'.) Check for updates

Journal of Korean Society for Atmospheric Environment
Vol. 38, No. 2, April 2022, pp. 175-187
https://doi.org/10.5572/KOSAE.2022.38.2.175

p-ISSN 1598-7132, e-ISSN 2383-5346

=
™

MO

MU ANATOIN S QEHTS TS T3t
VOCs2| =53} & 2EYY 7|0 EIt
Inventory of VOCs Including Ozone Precursors Emitted from

Residential Workplaces and Evaluation of Contribution to Ozone
Formation

y X 1 1),%
WHAM, HEA, 2o, 20, ey, ZHAUY e ——
@A FTEAE, VA sldeta gget ol g ot +HY 20229 28 15Y
FHEH 202214 28 162

. . . Received 25 January 2022
Jeong-Seok Chae, Jong-Seong Chae, Min-Young Kim, Jun-Min Jeon, Revised 15 February 2022
Tae-Jung Lee”, Young-Min Jo"* Accepted 16 February 2022
Department of R&D Planning and Research, Green Environmental Complex Center, *Corresponding author
Suncheon, Republic of Korea Tel : +82-(0)31-201-2485
l)Department of Environmental Science & Environmental Engineering, Kyung Hee University, E-mail: ymjo@khu.ackr

Yogin, Republic of Korea

Abstract In this study, volatile organic compounds (VOCs) containing ozone precursors frequently found in workplaces
such as car repair (painting) shop, beauty salon, and barbecue restaurants near residential areas were characterized in terms
of their contribution to ozone and secondary organic aerosol (SOA) formation. The car repair (painting) shops A, B, and C
released the relatively high concentration of butyl acetate (range of 1.45 ppm to 3.48 ppm). In the case of the car repair
(painting) shop D, the concentration of n-undecane was highest with 0.03 ppm. Hexane and benzene were found the most at
0.46 ppm in the beauty salon and the barbecue restaurants, respectively. Among the ozone forming substances indicating
high values of photochemical ozone creation potential (POCP), average 19.3% of m,p-xylene was found at car repair (painting)
shops, 33.6% of hexane in the beauty salons, and 34.2% of pentane in barbecue restaurants. Toluene and benzene showed
high contribution to secondary organic aerosol potential (SOAP). Toluene recorded 23.6% and 43.6% of SOAP contribution in
car repair (painting) shops and beauty salons, respectively. Benzene recorded a relatively high SOAP contribution with 65.7%
in the barbecue restaurants.
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Table 1. GC/MSD analysis and thermal desorption condition.
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Bo| th27] f2o] 9244 7ol Eg e, o
Hhxog 9 ZEAA 7]oJE= MIR (Maximum Incre-
mental Reactivity), POCP (Photochemical ozone cre-
ation potential) RIR (Relative Incremental Reactivity)
e MIRE Sah% 9] oA
1/\] 7t Z=oF XS Q= JJEH Q—E—%kolt}(Carter et
al., 1995). POCP= MIR®| B2 RA} AIZH} 22 &
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FAE 4~62 S AD & e 2EZOIT (Der-
went et al., 1996). RIR -2L}2} = @of|A] VOCs
SFotE &9l FAG 5A B BT 2EF (Lee et
al., 2007a) © &, 5A|7E2 U A Hat 5715 o]
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ATD (Markers)

GC/MSD (HP-6890/5973)

Parameter Conditions Parameter Conditions
Flow path temperature 120°C Initial temp. 50°C (10 min)
Prepurge time 1.0 min Oven ramp rate 5°C/min
Desorb temp. 300°C Final temp. 220°C(10 min)
Desorb time 10 min Post run 250°C (5 min)
Trap flow 50 mL/min Column flow 1.2mL/min
Trap purge time 1 min Detector type Quadropole
Trap purge flow 30mL/min Q-pole temp. 150°C
Trap low temperature -20°C MS Source temp. 230°C
Trap high temperature 300°C Mass range 35~350amu
Trap desorb time 4 min Electron energy 70eV
Split flow 15 mL/min
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o] 7| A, E;= Concentration of VOC species i(/,tg/m3),
POCP;= POCP values for VOC;

2.4 2Xt R7|00IZE M 7]6i= HIt

22} f7leol2E
sol)-= VOCs7F th7] oA thefet shahit-g-2 5o}
o] AsH= QJApAF B olth (Lim ef al., 2016; Yuan
et al., 2013). B HE-g- 0 2 ¢l5te] AR E A
& AT QItk 22 f7|olo|2E2 PM, s B4 A
O 27%, 22t 710 2ELS PM, s T A9
31% F L5 AA|okaL Qlth(Huang et al., 2014). 22} &
7o 2ZE P4 A= (SOAP, Secondary Organic
POCP2} Hz7FA] 2 SOA B/

(SOA, Secondary Organic Aero-

Aerosol Potential)<

ghe VOCs9] 71l EE 2AsH: o ol gt 2 o
Fol| A AFESE VOCse] POCP (Derwent et al., 2007)
(ethylene =100), SOAP (Derwent et al., 2010) (tolu-
ene=100)5 3 20 YERH AT 2 AFollA] o]-gt
SOAP 7)1 AHE A4S A (3) (4)°] .

SOAPweight emission — ZEi X SOAPi (3)

SOAP contribution; (%) = (SOAP; /> SOAP) X 100
4
&7 A, E;= Concentration of VOC species i(;zg/m3),
SOAP; = SOAP values for VOC;

3. 2% R v%

uz

3.1 VOCs HiE 223}

ALY vOCs BiEAA ol sidsh= 374
T AFs 2t g2 EAAA, nl-8-9d A, 7)ol Al
oA th7] AlmE AHFote] EA6HTh E4 & 4
AR 5 LEATEAT 78 VOCsE F6h
T 1ofl YeRHATE 11 19] ARt 48] B A
= TS o83 WS AT A 43 (A,

yolH, A HiAiel oAl A= 242} sfof vl

rit
R HHN' ofl 2

Fl

B,C,D)

[ZZ1 Ozone precursor [_] Other VOCs

50

40

30

20

VOCs species

Car repair(painting)

Barbecue
restaurants

Beauty
salon

Fig. 1. Number of detected VOCs according to residential workplace type.
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Table 2. Compilation of the POCP and SOAP for VOCs.

Compound MDL M.F POCP  SOAP Compound MDL M.F POCP  SOAP
Isobutane 0.10 C4H10 28 0 Decane 0.03 C10H22 36 7
1-Butene 0.09 C4HS8 104 1.2 1,2,4-Trimethylbenzene 0.05 C9H12 110 20.6
Butane 0.07  C4H10 31 0.3  m-Diethylbenzene 0.03 Cl10H14 65 -
trans-2-Butene 0.08  C4H8 116 4 p-Diethylbenzene 0.08 Cl10H14 65 -
cis-2-Butene 0.09 C4H8 113 3.6  n-Undecane 0.08 C11H24 36 16.2
Isopentane 0.04  C5H12 348 0.2 n-Dodecane 0.08 C12H26 33 345
1-Pentene 0.12 C5H10 95 0 Freon 12 0.05 CCI2F2 - -
Pentane 0.04  C5H12 40 0.3  Methyl chloride 0.04  CH3dCl 1 -
Isoprene 0.11 C5H8 114 1.9  Freon 114 0.06 C2CI2F4 - -
trans-2-Pentene 0.08  C5H10 11 3.1 Vinyl chloride 0.04  C2H3Cl - -
cis-2-Pentene 0.06 C5H10 109 3.1 1,3-Butadiene 0.09 C4H6 89 1.8
2,2-Dimethylbutane 0.05 C6H14 22 - Methyl bromide 010  CH3Br - -
Cyclopentane 010  C5H10 50 - Ethylchloride 010  C2H5CI 1 -
2-Methylpentane 0.13  C6H14 41 0 Freon 11 0.10  CCI3F - -
3-Methylpentane 0.13  C6H14 43 0.2 Acrylonitrile 0.08  C3H3N - -
Hexene 0.12 C6H12 8 0 1,1-Dichloroethene 0.07 C2H2CI2 - -
Hexane 0.09 C6H14 40 0.1 Dichloromethane 0.10 CH2CI2 - -
Methylcyclopentane 0.11 C6H12 49 - 3-Chloropropylene 0.11 C3H5CI - -
2,4-Dimethylpentane 0.07 C7H16 55 - Freon 113 0.11 C2CI3F3 - -
Benzene 0.07 C6H6 10 929 1,1-Dichloroethane 0.05 C2H4CI2 - -
Cyclohexane 0.11 C6H12 28 0 cis-1,2-Dichloroethylene 0.05  C2H2CI2 - -
2-Methylhexane 0.14  C7H16 32 0 Chloroform 0.03  CHCI3 0 -
2,3-Dimethylpentane 0.08 C7H16 50 0.4  1,2-Dichloroethane 0.10  C2H4CI2 - -
3-Methylhexane 0.03 C7H16 42 0 Methyl chloroform 0.12  C2H3CI3 - -
2,2,4-Trimethylpentane 006  C8H18 60 - Carbontetrachloride 009 CCl4 - -
Heptane 005 C7H16 35 0.1 1,2-Dichloropropane 012  C3HeCI2 - -
Methylcyclohexane 005 C7H14 65 - Trichloroethylene 0.09 C2HCI3 29 -
2,3,4-Trimethylpentane 0.03  C8H18 60 - cis 1,3-Dichloropropene 0.08  C3H4CI2 - -
Toluene 0.08 C7H8 44 100 trans 1,3-Dichloropropene  0.13  C3H4CI2 - -
2-Methylheptane 0.06  C8H18 34 - 1,1,2-Trichloroethane 0.14  C2H3CI3 - -
3-Methylheptane 0.07 C8H18 37 - 1,2-Dibromoethane 0.13 C2H4Br2 - -
Octane 0.03  C8H18 34 0.8  Tetrachloroethylene 0.04 C2Cl4 1 -
Ethylbenzene 0.04  C8H10 46 111.6  Chlorobenzene 0.14  C6H5CI - -
m,p-Xylene 0.03 C8H10 79 75.8 1,1,2,2-Tetrachloroethane 0.19 C2H2CI4 - -
Styrene 0.04  C8H8 5 2123  m-Dichlorobenzene 0.15  C6H4CI2 - -
o-Xylene 0.07  C8H10 78 95.5  p-Dichlorobenzene 0.11 C6H4CI2 - -
Nonane 0.03 C9H20 34 1.9  o-Dichlorobenzene 0.10 C6H4CI2 - -
Isopropylbenzene 0.02  C9H12 32 95.5  1,2,4-Trichlorobenzene 0.16  C6H3CI3 - -
n-Propylbenzene 0.01 C9H12 38 109.7  Hexachloro 1,3-butadiene 0.19  C4dCl6 - -
m-Ethyltoluene 0.02  C9H12 78 100.6  Methyl ethyl ketone 0.09  C4H8O 32 0.6
p-Ethyltoluene 0.02  C9H12 63 69.7  Isobutyl alcohol 0.13  C4H100 - -
1,3,5-Trimethylbenzene 0.03  C9H12 107 13.5  Methyl isobutyl ketone 006 C6H120 52 -
o-Ethyltoluene 0.01 C9H12 73 94.8  Butyl Acetate 0.05 C6H1202 26 0
1,2,3-Trimethylbenzene 0.06  C9H12 105 43.9  Isopropyl alcohol 0.01 C3H80 - -

MDL (ppb): Method Detection Limit, MF: Molecular formula, POCP: Photochemical Ozone Creation Potential, SOAP: Secondary Organic Aerosol Potential
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Table 3. VOCs concentrations measured in residential workplaces (ppmv).

Concentration (mean +SD)

Species Car repair (painting) Beauty Barbecue
salons restaurant
A(n=3) B(n=4) C(n=2) D(n=1) (n=4) (n=4)
Isobutane N.D N.D N.D N.D N.D 0.33%£0.12
1-Butene <0.01 <0.01 N.D N.D N.D 0.06+0.02
Butane N.D N.D N.D N.D N.D 0.11+£0.05
Isopentane 0.01+0.02 <0.01 N.D 0.01 0.08+0.02 N.D
Pentane <0.01 <0.01 N.D N.D 0.10+£0.02 0.46+0.61
Isoprene N.D N.D N.D N.D 0.021+0.00 0.03+0.03
Cyclopentane <0.01 N.D N.D N.D 0.09+0.09 N.D
2-Methylpentane N.D N.D N.D N.D <0.01 N.D
3-Methylpentane <0.01 N.D N.D N.D 0.01+0.00 N.D
Hexene N.D N.D N.D N.D <0.01 0.22+0.09
Hexane 0.02+0.01 <0.01 N.D N.D 0.26+0.23 0.15+0.15
Methylcyclopentane 0.01+£0.01 N.D N.D N.D <0.01 N.D
2,4-Dimethylpentane N.D N.D N.D N.D N.D N.D
Benzene <0.01 <0.01 <0.01 N.D 0.010.01 0.46+0.16
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Table 3. Continued.

’

o1, TEDI, 0/ehE, 2!

[=eyS]

(e

Concentration (mean £ SD)

Species Car repair (painting) Beauty Barbecue
salons restaurant
A(n=3) B(n=4) C(hn=2) D(n=1) (n=4) (n=4)
Cyclohexane 0.01+0.01 <0.01 0.02+0.02 N.D <0.01 N.D
2-Methylhexane 0.00+0.01 <0.01 N.D N.D 0.01+0.00 N.D
2,3-Dimethylpentane <0.01 <0.01 N.D N.D N.D N.D
3-Methylhexane 0.01+0.00 0.00+0.01 N.D N.D 0.01+0.00 N.D
2,2,4-Trimethylpentane N.D N.D N.D N.D N.D N.D
Heptane 0.02+0.01 0.01+0.01 N.D N.D 0.01+0.00 0.07+0.04
Methylcyclohexane 0.01+0.00 0.03+0.03 N.D N.D <0.01 N.D
2,3,4-Trimethylpentane N.D N.D N.D N.D N.D N.D
Toluene 0.41+£0.20 1.66+1.28 0.80+£0.38 N.D 0.04+0.00 0.07£0.03
2-Methylheptane <0.01 0.01+0.01 <0.01 N.D N.D N.D
3-Methylheptane N.D 0.01+0.01 N.D N.D N.D N.D
Octane <0.01 0.07£0.04 0.01+0.00 N.D <0.01 0.08+0.06
Ethylbenzene 0.48+0.27 0.72+£0.42 0.36+0.10 N.D 0.01+0.00 0.02+0.01
m,p-Xylene 1.41+£0.67 1.68+0.65 1.31+£0.25 N.D <0.01 0.01+0.01
Styrene 0.03£0.02 0.02+0.02 0.01+0.00 <0.01 0.01+0.00 0.05+0.04
o-Xylene 0.78+0.47 1.17+£0.53 0.61+0.13 N.D <0.01 0.01£0.00
Nonane 0.02+0.02 0.02+0.00 0.04+0.01 N.D 0.01+0.00 <0.01
Isopropylbenzene 0.04+0.03 0.06+0.03 0.02+0.00 0.01 N.D <0.01
n-Propylbenzene 0.14£0.10 0.11+0.06 0.04+0.01 0.01 N.D N.D
m-Ethyltoluene 0.50+0.34 0.44+0.19 0.13+0.03 0.01 0.01+0.00 N.D
p-Ethyltoluene 0.17+0.11 0.18+0.08 0.06+0.01 <0.01 N.D <0.01
1,3,5-Trimethylbenzene 0.20+0.12 0.19+0.08 0.08+0.01 <0.01 N.D N.D
o-Ethyltoluene 0.24+0.16 0.22+0.09 0.06+0.01 0.01 N.D N.D
1,2,3-Trimethylbenzene 0.56+0.33 0.53+0.21 0.18+0.03 0.01 <0.01 N.D
Decane 0.01£0.02 N.D 0.02+0.00 0.02 0.01+0.00 0.04£0.03
1,2,4-Trimethylbenzene 0.33+£0.20 0.26+0.11 0.07£0.01 0.01 N.D 0.03+0.05
m-Diethylbenzene 0.03+0.01 0.03+0.01 0.02+0.00 0.01 N.D N.D
p-Diethylbenzene 0.07£0.03 0.06+0.02 0.03+0.00 N.D N.D N.D
n-Undecane 0.02+0.01 <0.01 0.01+0.00 0.03 0.01+£0.00 N.D
n-Dodecane 0.02+0.01 N.D N.D 0.01 0.01+0.00 N.D
1,3-Butadiene* N.D <0.01 N.D N.D N.D 0.06 +£0.04
Acrylonitrile* <0.01 <0.01 N.D N.D N.D N.D
Dichloromethane* 0.01+0.00 0.01+0.00 <0.01 N.D 0.12+0.08 N.D
Chloroform* 0.01+0.00 <0.01 <0.01 0.01 0.03+0.02 0.10£0.09
1,2-Dichloroethane* N.D N.D N.D N.D 0.02+0.00 N.D
1,2-Dichloropropane* N.D N.D N.D N.D 0.02+0.00 N.D
Trichloroethylene* N.D N.D N.D N.D 0.02+0.00 N.D
m-Dichlorobenzene* N.D N.D N.D 0.01 N.D N.D
Methyl ethyl ketone* <0.01 0.66+0.54 N.D N.D 0.03+0.00 0.01+0.01
Isobutyl alcohol* 0.01+0.01 0.00+0.00 N.D N.D N.D N.D
Methyl isobutyl ketone* 0.38+0.33 0.96+0.91 0.43+0.20 0.02 N.D N.D
Butyl Acetate* 2451+0.84 3.48x+1.74 145+0.38 N.D <0.01 N.D
Isopropyl alcohol* 0.05%0.00 0.06 +0.02 0.03+0.01 N.D 0.09+0.04 0.52+0.22
Sum of VOCs 8.48+4.39 12.70+£7.11 577+1.61 0.19 1.04+0.51 2.90+1.86
Sum of ozone precursor 5.58+3.20 7.51+3.89 3.87+£1.01 0.15 0.69+0.38 2.20+1.50

N.D: not detected, < 0.01: detected below 10 ppb, *: not ozone precursor
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Table 4. POCP weighted emissions contribution of VOCs emitted from residential workplaces.

Car repair (painting) B

Beauty salons

Barbecue restaurant

Compounds % Compounds % Compounds %
m,p-Xylene 19.3 Hexane 33.6 Pentane 34.2
Butyl Acetate 143 Cyclopentane 11.8 Hexene 121
o-Xylene 13.2 Pentane 11.0 Isobutane 9.4
Toluene 9.2 Isopentane 6.4 1-Butene 6.2
1,2,3-Trimethylbenzene 9.1 Toluene 5.8 1,3-Butadiene 5.9
Methyl isobutyl ketone 6.8 Isoprene 49 Benzene 5.1
m-Ethyltoluene 5.6 Trichloroethylene 33 Hexane 44
Ethylbenzene 4.8 Methyl ethyl ketone 2.8 Butane 33
1,2,4-Trimethylbenzene 4.7 Decane 2.7 Toluene 32
1,3,5-Trimethylbenzene 34 n-Undecane 2.3 Octane 3.1
o-Ethyltoluene 2.6 m-Ethyltoluene 2.0 Isoprene 3.1
Methyl ethyl ketone 2.0 n-Dodecane 1.6 Heptane 2.7
p-Ethyltoluene 1.9 m,p-Xylene 14 1,2,4-Trimethylbenzene 1.8
p-Diethylbenzene 0.7 3-Methylhexane 1.2 Decane 1.6
n-Propylbenzene 0.7 2-Methylhexane 1.1 m,p-Xylene 1.1
Octane 03 Ethylbenzene 1.0 Ethylbenzene 0.9
Isopropylbenzene 0.3 Nonane 0.9 o-Xylene 0.8
m-Diethylbenzene 03 o-Xylene 0.9 Methyl ethyl ketone 03
Methylcyclohexane 0.3 3-Methylpentane 0.9 Styrene 0.3
Nonane 0.1 Heptane 0.9 Nonane 0.3
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Fig. 3. SOAP weighted emissions contribution of VOCs emitted from residential workplaces.
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