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Abstract In this paper, we describe the application of a mobile measurement system with SIFT-MS for measuring gaseous

hazardous air pollutants (HAPs) concentrations in the ambient air of an industrial complex. Both stationary and mobile

monitoring methods were tested to evaluate the HAPs. The field monitoring campaign was conducted for 7 days in the

selected industrial complex, where petroleum manufacturing facilities were located. It was found that the accuracy of SIFT-MS
quantification was improved by correcting the reaction rate constant (k-factor) through standard gas testing. In stationary
monitoring, methanol showed the highest concentrations regardless of the measuring sites. It is notable that the
concentration of some pollutants such as methanol and C,-benzene increased considerably to several hundred ppbv at a
certain time, indicating that people living in the industrial complex may be exposed to a high health risk. It was possible to
estimate the emission source by analyzing real-time monitoring results and wind direction and speed. Methanol showed the
highest concentrations also in the mobile measurements, indicating that methanol is widely emitted in this area. The mobile
measurements together with HAPs pollution mapping were used to investigate the spatial distribution of a number of
pollutants concentrations. We believe that this measuremet system using SIFT-MS is a useful tool for evaluating the temporal

and spatial concentrations of HAPs in the ambient air of the vicinity of industrial complexes instead of conventional analysis

techniques such as gas chromatography.
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Table 1. Analytical conditions of SIFT-MS.
Sampling and analytical conditions of SIFT-MS

Sampling line temperature 120°C
Inlet pipe temperature 120°C
Upstream pressure 1.60 X 107* Torr
Flow tube pressure 140~150 mTorr
Flow tube temperature 120°C
Downstream pressure 1.00X 1076 Torr
Source pressure 420.9 mTorr
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Fig. 1. Mobile monitoring system used in this study: (a) Outside view, (b) SIFT-MS with sampling devices, (c) Weather mea-

surement device, (d) GPS view installed in front glass.
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Table 2. Summary of pollutant’s blank concentration test and LOD with SIFT-MS.

Measured blank concentrations (ppbv)

Compounds RSD LOD
p 1 st 2nd 3rd 4th Sth Mean (%) (ppbv)
(n=6) (n=6) (n=6) (n=6) (n=6)
1 1,2-Dichloroethane + chloroethene 0.1 0.1 0.1 0.1 0.1 0.1 25.8 0.16
2 1,3-Butadiene 0.1 0.1 0.1 0.1 0.1 0.1 141 0.11
3 2-Propanol 0.7 0.6 0.7 0.3 0.5 0.5 347 0.22
4 Acetaldehyde 7.4 7.2 9.6 7.3 87 8.1 14.6 0.64
5 Acrylonitrile 0.1 0.0 0.0 0.1 0.1 0.1 79.7 0.08
6 Aniline 0.3 0.2 0.2 0.2 0.2 0.2 211 0.1
7 Benzene 1.0 1.0 1.2 0.8 0.7 0.9 17.8 0.40
8 Benzidine 1.8 1.0 0.4 0.5 0.2 0.8 81.2 0.30
9 Butanone 1.0 0.5 0.4 04 0.3 0.5 53.0 0.23
10 C,-benzene 1.7 1.9 1.7 2.8 13 1.9 28.2 0.65
11 Carbon tetrachloride 0.9 1.0 0.5 0.5 0.3 0.7 38.7 0.28
12 Chloroform + dichloromethane 5.6 29 4.1 43 24 39 283 0.79
13 Dimethyl disulfide + phenol 0.7 0.4 0.5 0.3 0.4 0.5 424 0.19
14 Ethylene oxide 1.1 109 20.0 13.6 24.9 16.1 26.3 3.25
15 Formaldehyde 12.7 109 10.8 9.6 8.4 10.5 124 0.82
16 Hydrogen cyanide 74 7.0 6.5 4.8 6.4 6.4 174 0.52
17 Methanol 6.1 59 9.3 6.0 53 6.5 24.9 0.61
18 Methyl tert-butyl ether 39 32 54 4.9 29 4.1 2338 0.50
19 n-hexane 39 2.7 4.5 37 2.5 35 20.7 1.13
20 Naphthalene 0.9 0.5 1.2 1.7 0.4 0.9 50.1 0.31
21 Propylene oxide 4.7 4.8 79 6.3 6.7 6.1 25.1 0.70
22 Styrene 0.2 0.2 0.2 0.1 0.2 0.2 24.7 0.11
23 Tetrachloroethylene 1.9 1.1 0.5 0.6 0.3 0.9 75.2 0.40
24 Toluene 2.1 1.7 1.5 1.9 1.1 1.6 15.8 0.31
25 Trichloroethylene 0.6 0.6 0.9 1.0 0.5 0.7 27.7 0.48
2.4.4 EF Y 2k stolch LA AR dojd B4 z2 a9l
THEH Ol AL AAH Ao o] 5ZAHA|A OriginPro (ver. 9.0.0, Originlab Co.Ltd.) ZZ I13-S
He AR T, AFER F 204171 ol %A ARESHAAL, S eEe HPEE BAMS 26t
°2 24k ol B 5L AU ERE 7Y o How mAS: %@%E% SIFT-MS 13] 2
Z W7 NS 94 Tojote] BAshe Wiol,  AAHARME SR FEE wEt o]5et
AA £25 18] ol5EY T Aol ZAIE Ae Aotk Ao EAHL 2, 2 A7l A4 of
B#stel 18] ZAEE Stk SRS ES] s AEE 2120|T, FYSEE B 15km/h E0|R
& Rol7] YA th4o] dlolel7t Mastng 2 & oF 87.5m ZHAuith Bk E2E ek @A
% Z4Es WAL 15kn ofol Hg edet = F7hal ool AAIF S % fEA 19]
Aok YoE T T EIHT ARGl oJa Hap Al BIE 72 o]gste] A4Skt
o= 544 ZH3lo] T WAoo Has o
AL £ 4= Qo GIFT-MS B8 UA] AA|F
= N H
oo= e e 2 ] o] ] ]' 3. 723_?_]. I;g —'XE]-
Ak
o]524 Aul= HAPs QA= ZAof SEH QL 3.1 Bx=ag
on, oldf] £ F ZA3t HAZF GPS HAHE o]§ T 2= A 3710 o5 SAE SIFT-MS HiE




AAZFEZRAR| (SIFT-MS) B 0SSHAIA

oI5t MAHK| Ralith7|2FEE 2F=

I
0zt
re
oy

513

Table 3. Summary of pollutant’s concentrations measured before and after k-factor correction.

Before k-factor correction

After k-factor correction

Standard
Compounds (co?;\:/') Conc. Error Raw k-factor Conc. Error Corrected
PP (ppbv) (ppbv) (%) k-factor
1 1,2-dichloroethane + 220 154 30.0 H;O +2.6E-9 225 23 H;O0 +1.7E-9
chloroethene
2 1,3-butadiene 120 97 19.2 NO +2.0E-9 125 4.2 NO + 1.6E-9
0,+2.0E-9 0,+1.6E-9
3 2-propanol 100 88 12.0 NO +2.4E-9 101 1.0 NO+2.1E-9
Benzene 110 111 0.9 NO + 1.5E-9 111 0.9 NO +1.5E-9
5 Butanone 100 105 5.0 NO +2.2E-9 105 5.0 NO +2.2E-9
0,+3.3E9 0,+3.3E-9
6  C,-benzene 440 467 HsO +2.35E-9 457 39 H;O + 2.4E-9
NO + 1.95E-9 NO + 2.0E-9
7  Carbon tetrachloride 110 139 264 0O,+ 1.0E-9 107 27 0,+1.3E-9
Chloroform + 340 265 0,+1.5E-9 346 1.8 0,+1.2E-9
Dichloromethane +
Tetrachloroethane
9  Methyl tert-butyl ether 110 93 15.5 NO +2.4E-9 111 0.9 NO +2.0E-9
0,+2.5E9 0,+2.1E-9
10 Naphthalene 120 74 383 HsO + 1.8E-9 122 1.7 H;O0 + 1.3E-9
NO + 1.8E-9 NO + 1.3E-9
0,+1.8E-9 0,+1.3E-9
11 N-hexane 110 85 22.7 0,+1.8E-9 110 0.0 0, +1.4E-9
12 Styrene 110 98 109 NO +1.7E-9 110 0.0 NO+1.5E-9
0,+1.8E-9 0,+1.6E-9
13 Tetrachloroethylene 110 127 15.5 O,+ 1.4E-9 11 0.9 O,+ 1.6E-9
14 Toluene 110 89 HsO +2.2E-9 109 0.9 HsO + 2.0E-9
0,+1.8E-9 0,+ 1.6E-9
15 Trichloroethylene 110 95 13.6 0,+1.7E-9 108 1.8 0,+ 1.5E-9
PR UHd Ao, 0dBYY BIBEF &2 Fo| Yk FF 24 Ave] Yt A
0.1~16.1 ppbv W9IE WA vlmA 2 AoE B = P AShAE s U 910 )
=2t} 1,3-Butadiene, Acrylonitrile, 1,2-Dichloro- 2|43} tj&o] 9tEA] & g5ir}, 2 AofAl= @4
ethane + chloroethene®] 0.1 ppbv2 H|W A Wty S A2 Ho| vif s & 54 § ASs L oA vt
Formaldehyde®} Ethylene oxide> Z}Z} 10.5ppby, ®&kE M ¥ HF 5L E 4HEotct oHH, HET
16.1 ppbvz FHH o2 =Sith HiRb s FHEAIY A'sEE AH R Ethylene oxide2} n-Hexane©] Zt
of w2 AEFHAL(RSD)E 12.4~81.2% HHZ 732

e T FormaldehydeZb 12.4% 2 7 @9far
Benzidine©| 81.2%% 7} =St=], A¥tHo s 5
L7t &5 RSD7F EoMA = AFS Bt o7
QA= SIFT-MS 73] /g Ho] whet vig-s 7t |
sk 4= Qleng Fr|Hor AR o] 9la
S YeRATE SIFT-MS HI- s 2 gloz 24t
7tA8t NEE F7) Foll EAcHs viE 2w 9

o
&, 24780 W 555 (o-ring S)°lA HAEE =

2}
5 ppbve} 1.13 ppbv2 AAH 02 =S| of
F29 =42 1ppby PIFtO = o o FLghs
Lpepsct.

32 7|4 5= BEIIAE o]-8oto] SIFT-MS
9] 7|1 k-factor@t™} A H k-factor 3= 22 &
e o AFEE Yehd Zolth B4 A k-factor
of ot FFEH Tk tiH] =4 3k WYl
0.9~38.3%= FAFE| It} Benzene©] 0.9%= 7HY &

QY1l, Butanone 5.0%, C,-benzene 6.1% <=°] 1.0

J. Korean Soc. Atmos. Environ., Vol. 36, No. 4, August 2020, pp.507-521



514 25T, T8, YN, 5718, 088, BFY

Table 4. Summary of HAPs concentrations measured at each stationary monitoring sites.

HAPs concentrations (ppbv)

. . . Mean Past
Site 1 Site 2 Site 3 (Site 1~3)  measurements
Mean Max. Mean Max. Mean Max.

1,2-dichloroethane + chloroethene 0.5 6.9 0.7 24.7 0.5 53 13 0.2
1,3-butadiene 0.2 10.2 0.1 2.2 0.2 1.7 0.2 <0.01
2-propanol 1.0 41.5 3.2 58 1.9 83 1.2 -
Acetaldehyde 0.0 1.5 1.8 210.5 0 2.2 0.3 14
Acrylonitrile 0.1 1.2 0 0.6 0.0 0.9 0.1 ND
Aniline 0.2 2.2 0.9 89 0.3 2.6 0.2 ND
Benzene 0.6 18.3 0.3 4.1 0.3 55 0.3 1.25
Benzidine 0.1 3.6 0.1 33 0.2 34 0.2 -
Butanone (MEK) 1.1 24.6 3 130.6 1.8 13.1 14
Cy-benzene 1.0 7.3 8.8 51 1.9 176.1 6.2 3.97
Carbon tetrachloride 0.3 3.1 0.3 34 0.4 3.2 0.9 0.12
Chloroform + dichloromethane 29 349 59 64.3 2.8 239 1.8 0.08
Dimethyl disulfide + phenol 0.2 1.6 0.2 1.9 0.2 2 0.3 0.01
Ethylene oxide 0.5 85.3 2.5 315.8 0.7 58.1 1.0 -
Formaldehyde 1.5 23 1.9 20.2 25 15.6 7.6 26
Hydrogen cyanide 0.0 12,6 0.1 57.8 0 0 0.1 -
Methanol 6.7 67.8 331 467.3 18.3 2123 16.7
Methyl tert-butyl ether 1.6 454 2.1 21.1 3.1 233.2 134 0.5
N-hexane 1.7 159 1.8 124 1.9 18.4 14 -
Naphthalene 0.3 3 0.2 2.7 0.2 1.9 0.2 0.3
Propylene oxide 2.1 735 43 38 24 47.4 3.1 -
Styrene 0.0 1.1 0.0 13 0.2 9.1 0.2 0.06
Tetrachloroethylene 0.2 23 0.2 2.7 0.2 2.6 0.3 017
Toluene 0.7 52 34 315 1.0 47 0.8 53
Trichloroethylene 0.2 33 0.2 35 0.2 2.7 0.2 017
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Table 5. Summary of HAPs concentrations measured with mobile monitoring.
HAPs concentrations (ppbv)
Day Night
1t M 3 gt Ave. (sd) 1t 2m 39 4" Ave(sd)

1,2-dichloroethane + chloroethene 0.8 1.1 0.6 0.7 0.8(£0.2) 0.8 0.5 0.5 0.5 0.6(£0.1)
1,3-butadiene 0.3 0.3 0.3 1.4 0.5(£0.6) 0.2 0.2 0.2 0.4 0.2(£0.1)
2-propanol 1.5 1.2 35 0.8 1.7(£1.2) 24 0.9 1.0 1.0 1.3(£0.7)
Acetaldehyde 43 4.7 3.9 33 4.0(+0.6) 4.4 43 4.9 4.6 46(+0.2)
Acrylonitrile 0.1 0.1 0.1 0.1 0.1(£0.0) 0.1 0.1 0.1 0.1 0.1(£0.0)
Aniline 0.7 0.4 0.2 0.3 0.4(£0.2) 0.8 0.3 0.4 0.4 0.5(+0.2)
Benzene 1.8 1.4 1.2 1.1 1.4(+0.3) 23 1.4 1.2 1.1 1.5(+0.6)
Benzidine 0.4 0.4 0.4 0.4 0.4(£0.0) 0.3 0.4 0.3 0.4 0.3(£0.1)
Butanone (MEK) 27 49 0.9 0.9 23(£1.9) 2.2 1.4 1.5 1.7 1.7(+0.4)
Cy-benzene 4.0 6.0 5.6 1.0 4.2(%2.2) 34 1.1 13 34 23(£1.3)
Carbon tetrachloride 0.8 0.8 04 0.7 0.7(£0.2) 0.7 0.5 0.6 0.5 0.6(£0.1)
Chloroform + dichloromethane 7.1 9.1 39 4.4 6.1(£24) 6.8 14.1 134 57 10.0(x43)
Dimethyl disulfide + phenol 0.8 0.7 0.6 0.4 0.6(£0.1) 0.7 0.5 0.5 0.6 0.6(£0.1)
Ethylene oxide 77 6.6 5.9 5.0 6.3(+1.1) 8.0 7.1 6.5 6.2 6.9(+0.8)
Formaldehyde 7.1 7.4 57 6.2 6.6(+0.8) 74 6.5 6.9 7.2 7.0(£0.4)
Hydrogen cyanide 34 3.1 27 2.1 2.8(+0.6) 33 35 37 36 3.5(+0.2)
Methanol 15.0 27.7 6.9 14.9 16.1(£8.6) 183 26.8 29.0 255 249(%4.6)
Methyl tert-butyl ether (MTBE) 33 33 2.2 24 2.8(+0.6) 9.6 26 25 24 4.2(+3.6)
N-hexane 4.1 37 26 2.7 3.3(£0.7) 4.7 3.2 3.2 34 3.6(£0.7)
Naphthalene 0.6 0.5 0.5 0.4 0.5(£0.1) 0.4 0.3 0.4 0.4 0.4(£0.0)
Propylene oxide 6.7 6.0 4.6 4.8 55(£1.0) 149 8.91 79 6.2 9.5(£3.8)
Styrene 0.3 0.2 0.2 0.6 0.3(£0.2) 0.2 0.1 0.1 0.2 0.2(£0.0)
Tetrachloroethylene 0.5 0.4 0.3 0.2 0.4(%0.1) 0.3 0.3 0.4 0.3 0.3(%+0.1)
Toluene 1.6 1.0 0.7 0.6 1.0(+0.4) 3.2 1.1 1.1 1.5 1.7(£1.0)
Trichloroethylene 0.4 0.5 0.4 0.5 0.5(%+0.0) 0.4 0.6 0.4 0.5 0.5(%+0.1)
AT 3t 71 Z AY 97 54 ATHMOE, A BE, AFEd 9 AL W 78 E
2010)9F Hl s HH H]5 ZARXY, SHAH 9 S A (FF 50l AR B ks T o
AR Gol Aol AS Mot MitHor Hoz Ay
FARE SF0 2wt 7% 45 2HAHER S50t 9k A9 )

a9 32 A SHEAY F RSP U dEL g5 S0 T B F5o) 02 33
Y 9Bl e A4 ZHATE ehd Zolth. A 55 BE 542 ek 2101 Site 1914 Met-
ZRAYEE Y 0GB A S EHNINC]  hanole] A ZAA 71E GEE FF 58] 0|
At 5 ppbv7bd] F7hEls @Al TREAL  amss ol o] 517} HobA| ARRS pepck A
Site 12] 73-%- Methanol®} Propylene oxide 52] & A &A4g AFH EEE ZARGH 27, Site 1 A3
7F L3 AR A PHEGIF ofttoll= A 7] @ W oF L5km Aol ARAE AXAA
£ &= B Site 2014 Methanolo] A 341 o] th4= 2] 5] QM= A0 & I o] o] AFYA
o|o] F43] F7FEACH, Site 391-= Y 94l AQ] BlshiEe] o5t JFoz wekE| et vhE,
o] F OofZIAIZI]| C,-benzene FE7F FAT| F7HE Chloroform + dichloroform 2] 73$%+= E% A] =27}
£ o] BAEIL olefT AL ZHAY FW Z715t7] W] Methanoldh 2] B&o| 9113
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