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Evaluation of Nitrate Contamination Potential in the Groundwater

Catchment Area of Nan-Tou
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Abstract

Public concern over groundwater quality has grown significantly in recent years. Agriculture
is considered as a major contaminant source of groundwater. Increasing evidence shows that the
nitrate contamination exceeds the maximum contaminant level of groundwater in the upper
Choushui river alluvial fan of Nantou. The objectives of the study were to apply factor analysis to
identify factors that govern the chemistry of groundwater, and to determine the source of nitrate
pollutant on its pathway using the groundwater quality data and land use type in this area. These
results were integrated using DRASTIC to delineate the groundwater water vulnerability area and
formulate the strategy for sustainable use of groundwater resources. Eight hydrochemical
parameters including pH, EC, Hardness, NH;", NO3", Fe, Mn and S concentrations were considered
to evaluate the characteristics of the groundwater by factor analysis. Three main hydrogeochemical
factors were determined. Factor 1 has strong positive loadings on Fe, Mn and NH,  which is a
common type of the groundwater hydrochemical environment of Taiwan. Factor 2 has strong
loadings on Hardness and EC representing a hardness water property. Factor 3 has strong positive
loadings on nitrate and pH which is polluted probably from agriculture, industry and domestic
sewage. Redox is the most plausible process determining the groundwater characteristics in this
area where the groundwater has oxidized, acidic and high nitrate properties in Nan-Tou city and
exhibits reduced, alkaline and low nitrate properties in Dou-Lio. Factor analysis shows the
chemistry of groundwater is stable based on the data of 2004-2006. Contamination potential of
nitrates is evaluated by DRASTIC. The score exceeds 160 define the scopes of groundwater
vulnerable to pollution. The high contamination potential areas of nitrate are Pu-Li, the west of
Tsau-Tuen, the southwest of Ming-Jian, the east of Ju-Bei and Nan-Tou city. These areas were
agricultural active and densely populated. The nitrate pollution has no immediate threat to the
downstream area of Choushui river alluvial fan. However, the present groundwater quality is not
suitable for potable water use. In order to achieve sustainable use of groundwater resource, we
should plan to remediate the nitrate contamination, construct sewer systems, reduce the use of
agrichemicals and protect the areas of high contamination potential.

Keywords: Nan-Tou, Factor analysis, Contamination potential of nitrate, Groundwater,
DRASTIC
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EaS ORI Sl as I Ty 0 A L R

WECEHE! ¥ pH [ R sE % & T
Hik m --- mg/L mg/L mg/L mg/L Cr;ngO/]:nag?L mg/L  mg/L
_ﬁ%;%z% ---  6~8.5 <10 <0.1 <0.3 <0.05 150 - -
J S [l I
{%E@J; - 69 T R (3T-N) s <02 - ) )
Byh <
Eﬂf‘ﬂﬁlﬁé --- - <5 <0.05 <0.15 <0.025 150 - -
BT 1500 8.2 13.7 0.05 ND<0.046 ND<0.048 127.0 303 124
A2 1500 8.1 14.6 0.10 ND<0.046 ND<0.048  139.0  33.5 135
FAI3 1500 8.0 15.4 0.12 ND<0.046 ND<0.048 133.0 31.8  13.1
14 1500 7.5 19.3 0.08 ND<0.046 ND<0.048 123.0 29.8 11.8
FATS 2300 7.8 7.3 0.03 ND<0.046 ND<0.048 87.8 22.3 7.8
A6 1700 7.5 12.9 0.07 ND<0.046 ND<0.048 70.2 14.6 8.2
A7 1700 7.3 10.3 0.10 ND<0.046 ND<0.048 68.5 14.6 7.8
AL 9.7 8.0 14.1 0.50 ND<0.046 ND<0.048 1740  39.0 18.6
¥ 200.0 7.3 30.9 0.12 ND<0.046 ND<0.048 91.8 185 11.1
B 1950 7.4 12.6 0.04 ND<0.046 ND<0.048 42.4 84 52
ik 1 150.0 7.6 9.1 ND<0.02  ND<0.046 ND<0.048 87.5 17.1 109
FJ;]Z 200.0 8.0 4.6 0.10 ND<0.046 ND<0.048 62.9 15.1 6.1
ik 3 150.0 7.8 7.2 0.05 ND<0.046 ND<0.048 74.7 15.3 8.9
ik 4 1350 7.6 9.0 ND<0.02  ND<0.046 ND<0.048 48.5 8.8 6.4
i 11 1500 7.8 9.6 0.06 ND<0.046 ND<0.048 101.0 199 125
Tk 15 170.0 7.9 5.7 0.07 ND<0.046 ND<0.048 546 113 6.4
16 1700 7.4 7.6 0.07 ND<0.046 ND<0.048 55.7 10.3 7.3
Ffk 17 150.0 7.4 7.1 0.05 ND<0.046 ND<0.048 92.1 186 11.1
18 1500 7.4 4.9 0.04 ND<0.046 ND<0.048 80.8 17.7 8.9
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P i EIET 15 KRR e 155 B
1 2.87 35.90 35.90

2 1.46 18.19 54.09

3 1.02 12.76 66.86

#.3.2004 B4 AT £ PO SRR LY R HE (

AT AT 0.6 HIT RS )

pra=
AT
[T 1 (K= 2 (K= 3
Fe 0.906339 -0.10569 -0.04238
Hardness 0.808632 0.056155 0.004856
EC 0.642308 0.078933 -0.20457
Mn 0.635808 0.014567 0.045523
NH4-N 0.489944 0.370816 0.160429
NO;'N -0.22202 -0.89406 -0.02696
pH -0.53532 0.705518 -0.11984
S -0.05333 0.001989 0.967287
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2 4.2004~2006 F ﬁ PRl RRTE ELY g e FT%J [

F ) [ 534 RETEL Rl Bl (%)

2004 N7 RV RS N Fe Hardness Mn 35.90%
N2 PR NOsN  pH 18.19%
N3 R P S 12.76%

2005 =1 SR Fe Mn NH4&N  34.16%
[N=72 RPN EC Hardness 25.57%
NS0 3 RGP pH NO;N 18.52%

200 N1 N Fe Mn 36.74%
[N=T2 RPN EC Hardness 24.60%
N7 3 RGP pH NO;N 16.28%

?2\0;:)2006 P91 P Fe Mn NH:N  27.50%
N2 RN EC Hardness 24.90%
3 AR R pH NO; N 15.75%
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