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Bulk Sample Analysis of Liquid Resins and Cleaning Agents Used
in Vat Photo—polymerization 3-D Printing Operations
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ABSTRACT

Objectives: This study aimed to identify chemical substances potentially released from liquid resins and cleaning
agents used in vat photo—polymerization 3D printing.

Methods: Six liquid resin samples and two cleaning agent samples were collected from four workplaces using
stereolithography and digital light processing 3D printing. Bulk samples were analyzed using headspacegas
chromatography-mass spectrometry under equilibrium temperatures of 60°C and 200°C. Detected substances
were reviewed according to regulatory classifications under the Occupational Safety and Health Act.

Results: Several volatile and semi-volatile compounds were detected from the liquid resin and cleaning agent
samples. In liquid resin samples, benzene, chlorobenzene, 1,1-dichloro—1-fluoroethane, ethanol, and methyl
ethyl ketone were detected at 60°C. Additional compounds, including organic acids, aldehydes, and higher—boiling
substances, were detected at 200°C. In cleaning agent samples, halogenated organic compounds such as
1,1-dichloro—1-fluoroethane, 1,2-dichloropropane, and trichloromethane were identified. Some detected
substances were classified as hazardous factors subject to work environment monitoring or special health
examinations.

Conclusions: Liquid resins and cleaning agents used in vat photo—polymerization 3D printing may contain or
release hazardous chemical substances not fully identified through product information alone. Because this study
was based on bulk sample screening, further workplace air monitoring and personal exposure assessment are
needed to evaluate actual worker exposure.

Key words: Vat photo—polymerization, 3D printing, liquid resin, cleaning agent, sample analysis
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(digital light processing), LCD(liquid crystal display)
HFAlo] QItWohlers Associates, 2020). SLA HMA]2
2} A(ultraviolet, UV)S H(point) FYZ +AE A=
Hog A7l 7Iew B 2= AU} v £
Fottt= o] 9o, &8 ATto] Zojxit= T3o]
UTKPark et al., 2018). DLP ¥4l UVE 3 39 ©d
AAE H D= A F3A717] el &9 £27t
SLA tH] HlEr= A2 lov AUert Wrkes 9
o] Qlt}. DLP WAlat FARE LCD H4] AntEEo|L:
HUElo] #o|= LCD HEdS &&dle 7|e= e
714 0= wASoF SRR §A|HS> Bl-Eo] DLP HH4]
Hr} =rth= Wdo] It Huang et al., 2020).

=Y AxFA3} 3DZHE viE HS2 19.7%= A
E24E T4 (37.6%), =EHE 8H(28.5%) WA th
oz gon 3pIAY T8V F HRFHS} 3D
e =Y vF2 25.2%=2 AESE T2(69.7%) tH=
OF EQITHNIPA, 2024a). E8EE Hofz: X3t
Bof, 2 Uy & vholE, =AY AT =2
AErel syt 5831 gofsh Ay EofsE SE
1 Q& FAoltCaussin et al., 2024).

M2FFHDLP 4] 3DZHY &Y F T=E=
Ui YA = AEYE A0 BlsfA AHide= Al
B UETHNIPA, 2024b). Stefaniak et al.(2020)9]
A Ao A= DLP A3} SLA HHAlo] wE 4=t
T 4 BEEE Busith YA HEF
(pt/g)& DLP W4]°] 3.3-9.2x10° pt/g oI
™, SLA W42 1.3-2.8x10° pt/g $FOF YEhY,
DLP 40| SLA WA HT oF 2-5H] 2 WEF2 1
At E3 DLP F5% 3DZFEQ B YE2
15-29 nm&, SLA ¥4]9] 41-45 nmo] H]5f Ao
2 Zo} fzo Azt 7MsAdol ¥ w2 542 UE
Wt Viisdnen et al.(2019) Ao+ thafFst w4
9] 3Dp=HY 2] F Wck= e AR E B7teta o,
o] % SLA 455 99 At == 1,200 pt/em’
(780-2,150 pt/cm?), 8,020 pt/em® (4,510-13,510
pt/co’) $EOE AU o thE 3pxdd W
Alo] vls W FAY F o= HIIEH ¥t
™, Zhang et al.(2022)9] Y AFoAE= SLA FS
9t 3DZHYY] 34 dAE AR s 245
o I Ay, ZRY AY Al AR ks 1-10
pt/em?®, AIE &R Al 56-68 pt/cm?®, A3t Z Al
55-83 pt/cm’oZ U} AGtH o & wje vhe
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Viisdnen et al.(2019) d-ol4+= SLA 353 3D
oy AAHR Y A Al SHIEIEEE
(TVOC, total volatile organic compounds) B+
=Tt 277 pg/m® (182-427 pg/m?), 138 pug/m?
(176 pg/m’e1oH, olaizd AT S AREsH=
A2 ZAAoAE= TVOC B S%7F 11,084 pg/m’
2 Yehd, 348 A F TVOC s&=7F 20-404] o]
4 F7¥he Zo® Husielth. ERF oot 3D
9 29 8E Uikt Ay, AxPAS 3D
SAE ZFoA TVOC =7t 7P =4 Yersthal
Bs5k9tt. Zhang et al.(2022) AFoxE= =ZHE
A F TVOC 5E7} 241 pg/m® 02 HIEQ
o, TAT HPoJA AT olAZEE IS &
T7F 7P =A T SRoiTE. TR ZEYH S|,
OMNlE & TRt 40| HEEH T HalsHqith

Zisook et al.(2020) AtollA= VP(SLA)E et
Yl 7HA] 3DZHY 7|4 WAcks AR 2 kA
4 E4EZ 3751em, VP(SLA)IIA HEH VOCs=
obAlE(245 ppb), ClAZEIRE(560 ppb), EF2H
(6.6 ppb)olar, Z=dd EF4, SHEE2 EAS
2 Uehdoh Yang & Li(2018) AFtolAd= VP
(SLA) 3D=ZHY 2} F TVOC WA =7t 2 Al
2 5 ok 4.62% 7B Al 2,629 pg/m® E 5,235 u
g/m® $E02 Yeigoy, ndy g § 2Ho]
3 AHNME 6,177 pg/m’S] TVOC 3 5=7t &
A=ty Rskct B T340l ofek2 A
JolA = TVOC W3 FE7F YERTal B ISyt

o|Ad 3DEHY AJTA] T7] 5 el v
7F AHA R 9A HiEs Aok, AYAES o
I ARE Bl A7|A] Bt AF FFE A= = A
th. Aol 2w ofmHo|E 7Rt XS RHEA L
2 FFT ZAGAIA Y 27] FSuE o] LAgSt
A7 B %0 (Creytens et al., 2017; Fenech et
al., 2024), F4R718E 2 ZuAUA =&
Asto] 713, U, 8% 5 YA HHy fARE
Z4bo] ¥ 1E Hf QltHJohannes, 2016). E3H T4
TN olAZEIEE o83t AlF A F FF5 &
27] AEuEgo] Ay AHRE BEAE|ItHCreytens
et al,, 2017). A=FA3 B4 3D =g 44 &
golo] 71& A= FE AYEE T A 22

=

9 BRI ST Ble] AL Fol Yok
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J=u g SAF0A AREElE WA HZla AlFA 9
g &, EHA B AR HE (material safety data
sheet, MSDS)oIA &Rl 4 Ql= A&, 18 &4
T A B= BEE 5 e Y B o A
L Aoz BEst Aol
wEba 2 A9 542 AP} 3D =Y
7‘401]/\1 AREE= A Hl ‘3—! ]i4;<1]9] t"i/\]i%

.41

1. 0'-|__|.L [HAF al Alg __I.Lki

A 470 20244 59 13Q5E 289717 A3
ek, AEA4s SDEUR AU (AR sl
Aol B2 o] 2 AN A8t U o
A 0T AR s e e 7
FEAGHL), FHAID AR g0, F
R 4K Fols AFA BE AAE AL, 04 57
A, AT A Folodet. i AgEe Sadt
S5 1090 gk RO 27E AdgoR, 34 o]
2-10909] 3D ZAEE 7Hgaka Aol

SR 2 AR b S WA R FAE

i

Nl—ﬂ.l_l

g aEdgel ﬁ%*é% 24517] 915 MSDSE HIE o=
7 AlF9] 452 FRlskit A AFA] % Al
2 SAA(Zr, Al 3)9} AR tolA g olE
(HDDA), $-dgt ofZgHo|E Sox 45 Al
Sht ol HYo|EA RIS AMAA C(SLA HH4)+=
HIATE A o ZA]9} o[ ZA] ofZ P o] E(DPGDA 5)
7t 23t stolHE o ZA]-olZdHo|EA #HZ 3F
< ARgstaeH, AlFA 232 1,1-HEEE-1-EF
L2ogt tHd 7HEYo|EE FAHRCE = T=
st B3 F718AA. AFd D(DLP #H4)e] %
2 o|EAS} HlAHE A HYEiaEdolE ¥ UDMA
St Heta g o|EA HXlo|tKTable 1).
gz —8« %739}” A2 Y3} gkgoto] 1A|Sh
SHof oF 15 mL
%% ;6‘—011 *OJ”X]E 27sto] Ho| Eas Xjprke}
ZﬂE AA| H7 FLT o R £35S
_ /\]-_9.3].;(]}; OJ—OH:]- 71— /\].0421-1:]-1—4- 11 o]-
= }OV*HMOﬂ dojx utstlal, EA5H] A
7HA] F7A (5T Hskolrt.

) _[N'

2. 5|EAHO|A GC-MS £

T BAER E AZA] AlEs SleAEo]lA TRAT
Fote -2 47 (headspace gas chromatography
-mass spectrometry, HS-GC-MS)E ©]-&5}o] 145}
At Feadola A7 =9 AXE TriPlus™ 500
headspace autosampler(Thermo Fisher Scientific,

Table 1. Classification of liquid resins and cleaning agents for main components based on MSDS, region and industrial sector

Printing . . .

Category technology N Main components (based on MSDS) Workplace region Industrial sector
Liquid DLP 1 Zirconium oxide, hexamethylene diacrylate, A SMR Automotive parts
resin TPO / ceramicfilled acrylate resin manufacturing, etc.
Liquid DLP 1 Aluminum oxide, urethane acrylate, HDDA, YR Automotive parts
resin TPO / ceramicfilled urethane acrylate resin manufacturing, etc.
Liquid DLP 1 Ethoxylated bisphenol A dimethacrylate, UDMA D SVR Artificial joint
resin / methacrylate-based resin manufacturing, etc.
quu_ld SLA 3 Bisphenol A epoxy, epoxy acrylatez DPGDA / C SMR Design product prototype
resin hybrid epoxy-acrylate resin

Cleanin 1,1-Dichloro—1-fluoroethane, dimethyl
3 entg SLA 2 carbonate / halogenated & mixed organic C SMR Design product prototype
9 solvent

8

* Abbreviation, SMR: Seoul Metropolitan Region, YR: Yeongnam Region, DLP: digital light processing, SLA: stereolithography
apparatus, MSDS: material safety data sheet, TPO: diphenyl(2,4,6-trimethylbenzoyl)phosphine oxide, HDDA: hexamethylene
diacrylate, DPGDA: dipropylene glycol diacrylate, UDMA: urethane dimethacrylate.
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USAYE AREotY o, AlZ+= 20 mL Hio]go] dasto]
E451aH. Hold Y 2= AR I 549
w2} 60, 200CE Z¥2 AAstelal, B3 AR 5RO =
Hlo|d By 2= AA 349 BG4S § =T
60T)et FAAR & AEHAE 7ioto] A &
oS g5 At 79 2X(000)=
A2 T A R =g W
4% 7}4(vat heating) 2= 9
959 7AH BrE E0]7] gt UV $43KHpost-
curing) FHe] UwtAQl 7M5 LE=E wHYsh Aot
ol Y4l AdeHNA A&HeE HEd 5 3l
= ILEF7IEEE(VOCs)s B7Fsh]  fgdolh
200C 272 ofmHEolE 9 o FAA X9 FF
FHphotopolymerization) £4& HtI3t 718 24
(worst-case scenario)°|th. 3DZ
AR)A(UV)ell 23t BEgo|A|qt, 2tz gt 7t Bt
2 78 U vhEeZ BRItk FHol RANEE=
OAgh =4 EQoAe &80 8 w2 vHgEo] &
Ay, o]= Qlsl| FEH(photodegradation)2t Fi
S(thermal degradation)”} Eg&oz WA 4 Q)
ot wEbA] 200C e 22 272 o=t 5w
A 2 717 BE LS BAlsto], AR 3N B
=4 7Aool e AAE vy FAkE 9 &S]
AREE FOigh A3Edst] flsf A= Sl
3y I F NE= S AT nht 2404
A5t¥ AL, Hio]d 71K 100 kPa fEm=ofA,
AlZFE 0.280= 59ttt X 9 A5 olF HRo &
L= AR 85 WAsH] s 150 TE /AI513
on 1 gL 70 kPa, L FP A7 1808 A
stk 9 AL #F FU(standard injection)
B0z 058 5 1.0 mLZ FUsF3ch
ZtAAzutE T -AgRAE 1SQ 7210 GC-MS
A28 (Thermo Fisher Scientific, USA)2 AR5
ot 22 €S TG-35MS A ZH(B0m x 0.25
mm 1.D., 0.50 gm film thickness)& ARSIt F9]
T= split BREZ 2H5t0H, split E&H|= 200:1,
25 220°CE Al [P IAlE 52 AME
olgoH, Ay 52 1.2ml/min°®E IASH &
A5t¥ek. GC QB L% g0 27| 80°ColA
Al&Fsto] 80°ColAl 150C7HA] 29 ¢F 10T £ =2
B 5238 &, 150C A 220C7H] 0.78 &<t &+

of,
ol

ri
ot
rlo
ne
0
)
lo
L
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Table 2. Headspace GC-MS analytical conditions for liquid
resin and cleaning agent samples

Category Parameter Operating condition
Headspace TriPlus™ 500
P Instrument Headspace
sampler
autosampler
Vial volume 20 mL
Vial incubation 60, 200°C
temperature
Vial incubation .
. 5 min
time
Agitation Medium
Vial
pressurization Pressure mode
mode
Vial pressure 100 kPa
Loop and sample 150C
path temperature
Injection mode Standard injection
Injection time 0.5 min
Injection volume 1.0 mL
Gas
chromatograph GC-MS system  1SQ 7210 GC-MS
Column TG-35MS (30 m x 0.25
mm 1.D., 0.50 um)
Inlet mode Split
Split ratio 200:1
Inlet temperature 220C
Carrier gas Helium
Column flow rate 1.2 mL/min
Oven Initial 80°C
temperature
1st: 80 — 150°C
Temperature (10°C/min, 7 min)
ramp 2nd: 150 — 220°C (0.7
min)
Final 220C
temperature (holding time 2 min)
Mass lonization Mode  Electron impact (El)
spectrometer

7t $251a FHF 2% 220CoA 2BAE FAI5HY
o AFEN7|= XS54 o]&3Helectron impact,
ED) #4082 $dstqlom, 7|7] QHskE Ejigh &
& £42 AAsHItKTable2).

3. Xt= Mz
HS-GC-MS 45 &4 Aed ss&Ede 54
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214 245 - LYE| - HHS - HEH

(i

foi

S AFAHUEY Fro]EFF(National Institute of
Standards and Technology, NIST)E &-83}%t}.
7+ o) =0 tigt golBefe WA AR A A== DA
ZE(probability, %)< 7|E£2&E &4 AEsi3L
o, YA o] 70% o3l =4S Al 7T 5
2y= gkt dEd 8 242 ofd #2584
9] HEE Al7Hretention time, RT)¥} I EZ0lE 1
gl RTE Eelstoith

A=H 78 =4 ARl EAM=E JA 2
EntETH w3 WA ffE] o 40| ARk A
13 WA v]E(Area, B)ZE AFESIFOH, Al W
A& =N A HH v 4 44X FE9 HdH
FFHXHMean+SD)E A&t A/A4% B7te] 4=
L5 gHSIH ok 717 424 E4%1 RTE B
Alste] =4 5739 AT 4A AR g8oiilen,
HSHow AHE sFetEdd dofa= ka4
271%, 54 AEE ARG, o9 sekEdol A
HEEH Y FElQAl SRS i Rl
of sigst=A ZASIAT.

n.z2

B A9l HS-GC-MS 4 24 5 60T ¥y =4
oA AAHZ A= 6FERE HEH BE had
% golEey] Wi Z3 Az g0l 70% ool
7z 24 IEnEIRA) 139 HEE ARHRDH
YA|5H= SPSEAL BE 1130]9loH, o] & V8L
R E7]50] v B2 530]%tKTable 3). &
29 84 3 7 =2 A& HeE B EEL €2
ZHAT 1,1-UEF22-1-EFQ 20go|et. o] &

E42 F 6719 A5 T ARkl 3709] A= (N=3)ollA]
747 3502 AEHAY. A" EEE9) 13 HH
(area, %)= AHHEH, oehZo] Hid 46+58%F 7
£ HES AR oSS AlQs A 471 &
AWA, Zz2HA, 1,1-UEE2-1-ZF20E
HeodAE)S 13 HHo] BF 0.6%°4 1% e
o] HEP FUH(trace leve) 22 EA5k= A2
2 ZRIFQ. HFAHEY Zlo|BEgy X FE
(prob, %)< A 74%014 il 97+1%2] HAE &
At o] F YX| sHEo] 90%E ZIsto] T AFE
7F i =A YyEpd 242 1,1-HE22-1-2F
o977 +1%)7t SE=2HA(96+2%) 2501t HH
L&7|F(TLV) ¥ SA(toxicity) SHoA 71 Eo]
Aol o 19 EFLS WAooz FolHQict WAL
AZEETE w27]12(TWA) 0.5 ppm, TBAITF =&
712(STEL) 2.5 ppme|™, g 1A, BAA|ZE §o]
¥4 1B, I8 TF F(skin) S BF Ad A
A AP R AHAL T
4574 didolwA B4l
WA, S22, o

b
E
v
i
o,
i
(i,
i
i

& didollAe AQEPoeH, o
] ol 5 oiderAl
(Table 3).

HS-GC-MS £4 =7 F 200C BE XA+
T 28%0] AEEo] 60°C ZA(11H) H|&) A=
E49] =7} oF 2.58) IA F7FAAL, ©] § A8k
BE L&7|F0] e 42 1150|UtHTable 4). 7}
3 AE HEE Hl EZS ZE22HIA(N=3)0]

o

i

i
fo
i

Table 3. Chemical compounds detected in liquid resin samples at 60 C using HS-GC-MS (N=6)

No.  Chemical N Aea®OMisD  oo®  R(min) TE}’(SF’%’)“) CWN WEM SHE
1 Benzene 1 0.6 74 246 0.5(T), 2,55 1AC), 1B(M), Skin O 0
2 Chlorobenzene 3 120.6 9642 4.92 10(T) 2(C) 0 0
g Moot g 06 9741 156 500(T) - 0 X
4 Ethanol 2 46158 8719 1.51 1,000(T) 1AC) X X
5 Methyl ethyl ketone 2 1£0.01 78+4 2.07 200(T) - 0 0

* Abbreviation, RT: retention time, N: number of samples, Prob: probability, M: mean, SD: standard deviation, TLV(T,S,C):
T(TWA), S(STEL), C(Ceiling), Toxicity(C,M,R): C(carcinogenic), M(mutagenic), R(reprotoxic), WEM: work environment monitor,

SHE: special health examination
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Table 4. Chemical compounds detected in liquid resin samples at 200 °C using HS-GC-MS (N=6)

No. Chemical N Area) Probh) iy T%}’,(Sp’%’;‘) (Tg’if';‘; WEM  SHE
1 Acetic acid 1 0.1 71 1.59 10(T), 15(S) - 0 X
2 Acrolein 2 1:0.2 92+0.1 1.51 0.1(T), 0.3(S) Skin X X
3 Benzene 2 0.1+0.01 7943 2.03  0.5(T), 2,5(S) 1A(C), 1B(M), Skin 0 0
4 Chloroacetaldehyde 1 0.2 95 1.75 1(C) 2(C) X X
5 Chlorobenzene 3 01201 9741 3.98 10(T) 2(C) 0 0
6 1,1-Dichloro-1-fluoroethane 1 51 97 1.46 500(T) - 0 X
7 Dimethyl phthalate 1 0.1 71 11.72 5 mg/m¥T) - X X
8  2,6,Di-tert-butyl-p—cresol 1 0.4 85 11.35 2 mg/m¥T) - X X
9 Ethanol 1 83 80 1.43 1,000(T) 1AC) X X
10 Formic acid 2 0.2+0.2 7715 1.45 5(T) - 0 X
11 2-N-Dibutylaminoethanol 1 2.0 85 9.66 2(T) Skin X X

* Abbreviation, RT: retention time, N: number of samples, Prob: probability, M: mean, SD: standard deviation, TLV(T,S,C):
T(TWA), S(STEL), C(Ceiling), Toxicity(C,M,R): C(carcinogenic), M(mutagenic), R(reprotoxic), WEM: work environment
monitor, SHE: special health examination

H, 60°C 273 FYst P Bk 1 9] ofaE A didelAes A=A
#Ql, #A, Afujito] Z4zk 27]9] AlR(N=2)°lA HE AZA A=Z(N=2)8 EA3 23}, 60°C ZAofA
ook AEH EEE9 13 HA(area, %)= ATHE L1I-gEE8-1-= QEOHE}O] 2709] A2 RO A
H, oghgo] 83%=E 7Y w2 HIES AXFoH, AE(N=2)=]] 7}0 =2 4% g Bt 1,2-7
l,l—dﬁﬁ—l—EEEoﬂE*ol 51%& YeEbgth U SRsnzud) EfgSaswe 60°C 2004 47
WA B4 BF 1% WY &2 11 olst 0= e 1709] AlZ(N=1D)A HEE At ¥ 200°C 279
vt AFAHEY E'Jfo]ﬁam 44 E(prob, %) & A= 1,1-USFEE-1-ZS2Q20e ¢ 1E4o] 1719
AR gE0] 90%E ZIote] 4 A=t v =4 ABZN=DNA AE= At A" EYZES 13 ©H
Uehd B2 Z22HA(97+1%), 1,1-UE22-1- (area %S AmEY 1,1-UZEE-1-Z gioﬂE}
Z2QREH97%), SEEOMHEYH S E(95%), ot 60 C(49+35%)2} 200°C(51%) 24 EFofA] =2
E9R1(92+0.1%) 5 & 4F°I3lt}. Table 40 AAIH 1 S AA|FL) v, 60°C RANA 712 gﬂ
11359 A& 4 3 AAEE74 tiidoldA] Al I,Z—Q%ii_iu&(o.oz%)#Eﬂ%ﬁﬂlﬂ(o 002%)
EAAE gl ERL Wi S22 5 25 9 Al o3 WS 1% vjike g IRIFc AEd
o|3itt. OWE& 1,1-4E222-1-2F 2 20f&, 7ju] 359 BEAS ARIRMEAMA T AARE BRet 2
AL 5 352 AJSASA didolE Aoy S T 1,2-tER2nauy EXEEEdE JAE

Table 5. Chemical compounds detected in cleaning agent samples using HS-GC-MS (N=2)

No. Temp. Chemical N A,\’Aefs(‘g’) P,\r/‘l’fs(g’) RT(min) Ta”(sp,%r)“) Ig)l(\lx?% WEM SHE
1 60T 1,1-Dichloro-1-fluoroethane 2  49+35 9248 1.56 500(T) - 0 X
2 1,2-Dichloropropane 1 0.02 97 2.88 10(T), 110(S) 1A 0 0
3 Trichloromethane 1 0.02 81 2.16 10(T) 2(C), 2R) O @)
4 200C 1,1-Dichloro-1-fluorogthane 1 51 97 1.84 500(T) - 0 X

* Abbreviation, RT: retention time, N: number of samples, Prob: probability, M: mean, SD: standard deviation, TLV(T,S,C):
T(TWA), S(STEL), C(Ceiling), Toxicity(C,M,R): C(carcinogenic), M(mutagenic), R(reprotoxic), WEM: work environment
monitor, SHE: special health examination
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16 ZEs - ZASH - oS - TEY

foi

i

=74 tjAto|HA ZAlo EA
zpetE| It (Table 5).

Table 62 AIZA] 15 Wigk MSDSHe] d&
HS-GC-MS9] & 2% 27(60, 2000)°4 HEH &
g Uehlth. MSDSAol B=e= 71AH 459 3
SHEA & 60°CeF 200°C XA AEH B4
LI-HEE2-1-EF2%, dud 7lEYolE o]
At MSDSES] #3843+ ot A|qt 60°C ZZiofA]
= 3 63(Q2-oAgHdog)orl, 1,2-HE==-1,1-
dEFo2oet, (2)-12-tE=2=20dd, EgEE=R
Het 1,2-fgE22ngy gqEgrgeho] 272 4
ZEF 3 ¥ 200°C 2Ao0A = 18(Q-oFAEHE
ofe)othet 1=t

B AFoA AEH 8 SFEAS ARIPHAEAY
A e AALE Blagt A3k= Table 70 AAIsFA
=4 23 ZAeEEd 9 BEAHo] Efotk=s £4
15% % 1230 =&7]%0] AA=o] U3t &) #l

A el =2

=)
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Table 6. Comparison between MSDS-reported chemical components according to their proportion and the detection results

obtained by HS-GC-MS for a cleaning agent

Detected chemical by HS-GC-MS

Chemical components CAS No. Proportion (%) 60C 200
1,1-Dichloro-1-fluoroethane [MSDS]* 1717-00-6 36-45 0 0
Dimethyl Carbonate [MSDS]* 616-38-6 54-63 0 0
1-methoxy—2-propanol acetate [MSDS]* 108-65-6 0-0.4 X X
Propylene glycolmonomethyl ether [MSDS]* 107-98-2 0-0.4 X X
(2-Aziridinylethyl)amine 4025-37-0 0 0
Ethane, 1,2—dichloro—1,1-difluoro- 1649-08-7 ) X
Ethylene, 1,2-dichloro-, (2)- 156-59-2 0 X
Trichloromethane 67-66-3 @) X
1,2-Dichloropropane 78-87-5 0 X
Methane, dibromo- 74-95-3 0 X

* [MSDS] refer to chemical components and proportion reported in the MSDS
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Table 7. Comparison of detected chemicals with established analytical methods and regulated substances under the

Occupational Safety and Health Act

Chemical CAS No. Category Temp. A B C D E F G H

Benzene 71-43-2 Resin Al O 0F® O 0 0 X X 0
1,2-Dichloropropane 78-87-5 Cleaner 60 O 068 O 0 0 X X X
Trichloromethane 67-66-3 Cleaner 60 0 0 0 0 ) X X X
Chlorobenzene 108-90-7 Resin Al 0 O 0 0 X X X X
1,1-Dichloro—1-fluoroethane  1717-00-6 Resin, cleaner All 0 @) @) X X X X X
Methyl ethyl ketone 78-93-3 Resin 60 0 0 0 @) X X X X
Formic acid 64-18-6 Resin 200 0 0 0 X X X X X
Acetic acid 64-19-7 Resin 200 0 0 0 X X X X X
Ethanol 64-17-5 Resin All 0 X X X X X X X
2-N-Dibutylaminoethanol 102-81-8 Resin 200 0 X X X X X X X
Acrolein 107-02-8 Resin 200 0 X X X X X X X
Dimethyl phthalate 131-11-3 Resin 200 0 X X X X X X X

* Abbreviation, A: Occupational exposure limits for chemical substances and physical agents (Ministry of Employment and
Labor Notice No. 2020-48), B: Categories of controlled hazardous substances (Articles 420, 439, and 440 of the
Enforcement Rules of the Occupational Safety and Health Standards); the notation “(S)” indicates specially controlled
substances, C: Hazardous factors subject to work environment monitoring (Article 125 of the Occupational Safety and
Health Act), D: Hazardous factors subject to special health examination (Article 130 of the Occupational Safety and Health
Act), E: Hazardous factors required to be maintained below permissible exposure limits (Article 107 of the Occupational
Safety and Health Act), F: Hazardous substances prohibited from manufacture, etc. (Article 117 of the Occupational Safety
and Health Act), G: Hazardous substances subject to authorization (Article 118 of the Occupational Safety and Health
Act), H: Hazardous factors subject to safety inspection (Article 93 of the Occupational Safety and Health Act).

AIFAIE ARSI AT o= <13 MSDSel| 714 =]
A g ERjEEadeyt 1 2-UER2La2 5 518
71 AE4o sfgshs dEAS fIsRE] HE
=t ot ol £42 200C RAoAM= HEEHA
oot EEsiiteelEr e Sl 7T e
gt olgfet 2¥E2 &4 e Al AGAPE A=
MSDS 74| A& flol= vlFe] Eweely FAA +
Aol =32+ 9SS ARt

ol dAIR FF IHANAMY A Fet ik
2 =T T2 e A SHIME ASHHeE B
g up Qlot WA ZEHAAE FHO| kES
A FE Al &2 A" F H A AL SANA

=T =
Hhg =0 wEt ZELH|S|E, olilsleta, to]ilof
Yo|E 5 oet R Aol ¥ 4= AtH(Jung,
2007; Park et al., 2012; Yoon et al., 2020). ESt &
= 3oA 9] v} 25U 5] =(Park et al., 2012),
QA gAE 9 sASRE 34 84 AT SollA
o] @& HM¥(Lee et al., 2016; Han & Kim, 2018;
Jang et al., 2019), A0t {7159 BHe-S B9 EEE
2EHg 5 T2} FLR7I3RE B4 (0dabasi
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