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Estimation of Chemical Speciation and Temporal Allocation Factor of
VOC and PM2.5 for the Weather-Air Quality Modeling
in the Seoul Metropolitan Area
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Abstract: The purpose of this study is to assign emission source profiles of volatile organic compounds (VOCs) and
particulate matters (PMs) for chemical speciation, and to correct the temporal allocation factor and the chemical speciation of
source profiles according to the source classification code within the sparse matrix operator kernel emission system
(SMOKE) in the Seoul metropolitan area. The chemical speciation from the source profiles of VOCs such as gasoline,
diesel vapor, coating, dry cleaning and LPG include 12 and 34 species for the carbon bond IV (CBIV) chemical mechanism
and the statewide air pollution research center 99 (SAPRC99) chemical mechanism, respectively. Also, the chemical
speciation of PM2.5 such as soil, road dust, gasoline and diesel vehicles, industrial source, municipal incinerator, coal fired,
power plant, biomass burning and marine was allocated to 5 species of fine PM, organic carbon, elementary carbon, NO; ,
and SO,”. In addition, temporal profiles for point and line sources were obtained by using the stack telemetry system
(TMS) and hourly traffic flows in the Seoul metropolitan area for 2007. In particular, the temporal allocation factor for the
ozone modeling at point sources was estimated based on NOx emission inventories of the stack TMS data.

Keywords: source profile, chemical speciation, temporal allocation factor, stack telemetry system, hourly traffic flows
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Fig. 1. Transport network associated with line source in the Seoul metropolitan area.
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Table 1. Chemical species, molecular weight, and structure of VOCs

Description Mwt Structure Description ~ Mwt Structure
1,2,4-Trimethylbenze 120.20 CH;-CH;-CH-CH;-CH-CH cyclopentane  70.14 *CH,-CH,-CH,-CH,-CH,-*
1,3,5-Trimethylbenze 120.20 CH;-CH-CH;-CH-CH;-CH Ethane 30.07 CH;-CH;
1-Butane 56.11 CH,=CH-CH,-CH; Ethylbenzene 106.17 CH,=C(CH)=CH-CH=CH-CH=CH
1-pentane 70.14 CH,=CH-CH,-CH,-CH; Ethylene 28.05 CH,=CH,
2,2-Dimethylbutane ~ 86.18 CH;-C(CH;)(CH3)-CH,-CH; Isoprene 68.12 CH,=CH-C(CH;)=CH,
2,3-Dimethylbutane ~ 86.18  CH;-CH(CH;)-CH(CH)-CH,-CH; Mii‘iﬁ"l" 98.19 *CH(CH;)-CHy-CH,-CH;-CH,-CH-*
2,3-Dimethylpentane 10021  CH;-CH(CH;)-CH(CH;)-CH,-CH; m=xylene  106.17 C(CH;)=CH-C(CH;)=CH-CH=CH
2,4-Dimethylpentane  100.21 CH;-CH(CH3)-CH,-CH(CH3)-CH3 n-Butane 58.12 CH;-CH,-CH»-CH;
2-methyl-2-butene 70.14 CH;-C(CH;)=CH-CH; n-Heptane ~ 100.21 CH;-CH,-CH,-CH,-CH,-CH»-CHj3
2-Methylheptane 114.23 CH;-CH(CHj3)-CH,-CH,-CH,-CH,-CHj3 n-Hexane 86.18 CH;-CH,-CH,-CH,-CH»-CH3
Z-Methylhexane 1002] CH3-CH(CH;)-CHz-CHz-CHz-C]‘b n-Nonane 12826 CH3-CHz-CHz-CHz-CHz-CHrCHz-CHz-CH}
2-Methylheptane 86.18 CH;-CH(CH;)-CH,-CH,-CH n-Octane  114.23 CH;-CH,-CH,-CH,-CH,-CH,-CH,-CHj
(isopentane)
2methylpropane: g 15 cpr,-cH(CHS)-CH n-Pentane  72.15 CH;-CH,-CH,-CH,-CH;
isobutane
3-Methylheptane ~ 114.23 CHs-CH,-CH(CH;)-CH-CH-CH-CH; ~ o-Xylene 10617 C(CH;)=C(CH;)-CH=CH-CH=CH
3-Methylhexane 100.21 CH;-CH»-CH(CHj3)-CH,-CH»-CH3 Propane 44.10 CH;-CH,-CH;
3-Methylpentane 86.18 CH;-CH»-CH(CH3)-CH»-CH; Propylene ~ 42.08 CH,=CH-CHj;

Acetylene 26.04 HC=CH Styrene 104.15 C(CH3)=CH-CH=CH-CH=CH
Benzene 78.11 CH-CH=CH-CH=CH-CH Toluene 92.14 CH;-CH-CH=CH-CH=CH

cis-2-Butene 56.11 CH;-CH=CH-CH;

trans-2-Butene  56.11 CH;-CH=CH-CH;

Table 2. Chemical species and molecular weight of CBIV and SAPRC99

CBIV PAR OLE TOL XYL FORM ALD2 ETH ISOP MEOH ETOH UNR NVOL
(mw) 16 32 112 128 16 32 30 80 16 32 16 16

CH4 ALKl ALK2 ALK3 ALK4 ALKS5 ETHE OLE1 OLE2 ISOP TERP ARO!l ARO2 HCHO CCHO RCHO BALD

SAPRC99 16.04 30.07 3673 58.61 77.60 118.89 28.05 72.34 7578 68.12 13624 95.16 118.72 30.03 44.05 58.08 106.13

(mw)  ACET MEK PRD2MEOH GLY MGLY BACL PHEN CRES MACR MVK IPRD FACD AACD PACD NVOLNROG

58.08 72.11 116.16 32.04 58.04 72.07 86.09 94.11 108.14 70.09 70.09 100.12 46.03 60.05 74.08 16.00 47.08
CORINAIRY-F Shgo] A Beyl B RujASE A S Qi

AAE 8371 wZel EPA SCCe}
AZ g2} g2 Hodd 2 HoHde SCCtH
VOC 7} s8kge] ul&d 229 dlo]Ewo] X~
Hgslo] Frd ZE2 CBIVEH SAPRCY9 59
sleAUSE sleks ERel wE A% 283 =
FajAIFE A= dAlolH

Table 1> VOC9 F8 3853 B 9 gls)
TZE, Table 2= CBIVS} SAPRC999] 18t AU
=4 voce] spegat BARRS 7 YERd Aola
Table 32 Bong et al. (2003)% Han et al. (2005)2]
voce] 1270 wiEd Z29de| tigk voC 7t s}
Z9] 24718 A= Tg(%)i Azt Zo|t}. Table
3¢] VOC 1270 wiE9 ZEadda 24" VOC
385 A HE&S o]8dl Table 29 CBIVS}

TE=
SAPRC99 A UZel e zt 12709} 3470 3}

Table 39] SCCEE CBIVS} SAPRC99¢] 3}
ZAUzd voc 3ekEe] AZ B8-2 Ak 98
A= Table 3¢ VOC 7 3}8kee] Ak Bg 298
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VOC 3}81£-& Table 39] SCCE VOCY 7z} 3}8k%
of slat Aol AT okxke} Aol xFIE RE
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Table 3. Source profiles of VOCs form SCC such as gasoline emission, diesel emission, gasoline vapor, coating, dry cleaning,

LPG, propane LPG town gas in the Seoul metropolitanarea

(unit: % by weight)

SCC Gasoline Diesel Gasoline . . . D Grapic LPG  Propane Town
VOCs emission emission  vapor Coating0 Coating] Coating? cleat?i/ng arE[) Butane (Vehicle) LIF’)G gas
1,2,4-Trimethylbenze 3.29 3.93 0.09 20.9 7.02 0.09 0 0
1,3,5-Trimethylbenze 1.04 1.36 0.77 11.78 0.7 0.02 0 0
1-Butane 123 1.52 0.65 0 0 0 0 0 0 0 0
1-pentane 0 0 0 0 0
2,2-Dimethylbutane 0.2 0.35 0 0 0.04 0.01 0.03 0 0
2,3-Dimethylbutane 1.48 3.57 0.21 0.81 033 0 0 0
2,3-Dimethylpentane 0.94 2.1 0.09 0.94 1.53 0.15 0 0
2,4-Dimethylpentane 0.58 1.37 0.23 0.25 0.87 0 0 0
2-methyl-2-butene 0.5 343 0 0.2 0 0 0 0
2-Methylheptane 0.59 0.18 0.51 0.42 3.76 0.01 0 0
2-Methylhexane 0.87 2.01 0.21 0.76 12 0.07 0 0
é;if:ﬁal:;ptm 1219 0 2516 051 0 566 08 28 0 007 0 102
iﬁ‘;ﬂﬁg’“}pm; 475 082 782 004 0 0 061 008 0 2669 459 497
3-Methylheptane 0.04 1 0.33 0.02 135 0.03 0 0
3-Methylhexane 0.03 0.55 0.06 0.02 0.16 0.03 0 0
3-Methylpentane 0.96 4.66 0.22 0.28 0.87 0.03 0 0
Acethlene 5.55 0 0 0.41 0 0 0.42 0.21 0 0 0 0
Benzene 2.79 4.52 0.53 0.28 0 0.41 1.37 132 0 0.18 0 0
cis-2-Butene 0.03 0 091 0.01 0 0 0.01 0 0 03 0 0
cyclopentane 0.05 0.95 0 0.06 0 0 0 0
Ethane 0.89 0.44 0.01 0 0 0 0 0 0 7.17 5.28 69.26
Ethylbenzene 1.15 1.47 0.01 2.8 0.44 13 3.76 1.05 0 0.04 0 0
Ethylene 159 389 0 0 0 0 0 0 0 0 0 0
Isoprene 1.52 0 0 0.01 0 0 0 0 0 0 0 0
Methylcyclohexane 0.85 1.15 0.43 143 6.39 0 0 0
m-xylene 5.24 17.1 5.64 1740  2.05 41 6.65 2.32 0 0.11 0 0
n-Butane 12.05 3.58 15.71 0.29 0 0.18 0.33 035 6400 54.13 6.22 5.16
n-Heptane 1.96 0.33 1.71 0.56 0 443 0.53 1.24 0 0.02 0 0
n-Hexane 2.36 0 4.12 1.74 0 1.1 0.7 2.05 1.01 0.03 0 0
n-Nonane 1.54 0.82 0.61 33.68 1.51 0.01 0 0
n-Octane 0.28 1.9 0.07 0 0 0 1.54 022 0 0 0 0
n-Pentane 2.82 0.07 7.71 0.15 0 0 1 0.05 1040 0.51 0 0.78
0-Xylene 2.53 5.19 0.01 5.83 0.27 20.8 4.02 1.79 0 0.04 0 0
Propane 1.9 0.35 0.96 0.23 0 0 0.02 0.08 24.50 9.92 81.91 18.24
Propylene 3.62 13.7 0 0 0 0 0 0 0 0 0 0
Styrene 0.37 0 0.04 0.18 0 4.11 1.68 0.18 0 0.03 0 0
Toluene 7.85 341 0.87 65.68 89.1 2.52 494 60.49 0 0.17 0 0
trans-2-Butene 0.07 0.64 0.05 0 0 0 0 0
others 0.06 6.7 0.64 0.07 8.14 6.16 0 0 0 0.12 2.00 0.57

Total 100 100 100 100 100 100 100 100 100 100 100 100
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Table 4. Source profiles of PM2.5 from SCC such as soil, road dust, gasoline, diesel vehicle, industrial source, municipal incin-

erator, coal fired power plant, biomass burning, marine in the Seoul metropolitan area

(unit: % by weight)

. . Road Gasoline Diesel Industrial Municipal Coal-fired Biomass .
Species AE6 Soil . . - . Marine
dust vehicle vehicle source incinerator power plant burning

Mg™ PMG 0.114 0.193 0.832 0.023 0.020 0.088 0.223 0.095 5.163

Al PAL 21.090 7.954 0.000 0.000 0.000 0.000 18.131 0.007 0.000

Si PSI 32.595 19.020 2.156 0.532 0.301 0.341 28.468 0.102 0.057

Cr PCL 1.230 0.975 17.863 2.696 0.591 34.618 0.000 1.316 34.154

K PK 4.880 3.693 1.334 0.068 0.124 3.073 2.107 0433 0.056

Ca PCA 0.641 12.064 2.131 0.071 0.112 1.952 3.172 0.011 0.444

Ti PTI 1.261 0.705 0.000 0.000 0.000 0.000 1.200 0.000 0.000

Mn PMN 0.306 0.193 0.000 0.000 0.000 0.000 0.115 0.004 0.000

Fe PFE 16.058 9.678 0.462 0.031 0.706 17977 6.294 0.011 0.000

oC POC 8.251 16.749 12.808 21.519 3918 4338 10.516 38.339 0.020

EC PEC 0.000 2.069 6.774 46.321 4.788 0.580 0.799 4.060 0.001

NO;’ PNO3 0.441 0.000 2.406 0.163 0.322 0.576 1.162 0.629 0.000

S0~ PSO4 0.363 1.548 23.899 1.192 71471 3.337 11.866 0.722 9.288

NH," PNH4 0.280 0.179 8.608 0.218 4.954 19.770 0.373 0.227 0.000

- PNCOM 11.552 23.449 16.009 26.898 5.485 6.073 14.723 53.675 0.027

- PH20 0.154 0414 0.000 0.000 0.000 0.000 0.000 0.000 2.229

Other ~ PMOTHR  0.460 0.932 2.511 0.156 3.641 3.790 0.473 0.186 24.280
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Table 5. Mole and mass fraction of CBIV (a) and SAPRC99 (b) chemical speciation of VOC from coating emission

(a) CBIV
Coating Index Mole fraction Divisor Mass fraction Index Mole fraction Divisor ~Mass fraction
PAR 0.003631302 1 0.3423 ETH 0 1 0
OLE 0.000006333 1 0.0007 ISOP 0.000001076 1 0.0001
06050((3)300 TOL 0.004990954 1 0.5032 MEOH 0 1 0
06010800 XYL 0.001221836 1 0.1412 ETOH 0 1 0
FORM 0 1 0 UNR 0.000113301 1 0.0078
ALD2 0.000072075 1 0.0048 Total 0.010036878 1
(b) SAPRC99
Coating Index Mole fraction Divisor Mass fraction Index Mole fraction Divisor Mass fraction
CH4 0 1 0 MEK 0 1 0
ALK1 0 1 0 PRD2 0 1 0
ALK2 0.000181224 1 0.0064 MEOH 0 1 0
ALK3 0.000056384 1 0.0033 GLY 0 1 0
ALK4 0.000320227 1 0.0936 MGLY 0 1 0
ALKS 0.000231574 1 0.0227 BACL 0 1 0
ETHE 0 1 0 PHEN 0 1 0
OLE1 0 1 0 CRES 0 1 0
SCC OLE2  0.000033045 1 0.0024 MACR 0 1 0
06000000- ISOP 0.000001458 1 0.0001 MVK 0 1 0
06010800 : :
TERP 0 1 0 IPRD 0 1 0
ARO1 0.006810584 1 0.6890 FACD 0 1 0
ARO2 0.002253230 1 0.2392 AACD 0 1 0
HCHO 0 1 0 PACD 0 1 0
CCHO 0 1 0 NVOL 0 1 0
RCHO 0 1 0 NROG 0.000122951 1 0.0077
BALD 0 ! 0 Total 0.010010676 1
ACET 0 1 0 ota '
spekgg ol 2 ztel7t 171 WO R T o] PM25 W& 34 ZEAS B3l o]F PM2.S5
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Table 6. Same as Table 5 except for dry cleaning

(a) CBIV
Dry cleaning Index Mole fraction Divisor Mass fraction Index Mole fraction Divisor ~ Mass fraction
PAR 0.009234314 1 0.8759 ETH 0 1 0
OLE 0.000017207 1 0.0018 ISOP 0 1 0
scc TOL 0.000219653 1 0.0221 MEOH 0 1 0
06030000- XYL 0.000800236 1 0.0924 ETOH 0 1 0
06030100
FORM 0 1 0 UNR 0.000089922 1 0.0068
ALD2 0.000012775 1 0.0009 Total 0.010374107 1
(b) SAPRC99
Dry cleaning Index Mole fraction Divisor Mass fraction Index Mole fraction Divisor ~Mass fraction
CH4 0 1 0 MEK 0 1 0
ALK1 0 1 0 PRD2 0 1 0
ALK2 0.000081557 1 0.0042 MEOH 0 1 0
ALK3 0.000181650 1 0.0094 GLY 0 1 0
ALK4 0.000626506 1 0.0326 MGLY 0 1 0
ALKS 0.001560704 1 0.0812 BACL 0 1 0
ETHE 0 1 0 PHEN 0 1 0
OLE1 0 1 0 CRES 0 1 0
06033%300 OLE2  0.000350324 1 0.0182 MACR 0 1 0
06030100 ISOP 0 1 0 MVK 0 1 0
TERP 0 1 0 IPRD 0 1 0
ARO1 0.008215783 1 0.4272 FACD 0 1 0
ARO2 0.008035218 1 0.4178 AACD 0 1 0
HCHO 0 1 0 PACD 0 1 0
CCHO 0 1 0 NVOL 0 1 0
RCHO 0 1 0 NROG 0.000179027 1 0.0093
BALD 0 1 0
ACET 0 | 0 Total 0.019230769 1

Table 7. Existed EPA mass fraction of the CBIV chemical speciation of VOC from the CAPSS SCC

SCC OLE PAR TOL XYL FORM ALD2 ETH CRES MGLY OPEN PNA NXOY PAN HONO H202 HNO3 MEOHETOH ISOP
06000000 0 0.48460.24680.2378 0 0.0083 0 0 0 0 0 0 0 0 0 0 0.00030.0023 0
06010000 0 0.48460.24680.2378 0 0.0083 0 0 0 0 0 0 0 0 0 0 0.00030.0023 0
06010100 0 0.48460.24680.2378 0 0.0083 0 0 0 0 0 0 0 0 0 0 0.00030.0023 0
06010200 0 0.42760.23910.2962 0 0.0038 0 0 0 0 0 0 0 0 0 0 0.0003 0.01 0
06010300 0 0.79970.04870.0831 0 0.0074 0 0 0 0 0 0 0 0 0 0 0.00150.0129 0
06010400 0 0.72260.00630.0104 0.002 0.0008 0 0 0 0 0 0 0 0 0 0 0.00020.2473 0
06010500 0 0.45220.18730.3238 0 0.0101 0 0 0 0 0 0 0 0 0 0 0.00030.0026 O
06010600 0 0.47490.21950.2603 0 0.0065 0 0 0 0 0 0 0 0 0 0 0.00040.0033 0
06010700 0 0.359 0.38620.1991 0 0.0015 0 0 0 0 0 0 0 0 0 0 0.00010.037 O
06010800 0 0.50430.19070.2535 0 0.0067 0 0 0 0 0 0 0 0 0 0 0.00040.0104 0O
06030000 0.00680.81190.02930.0795 0 0.0127 0 0 0 0 0 0 0 0 0 0 0 0 0
06030100 0.00680.81190.02930.0795 0 0.0127 0 0 0 0 0 0 0 0 0 0 0 0 0
yepdth =3k wzEd A (SCC 01050100) A8 W Rog ¥ HE F7|= UeRA et
#71E(SCC 09010203)°] 7%= E} SCC wiE AlA A2 F AEAASE A Slside 1370

o vlgl] A7) Jej7t E=A YERST) Table 102
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Aol g 9 e dEEF AHEAIASE et

SCCE NOxo % TSP Z% TMS AEZHE 4
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Table 8. Mass fraction of chemical speciation of PM2.5 from SCC such as such as soil, road dust, gasoline, diesel vehicle,

industrial source, municipal incinerator, coal fired power plant, biomass burning, marine in the Seoul metropolitan area

SCC . Gasoline Diesel Industrial ~ Municipal ~ Coal-fired ~ Biomass .
Soil Dust road . . . . Marine
PM2.5 vehicle vehicle source incinerator power plant  burning
PMFINE 0.897105 0.736696 0.475505 0.060339 0.352625 0.904556 0.722297 0.059125 0.873806
POC 0.093755  0.216548  0.146394 0292222 0.031506  0.046888  0.119969  0.824495  0.000266
PEC 0 0.026745  0.077427  0.629028  0.038505  0.006267  0.009112  0.087318  0.000018
PNO3 0.005013 0 0.027504 0.002218 0.002586 0.006222 0.013258 0.013531 0
PSO4 0.004127 0.020011 0.27317 0.016193 0.574778 0.036067 0.135364 0.015531 0.12591
Table 9. Monthly time allocation factors of NOx by SCCs in the Seoul metropolitan area
SCC 0101 0101 0102 0105 0201 0301 0302 0406 0407 0901 0901 0901 0901
Month 0100 0500 0100 0100 0500 0100 1600 0101 0401 0103 0202 0203 0400
1 97 88 83 125 17 87 102 83 105 68 71 76 82
2 86 87 75 71 17 75 78 72 91 63 73 66 66
3 98 86 71 77 8 99 93 92 87 69 93 87 86
4 84 85 73 60 4 86 81 84 63 75 96 78 85
5 82 85 71 55 28 82 85 96 82 83 77 90 70
6 80 83 77 81 64 83 95 89 83 94 88 82 83
7 80 80 73 101 258 81 98 83 82 113 81 83 98
8 79 79 87 101 272 80 84 70 85 55 86 88 90
9 61 66 82 92 190 73 60 64 78 86 65 83 80
10 81 80 96 80 95 77 78 96 92 104 101 94 88
11 78 91 103 81 6 88 78 95 64 105 98 89 92
12 94 92 108 76 39 90 70 76 87 85 70 83 81
Total 1,000 1,002 999 1,000 998 1,001 1,002 1,000 999 1,000 999 999 1,001
Table 10. Weekly time allocation factors of NOx in the SCC 01010100
Month
Day of the week 1 2 3 4 5 6 7 8 9 10 11 12 Mean
Mon. 147 142 156 147 149 145 151 157 177 150 146 157 152
Tue. 167 157 158 165 160 151 154 152 163 154 164 150 158
Wed. 158 146 151 155 152 153 156 148 151 157 159 152 153
Thur. 158 160 154 161 167 144 164 156 156 158 159 151 157
Fri. 162 159 145 157 155 156 165 160 164 156 161 148 157
Sat. 131 152 137 146 141 148 143 136 130 145 139 160 142
Sun. 77 85 98 70 76 104 69 91 59 80 74 82 80
Y BRAL AL 24 W2 7Y 2 BT LS 2 IFOR R, EQUN 4edL A=
o Hg TFallh the, o] #E 97 wWiEF ol OE Fd= Zosiien, 3Rd A 59 wads
et e Uehlio] b AlZHRAIFE sl 409w Rejsidlont. AaEores 2y Rl
o Table 11> 4597 4 =4 el Leslo] T FEE BEHe Aed BdeE ASHe
753 7Y W BEGoR TR WA AT A KR AN 293 deos 4
AR ATE FSSIET, 3 T2l Aok Foll miel ofF 24417ke] 7 ARIPER 17 wiE
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Table 11. Hourly time allocation factors of NOx in the SCC 01010100

. Hour 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Day of the week
Mon.-Fri. 34 27 21 20 22 27 34 41 46 48 48 49 49 49 49 50 S0 50 50 49 49 48 46 43
Weekend 55 46 37 31 27 27 28 30 32 33 34 35 36 36 36 38 43 48 54 59 62 63 61 54
Mean 44 36 29 25 24 27 31 36 39 41 41 42 43 42 42 44 47 49 52 54 55 55 53 48
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Fig. 2. Comparison of hourly time allocation factors between with and without data QC of (a) NOx and (a) TSP emissions in
the SCC 01010100.
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Fig. 3. Monthly time allocation factors estimated by SCCs at all traffic monitoring sites in Seoul. Traffic flows (a) such as SCC
07010000-07030405 (small vehicles such as automobiles, mini cars, mini bus) and SCC 07040000-07060305 (large vehicles such
as bus, truck and special) inside the city, and (b) such as SCC 07010200-07020305 (automobiles, taxis), SCC 07010100-
07010105 (mini cars), SCC 07040000-07040505 (buses), SCC 07030000-07030404 (mini buses), SCC 07050100-07050205 (mini
and medium trucks), and SCC 07050300-07050405 (large truck and special cars) in the suburb.
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Fig. 4. Same as Fig. 3 except for weekly.
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Fig. 5. Same as Fig. 3 except for hourly.
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