g /B A 13U A2 %
J. KAPRA Vol. 13, No. 2(1997) pp. 123~135
Journal of Korea Air Pollution Research Association

Zais HAuDY HES B FEAX A
HIISHEH HEY A

Estimation of Air Pollutant Emissions for the Application of
Photochemical Dispersion Model in the Seoul Metropolitan Area
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Abstract

An air pollutant emission inventory system for the input preparations of photochemical dispersion model was
developed. Using the system, anthropogenic emissions as well as biogenic emissions in the Seoul metropolitan
area were calculated. Anthropogenic emission by fuel combustion using regional consumption data, and the
emission of VOC which was emitted from oil storage tanks, bulk terminals, gasoline service stations, and
laundries and so forth was estimated. The biogenic emission was estimated based upon meteorological data and
the distribution of land use type in the study area.

The anthropogenic emission of pollutants was highest in Seoul, and the second highest in Inchon. TSP and
SO, were found large quantities during the winter due to increased consumption of heating oil. NOx and THC
were emitted without seasonal variation.

Among biogenic emissions, PAR was very common while NO was the least common. PAR, OLE, and ALD2
were emitted in large volumes in coniferous forest areas, while ISOP was emitted in deciduous forest areas.
Generally, most biogenic emissions increased during daytime. and peaked between one and two o' clock.
Because of strong solar radiation, emission during the summer was high.

Biogenic NO emissions were found to be lower compared to anthropogenic emissions, and other VOC was
indicated relatively high. In the study area, among biogenic emissions PAR was found to be 3 times, OLE 8

times, and ALD2 12 times more common than among anthropogenic emissions.

Key words : emission, 3-D photochemical model, biogenic emission
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Fig. 1. Map of the central part of Korea and the study area (inner rectangle).

Table 1. Chemical species recognized by the CB-IV mechanism, with molecular weights (Gery et al, 1988).

UAM Species

Species Name

Molecular Weight

(g/mole)
NO Nitric Oxide 30
NO, Nitrogen Dioxide 46
NOx Total Nitrogen Oxides (NO-+NQO;+N:05+NO;) 46
CO Carbon Monoxide 28
S0; Sulfur Dioxide 64
SOx Total Sulfur Oxides 64
THC Total Hydrocarbons 16
TSP Aerosols (Particulates) 1
OLE Olefinic Carbon Bond (C=C) 32
PAR Parafinic Carbon Bond (C-C) 16
TOL Toluene (CGHS_CH.’!) 112
XYL Xylene (CsHe— (CH3)2) 128
FORM Formaldehyde (CH,=0) 16
ALD2 High Molecular Weight Aldehydes (RCHO, R#H) 32
ETH Ethene (CH,=CH:) 32
MEOH Methanol 16
ETOH Ethanol 32
ISOP Isoprene 80
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Fig. 2. Diumal variations of fuel consumption for each
industrial part.
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Table 2. Split factors of each VOC species for area
and point source (SAl, 1992).

VOC Species

Split Factor

OLE 0,190E-02
PAR 0.264E-01
TOL 0.593E-03
XYL 0.398E-03
FORM 0,525E-03
ALD2 0.761E-03
ETH 0.129E-02
MEOH 0,.437E-03
ETOH 0.295E-03
ISOP 0.587E-04
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Table 3. Split factors of each VOC species for line
source (SAl, 1992).

Split Factor

voC
Light Oil Gasoline
OLE 0.188E-02 0,118E-02
PAR 0.224E-01 0.386E-01
TOL 0.166E-02 0.719E-03
XYL 0.211E-03 0.122E-02
FORM 0.287E-02 0.246E-03
ALD2 0,132E-02 0.118E-02
ETH 0. 349E-02 0.140E-02
MEOH - -
ETOH - -
ISOP - 0.103E-04
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Table 4. Regional VOC emissions (ton/year) from sto-
rage tanks of oil refinery, bulk terminal,
gasoline service station, and laundry shop in
1994 (after NIER, 1995b).

Sources
Gasoline
Bulk Laundry

Region Oil Refinery Service
Terminal Station Shop
Seoul 0 2,127 6,267 3,067
Inchon 1,086 1,912 968 696
Kyoungki 0 0 4,184 1,587
Kangwon 0 86 920 358
Chungbook 0 0 918 410
Chungnam 0 0 933 366
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Table 5. Split factors of each VOC species for emis-
sions from oil refinery, bulk terminal, gaso-
line service station, and laundry shop (SAl,

1992).
Split Factor
Oil Refinery Gasoline
voc and Bulky Service ngilrz)dry
Terminals Station p
OLE 0.363E-03  0.392E-03 0.867E-04
PAR 0.612E-01 0.437E-01 0.129E-01
TOL 0.171E-03 0.127E-02 0.140E-02
XYL 0.578E-04 0.166E-02 0.125E-03
FORM 0.145E-03 0.129E-04 -
ALD2 0.121E-02 0.178E-03 0.516E-05
ETH - - 0.861E-03
MEOH - - 0.291E-02
ETOH - - 0.608E-03
ISOP - - -
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Table 6. Land use types, NMHC emission fluxes, and species distribution used in the BEIS (after Roselle et

al., 1991).
NMHC Flux” Contribution by Mass (%)
Land Use Type .
(ng/m*/hr) Isoprene  a-Pinene Monoterpene Unidentified

Oak 4,258 73 3 3 21
Other Deciduous 3,353 63 5 6 26
Coniferous 3,106 24 21 23 32
Urban® 771 53 10 11 26
Peanuts/Rice 510 20 25 25 30
Tobacco 294 0 10 10 80
Grass/Pasture 281 20 25 25 30
Hay/Scrub/Range 189 20 25 25 30
Potato 48 0 25 25 50
Sorghum 39 20 25 25 30
Alfalfa Barley/Cotton/QOats/Rye etc. 38 50 10 10 30
Wheat 38 20 25 25 30
Soybeans 30 50 10 10 30
Corn 22 100 -0 0 0
Water/Barren 0.5 100 0 0 0

0 0 0 0 0

D
standardized to 30°C and full sunlight.

Fluxes are given for total non-methane hydrocarbons and percent contribution from individual chemical species,

2 Assumed to consist of 20% grassland and 20% trees (divided equally among oak, other deciduous, and coniferous).
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Table 7. Coefficient (A) and soil temperature (Ts) for
grass and pasture, forest and agricultural
crop (Williams and Fehsenfeld, 1991).

Vegetation A 7.
Grass and Pasture 0,90 (0.67xT,)+8.8
Forest 0,07 (0,84 xT,)+3.6
Agricultural Crop 0.20 (1.00xT,)+2.9
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Table 8. The allocation of land use type in Korea to
land use type in BEIS.

Land Use in Korea Land Use in BEIS

Water Water

City, Manufactured Land Undefined
Farming Land Rice
Orchard Scrub
Secondary Grassland(A) Urban Grass
Secondary Grassland(B) Grass

Coniferous Forest
Deciduous Forest
Deciduous Forest
Deciduous Forest
Undefined

Afforestation
Secondary Forest(A)
Secondary Forest(B)
Natural Forest
Alpine Meadow
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Table 9. Total emissions from domain (180 X 140 km?)
and the maximum emissions in a grid (4 X

4km?) in 1994,
Emission
Pollutant Domain Maximum Grid
Total(ton/year) (ton/year/grid)
S0, 146,432,2 2,196.5
NOx 102,662.8 1,723.1
THC 43,156.3 1,412.0
Cco 329,239.7 8,838.2
TSP 23,512.3 380.8
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Fig. 5. Monthly variations of biogenic emissions in
1994.
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Table 10. Comparisons of estimated biogenic emission
rates (g/km?/hr) (Pierce et al, 1990).

. . NAPAP This Study®

Chemical

Species | Anthropo- 4. . o |Anthropo- ;. .

genic) Biogenic genic Biogenic

NO 419,070(NOx)  0.510| 247,496 5.910
PAR 451, 968 391.616| 182,607 551.824
OLE 47.776 101, 152 9.276 75. 360
ALD2 72.192 92. 000 8.775 106.432
ISOP - 1,289,280 0,147  279.760

Anthropogenic emissions are hased on the 1980
NAPAP inventory.

Average biogenic emissions in the Northeastern United
States have been estimated for July 12~ 18, 1980,

% Average emissions in the Seoul Metropolitan Area
have been estimated for July 11~13, 1994,

S
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