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Analysis of Influential Factors on Nitrate Distribution in Ground Water in an
Urbanizing Area using GIS

J.S. Won', N.C. Woo** and Y.J. Kim!

Center for Urban Information System Seoul Development Institute, Seoul 137-070, Korea
’Department of Earth System Science, Yonsei university, Seoul 120-749, Korea

To identify the influential factors and their relative significance on spatial distribution of NO3-N in urban ground
water, spatial analysis was conducted using GIS and statistical approaches in the Seongnae-Koduk watersheds,
where rapid urbanization has been proceeded. Several factors were considered including land-use type, distance to
sewage lines, the ratio of impervious surface, and the ratio of green area. The spatial distribution of NO;3-N in the
land-use types shows differences between urban and crop field possibly due to the sewage networks in urban areas
and the agrochemical uses in crop field. Nitrate concentrations in ground water were decreased with the distance to
sewage lines to approximately 60-75 m. Concentrations of nitrate and distances to sewage lines showed negative
correlation, indicating that the nitrate contamination was induced from the sewage system and specially significant
in urban areas. The negative correlation of the ratio of impervious surface to the nitrate concentration in urban areas
also suggested that the source materials of nitrate are introduced from the surface. Consequently, in arcas of urban-
ization processes, systematic management of past-and-present land-use types and sewage systems are the most sig-
nificant factors in preventing ground water from nitrate contamination.

Key words : NO;-N, ground water, GIS, spatial analysis, influential factor
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Table 1. GIS database constructed for this study.
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Fig. 2. Distribution of groundwater wells in the study area.

GIS data theme Daa 'Scale. Explanation
source (Pixel size)
Well Point 1 13,000 NO;-N concentration, well depth,
land-use, distance to the sewage system
Grid for correlation analysis Polygon (100 m) areal ratio of land-use, impervious surface, green arca

Table 2. The areal ratio and wells of land-uses in the study area.

Land-use Area(k) Areal ratio(%) Number of wells
Urban 23.1 56.7 350
Forest 7.6 18.6 26
Crop field 4.8 11.7 128
Others* 53 13.0 12
Total 40.7 100.0 516

*Others include denuded area, inaccessible area, river and stream.
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Table 3. Distribution of NO3-N concentrations(mg/l) in different land-uses.

Land-use Number of wells Median Minimum Maximum
Urban 350 54 0.0 58.1
Forest 26 50 1.5 80.0
Crop field 128 14.9 0.0 479
Others 12 2.1 0.1 16.7
Total 516 6.6 0.0 80.0

Table 4. Results of Mann-Whitney's U test as p-values on the relations between NO 5-N concentrations and land-use types.

Land-use Urban Forest Crop field Others
Urban - 0.313 0.000* 0.082
Forest - 0.003* 0.021*
Crop field - 0.000*
Others -

*Statistically significant in the level of 0.05

Table 5. Results of Spearman's rho test on the relations between NO 3-N concentrations and land-use types.

Land-use Correlation coefficient p-value Number of wells
Urban -0.333* 0.000 350
Forest -0.001 0.974 26
Crop field 0.394* 0.000 128
Others -0.073 0.096 12

*Statistically significant in the level of 0.05
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Table 6. Results of Spearman's rho test on NO 3-N concentrations with the distance to the sewage line.

Factor

Correlation coefficient

p-value Number of wells

Distance to the sewage line 0.112*

0.011 516

*Statistically significant in the level of 0.05

Table 7. Results of Spearman's rho test on NO;-N
concentrations with the distance to the sewage line at different
land-uses.

Landuse Correla.tion p-value Number
coefficient of wells
Urban -0.210% 0.000 350
Forest 0.495* 0.010 26
Crop field 0.265* 0.003 128
Others -0.586* 0.045 12

*Statistically significant in the level of 0.05
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