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The purpose of this study was to develop the preliminary source fingerprints of volatile organic compounds
(VOC). The source categories studied were vehicles, gasoline vapor, gasoline storage tank, coating, dry cleaning
and road covering. The source samples were collected using 6L electro-polished stainless steel canisters for
about 20 seconds. From this study, the main component emitted from VOC sources in Korea was toluene. The
toluene proportion for road covering, vehicles, coating and gasoline vapor were 35, 18, 16 and 5%, respec-
tively. The C»-Cs alkane and alkeme compounds were mainly emitted from vehicles, gasoline vapor and
gasoline storage tank. The main compounds of coating were m/p-xylene(34%), toluene(16%), 1,2,4-TMB(10%)
and o-xylene(9%), which are aromatic hydrocarbons. In the case of dry cleaning, nonane(41%), 1,2,4-TMB

(22%) and 1,3,5-TMB(13%) were mainly emitted.
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Table 1. Vehicle fingerprints(wt%)

Narth

Compotnds This study Japanl Caroling® New York® Chjcago4 Paris’
Fitting compounds )

acetylene 1.44( 5.5)° 55 572 78 431 1115
ethane 1.35( 4.33) 31 177 3.1 181 242
propylene 1.67( 3.69) 56 251 32 260 9.49
propane 493( 5.38) 6.1 034 6.7 1.00 0.80
i-butane 2.74( 4.21) 46 0.00 12 241
1-butene 2.27( 3.79) NA 379
butane 381( 5.96) 151 3.14 9.0 10.79 9.43
i—pentane 1.57( 2.04) 10.4 6.04 7.2 25.00
pentane 1.41( 1.8D) 6.0 2.89 32 371 24
2-methylpentane 1.14( 1.15) 3.8 0.00 29 321 257
3-methylpentane 0.99( 1.01) 2.3 0.00 19 1.65 1.25
hexane 2.07( 2.06) 44 0.00 1.4 2.08 0.78
benzene 2.52( 3.04) 56 2.96 6.6 3.3

heptane 0.74( 0.63) 0.74
methylcyclohexane 0.32( 0.27) 2.5

toluene 20.0 (17.50) 105 6.08 14.2 5.61

ethyl benzene 6.55( 4.64) 16 1.23 2.0 1,02

m/p-xylene 109 ( 8.05) 2.4 414 6.5 352

o-xylene 364( 2.72) 11 1.32 39 127

nonane 1.61( 0.98)

i~propy! benzene 0.37( 0.25)

n-propyl benzene 1.21¢ 0.83) 0.24

1,35-TMB 2.83( 1.99) 091

1,24-TMB 114 ( 7.72) 0.46

Sub total 87.56(83.20) 881 38.64 80.8 30.87 71.63
Non-fitting compounds

ethylene - 12.0 7.03 18.2 6.98 21.38
isoprene 0.67( 0.80)

t-2-pentene 0.28( 0.32)

c-2-pentene 0.16( 0.20) 0.44
2-methyl-2-butene 0.43( 052) 050
cyclo hexane 0.25( 0.24)

2-methyl hexane 0.79( 0.69)

2,3-dimethy] pentane 0.25( 0.22) 2.16

3-methyl hexane 0.85( 0.73) 1.24

styrene 150( 1.14)

methylene chloride 1.05( 1.14)

chloroform 0.47( 0.37)

carbontetrachloride 029 0.17)

others 5.45( 4.26) 54.33 1.0 3875 6.05
Sub total - 12.44(10.8) 12.0 61.36 19.2 49,13 2743
Total 100 100 100 100 100 100

! Total:17 compounds analysis in Japan(Uno and Y642, 1994)

7 Ambient measurements collected from down-wind and up-wind of a busy intersection in US.A.
(Bottenheim et al., 1997)

* Average tail-pipe emission composition from the FTP driving cycle test for 46 in-service vehicles collected
under laboratory conditions in U.5.A.(Sigsby et al., 1987)

* Data collected along Lower Wacker drive in Chicago during morning and evening rush hour periods in March
of 1990(Doskey et al., 1992)

® Data collected near the entrance and exit of the tunnel by instantanecusly canister in France
(Touaty and Bonsang, 2000)

S()y=VV %
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Table 2. Gasoline vapor fingerprints(wt%)

Compounds This study Chicago' California® California’ Japan’ Atlanta®
Fitting compounds

acetylene 0.03(3.30)° 0.00 0.00 0.0 001
ethane 0.05(2.46) 0.08 0.04 0.0

propylene 0.13(2.70) 0.00 0.00 0.0 0.13
propane 2.69(3.49) 0.39 124 1.08 18

i-butane 1.00(3.76) 134 0,78 13.71 152 466
1-butene 12.3(7.98) 1.16
butane 2.36(2.25) 30.2 22.83 2457 19.1 19.33
i-pentane 10.2 (6.89) 314 35.7

pentane 19.0 (8.59) 132 8.52 535 13.1 853
2-methylpentane 0.92(1.70) 490 6.3 399
3-methylpentane 1.94(1,61) 250 233 221 31 2.18
hexane 1.19(5.73) 2.00 1.83 1.83 32

benzene 1.11(2.18) 0.50 0.77 156 09 0.83
heptane 2.20(0.96) 0.23
methylcyclohexane 1.12(0.69)

toluene 1.46(5.14) 0.90 0.66 2.08 1.0 1.19
ethyl benzene 0.42(1.06) 0.04 0.04 0.22 0.1 0.10
m/p-xylene 1.39(3.54) 0.04 0.3 0.29
o-xylene 0.43(1.30) 0.04 0.05 0.31 0.1 0.11
nonane 0.20(2.87)

i-propyl benzene 0.08(0.29) 0.05
n-—propyl benzene 0.23(0.86) 0.02
135-TMB 0.39(2.27) 0.04
1,24-TMB 1.40(8.64)

Sub total 62.22(80.25) 995 4864 52.96 999 429
Non—fitting compounds

ethylene - 00 857
isoprene 0.08(0.23)

t~2-pentene 2.76(1.61) 255
c—2-pentene 2.00(0.94) 1.39
2-methyl-2-butene 1.16(1.68) 306
cyclo hexane 1.28(0.48) 067
2-methy] hexane 1.20(0.73)

2,3-dimethyl pentane 1.10(0.28) 0.33
3-methyl hexane 1.23(0.81) 1.05 0.50
styrene 0.02(0.39) 0.02
methylene chloride 0.01(0.81)

chloroform 0.01(1.11)

carbontetrachloride 0.00(0.37)

others 26.93(10.3) 05 51.36 459 0.1 4853
Sub total 37.78(19.75) 05 51.36 47.04 0.13 5710
Total 100 100 100 100 100 100

! Headspace composition of summer blend unleaded gasoline(Scheff et al,, 1989)

% Summer blends are based on a composition of four product types in proportion to 1979 Califorma sales
(EPA, 19838)

* Winter blends are based on a composition of four product types in proportion to 1979 California sales
(EP4, 1983)

* Total 17 compounds analysis in Japan(Uno and SeA<gkss, 1994)

5 Average composition of head space samples of six major brands of gasoline sold in the Atlanta area during
1990 (Chitsan and Milford, 1994)

C()=VNV %
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Table 3. Gasoline storage tank fingerprints(wt%)
Compounds This study Japan' Mlinois® Ilinois® Chicago®
Fitting compounds
acetylene
ethane 0.00( 0.00° 16 052 0.09
propylene 0.00( 0.06) 30 438 387
propane 0.04( 0.06) 28 1.22 0.64
i-butane 0.13( 0.19) 202 597 17.13 2.00
butane 1.27( 1.11)
i~pentane 9.44(115 ) 161 1526 1416 1815

123 (10.7 ) 144 13.56 25.62
pentane 242 (199 ) 69 1.92 5.89 6.17
2-methylpentane 0.62( 7.31) 37 262 581 3.19
3-methylpentane 105 ( 642) 2.1 121 343 2.36
hexane 6.63( 5.43) 5.0 1.72 2.5 2.50
benzene 0.38( 0.68) 43 240 L.12 0.90
heptane 1.23( 5.8D) 161 1.28
methylcyclohexane 0.71( 5.81) 1.48 080
ethyl benzene 0.49( 0.25) 1(3) g% (1);12 ggg

— 1.83( 0.88) . . . .

g’_/;fyf;yif“e 066( 0.41) 09 082 068 058
nonane 0.70( 1.03)
. 0.44( 0.26)
i-propyl benzene 1.34( 0.71)
n-propyl benzene 1.15( 0.45)
135-TMB 345( 1.33)
1,24-TMB
Sub total 93.12(85.94) 971 4293 81.63 73.26
Non—fitting compounds
ethylene -
isoprene 0.01(0.01)
t-2-pentene 0.01(0.16)
c~2-pentene 0.01(0.09)
2-methyl-2-butene 0.01(0.17)
cyclo hexane 0.48(2.32) 0.94
2-methyl hexane 1.82(2.83)
2,3-dimethyl pentane 0.42(0.68)
3-methyl hexane 1.96(2.99) 154
styTene 0.00(0.02)
methylene chloride 0.0000.02)
chloroform 0.00(0.01)
carbontetrachloride 0.00(0.00)
others 2.16(4.76) 29 56.13 18.37 26.74
Sub total 6.88(14.06) 29 57.07 18.37 26.74
Total 100 100 100 100 100

! 36 ambient samples collected in the vicinity of a refinery in Kawasaki city(Uno and Y2532, 1994)

% Data collected from one mile downwind of a major refinery in romeoville, linois during the month of
February, March and May of 1990(Doskey et al., 1992)

¥ The mean of six ground level, in—plume samples and the average of two in—plume measurement taken at
350m aloft in the vicinity to large petroleum refinary(Sexton and Westberg, 1983)

* Data collected from personal exposure of 56 refinary operators who work primarily outside of the control
room in summer(Scheff et al., 1939)

S()=VV %
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¥ JEE] FAE A2 Rolx U

34 =AML HEEA

Table 49141 FEAIS B A7 zs+ 84 A&
o] WEgte AMEsaT 538 m/p-xyleneo] 335%E
AZEH%e toluene(16.15) > 1,2 4-trimethyl ben-
zene(10.33) > ethyl benzene(8.89) > o-xylene(8.64%)
o2 EAxo] WEgE gJRo] A & &
< AAsx 9wk Californiag]l 49+ toluene®]
oF 38%¢ e, o)A &A ey Z=eo|w g} ot
Ay Aoa A5 ZFo|x New York toluene
o] eF 15% Hl oA AZFENAH =4 Hag
97148 &AE A Aoltt? Japane m/p-
xyleneo] 9F 33%9] H|EZ ZEALEAEH, o]RL
177 &Ege 2435l wt%Z Uetd oo ®
A7 AS¢e dAZ diR FFAA AHEE
JEF Yoz gt BAMg gl

35 MEAM4d wZEd

2 Ao z=AE A2E HHEHE(Table 4),
FT AL AeE ¥ad gro] # ‘EWERL
Ed$e AfA 938 AEstn e, 24
A3+ nonane(40.80) > 1,2 4-trimethyl benzene(22.43)
> 1,35-trimethyl benzene(13.39%)se.2 bzt =
X5k Scheff 5791 98l ZA® Chicagox 9
9] A4 WMESALE F2 carbontetrachloride’d
gFEs AAgAed AL FE SUEA A

Aol GaA &AE AR WEoo

36 E2XH #jEE4

B 47 Ane 23 FHE HFIULE tol-
uene®] % 3BBE M T HLS AA st
(Table 4).

37 F8 VOC Wlg4d FA4EQ ARy Hw

W& AR FANES AHE Fojok
i}, B dAFelA & ARAHA F 2027
o]Fo|x wtAfH g, WEdlA AAFEA )

s Aotk 193, 393457} 2~88 = A
HEA = ARE AL £ W) FANE wy

¥ A57F 87Ho At E{ FHieo A
AAHANA 24T Ares FHo) TRo|BZ AE
2 EEHe] TEHY & el deds ¥
##}. Table 5014 Table 1%-E] Table 401 E
ofE B Ao A% A3E Ao V/V%
2 271¢ F8 VOCY wEd TAEd HEY ]
o A FRANEEAL FE FHEFA
WEE HAEEoY, ZE AEE°] ¥ WEHD
Uee & & Atk AFA EEHe] 3L toluene

493

e

3 I|F A7

o] 18%, m/p-xylene®} 124-TMB7} 2+ 8%, butane
o] 6%% THE A&l HF thh A wHEHI Q)
Ar}. F&LoME pentane® 124-TMB7} &2
ok 9% Axsti A%, 1-buteneol < 8%,
hexaneo] ¢ 6%°]%ck. AfF2olAE pentane™
butane 2|31 i-pentanec] Zt2t 20, 12, 11%E ot
A BE BEEE AANL R2H, 2-methylpentane
3} 3-methylpentanee] Ztzb 7%9} 6%& YEHAR
ot =&A Mol A m/p-xyleneo] 4% E VERAL
toluene©] 16%, 124-TMB7} 1026, o-xylenee] <F
9% =2 FEE e g4 L E&S YA
tH(Table 5).

B3 AgldME $uele A FR AL
A 922 4531 YUCEZ nonanec] 41%,
1,24-TMB7} 22%, 1,35-TMB7} 13%Z ®l&H%
on, ER2XHA olABEXME tolueneo] 35%E
M e B84 UEUL benzeneo] % 10%,
124-TMB”} 6%, i-pentane® m/p-xyleneo] <
4%% AA3I Q1A H(Table 5).

REE dlEYolA toluened] AEo] AFT F
& AXET Y toluened] HjEYo] TGU¥F AL
Fag e FHEFE HFske FdAE /MR
AEQ Cs olate] AEo] F2 WMEHUL EFA
A Ngd, EZEZAY oABREXE FE
Wk s 3B o] ul& = o (Table 5).
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E A7 AA%E vOcY 4 wledd F4E
BoE ZAMG ARzRY ogn & 28
At
Zueke] VOC 8 W&ol WEsEs 4
L I (oluenelZA T2 EX WEEAD
A, ZZAAE, 7EA57] FAARe 4%
35, 18, 16, 5% ¥ &S AAsa Y&
& 7 A1k
A}t FHa aEn JtEd AgWa A
B A T2 G olte] AESo] WEHA
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Table 4. Coating, dry cleaning and road covering fingerprints(wt%)

Coating Dry cleaning
Compounds Calif N Thi Road
. 0 ew 3 is . 4 covering
This study rmia’ York® Japan study Chicago

Fitting compounds

acetylene 0.10( 1.08)° 0.03( 0.72)° 0.17( 0.79°
ethane 0.02( 0.44) 0.00( 0.09) 0.38( 1.53)
propylene 0.06( 0.37) 0.05( 0.36) 0.53( 0.91)
propane 0.07¢ 0.76) 0.24( 2.00) 0.85( 1.38)
i-butane 0.03( 0.40) 0.15( 0.47) 1.44( 1.79)
1-butene 0.04( 0.16) 0.02( 0.07) 0.72( 0.85)
butane 0.03( 0.32) 0.15( 0.24) 1.09( 1.27)
i~pentane 0.03( 0.22) 0.01( 0.06) 4.89( 419)
penfane 0.19( 1.00) 001( 0.05) 4.20( 361)
2-methylpentane 0.18( 0.32) 06( 0.09) 2.66( 1.94)
3-methylpenitane 0.15( 0.30) Ola( 0.14) 1.85( 1.37)
hexane 0.27( 2.47) 0.47( 0.38) 1.82( 1.40)
benzene 0.03( 0.19) 0.02( 0.09) 7.84(10.20)
heptane 0.23( 1.26) 2.9 0.14( 0.21) 1.21( 1.03)
methyleyclohexane 0.08( 0.22) 0.22( 0.84) 0.98( 1.04)
toluene 16.2 (16.2) 3786 1521 0.25( 1.55) 30.00(34.80)
ethyl benzene 6.55( 8.89) 04 093 2.9 0.46( 0.66) 2.18( 2.21)
m/p-xylene 26.1 (33.5) 3.70 272 326 1.68( 2.28) 4,07( 4.04)
o-xylene 7.39( 8.64) 447 30.0 1.41( 1.39) 312( 3.14)
nonane 0.44( 0.82) 52.1(40.80) 2.30( 2.18)
i-propyl benzene 1.36( 0.53) 281( 2.30) 0.26( 0.20)
n-propyl benzene 454( 151) 30( 7.26) 0.73( 0.51)
1,35-TMB 3.10( 2.65) 126 (13.40) 1.66( 1.41)
124-TMB 259 (10.3) 18.6 (22.40) 707( 6.12)
Sub total 93.2 (92.53) 4951 18.86 838.3 98.7(97.94) 0.0 84.30(87.83)

Non-fitting compounds

f:thylene B B B
150prene
SopI 0.02( 0.10) 0.01( 0.10) 0.09( 0.10)
z_zz_pe’r’lﬁ‘l’lee 0.07( 0.12) 0.00( 0.00) 1.24( 1.03)
2_m§; o butene 0.04( 0.07) 0.00( 0.01) 0.70( 0.58)
N hixane 0.11( 0.20) 0.00( 0.04) 1.62( 1.34)
v 0.04( 0.18) 0.05( 0.16) 0.42( 0.39)
2-methyl hexane
e 0.23( 1.22) 0.04( 0.07) 1.00( 0.71)
o ] be 0.06( 0.37) 0.01( 0.02) 0.44( 0.31)
Styreney 0.26§ 1.53; 0.055 0.08; 1.11& 0.80;
. 0.30( 0.87 0.02( 0.08 0.10( 0.05
methylenc chioride 0.01( 0.03) 0.00( 0.01) 0.09( 0.24)
Cabonest 0.01( 0.08) 0.00( 0.01) 0.46( 0.46)
o thers 0.00 0.01) 000( 0.00) 550  0.00( 0.00)
067( 2690 5049 8L14 117  1I12(148) 450  840( 6.11)
Sub total 1.82( 747) 5049  8l14 117 (206 100 15.70(12.12)
Total 100 100 100 100 100 100 100

' Composite of profiles for lacquer, primer and enamel in proportion to usage in Southern California
(Scheff et al., 1989)

% Composite based on sales volume from nine solvent used with architectural coatings U.S.A.
(Scheff et al,, 1989)

® Total 17 compounds analysis in Japan(Uno and Y-#4<3%s0, 1994)

% Total solvent usage by perchloroethylene cleaners and petroleum based cleaner during 1984 in Chicago
(Scheff et al,, 1989)

T()=VNV %
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Table 5. Source fingerprints of main VOC emission inventories(V/V %)

. Gasoline Gasoline . Dry Road
Compounds Vehicle vapor storage tank Coating cleaning covering

Fitting compounds
acetylene 5.25 3.30 0.00 1.08 0.72 0.79
ethane 433 246 0.06 0.44 0.09 1.53
propylene 369 270 0.06 0.37 0.36 091
propane 5.38 3.49 0.19 0.76 2.0 1.38
i-butane 4,21 376 429 0.40 0.47 179
1-butene 379 7.98 111 0.16 0.07 0.8
butane 596 2.28 115 032 0.24 127
1-pentane 2.04 6.89 10.7 0.22 0.06 4.19
pentane 1.81 859 19.9 1.00 0.05 361
2-methylpentane 115 1.70 731 0.32 0.09 1.94
3-methylpentane 1.01 1.61 6.42 0.30 0.14 137
hexane 206 5.73 543 2.47 0.38 140
benzene 34 218 0.68 0.19 0.09 10.2
heptane 063 0.96 581 1.26 0.21 1.03
methylcyclohexane 027 0.69 5.81 0.22 0.84 1.04
toluene 175 5.14 1.34 16.2 1.55 348
ethyl benzene 464 1.06 0.25 8.89 0.66 2.21
m/p-xylene 8.05 3 0.88 335 2.28 404
o-xylene 212 1.30 041 8.64 1.39 3.14
nonane 0.98 2.87 1.03 0.82 408 2.18
i-propyl benzene 0.25 0.29 0.26 0.53 2.30 0.20
n-propyl benzene 0.83 0.86 0.71 151 726 051
1,35-TMB 1.94 227 045 2.65 134 141
124-TMB 772 8.64 1.33 103 224 6.12
Sub total 89.20 80.25 85.94 92.53 97.94 87.88
Non-fitting compounds
isoprene 0.80 0.23 0.01 0.10 0.10 0.10
t-2-pentene 032 1.61 0.16 012 0.00 1.03
c-Z-pentene 0.20 0.94 0.09 0.07 001 058
Z2-methyl-2-butene 052 1.68 0.17 0.20 0.04 1.34
cyclo hexane 0.24 0.48 232 018 0.16 0.39
2-methyl hexane 0.69 0.73 2.83 1.22 0.07 0.71
2.3-dimethyl pentane 0.22 0.28 0.68 0.37 0.02 0.31
3-methyl hexane 073 0.81 2,99 153 0.08 0.80
styrene 1.14 0.39 0.02 0.87 0.08 0.05
methylene chloride 114 0.81 0.02 0.03 0.01 024
chloroform 0.37 111 0.01 0.08 0.01 046
carbontetrachloride 017 0.37 0.00 0.01 0.00 0.00
others 4.26 1031 476 269 148 6.11
Sub total 10.8 19,75 14.06 747 2.06 12,12
Total 100 100 100 100 100 100

xylene, ethyl benzene %ol z}zt 35, 10, 4, 3, o AHEa} WEEAe] & XYL A

%2 &R Qo) BIEXA %% Medn o dg wHED

ATt

2 A7 Be ABRAAA o 2029 g2 Z o Ed

"ﬁﬁﬂ%c’lﬂi BHE A=2E D7) AMNME 1) Uno and JoAREE, 1994, AEEHO simula-
A ZAEE AFstel wHstoior 9 Ao tion, KEHLEEHE, 29(3), Ad3-AS.

E A, E2xge] A¢ NEAHAXNYLE 9 Scheff, P.A. and R. A, Wadden, 1993, Receptor

FE ¢ 100m Al W= 2349 ER7L 3l modeling of volatile organic compounds-Emi-
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