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Abstract Petrochemical industrial complex emit many VOCs. As a precursor of the secondary organic aerosol, VOCs cause
various health issues. In this study, we used a real-time monitoring device to measure the concentration near the petrochemical
industrial complex. The proton transfer reaction-time of flight-mass spectrometer (PTR-ToF-Ms) is used in various mobile research
due to its ability to measure each of many different VOCs. The main wind direction was northwest during the measurement
period. The measurement using the mobile laboratory (ML) was performed with fixed and mobile measurement. In fixed
measurement, the emission process, rather than wind direction, appeared to have a larger effect on the area of the
petrochemical industrial complex. Mobile measurements were found to be high at landfills, dormitories, and intersections. The
concentration of Benzene exceeded the annual guideline with 3.1 ppb and continuously fluctuated over time. While the stand-
ard method can obtain accurate measurements, it does not allow us to monitor measurement of change over time. This necessi-
tates a new real-time monitoring method that can effectively manage industrial facilities.
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Table 1.VOC target compounds of PRT-ToF-MS.

FHO| VOCs ZX E40f et A7 815

No. Substance CAS Mass ABB. PA (Kcal/mol) Formular

1 Propyne 74-99-7 40.0313 PPY 1788 C3H,

2 Acetonitrile 75-05-8 41.0530 AN 186.2 CH3N

3 Propene 115-07-1 42.0810 PPE 179.6 CsHg

4 Ketene 463-51-4 43.0184 KTN 197.3 C,H,0

5 Acetaldehyde 75-07-0 44,0530 AA 183.8 C,H,0

6 1,3-Butadiene 106-99-0 54.0916 13B 187.1 C4He

7 2-Butene 624-64-6 56.1060 2B 178.5 C4Hg

8 Acetone 67-64-1 58.0419 AT 194.1 C5HgO

9 Isoprene 78-79-5 68.0626 ISP 198.9 CsHg
10 MVK 78-94-4 70.0900 MVK 199.5 C4HgO
11 MEK 78-93-3 72.1070 MEK 197.8 C4HgO
12 Benzene 71-43-2 78.1140 Bz 179.3 CgHg
13 Toluene 108-88-3 92.1410 TOL 187.4 C;HgO
14 Styrene 100-42-5 104.1500 STR 200.3 CgHg
15 m,p-Xylene 106-42-3 106.1600 p-XYL 138 CgHio

A& 2Pdste] dule] B7Hs o152 skt
THF Ethylbenzene®] 7-¢- g 1H7gofl A Hlo|&7}
Asts] BRE7 ol 2 ATolAE AeleHT 1

2 4 NEEdol dis) 2271 E Tl e

Z72717t ZA ol it B2k 18.1+1.6°CE
L= 21.1°C, HA= 15.9°CE o} H4ee

L 52°CHth HhE 80.2%E =2 Holglont
S IR ol vttt ho|an, AAAt FE7F =2
454 l Sgol= 69Ql Aol ¥HdH A= wetE
4109 A 4~6

A7 B A7} A &= it
YA FE5L2 14109 m/s2 FEFL A F9] FEIF
T e BAFolqlth 9 32 SH VI Bk ikt
T dollA S4E AWS ZtmE 7|5te = HiRPdH|E
LFERA Z1o|ThH(KMA, 2019). 64 1093 11¥0)l= F
F2 BAES fASHL AR F40] 34 m/s o
o] Zqgto] TR O RRE Eolgton, 1297

Higho] ZtolA 139X=

7} 50% S

HE 14974 = FF (Calm) A

z3jahs di7] 47 @4ko] ek,

3.2 VOCs2| UtH3t £EF

HESSIEAL tho] 718t B S ARgsi,
Hl S TRt Wol thE 2] 9of| Hlsf &2 VOCs vl 73
FLE BERItH( Mo et al.,, 2015; Yen and Horng, 2009).
H2E 2 AFolA S YA diF1E] vh2e]
ol SAH i voce] tigt AiE Yget Zo]
th. VOC 7HHEH 5 7371 &< benzene®| 7
=7t 710] A8+t 1.5ppbl Al Wl 54713
Aol Tt Bt FE7) 3.1 ppbR OF 28 oA 52
F0]901, 27 s 21.8 ppbE 14.58] =7
LrebgTh AAIA Q] Hl&o A= acetone©] 14.7%=
7V =2 HE2 B3, acetaldehyde 14.2%, ketene
13.1%, propene 12.2% =22 SRIE e}, s
tH] 2AgE] H[-E-2 acetaldehyde”} 302812 717
Z ZfolE H L, ketene 202HH, styrene 1198}, ben-
zene 87H] 502 HjEH| &0l & EHE] AHA
O = Zv/F]48]E ERF TA UERT

T 32 ol FUSS AL 1P ES HlolHE ¢
T FEE UeRd Zloltt 68 947t 109, 1292 7
Z} 25.5 ppb, 25.2 ppb, 29.3 ppb= LFERT HIH 137}
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Fig. 2. Calibration sheet of PTR-ToF-MS.
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Fig. 3. Wind rose measured in Daesan port during measurement period.
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Table 2. Summary of VOCs concentration measured in stationary site. (Unit: ppb)
VOCs concentration
No. Substance
Mean Percentage S.D. Min Max Max/Min
1 Propyne 4.79 10.1% 5.50 0.86 27.16 316
2 Acetonitrile 1.24 2.6% 0.32 0.81 2.27 2.8
3 Propene 5.79 12.2% 8.32 0.00 40.05 -
4 Ketene 6.23 13.1% 8.75 0.32 64.67 202.1
5 Acetaldehyde 6.74 14.2% 7.03 0.09 27.18 302.0
6 1,3-Butadiene 2.85 6.0% 3.98 0.66 25.75 39.0
7 2-Butene 2.99 6.3% 4.54 0.41 25.46 62.1
8 Acetone 6.96 14.7% 3.25 3.58 18.20 5.1
9 Isoprene 0.59 1.2% 0.38 0.24 2.06 8.6
10 MVK 0.50 1.1% 0.33 0.17 1.59 9.4
11 MEK 0.72 1.5% 0.40 0.22 2.05 9.3
12 Benzene 3.10 6.5% 4.31 0.24 20.76 86.5
13 Toluene 1.50 3.2% 1.63 0.18 7.28 40.4
14 Styrene 1.57 3.3% 2.61 0.09 10.72 119.1
15 m.p-Xylene 1.88 4.0% 2.29 0.23 9.61 41.8
2 47.45 100.0%
Table 3. Daily concentration of each pollutants measured in stationary site. (Unit: ppb)
D June 9 June 10 June 12 June 13 June 14
ate
Pollutants Mean £S.D. Mean £S.D. Mean +S.D. Mean +S.D. Mean +S.D.
Propyne 1.7+£0.6 21124 20+1.8 6.9+5.2 10.0+8.1
Acetonitrile 1.0£0.1 1.0+0.1 1.1+£0.7 14+0.3 1.6+0.4
Propene 6.5+3.5 59+7.0 76+£13.7 46+34 6.3+5.3
Ketene 0.9+0.5 1.5+£23 0.6+1.1 10.5+£10.1 8.2+83
Acetaldehyde 43+25 22+1.7 35+36 10.8+£7.4 10.6£9.1
1,3-Butadiene 14+04 1.3+£0.9 3.3+6.6 33+25 3.6+2.1
2-Butene 1.0+£0.3 14+£22 1.4+£21 3.9+45 6.5+7.4
Acetone 5403 55+13 48+0.9 9.1+£4.1 9.1+£24
Isoprene 0.3x0.1 0.3x0.1 0.4+0.1 0.8+0.4 09+0.5
MVK 0.3+£0.0 04+0.3 0.3£0.1 0.6+0.4 0.8+0.4
MEK 0.7£0.1 0.5+£0.2 0.5+0.2 0.9+0.5 1.1+£04
Benzene 0.8+0.7 1.3+£3.0 18143 55+5.1 39+27
Toluene 0.6+0.3 1.0+13 1.0£15 20+1.7 24+1.7
Styrene 0.2+0.1 0.2+0.3 0.3x+0.7 3.1+£34 3.1+£29
m.p-Xylene 04+0.1 0.6+0.5 0.8%1.1 3.6+3.0 27+1.8
)3 255 25.2 29.3 67.0 70.8
toluene, styrene, m,p-xylene®| H|&°] 57F5t= 5 7+ A ghite] JfHh= 7]E ] o2 EAS /A=
Aulgo] chE A Wakshe 2 ; ST 4 ik ol ulEo] 2 sEA Uieh Avte Beke,
WA HE FEE Hel 9, 10, 12 diH] 134 VOCst= HiIE 9 F7t A1 X, 3HEGol o
149 F4%% % SV H9 ﬁ% FHN 719 3] = ojt 225 UehiA "ok nj=tat =, d2
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Fig. 4. Distribution ratio of each VOC measured during measurement period.

AR=RELS 1990 =FE vOCsoll thet 8 xylene©] 0.33 ppb<} 0.27 ppbE m,p-xylene 2| &7}
71&S AAsto] &P QIO (US. EPA, 1997), & A& S 2 11 benzene = toluene ] =71 &=
2lupet B3 HiAS o ® Agdt 7S Aste] Al UEsth & A7) %% benzene 3.10 ppb, tolu-
2ot Stk & 4= 2 A4 5% benzene,  ene 1.50 ppb, m,p-xylene 1.88 ppb= benzene®] tolu-
toluene, m,p-xylene ‘Lot EFA|HoA == A eneHrt F 2.14] =7 YEFFOH, m,p-xylene FA]|
ANE Yepd Zoloh of4 Afateta]ofA 2003 FAFRE ook SHA|RE 11 9] mta} tn, oAt
F3} 2005 ZH 43S AT} benzene©] 1.16 ppb2t  oHEE B 5 tiEES] APER]o A benzene Tt
1.32 ppb= WEFF D, toluene 1.85 ppb, 4.55 ppb, m,p-  toluene®] F=7F A& 1.598]14 Z[ff 55.68171%]
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Table 4. Measured VOCs concentration in this study and other cities. (Unit: ppb)
Pollutants
Author Year Location Site
Benzene Toluene m,p-Xylene Sum
Jeonetal. 2003 Yeosu Industrial 1.16 1.85 0.33 334
Jeonetal. 2005 Yeosu Industrial 132 4.55 0.27 6.14
Back et dl. 2005 Pohang Industrial 0.83 3.50 45 8.83
Gumi Industrial 0.62 7.81 1.29 9.72
T
Im etal. 2006 Ansan Industrial 16.4 423 436 483
keta ;06 O Gwabm om et e P
Ryoo etal. 2010 Jeonju Roadsic.je 3.1 6.3 31 12.5
Gumam Industrial 3.0 11.8 3.8 18.6
Goeketal 2020 Daesan nionsl 0w 2 oo 20
Kim et al. 2019 Daesan Industrial 83 45 1.8 14.6
ametal W L el oaz nm 6w 5072
This study 2021 Daesan Industrial 3.10 1.50 1.88 6.48
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Table 5. Results of BTEX measured near petrochemical industrial complex. (Unit: pg/m3)
Year Site Benzene Toluene Ethyl benzene m,p-Xylene O-Xylene Stylene
sudeinewam None
L AR vad 228
- Village hall 15‘dha|f 1.98 1.26 0.68 1.1
2" half 0.91 1.91 0.4 0.7
Intersection 1.73 17 0.6 1.18
Institute 0.74 1.85 0.7 0.7
1% half 7.2 4. 1. 4 1 74
tandfill - na haalf 126 7.2 2.: ?7 03 34
Village hall 1:dhalf 0.9 14 0.6 04 0.2
2" half 25 4.8 0.9 1.1 0.2 1.5
2018 Inter 1%t half 3.9 24 0.6 1.2 0.3 0.9
section 2" half 3.7 6.6 1.1 1.6 03 13
Han express 55 1.66 0.44 0.9
Han express 1.1 0.4 0.1 0.1
Han express 2.8 55 1.2 13 0.3 0.8
Chemical center 2.4 33 0.9 1.2 0.5 14
2019 Han express 14.3 8.6 10.4 11.8 57
Village hall 13 13 1.4 0.5 0.2 0.5
Landfill 26.4 13.8 8.2 256 1.5
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