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Prediction of Nitrate Contamination of Groundwater in the Northern
Nonsan area Using Multiple Regression Analysis
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ABSTRACT

Nitrate concentrations were measured up to 49 mg/L (as NOs-N) and 22% of the samples exceeded drinking water
standard in shallow and bedrock groundwater of the northern Nonsan area. Nitrate concentrations showed a significant
difference among land use groups. To predict nitrate concentration in groundwater, multiple regression analysis was
carried out using hydrogeologic parameters of soil media, topography and land use which were categorized as several
groups, well depth and altitude, and field parameters of temperature, pH, DO and EC. Hydrogeologic parameters were
quantified as area proportions of each category within circular buffers centering at wells. Regression was performed to all
the combination of variables and the most relevant model was selected based on adjusted coefficient of determination
(Adj. R?). Regression using hydrogelogic parameters with varying buffer radii show highest Adj. R* at 50m and 300m for
shallow and bedrock groundwater, respectively. Shallow groundwater has higher Adj. R? than bedrock groundwater
indicating higher susceptibility to hydrogeologic properties of surface environment near the well. Land use and soil media
was major explanatory variables for shallow and bedrock groundwater, respectively and residential area was a major
variable in both shallow and bedrock groundwater. Regression involving hydrogeologic parameters and field parameters
showed that EC, paddy and pH were major variables in shallow groundwater whereas DO, EC and natural area were in
bedrock groundwater. Field parameters have much higher explanatory power over the hydrogeologic parameters
suggesting field parameters which are routinely measured can provide important information on each well in assessment
of nitrate contamination. The most relevant buffer radii can be applied to estimation of travel time of contaminants in
surface environment to wells.

key word : Nitrate contamination, Agriculture, Multiple regression, Land use, Field parameter
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Fig. 1. Location of sampling sites over a geologic map.
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Fig. 2. Land use pattern of the study area. Symbols are
P =Paddy, U = Upland, O = Orchard, R = Residential area, S =
Point source, V=Paved road, G = Attificial grassland, N=
Natural area.
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Fig. 3. Soil properties map of the study area. Symbols are
FN=Fine, FS=Fine silty, FL=Fine Loamy, LS =Loamy
Skeletal, CL = Coarse Loamy, CS = Coarse Silty, SN=Sandy.
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Table 1. Topography group and ranges of slope

Topography group Ranges
T1 0-2
T2 2-6
T3 6-12
T4 12 - 18
T5 More than 18

Fig. 4. Shaded relief map of the study area.
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Table 2. Dependent and independent variables considered in multiple regression analysis

Phase Dependent variables Independent variables
Land use (P, U, R, N, O, G S, V)
Soil properties (FN, FS, FL, LS, CL, CS, SN)
Log NO;-N
Phase 1 . Topography (T1, T2, T3, T4, T5)
(in mg/L) .
Altitude of well
Depth of well
Land use (P, U, R, N, O, G S, V)
Soil properties (FN, FS, FL, LS, CL, CS, SN)
Phase 11 Lo.g NOs-N Tol?ography (T1, T2, T3, T4, TS5)
(in mg/L) Altitude of well
Depth of well

Log Field parameter (T, pH, DO, EC)
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Fig. 6. Depth and elevation of sampling sites versus nitrate concentrations. Open circles are shallow groundwater and solid circles are

bedrock groundwater.
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Table 3. The result of Kruskal-Wallis test in shallow and bedrock groundwater grouped by land use

Aquifer Landuse Number of wells Mean Square chi-square p
Paddy 25 27.0
Agricultural area 15 43.6

Shallo

W Residential area 7 479 17.90 0.000

Natural area 16 21.9
Paddy 25 26.3

Bedrock Agricultural area 12 338 9.64 0.022
Residential area 10 359
Natural area 8 14.9
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Fol9A) o BEk) 98 vlus 2 vl
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Table 4. Regression model summary for various Buffer radius in phase I
Aquifer  Buffer radius (m) Adj. R? F p Variables
5 0.393 6.63 < .0001 P, O, V, FS, ELEV, T2, T4
10 0.384 8.60 < .0001 P, O, FS, ELEV, T4
25 0.423 9.96 <.0001 P, V, FL, ELEV, T4
50 0.510 10.08 <.0001 U, O, R, V, FL, ELEV, T4
Shallow
75 0.466 8.61 < .0001 P, U GV, FL, T5
100 0.440 10.6 < .0001 P, U, G FL, T5
250 0.403 5.57 < .0001 U, G S, FN, CL, FS, T4, T5
500 0.365 555 < .0001 P, UGS, FL, CL, LS, T4, T5
50 0.314 4.82 0.0007 P, N, CL, FS, LS, ELEV
100 0.334 4.59 0.0007 P, N, FN,FL, FS, ELEV, T2
250 0.355 5.59 0.0002 N, R, CL, FS, SN, LS
300 0.372 5.97 0.0001 R, CL, FS, SN, LS, ELEV
500 0.242 3.65 0.005 N, G R, CL, FS, LS
Bedrock 750 0.243 2.46 0.039 FN, SN, LS, DEP, T2, T4
1000 0.153 2.29 0.044 G V, FN, SN, LS, DEP, T3
1250 0.207 2.86 0.015 R, V, SN, LS, DEP, T2, T4
1500 0278 341 0.004 S, R, V, FS, SN, LS, DEP, T3
2000 0.205 2.84 0.016 S, R, CL, FS, SN, DEP, T2
2500 0.217 3.31 0.009 R, CL, SN, DEP, T2, T4
0.6
0.5 - -
L 04 -
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Z
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Fig. 9. Variation of Adjusted R? for various buffer radii in phase I regression.
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Table 5. Coefficient of the regression equations to estimate nitrate concentration in phase I

Explanatory variables

Goodness-of-fit (model)

Aquifer - -
(Buffer radius, m)  Name Coefficient p t Partial VIF Ad; p
R square R square
Constant 0.761 0.005 2.96
R 1.831 <.0001 4.98 0.203 1.281
2.087 0.006 2.87 0.068 1.130
S(*;ZU;;V \% 11.121 0.008 278 0.063 1.179 0510 1117 <0.00
FL 0.699 0.029 2.24 0.041 1.094
ELEV —0.004 0.051 -1.99 0.033 1.350
U 0.709 0.079 1.79 0.026 1.268
Constant 1.776 0.000 4.02
LS —2.481 0.001 —3.65 0.167 1.256
Bedrock R 6.003 0.002 3.33 0.139 1.097
(300 m) FS -3.202 0.006 -2.89 0.105 1.108 0.372 6.93 <0.00
SN —7.006 0.027 -2.28 0.065 1.091
CL -1.290 0.030 -2.25 0.063 1.235
W) o] A Ane] RSk AP Auel 2 2R) & 4 T Buffer 973 300 molN 8 ARATe]
Aog AZET 9] FolME FAAGe] 7MY & s #ol 03722 Huhighs 7HAaL o]t} ZpAv =9 A7

7} SEHT] Y FFHo] & HolFa itk %
T4(0)Y] 7% Partial R%] ko] 0.0680]3L i(vH
ﬁo%”—”— 0.06302 FAARMEIR= o} V=] W
Heire =0 24 Wil Als B J&%A
F] ;e = ﬁg £ Sl
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zl)\]-}ﬂ Ao} =g 7HAA] k8-S x]A]szE}
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2 75l 2.0l TRk Fekgo] mewl AFAFLI) %
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= 2833 k. 4 REL 2k WA
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A4e @t 2t
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F7F #asiaL 9o, A wbge 300mPka & 5 gl
(Table 4; Fig. 9). &t X|sl=2] 749+= HF A|sl=Ht
Wgol Awrt Zlan i ) dels wet #8 W A8t
FE T ¥ 3o X7 Qo] fYE  dem=E
ARAslERTE HA wdo] IA] 24W BoE Helth

R AEee] 79 HA wEd 300 ml 7ol digh
Hye] AIE HETH(Table 4). AH8H FE|A2eH3
A4 T HE 20 19JE WSES] giREe] EY &
ol ®WiFe] AwEo] F5 & Utk EAolu
Ege] FxE £ ofsEmol 7AE QRlolH,
webs] dikdel geo FA| FFS A= IR
o S8 7150l A EYe] Higt] AME E
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[l 50% oS I 2 = ECrt AWslal
Aes A T S ik WMEC] Partial R2S
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=AH AT BEA)7] 91 EYeIME mldEe] At
2 okl be sjkEolt oS ol 8siM TFS s
&S] wliol| At AdEle] Aa sREES dATlE
ngESo] S-S do7)7] wiEe|tt. pHrb F4Hd
Axs} 5o WAE 2 o= Faksl A (nitrification)
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Table 6. Coefficient of the regression equations to estimate nitrate concentration of groundwater in phase I1

Explanatory variables

Goodness-of-fit (model)

Aquifer B .
(Buffer radius, m)  Name Coefficient p Partial VIF Adj. p
R square R square
Constant -5.268 <.0001 -6.91
EC 3.022 <.0001 8.82 0.503 1.161
Shallow P -1.268 <.0001 -4.61 0.137 1.171
0.6057 19.74 <,001
(50 m) pH —0.014 0.000 —3.84 0.095 1.141
T2 0.668 0.023 2.33 0.035 1.048
FL 0.653 0.025 2.30 0.034 1.147
Constant -5.509 0.000 —4.10
<
Bedrock DO 0.998 .0001 8.42 0.427 1.025 0.6989 1968 <001
(300 m) EC 1.019 0.000 4.10 0.101 1.051
N -1.790 0.001 -3.41 0.070 1.026
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