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Abstract

Epidemiologic studies of air pollution need accurate exposure assessments at unmonitored locations. A land use
regression (LUR) model has been used successfully for predicting traffic-related pollutants, although its application
has been limited to Europe, North America, and a few Asian region. Therefore, we modeled traffic-related pollu-
tants by LUR then examined whether LUR models could be constructed using a regulatory monitoring network in
Metropolitan area in Korea. We used the annual-mean nitrogen dioxide (NO,) in 2010 in the study area. Geographic
variables that are considered to predict traffic-related pollutants were classified into four groups: road type, traffic
intensity, land use, and elevation. Using geographical variables, we then constructed a model to predict the moni-
tored levels of NO,. The mean concentration of NO, was 30.71 ppb (standard deviation of 5.95) respectively. The
final regression model for the NO, concentration included five independent variables. The LUR models resulted in
R? of 0.59. The mean concentration of NO, of elementary schools was 34.04 ppb (standard deviation of 5.22) respec-
tively. The present study showed that even if we used regulatory monitoring air quality data, we could estimate NO,
moderately well. These analyses confirm the validity of land use regression modeling to assign exposures in epi-
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demiological studies, and these models may be useful tools for assessing health effects of long-term exposure to

traffic related pollution.

Key words: Land use regression, Traffic related air pollution, NO,, Exposure, GIS, School
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Fig. 1. Map of the Metropolitan area showing monitoring site locations and road network.

Table 1. Description of spatial variable categories.

Variable
sub-categories

Input file source

& type Methods

Category Description Buffer radii (m)

100, 200, 300,
500, 750

Use ‘intersect’ function of
analysistools*

Koreatransport

Road length oo

Total length (in km) Main roads

Use ‘near’ function of
analysistools*

- Main roads
- Highways
- Residential
- Commercia
- Industria
- Green area
- Open space

Distance to nearest
road

Koreatransport

Distance to road database

Use ‘intersect’ function of
analysis tools*

Total area(in hectares)
of 5land use types

300, 500, 750,
1000

Ministry of

L .
and use Environment

Koreatransport
database

Use ‘spatial join’ function of

Elevation analysis tools*

Elevation

*ArcGIS(Arc Map 9.3, ESRI inc, CA, USA)
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Table 2. NO, concentrations on regular air monitoring site.
NO, N mean sd min p25 p50 p75 max iqr*
All 102 30.71 5.95 11.00 27.00 32.00 35.00 42.00 8.00
Seoul 25 3352 3.66 27.00 31.00 34.00 36.00 42.00 5.00
Kyunggi 63 29.81 6.03 15.00 26.00 31.00 34.00 42.00 8.00
Incheon 14 29.71 7.54 11.00 29.00 32.50 35.00 37.00 6.00
*interquartile range
Table 3. Distribution of explanatory variables considered for LUR.
N Unit mean sd min p25 p50 p75 max igr*
Road length within 500 m 102 km 1.08 0.66 0.00 0.56 114 151 2.70 0.95
Distance to nearest main road 102 km 1.87 2.99 0.01 0.30 0.60 1.63 10.00 1.33
Distance to nearest highway 102 km 2.38 242 0.04 0.79 154 2.89 10.00 2.09
Elevation 102 m 48.27 54.63 1.80 1500 3245 58.00 42310  43.00
Green areawithin 500m 102 ha 2.67 39.88 0.00 017 1212 36.76  209.11 36.58
*intequartile range
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Table 4. Results of land use regression models for NO,.
NO, Coef. Std. Err. t P-value VIF R?
Constant 32.406 1.061 30.55 < 0.001 1.80
Road length within 500 m 0.150 0.067 2.25 0.027 1.28
Distance to nearest main road —0.103 0.023 -4.39 <0.001 2.93 0.59
Distance to nearest highway —-0.049 0.025 -1.98 0.024 2.27
Elevation 0.023 0.009 2.65 0.009 1.43
Green areawithin 500m —0.042 0.010 -4.04 <0.001 111
*Adjusted R?=0.56
. . Table 5. Moran’s | of residuals.
407 o eee S oo Variables Moran'sl  E(1)  sd(l) z p-value
N Residual —-0.016 -0.01 0013 -0507 0.306
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Table 6. Distribution of variables of elementary schools.
N mean sd min p25 p50 p75 max igr*

Road length within 500 m 2,014 3.67 212 0.00 204 3.59 5.04 15.23 3.01
Distance to nearest main road 2,014 3.06 3.67 0.00 0.44 1.10 4.94 10.00 4.50
Distance to nearest highway 2,014 3.04 314 0.01 0.81 1.76 3.87 10.00 3.06
Elevation 2,014 53.10 50.37 1.90 18.90 38.50 72.50 583.90 53.60
Green areawithin 500m 2,014 2.80 42.86 0.00 0.10 11.95 37.32 410.75 37.21
*intequartile range
Table 7. Air pollution concentrations of Elementary School by Land Use Regression.

NO, N mean sd min p25 p50 p75 max igr*
Total 2,014 34.04 522 12.37 30.53 34.86 37.59 55.22 7.06
Seoul 591 35.97 3.10 25.92 33.84 35.82 37.88 45.44 4.04
Kyunggi 1,180 33.23 5.70 12.37 28.54 33.77 37.55 55.22 9.01
Incheon 243 33.28 5.69 1521 29.41 34.62 37.10 50.33 7.69
*intequartile range

Legend
Elementary School
== Highway & arterial road
NO2 (ppb)

0147066 - 12,3811784
12.3811784 - 18.8346691
18.8346691 - 222388635
222388835 - 24 0346056
240346056 - 24.9618485
I 249818485 - 25.9290914
| 259290914 - 27.7248135
I 277240135 - 311200279
I =1 1290279 - 37.5625186
I 37 5625186 - 49.816631

Fig. 3. Final predicted NO, surface within the Metropolitan area.
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