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Review of Problems with Use of Halogenated Cleaning Solvents Revealed
through Case Studies of Cleaning Solvent Poisoning and Analysis of
Domestic and Overseas Regulations

Naroo Lee" * Hye Jin Lee * Sujin Jeong * Dohee Lee * Arom Shin

Occupational Safety and Health Research Institute(OSHRI),
Korea Occupational Safety and Health Agency(KOSHA)

ABSTRACT

Objectives: We examine cases of chemical poisoning that occurred in the cleaning of metal parts and the
regulations on halogenated solvents in other countries and propose regulations necessary to prevent chemical
poisoning from halogenated solvents.

Methods: We collected cases of chemical poisoning through the website of the Korea Occupational Safety and
Health Agency. A review of the literature was conducted focusing on regulations related to halogenated solvents
in the United States and the European Union, particularly for cleaning metal parts. Among the Material Safety Data
Sheets submitted to the government, MSDS containing eleven substances were extracted to confirm the
composition and product use. We investigated cleaning methods for metal parts used in South Korea. For the
hazard classification, the European Chemicals Agency or Japan's NITE's website was used.

Results: In the case of poisoning, the cleaning methods involving trichloromethane were dipping and dry,
which was not found in the literature. It was confirmed that many halogenated solvents and dimethyl
carbonate were used for metal cleaning in South Korea. In vapor degreasing using TCE in the USA, even if the
facility is strictly managed, such as by installing cooling coils in open cleaning facilities, the risk of exposure to
TCE is considered to be not only carcinogenic but also a concern for acute and chronic effects. In comparison,
exposure through Korean work methods such as dipping and drying operations is inevitably much higher.

Conclusions: The transition to water-based cleaning with low—-hazard chemicals should be a priority in the
cleaning process. In the case of metal parts that require precise cleaning, if the use of a halogenated solvent is
inevitable, a closed degreasing facility should be used to minimize exposure. The current regulations in the
Occupational Safety and Health Act, the Chemical Substances Control Act, and the Air Environment
Conservation Act do not require cleaning facilities to minimize emissions. To protect the health of workers
using halogenated solvents to clean metal parts, regulations that require a fundamental reduction in exposure
will be necessary.
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& BE AE AYPE otel ZEARE ZAofA #
SR 2EAt B4 719 ARe we ARt
¢lojo] UoPTHKOSHA, 2022). &4 7t99

2 EfEZ&YeHtrichloromethane, TCM)°]
Aot shEd 59 YRlEZo] TCMolY, a5 &
& Al Zdolglth= & 9ol F=0] st Hol
ANEAE HARTE T&4o] Stk AlF 2 o
2 AH 2 O] #ig} glo] AlFAT HA =T
ﬂﬂ%ﬁ F=o| FASE Aot ¥ A AAAY H

A T AFA % F=A3 &9 F shioh Al

] FHLASHA AHeH &1 F shve HEEEwH

(dichloromethane; methylene chloride, MC)o]il
MColl Qs AFgol ol2+ IEd F5 Alals A
LKooz HRAISIaL QItKKim et al., 2020; Jeong
et al 2021).

YN AHAE A5 WA A F2 A8
A AFA] it A wiEelth. oA AlFA=
AEE 2278} ool gk A= o2 HECIA A
&x o7 Aslzlo] gt} Choi et al.(2022)2 AIZA|
Aol A A I E s AHAE HAgske] ARG
= /o] TRl FAskaith. AlFA APgellA
Al 27t 7Fsdt AL fARE 220 7lss 7=
4 FolA 5o x4 4 w2 FAlsk 9l
o] 5E50] xR g EXS Aot AIE A
27| wizoltt.

2 AFoM= oA S5 BF AlF AdollA T

o v o
H to o

wor

et

i
o 1
z if

=2 %*‘% AHEIE AHEE S S5, #3014
3L 2] W EAolA AuEA) dink E, =90 d=
Zls} gjo] ﬂi A S =W Al A Blaste]
o1 = & 7419} Sz %t sfstEd 55
Yol s a3t AAE AstLAL .

-

. CHed &

o

EH
=

1) SEEE M AU L4 212 SIeiEE S5 At

SlobA B AT E ]lel(httpi/ /www.kosha.or.kr)
oA “alert” ¥ “AF"Z AHMSHH 10749 A=7F UL
=t o] T 52 AASHE 6dY AH7E =T S,
SetEd FEARL IBAE F AlE 2 E1tel 1A
gt 3hEd = AlEIE RSk

2) 0|21} QFIEIO| SRS 0 AR A HE TF
nlE} fdgte] =5 24 25 A

S=715} g,
2 Ay BHE FAE FHLE £ TSI
tl=ofA= G278} -8 Ao et o
a1, E5] St 7|3 B sk &
%(Clean Air Act), S2jvte} sskEde o] dfdst
= =223 (Toxic Substance Control Act)E
THOE ¥ 1A FE ATl = AlFAH]
of gt 71+ AnE 1y, a4 55 HEC IEA
S} 8o ARgo u|A FgRE 1ESHHT

3) T YRS B AR HF 2 K5I FA
20221 TOMO= Q1% 54 7090 WAy 7, 4% 47de]

Table 1. Substances potentially used as cleaning agents in South Korea

Substance Other name Abbreviation CAS Number Note

Trichloroethylene TCE 79-01-6
Dichloromethane Methylene chloride MC 75-09-2
Tetrachloroethylene Perchloroethylene PERC 127-18-4

Carbon tetrachloride CTC 56-23-5 Montreal protocol

1,1,1-Trichloroethane 1,1,1-TCA 71-55-6 Montreal protocol
Trichloromethane Chloroform TCM 67-66-3
1-Bromopropane n—Propyl bromide nPB 106-94-5
1,2-Dichloropropane 1,2-DCP 78-87-5
trans—1,2-Dichloroethylene trans—DCE 156-60-5
Dibromomethane DBM 74-95-3
Dimethylcarbonate DMC 616-38-6
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A 78 U AIFAE &2 3 23 D S ES E9)
G278} & ARAA= AME 7Fsd0] e 1171 248
Aot thTable 1). 2715} 8Hi2 HAEHOE AR
=4 Al 7FA] &4 (Kanegsberg & Kanegsberg, 2017)
ol TCE, MC, HEZZZ 2 |dl(tetrachloroethylene;
perchloroethylene, PERC), FARE F-22 QI5|| ul=o]
A GRS} &l QA it 5L FAE wUd
Al 71A E-Ql AMSEkA(carbon tetrachloride,
CTO), 1,1,1,-E81&&2=2EK1,1,1-trichloroethane,
TCA), TCM, 12l TCEo|| thgt A=A =R AR o]
= 1-BEE&R T2 3K]-bromopropane; n-propyl
bromide, nPB)(Kanegsberg & Kanegsberg, 2017),
2 Aol AFA R ALsitt HaE 12-tEe2
T2 3K1,2-dichloropropane, 1,2-DCP)(Jeong et
al., 2018)°] AA=SItt. E, AF FHNA EadE =4
EdA-tjZ2 2D (rans-1,2-dichloroethylene,
trans DCE), fJE 2R ¥edibromomethane, DBM)
9 tjo|HE&7}HE Y|o]E(dimethyl carbonate, DMC)&
115°f ZFHAIATHOSHRI, 2022). DMCE &=2715t &
o]l ZJFE|A] koLt ul=ofA thA| AHA 2 AREET
(Kanegsberg & Kanegsberg, 2017),

oA 20219 1Y 1695E 20224 49 3097t
2] AHo| AEd EAARE AT (Material Safety
Data Sheet, MSDS) = 117 4 = 4 158 ¢
okl Q= MSDSE F&51 +4 A& 85 &
Qs 1174 %Q% Shpotal MSDSE 53 o,
AEAE 88 ?J‘_‘—'ﬂ?_} MSDSHHS tiide = 5191
t} &% MSDSE & 1011740121@ MSDSE A&
o djofli= A TEEAY B - BA| D 24
Ax =] It 71H(AE s A|2020-130%), EHE
50| et SERRAA F &5 AHstoiof gttt &
1,01119] =& IRl &%+ 55 AH=o| 7t
5ottt

20229 TCMO & QIgt =/ 7ol Aget A4 2
A *ﬂ’i}xﬂ |0l 2% 752 " Fol Aol &

7‘]3\— ool ol-&ste] HRsh= HHA]olqlt

S R we B4, SN A8HE F4NE
A% ﬂc@ B2 AEgn, Ednde Yol o
AR A9 ) A 714 Askon

= ,
She=i 6871 % TR} Sujo} Blo] Y =R
e

S f3id EFe FHIEEA FHelA

Journal of Korean Society of Occupational and Environmental Hygiene, 2023: 33(4): 517-527

(http://echa.europa.eu)d 55 £5 & AR89t
At HEol o) sfehad ARA S22 A= 1
E ol SRS RET AS ANl 55 ARE A%
stojof gttt FHISEAA SHolA o= 55 ARl
JAjE siekg el a4 25 A3ke BekE ok
FEREEA Sro]A]olA DBMY] 542 47t 10
£04 1008 Aol ol Sjske $5o] Kol £
4§ A7 $5Y % YR AL i, DBMS] £
A BRE R ol 295k gl Rald B2 B

o]Z]Q1 NITE(Incorporated Administrative Agency
National Institute of Technology and Evaluation)

9] f3liid E(Http://nite.go.jp)E AH&SIATH

-

. Zat A 1

1. 2552 MA AN LS 22 8t
N

FEREE AFHoks A T s E278) B
o] Z=x= o] 20234 1744, 2022¥E 3744,
20159 1704, 20149 27142 obd R Az slele
A A K oA UeRdTh SR dhy AR 3lsh
B4 352 AEAFTo] HAYSE AJ-of A7
S-olHA g 4d Bt e Afolvt dEER,
o= Ut HA9 AFHA S5 A2 ot At
Tt 22 A= FHASECE ERE0] A A
A 2@=, &, 54 9 Fe= 47T 2

ZIEEE AAA S5 FRe ] ¥47] of¥
. Kim et al(2016)> Al&AIet #ATH F50] o
AN Hstal Qi

A A FH2 *ﬂxhﬂ% £0F YJAo| B9 &
of Y= 2, Al&A] Tt & Adxsk= 2 9 Al
Hx Hadchs AJer tifstal, AlHAZE= TCE,
MC ¥ TCMO= tefs Ho|A|qt F=73t gufjzt=
ZE74o] QtHTable 2). MColl 9diAE APgAALZ}
gl el

si2x 55

=

mgg

2. 0129 BAZ KUY MAK| FH
R S e L
58912 gk A9 SAMAolT RET &
e B W5 ARA $7184, AFAEE
QoA 8o, TBollEE, ERoENA 9 BRO
2oldl2, Fe A BT oPET 2L AT
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Table 2. Cases of chemical poisoning from cleaning metal parts

Case Substance

Overview of the case

KOSHA chemical

1 Trichloromethane

In order to remove cutting oil after processing electronic parts,
a cloth was wetted with the cleaning agent in a container to
wipe the surface. Toxic hepatitis occurred in seven workers.

2 Trichloromethane

Toxic hepatitis occurred in 16 workers who were cleaning
copper parts for electronic parts.

3 Dichloromethane

One worker died of dichloromethane poisoning while cleaning
a cleaning tank where electronic power painting was
performed. After the accident, the air concentration inside the
cleaning tank was 3,468 ppm. The worker did not wear the
supplied air respirator.

4 Dichloromethane

Dichloromethane poisoning occurred in two workers while
removing sludge inside a dipping cleaning tank at a workplace
that removes paint from metal products.

5 Trichloroethylene

Two workers died of trichloroethylene poisoning during the
cleaning of a cleaning tank at workplaces painting metal
medical parts.

6 Trichloroethylene

A worker who had been manually cleaning with trichlroethylene
for eight years in an automobile production process engine test
department and a worker who had been manually engaged for
ten years in forging work were diagnosed with kidney cancer.

Task  poisoning accident
warning no.
Manual
cleaning 20231
Dipping 2022-1
cleaning
Dipping 2022-2
cleaning
Dipping 2014-2
cleaning
Dipping 2015-5
cleaning
l\/langal 2014-6
cleaning

gu) S0z 7Rt

2000a).

FaA 8 AEE 35 A 2 o] A4
Ho| AREEQITE A4 EE S5 AF HFo=E
AT o = AE A2 37 ZRo]ltHOECD,
2021). 371 EA AlF A2 SUoA] R AAT,
AF H#alo]l yepith tE2X= gftKMorrison &
Murphy., 2013). 37124 M&XE Higoll= olE7t
AL FHf7] ZAof| Y7 IUo] gt MEZ Qe AH|
A A A" 30t HAQI Buj7f AlF =] Fo|1
BEA7HA] 71do] "ot A ol 81 S717F L,
7= 94Dl Yol AlH x| 7HHAA "ot FE
7] BrUe] EAA S7] XX S0kt
gt 8 F7|= AR EEOA SEHI, A
Eo| gA HoHWolf, 2020).

27 &1 & HEAA S22

=
(<)
o
T—
Ic
X

lo

o
=
;| CTC, PERC, TCE,

1,1,1-TCACIth. o5 HlE FE &%k, W2 Qlgt
4 E R, 1A bt §7] EES 5840
H27] o= £40= Qs AXAR d AREHI
th. o] 47kA] £4o] Aol g2 AE7|Hoh E7g%t
AoIA B 7HA] Edo) e ARBEAL, Al AE2
wow o Aoz tiAlEe WAl Doherty,

www.kiha.kr

ngoA= xS a4 &Hfol s =4, H7 =
TAE 1970958 2853t 19879 SEHSH
(U. S. Environmental Protection Agency, EPA)7}
ZAAQ Hf @ 9EA =T (Maximum Contaminant
Level, MCL) 7AIE Al¥otA ==dl o] #Al= =Y
HE, 24, 191 5t & A] FFo FUlsk=s A=
CTC, TCE, TCA 5°] &=t} 1991del= PERC
T ZIE QI

nl=k 713 HoA= 19709 X449 o2& 37t
AZ13L, ARTE P93 o] fE TCEQF PERC Hi
Z2 JAISIAT o] W, TCES} PERC ARSAEL &
o] 1,1,1-TCAZ E4< HAlstlct. 1=yt 1990t
22 EZ2 27} (chlorofluorocarbons, CFCs)O.2
AAE 2N AEAS FAISkE REHS A A
of 1,1,1-TCA7} Zg=HA] 1,1,1-TCAZ A= AH
TCE®} PERC7} THA] Aol oA = AeHDoherty,
2000b).

199049 +571%84W 7i%elA, CTC, TCE, PERC %
1,1,1-TCA7} 88 &7] Q<9EZ(Hazardous Air
Pollutants)= A4Jo] =ATL, o]2fet {3 57| LA=E
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HiZof =71EHE=(National Emission Standards)
olet A w"WHlo] XY=t NESHAPs(National
Emission Standards for Hazardous Air Pollution)
= Folet 371 LAEdol i) viE7eS dote A
el & 2} Aol thigt 71 “getth. NESHAPs
= YSEE A U8ol e, A ¥ 2 =g
ojzzgol A, F WA tiide] =7}t & Al
HSth. NESHAPs =718} &1 Al Au]9] 7]&
< AP F71 & Al Z1AeF el &1 Al
71Al= Fdigke] @4 2] 7|&(maximum achievable
control technology)& #A-&steS Q7o Qal, &
248} 89 5 CTC, TCE, PERC, 1,1,1-TCA # o}
Yzt MC, TCMo] o] 7|&9] A& =t} 1,1,1-
TCA ¥ CTCE= ZEZE oFA9 s AA] Alx
$¢o] ml=oA FAEeEZ TCE, PERC, MC,
TCMo| && tjidoll, ol&= AlE &= AT o
= 3713700 et A1 o] tiet 7S S5
ofok QICHEPA, 2015).

T, "l=oA TCEE AMHEE Holl= fF5EddeH
of ot Alx, 7H 9@ ARgo] et JEE FHo| Hi
stojof gith. 109 ol S=2A7F = B A9 A
AollA TCEE AHESHH SHAE 9 A GAtE] I
WHE(Emergency Planning and Community Right-
to-Know Act, EPCRA)] whe} ufjd A h=to] B 11
sfojof ity

20179 vl= EPA= 571 EA] Al&ojlA TCE AME=
TAoR= HekE APttt 11 olf= S71EA] A&
A TCES AH&T A% Bl 4] Y18 (unreasonable
risk)o] 27| Wj&Eo|th(Federal Register, 2017). TCE
of tigt 571 €A A8 B7tolA= I 2AXRE
R otol=dl, 2Pl thet 34 9 T FRKT
A obd)] APt HEEH o2 A Ve Al
9 Y B4 ¥ S9AN M 2 e de
FEHEor] AR Ad)ol A YERsdt 18] TCE =&
of o5l AL AFEE FosHA =A HErHT. o]
RS AESH=s oA F71EA] AlFoA Hijtez
AR = = UiA ShEAS FrlekaT Al Al
< HHER] o guiut BRYA ARBTMsE EEQL
(drop-in) AEZEZA MC, nPB ¥ PERC7} 7Fs5}
U MCe= APZol71A] |24 s, 7h5Ad € HdEd
0|1, nPB ¥ PERC GA] HHdEHo7] ol F-3h
/o] & =42 TCEQ HA=Zo] 2 4 givta wdst
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of o] B4 JT7IEA THoIA AT ] 18 ¥
7t ZHAE SHA| g9t OE Al dEs SR =0k
A(hydrofluorocarbon) ¥ A M&A|7} 7Fsshetal
B7¥5kal, TCEE AREshe S71EA] AlAS diA7 e
A AAAA-o] Hojof gkl H7I5IeH: o] #eh
oiet ARIAIQ] A2 S S71EA AH] Al A
H & (closed) T71 A AHlE AREsEaL 9oL, ol=gt
AR AREZ TCEO| gt AEEE RFE=E 994 B
7}7F ohA] o]FojAof jittal 53 tHFederal
Register, 2017). o] ¥t A= B3=A] 3}

20239 109, EPA= oHA] 1831 TCEO| s 2=
APAR] 2 AR, 7 2 752 FAIsk Het
< AotslitH(Federal Register, 2023). = &2
AREShe A A1 st 4R 8= AL Al
Z, 7k 9 f-50] 7 235t 7HssHe S okl it
dE =0, EFE3,A 134a AR Wit F=
2 TCEE A 45 8.5d9] Fo7|7to] U, A
713 9 1 Abs7|#o] TCEE 2ARAEH k& YA
5l Flo]2 dd FHoA HEZ 3EA] J7] A&
At BHEA AR = 1099 Fo7]1Zte] Qi

ul=of Al AAA Gufjoll ths o= HollA thefet B
Aoz FAIE st et 53], daA e AIF A
HlofA ARG wf AH] 7] 9 2 WS Askal QL
th 571 EAA] 717 571 SolA HiEEA| gEs
37 7 9%, & Zo] 5 AASHA #4-<S skl 3L
th I9ol= &5kl 57| A AlFoA TCEE At
&otd AR Ert vt A]l 2, & =4 YEY
28 TCEE FAA17]81 sH9th 20179 Heto] &
TR FARE 2023 TCEO] AXYI L oo
= &2 FAATHE ek Tt

3. o =22 S04 MZAHM| A0l CHek MHA S
FHA= T4 = 3715 AREShe 4 559
7 A 9 AAYE S 71A-45 =S SE
ARgskE 71419l QFH(EN12921-4: 2005+A1:2008
Machines for surface cleaning and pretreatment
of industrial items using liquids or vapors-Part 4:
Safety of machines using halogenated solvent), 3
& 7o) itk of Aol AlF Ao wa) Al2w
(closed system)& A3t 91, #) A48 419)
A A Agele gadsh gulo 27 F BES
10 ppm OJ5}2 $AI3 2 ek et ole} welsh
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o, FHIAAENE 3] (Buropean Chlorinated Solvent
Association, ECSA)A= Aptao=z 201049 129
31 o|Foll= 71 E AA AARE ARk o=

TCES ®ojiA] @712 2007400] Aelaigict. A1l
A Zmaom w2 AT WAL AF Foig Al
Lo A 71 R AE A2molHe) gu el

Table 3. Product use of nine substances examined in the submitted material safety data sheets

Substance Product use code| Cases (%) Substance Product use code Cases (%)
PU 48 6 (50) PU 08_1 15 (41)
1 2-DCP PU 13 3 (25) PU 02 10 (27)
(1,2—Di(;h|oropropane) NPU :35 21 ((187)) PU 19 4 (10
o codin
Subtotalg 12 (TrichIoIé:rEwAethane) PU 01 30
PU 32 38 (58) PU 48 3(8)
PU 8.6 2 (5)
PU 48 11.(17) Subtotal 37
PU 42 7 (11) PU 8_1 526 (51)
(i‘ggz_?(?;_ PU 08 3 (5 PU 08 179 (17)
Dichloroeth‘ylene) PU 13 20 PU 86 96 (9)
PU 22 2 (3 PU 48 54 (5)
PU 35 2 (3 PU 38 51 (5)
No coding 1 Q) PU 32 34 Q)
Subtotal 66
PU 48 8 (23) DMC PU 8.5 25 (2)
PU 13 6 (17) (Dimethyl carbonate) PU 83 24 (2)
PU 32 6 (17) PU 37 15 (1)
PU 02 5 (14) PU 01 1 (1)
(Dichlor'(\)/'nfethane) PU 19 4011 PU 03 5 (1)
PU 37 3(8) PU 02 5 (1)
PU 8.1 2 (6) PU 17 4 (1)
No coding 1 @) No coding 1 ()
Subtotal 35 Subtotal 1030
PU 02 6 (33) PU 32 15 (71)
DBM PU 13 5 (24)
PU 32 307 (Dibromomethane) No coding 1 (1)
TCE PU 19 3(17) Sub total 21
(Trichloroetylene) PU 37 3 (17) PU 13 2 (25)
PU 48 2 (1) PU 37 2 (25)
PU 13 1 (6) PERC PU 48 2 (25)
Subtotal 18 (Tetrachloroethyle) PU 32 1(13)
nPB PU 19 1 No coding 1 (13)
(1-Bromopropane) Sub total 1 Subtotal 8

PUO1 (Feed materials, Intermediates), PU02 (Adhesives, Sealants), PUO3 (Adsorbents), PUO8 (Coatings and paints,
Thinners, Paint removers), PU08_01 (Qil paint), PU08_03 (Thinner), PU08_05 (Paint remover), PUO8_06 (Other coatings
and paints), PU13 (Metal surface treatment products), PU17 (Ink and toners), PU19 (Laboratory chemicals), PU22 (Metal
working fluids), PU32 (Washing and cleaning products), PU35 (Welding and soldering products, flux products), PU37
(Solvent and extraction agents), PU38 (Electrolytes for batteries), PU42 (Propellant), PU48 (Other)

www.kiha.kr Journal of Korean Society of Occupational and Environmental Hygiene, 2023: 33(4): 517-527
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gt A7/l -2 wEo|tHECSA, 2011).

ARJAZE LA o g TCES ME AlA A|AH0]
A ARESHA] 7|E silod, Ax fEddtelAs
TCEZ 20133 REACH regulation ANNEX XIV 3
7} B4 BE2o] I, 20149 10€71A] 371 A
FAE AESIEE ot

S Ago)A TCEZF REACH &9 9Jgt 371=4
2 89 Fo] FEEE AIF ZANA TCEZF F9
02 HAEJE=AE FARRE BA7E 20210 Wt
FitiAndersson & Slunge, 2021). o] H Ao 9]
st FE5EE AES Y8 20149 TCE ARE 971
ot AFAAO] Ag<e7l PERCE ARSI, HiA]
gt o= TCE 37} AAIHA] AE3foF o= H]-8-S
15171 a4 ¢tk PERCE= REACH ®E°l 9Js) 317t
£ oz otk ok 20144¥ TCE7ZF 37} thato] &
A, FEEES AHsH] s TCEE ARgstA A}
GZo] oju] oE AF oy AIFAR BRI,
201490 ©A] 3874 25 HE AFE
TCE ARE 37FE ket s7FE AAHSH= 7]
7ol 24 22 NS Y5 TCEE ARgsHltE A
2 17H= AT

Aol = S22t HE ARSoheE AlE Ay
9 QFAof et 7ol UL, 8o W Ao A Ak
Aoz MH FAAE P o] gt ko]

o} AlF Adulo] gk Jfdo] o]Foja} FAJo HE
oflA& TCE AM8-S 943] F=sl7] s TCEE 5|7}
o] HAAH. TCE AHE AAE FAsHA = 2%k
Ak, AATH AR FAE HiIEE FAskols AlE A
H] 7| olojH 1, T2ASH EujE ARET 5= Ho
= 749+= PERC A& O3 d2Ast guf Aol
d o2 J49] AlFo R HSIAF T

A%

=,

4. I S2AHSE MAH ALE o
1) MSDSZ 215t MXMK| 80| &2 st 0 57 U
Sl

11709 2AF 94 &4 5 1,1,1-TCA ¥ CTCE=
MSDS d=lo|gH]o] A0 HEEA] Aokt 1170 E4
% 1,1,1-TCA ¥ CTCE A3t =49 8|n2
MSDSOllAl &R1gt Av= Table 3% Zt}h. nPBE A
38 sshEd %(PU 199 B E it 1,2-DCP=
718t 8&(PU 48)7F 7P ©otal, S5EHA YA (PU
13) 9 A 2 AFAPU 35) S=2 ARSE AN

O
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o} trans DCEO| 7V @o] AMBEl= 8571 A1 ¥
A&EA €=U 35) At MC= 7]gl €%=(PU 48)7}
7P 2ok, SFERHAZA(PU 13), D A8 2 A1H
A(PU 35) == AREEIL AT HEA € AHE
|E(PU 022%= AMEEUTE TCEE= AHZA 9 49
E &%(PU 02)7} 7F8 w3k, A3 4 AlEA &=
(PU 35)% YAt TCM2 S4HRJIE €%(PU 08_1)
2 7P wol ARgE, F2HA 9 A-EPU 02), Al
4 4 AFAPU 35) & et 8=7F 3t DMC
= ohget SRRl AREEDL SleloH Al E Al
ZAA(PU 35) £ oz} tpeket =7t SISl DBM2
A L AFAPU 35), S5EEALAPU 13)9F 9L
At PERC= S5EHAYA(PU 13), AF 2 AlH
APU 35), €4 9 FZA((PU 37)7t AJrHTable
3). 1,2-DCP ¥ MC9] 7% 7|8} &=(PU 48)° @2
A57 ZgE 0] Q=] ol= 4 EF7H &% 9
A2 Erdh= QuQlA|o] s B AP F
sttt XA A B4 5 BZEZE A A o9 =
Ul AYato] Zehe 1,1,1-TCA, CTC®} nPB 9o th&
EAL A 9 AIFA, SE5EHAEA S22 o
A ABAETL Qe RS AEH MSDSE B g1
= AT

Table 4= @A AIFAZ AMEE= ERIH 8719 =
At AEE MSDSoA = &Rlo] ¢t =lov AR
A AFo)A ARgo] ERlHE nPBS E3St 97 X9
ol g 2d=0l g =W A 2 FEg Ao]
o} A FL ARebAR AW Fethit SeiEd
A o5 seEdnee] =4 AR 4 o
71 EFYIRoEd AFARE RARE
Zojt}, o] 97j9] EHL HF JEHE AFAZ AMS
Ha AR, feidd A @82 Eduitt zjolvt
3ot Eolgt A2 QIsH HAF AFHAZ o] A&
Hri= Aot FQoAE QISHIAAE AR H¢-
o Adu] 85 o] @S £ ofz}, F7] A AF
E44 SuiE Fol7] i ASHHAAE ARESHA|
F=tHWolf, 2020). 1,2-DCP, trans DCE, DMC,
nPB7} 1sHg A Aot}

AeHosE FEHEE AXAR AEY TCE= o
g 712 fofiido] AL, EAHEZolt. o] Qo FAL
3t L2 Z 7FK PERC, MC, TCM 9A] ¥t4 E2o|
o} 1,2-DCP 9A] FHof] S-S do7|= W&
A(Group )& BIHFTHIARC, 2016). MCx= 4%
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Table 4. GHS* hazard classification from the European Chemicals Agency’s registration and regulatory status in South Korea
of nine substances used as cleaning agents

Hazardous substances
subject to management in

Toxic substance in South
Korea/Specific air

Sulbitnes GHS Hazard category (H statement) the Occupational Safety | hazardous substance in
and Health Act South Korea
1,2-DCP Flame Liquid 2 (H225), Acute Tox 4 (H302, o
(1,2-Dichloropropane) H332)), Carc 1B (H350) Yes Yes (25% more, 2017)/No
trans DCE Flame Liquid 2 (H225), Acute Tox 4 (H332),
(Trans—1,2- Eye Irrit 2 (H319), STOT Single Exp 3 (H336) Yes No/No
Dichloroethylene) Aquatic Chronic 3 (H412)
MC Yes (0.1 % more, 2019)
(Dichloromethane) Carc 2 (H351) Yes /Yes
Skin Irrit 2 (H315), Eye Irrit 2 (H319), Skin Sens o
(TrichloIoCeEh one) | 1B (H317), Nita 2 (341), Carc 18 (350), STOT Yes fes 85 rfof;"r;b;?%es
Y Single Exp 3 (H336), Aquatic Chronic 3 (H412) : '
Acute Tox 4 (H302), Aucte Tox 3 (H331),
(TrichIoISMethane) Skin Irrit 2 (H315). Eye Irrit 2 (H319), Repr 2 Yes TSSCyESf:/(‘;r;”OE%’Zl?Q/@eS
(H361), Carc 2 (H351), STOT Rep Exp 1 (H372) ’
DBC L
(Dimethyl carbonatle Flame Liquid 2 (H225) No No/No
DBM % Acute Tox 4 (H332), Skin Irrit 2 (H315),
(Dibromomethane) Eye Irrit 2 (H319), Repr 2 (H361), STOT Single No No/No
Exp 3 (H336)
PERC . . Yes (85% more, 1997 —
(Tetrachloroethyle) Care 2 (H351), Aquatic Chronic 2 (HA11) Yes 0.1 % more, 2021) /Yes
PB Flame Liquid 2 (H225), Skin lrrit 2 (H315),
Eye Irrit 2 (H319), Repr 1B (H360), STOT single Yes Yes (0.3% more, 2020)

(1-Bromopropane)

Exp 3 (H335), STOT REP Exp 2 (H373)

* GHS: Globally Harmonized System of Classification and Labelling of Chemicals
- Flammable liquid: Flame Liquid
- Acute toxicity: Acute Tox

- Eye irritation: Eye Irrit

— Skin irritation: Skin Irrit

- Skin sensitization: Skin Sens

- Germ cell mutagenicity: Muta
- Reproductive toxicity: Repr

- Specific target organ toxicity after single exposure: STOT Sing Exp

- Specific target organ toxicity after repeated exposure: STOT REP Exp

- Carcinogenicity: Carc

- Hazardous to the aquatic environment- long—term aquatic hazard: Aquatic Chronic
% Japanese NITE (Incorporated Administrative Agency National Institute of Technology and Evaluation) GHS classification

AEZLS opYATL ek bEE AF AT A
HollAl JArstetas 2ofj=]7] ool APgol o]24
SHHHSE, 2021). MC2 AA] WollA dAsteras &
OHQJ:_ ERAQl A7 9 VA1 QA T, HEn}
A4 FIEYAR AREE= %*3%011 &2 oA ¢
7] g2 WEutAITF &S Atk AX % Tj-$-
got YEutAIE AP%@E}L A IS FaAT7

www.kiha.kr

offith. DBME §HATNN FEFo] BA ot %

i A7t ©A] o], dEA= AAEY BEAR
B3 QJtKNITE, 2023).
Aot H AWM A= DBMY DMCE A9 3 RE

Mo Wl falRAR AYHolgt. el
soEdn AQEE AQFE HF Abo] Zh W]
A B3 52 o] B FAAACE Tt
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sistEddE ol 5240 tid] YAsI7F 2 A
A AA 5& 855k =t FH 2ol TR gl
et f==4 7ol %ol /AL Sl Adgolt
(Table 4). TCE, PERC ¥ TCMZ 19979HH 8=
4R A= oY =F 710l 80 %At 202149
=549 gF 7]5°] TCE, PERC2 0.1%, TCM<
10%=2 HAEAt. 20179 1,2-DCP7F G=E2Z A
A=A, qF 71E:2 25% olieltt. MC= 20194
of 0.1% olfo= f=E4=E AFHIIT 20224
TCM = APAL 7]&0] MCE ARSIt AAAIS
WA= oA Doyttt 71 FEAHY B
719EEe AEZQ g2A5 809l TCE, PERC,
MC, TCMell tisff A|=|o] Sl

2) =l 24 2= MIA &Y LAl tist 281 1F

SEFE AEAZ FolA Hol AREEH CFC-113
(trichlorotrifluoroethane-113, CFC-113) ¥ 1,1,1-
TCAo| ZEZ& AAfo sl =iol4 CFC-1132
20094¢, 1,1,1-TCAE 20144 o]Zojl&= AFEE 4= gl
A Holl W2KBae, 2005), 19904 F¥HE CFC-113
2 1,1,1,-TCA Al AIFAL} A A7l gt
A7t =il A o]Fol AT

Chung & Ku(1997)= @4A AIPA AR A4

A& AN S5Ade A Asshd A gAd
AIG71, 223t AES dite® AASkL ot 2avt

=
N

J= 95t ARREE SFeRRES AIAIRE SH4tol
ot 7|29 Z71EA | Higt A FHLE 231t Al
A 52 A3 FAAES Aljbstal ATt

Jung et al.(1999)2 1,1,1-TCA°] 3t cHA|NIHA|
o] A NAHTHE Aot 7120 297 € EF
A% =2 o|FojRd A s & NAYTES HS
5t7] ol etskeaA ol oA 230k AlF ¢
GIZ3AR AH wHAl FaA Gufo] A FA &
ARE 223 AlF 9 IE AXE ARSI Ad Al
Aol ', dw, S(barrel), 2ZF0], 25 4
571 FHE A9 og AMTFSOHES ofal, 2k -
AlZb 247), Qe g, 9 Y43 dS FEkotar, g
SkedA AAREA Adole B A& AAsHATH.

Bae(2005)= =uWjollA] CFC-113, 1,1,1-TCA. MC,
TCE7} MIBAR @ol ARgElo] gtot o s tiAA|
A el B84E oloprstal Utk HANAA=
A FAMBA, SFANBA, SZEA AFA, o/

=
T
=
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oA’ ANFA, ©IeLA AAFA, A AFEA,
HCFCAH AAA|, HFC/HFEA MAA|, dzl A8A
o AR 2 EAIeltE A e2= A
ERA, 1 EF A, JA A, 223 A1, 2
s AR E= IA A, S71EA AR B4 € 79
AL 71&s9tk 1,1,1-TCAY] tgiAZEo g2 £4 AA
Aot gelead AAAZE AEHI okl 7|&sk
of, ey gskedA AP8AlE Qs AxRo) wet
AL 7129 A1 FAE ARRE 4 gl T30l A
I FaA MAAZE TCELE MCO] ARgo] A==
o QA =49 ZA7F Aokl Tesielth E, vl
= 9 Y& SoA= AR S84 45t o
o] A= o FHofA = AlF7&0] AT
FollA 17 dieEA 2 THE HFE ot
A A5t
9 1 23, o v EA9] YAt ARR-S
Aok= 2EZE A wi2ol FHoAE tHAAIEA
2 gAAA7IE 7ol 1990WHiHE o]Foj Tt
19904 o2} =3ZoflA] oln| A MAAE AHES
= 4% A E40] AL "oi= AE &AL T
Eolgt A2 2ZoHA1E2 tAAIE7Ie=A AAEA
=8 @4 AFERoAN = 25 FF AR {8l A
/o] 7%t E2A5 8ME 230 A1 Vet £
Sto] ARESEY Gl Molth 251t A wijA] FH|=
250 AlA, i 2709 230 £ P= 92, dx
£ AT 71EE A Y 3719 49AR o]FoA
=8 @A AF@oNA AREEE 4324 Al AgH|et
ufe- FAbstct. oigh, o] 233 MIFS A AlF
Qld|, AAF@FoM= S2A80 AFolgk= Ho| ot
a2
V.2 E
AEZ i AlES HBAIZIA 2L AEY 3HA
Al Y5HA] Y= B8-S Ak o= AFAILt £
AHE 29kt AA| Al S AnE= Zo] a5}
tHKanegsberg & Kanegsberg, 2017). <, AIZA]
wet AlF A7y eIy 20228 oA Ayt
EfEZZ2dEe] o3t =4 192 255E AF &
oA ETEE2Hgo] 3HE AlRAIE BE2E Al
3t FF AR Z2 oojrdog Ash= FFoA
sl 4 F5 AlEE fof EEEErdE
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AHgotE B AlFol AlE B =9 A
AT 4 gtk B 1% 2y J% REE g2A5)
2 A S ekEQl |
TCE, PERC7} oJZ3] A&
H|E HHLA] 301 ARG 7hsSE AIEEE aPB, MC7t
Ao, HtgEZol, MCol|l 95| AxJo] Ao o]
€ & 7] Y&o FHokA] =tk

oA F& HE ANHAZ 1,2-DCP, trans
DCE, MC, TCM, DBM, TCE, PERC ¥ DMC AM&=]
Att= AL MSDSE B3l &I <= 93lth. DMC
2 A}t g ofYA|Th AAAR ARRET =
o] GdEZo] ofd ot Tz Ast guljet E3E FE
2 ARE T QQIth 1,2-DCPE A S=E2 247
£21 25% olot= o2 -} E3tE o] AREEI AU
o} 928 AL DBMLS ARIobA R Aoy )st
EAFROA A A7 =HA oy I [o/do]
of-9- LA EAAY FR oA AREL k=
o]t

=4 22 tid] 275} e AR8sto] g5 2
AZRE ok= AF7I&2 =9 EdolA Zoks 4= gl
o}, QoA TCES AR8sto] 371 EA A8 & o
g A& Adulof o]gog W7t IYE HX|ok= &
371 To& wiEHA A=E AFcHA HulE Hest
oIz TCEo thgt Zo] ey & ofet 34, T4
ARl Joll Higt Hgo] AL FFol2al Tt
gteh. ojet vlwsto] o] &Y HHAQl He(EST)
2 71d) @ AR QoMY &2 AN © =2

groll itk 319 sierad = 2 AR olHet

i

e S ol

B9 3% A, w3 W S L2t 8
2 A8 F5 BE AHS d4 A299 2] @
A H|S AL, BlRAE TCEZH AT 0.
U @A ARE FA] et Wgo] Wolslo) 9, $3

oA PERCE H4| A|AHIONA AREETL 9t} 18
o AZHo=R FRASH g9 QA foid, o
Z B4 "io] A5 e ARSSH|HTh A
T2 AHAE AMgok= AlA WAoo wol Hgks}
=3

25t B ARt S55ES AFsks &Y
oA srEAS] AP seEH] o 2 g,
2714 891 HEo 95 okt AlF &9l fej=
-0 FskEd [aido]l W2 $A(aqueous)d

T

R

%8 ol
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=57 (semi-aqueous) AlHA R 2] Zgto] -4 ofof
gt Zojt}, st A2 g ol F5EE Fe
278} 8uf ARgo] BT H9= w4 4
71gA] AHlE ARESfoF &S XA = 9t}
Aol AAtAREAY, st ey 9 7|3 EA
HO| A= AdFolA e HAskohs Al A
£ a5kl QA gt S55EE AlE AAA EEA
s} gufo] o3t Z2A] A BSE HoMe ES
T9H02 AT E 845 o= A 28T A
oj}.

gl o\
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