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Development of an Air Pollution Monitoring Network Design Method Based on
Regional Representativeness and Pollution Damage Impact.
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ABSTRACT

A new method for designing air pollution monitoring network is presented in this study. In
this method, the magnitudes and the correlation coefficients of predicted concentrations in each
grid points are examined and the monitoring stations are assigned to those points which best re-
present surrounding areas statistically. And the priority is given to those stations which cover the
damage cost the most. This method was applied to the Ulsan-Onsan Industrial Complex. This
method turned out to be much more efficient than the method of TM coordinates and the method
of concentric circles prescribed in the Standard Methods for Pollution Measurement as well as the
existing monitoring system established in the area. The 21 stations selected by the method of TM
coordinates could cover only 64.4% of the damage cost in the area, the 16 stations by the method
of concentric circles 72.1%, and the existing 21 stations 67.8%, while 11 stations were enough
to cover 90% of the damage cost in the area with this method. It also was found that this method
required only 24 stations to cover the entire area.
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Table 1. An Example of the Monitoring
Site Selection Procedure

(i) (ii) GiD(iv)] (v) |(vi)
@11,2,4,6 20| 80|1,2,4,6) 80
212,1,6 20| 6042,1,6 | 60
3 13,7,9,13 20| 7003,7,9 | 60
4 14,1 20| 404 20
5 15,10,11,12 20 | 605,11 30
6 16,1,2 20| 6016,1,2 | 60
7413 201 4017,3 40
8 18,6 201 40 (8 20
9 19,3 20 | 4019,3 40
10 10,5,13,14,15,16,17,| 20 | 100 |5 20
18
11 11,5 101 30|11,5 30
12 112,5,16 10| 405 20
13 {13,3,10,16 10| 60|3 20
14 |14,10,16,20 10| 50{20 10
15 |15,10,16,20 10| 50|20 10
@ |16,8,10,12,13,14,15, | 10 | 120 0
17,18,19
17 117,10,16 10 | 40 0
18 |18,10,16 10 [ 40 0
19 119,16 10 | 20 0
20 120,14,15 10] 30|20 10

{i): referential grid No.

{ii’: grid numbers in cluster

(ii): damage cost of referential grid

(ivi: detectable damage cost of referential
grid

(v): grid numbers in cluster after the 16-
th grid has been selected as the
monitoring site

{iv): detectable damage cost of referent-
ial grid after the 16-th grid has
been selected as the monitoring site.
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Table. 2.

Results of the Monitoring Station Selection

Qi)

(1) Giy Gv) & viy) Gii)
11 %1 % 100 0 12, 16 17. 18, 22, 23, . . 2. 35. . W o1 1 t
1 1 39 45 47, 48, 4%, 57, S8. 4. 45, O0v 0. 0. 0. 0. Ov [ 24, [ 134079. 1 30.4 1 30.4
21 321 70 & 7 00 S%. 0. Oy 0. 0. 0. 0. 0, G 4. 0. I 1 { 1
{ I 9% 00 0. 0w 0. 0. 0. 0. 4. 0. 0. 0. 0. 0, 0. I 4.1 U1 1B 49.0
31 260 & 30 S % 00 0. 0, 27 32 0 & & 0 O 0 1 I l 1
[ I & 0 00 00 8 00 0 0 0 00 O 00 0 0 00 [ Sol IS I 701 Sl
41 SIS, 6 6 0 0 0 00 & 9 00 0 0 8 0 0. I I I [
1 [ % 8 0 0 00 00 0 0 0 0 0 0 0 0 0 I LI 29471 671 42.8
S1 %1 % 42, 43, &, . & 0 & 0 0 0. & 4 & & 1 I 1 1
1 I 6 0 0 & 00 0 0 00 0 0 0 00 0 0 0 T Se1 2D 861 9.5
1 Mol 3. 2. 300 830 0 0 0 0 b 0. 0 & o 4 6 @ I 1 1
1 I 80 & 8 & 0 8. 8 00 0 0 O & 0 O O I Al 24IS6. 1 401 75.4
71 N0 T 78 MBS 0 00 G 00 B 00 0 0 0 8 0. 1 I 1 I
1 1 0, 0 0, 0 00 00 & 0 O & O 0. 0 0 0 [ 41 18531 421 2.7
$1 61 8 0 0, 6 0 b 00 0 0. O & & 0 0 0. I 1 1 1
I I 0 & 00 & 0 0 0 0 & 0 0. 0 0 & 0 I L. 14888, [ 3.3 [ 83.5
91 3.1 0 2, 4 0 0 13, 0 6 0 0 & 0 0 b 0. 1 I t I
1 I 6 0 0, 0 0 9 0 0 0 O 0 0 O 0. 0 I 3.1 12489.1 2.8 84.3
1010 78,1 76, 62, &9. 7. 75. 0. 77, 81, %2, 83. 88, . 9, 0 o I 1 1
I f & 6 9 6 0. 0. G 6 0 0. 0 O 0 0. 0 I11.1 10018. 1 271 8.4
WL 20,0 20, 0, 0, 0 0 0 0 & 0. 0 0 0 0 0 0 I I i 1
1 I 6 0 0 0 0 & 0 0 & 0 0 0 0 0 0 [ LI 9591 231 %.8
121 66,1 44 S4 SL. 72, 0, 0. 0 0 0. G 0 & 0 0. 0 I I 1 1
1 T 6 0, 0 0 0. 0 & 0 0 0 0 0 0 0 0 I 4l T 241 93.0
131101, 1101, %0, #4. 78, 100, 102, 104, 105. 108, 109, 0. 0, 0. 0. 0. I I I 1
H I 6 0 0 & 0 & 0 0 9 0 0 0, 0 0 0 110.1 7234 1 L.61 4.8
141 8,1 28 14 15, 19, 0. 2% J. S, 0 6 O 0. 0 0 o [ I 1 t
I Lo 00 00 00 00 0 0 0 G 0 0 0 0 0 0 I 7.1 018 1 Lél %62
1ST 96.01 %. 93, %. 0 0 0 0 4, 0. O 0 0 9 0 0 I I 1 1
I I 06 0 0 0 0 0. 0 0 & 0 0 0 0 00 0. 1 I I 28 [ 0.61 9.3
180 1.1 61, 8 0. 0. 0. 4 0 0 0 0 0 0 0 0, 0 I I 1 1
1 T 0 0 00 0 0 & 0 O 00 0 00 0 0 0. 0 I 2,01 295,01 Q.41 97.4
20 4.0 41, 700 M 0. 0. 0 0 0 0 0 0 0 0 0. 4 I I 1 I
1 I 0 0 00 & 0 00 9 0 0 0 0 0 & 0 0 I JI 0.0 0.5] 98.0
181 84,1 8, 9, 8., 0 91, 4 0 & O 0 O 0 0 O O I I [ [
1 [ 8 0 0 & 0 0 0 0 0. 0 0 & 0 0 & [ &1 2500 051 98.5
191103, 1103, 92, 95, 99. 107, 0. O 0. 0. 00 O 00’0 0 0. I. I I {
1 I oo 0 0 0 0 0 0, 0 0 0 0 0 0 0 0 T Sl 1791 041 %59
20011010, 1100, 111, 112, 6 0. 0 0, 0 0 O 0 0, 0. 0. 0. I | I 1
1 [ 0 00 0 0 0 0 0 & 0 0 O 0 0 0 6 I 3.1 ISS2.01 041 9.2
A1 2,1 0 06 0. 0 0. 0 Mo 06 S 0 0 0 0 0! I I 1
[ I 6 0 0 0 00 0 8 0 0 0 0 0 0 0 0. I 3.1 13S0 031 9.4
21 LD L6 6 6 0 0 0 0 0 0 0o 0 0 0 0 I I I 1
I LI o6 b 0 6 0. 0 00 0 00 0. 00 0w 4 0 0 L.l BSILI 021 907
BI 2T 00 00 84, 0 0. & 0 0 0 & 0 & 0 & 01 I 1 1
1 I o0 0 & 0. 0. 00 4 0 & 0 0 0 0 0 0 I LI TLI 011 99.9
A0 70 0 0 0 0 F2. 0 0 0. G 0 O 00 0 0 0 I 1 1 1
I I 0. o 00 0 0. 0. 0 0 & 0 0 0 6 O & I 1.1 S0™1 0.1 100.0
(i) ; the priority of the selected stations
(ii) ; the No. of the selected station
(iii) ; the grid No. associated with the selected station
(iv) ; the numbers of grids covered by the selected station
) ; the damage costs detected by the selected station
(vi) ; the efficiency of the selected station
(vii) ; the cummulative efficiency
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Table 3. Monitoring Sites Selected by Di-
fferent Monitoring Network De-
sign Methods.

Method No. of Selected Sites

5,7,9,16,18,20,34,36,
38,40,41,43,55,57,59,
61,63,73,75,78,87,89,
92,94,99,101,106,108

Method of TM Co-
ordinates( 2 im X
2km )

Method of TM Co-16,7,23,26,29,31,56,
ordinates 59,62,63,81,84,85,94,
( 3kmaX 3kmn) 105

9,20,23,29,38,48,50,
55,57,66,63,65,73,75,
84,87,94,101,108

Method of Concen-
tric Circles

Existing Monitoring | 6,7,13,17,20,26,27,

Network 37,38,39,51,59,60,97,
100,101,104,105,110
100-
901
80 -
@ 707
A
> 601
(9
.g 50
.U
<401
]
=301
201
104
5 10 15 20 25
No.of sites
Fig. 2. Comparison of the detecting
efficiencies of different design
methods
O : Method developed in this study
[J: Method of TM coordinates( 2kmX 2kn)
X :Method of TM coordinates( 3kmx 3kn)
A\ : Method of concentric circles
{ : Existing Monitoring Network
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Estimation of Emission Factor and Air Pollutant Emissions
by Motor Vehicles

R R £ R
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Kang-Rae Cho, Yang-Kyun Kim, Jong-In Dong, Myung-Do Eom

ABSTRACT

Actual driving pattern of each motor vehicle type was measured and analyzed in Seoul area and

vehicle emission rate was measured and traffic data were used to estimate vehicular emission factor

and motor vehicle-related air pollutant emission,

The analysis of contribution ratio of each vehicle type showed that LPG taxi’s took 38.1%

of total vehicular CO, gasoline passenger cars 37.5%, therefore, these cary are major sources of CO,

gasoline passenger cars took 45.4% of total vehicular HC, motorcycles 25.3%, LPG taxi’s 16.2%,

so motorcycles can be said to play an important role in HC emission. For NOx, buses and trucks were

thought to be major sources as buses took 36.8% and truck 26.4%.

Diesel vehicles, on the other hand, took most SO, and particulate matter emission.

Total emission from motor vehicles in Seoul was estimated to be 547 t/day of CO, 68t/day of
HC, 163t/day of NOx, 18t/day of SO, and 19t/day of paticulate matter.

1. % &%
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* B BRIG AR KAFRE Air Quality Research Department, National Institute of Environmental Research.
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Table 1. Exhaust Emission Test Cars

Displ-
acem— | Millage|Model
No. Test Cars ent (k) | Year
(cc)
1 | Pony 1 1238 | 125,684 | ’78
2| Pony 1 1200 86,498 ’'83
3| Pony 1 1439 8,420 84
4 | Stellar 1439 64,896 | ’83
9 | Stellar 1439 26,883 84
6 | Pony Excel 1500 3,500 '8
71 Maepsy 1.3 1492 76,753 ’83
8 | Maepsy XQ 1492 40,087 ’83
9 | Royal XQ 1492 | 153,831 ’83
10 | Royal Prince 1897 16,544 ’85
11 | Pony I LPG 1439 | 188,800 ’83
12 | Pony I LPG 1439 69,800 '
13 | Pony 1I LPG 1439 16,7041 ’85
City bus(D0846
14 7255 - ’
HM E/G) % &
City bus(D0846 _ yon
B M E/G) 19 8
16 | Truck(HA E/G)| 2775 - ’79
17 | TrucklHA E/G)| 2775 - ’85
Light-Duty Ve-
8 22 - '8
B Thiclecsz B/Gy| 2 2
Light-Duty Ve-
9 _ ’
! hicle(S2 E/G) 2209 | &
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3.1 FiTmH
3.1.1 sk pE 2o
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Table 2. Driving Pattern Analysis Result for Passenger Car.
Driving |[Driving| Average |Percentage Time Spent in4Mode (99
Routes Distance | Time Veglcle
(m) | (sec> | ity | 1D | ac | bc | cr
R—1FH3E—44E%) 21.31 3,775 20.3 33.8 29.9 25.9 10.5
R—2C3+—d %) 34.63 4,119 30.3 35.3 22.7 21.4 20.6
R—3 G B—94%) 22.58 3,256 25.0 39.3 24.9 23.2 12.7
R—4 Q5 —345%) 28.28 | 3,314 30.7 23.3 28.6 | 24.6 23.6
R—5 G4 —4 &) 42.29 | 3,874 39.3 17.6 31.2 | 26.9 | 24.3
R—6 GJ3lF—9oH%%) 31.29 4,356 25.9 26.2 28.9 24.3 20.7
R—7TES3 —2 =) 36.93 2,744 47.9 10.7 31.8 30.1 27.5
R— 8 (A o &—1=hi) 16.34 1,589 37.0 16 .4 32.6 26 .4 24.6
R—9G+ F—=E45) 35.39 4,242 30.0 26.6 32.4 29.3 11.8
C—1&E 2—5x2) 14.96 3,413 15.8 38.8 29.8 25.7 5.9
C—2GEAE—8F=) 24 .37 2,809 31.2 23.3 30.6 30.1 16.0
C—3A 2 = 3 =2) 57.81 7,675 27.1 27.8 27.1 24.8 20.2
Cc4-1 ¢ B 2) 78.51 8,295 34.1 31.4 28.5 24.7 15.4
C-4-2 G} =3 2) 73.37 6,936 38.1 15.8 26.0 25.0 34.1
C—5¢ =2—=AZS) 81.9 7,136 41.3 23.1 30.9 26.0 20.0
Average 624.33 | 70,372 31.9 26.0 29.1 25.9 19.2
¥ ID:1dling, AC: Acceleration, DC :Deceleration, CR: Cruise.
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Table 3. Driving Pattern Analysis of City Bus, Light Duty Diesel Vehicle and Diesel
Truck in Seoul.
. Vehicle Percentage Time Spent in 4Mode @4} Acceleration | Deceleration
Kinds of
Vehicle Speed Rate Rate
(fm/ h) IC AC CR DC |KPH/ sec KPH/ sec

City Bus 20.4 27.4 23.8 31.3 17.6 2.03 -2.75
Lignt Duty 25.9 29.7 | 19.2 | 36.0 | 15.1 2.30 ~2.78
Vehicle
Truck 27 .4 25.5 20.3 37.8 16.3 2.03 -2.75

#2014 % 5 slt uish ol A2l B

EEE 31.9km/h2d WAH ot and &

So| AHEdo|w] BEAZE PRE — L
o] HEgo] Aldxol 47.9%m/ hol F& -
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e FA R UG 10RE10 0 Yy HE
17.7km/ b, FH7AAFEAe T8 =3l ECE
16 3= 00 mEE 19.0m/holl ¥l Ed
F2 Hol v £ RAfAHLAE FACR
Mgl LA-4 25120 9] @ 34.1m/h ol
u|Ele w2 wojok

3+ 9 LPGHBES BFHMAEEHRS H3
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LA (0 — 10 ~0— 70/m/h), R InE (10 —
10 ~ 60 — 70km/h 72| 21 =bA] ), 8 (L 3E (10
— 0~ 70— 0km/h), #eh¥E (20— 10~ 70
—60km/h7tx] 21 )HAl ) § EF 64R=E 4
Halod Z+ BEdl A $AIEE BHELEES & &
ARG Bl B B A DAER S M)
gt

3.1.2 HolWaBE £
Auz, 22 Y co| A AmEkaRe] A
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#3014 & F e vhe Zo] Aujuise] F

— 60 —

BEFEL 20.4km/h, EH2] PHEFEL 274
kn/ho)w NNUSRAHS] FHEEL 25.9m/h
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HEpEe] By MalY o8 ¥e-s & T Yt
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BEAS Toho] EREMRKE St E 4o YeEbA
et

FAolA B F ol vk} o] AL o}
ol 5%, hiff, HAMAA wol EEEHI glo
v RIS B olo| R U hiE, FAMA
ool REE o &, RARIA

Ha e A e ¢ 7 ek
2

FurgalExle] EiTRMN e I ALEE
(& km/h)& B3I o8] 1985 4K BE A
e BRI ATEHEGE - m/h) 9 RHE
AR (4/H)E EHisl &S5l vebign

F ool A £ F gl upe} o] A Eilie 28
BBE BITES 36,799 X 1034 -kn/h o] o]
Z dukx8x 31.8%, 92 30%, B8 24%
2 W& 13.9 %% RSk ok 28y B
EHEKEoR 4y 28 RAHFEREL
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Table 4. Actual Driving Mode for Diesel Vehicle
Bus Lights-Duty Vehicle and Truck
Mﬁge Engine Load Weighing Engine Load Light-Duty Truck
"| Speed Rate Factor Speed Rate Vphicle Weig- Weighing
(%) (%) (%) (%) hing Factor Factor
1 Idling - 0.234 1dling - 0.294 0.258
2 40 2 0.048 25 2 0.035 0.022
3 40 25 0.018 25 25 0.036 0.003
4 40 50 0.015 25 50 0 0
5 40 75 0.014 25 75 0 0
6 40 100 0.040 25 100 0
7 60 2 0.100 40 2 0.028 0.073
8 60 25 0.014 40 25 0.049 0.036
9 60 50 0.013 40 50 0.086 0.015
10 60 75 0.013 40 75 0.026 0.015
11 60 100 0.056 40 100 0 0
12 80 2 0.108 60 2 0.038 0.094
13 80 25 0.040 60 25 0.028 0.118
14 80 50 0.021 60 50 0.111 0.093
15 80 75 0.025 60 75 0.195 0.113
16 80 100 0.120 60 1000 0.007 0.046
17 100 2 0.026 80 2 0 .0
18 100 25 0.014 80 25 0.012 0.030
19 100 50 0.018 80 50 0.008 0.021
20 100 75 0.020 80 75 0.043 0.037
21 100 100 0.043 80 100 0.004 0.026
3.3.1 HFHHK HE 9 ZREBHE BH7 2B Aigd + ¢

HEE BSHE LAY BHERe X639
7},

#F 6ol 4 WA= 25 LPGE 4183ln %A
By g3 948945 o kB =2
F 3 UR-E At Aom B

Al &, #isbl 2, A4 9 BHL, B
HA 4 7El A7 A d g ag 1295
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(B E 8EMf) s T3

Fga5a 9 LPGABES] T HE B

BREAEFREHGE H3E F1P 197

gleme gAFAz A AEY BHY &
—®BE 51A3Isc) ElojolmtRol] &% NTF
RE GRS RAR, JVRSHE, JEHE
¥ 0.118g/km, —RE®HHE 0.056g/m 2
Zlel xBEBE 0.230g/mz2A o] % vo|el=
g 24 Ak ¥ ol A 3RS}

3.3.2 BRWH HHE

HEE 2y S HRmE Bk R (ke/
) E£M&5 | HEFTERGEE - /m/ Bl &4
EH R GRBE T3l BEdlg ek

2l Y AL BEEY SRy kg 25



Table 5. Vehicle Traveled Distance and Fuel Consumption acording to Vehicle

Types in Seoul.

(1985.12.31)

Kinds of Vehicle ggmmzfé of » 1032;? " Tuel Lonsemption IZI{/Ia(lﬁ/d glclglmmy
/D % |x10%¢/D| % day) |(dm/¢)
LPG Taxi 35,691 11,064 30 1,116 21 310 9.91
Passenger Cars 259,429 11,705 | 31,8 1,224 23.1 - -
o Pony 136,035 6,300 | 17.1 601 11.3 46 10 .48
o Mapsina ( Gemini ) 24,951 1,148 3.1 110 2.1 46 10.48
o Rayale (Record) 48,034 2,210 6.0 269 5.1 46 8.21
o Steller (Cortina ) 32,668 1,503 4.1 183 3.4 46 8.21
© Brisa 4,499 207 0.6 20 0.4 46 10 .48
© Others 13,242 337 0.9 41 0.8 30 8.21
Jeep 1,728 111 0.3 15 0.3 64 7.5
Bus 44,252 5,075 | 13.9 1,304 24.6 - -
o City Bus 8,261 2,792 7.6 983 18.5 338 2.84
o Rent & Sight Seeing 1,448 277 0.8 80 1.5 191 3.45
O Small Bus 28,541 1,827 5 185 3.5 64 9.9
0 Others 6,002 179 0.5 56 1.1 40 3.19
Truck 104,707 8,844 24 1,649 31.3 - -
© Less than lton 53,876 4,041 11 377 7.1 75 10.72
o lton ~ 3ton 37,486 2,886 7.8 457 8.6 77 6.31
o 3ton ~ 8ton 4,290 450 1.2 148 2.8 105 3.05
o havier than 8ton 9,055 1,467 4 667 12.8 162 2.2
Motor Cycle 80,945 1,052 - 28 -1 13.7 38.25
Total* 445,807 | 36,799 | 100| 5,308 100 - -
* Motor Cycle Excluded.
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Table 6. Emission Factor

Emissions(g/ = )

Vehicle Type

Cco NOx HC* SO, Particulate™*
Passenger Cars 17.70 2.55 1.68 0.024 0.036
o LPG Taxi 18.17 2.61 1.17 - 0.020
© Gasoline Cars 17.25 2.50 2.16 0.047 0.051
Bus 12.81 11.36 1.59 1.54 1.33
o Small Bus 1.12 2.90 0.21 0.60 0.19
o City Bus & Others 19.78 16.40 2.41 2.10 2.01
Truck 5.05 4.76 0.98 1.09 0.59
o Light-Duty Truck 1.14 3.08 0.22 0.60 0.20
o Medium-Duty Truck 2.67 2.11 1.20 0.98 0.33
0 Heavy-Duty Truck 21.19 15.87 2.56 2.70 2.26
Motor Cycle®*** 18.54 . 0.22 5.57 0.012 0.06

* Exhaust HC only

#* Particulates for tire wear are 0.118g//m for passenger car, small bus and

light-

duty truck, 0.230g/km for city bus, medium-duty truck and heavy-duty truck and
0.056g//n for motor cycle, respectively, this data are quoted from the reference 14
# Emission factor for motor cycle are quoted from the reference 14 and 15.

Table 7. Contribution of Air Pollution Emission
Emission
Area | Vehicle Type CcO HC NOx S0, Particulate
kg/day | % |4g/day | % |kg/day | % |kg/day | % |k¢/day| %
Taxi h58,310 | 34.5 | 35,951 | 16.2 | 80,197 | 13.5 0 0| 4,240 5.6
Passenger Car| 39,162|22.2 | 53,926% | 24.3 | 52,0563 8.8 979 | 1.2 | 3,98 5.3
Korea|Bus 269,166 16.6 | 33,128 | 14.9 | 232,084 | 39.2 | 30,752 {38.6 | 31,300 | 41.3
Truck 52,73[15.6 | 42,859 | 19.3 | 227,267 | 38.3 | 47,683 {60.0 [-35,803 | 47.3
Motor Cycle | 180,709|11.2 | 56,143 | 25.3 2,144 0.2 17 | 0.2 1,189 1.5
Total 1,620,060 100 |222,006 100 | 593,745 | 100 | 79,531 | 100 | 75,630 100
Taxi 208,483 138.1 | 13,425 | 19.8| 29,947 | 18.4 0 0 1,58 8.4
Passenger Car| 204,809 |37.5 | 30,751* | 45.4 | 29,683 | 18.2 558 | 3.0 2,280 | 12.1
Seoul | Bus 67,701112.4 8,391 | 12.4| 59,951 | 36.8 8,120 {44.0 { 8,018 | 42.4
Truck 4,949 | 8.2 8,805 [ 13.0 | 43,043 | 26.4 9,780 | 52.9 | 6,880 | 36.4
Motor Cycle | 20,561| 3.8 6,388 9.4 2441 0.1 137 0.1 135 0.7
Total 6,503 | 100 | 67,760 100 | 162,88 | 100 | 18,474 | 100 | 18,8% 100
* Evaporated HC included : 20% of total HC
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