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Abstract

The purposes of this study were to characterize the local levels of VOCs (volatile organic compounds), to
develop source profiles of VOCs, and to quantify the source contribution of VOCs using the CMB (chemical mass
balance) model.

The concentration of VOCs had been measured every 6-day duration in the SRO monitoring site in the Yeosu
Petrochemical Industrial Complex from September 2000 to August 2002. The total of 35 target VOCs, which were
included in the TO-14 designated from the U.S. EPA, was selected to be monitored in the study area. During a
24-h period, the ambient VOCs were sampled by using canisters placing about 10~ 15 m above the ground level.
The collected canisters were then analyzed by a GC-MS in the laboratory. Aside from ambient sampling at the
SRO site, the VOCs had been intensively and massively measured from 8 direct sources and 4 general sources in
the study area.

The results obtained in the study were as follows; first, the annual mean concentrations of the target VOCs were
widely distributed regardless of monitoring sites in the Yeosu Petrochemical Industrial Complex. In particular, the
concentrations of BTX (Benzene, Toluene, Xylene), vinyl chloride were higher than other target compounds.
Second, based on these source sample data, source profiles for VOCs were developed to apply a receptor model,
the CMB model. Third, the results of source apportionment study for the VOCs in the SRO Site were as follows;
The source of petrochemical plant was apportioned by 31.3% in terms of VOCs mass. The site was also affected by
16.7% from wastewater treatment plant, 14.0% from iron mills, 8.4% from refineries, 4.4% from oil storage, 3.8%
from automobiles, 2.3% from fertilizer, 2.3% from painting, 2.2% from waste incinerator, 0.6% from graphic art,
and 0.4% from gasoline vapor sources.
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Fig. 1. The Location of sampling sites for VOCs in the
Yeosu Industrial Complex.
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Table 1. Seasonal meteorological conditions during the
sampling periods in the Yeosu Industrial Com-

plex.
Spring  Summer Autumn Winter Average
Temperatre 154 955 18.6 4.9 16.8
O
Relative $69 799 718 607 617
humidity (%) . : . : :
Wind speed 25 22 27 25 25
(m/s)
Wind direction NW SSW ENE NW NW
Precipitation 5004 7941 2234 917 13912

(mm)*

*Total precipitation per each season.
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Fig. 2. Wind roses during sampling period in the Yeosu Industrial Complex.
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Table 2. The VOCs sources and sampling sites studied in this study.

Source category Sampling periods Sources

Sampling sites

Gasoline vapor emission
Graphic art activity

Vehicle emission (in tunnel)
Asphalt paving activity

General area

source Jun. '01~Oct. "01

] gasoline station in Suncheon city
S printing office in Suncheon city
The Suncheon Ist tunnel on the Namhae highway

A road near the J chemical company’s in the Yeosu
Industrial Complex

Storage facilities

Direct emission

Oct. >0l ~ Aug. "02
source

Pump facilities
Shipping facilities

Wastewater treatment plans.

Various petrochemical processing facilities
in the Yeosu Industrial Complex

o
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Table 3. Classification of emission sources selected for
this study in the Yeosu Industrial Complexes.

Classification Specific sampling sites

Storage facilities Storage tanks

Wastewater
treatment plants

Activated sludge tank, Precipitation,
Aeration tank, Flow control tank

Pumping facilities Vent, Separation, Distillation, Extraction

Products’ shipping

Shipping facilities (solid, powder and liquid, etc.)
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Table 4. CMB8 performance measures.

Parameter Target

R square 0.8t0 1.0

Standard error <SCE

Chi square <4.0

Percent mass 80 to 120

Degreee of freedom >5

T -statistic >2.0

Ratio (Calculated/Measured) 05t020

Ratio (Residuals/Uncertainties) -2.01t02.0
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Table 5. A summary of mean concentrations of VOCs at
the Southwest Regional Office (SRO) site during

Sep. 2000~ Aug. 2002. (unit : ppbv)
SRO(n=179)
VOCs
mean+ts.d. median  range

Freon 12 0.57+0.33 054 N.D~2.04
Methy! chloride 046+0.26 050 ND~I.15
Freon 114 0.06+0.08 003 ND~037
Viny! chloride 207+£4.12 042 ND~248
Methyl bromide 006+0.08 004 ND~0.36
Freon 11 0.19+£0.12 0.17 0.03~0.67
1, 1-Dichloroethene 001+£0.02 001 ND~020
Methylene chloride 0.20+0.32 0.13  0.03~2.79
Freon 113 0.124+0.10 0.10 0.03~0.60
1, 1-Dichloroethane 0.03+0.06 ND ND~0.36
cis—1, 2-Dichloroethylene 0.02+0.07 N.D N.D~047

Chloroform 0.10x£0.13 0.06 0.01~0.87

1, 2-Dichloroethane 0261034 0.12 0.02~1.63
Methyl chloroform 0.17+0.16 0.13  0.02~1.15
Benzene 1.32+0.71 1.20  0.17~3.93

Carbon tetrachloride 0.14+0.10 0.11 0.01~0.53

1, 2-Dichloropropane 0.08+0.21 0.02 N.D~1.32
Trichloroethylene 0.08+0.08 0.04 N.D~0.39
cis—1, 3-Dichloropropene  0.03£0.15 ND ND~1.19
trans—1, 3—Dichloropropene 0.01£0.07 ND N.D~0.40
I, 1, 2-Trichloroethane 0.07+£0.11 004 N.D~0.46
Toluene 4.55£4.10 3.61 0.33~25.7
1, 2-Dibromoethane 0.03+£0.09 ND N.D~044
Tetrachloroethylene 0.09£0.11 0.05 ND~0.67
Chlorobenzene 0.09+£0.13 0.04 ND~042
Ethylbenzene 027+£0.25 0.16 0.02~0.96
m,p-Xylene 027£026 020 001~1.26
Styrene 0.89+1.26 045 ND~575
o-Xylene 025+029 0.14 ND~1.24
1, 3, 5-Trimethylbenzene ~ 0.07£0.10 0.04 N.D~0.5I
1, 2, 4-Trimethylbenzene 0.08+0.09 006 N.D~045
m-Dichlorobenzene 001+0.01 ND ND~0.04
o-Dichlorobenzene 0.03£0.05 ND ND~0.30
p-Dichlorobenzene 001+0.02 ND ND~0.14
Hexachlorobutadiene 0.01+£0.04 ND N.D~0.22

*ND : not detected (less than 0.01 ppb)
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Table 6. VOCs’ source profile matrix including general and industrial emission sources for CMB calculations (wt%).

Petroche-

c Gasoline Graphic . Road Iron Waste- Incinerate Fertilizer Oil . Iron
'ompounds Vehicle . L. N X mical .
vapor art covering refinery painting water  facility plant storage plant mill

Freon 12 1.37 028 1089 9.50 1.32 0.00 0.01 0.02 000 055 000 1.64
Methyl chloride 079 0.2 642 7.21 3.13 0.00 0.62 0.00 0.00 0381 0.01 1.89
Freon 114 000 0.00 000 0.00 0.00 0.00 0.00 0.00 000 015 0.00 004
Vinyl chloride 0.76 0.00 0.00 0.00 0.30 0.00  64.25 0.08 003 000 000 063
Methyl bromide 052 000 0.00 0.00 0.00 0.00 0.01 0.00 0.00 000 0.00 0.17
Freon 11 035 009 282 2.44 4.78 0.00 0.01 0.01 001 046 0.00 039
Vinylidene chloride 0.16 0.09 1.27 091 0.00 0.01 0.05 0.00 0.00 000 0.00 0.04
Dichloromethane 138 000 6.80 4.77 9.06 0.96 0.27 6.03 000 024 001 282
Freon 113 091 045 794 6.03 11.16  0.00 0.03 0.02 000 .13 001 042
1, 1-Dichloroethane 0.00 000 0.00 0.00 0.00 0.00 0.11 0.11 000 000 0.00 0.10
cis—1, 2-Dichloroethylene 0.00  0.00  0.00 0.00 0.00 1.55 0.04 0.01 000 000 0.00 0.7
Chloroform 047 0.00 348 2.71 6.06 0.01 0.78 0.60 001 0.13 000 082
1, 2-Dichloroethane 057 233 328 3.00 1.20 003 2147 0.82 000 000 000 057
Methyi chloroform 0.57 021 442 3.41 7.73 0.01 0.02 1.21 262 042 000 028
Benzene 1.11 032 424 4.14 1.31 041 10.65 1.17 008 29.02 001 5648
Carbon tetrachloride 043 0.14 3.06 2.91 7.73 0.01 0.02 0.09 000 058 000 0.62
1, 2-Dichloropropane 0.00 0.00 0.00 0.00 0.00 0.19 0.07 0.09 000 000 0.00 0.00
Trichloroethylene 081 0.00 6.6l 4.84 9.07 0.00 0.06 8.83 000 000 001 023
cis—1,3-Dichloropropene  0.00  0.00  0.00 0.00 0.00 0.00 0.00 4.47 0.00 000 000 001
trans— 1, 3-Dichloropropene 0.00  0.00  0.00 0.00 0.00 0.00 0.00 0.07 0.00 000 0.00 000
1, 1, 2-Trichloroethane 0.00 0.00 0.00 0.00 0.00 0.02 0.19 0.00 0.00 000 0.00 004
Toluene 3937 449 952 6.54 549  30.06 0.13 35.98 1.10 3587 99.70 24.09
1, 2-Dibromoethane 0.00 000 0.00 0.00 0.00 0.02 0.00 0.00 0.00 000 000 001
Tetrachloroethylene 075 000 6.15 5.49 1038  0.01 0.05 0.07 0.00 005 001 0.06
Chlorobenzene 0.00 040 0.00 1.17 9.92 0.30 0.02 0.18 0.00 010 0.02 0.0
Ethylbenzene 231 2140 3.09 4.32 250 1758 0.13 13.71 9578 320 006 1.89
m,p-Xylene 586 3486 281 4.62 269 1292 036 12.77 002 422 003 163
Styrene 0.31 0.00 2.62 2.17 0.73 1.23 0.06 4.57 032 000 0.00 0.67
o-Xylene 555 3130 408 6.53 2.73 17.89 025 7.60 001 394 003 123
1, 3, 5-Trimethylbenzene 8.72  0.00  4.30 6.14 1.66 7.23 0.02 1.00 000 505 000 075
1, 2, 4-Trimethylbenzene 2695 3.52  6.21 1115 1.07 9.56 0.03 0.37 0.00 1409 009 0.26
m-Dichlorobenzene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 000 000 119
o-Dichlorobenzene 0.00 0.00 0.00 0.00 0.00 0.00 0.27 0.11 0.00 000 000 0.65
p-Dichlorobenzene 000 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 000 O.11
Hexachlorobutadiene 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 000 0.00 0.00
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Table 7. A reconstructed source profile matrix at the SRO site after CMB application depending on fitting variables.

Waste- Petro-

plant plant ~ .

Fitting compounds

Vinyl chloride 0.76 000  0.00 000 030 000 6425 008 0.00 0.00 0.03 0.63
Dichloromethane 1.38 0.00  6.80 477 906 096 027 603 0.01 024 000 282
Freon 113 0.91 0.45 7.94 6.03 11.16 0.00 003 002 ° 001 1.13 0.00 042
Chloroform 047 0.00 348 271 606 00l 0.78  0.60 0.00 0.13 001 0.82
1, 2-Dichloroethane 0.57 2.33 3.28 300 120 003 2147 0.82 0.00 0.00 000 0.57
Methyl chloroform 0.57 0.21 4.42 341 773 00l 002 121 0.00 042 262 0.28
Benzene 1.11 032 424 4.14 131 041 1065 1.17 0.01 2902 0.08 56.48
Carbon tetrachloride 043 0.14 3.06 2.91 7.73 0.01 0.02 0.09 0.00 0.58 0.00 0.62
Trichloroethylene 0.81 0.00  6.6] 484 907 0.00 006 8383 0.01 0.00 000 0.23
cis—1, 3-Dichloropropene  0.00 0.00  0.00 000 000 0.00 0.00 447 0.00 0.00 0.00 0.0!
Toluene 39.37 4.49 9.52 6.54 549 30.06 0.13 3598 99.70 35.87 1.10 24.09
Tetrachloroethylene 0.75 000 6.15 5.49 1038 0.0l 0.05 007 0.01 0.05 0.00 0.06
Chlorobenzene 0.00 040  0.00 117 992 030 002 018 0.02 0.10 000 0.10
Ethylbenzene 231 2140 3.09 432 250 17.58 0.13 1371 0.06 3.20 95.78 1.89
m,p-Xylene 586  34.86 2.81 462 269 1292 0.36 12.77 0.03 422 002 1.63
o-Xylene 555 3130 4.08 6.53 273 17.89 025 7.60 0.03 394 001 1.23
1, 3, 5-Trimethylbenzene 8.72 0.00 430 6.14 166 7.23 0.02 1.00 0.00 505 000 0.5
1, 2, 4-Trimethylbenzene  26.95 3.52 6.21 1.1 1.07 956 0.03 037 0.09 1409 000 026
m-Dichlorobenzene 0.00 0.00 0.00 000 000 0.00 000 0.00 0.00 0.00 000 1.19
o-Dichlorobenzene 0.00 0.00 0.00 0.00 0.00 0.00 027  0.11 0.00 0.00 0.00 0.65
Sub total 96.51 9942 7598 7777 9005 9698 9883 95.12 9998 98.03 99.67 94.73
Non-fitting compounds

Freon 12 1.37 028 10.89 950 . 1.32 0.00 001  0.02 0.00 055 000 Il.64
Methyl chloride 0.79 012 642 721 313 0.00 0.62 0.00 0.01 0.81 000 1.89
Freon 114 0.00 0.00  0.00 000 000 000 0.00 0.00 0.00 0.15 000 004
Methy! bromide 0.52 0.00  0.00 0.00 000 0.00 001 0.00 0.00 000 000 0.7
Freon |1 0.35 0.09 2.82 244 478 0.00 0.01 0.01 0.00 0.46 001 0.39
Vinylidene chloride 0.16 0.09 1.27 091 000 0.1 0.05 0.00 0.00 0.00 000 0.04
1, 1-Dichloroethane 0.00 0.00  0.00 000 000 0.00 011  0.11 0.00 0.00 0.00 0.10
cis—1, 2-Dichloroethylene  0.00 0.00  0.00 0.00 0.00 1.55 0.04 0.0l 0.00 0.00 000 0.17
1, 2-Dichloropropane 0.00 0.00  0.00 000 000 0.9 0.07 0.09 0.00 0.00 0.00 0.00
trans—1, 3-Dichloropropene 0.00 0.00 0.00 000 000 0.00 0.00 0.07 0.00 0.00 0.00 0.00
1, 1, 2=Trichloroethane 0.00 000  0.00 0.00 000 002 0.19  0.00 0.00 0.00 000 004
1, 2~ Dibromoethane 0.00 0.00  0.00 0.00 000 0.02 0.00 0.00 0.00 0.00 000 0.0l
Styrene 0.31 000 262 217 073 1.23 0.06  4.57 0.00 0.00 032 0.67
p-Dichlorobenzene 0.00 0.00  0.00 0.00 000 0.00 0.00  0.00 0.00 0.00 0.00 O0.11
Hexachlorobutadiene 0.00 0.00  0.00 0.00 0.00 0.00 0.00  0.00 0.00 0.00 0.00 0.00
Sub total 3.49 0.58 24.02 22.23 9.95 3.02 1.17 4.88 0.02 1.97 033 527
Total 100 100 100 100 100 100 100 100 100 100 100 100
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Table 8. Average source contribution calculated by the
CMB at the SRO site in the Yeosu Industrial

294

Complex (%).

Source Min. Max. Average
Gasoline vapor 0 8.4 04115
Graphic art 0 115 0.6+23
Vehicle 0 22.6 3.8+6.1
Road covering 0 0 0
Refinery 0 72.6 8.4+15.0
Painting 0 23.6 23446
Wastewater treat. plant 0 75.1 16.7£21.3
Incinerator 0 31.8 22466
Petrochemical plant 0 83.0 31.3423.6
Oil storage 0 313 44482
Fertilizer 0 36.8 2.3+6.7
fron mill 0 80.0 14.0+19.6
Unknown 1.4 54.4 13.6£10.1
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Fig. 4. The emission rates were calculated based on emission inventaries obtained from the Jeotlanamdo report.

9, CMB =98 Av= 997 7o A4
Aol 36.2%, HeAlelAlAg 19.3%, A 162
%, FGAA 9.7%, -8R 5.1%, AE3} 4.4%,
=2 g BisAlAd 2.7%, 27AIA 2.5%, UsiAld
0.7% ¢ FHaAlAdolAM 0.5% ¢ov FAFA
o} g Az 2 o), edEFER of8H 127
NEd 5 Fi4 A4, A, 22327, 27, A%
steh 5l AFAAAL B 74 AldeA e Abst o
A4 wiEekst CMB ¥ Axel vlwd & oA
a1 gigick 2ejuh, A W sl EA el SAsted
FA8 VOCs si2% & ARFAML 459%F 2A]
slgiovt, CMB =99 A= 9.7%2 FH= A
ot zpele B old] ke HAe A G
v & 8.4%, CMB A3 193%)3 ARAA A
wZeF 1.7%, CMB Aah: 16.2%) 9@ v&Ald (&4
Wl Z-gk 0.3%, CMB Aaf: 2.7%)9) 2o} wfZAlsd)
42 AR CMB Ay 453 9%
ol# gt apol= hgt e f]le] SiHE Aew
Aok AR, LR TR HEst w2
22} A3 e, B4, AR &S 3 2 WE
el 95.5%% ARSI, Aldadel Hhg VOCs )
% AArHe 2944, AH, g ez RE Y
RE3) &y Ao FHA ojug, A, #4R
TegelA] ARH ARabgedM L] WMEF £ ¥
o, oA, o)z ARk AR gl Al

g rigAR R A2 A

Table 9. Comparison of emission rales between a resuit
based on MOE informaton and a result based on

CMB modeling.
Emission inventory
Source from MOE © CMB modehng

{tonfyr) (%) result”
Gasoline vapor 7.0 0.3 0.5
Graphic art 4.8 0.2 0.7
Vehicle 87.9 4.0 4.4
Raoad covering 0.7 0 0
Refinery 1.020.4 459 97
Painting 4.2 0.2 2.7
Wastewater treat. plant 1933 8.7 19.3
lncinerator 299 1.3 2.5
Petrochemical plant 763.6 344 36.2
Oil storage 66.9 30 5.1
Ferulizer 6.0 0.3 2.7
Tron mill 1.0 L7 16.2
Total 2,221.8 100.0 100.0

“Emission rate calcutated by the MOE in Korea.
“Weight percentage, determined from the average CMB coefficients,
normalized to the fotal VOCs emissions.

Auch s drise] Ados v wzde 7
st SR e Thed 5 AL 4 qleh w
g dal 2 - o wm e @ A7ASE
Bo] g7} W), oleidt marAe X A7) ¥
Hrprgel Wi AEwe $de 1Y = ok
wpeb, 25 Abedag T 2 2] Hia 21




A2 AR W) VOCsel|l i &

2H49 W& 2APE AU $slse] geldal
Aeulghs: =& o & oz Atz

.8 B

4 F7M skl WolA 20000 9U3E
2002 8¥47bAl 20del A Uub 7| A A
VOCs A &g 6d zHHoz AFsch =g 722>
717F 127) 2w el A8E HHste 2
Z2] VOCsol| t8] GC/MSE o)-&3te] A8}
o] BHARES o43le] Akt W) 7] 52| VOCs
T A%e sl on, e ddo) HE oY B
F22 23k £33 CMB 2982 2283}
2949 NF e mg AP oz FAT o|F
i E&Apol] Y73} AR F3] HH%EUr HlR 7
=3 B A7E 59 =29 A8 985 g
o},

AA, SRO A AHNA 2ALE VOCs 93 F 2=
ZARA A BAGle] WA} o) wa) wl$- ohoFg
TEEEE Bol1 vk 53], BTX, bl A
EEe] G2 AEEd v mgxz Jelde 24
Hoz $3]4 VOCs(BTX, 93u)d ¢ 1,2-t)2=
2AEHES FmE '94~'95d KIST(1996)0)4 =
ARE = BRoe oa B Jeldoh E4), CMB
293 A3, SRO M W7 F dAFF &
VOCsoll gt 2914 7l ==, Af-3lsta)Ado] 3
T+ 31.3%=2 71 Eokon, H5x2AA 16.7%, A)
AN 14.0%, ASAA 8.4%, HGAA 4.4%, A=Z
b 3.8%, H)R 2.3%, B 2.3%, 27F 2.2%, <14
0.6% 2 FHA2AIMe] 04% o2 FAHHGIT Al
A, Akt W VOCs 3ol djsff CMB =28 2
25 B4R vz} 2w} vim P78 A,
AR 2499 TdxelA A z}ol7t Q)%
F 2l Aol iAg ARG T s @R
9.7% ). o}, WiEA o] Y2E 2A JAqxE
45 9% 93w}

E A7 A 2 dge 375
e HAes 3 VOCs 299 RFHE Y 9
9 7 ® AR AHEL ofz] T Yoy ‘ﬂ"r
ul-$- m]zgt A o) mheka] FFE, falH 7] 2.y
el TO-14 VOCsell s xE 53], 7= A4

rlr

o

-

o

P
:

_4

.
4 to

nﬁ:

N
—_
s

i

A ER=e AAd @ CMB o] & Jledw 4y 95

shspabe Aol x2] 7] F FERE B4 o)
A os w2 Fest AR Aol
Aol W A7Eel AR saHelor & 7
o1,

o & &

—

i

AWEHQ001), =2 REEA A

874 1 7-1.2001) 2000 7] . B 23

AT 09 AL P2 viEE A

e gARAREAL A, B,

719373 (1999) AjI==] o 7)4 =), HAPQI7} VOCQ7,
371874337, 15(4), 513-517.

A% Zldnl F4Th(1998) TEHER BEWRE 3] F
AP 47108 = 24, @397 e
37, 14(1), 73-77.

A A 2003) AF 714 %73 ¥ A=

ol A 001) #FAY o7l F LAV E] v
% &l SAe %'& A7, A gL whatst
A

Aebd = (2003) Fefgbd o715
A 5, DY

AEL ¥ o A5E003) 454 W7) F WA
RHER = A% GFUABHRIA. 196),
663-677.

AE9, 8 o, 7154 (2002) Canister®} GC/MSDE o431
H7] F VOCs A28 A=8e(QC), =
718733 A, 18(6), 527-538.

AP 87 #el A 2001) =3t E
A7 edTA(1996) AW d Fuinke 7938 gl
Aol Hat A7, DR

A A F 2001 FA AR

Blifford, LH. and G.O. Meeker (1967) A factor analysis model
large scale pollution, Atmos. Environ., 1, 147-157.

Chan, C.C., C.K. Nien, and J.S. Hwang (1996) Receptor mod-
eling of VOCs, CO, NOx and THC in Taipei, Atmos.
Environ,, 30(1), 25-33.

Cheng, L., L. Fu, R.P. Angle, and H.S. Sandhu (1997) Seasonal
variations of volatile organic compounds in Edmo-
nton, Alberta, Atmos. Environ., 31(2), 239-246.

J., R.A. Wadden, and P.A. Scheff (1996) Develop-
ment of ozone-precursor relationships using VOC

Moy

AFAAS AR we

Chung,

receptor modeling, Atmos. Environ., 30(18), 3167
-3179.

Derwent, R.G., T.J. Davies, M. Delaney, G.J. Dollard, R.A.
Field, P. Dumitrean, P.D. Nason, B.M.R. Jones,

J. KOSAE Vol. 21, No. 1(2005)



9% A -H 7-AFE

and S.A. Pepler (2000) Analysis and interpretation
of continuous hourly monitoring data for 26 C,~
Cy hydrocarbons at 12 United Kingdom sites
during 1996, Atmos. Environ., 34, 297-312,

Fujita, E.M., J.G. Watson, J.C. Chow, and K.L. Magliano
(1995) Receptor model and emissions inventory
source apportionments of nonmethane organic gases
in California’s San Joaquin Valley and San Francisco
Bay area, Atmos. Environ., 29(21), 3019-3035.

Gertler, A.W., E.M. Fujita, W.R. Pierson, and D.N. Wittorff
(1996) Apportionment of NMHC tailpipe vs non—
tailpipe emissions in the Fort McHenry and Tuscarora
Mountain tunnels, Atmos. Environ., 30(12), 2297-
2305.

Gorden, G.E. (1988) Receptor models, Environ. Sci. & Tech-
nol., 22(10), 1132-1142.

Hopke, P.K. (1985) Receptor Modeling in Environmental
Chemistry, John Willy & Sons.

Miller, M.S., S.K. Friedlander, and G.M. Hidy (1972) A
chemical element balance for the Pasadena aerosol,
1. Colloid and Inter. Science, 39(1), 165-176.

Na, K.S. and Y.P. Kim (200!) Seasonal characteristics of
ambient volatile organic compounds in Seoul, Korea,
Atmos. Environ., 35, 2603-2614.

Parrish, D.D. and F.C. Fehsenfeld (2000) Methods for gas-
phase measurements of ozone, ozone precursors and
aerosol precursors, Atmos. Environ., 34, 1921 -
1957.

Pierson, W.R., A.W. Gertler, N.F. Robinson, J.C. Sagebiel, B.
Zielinska, G.A. Bishop, D.H. Stedman, R.B. Zwei-
dinger, and W.D. Ray (1996) Real-world automo-
tive emissions-summary of studies in the Fort
Mchency and Tuscarora Mountain tunnels, Atmos.
Environ., 30, 2233-2256.

Scheff, P.A., R.A. Wadden, D.M. Kenski, and J. Chung
(1996) Receptor model evaluation of the Southeast
Michigan ozone study ambient NMOC measure-
ments, AWMA, 46(11), 1048-1057.

Scheff, P.A. and R.A. Wadden (1993) Receptor modeling of

volatile organic compounds. 1. emission inventory and

A A1 Al E

S L

ol

/

validation, Environ. Sci. & Technol., 27(4), 617-
625.

Scheff, P.A., R.A. Wadden, B.A. Bates, and P.F. Aronian
(1989) Source fingerprints for receptor modeling of
volatile organics, JAPCA, 39(4), 469-478.

Thijsse, T.R., R.F. van Oss, and P. Lenschow (1999) Determi-
nation of source contributions to ambient volatile
organic compound concentrations in Berlin, AWMA,
49(12), 1394-1404.

US EPA (1999) Compendium Method TO-15 Determination
of Volatile Organic Compounds(VOCs) in Air
Collected in Specially—Prepared Canisters and
Analyzed by Gas Chromatography/mass spectrom-
etry (GC/MS), Compendium Method for the
Determination of Toxic Organic Compounds in
Ambient Air, 2nd ed., EPA/625/R-96/010b.

US EPA (1997) Compendium Method TO-14A Determi-
nation of Volatile Organic Compounds(VOCs) in
Ambient Air Using Specially Prepared Canisters
with Subsequent Analysis By Gas Chromatography,
Compendium of Methods for the Determination of
Toxic Organic Compounds in Ambient Air, 2nd ed.,
EPA/625/R-96/010b.

Vega, E., V. Mugica, R. Carmona, and E. Valencia (2000)
Hydrocarbon source apportionment in Mexico City
using the chemical mass balance receptor model,
Atmos. Environ., 34, 4121-4129,.

Wadden, R.A. and P.A. Scheff (1994) Receptor modeling of
VOCs; II. Development of VOC control functions
for ambient ozone, Atmos. Environ., 28(15), 2507
2521.

Watson, J.G., N.F. Robinson, C. Lewis, and T. Coulter (1998)
Chemical Mass Balance Receptor Model version 8
(CMBS8) User’s Manual, Desert Research Institute
Document No. 1808.1D1, USA.

Watson, J.G. (1979) Chemical Element Balance Receptor
Model Methodology for Assessing the Source of
Fine and Total Particulate Martter in Portland,
Oregon, Ph.D. Oregon Graduate Center, Beaverton,
OR.



