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Relation with Activity of Road Mobile Source and
Roadside Nitrogen Oxide Concentration
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Abstract

Ozone has been a problem in big cities. That is secondary air pollutant produced by nitrogen oxide and VOCs in
the atmosphere. In order to solve this, the first to be the analysis of the NO, and VOCs.

The main source of nitrogen oxide is the road mobile. Industrial sources in Seoul are particularly low, and
mobile traffics on roads are large, so 45% of total NO, are estimated that road mobile emissions in Seoul. Thus, it is
necessary to clarify the relation with the activity of road mobile source and NO, concentration.

In this study, we analyzed the 4 locations with roadside automatic monitoring systems in their center. The V.K.T.
calculating areas are set in circles with 50 meter spacing, 50 meter to 500 meter from their center. We assumed the
total V.K.T. in the set radius affect the NO, concentration in the center. We used the hourly NO, concentrations data
for the 4 observation points in July for the interference of the other sources are minimized. We used the intersection
traffic survey data of all direction for construction of the V.K.T. data, the mobile activities on the roads. ArcGIS
application was used for calculating the length of roads in the set radius. The V.K.T. data are multiplied by segment
traffic volume and length of roads.

As a result, the NO, concentration can be expressed as linear function formula for VK.T. with high predictive
power. Moreover we separated background concentration and concentrations due to road mobile source. These

results can be used for forecasting the effect of traffic demand management plan.
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Fig. 1. Pattern of Traffic volume and NO, concentration by time of day.
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Table 1. Average NO, concentration data each time.
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Region Dongdaemun Sinchon Yeonwgdeungpo
TE}IBC N"(Number) Conc.”(ppb) N"”(Number) Conc.”(ppb) N"(Number) Conc.”(ppb) N"(Number) Conc.”(ppb)

1 31 78 31 55 31 42 31 113
2 31 56 31 38 31 30 31 91
3 31 49 31 33 31 25 31 83
4 31 43 31 28 31 22 31 68
5 31 42 31 28 31 22 31 63
6 31 54 31 45 31 45 31 81
7 31 78 31 72 31 69 30 112
8 31 92 31 88 30 74 31 129
9 31 104 30 90 31 76 31 142
10 31 114 29 89 31 79 26 141
11 28 118 28 81 31 75 26 130
12 29 110 29 76 30 70 31 128
13 31 103 31 T4 29 65 30 125
14 31 100 31 73 28 63 30 118
15 31 102 31 77 30 67 31 122
16 31 109 31 84 31 69 31 127
17 31 107 31 81 31 71 31 124
18 31 103 31 74 31 71 31 130
19 31 102 31 76 31 69 31 124
20 31 108 31 77 31 73 31 136
21 31 119 31 79 31 70 31 143
22 31 115 31 77 31 73 31 141
23 31 108 31 72 31 69 31 145
24 31 102 31 73 31 63 31 135
i‘\r;‘(;; 739 92 736 68 736 61 731 119

YN: Number of available data.
?Conc.: Average NO, concentration of each time.
?Sum of available data (N), Average of NO, Concentration (Conc.).
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Fig. 2. Construction of traffic volume data of each road section.

Table 2. Emission factor and mixing rate of vehicle in each region.

Emission factor”

Vehicle type

Vehicle mixing rate

(g/km) Dongdaemun Sinchon Yeongdeungpo Sinsa

Compact Gasoline 0.058 0.020 0.027 0.026 0.028

Gasoline 0.065 0.095 0.127 0.124 0.131

Small Diesel 0.876 0.023 0.030 0.030 0.031

LPG 0.364 0016 0.022 0.021 0.022

Sedan Gasoline 0.045 0.166 0.223 0217 0.230
Midsize Diesel 0.876 0.040 0.053 0.052 0.055

LPG 0.110 0.028 0.038 0.037 0.039

Gasoline 0.045 0.095 0.128 0.124 0.131

Luxury-size Diesel 0.876 0.023 0.031 0.030 0.031

LPG 0.110 0016 0.022 0.021 0.022

Taxi LPG 0.253 0.208 0.067 0.083 0.074
Gasoline 0.150 0.001 0.001 0.001 0.001

Van Diesel 0.650 0.033 0.028 0.043 0.034
LPG 0.073 0.020 0017 0.026 0.021

Bus Diesel 12.041 0.029 0.023 0.025 0017
) CNG 5.126 0012 0.007 0.006 0.005
Light Diesel 0.496 0.071 0.121 0.101 0.090

Truck Middle Diesel 3433 0.004 0.011 0.010 0.009
Heavy Diesel 16.909 0.003 0016 0.011 0.010

Motor cycle Gasoline 0.100 0.097 0.009 0.012 0.017

YEmission factor of NO, (NIER, The manual of calculation methods of air pollutants emissions of Korea III)
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where,
VKT, : total V.K.T. in radius “r” (vehicles - km/h)
t, : revised traffic volume of section “i” (vehicles/h)
I, : length of section “i” (km)
r : radius from the center (m)

i: section of road
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Fig. 3. Setting Radius from the center.

Fig. 4. Calculation of V.K.T. of each section.
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Table 3. V.K.T. in radius “r”’ (AM 9:00).

Total V.K.T.r in radius ‘r’(vehicles-km/h)

Radius ‘r’
(m) Dongdaemun  Sinchon Yeongdeungpo  Sinsa
50 1,309 1,698 2,997 1,695
100 2,622 3,366 5,975 3373
150 3927 5,550 8,949 5,282
200 6,217 7710 11,439 6,829
250 10,400 9437 14910 8,526
300 14,122 12,244 19,115 10,251
350 16,025 13,548 21,342 23,390
400 18,152 15,987 28,841 25814
450 20,142 16,491 35,969 37,961
500 21,473 18,723 37,213 44,073

Q% 2o B2 AANHE B C
B AR ded S ggon A
0.76~0.902.2 7| Vrefytct.

C=a,- VK.T,+b @)

where,
C : NO, concentration of center (ppb)
a, : impact factor of radius “r” (ppb - h /vehicles - km)
VK.T, : total V.K.T. in radius ‘r’(vehicles - km/h)
b : background concentration (ppb)

r : set radius from center (m)
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Fig. 5. NO, concentration and V.K.T. .
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Table 4. Impact factor and background concentration.
Region Dongdaemun Sinchon Yeungdeungpo Sinsa
a.(ppb-h/ b a,(ppb-h/ b a,(ppb-h/ b a,(ppb-h/ b
Radius vehicles - km) (ppb) vehicles - km) (ppb) vehicles - km) (ppb) vehicles - km) (ppb)
50m 0.0665 26.576 0.0403 16.685 0.0215 11.797 0.0462 59.517
100 m 0.0332 26.576 0.0203 16.685 0.0108 11.797 0.0232 59.517
150 m 0.0222 26.576 0.0123 16.685 0.0072 11.797 0.0148 59.517
200 m 0.0144 26.576 0.0089 16.685 0.0056 11.797 00115 59.517
250 m 0.0084 26.576 0.0072 16.685 0.0043 11.797 0.0092 59.517
300 m 0.0062 26.576 0.0056 16.685 0.0034 11.797 0.0076 59.517
350 m 0.0054 26.576 0.0050 16.685 0.0030 11.797 0.0033 59.517
400 m 0.0048 26.576 0.0043 16.685 0.0022 11.797 0.0030 59.517
450 m 0.0043 26.576 0.0041 16.685 0.0018 11.797 0.0021 59.517
500 m 0.0041 26.576 0.0037 16.685 0.0017 11.797 0.0018 59.517
AAFRE A9 A+t NO, £ H5 =2 119ppb oF 50% 0.100
7t Z2olZ oA 7]Qlete Aoz UERdtt 50 s
m Bt 0| A 9] FJegA 4= 0.0462 ppb - h/vehicles - km g 3
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*
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3} 2 Ao JFASRE EAISte] ekt 19 10 100 1000

ot}

7} pEA o] GRASE AR gatel A5
AF FE2 dehg, 22te) d9E ®)E 4
o] B 0.93 o402 uj 7 tehget.

a=k-r

where,
a, : impact factor (ppb - h /vehicles - km)
r : set radius (m)
k : proportional constant, related NO,

v : decrease exponent, related VK.T..
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Aol Q1o 1= et

Radius (m)

Fig. 7. Impact factor of each set radius.
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Table 5. Functional formula of set radius for impact fac- =3} 7}o] v E 43
fors. oF SAPYA S TEoR
Region Functional formula Predlct(ll;/%power Source Complex Short Term Model 3)E
AAQ =29 Y7|&2AHLAE 402 8- 500m
Dongdaemun a,=12876-r"" 0.983 1] : W= O—LE‘ s I‘H
Sinchon a,=2.549 - 10! 0.997 ol m2E &Y R AAste VKT.E &5 o
Yeungdeungpo a,=1.8082-r " 0.989 I 2EE NO, Hi&A4E Festgct 19 82 7
Sinsa =16.193 -17'4" 0.933 - . _
& 240 PEYPT} £ AN EE3 xRS
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Fig. 8. Comparison of NO, concentration of observed & predicted. OBS.: Avergae observed concentration of NO, in
July 2006, this study: Average predicted concentration of NO, by regression model in July 2006, ISCST3:
Average predicted concentration of NO, by ISCST3 model in July 2006
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Table 6. Prediction of NO, concentration in 50% decreased V.K.T. (AM 09:00).

Observed Background Attributed Current VKT Decreased Predicted Conc. decrease
conc. conc. conc.” urrent V5100 VK.T? conc.” rate”
Region
VKT, VKT, '

C(ppb) b(ppb) CBEPD)  (epiclesikm/h)  (vehiclesskmm)  © PPP) (%)
Dondaemun 103.7 26.6 77.1 2,622 1,311 70.1 -324
Sinchon 89.7 16.7 73.0 3,366 1,683 50.9 —433
Yeungdeungpo 76.4 118 64.6 5975 2,988 44.1 -3
Sinsa 142.0 59.5 82.5 3,373 1,687 98.7 -30.5

D Attributed conc.: NO, concentration that attributed in mobile sources.

"Decreased V.K.T.: 50% decreased V.K.T.

“Predicted conc.: NO, concentration in 50% decreased V.K.T.

“Conc. decrease rate: Decrease rate of predicted NO, concentration contrast observed.

Table 7. Prediction of target V.K.T. for 30% reduction of NO, concentration (AM 09:00).

Observed Background Attrlbuf:ed Current VK T.,, Target conc” Target VK.T.” VK.T. deAc)rease
conc. conc. conc. rate
Region
VKT 00 ' VK.T. 00

€ (ppb) b (ppb) CPPPD)  (veniclesskmm)  © PP (vehiclesskm/h) (%)
Dondaemun 103.7 26.6 77.1 2,622 72.6 1,386 —47.1
Sinchon 89.7 16.7 73.0 3,366 62.8 2,271 -326
Yeungdeungpo 76.4 11.8 64.6 5975 53.5 3,860 —-354
Sinsa 1420 59.5 82.5 3373 99.4 1,719 —49.1

D Attributed conc. : NO, concentration that attributed in mobile sources.

PTarget Conc. : Target NO, concentration that 30% reduction.

“Target VK.T. : Target V.K.T. to achive the target NO, concentration value. It was calculated by estimation function.
YV.K.T. decrease rate : Decrease rate of target V.K.T. contrast Current.
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