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Objectives: The purpose of this study is to present a management plan by evaluating the exposure
characteristics of dichloromethane (DCM), trichloromethane (TCM), and tetramethyl ammonium hydroxide

. S . . L. . Highlights:
(TMAH), which are high-risk substances to which people may be exposed in the electronics industry in South

. - There s currently no study of the exposure
orea.
) ) ] ) ) characteristics of high-risk substances.

Methods: To investigate the handling companies and status of the hazardous chemicals DCM, TCM, and - High-risk substances, DCM, TCM, and
TMAH, the handling status of the three substances was classified based on electronics industry-related

TMAH, were commonly used as cleaning
codes from the 2019 Work Environment Survey (Chemical Handling and Manufacturing) data with work

agents in the electronics industry.

environment measurement results for five years. - DCM found that all work environment
Results: DCM, TCM, and TMAH are commonly used as cleaning agents in the electronics industry. For measurement results from 2018 to 2021
DCM, it was found that all work environment measurement results from 2018 to 2021 but not 2022 exceeded except 2022 exceeded the exposure
the exposure standard. ekl

Conclusions: Identifying the distribution channels of hazardous chemicals is an intervention point that can - Identifying the distribution channel of
reduce exposure to hazardous chemicals. It requires management through tracking systems such as unique high-risk substances is an intervention
verification numbers at the import and manufacturing stages, and proper cultivation of and related support point that can reduce exposure to high-
for handling chemicals by business managers. risk substances.
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WAL 0By BAE S Agdolet o Tl
o] o}, 3%
A 7+53+ 3 ZA, 1CD (Liquid Crystal Display) 578 33191
2ot A% AF 5ol st Al =2to] Y F4 574
HaPF B2 A E44 AlqteletEdS 23t H59ky
ol Rl aglo g <l AP o, shetEd F5 5ol A%
o2 HuE k)

1A EZQ =& 29 EH(Dichloromethane, DCM)<
20099 79, <=4 g o] SAAE FF ARARAE oA
O R & 15%0] DCM 710 34 F55]0] Aot
ok AFRIo 2= DCM FEAl BoS F-& B35 &
BoHA] UL, FES 7] A & Ao HAEH =4
wi7] A3 9] vFol Y9l Aoz BAFHLEY 2022
W ARAE A E AlHE a2 § 224 190 Al
Az Y 77 DCM 5785550 178 AFgshe ARt EAy
kY A Yoz H4 FYPA F7|vtAT vFHg, g
7] ol AA], AAAR] A=A mEjR]7E QIgl. ERlE R e
(Trichloromethane, TCM)-2 20224 2%, AR g9 &5
F AZAF T ZolA AAA S H-E EFEZ 2HEo] ot
TS5 (&EAH7A)0] TSt AZIFolA 207, B7IHelA
1378 ER1=AaL, 2023 34, 7] o|HA] &4 HAAIE Al
Z FNA AF 7Hs T AFol 2ol AAR0Hs 34
oA FFE A= *+EHE TCM & Z34H AlZA|
£ Soldl= e e AR 790] 9 =R B
Sty Ak 912 7]1& Al AQl DeMe] EFAIEE R
A7ggol weh, qAlEd HALAA B F/do] A7t TCM
© 2 ZZo] tiA|H Ao] F83F UL 2 AH=|qIrt.

A E-p Y U (Tetramethyl ammonium hydrox-
ide, TMAH)Z 2011 12, 3F Aol A SHEIE A|2A] A
E& @A HAESHA F 8.75% TMAHZ} T-3-H Al1&A]
7h A QAL Fofl Eof oF 178 A3t T ARAA Aojiiar
Ho 7 TFE]Lo ARG ARIZE UQLAL, 2021 14, i
oA 2 5 v W 2.38% TMAH -&9jo] 75 Aefjof 4]
71 stoll A} F EEF 0] 21o] APgShL 490] 442 9
Ack? ol THHBAE et Al 7HF o 2 dAYA|
T YSHA = AFGAS] AR o]ofA)7] wizo] ot
e etk

DCM3t TCM, TMAH =32 A4S Eghoto], Wi
Al AzAol M= B2 sfetEdE0] AREEIL QIAIEE o]t
191 &4 digt mof 9 A 75t Yl dlSs] ¢
3t skl A7t o] A=A Fahar ek tAaEHo]
AxEAolA = vt N3-S &3l LCD WE2 7H35
= 4749 FNA 7718A, 25, 7k, F4E5 Be 3kt
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E4E Aok 1AL, LCD W 7Hg AHollA = FH7] A
A, AA, =3, B3t 5 Yl X-ray, UV AH| 50 AHE=1L
QA o} 7E2] LCD A2F79] f-a1 831 E4go disf A
2oz A AT A7 R vt ik 3 e
AR 2L S EAREHFRAL FdFEH, E-EX 55
BollA FEHO R HAAGOIA FHFote EHEE
Sigkont, A= ZFlofAe] & AL E wHostal o]
7Vg Fokal Stk

wpEba], B Ao E&2 9yt HAAoA a2 E
4 Qe 19FEAQ tE= 2yEi(DCM), EREE 2rgt
(TCM), A Egt A E&(TMAH)S A= 24834
Bl 2Al Am 9 2 £ A1=(2018~2022) -85
B0 st AFE Ae mhot 9 & JUHE Fof TS
A A5k oot

= o
et
o,

. X|E L dhH

1. A7 4

kA9l 19¥E29] DCM, TCM, TMAHO] T3t Ayt
ASAEE mHotsly] Yol AP R AT oA HgRt
A FAHRAL AR S L8t A ATH L A
1993E%KE o 5¢ F7|2 A AZIAH ] ZAeAA
ZAblL Qe AR E AF7H] F 62119934, 19994,
20049, 20094, 20144, 20199)0] AA MP= YL AL
542 da AGAe] dutds, sistEd HFEs, AE 7
A7 9 A BRd3, folddeE 9% 58 F718e=
ZAfoto] AR A 9 AAA ol Alg4E Al 7]
Z AR 2 E835 ok & AFoAE o 59 V)= 2%
BAHRALE 7] 2] T 2AFE AEQ] 20199 A=E
8otk TS 2 Aol A AP B AR 9] A AT AF &
Azof whel A= o] B uE Adekdr g 2detg =
A& 53(2018~2022)7+2] AMAtEE o]-&-53ith 20199
A AFLHRAY A=t FAeEEH27H2018~20224)
AFZe 84S 5ol AEATE As] e AvtEREEA
71&9Y AFIA GEARRE AR A wol &85t

o
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2. Gk 2 X2 E A

TYFEZQ DCM, TCM, TMAHO tist HFdA 2 &
e 2ARP] Yol 20198 A ASFAH2AHEEEE F
3 2 AR) AzollA Adure AAArYd B I E(26xxx,
27xxx, 20111x, 2927x)5 &-&35to] A 7] EH 5ol w2 H
FE%-S FESFo] BF5Ich BERHL I I 5 (206xxx,
27xxx, 20111x, 2927x)°l4 Al 7HA] 24T FE511L, 5
5 ARofA wHglo] FEEAEA A A
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3 BAEHES At Ak —E—'ﬁi’é}@dr 21)E F2 AN A S YR GH=AAPI R AT,
ESE St=rARRPA R Aol PAlE ZHAd g &S At 2018~2022)°1A4 Al 714 E4of gt =&7|& IR E

_'C_’l
SHAAHA1862A1F T&) GHALHEAFAIY2] E1 ALY B FE 26xxxd ZE5tHo] ARSI 57d=

Table 1. General information on the work environment survey by using purpose with DCM, TCM, and TMAH

Purpose DCM* (%) TCM' (%) TMAH' (%)

Detergent/sterilizer, disinfectant 73 (39.5) S 5(5.6)
Cleaning agent 59 (31.9) 1(4.0) 7(7.9)
Glue 7(3.8) 2 (8.0) -
Lubricant, cutting oil/additive 7 (3.8) - -
Solvent 4(2.2) 3(12.0) -
Raw materials 4(2.2) - 2(2.2)
Testing 4(2.2) - -
Coating agent 3(1.6) - -
Photographic development materials - - 11 (12.4)
Surface treatment agent - - 12 (13.5)
Electronics industrial materials (semiconductor) - - 12 (13.5)
Additive - - 3(34)
Others (welding agents, pigments, catalysts, experiments, analysis, etc) 24 (13.0) 19 (76.0) 37 (41.6)
Total 185 (100) 25 (100) 89 (100)

*Dichloromethane (CAS. No 75-09-2).
"Trichloromethane (CAS. No 67-66-3).

TTetramethyl ammonium hydroxide (CAS. No 75-59-2).
$None of data.

Table 2. Handling status of dichloromethane (DCM) by using purpose

Average daily Average Average

No. of handling time harllrcll(l)innt;?i,me number of

Purpose companies (%) (hour) (hour) handlers (n)

Mean+SD

Detergent/sterilizer, disinfectant 73 (39.5) 3.4+3.2 14+8.2 5+7.7
Cleaning agent 59 (31.9) 2.1+2.6 14.5+7.5 3.8+2.8
Glue 7(3.8) 3.244.2 10.3£9.5 3.742.1
Lubricant, cutting oil/additive 7 (3.8) 1.5+1.5 9.0+11.0 1.8+1.3
Solvent 4(2.2) 1.2+1.1 714 7.5£9.2
Raw materials 4(2.2) 4.2+0.1 19.842.8 6.5+0.7
Testing 4(2.2) 2+0.1 3.3+6.3 2.5+1.4
Coating agent 3(L.6) 0.8+0.4 11£12.7 8.5+9.2

Photographic development materials s - , _

Surface treatment agent - - - -

Electronics industrial materials (semiconductor) - - - -

Additive - - - -
Others (welding agents, pigments, catalysts, experiments, analysis, etc) 24 (13.0) - - -
Total 185 (100)
*None of data.
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- QZAl. O|L}L . o|AtTt . O|X{S} - MY - AT . SHUH

2 AJAEY 718 2
= A=A 23+E DCM, TCM 2
Thel 27o] 9= B, 23 e FEete] B2 UEh

k9

ArRAe BYEE §E, AFYAR 19 B AT,
YT AL, BE FIASE TR $EEE A%
L MBRO)R BII50] 14 5A BAL AR o]
A, 19 BF AFAE SFRol 2RE HRAZHhou & o]
S, WP AP B Foke] 2RAINA A B
FALE oI,

.2 2

1. 224 F g

20199 710 2 nAEAE FHFoteE 7182 7+ 1857
(DCM), 257H(TCM), 897H(TMAH) A=, FEH 22 AHE
HE HF 2 AFANLY, S5 H0lA = FAT AlA/
At A5A, 84 502 AMESITE TMAHS] ¢ &
A AEA|, A @4 A= 5O 2 AREESITH(Table 1). 2019
| 7|02 DCME 71 wol ARE3St 8= AlA|/AHE, &
SR 2 HA 1857] GANA 7370(39.5%) AA7F AH-&5H
o} O o202 ol ARSEE Sx 7t MAA(31.9%), HEA|
(3.8%), &7/ AA/H71A(3.8%), SHAI(2.2%), DA/
AR(2.2%), AEAT2(2.2%), THAN(1.6%) £=°]1UcH(Table

2). TCMEZ 71 @ol AHE3e 8%+ 7[87F dA HF9
76.0%= 713 Woral /i &= 2= EujA|7E AA 2571 A
oA 37§(12.0%), L tF22 2 HZA(8.0%), Al8AI(4.0%) <
O 2 Utk FHE6ts AMHEERAH o == HRA L SiAI7E
A%, SHF Bt FHFAIEE FZA7E 6A17E &uiAI7F 1.2
Alztol et gt Bt HFAITRS F2HA7E 16417, SiAI7E
8.3A7tC 2 HJ2HA| HFAIKEo] ¥ EWdth TMAHE 7H B
o] AHESH BT 7IEF HA| HFY 41.6%= 7 Wk 7
H 82 31 AAF ARSI =7 A 897 AA| 0l
A Z¥2F 1270(13.5%), 1 o202 AEAA E(12.4%), A7
AN(7.9%), AA/EdAZEA(5.6%), D7HA(3.4%), AAA /L=
(2.2%) 40 2 JEFJTH(Table 3).

2. L27|1FE =008

2018~20229%19] AAMHSHZEATE HIFO B =27
Zo] 215 B2 DCMO|UTH(Table 4). DCM-E 2022
< AQekal 2018~20219 AATE = A T} F2 v]&olX]
Tk 202282 A5 BE VoA =&7]|&S 233 AL}
AAE Ao g TCM2 ZE A ATAHSH AT A E7]
Fo] 23517 gk A0 = UEhgth DCMOA =E7]2(50
ppm)o] 23E 4 DAL 20184 FAZHONA 22
oA 22 A(88.3 ppm), ZHAHF A2ZFA(84.1 ppm)o]3
a1, 20199 Al&E-5ol A AlZ=A(85.0 ppn, 51.1 ppm, 89.3
ppm), 202040 Al&FHollA Al&=<4(82.8 ppm), 20219 Al

Table 3. Handling status of tetramethylammonium hydroxide (TMAH) by using purpose

Average daily Average Average
No. of handling time harrll:l(l)innthgme number of
Purpose companies (%) (hour) (ho fr ) handlers (n)
MeantSD
Detergent/sterilizer, disinfectant 5(5.6) 4.8+5.8 14.846.7 21.8+27.9
Cleaning agent 7(7.9) 3+3.5 20.9+2.7 14.9+12.7
Glue - - -
Lubricant, cutting oil/additive - - -
Solvent - - -
Raw materials 2(2.2) 8+0.4 22+2.8 19.5+13.4
Testing - - - -
Coating agent - -
Photographic development materials 11 (12.4) 4.0+3.7 18+2.9 5.1+0.7
Surface treatment agent 12 (13.5) 7.2%1.5 18.8+0.7 20+0.7
Electronics industrial materials (semiconductor) 12 (13.5) 6.0+£3.9 19.6+0.0 9,576.8+0.4
Additive 3(3.4) 8.0£0.0 91.0£16.3 24.0+0.0
Others (welding agents, pigments, catalysts, experiments, analysis, etc) 37 (41.6) -
Total 89 (100)

*None of data.
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Table 4. Result of work environment measurement with the number wufslr] ) AA sfshEdo] it ARE & &l QAH wE

of exposure limits exceeded for 9 years A, AIHAE A A=A A 9ol sshg o] ot

No. of exposure limits exceeded ARE 42| Eol= A0 2 e} o]of tfdt QlAlS 71K A

Year Dichloromethane™ Trichloromethane o] W Qs 7o 2 vpehdt? AR TCML 20224 29 A

(No. of samples) (No. of samples) o] = AFQIR ol A] Al AFA R Q15 TARE Al B

2018 2(756) 0(136) Holt}, o] AR TETAA AL o] Al Al7IojA] A15]

2019 3079) 0w 2 FIE Ak el TOME ZREXZ0 R F dayl

2020 L1y o 2A2A g2l e FOME FHH0 2 7 &4 Wy

. Egj;*)) 22;23)) A7) EAE Aol tEo], AFgol} AT O R AL
SIAUE AR 2 AFRSl= AL SZo|u 2 A A

Total 8 (3.291) 01283 SPAITE AlHA| = AbEShe 22 Fyolu S-2uEtol Al At

*Time-weighted average for 8 hours (50 ppm).
"Time-weighted average for 8 hours (10 ppm).

HFAoll A A#=H(149.2 ppm, 164.7 ppm)°] it A|5HE

ARE T3 24 UE HIFTHS 24T 23 Dev= §
Fole 34 AHTHoIL, TCMS 370l ERst

FAIRE go] UEhd 340 2= EEA 422 UERH:

ox,

v.n F

b=l AAPARY2 w2 A WA sto] 17 |&dEE ol T3
Aqk, o) whet Abgol= S 7 9 BiEA] $ske
1 Q= A B4, AHEShe S22 Wt ThE ARIREHE
A7} A E o]FojA 1 UA| gt o] wha} & i7ta]
A= w2 A| 3ok A 2ol tiRE AL s 2L
91d 2491 DCM, TCM, TMAH EAES tjiato & A= =t
A A RAL A AYSESHAF(2018~2022)5 &
&5t =2 EAS B7tskelth

2 A9 AatoflA 19E 4<% DCM, TCM, TMAHZ}t
Ao A F-FH L2 AR E = = AlRAIR ERI=9]
CH(Table 1~3).

Ao vEHEA HF AYY 2AE o] w2 A2z
P2 AH5 2 vtE FAY 23 upA| - AR =508
st= a5 (dipping) A1 2°] qIF-2-E2 AAetE A2 HilH
Ark AHTHS AEY] FAT 7R E FIAZIAL TAEE
HHO| Folol= ZHE o|EACIE, 194, ¥4 5 E2F
T= 2FeH 7145 o]-gsto] AAAIZIA] S5 B0 E -7
vetoll A 24714, A71- 22, Ad717] 9 7FEE EHA
2] 9 = BofolA 593 FHOZ AR L Yt W7 &
ARAIOI A= Q47| ¥ Alg @ BE A5y BE
& 7HE &0 AHAYGo] EghEh

ol A-tolA B Amo] W2, AHA FgAet A
Al 7ke] JF Apol Felsoint AlF =3 Fg0h=
TaAY YoM = Holl HESHA] g oA AlEAE

-

7F gl o] wiZolH.

E T2 A7) w2 AxpAle] SjAlE okl g 4= 9
+ WA 9 gAaEFe] ARIIA Y] 5= DCM, TCM,
TMAHE &9l € 3HEE Uil 532 IFEd@=4
oA AAE & 5 AL A7 FSiE
ARA] W = 2 AFSS
EEAIA AJE & 5 339 AlE
A4 W =9 9 AR Al S o7 g 23),
Q8 EHF 59 7|4 QA et 7Hs 4=
1, GHSEFAAS & 20 sigst= £4), gur=4
=4, FoflEdolls TEEA] BRI FEARIA A%
et 2= AAAIANGAL L] FE7E Rt EA)E
of FrFskaint. 9714 1919 &4 TMAHZ} t722] 57
oA =AY, DCME BHeA| lofu 7F-3-2fRlo)A] AE-H
AL TCM2 HHEA| 9 HAEe o] AbollAf= HFH Bavt
ol Z WA 9 HgAaEo] 4h S0l A AREE=A]
tat 247} RS, TMAHS 193] B4z 28] 9]
of F|Fo) et Fol/} Washy AYAAEH git BAolE
ZF0] 914 ghot 24 vhafe] ZAA gt % Bt
HaghZo = yepdet?

DCM2 20229 AJatal 2018~20214 2ATEEHZ
I BE E27|ES 295 Zo2 YERGTH(Table 4). DCM
2 79 3}5H=Z%(European CHemicals Agency, ECHA)9]
GHS (Globally Harmonized System) Z%3}E B = (harmonized
classifications)ol| 4] & FLEVE BREEE 532 18
5} u]ZAA A A7 2] Sl (American Conference of
Governmental Industrial Hygienists, ACGIH)= DCM9] 8AI7F
AZ¥7H5eZ7]2(Time Weighted Average, TWA)Z 50 ppm
o2 Aotk Gz BAVR B ES 98 V5T SR
& #EsP] SlsiAe a7 18RS ©es] A6kl 7Hs
Sh= Z°1A B Yot a7 A7E 248 f1x|eF P42
& AAEAEA] ofFof tigt It} A5 ERlS 9% AlolF
<& W77L WiEA] Baslojok & Aojct” FoloA RuH A
ol whEH, ml=oflA HJIE A|AA] AL & Q1% DCM F
5 AFBARL7E X440 2 dAgho] whet 7| A A=ko] o

o?;’j;{‘é
e

5]
_ol
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gt A7t "astthes A7t 9 BB o R 9
H BT H FY =F A7 DCME ZH=Ado] BEEIe
™, A738HQl A7 ¥ AAH o2 SIEQI 1 Qo
H2 X7 g 5 oy 3o el tigt ¢
A71=At” DCM-2 At Eofol A Hot ohe} ok 9] sH
I AAENAE T MAE ALE HAFHIH DCMO]
o ot=E 24 AAA AHEL R S5 AL A Ao s
AR Aadl vlede RAER w4 &) AV FAE
IR AlaLo] 9 A1 ofFd E7t A AA A THgol|A
sHE°] DCME Fet 2o & vt

TMAHE HH=A|, d2aEd o] Az 5 AAMtdolA 225
4o AFAor F2 AEHE B8R, 2.38%9 ofF W
=9 TMAHZ: 3o F&4 35 44 FoH 252
S A ol E dor]al AR olE = Al Bt 4=
AEZoltt & Ao A= AABASH A -] ofo]
A et kE3eEe TS 5 QAR Akl A SHt
£ TMAH F52 flsiAle 2o FA41E gHsta, 348
Ao HAlet 9 wdRA] Ao A S HEo] diAlEE
o A&, A o A3 2H8 53 &2 B AvE 2
+ Zlo] Zastt”

B 35 ¥gO 2 DCM, TCM, TMAHS} 22 1Y

goto] flsidel 2 setEdS sk gt

T Eol AR 2 S0 AN = e W

i

&

2 oo

€
oict. et A Y H AX, I, ARTHA] & H
A ‘ststEde) 58 9 Bt Sofl #gt HEEHEH) ) o
2t SARALE A Hiwol &3F g7t HA g2
A FEEEE AT o] finh @A E 5
A AlxE = stk it FEE IUuIE olF= A
2 spotEdol| Higt JEE AlEsHA| 7] W2l A 2R
gl ol2fet #22R1 ZA7t siaHA] god sfetEde] &
F= mpop2 oyt whof Rt 9l 9 AlxHE ShekE
Ao Bt FET2E Tl b shetEE Akl
S A=E EYshe Aot o] Alee el = % A=
He shetEdol sl ¥ 5 e A E Fofs)
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