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ABSTRACT

Objective: The purpose of this study was to contribute to the prevention of occupational diseases through the
development of an automatic analysis program for evaluating workers’ exposure to hazardous chemical

substances.

Methods: The authors selected chemical substances that caused occupational disease in Korea and chemical
substances that are frequently used in industrial sites as target substances for a GC-MS automatic analysis
program. The target substances are organic compounds which can be measured by a passive sampler. The
automatic analysis program was studied using various raw data obtained from GC-MS analysis for the target

substances.

Results: A total of 48 organic compounds that can be measured with a passive sampler were selected as
target substances for the GC-MS automatic analysis program. The selected compounds included substances
that caused occupational disease, substances related to C1 and D1 in special health examinations, and
substances for which work environment measurements have been frequently conducted. The GC-MS
automatic analysis program was developed by combining information mainly on retention time and mass
spectrum. The GC-MS automatic analysis program is designed to analyze unknown samples by comparing the
mass spectrum and retention time of the samples to those of reference materials. To evaluate the stability of
the program, samples at about the 30-50% level of OELs were prepared and analyzed with the GC-MS

automatic analysis program, resulting in stable results for all 48 organic compounds.

Conclusion: An automatic analysis program for a total of 48 organic compounds was developed using a GC-MS
system that can analyze organic compounds. Unknown samples that contain the 48 organic compounds can be
automatically analyzed by the developed program. It is anticipated that it can contribute to the prevention of
occupational diseases through an GC-MS automatic analysis program that can quickly provide workers with

information on exposure to chemical substances.

Key words: automatic analysis program, chemical substances, exposure, GC-MS, passive sampler
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Table 1. Major organic compounds related to C1 and D1 in special health examination

= AERIE, HEZRME, NN-tHExsot]
E, NN-gHgoA|Eotu|E, 2-oSAlogZ, 2-0%

AoIZotEolE, n-st, olsnzdetag,

RS

2AE, HEolaREAE, HERREH, 28, &
4, LL1-EZERRdUEER2EE), ETER
zoEd, 24 SolUdtk. I3 o] 7hed AUH

SAAZRHD1)7}
EY, 2-FEA|OEE, AIZZIARE,
N,N-tjH| oty Eotu| =,

ofelz,

=12

o) (o]
dE

oME, ohiEY]
NN-tHEzE

JESLEDCEN

Ao E, HEolafeAE, A8, 74, EF

Zzzolgd, 349 Solgirk. W AT Ak
AAT7] o] ofs 2005~2017HE 7%t 5
slerEd FHOR FflAl ol B vt

9 67

)

L)

%)

—_

SRS n-4E NN-UHERFoH|E, EFIER
ogd, 4Ez=zvd, 74, 12-4S2=IL2T 5

o|tHPark et al., 2018). ol &
Y QWEA Y RAHAT) Hol
S 23] .

=

i)

Chemical substances

2015 2016 2015 2016

Acetone O O O

Acetonitrile O O O
Benzene O O

2-Butoxyethanol @) @) O O
Cyclohexanone O O O O
Dichloromethane(Methylene chloride) O O

N,N-Dimethylformamide O @) O
N,N-Dimethylacetamide O O O
2-Ethoxyethanol O O

2-Ethoxyethyl acetate @) O

n-Hexane O O

Isopropyl alcohol O O O

Methylethyl ketone(MEK) O O O

Methylisobutyl ketone(MIBK) O O O
Perchloroethylne(Tetrachloroethylene) O O

Styrene O @) O

Toluene O O O
1,1,1-Trichloroethane(Methyl chloroform) O O

Trichloroethylene O O O

Xylene O O O

"C1: a person who needs observation about occupational disease.

™D1: a person suspected of having an occupational disease.
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Rl l] 7}% @o] o]F 0111 EX]O =54, OI/\ =, 2015~20164E AAE Ed73IdolA A gH
DZEAYTE, ofAlE, ZAH, Uﬂéoﬂgﬂl , oA, [YEAHCHY AdE F4HZHDD) 8ol Egtd
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Table 2. Chemical substances subject to GC—MS automatic analysis
Chemical substance subject to Issue dl*Je D1t c1t Measurement
automatic analysis to OD frequency frequency frequency
Acetone M H VH
Acetonitrile L MH H
Acrylonitrile M MH
Benzene MH H
1-Bromopropane L M
n-Butyl acetate - VH
n-Butyl alcohol(1-Butanol) M VH
2-Butoxyethanol(EGBE) M H VH
2-Butoxyethy! acetate(EGBEA) M H
Chlorobenzene L M MH
Cyclohexane M VH
Cyclohexanone M MH VH
Cyclohexene L MH
1,2-Dichloroethane(Ethylene dichloride) M MH
1,2-Dichloroethylene - MH
Dichloromethane(Methylene chloride) O H VH
1,2-Dichloropropane @) - -
Diethyl ether L MH
Diisobutyl ketone L H
N,N-Dimethylacetamide M H MH
N,N-Dimethylformamide @) H VH H
1,4-Dioxane M MH
Epichlorohydrin M MH
2-Ethoxyethanol(EGEE) MH H
2-Ethoxyethyl acetate(EGEEA) MH VH
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Table 2. Continued

Chemical substance subject to Issue dl*Je D1t c1t Measurement
automatic analysis to OD frequency frequency frequency
Ethyl acetate - VH
Ethyl acrylate L MH
Ethyl benzene M VH
n—Heptane M VH
n-Hexane O MH VH
Isoamyl alcohol L M
Isobutyl acetate - H
Isobutyl alcohol M VH
Isopropyl alcohol(IPA) L H VH
2-Methoxyethyl acetate(EGMEA) M M
Methyl acetate - VH
Methyl n-amyl ketone(2-Heptanone) M MH
Methylethyl ketone(MEK) L H VH
Methylisobutyl ketone(MIBK) H VH
Perchloroethylene(Tetrachloroethylene) MH MH
Styrene L H VH
Tetrahydrofurane L H
Toluene O H VH VH
1,1,1-Trichloroethane(Methyl chloroform) MH MH
Trichloroethylene O L H H
Vinyl acetate - MH
Xylene(ortho/meta & para) M VH VH

" OD: Occupational disease.

™D1: a person suspected of having an occupational disease.

TC1: a person who needs observation about occupational disease.
X L: low, M: medium, H: high, MH: medium-high, VH: very high.

Table 2914 D1 frequency(R1x=)= 2¥7F D1 A
S eI Oﬂ w2} B35t Zo7 109 oA =3(high),
2~9HL2 HE(medium), 1L FS(low)C & FES}
9t Cl frequency(Rlk)= 2¥7F C1 24 Q1949
mEt ERS A0R 1,000 o W9 m3(very
high), 200~999%82 %3(high), 50~199%¢2 thi
=2(medium high), 10~4982 EE(medium), 1~9
o o (low) 02 FESIYTE 181 measurement
frequency(ﬂ'%3@2%%Zq HE)E= 20199 1E7He] &4
o Wt E53F AoZ 10,0004 o Wi =2
(Very high), 5,000~10,000712 &(high), 1,000
~5,00072 tha E2(medium-high), 500~1,000
AL BE(medium) 22 5131
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Figure 1. Logic of automatic GC—-MS analysis program

Journal of Korean Society of Occupational and Environmental Hygiene, 2021: 31(1): 1-12

ton

f

3127

No

No

CEHE HMSS et GC-MS EMASe T2 Wy 7
H2 GC-MS 2¥z=ad] Wid EE=d9 24
29 EY DB} Hluwst] F4=EE 2482 #F AT
LEEYN AR AFAUEYTO] A H=E 2
o Qdh wEhA GC 2A0A Y S R ARE
EeF MS BA0|A 9 rEEd AFAHEHN] o
A wp2o] Higt JEE B85 vAgRe] dish A
4 e ®Aol 7hssith wEbd GCot MSEHH 9
A RS Aeor x3ole] 24T 4 e 21
S oideithd GC-MS 249 A5 & 4+ Utk

Lt 2MXSS Z2OHS 0|2 Y 2 Y

Figure 12 7R3t 4253 27340
FeA 2Ao|t}, HAARE GC-MSZ 243
AHFAHUEY DB vl EASE 237 E24,
I Z2 B EEY gE0] ¥ +F(70% ) oo
i, GCoA Q] HEF Al7to] o EFEZS] HES
A7 A oul(£ 0.3 min S)olH, EAEZo0]

Xé/&(—)] .

—_

Manual
identification

| Yes

Check
using additional
standard material

| Yes

Recalibration

No

| Yes

Manual
analysis & report

www.kiha.kr



8 B - YIS - FO - XD -

A&t i 487191 EEE4 sidshe Av= vIF
FHE HAFAE olgst Ao FE ARt
gteF Appo s Alm 2AEYE AT 2300 A &
< Afole 24 dAEE Hro] FY - A dAE 2
Aok gttt A 5 4871 St et AR
A Z2THe AME A9 201995 AdeE54
o] o]fojxl f7]3kHE9 80% ol 4T 4= U=
FEolth. YA 20% el sdets 28 54
AMBAF7E ARESte] 457 fA] @2 &3Ol
R =y AREReIM AREE &2 7Rk 3M
3500 AlEH £ IHHRl 54 ARAF7= 54
o] 7Fs?t tiF2e] =40l ofde] EE EAAESt
Z2HS S5 £4°] 7FeT Aoz med.

Table 3. Stability of automatic GC—MS analysis program

Ot 2MXSs T2 OFg e HotA st

Table 3°l= E4xs3 4 get=4 48%0l W
gt E27]E, AT, 4RSS T2 9] kA
H7HAIE AAHATE. 24N F9+= meta®} para
o[/ ddA7t GCAA LT HFF A UEE=
A= para oJEAE 7|ECoRE AFES AATS
A A sFA.

HolA AESH +=(Level of LOD)o|st ZF 4
2 HE 7T e 27159 H|usty HlE
< FAISE Ao|t}, o EUEL S =4 AgstH A
AL A B2 A FH3H(48.2 mL/min)oZ 6AIZE AFSH
AL 71202 27291 20 ppm9 1.56% FF7HA]
w40] 7hssithk= Quo|th. EAAEE AlA” oFY

. Stability
Chemical substance L NG Leveliof Level™ of R ti
No. (ppm) LOD evel” o esponse ratio
Concentration  (mean = SD)

Acetone 67-64-1 500 0.10 34.3 1.13 £ 0.02
Acetonitrile 75-05-8 20 1.56 33.3 0.99 = 0.03
Acrylonitrile 107-13-1 2 8.21 43.7 0.97 £ 0.02
Benzene 71-43-2 0.5 10.00 53.3 0.97 £ 0.02
1-Bromopropane 106-94-5 25 0.55 46.7 0.96 £ 0.01
n-Butyl acetate 123-86-4 150 0.11 37.7 1.08 £ 0.01
n-Butyl alcohol(1-Butanol) 71-36-3 20 0.63 26.8 0.87 + 0.0
2-Butoxyethanol(EGBE) 111-76-2 20 0.40 34.1 0.86 = 0.01
2-Butoxyethyl acetate(EGBEA) 112-07-2 20 0.48 40.6 1.03 £ 0.02
Chlorobenzene 108-90-7 10 0.40 33.8 0.97 = 0.01
Cyclohexane 110-82-7 200 0.10 33.6 1.11 £ 0.01
Cyclohexanone 108-94-1 25 0.39 33.7 0.95 £ 0.01
Cyclohexene 110-83-8 300 0.10 34.3 1.09 + 0.01
1,2-Dichloroethane(Ethylene dichloride) 107-06-2 10 1.50 32.1 0.93 + 0.02
1,2-Dichloroethylene 540-59-0 200 0.09 31.6 1.10 £ 0.02
Dichloromethane(Methylene chloride) 75-09-2 50 0.41 34.5 1.01 £ 0.01
1,2-Dichloropropane 78-87-5 10 0.80 33.7 0.94 £ 0.02
Diethyl ether 60-29-7 400 0.10 32.8 1.10 £ 0.01
Diisobutyl ketone 108-83-8 25 0.38 32.6 1.00 £ 0.01
N,N-Dimethylacetamide 127-19-5 10 2.65 28.2 0.96 + 0.02
N,N-Dimethylformamide 68-12-2 10 5.77 30.7 0.93 £ 0.03
1,4-Dioxane 123-91-1 20 0.67 28.5 0.94 + 0.02
Epichlorohydrin 106-89-8 0.5 27.22 725 1.05 = 0.01
2-Ethoxyethanol(EGEE) 110-80-5 5 5.00 26.6 1.15 + 0.02
2-Ethoxyethyl acetate(EGEEA) 111-15-9 5 1.09 46.4 0.87 + 0.01
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Table 3. Continued

. Stability
Chemical substance L I Leveliof LevelT of R ti
No. (ppm) LOD evel” of esponse ratio
Concentration  (mean = SD)

Ethyl acetate 141-78-6 400 0.09 323 1.09 + 0.01
Ethyl acrylate 140-88-5 5 2.25 48.0 0.89 £ 0.02
Ethyl benzene 100-41-4 100 0.12 404 1.08 £ 0.01
n—-Heptane 142-82-5 400 0.12 39.7 1.16 = 0.01
n—Hexane 110-54-3 50 0.47 40.2 1.05 £ 0.02
Isoamyl alcohol 123-51-3 100 0.17 28.8 0.89 + 0.01
Isobutyl acetate 110-19-0 150 0.11 379 1.10 £ 0.01
Isobutyl alcohol 78-83-1 50 0.24 404 0.89 + 0.0
Isopropyl alcohol 67-63-0 200 0.1 39.0 0.95 + 0.02
2-Methoxyethyl acetate(EGMEA) 110-49-6 5 2.31 493 0.86 + 0.03
Methyl acetate 79-20-9 200 0.08 285 0.99 + 0.0
Methyl n-amyl ketone(2-Heptanone) 110-43-0 50 0.10 33.8 1.02 = 0.01
Methylethyl ketone(MEK) 78-93-3 200 0.11 36.2 1.09 + 0.01
Methylisobutyl ketone(MIBK) 108-10-1 50 0.37 31.3 1.01 + 0.01
Perchloroethylene(Tetrachloroethylene) 127-18-4 25 0.41 34.9 1.03 £ 0.01
Styrene 100-42-5 20 0.15 25.3 0.98 = 0.01
Tetrahydrofurane 109-99-9 50 0.32 27.6 0.96 = 0.01
Toluene 108-88-3 50 0.41 36.3 1.13 £ 0.01
1,1,1-Trichloroethane(Methy! chloroform) 71-65-6 350 0.12 40.1 1.07 £ 0.01
Trichloroethylene 79-01-6 10 0.35 30.0 0.89 + 0.01
Vinyl acetate 108-05-4 10 1.20 50.9 0.90 £ 0.01
p—Xylene 106-42-3 100 0.12 404 1.12 + 0.02
o—-Xylene 95-47-6 100 0.09 30.3 1.15 + 0.02

“TWA: time weighted average, TLOD: limit of detection.
TLevel means percent rate to the TWA concentration of each chemical substance.
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