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This study investigated groundwater quality and pollution sources in the northeastern Gyeonggi region, spe-
cifically Pocheon, Gapyeong, and Yangpyeong. A total of 3,749 samples collected between January 2022 and
December 2024 were analyzed for 15 drinking water quality parameters, including pH, major inorganic ions,
and heavy metals. Piper diagram analysis indicated that Ca-HCO; (approximately 60%) and Ca-Mg-HCO;
(approximately 30%) water types predominated, suggesting the presence of fresh groundwater. Statistical anal-
yses using the Mann—Kendall test and Sen’s slope estimator revealed significant increasing trends in nitrate-
nitrogen across all three regions (p < 0.05), with Pocheon exhibiting the highest rate of increase (0.020 mg/
L/month). Pocheon also showed the highest concentrations of sulfate and chloride, attributed to intensive agri-
cultural activities and urbanization. The NO; -N/NH,"-N ratio indicated that 97.9% of samples exceeded 10,
suggesting that chemical fertilizers are the dominant pollution source. This interpretation was supported by the
CI'/NO;"-N mass ratio, with 62.1% of samples below 5. Overall, these findings provide a scientific basis for
developing region-specific groundwater management strategies to ensure the safe use and conservation of
groundwater in the upper Han River basin.
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Fig. 1. Location of the study area.



(a) (b)
Fig. 2. Geological maps of the study regions: (a) Pocheon; (b) Gapyeong; (c) Yangpyeong.

Table 1. Survey area coverage of the study regions
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Table 2. Groundwater pH results by region

Description Gapyeong YangPyeong Pocheon
Aeverage 7.01 7.15 7.05
Maximum 9.69 10.06 10.12
Minimum 5.80 5.86 5.90
Standard deviation 0.68 0.64 0.51
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Fig. 3. Piper diagrams for the study regions: (a) Pocheon; (b) Gapyeong; (c) Yangpyeong.
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Table 3. Mann—Kendall test and Sen’s slope results for ions

NO,;-N S0,” cr
Area Z P Sen’s p V4 p Sen’s p z p Sen’s p

value Value Slope <0.05 value Value Slope <0.05 value Value Slope <0.05
Pocheon 2384 0.017 0.020 Satisfied 0.259 0.796 0.013 Dissatisfied 1.457 0.139 0.080 Dissatisfied

Gapyeong 2.084 0.037 0.010 Satistied 1.512 0.124 0.063 Dissatisfied 2.438 0.011 0.111 Satisfied

Yanpyeong 2.574 0.010 0.016 Satisfied 1.321 0.181 0.073 Dissatisfied 2.030 0.037 0.123  Satisfied
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Fig. 7. Sen’s slope estimates for ions.
Table 4. Mann—Kendall test and Sen’s slope results for metals
Mn Fe
Area - -
Z value p Value Sen’s Slope p<0.05 Z value p Value Sen’s Slope p<0.05
Pocheon  —0.422 0.673 -0.28 x 10 Satisfied 0.913 0.359 1.22 x 10 Dissatisfied
Gapyeong 2.520 0.009 1.09 x 10 Satisfied 0.558 0.576 0.39 x 10 Dissatisfied
Yanpyeong ~ 0.504 0.614 0.34 x 10 Satistied 2.111 0.030 243 x 10 Dissatisfied
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Table 5. NO; -N/NH,"-N ratio results by region
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A Az, A9 A2 97.9%7F NO;-N/NH,-N
1€ 10 o132 vehlio] stemlge] A3 3ol st

o

NO, N/NH,-N Ratio

Number of samples

Area analyzed <1 1 -10 > 10
(Sewage or livestock wastewater) (Agricultural activities) (Chemical fertilizer)
Gapyeong 939 4 (0.4%) 17 (1.8%) 918 (97.8%)
Yanpyeong 1,203 0 (0%) 21 (1.7%) 1182(98.3%)
Pocheon 1,607 11 (0.7%) 26 (1.6%) 1570 (97.7%)
Total 3,749 15 (0.4%) 64 (1.7%) 3670 (97.9%)
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Table 7. CI'/NO; -N ratio results by region

45

Table 6. Pearson correlation results between CI” and NO; -N
by region

Area

Pearson correlation

coefficient

p-value

U]
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Total

0.52
0.58
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< 0.001
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< 0.001
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Area Number of samples analyzed CI/NO s N
<5 5-15 > 15
Gapyeong 939 598 (63.7%) 287 (30.6%) 54 (5.8%)
Yanpyeong 1,203 725 (60.3%) 381 (31.7%) 97 (8.1%)
Pocheon 1,607 1005 (62.5%) 392 (24.4%) 210 (13.1%)
Total 3,749 2328 (62.1%) 1060 (28.3%) 361 (9.6%)
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