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Abstract

In order to investigate the correlation between total hydrocarbon(THC) and Volatile Organic
Compounds(VOCs) targeting 21 workplaces with painting facilities in Busan area, VOCs were analyzed
using SIFT-MS after measuring THC on site and taking the sample at the outlet. Its results said that
the average concentration of THC was 39.1 ppm, its maximum value is 131.7 ppm and the average
concentration of THC at automobile painting facilities was 58.5 ppm (max 131.7 ppm), the average
concentration at metal product manufacturing facilities was 33.5 ppm (max 73.8 ppm) and the average
concentration at Other workplaces was 6.0 ppm. The average concentration of VOCs showed the
sequence of xylenes_ethylbenzene toluene )butyl acetate, but the Odor contribution rate showed the
sequence of butyl acetate (average 59.2%) and xylenes_ethylbenzene (average 37.5%). The correlation
between THC and VOCs was high as it showed 0.843 of butyl acetate and 0.749 of toluene, and that
of xylenes_ethylbenzene showed the ordinary level as it showed 0.542. The correlation between
individual materials of VOCs showed the high level at 0.729 of benzene and MIBK, and it showed the
sequence of 0.552 at toluene and butyl acetate, 0.525 at benzene and xylenes_ethylbenzene and 0.506
at butyl acetate and MEK. The influence on the concentration of THC showed the sequence of
butyl_acetate 0.520, toluene 0.412 and xylenes_ethylbenzene 0.327, and it showed 91.1% of
explanatory power. The results of inducing predictive model equation through multiple regression
analysis about THC showed THC = 8.436 + 4.696 X xylenes_ethylbenzene + 6.439 X toluene + 7.085
X butyl acetate.
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Table 1. Number of workplace subject to research in
painting facilities

Type of industry Numbers

A automobile painting facilities 8

B metal product manufacturing facilities 10

C etc 3
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Table 2. Target compounds for SIFT-MS analysis

compound CAS no. Molecular formula
1 styrene 100-42-5 CgHs
2 toluene 108-88-3 Cy7Hs
3 xylenes_ethybenzenex 1330-20-7 CgHio ¢
VOCs Malodor®
4 methylethylketone(MEK) 78-93-3 C4HgO
5 methyl-i-butylketone(MIBK) 108-10-1 CeHi120
6 butyl acetate 123-86-4 CeHi1202
7 acetone 67-64-1 CsHeO Clean air
conservation Act'”
8 benzene 71-43-2 CsHs Chah. ef al
(2003)"®

* They are not separated in SIFT-MS and are marked together.
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Table 4. Correlation between the concentration of malodor compounds and odor intensity (unit: ppmv)
Odor intensity
Odor Threshold 1 2 25 3 35 4 5
Compound
Value Ve
Threshold Moderate Strong Y Over strong
strong
styrene 0.03 0.03 0.2 0.4 0.8 2 4 200
toluene 0.9 0.9 5 10 30 60 100 700
xylenes_ethylbenzene 0.041 0.1 0.5 1 2 5 10 50
methylethylketone
(MEK) 0.44 2.9 10 13 35 64 120 410
methyl-i-butylketone
(MIBK) 0.2 0.2 0.7 1 3 6 10 50
butyl acetate 0.008 0.3 1 3 7 20 40 2000
acetone 40 - - - - - - -
benzene 2.7 - - - - - - -
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Fig. 1. THC concentration of painting facilities.
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Table 5. VOCs analysis result by workplaces (unit : ppm)
xylenes_eth butyl
No. benzene yibenzene styrene toluene acetone MEK MIBK acetate
A-1 0.002 1.364 0.054 0.310 0.070 0.010 0.017 0.626
A-2 0.002 2.953 0.017 2.230 7.503 0.675 0.011 5.892
A-3 0.000 0.146 0.001 0.097 0.042 0.026 0.007 0.168
A-4 0.000 0.295 0.002 0.223 0.750 0.067 0.001 0.589
A-5 0.003 2.519 0.017 2.829 2.352 0.118 0.010 1.088
A-6 0.003 2.789 0.015 4.458 0.014 1.533 0.010 4.234
A-7 0.003 3.751 0.021 4.409 0.068 1.899 0.186 4.894
A-8 0.002 3.457 0.005 5.051 0.018 0.036 0.044 9.217
B-1 0.011 3.459 0.050 2.215 5.632 0.099 0.259 2.499
B-2 0.003 0.063 0.002 0.076 0.037 0.006 0.003 0.020
B-3 0.002 1.343 0.013 0.478 0.031 0.007 0.041 0.862
B-4 0.005 2.256 0.006 0.734 0.366 0.071 0.232 0.119
B-5 0.009 0.990 0.005 7.171 0.000 0.004 0.040 0.023
B-6 0.008 0.898 0.009 4.546 2.294 0.044 0.092 0.867
B-7 0.011 10.598 0.031 0.186 0.298 0.030 0.173 0.032
B-8 0.007 2.055 0.001 0.100 0.908 0.005 0.232 0.010
B-9 0.001 0.010 0.000 0.005 0.008 0.001 0.004 0.002
B-10 0.008 0.613 0.010 0.863 0.024 0.402 0.195 0.264
C-1 0.002 0.021 0.001 0.007 0.013 0.001 0.002 0.015
C-2 0.001 0.311 0.006 0.061 0.100 0.018 0.005 0.072
C-3 0.000 0.203 0.001 0.027 0.014 0.003 0.003 0.005
Avg 0.004 1.909 0.013 1.718 0.978 0.241 0.075 1.500
Max 0.011 10.598 0.054 7.171 7.503 1.899 0.259 9.217
Min 0.000 0.010 0.000 0.005 0.000 0.001 0.001 0.002
STD 0.004 2.366 0.015 2.174 2.004 0.519 0.094 2.491
Table 6. Material Safety Data Sheets for each representative facility. (unit : %)
No. paint thinner
c-1 butyl acetate 34~38 butyl acetate 33~37
MIBK 11~15 MIBK 33~37
toluene 6.1 toluene 20~25
B-10 MIBK 4.8 MIBK 5~10
butyl acetate 1.59 butyl acetate 5~10
xylenes_ethylbenzene 19.9 xylenes 35~40
butyl acetate 20~20.3 "
B-6  toluene 10~14.8 toluene 02
xylenes_ethylbenzene 2~5.9
xylenes_ethylbenzene 15~60 toluene-xylenes 50~60
B-8 MIBK 1~10 MEK 15~20
acetone 20~25
toluene 10~20 xylenes 40~47
B-3 butyl acetate 10~20 toluene 23~28
xylenes 2~20 MIBK 7~12
ethylbenzene 1~10 butyl acetate 4~11
butyl acetate 29~39
A2 butyl acetate 7~10 xylenes 6~16
xylenes 2~2.5 acetone 4~14
ethylbenzene 1~10
toluene 30~40
xylenes 20~30 xylenes 20~30
A-5 butyl acetate 1~10 butyl acetate 10~20
ethylbenzene 1~10 MEK 1~10
ethylbenzene 1~10




3.3, Ay WhERo) ohalslolg X o
SIFT-MSZ ol 85le] S Ay a7l o
24 52 /102 IS BET AT
R =49 oF)7|o&Z Fig. 2.0 UERT, butyl
acetateZ} AFEAPIHIAIGZAR]  A-80]A  92.7%,
xylenes_ethylbenzeneo] Z-&A|EA|RATIAQI B-7
oAl 97.6%, tolueneo] FEANFAIAIQ] B-5 22.5%
2 W e o 7lole g Bolth BAAY HlE T
oA 2A=l erF2A] = = xylenes_ethylbenzene
Ytoluene )butyl acetate?] £~0 2 =7 UERLOLY
orF]7103g-S  Butyl  acetate(Bwt  59.2%))
xylenes_ethylbenzene(HB+ 37.5%)) toluene(E+
1.9%) £02  jEEo] butyl
xylenes_ethylbenzeneo] X}A|stxl itk
£3] butyl acetate’} =2 0]9-= 0L 2 0.008
ppmve] F| AR sz QI5to] ofF|7]ofgo] AJTiA
O =/ Uehd Zlos wHEu mepa oFAd
A 2 A R 527t ofd AFR|SE vie
Al 2fsfo} gt 22 QJulsitt. k& U SJAA|0|
ARRER = R718A19] B =rol 8ol slAAC]
ST/t FAdol AT Hof AlFEARo] of 2ol 4
uglo] ARRE = 497t Itk ol& Qlsl o Zute]
Butyl acetate A F2 FAtAETE ZH= EX]0]
AR ol F2 sEoA R ofF] HWA3e] Hlo]
2 5 otk TebA =RPATEOIAN ARGElE T gt 3]
ARl FARRE 8RS 7HRIAL Qs 7ol F AR

acetate,

o
2
83t 5 7t 870) 42 Dalol A8 290
=17

. e
[ foluene

N xene_ethylbenzene
[ methyiethylketone
5] methyi--butylketone
£ butyl acetate

A1 A2 A3 A4 AS AB AT A8 B4 B2 B3 B4 BS BS BT BB BOBI0CH C2 C3
Fig. 2. Odor contribution rate of VOCs by each
workplaces.

|
LRAIM HiZItA & THCRE VOCs AFgHEA | 7

B8 VOCs 522 71202 ¢ oA U of
F7lelge ool AR SES Akt A
Aol vl&2 F7Isk= doll= 80] s F7|=5 T
ot o A 8sp7]s ol o]of] SIFT-MSE o] &
sto] EAJ8 VOCs S8 OFIZE 2o K 8st
of 74 VOCs 2418 OHIZF=(0]) % vhE7e) o
2eo] FH(SOne=z HeEpHIIH.

o= AR 004 5712 717} 23] (None)
74X 7](Threshold)’, ‘¥-5%]7](Moderate)’, ‘7435t
F]71(Strong)’, “FAlgt F7](Very strong)’, ‘7] o]
22 #171(Over strong) o] AFFE=S SJojgitt. of
74w 2% ool Yubslog ofFst ZAlg:”
AR AR wiEolM ] 78 2AE Ol Fig 8.
2 Table 7.9 YEFH ST} xylenes_ethylbenzene 2
B-70f|A] 3.9, butyl acetate= A-89]|A] 3.4, toluene
© A-6.7.8 % B-56014 2.00.2 7] UEic) 2}
HEof Ao} oF7Fwo] SO Fig 4.9F o]
B-79A 3.92 7 =00 A-8 3.6, A-79|A] 3.5,
A-6 3.4 £0 =2 ERITE Table 7.3 Zo] 7=
2 o]l AFAS AR xylenes_
ethylbenzene 1474, butyl acetate 107]4,
toluene 57f4& £02 UERITH o|2 n]fo] & o
o wHel el
xylenes_ethylbenzene, toluene?l 7S & 4~ Qlct
Oepy  gZ|ed=d & HiEsIEVIECl Qe
benzene, ethyl benzene, styrene 3= 0]2]oj| = 7]
%0] ¢)+= butyl acetate, toluene & AF|EAZ X]
B AT HiEoA HliE Al o F] Rt g7 (Rl
2 opIsto ol BT U erIsRiRel Azt
= 98l ti7] wiEsi 87 1ES Aldsto] Hajd e
o 92 Roz Atmsr)

ety

A1 A2 A3 A4 AS AG AT AS B1 B2 B3 B4 B5 BE BY BE BS B10 C1 C2 C3

o x] o
A2

2X2  butyl acetate,

F

Fig. 3. Odor intensity box plot of VOCs by each
workplaces.



8 EHSEALYE F31H / 20224

Table 7. Odor intensity of VOCs by each workplaces.

xylenes_ethylb

styrene toluene MEK MIBK butyl acetate
enzene
A-1 1.3 0.3 2.6 -3.5 -0.6 2.1
A-2 0.6 1.5 3.1 -0.2 -1.0 3.2
A-3 -1.0 -0.4 1.2 -2.8 -1.3 1.5
A-4 -0.8 0.1 1.6 -2.0 -2.6 2.1
A-5 0.6 1.7 3.0 -1.6 -1.0 2.4
A-6 0.5 2.0 3.0 0.5 -1.1 3.1
A-7 0.7 2.0 3.2 0.7 1.1 3.1
A-8 -0.2 2.0 3.2 -2.5 0.0 3.4
B-1 1.2 15 3.2 -1.7 1.3 2.8
B-2 -0.9 -0.5 0.6 -4.0 -1.9 0.4
B-3 0.4 0.6 2.6 -39 0.0 2.3
B-4 0.0 0.9 2.9 -2.0 1.2 1.3
B-5 -0.2 2.2 2.4 -4.3 0.0 0.5
B-6 0.2 2.0 2.3 -2.4 0.6 2.3
B-7 1.0 0.0 3.9 -2.7 1.0 0.6
B-8 -1.3 -0.4 2.8 -4.1 1.2 0.0
B-9 -2.6 -2.2 -0.5 -5.2 -1.7 -0.8
B-10 0.2 1.0 2.1 -0.6 1.1 1.7
C-1 -0.9 -2.0 -0.1 -5.1 -2.2 0.3
C-2 0.0 -0.7 1.6 -3.1 -15 1.0
C-3 -1.3 -1.1 1.4 -4.5 -2.0 -0.3
5
41 ™
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Fig. 4. SOI for each workplaces.
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ERAEOIA HlEE= THC 522t VOCs 718 =
Auto] ARMMA= Table 8.1F Z¥o] buty acetate
0.843, toluene 0.7492 Ueh} AMAPE =208
UERF O™ xylenes _ethylbenzene 0.542= AR%
PP} BE o2 UeRdrh VOCs 78 24 4}3to]

A= benzened} MIBK 0.7292 =2 AHHA|
S UEIHS toluenedt butyl acetate 0.552,

benzeneid}t xylenes_ethylbenzene 0.525, butyl
acetate?} MEK 0.506%0 2 Uepdch iAoz
THC 529} 78 2aute] A, 718 24 A%
1] ‘A= R UER=H] o= Table 6941
UFERA 713} 7o) 7} AliArE 2w} &kl A] %] EA|
Zo] Exo] 9 the £59] TRt AA|(AIL)E
AHgstol Lhe Zutz A7tEic

3.5 THC %50 tjst 3928

Table 9.&= VOCs &=of tfst AlgE o]&5to]
THC &=5 $4942 ste tsAldeiass A
Alstct B ubgoflA THC 5=2 Al9I$h VOCs

[0

EHAIM HIE7EA F THCS VOCs A A 9

2 PR stof HAIsIR e FAA 71Ee] T
2t S Q=T I R SPHSRE] st A7
L= SAIHS ARRSHACTE F-testo] p-valuegtol
0.058tt At5 4§ thaelyAlo] Rolstttal Fote
o], AR} 10] 7P24% Aael 94at e
B7het). VIFo] 10 o]d Y 3¢ thaelHAoIM o
F3A40] oPElDy, Aol EAIY A9 5
Haps Jof] et AT EAste] SWae] =

Aol A DR CEBA]l EAfss WAt A
#lolo} gick,

L] 712 Tbg AR 5 Atle] S3Hol 9
o}, FAP} ohE Al 42 vlRA Sl A9E At
7] golakaL SRl AP Aol 0™ B0 Al

242 9/ Eo] Axte] YA Durbin-Watson
o mes B 00 Jphe s ko] A
@, 40| 7P7124= 0] AP |Ao] ek Wksto,
20 7Pe4= A7) Aol itk Wl
wheb, THC & ol 5410 that Mg e 2gs)
7] ol glHdlel golde AAsh: F-teste]
p-valuegtat sl71Al0] MRS AR st AdRRY

Table 8. Correlation analysis result between THC and VOCs.

xylenes_

benzene ethylben styrene toluene acetone MEK MIBK acl:):tt: :e THC
zene
benzene 1
xylenes_ x
ethylbenzene 525 !
styrene 384 4847 1
toluene 306 152 064 1
acetone 234 179 373 139 1
MEK -.065 217 150 A17 063 1
MIBK 729 451 318 036 163 137 1
butylacetate -.128 293 150 552 332 506 -.011 1
THC 254 542* 281 49 315 .378 120 843 1
* 1 p<0.05, ** : p<0.01
Table 9. Result of the selected multiple linear regression model of THC concentration
- Std. Beta Durbin-
Parameters  Coeffcient Error coefficient p-value VIF Watson F R2*
Constant 8.436 3.246
xylenes_ethy 4 gqq 1.000 327 000 1.094
Ibenzene ' ' ' ' ' 2.298 69.477%* 0.911
toluene 6.439 1.248 412 .000 1.439
butyl acetate 7.085 1.126 520 .000 1.538

** PC0.01
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U SYUTE O EAY ofiE Selsh] 9ist VIF
Zre- Table 990 YERYQIC} Table 99 =55 THC
= o|ZAIEL F-Testo] p-valueZ} 0.05X T &1,
100Jsfol®,  Ad.R*=  0.9110]%
Durbin-Watson 3f< 20] 7pFeog ne Sojst
Aoz wEct

Table 90fX12} Z¥o] mEs} A4 W} & THC 5%
of 0JR]= FFFEL butyl_acetate 0.520, toluene
0.412, xylenes_ethylbenzene 0.327°2% butyl
acetate, toluene, xylenes_ethylbenzene =02 ¢
Felo| 2 z1o® Uehgon] olo] tizt dye
91.19%2 Yot =R A9 THC w=of tigh o
ZNALHE 53 o5 NS Gt AT THC
= 8.436 + 4.696 X xylenes_ethylbenzene + 6.439
X toluene + 7.085 X butyl acetateC =2 UERITEH

4. 7
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o ket 2 FELS U2 2 9Uck

;O

1 RN AlAe] EEIskis WF HEE 591
ppm, 0| 131.7 ppmo|t] AFEAPIH] AFA7C]
o THC =% 58.5 ppm(%tf 131.7 ppm), =&
AIEAIE AF47ge] H+t THC 5% 33.5 ppm(Z|Th
73.8 ppm)°|H 7]E} Abdge] Hut THC =& 6.0
ppmOg2 FAPE ],

2. TR BETLOIA AlR2 AR5t SIFT-MSZ
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butyl acetate®] ~0.2 =7 UERFOL}, 9lF]7]
o8+ butyl acetate(Hd 59.2%))xylenes_
ethylbenzene(®+ 37.5%) Mtoluene(H++ 1.9%)
£0g tEEo] butyl acetate, xylenes_
ethylbenzeneo| XtX|5t1L It Est AF|7tE 2
ol A2 217N A3 AAA xylenes_
ethylbenzene©o] 1474, butyl acetateo] 107§,

tolueneo] 574 4oz UERITH £3] butyl
acetate?7} =2 0|9 OO IO A AZIK|E g
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HEEA d=te] A= benzenet MIBK
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£02 Uepdet

5. THC =%o] UJX]= H3FHL butyl acetate
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o] o]of tigh A=l 91.1%= YERgth. THC
e ofgt CBHARAS 53 o RS
Srst Ayk= THC = 8436 + 4.696 X
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6. 9 WO FUQ UL HaUAEEI} P
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