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ABSTRACT

Statistical trend analysis using the data from the National Groundwater Quality Monitoring Network (NGQMN) of Korea
was conducted to establish a new groundwater quality management framework. Sen’s test, a non-parametric statistical
method for trend analysis, was used to determine the linear trend of the groundwater quality data. The analysis was
conducted at different confidence levels (i.e., at 70, 80, 90, 95, and 99% confidence levels) for three of groundwater
quality parameters, i.e., nitrate-nitrogen, chloride, and pH, which have sufficient time series of the NGQMN data between
2007 and 2013. The results showed that different trends can be determined for different depths even for the same
monitoring site and the numbers of wells having significant trends vary with different confidence levels. The wells with
increasing or decreasing trends were far less than the wells with no trend. Chloride had more wells with increasing trend
than other parameters. On the other hand, nitrate-nitrogen had the most wells with increasing trend and concentration
exceeding 75% of the threshold values (TVs). Based on the methodology used for this study, we suggest including
groundwater TVs and trend analysis to evaluate groundwater quality and to establish an advanced groundwater quality
management framework.

Key words : Groundwater quality management framework, National groundwater quality monitoring network, Thresh-
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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)

Background level Threshold value (TV)**

Parameter Residential water Drinking water Depth (BL)** Residential water  Drinking water
whole 2.40 11.20 6.20
2.50 11.25 6.25
NON 20mg/L 10 me/L 250 11.25 6.25
2.20 11.10 6.10
whole 75.70 162.85 162.85
cr 250 mglL 250 mglL 84.99 167.50 167.50
78.80 164.40 164.40
98.69 174.35 174.35
whole 8.02
8.09
pH 5.8-8.5 5.8-8.5
8.09
7.90

*whole: 7.5-150 m, 1: 7.5-19.5m, 2: 23-47m, 3: 70-150 m
**BLs and TVs are tentative and could be changed
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Fig. 2. An example of the trend analysis for groundwater quality parameters: (a) NO;-N at X X -0008 and (b) CI~ at A A-0001.

Table 2. An example of the trend analysis for the individual well

Parameter NOs-N CI
Location code XX-0008 AN-0001
Type of monitoring site Contamination monitoring Contamination monitoring
. Sen's estimate 0.46 0.42
(n?;Ld/‘;:;r) 95% conf. min 025 120
95% conf. max 0.66 2.29
Trend Increasing trend No trend
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Fig. 3. An example of the trend analysis with different confidence levels (CI™ at ><>-0012).

Table 3. An example of the trend analysis, showing different trends with different confidence levels (C1~ at &< -0012)
Gradient (mg/L/year)

Confidence level (%) Trend
Sen's estimate min max
90 -1.47 -2.52 -0.54 Decreasing trend
95 -1.47 -2.67 -0.23 Decreasing trend
99 -1.47 -3.11 0.00 No Trend

Table 4. 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 monitoring ]
wells tested  Increasing Decreasing no trend Increasing trend Decreasing No trend
trend trend >75% of TV <75% of TV ~ trend
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
1 85 0 0 8 5 2 70
pH 2 85 1 0 4 1 1 78
3 64 0 0 2 1 2 59
*In case of pH, groundwater quality standard for residential water was used
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