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Concentration Characteristics of Particulate Matter and
Volatile Organic Compounds in Petrochemical Industrial Complex
using Real-time Monitoring Devices
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Abstract Different air pollutants are being exhausted from the petrochemical industrial complex because of using various
chemical substances. Some of these pollutants are volatile organic compounds (VOCs), with the likes of benzene that has car-
cinogenic properties. In this study, the research focused on monitoring daily variation of air pollutants such as VOCs, particu-
late matter (PM), and black carbon (BC). Real-time monitoring devices, including Portable Gas-chromatography for VOCs, were
used and placed nearby petrochemical industrial plants. Results showed that PM;, and PM, 5 concentrations were at low con-
centrations both measuring point and air quality monitoring station (AQMS). Moreover, BC concentrations were at low levels
as well as other forms of VOCs were found to be lower than the national or international standard guideline. However, the
concentration of Total VOC and Benzene were 46.1+42.2 ppb and 2.6 + 3.5 ppb, respectively. The National standard of ben-
zene is 1.5 ppb (5 pg/m3) per year average, and the results of this study sometimes exceed it. This study would suggest that
the need for a real-time monitoring system is a must because high concentrations were detected on a daily basis.
Furthermore, additional research on carcinogenic substances such as benzene and 1.3-butadiene was detected even in the
area with great distances from petrochemical plants.
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= AHEYA 20199 1727] 7% A= 1770 dH0l
1,20671 9] AFARA7F 2= o] Qlom, W= Bibe
] 54.0%<t $EF2] 51.3% S AHA| 1 UTH(KICOX,
2019). ©]¢} o] A= ARt HefgH], 4
FO] A 29, 24 Aol gt ti-go] -golgt
FHaor FrIstAoH SE Q1 SHoA= ZiE
A egdso] Rof A Hed¥eS 45 wiw
of HiE- ¥ 9] ofZo] Utk 53] thetRt 3fekE
A5 Ax, 7H 9 AAtshe ARaketda] o] 7
u] A 2] (particulate matter less than 10 um, PM; )2t
o]4FaHE A (Nitrogen dioxide, NO,), ©]4tal} (Sulfur
dioxide, SO,), YAFS}ErA (carbon monoxide, CO)2}
22 718 7] LEEA o]Qlof Aol a4
iHow =4o] et fEd-R712kRHE (volatile
organic compounds, VOCs)©] T}4= B Z E| 11 Qlo] o]
off thgt ¥t w7k Q51 Itk VOCs= 7]
F 2% (Ozone, O3), NO, R 4FolA €} vh-g-5ho] 274
H7] ool 2% (secondary organic aerosol, SOA)2 B
gste] di7] e goll FS HIA| AL (Carlton, 2009;
Kroll and Seinfeld, 2008; Turpin and Huntzicker,
1995), H7ASH2A] © 2 Benzene, Toluene, Butadiene 5
= ZA VOCs= HHAA L} 54174, mF, ©
F71A, 2 5ol AV vl = FoEd = A
QIth (Kim and Yoo, 2017). TS 0]ZAFA A A E 7}
H2]3] (American conference for governmental
industrial hygienists, ACGIH)J|A]&= VOCs % Ben-
zenes Q1A TRl E4 (group A1)E EFSIS
11, Eg]Z= 20|23 (TrichloroEthylene, TCE)S 21
A HA ol E4 (group A2)E, HEZEZZ
22 (TetrachloroEthylene, PCE)¥} Epichlorhydrin,
Ethylbenzene 52 & DU SRA1EH (group A3)
& 2]4sto] skl Qlek (Moradpour et al., 2017).
SEARE o] 23t VOCst= 4t zintol] A4 thefet &
Lol B2 o7 Afalehity, ALY, AsAt T
Z ERAZ, A, 19 4 O] A4 Sl A
AREE L Qo w, Aut At AR Pedo] Gl Al

S
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Mohan, 2012; Thepanondh et al., 2011; Tiwari et al.,
2010). Cui (2016)¥} Chen et al. (2014)& 54 VOC
O] L2 2 AL A} 7} o] 3 9] AARL|A 7}
B2 gol Fslen, tiFE Alkane A€
Aoz et 47 AFods AdeA] HiEg=
of| ot th7A W soA 4] 8 AFEHER
VOCsE #5514, olZA] B/dH sOA7} Hi714d
B opy 2} 7| s sto]] G mA| AL @lof ofof o
gF 1A o] B a/de x5kt (Ragothaman
and Anderson, 2017; Chen et al., 2006; Cetin et al.,
2003; Ryerson et al., 2003). &= 2010 =5 H
VOCs & HIAlS 7|7 |E=4d = AdstH e

H7|Ee 2 AYd FEE 5ug/m’ o2 AHste]
ol O (ME, 2010), AR | e Be]=
ol 7M. W el A= VOCs 2ol g 51 of
7170y A FFE k= ARelA darstal 9l
= W71E871E 23 of Rt ok A9l 48
9Nt A7} wol =L Atk (Choi et al., 2010;
Park et al., 2010; Hur et al., 2006; Seo et al., 2005). ©]
2ot AF-Sollie A AN AL =
IAZHA 23 & GC-MS (gas chromatography

mass spectrometer) 5o &-8510] EA5k= HHS
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=75t 2%“5 HSHE BARH A7 4R 3= o] AlFste] 2 VM A7E ofd g A9
71 SFAA|G (Park et al., 2018), ©F2] VOCs9] =¥ 50| Ko AH PR A7 &5 o|F7] di&

SP7F 2 Afefetdz|er g2 oM AAIRE 24 of ok 9 2 3 JiAdol AR o] F oA

HIE 289 A7 At RE Bol #57 AAolth ol AL gl B0l Stk SR = AFEA] A vk
2 Aol AfRetetdAE dder AR S5 I3 SR AAsion, 4ReleaA 25
BEHE 28 ARl £2 e9=2dd o HiEd e9=dEe] vhe dFY AES B £
A 2A=EI VOCso A7 2ot dRilst & He FHE LATS|E 7P Eol B Alr A
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Fig. 2. Wind direction and speed of measurement location (left) and AWS (right) during measurement periods.
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th, PASO] A& AA|7F Fet=AAu] = Qxtol S
0} QIAREE FA) S 4 9lo] T AT
oA AHE-ERIA (Kim et al., 2016; Lee et al., 2016;
Woo et al., 2016; Kim et al., 2014a), Aethalometer2] 73

=71t stE|x| M 35 H M 65



687

wn

2] 2|71 28531
152 71&

AN YIS Y83 MISSR| YANLAST Y AR IS 5 S5
Table 1. Specification of devices used in this study.
Device Item Range Resolution
Portable Aerosol Spectrometer Particle number concentration 0.25~32um 1 min
(1.109, Grimm) and distribution M
Aethalometer (AE51, Magee) Black carbon Total Suspended Particle 1min
Lab-grade portable & Automatic VOCs Analyzer .
VOCs (B d16 0.1~100 ppb! 30
(Micro-GC, Tricorntech) s (Benzene an species) ppbv min
Table 2. Summary of the VOCs target compounds analyzed by MiTAP.
Substance Compound CAS NO. Formular
Propene 115-07-1 CsHg
Alkanes & Alkenes 1,3-Butadiene 106-99-0 C4Hs
Hexane 110-54-3 CeHis
Benzene 71-46-2 CgHe
Toluene 108-88-3 C;Hg
Ethylbenzene 100-41-4 CgHqg
Aromatics p-Xylene 106-42-3 CgHyo
m-Xylene 108-38-3 CgHqg
o-Xylene 95-47-6 CgH1o
Styrene 100-42-5 CgHg
Acetone 67-64-1 C3HsO
Oxygenated VOCs Butanone 78-93-3 C4HgO
Ethyl Acetate 141-78-6 C4Hg0,
Tetrachloethylene (PCE) 127-18-4 C,Cly
Trichloroethylene (TCE) 79-01-6 C,HCl3
Chlorinated VOCs 1,4-Dichlorobenzene (1,4 DCB) 106-46-7 CeHaCly
1,2-Dichlorobenzene (1,2 DCB) 95-50-1 CeH4Cl,
Vinyl chloride monomer (VCM) 75-01-4 C,HsCl
T B Aol o3t BC] A 2.3 MITAPS 0|23t VOCs &8 EXM
Foh=tl] 2| 27gH] = AME AL QL AFATR| O] 79 ohge] spetEd Ao ® <l
Ait =AHY7] S 40 S SE7IE =4
[E1E AFste] B4 Hop= vocsol tigh 932 o 37 gttt duby
O 2 VOCs®] A 1Ag2E] Z3Y5te] GC-M
2 B4 B0 £5 olRglon iR Ul b
ke ANSHE 397} ot AAto 2 s
2842 458 Tiotellofz BAE At A
@ BARE Ak A Fhot Abs st
)72 WHA A ZF (semi-real time) 2.2 ST E &
et ol A
= T
a4 9le
SH _/’\_

_‘{
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P Hsks Bs
T} (Kim et al., 2019; Woo et al., 2014; Lee et al., 2007).
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 HEE

57 ug/m* o2 9 2 A E Bk F 1.5km @
o1 AQMS2] 2tz GA] PM, 24.8 +7.7 ug/m?, PM, 5
159454 ug/m>2 YEPF, PM, 9] == A4
ol vls S847F 25 #A e o PM, 9]
BE AQ FARE S Bleh sk 4 713t
of tiet 4 Hlerw SAXHE Y A PM,, 71
46.5~91.9 ug/m’=2 A 7]7tol| gt Pa-s ke tfH|
57t 2.7~54807k2] A UERS HFH, AQMS
o] 3% A srrt 30~45 pg/m’2E FHFsT thy|
A=t 1.2~1.88 2 AtiE o2 YA et
PM, 5 GAl SAHAH s E7} 20.3~56.6 pg/m*=
A7 717t BatoiH] 1.6~4.581= EA HERd vhd
AQMS9] 7% 15~33 pg/m’ 2 1~2. 1912 FAFSH 7
& Bl BCO ¢ AA 717 Hat 0.9 pg/m’ S
2 o9 U vrehd §HH o s 3.1~17.1 pg/m’
2 B =] v =2 3.4~19.08] 3L H ok
E5] 1197} 14 6AIFE 124742] F=7t vli$- &
A5 Stk Ae = o], o] 717t = PAS<]
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o8 1 um o]8ke] Bl Best HlAI At 5
Al Z7Feh= A 4 W vt 22 o9
9] ojgko g mhslal Tt (Kredl et al., 2017; Kumar
et al., 2014). B =30 A BC} PNO| &7} A
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Table 3. Summary of Air pollutants concentration measured in this study.
PAS Aethalometer
AQMS (ug/m?3) 3 MITAP (ppb)
PMyq PM,s PN (hg/m”)
(ug/m3) #/cm3 PMio PM, 5 BC TvOoC Benzene
10-Jun’ 15.1 12.8 544 226 13.0 0.5 254 2.1
11-Jun 16.8 121 50.9 22.8 15.0 0.9 40.7 23
12-Jun 12.7 9.2 38.0 21.9 12.7 0.7 36.4 13
13-Jun 17.4 12.7 534 27.3 19.9 0.9 73.7 4.5
14-Jun’ 27.6 19.8 89.2 328 204 1.5 254 1.3
Mean £5S.D. 16.9+8.6 124+5.7 53+28 248+7.7 159+54 0.9+0.8 46.1+42.2 26+35
TMeasurement time : 14~24(11 hr)
f Measurement time : 00~10 (10 hr)
10 June 11 June 12 June 13 June 14 June
120 T T T T T 250 .
—— PM,, (PAS) mg
—e— PM,, (AQMS) : 1200 §
”’E‘ gl — PN(025<D.<32 pm); g
g :
< S
5 :
g 8
8 5
2 €
g z
3
5
o
125
—— BC
—e— TVOC
12k —&— Benzene - 200 oo
£ 8] &
2 {150 T <
Té’ 9t -% 115 ®
E -+ 100 § §
g s 8
8 6r g 110 §
8 {50 § ]
8 g1 &
st 1s &
s 10
B guic 1.5:ppb!
Btk Lol o (L3:peb) gl LG AL i M L A ell e
0 I 1 LA AT h L L 1 Jo
00 06 12 18 00 06 12 18 00 06 12 00 06 12 18 00 06 12 18 00
Time of day (hr)
Fig. 3. Time series of major air pollutants measured in measurement position.
H] HtEE7t 1.4~4.48 7] UrE}kM. TVOC & 3.2 Uty 2HSHO| UM EF
FrdstA €74 710l EAlske #Ae] B¢ 717+ 3 YA Ld=Ee A M Foll WE g dF

T 2.6+3.5ppb LIEN} Z737|7h %] %5% Ay
T 717219 1.5 ppbEehe A Urehgth WA A
=717t Hd sxgko] 4.1~202 ppbE FosE o
B Lo~7.80 %A LiERgeh AlZbERs 6A| R
1241737} 18A] M 50f| =2 FEgtS Bt

=4 712bo] t2 A Ydehdr] fige] 271 E 9 X
el gt JEI7T w9 F83kch PM,<] 3% v
of ot HlAtHA Y A4o] ogt B4, AE 2AL A
g npr oA 7]Q15H= HHH, PM, 2] % Ui 7]
o] Ate] S5, Sl W AgAolt 3ol 2

J. Korean Soc. Atmos. Environ., Vol. 35, No. 6, December 2019, pp.683-700



690 ZIZ, B Al BEM|EL Micheal Versoza, 0|2, 0[AkAl Bt

50 T T T T T T T T

20 1

AQMS PM,, concentration (ug/ma)

00 03 06 09 12 15 18 21 00
Time of day (hr)

30

AQMS PM, ; concentration (uglms)
&

00 03 06 09 12 15 18 21 00
Time of day (hr)

(a) AQMS

50 T T T T T T T T

40f .

20 q

PAS PM,, concentration (ug/m®)

00 03 06 09 12 15 18 21 00
Time of day (hr)

30

25| .

PAS PM, ; concentration (ug/m®)
>

00 03 06 09 12 15 18 21 00
Time of day (hr)

(b) PAS

Fig. 4. Diurnal variations in PM concentrations and PM, 5 to PM;, ratios measured at the monitoring site.
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Table 4. Observed concentration of different VOCs.
Day 2 Day 3 Day 4
Unit: ppb
Mean SD. Max Min n Mean S.D. Max Min n Mean S.D. Max Min n

Propene 21.2 182 719 3.2 41 22.8 21.7 81.1 2.7 43 421 353 1205 3.4 44
1.3-Butadiene 8.7 13.7 475 0.8 9 24.2 49.6 125.1 0.5 3 9.0 6.3 229 3.2 14
Hexane 6.8 86 369 0.5 11 37 7.0 43.4 0.5 6 12,6 10.7 41.4 0.2 18
Benzene 2.3 3.2 11.3 0.1 41 1.3 2.7 8.9 0.1 43 4.7 4.2 20.2 0.2 43
Toluene 1.3 1.0 4.4 0.2 36 0.6 1.0 6.2 0.2 39 2.6 2.1 7.7 0.2 40
Ethylbenzene 0.4 0.4 1.5 0.1 32 0.3 0.5 2.6 0.1 36 1.1 1.0 35 0.1 26
m.p-Xylene 0.4 0.2 0.9 0.1 16 0.3 0.4 2.0 0.1 1 0.9 0.6 2.6 0.1 1
o-Xylene 0.2 0.1 0.4 0.1 36 0.1 0.1 0.4 0.1 26 03 0.2 0.7 0.1 36
Styrene 0.5 0.5 2.8 0.1 12 0.3 0.1 0.6 0.1 3 1.7 1.5 6.9 0.1 12
Acetone 3.1 1.4 6.3 1.4 41 2.8 1.6 7.0 1.2 41 4.7 24 9.1 1.2 40
Butanone 1.8 1.0 4.4 0.5 36 1.1 0.7 33 0.1 33 2.2 1.8 6.8 0.3 38
Ethyl Acetate 13 0.7 2.9 0.5 41 1.5 1.5 1.5 43 13 0.5 1.6 0.9 42
PCE 0.4 0.3 1.0 0.1 41 0.5 0.4 1.3 0.1 39 0.5 0.4 14 0.1 37
TCE 0.2 0.1 0.4 0.1 34 0.1 0.1 0.2 0.1 23 0.2 0.2 0.7 0.1 38
1.4-DCB 0.9 0.6 2.2 0.1 38 1.1 0.7 3.1 0.1 34 0.4 0.3 1.7 0.1 40
1.2-DCB 0.7 0.6 1.6 0.1 30 0.7 0.5 1.5 0.1 27 0.4 0.3 14 0.1 39
VCM 2.5 4.5 14.4 0.4 10 0.6 0.1 0.7 0.5 11 1.1 0.9 37 0.2 17

%n max =44 (1 data/half-hour and self calibration during midnight~2:00 am per day)
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Table 5. Summary of VOCs measured at petrochemical industrial complexs.

Substances (Unit: ppb)

Region Author
Benzene Toluene Ethly-benzene TVOCs

Lanzhou (China) 4.5 4.0 3.0 125 Jia etal.(2016)
Kaohsiung (Taiwan) 1.9 22 37 103.3 Lin et al. (2004)
Izmir (Turkey) - - - 1359 Cetin et al. (2003)
Shiohama (Japan) 2.1 5.2 29 88.0
Negishi (Japan) 0.7 3.1 0.8 479 Tiwari et al. (2010)
Honmoku (Japan) 0.4 1.6 0.7 338
Aliaga (Spain) 1.5 1.03 0.2 - Civan et al. (2015)
Kocaeli (Turkey) 5.6 14.5 2.5 4717 Pekey et al. (2015)
Ulsan (Korea) 1.25 5.25 1.07 - NIER (2010)

3.65 3.25 1.09 - NIER (2009)
Yesu (Korea)

1.32 4.55 0.27 - CND(2019)
Gwangyang (Koera) 1.64 0.94 0.40 - NIER (2009)
This study (Korea) 2.6 14 0.6 46.1 -
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