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ABSTRACT: In this study, trend analysis was performed for the nitrate-nitrogen (NO;-N) and chloride (CI') data
from the National Groundwater Quality Monitoring Network (NGQMN) of Korea during 2007 and 2013, using
Sen’s method, a non-parametric statistical analysis method, for systematic groundwater quality management. The
results for individual monitoring wells with different depths were plotted on the national distribution map, and
were classified based on the relative concentrations against threshold values (TVs) along with the trends. Of the
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total of 234 points analyzed, the points corresponding to 'no trend' accounted for the majority with 194 points
and 163 points, and the points above TVs were 17 points and 13 points for nitrate-nitrogen and chloride, respectively.
The results of the trend analysis according to the depth in each well showed that the trends can be different, and
this is closely related to the geology and hydrogeological characteristics of the area where the monitoring well
was installed. For monitoring wells showing an increasing trend, the time required to reach TVs in the future was
calculated based on the trend slope and the difference between the present concentration and TV. This study can
help to establish water quality management framework in areas where groundwater contamination is in progress,
and to verify the reliability of water quality predictions by statistical analyses.

Key words: groundwater quality, National Groundwater Quality Monitoring Network, Sen’s method, threshold

value, trend analysis
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Fig. 1. Location map of the National Groundwater Quality Monitoring Network (NGQMN) of Korea.
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Table 1. Background levels (BLs) and threshold values (TVs) for groundwater quality parameters of Korea (Korea

Environment Institute, 2013).

Criteria value (CV, mg/L)

5

Threshold value (TV, mg/L)"

Background level

P t i i inki Depth i i
arameter Residential Drinking ep (BL, mg/L)" Residential Drinking water
water water water
Whole 24 11.2 6.2
1 2.5 11.3 6.3
NOs-N 20 10
2 2.5 11.3 6.3
3 22 11.1 6.1
Whole 75.7 162.9 162.9
. 1 85.0 167.5 167.5
Cl 250 250
2 78.8 164.4 164.4
3 98.7 174.3 174.4

* Whole: 7.5-150 m, 1: 7.5-19.5 m, 2: 23-47 m, and 3: 70-150 m.

" BLs and TVs are tentative and could be changed.

Table 2. The results of the trend analysis, classified based on the threshold values (TVs) for groundwater quality

parameters.

Number of monitoring wells analyzed

Number of =TV <TV
Parameter  Depth molrllitorin% Increasing Decreasin No w Decreasin No

wels feste trend ¢ trend : trend = /3% <75% trend ¢ trend
of TV of TV

1 85 1 0 4 1 7 9 63
NO;-N 2 85 0 1 6 1 2 5 70
3 64 1 1 3 1 4 6 48
1 85 1 0 1 0 13 12 58
Cr 2 85 2 2 2 0 11 12 56
3 64 3 0 2 0 9 6 44
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Fig. 2. Results of the trend analysis for NO;-N, showing monitoring wells with =TV (increasing trend), =TV
(decreasing trend or no trend), <TV (increasing trend, =75% of TV), <TV (increasing trend, <75% of TV), <TV
(decreasing trend), and <TV (no trend): a) depth 1, b) depth 2, and c) depth 3.
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Fig. 3. Results of the trend analysis for CI', showing monitoring wells with =TV (increasing trend), =TV (decreasing
trend or no trend), <TV (increasing trend, =75% of TV), <TV (increasing trend, <75% of TV), <TV (decreasing
trend), and <TV (no trend): a) depth 1, b) depth 2, and c) depth 3.
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Fig. 4. Results of the trend analysis for NO3;-N at PCHG-monitoring well in Gangwon-do: a) depth 1, b) depth 2,

and c) depth 3.
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Table 3. Summary of statistics for the slopes of increasing trends for NOs-N and CI.

NOs-N Cr
Mean 09 . 19.4 .
Percentile Percentile
Standard error 0.3 9.0
Median 0.5 10 P 0.09 2.4 10 P 0.5
Standard deviation 1.3 20P 0.2 56.1 20P 0.9
Variance 1.8 30P 0.2 3222.0 30P 1.1
Kurtosis 10.3 40P 0.3 28.5 40 P 1.8
Skewness 3.1 50 P 0.5 5.1 50P 2.4
Range 5.6 60 P 0.6 335.5 60 P 4.1
Minimum 0.02 70 P 0.7 0.3 70 P 9.9
Maximum 5.6 80P 0.9 335.7 80P 17.8
Sum 15.2 90 P 3.0 738.1 90 P 33.2
Unit: mg/L/year.
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Fig. 6. Slopes of increasing trends for (a) NOs-N and (b) C1" at depth 1. TV represents the threshold value and the
dashed lines represent the predicted concentrations after year 2013. Depth 1 represents the shallowest depth at each
monitoring well, which corresponds to 7.5-19.5 m from the surface.
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Table 4. Summary of trend analysis for monitoring wells with increasing trends for NOs-N and CI at depth 1.

Monitoring well

[Present concentration/TV]

Increasing rate Time to reach TV

x 100 (%) (mg/L/year) (year)
NOs-N
JSYS 88 1.3 1.0
GRGD 46 0.4 14.7
SCDS 42 0.6 10.2
USHM 38 0.2 40.1
ICJIR 33 0.7 11.1
YCIY 23 0.2 39.8
GJUR 17 0.7 134
GJYB 6 0.1 112.3
Cr
PHYI 106 23.4 Already exceeded
GRDS 60 9.9 6.7
DDSY 36 232 4.6
PHCR 26 3.4 36.0
PCHG 19 3.6 379
CIBR 15 8.5 16.9
DYDJ 13 0.8 183.7
JSYS 8 2.0 76.1
PTIC 8 1.8 86.1
GRWC 7 1.2 127.5
YJSN 5 1.1 143.6
GJYB 3 0.3 607.7
ISSA 5 3.7 42.8
JCPD 3 0.4 376.7
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< TS Foto] st & 32 A4 A
oF dax o] FT7IEAl BSAHA Y 71=7] A
8okS HojEo) A A9 F71EA 718719
B2 0.9 mg/L/year, %%k 0.5 mg/L/year, £
HAx}= 1.3 mg/L/year, H4FE 0.02 mg/L/year, 71
23l gk 5.6 mg/L/yearo] ek Fas o] 29
85 57HA 718719 B2 19.4 mg/L/year, 5
oFk 2.4 mg/L/year, EFHZ+= 56.1 mg/L/year,

A7k 0.3 mg/L/year, 181 HthZEE 335.7 mg/
L/yearo| 3ict.
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Fig. 7. Prediction of NOs-N concentration after 10 years from year 2013 (present): a) depth 1, b) depth 2, and c)

depth 3.
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Fig. 8. Prediction of CI” concentration after 10 years from year 2013 (present): a) depth 1, b) depth 2, and c) depth 3.
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