWA = 10 mg/m? China: TWA = 4 mg/m?3
(total dust), STEL = 8 mg/m? (total dust) Russia: TWA = 6 mg/m? (aerosol)
Tin Oxide Belgium: TWA = 2 mg/m? (as Sn) Canada: TWA = 2 mg/m? (as Sn) Finland:
TWA = 2 mg/m? (as Sn) Spain: TWA = 2 mg/m? (as Sn)
Silica Australia: TWA = 2 mg/m? (respirable dust, listed under Fumed silica)
Switzerland: TWA = 4 mg/m? (inhalable); 0.3 mg/m3(respirable) UK: TWA = 6 mg/m?




(inhalable dust); 2.4 mg/m? (respirable dust), STEL = 18 mg/m? (calculated, inhalable
dust): 7.2 mg/m? (calculated, respirable dust) Czech Republic: TWA = 0.1 mg/m?
(respirable fraction); 4.0 mg/m?® (as amorphous SiO2) Austria: TWA = 4 mg/m?
(inhalable fraction); 0.3 mg/m? (respirable fraction)

Titanium Dioxide Austria: TWA = 10 mg/m? France: TWA = 10 mg/m? (as Ti) ltaly:
TWA = 10 mg/m? United Kingdom: TWA = 10 mg/m?® Russia: TWA = 10 mg/m?
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-0 AU=22 LI HU JIEt AZLAe HHE 222 = A= dAa 220 HatH
T2 2306t)| /ot Sy BB 2 HEGHAIL.
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& 25
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Ha 2o
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— Alumina : Rat LDso > 2,000 mg/kg (OECD Guideline 420)

— Tin oxide : Rat LDsg > 9,000 mg/kg

— Silicon dioxide : Rat LDsy > 5,000 mg/kg (OECD TG 401, GLP)

— Titanium dioxide : Rat LDsp > 5,000 mg/kg (OECD Guideline 425, EPA OPPTS
870.1100)

Al : 23X %3
- Silicon dioxide : Rabbit LDso > 5,000 mg/kg
EQ 284X %2
— Alumina : Rat LCsp > 2.3 mg/L/4hr
— Tin oxide : Rat LCso > 5 mg/L/4hr (OECD TG 403, GLP)
- Silicon dioxide : Rat LCso > 2.08 mg/kg/4hr (OECD TG 403, GLP)
- Titanium dioxide : Rat LCso > 6.82 mg/L/4hr
OR2AH = X324 28X &3
- Alumina: EJIE 0188 U8 XA=24 AEUHA X=20] LIEILIX 2S.(OECD Guideline
404)
- Tinoxide : E7IE 0|2 LIEX=24 AIE =40l Ote. (OECD TG 404)
- Silicon dioxide : E7IE 0|28 LIEXA=24 AMENAM IIEX20] 2EE X LAUS (OECD
TG 404, GLP)
- Titanium dioxide : E7|E 0|&adl0] LIEN=HAIES & 20, LRI 40 2 B3
2 LIEFLEA & Q/AS(OECD Guideline 404)
At =28 = I=24 28N &3S
— Alumina : DI QI 2F2to| S8H0| 2 & LTI A 2 LH(48 Al2H), 0l= EU-CLP (Regulation (EC)
1272/2008)0 et 2F K= ZS. (OECD Guideline 405).
-Tinoxide : ENE 0l2&t & A28 AlgZY, =XN=240| 22X £S. (OECD TG
405)
- Silicon dioxide : E7I1E 0|28 =XI=24 AME0WAM =X20] 2E L X 2US (OECD TG
405, GLP)
- Titanium dioxide : EJIE 0|&35l0 & N2 HAIES &t 20, = A=481 2HE BtS
LHEFLERI 22 S(OECD Guideline 405, EU Method B.5, EPA OPPTS 870.2400)
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— Titanium dioxide : S= A 0ILI AIE S =5 208 2E UM =& H8ld =S LHEFU X

23,
I2U04 : 22X %238
— Alumina : 2ILIOI IO 8

olst I AIE0AM IE22IAH0
-Tinoxide : AI& &= =& & LL <

| L
AOIA e 2EEo 2435t=

=



(OECD TG 429)

- Silicon dioxide : =&/E0 2 228 22 XH0IH LIS HOIH0 SHI US

- Titanium dioxide : JILILZI JE 0| Z6t0 LIRS AA S22, IR dl 2HAE
822 LEHLEK 242 (OECD Guideline 406, EU Method B.6, EPA OPP 81-6, GLP)

g2ed  =2FHA @S

MAHEZBHOIRE : 23D LS
—Alumina: Al&2 L AIES 3R EZRE ME AHAIHNA 50~200um L R0IME 2
A0| LIEFSt 2L, 40nm Olotel XM= A 0| LIEHE.(OECD Guideline 475). Ml LK
NEEZSE MEIJALAHAE A2 SH(OECD Guideline 474, GLP).

- Tinoxide : AIE2 Wl & =S4 A ((bacterial reverse mutation assay(e.g. Ames
test)(gene mutation)(OECD Guideline 471), mammalian cell gene mutation assay(OECD
Guideline 476), mammalian cell micronucleus test(OECD Guideline 487))0lAl S4 Bt
O] 2&&.

- Silicon dioxide : AI& 2t LH AIE((0IM2E2HESHHOIAME(OECD TG 471, GLP), ZR&
HAMHYOIAAIE(OECD TG 473, GLP), ZL R NESAX SHHOIAIE(OECD TG 476,
GLP)) & Ml L AIE(ZELE NESAEL SHHOIAIE)NAM SA820| LIEHY

- Titanium dioxide : S4EIS0| A& 2 i AIE(RTX=HB0|AIE(OECD Guideline 476,
GLP), SMHI Ol & Al & (OECD Guideline 473, GLP), EHSAHHO0|AIE(OECD Guideline
471)) & M W AIE(ASAIE)HA LIEHE

MASEH: 2RX XS

- Silicon dioxide : 0IRAE 0|28 L2=4 L EHHOISHAIEHNA O ST 2K
AUUS(OECD TG 414)

- Titanium dioxide : &XIF 0 M 0l I8t !
Fol =4 SH st S0 2st 24 HBE EUZ TIO2 = MA S4 /A8 S LIEILHX &
=0 28 XACH

EXHENIISH (138 =8): 280X &S

- Silicon dioxide : HEE 0| E8 SHSL=H AEZ D, Sotety B8 221 =0 2E &
AS(OECD TG 4083, GLP)

EX HAEN) SH (B2 L8): 2RIA %3S

- Alumina: HEZ 0|28 £ S4 AIE (90 )0l A, NOAEC = 70 mg/m3

-Tinoxide: FE 0IES 13 F IS TR E0 =S4 AME 20 SHO &8t 40| 225
X &2 gACH (NOAEL = 10000 mg / kg)

- Silicon dioxide : HEE 0|28 13 S0 B8 EA=SH AIEUH AN, 20|10 g5EIE &
SEE SO A& E(0OECD TG 413, GLP)

— Titanium dioxide : Ol &3 EIEFE 2 NOAEL 0] 3500 mg / kg bw / day @ 2t A3 Bi=
S0 =S4 AMENM HHHE 2R E LIEHHX L AL OlAHS EIEFES OIH =

=

=
H=2
o=

g

=
41 0
il

8 28 HC2 SACK YOO2 |2 5 22 Sof =4 g
=]

Ol&tet EIEFEE NOAEC JH 10 mg / m3 2! F 0l CHEt et &8 Bt=
_|

=F|
- 24 24 S8 2N YS
- Oy AN S5 2REX 2S
=
TT

— Alumina : 96hr—NOEC(Salmo trutta) > 0.072 mg/L (OECD Guideline 203)

— Silicon dioxide : 96hr—LCO (Brachydanio rerio) = 10000 mg/L (OECD TG 203, GLP)
— Titanium dioxide : 96hr—NOEC(Oncorhynchus mykiss) > 100 mg/L (OECD Guideline
203)
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Alumina : 48hr—NOEC(Daphnia magna) > 0.071 mg/L
— Silicon dioxide : 24hr—ECso (Daphnia magna) > 1000 mg/L (OECD TG 202, GLP)
=
— Alumina : 72h—NOEC(Pseudokirchneriella subcapitata) >= 0.052 mg/L
— Silicon dioxide : 72hr—ECso (Scenedesmus subspicatus) > 10000 mg/L (OECD TG
201, GLP), 72h—NOELR(Scenedesmus subspicatus)= 10000 mg/L (OECD TG 201,
GLP)
— Titanium dioxide : 72hr—ECso = 61 mg/L , 72hr—NOEC(Pseudokirchnerella
subcapitata) = 12.7 mg/L

Lt. &FH Y 2old

|

&=

— Alumina : Log Kow JI 4 0|2+0122 AFAH0| ¥S A2Z == (Log Kow = -0.83)
(GlI=XI)

- Tin oxide : Log Kow J} 4 0I2H0|2 2 MFH0| Z=2 2122 =& (Log Kow = 1.29)
(6l =XI)

— Titanium dioxide : Log Kow J} 4 0|2H0|2 2 &FAH0| ¥ 2122 H=E (Log Kow =
2.23) (GI=XI)

_'_OHM : Xl'a_n.x:l/u:
Ct. ME=s=4H
54
- Alumina : BCF J} 500 0I2H0I2 2 ME=F40| ¥S 2122 =& (BCF = 3.162) (0
=7X)
- Tin oxide : BCF J} 500 0|2H0|E2 2 MEES=H0| S 2422 =€ (BCF =100) (0
=7X)
- Silicon dioxide : 0| 222 & Z Qo MES=0HK S
- Titanium dioxide : BCF J} 500 0ICI0|IE 2 MES=4H0| Y2 2122 == (BCF =

13.73) (WIS XI)

Mol

- Alumina : tit2H M28HZ X LS(H=X)
- Tin oxide : &1l M2d =Xl %22 (H=X)

- Silicon dioxide : 2720|122 7ESC%CIJEI 23
- Titanium dioxide : &N M=2561 TX %2 (W=XI)

ch. EYO0|=

- Alumina : EOtOﬂ SIS H0l @S (Koc =0.1902) (MI=XI)

- Tin oxide : E2 0l E&Jts40|l ¥ (Koc =13.16) (M= XI)

- Titanium dioxide : E20l E&JIs4H0l ¥ (Koc = 86. 1) (W=X)

Ok JIEt Rl & AN28S

bt. LES Rild : 27X &S

13. HIDIAI =2 Atet

Jh HOISE
HolS2elgo SAE 32 #3300 et s=s & EJ18 HIIGHAIL.
Lt BOIAl =2 At
(2t 0 SAIE HEN el WESI EJ1E HIJIGHAI2.
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Db, AHHOLM B AHB Ol 25 2K
Alumina : 22| A2
Alumina: =) |IE&4 8322
Alumina : XS A=HEE (SHFI| 6 M)
Alumina : SAHL XSS E (KD 12 HE)
Tin Oxide : XS A=FHESE (SHFI: 6 Mg)
Tin Oxide : 22IHASE
Silicon dioxide : = £ E&8 & E2Z
Silicon dioxide : XS BASHESE (SHFI|: 6 ML)
Silicon dioxide : S AU XHSE (KSHZ=I|: 24 W)
Titanium Dioxide : 22| & =&
Titanium Dioxide : =& J|IE& 822
Titanium Dioxide : LS A=HZS A (SHFD| 16 HE)
Lt. st 2e|Hol 28t Al
Alumina : J| &3 st2 & KE—O1012
Tin oxide : J|=3lst2 & (KE-33849)

Silicon dioxide : J|=3sl&t=2 & (KE-31032)

Titanium dioxide : J|&32tst=& KE-33900
Ct. fIEg=Sotd 22|50l &8 #A

Alumina : HI®I&=

Tin oxide : HIRI&E =

Silicon dioxide : HI®IE&2

Titanium dioxide : HIRIE2
ch HolS&e|dol 28 7N AHEX Z2
Of. J1Et =W ¥ A==l 28t A

= WA
2RI SE ALY - FHA &S
=2 Al
EU ERAB(HFERZ L)
Alumina : EF &Kl &2
Tin oxide : EF &KXl £

Silicon dioxide : EF %Xl &3
Titanium dioxide : EF & Al %Z2
EU 232 (RIE23)

Alumina : SHE S S

Tin oxide : HE SIS

Silicon dioxide :

o &8t
ct

Titanium dioxide :

of

EU ERFZ(AHEZR)
Alumina : &8l S

o

=)
=
H=2
BA O



Tin oxide : HE SIS
Silicon dioxide : & &8l2
Titanium dioxide : HE S S
EU #HIEE(EU SVHC list) #HIE Xl &£S
EU 7 XM A 2 (EU Authorisation List) # M T Xl &S
EU 7 M A 2(EU Restriction list) 7 M & X %S
D22/ ¥L(OSHA 7 E) AMETX &S
0|=22| 2 (CERCLA #E) AMI X &2
D=2l 2(EPCRA 302 7 &) A M X
D=2l 2(EPCRA 304 7 &) A M X
0222l ¥2(EPCRA 313 #&) #HEX
ZHEYEASE AMIXN LS
ASESEA=EE AMIXN L3S
SECSYFAN2E AHMER L2
JIE Al
Alumina
0|=22e2|&HE Section 8(b) Inventory (TSCA): =THE
2222 HE Existing and New Chemical Substances (ENCS): (1)-23
E=222| ™ E Inventory of Existing Chemical Substances (IECSC): &I & 37546
LTt 2l 2 Domestic Substances List (DSL): =&
SF2elAE Inventory of Chemical Substances (AICS): =&
SEAM=ZL|HE Inventory of Chemicals (NZIoC): May be used as a single
component chemical under an appropriate group standard
Zie|om 2|8 E Inventory of Chemicals and Chemical Substances (PICCS): &M &
A2 22| AL ISHL Harmful Substances Whose Names Are to be Indicated on the
Label: >=1 % weight
=222 82 ISHL Notifiable Substances: >=1 % weight
Tin oxide
0l=2t2| # 2 Section 8(b) Inventory (TSCA): &I &
2222 HE Existing and New Chemical Substances (ENCS): (1)-551
A2 22| 82 ISHL Harmful Substances Whose Names Are to be Indicated on the
Label: = 1% weight
=222 #L ISHL Notifiable Substances: = 0.1% weight
E222|EE Inventory of Existing Chemical Substances (IECSC): &I & 37645
LTt 2l 2 Domestic Substances List (DSL): =&t
SF22|ld8E Inventory of Chemical Substances (AICS): =&
FEH=2AZ|AHE Inventory of Chemicals (NZIoC): HSNO Approval: HSR002805
Ze|m 2|8 E Inventory of Chemicals and Chemical Substances (PICCS): =M &
Silicon dioxide
0l=2t2| # 2 Section 8(b) Inventory (TSCA): &I &
U= 2| M2 Existing and New Chemical Substances (ENCS): (1)-548
S22l E Inventory of Existing Chemical Substances (IECSC): =M & [11361]
LT 2| & 2 Domestic Substances List (DSL): =X &
SFE22| 2 Inventory of Chemical Substances (AICS): =XHE

hQ 62 &2
0lo 0lo 0/

=22 A E Inventory of Chemicals (NZIoC): X §tst atst2& & JI=0l Wet

CHUAHEOZ AMEE = US

Ze|m 22|82 Inventory of Chemicals and Chemical Substances (PICCS): =M &
=222l E ISHL Harmful Substances Whose Names Are to be Indicated on the

Label: >=0.1 % weight (listed under Silica)

2222 HE ISHL Notifiable Substances: >=0.1 % weight (listed under Silica)

Titanium dioxide
0l=2t2| & 2 Section 8(b) Inventory (TSCA): =&



o =222 8 E Existing and New Chemical Substances (ENCS): (5)-5225, (1)-558
=22 88 ISHL Harmful Substances Whose Names Are to be Indicated on the
Label: = 1% weight

=222 2 ISHL Notifiable Substances: = 0.1% weight

E=222| ™ E Inventory of Existing Chemical Substances (IECSC): &M & 11377
JHLICH2 2| 8 & Domestic Substances List (DSL): =H&

SZ=2el A E Inventory of Chemical Substances (AICS): =&

=22 AL Inventory of Chemicals (NZIoC): Hgtst ststE2& 2 J|1=0 el
HUANE2OR AMEE £ US

Ze|om 2|8 E Inventory of Chemicals and Chemical Substances (PICCS): =M &

16. 21 S8 EIAHE

It

L.
Ct.

ct.

Azo &X

Emergency Response Guidebook 2008;
http://phmsa.dot.gov/staticfiles/PHMSA/DownloadableFiles/Files/erg2008_eng.pdf
U.S. National library of Medicine(NLM) ChemIDplus: http://toxnet.nlm.nih.gov/cgi-
bin/sis/htmlgen?CHEM

Korea Occupational Health & Safety Agency: http://www.kosha.net

EPISUITE v4.11; http://www.epa.gov/opt/exposure/pubs/episuitedl.html

Ministry of Public Safety and Security—Korea dangerous material inventory management
system; http://hazmat.mpss.kfi.or.kr/index.do

IARC Monographs on the Evaluation of Carcinogenic Risks to Humans;
http://monographs.iarc.fr

TOMES-LOLI®; http://www.rightanswerknowledge.com/loginRA.asp

National Chemicals Information System; http://ncis.nier.go.kr/ncis/

Waste Control Act enforcement regulation attached [1]

REACH information on registered substances; https://echa.europa.eu/information-on-
chemicals/registered—substances

American Conference of Governmental Industrial Hygienists TLVs and BEls.

NIOSH Pocket Guide; http://www.cdc.gov/niosh/npg/npgdcas.html

National Toxicology Program; http://ntp.niehs.nih.gov/results/dbsearch/

International Uniform Chemical Information Database(IUCLID)

Korea Maritime Dangerous Goods Inspection Center; http://www.komdi.or.kr/index.html
EU CLP: https://echa.europa.eu/information—on-chemicals/cl-inventory—database
HE=&EHUX 2015-06-25
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