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In this study, a survey of the number of excess water quality standards, an average concentration analysis,
and a trend analysis to calculate the grade of groundwater contamination using data from the groundwater qual-
ity monitoring network (GQMN) in Gyeonggi-do were conducted. A water pollution map of underground
water was provided, and the water quality characteristics between analysis items and influencing factors were
identified by statistical analysis. The indication contamination rate-the ratio of three determined contamination
indicators-from high to low was CI" (31.2%) > NO;-N (27.9%) > pH (20.8%) > Trichloroethylene (8.9%) >
Arsenic (6.3%) > Tetrachloroethylene (1.5%). According to the contamination grade analysis, the ‘clean grade
(0) was classified as less than 68.8% (CI), the ‘possibly contaminated grade (1)’ was less than 30.1% (CI’),
the ‘contaminated grade (2)’ was less than 7.1% (NO;™-N), and the ‘seriously contaminated grade (3)” was clas-
sified as less than 1.9% (NO5™-N). A mean contamination index rank difference test was conducted for each
influencing factor in highly contaminated areas, non-drinking facilities, unopened facilities, private facilities,
industrial waters, and industrial areas that showed statistically significant differences.

Key words: Groundwater Quality Monitoring Network, Grade of groundwater contamination, Statistical analysis
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Fig. 1. Location map of the study area.
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Table 1. Groundwater quality classification”®

Number of methods

Contamination Water quality

0 0 - Clean
Possibl
1 1 Yellow contamineie d
2 2 Orange  Contaminated
3 3 Seriogsly
contaminated

*Contamination index is expressed as the sum of the three
methods
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Table 2. Statistical analysis results for the groundwater quality monitoring network in Gyeonggi-do

Standard Detection Selection

Item Drinking standard N Minimum Maximum Mean Deviation Frequency of items®
pH 5.8~8.5 3904 52 10.1 7.0 0.6 3904 O
Total Coliforms" N.D./100 mL 3920 - - - - 1431 x
NO;-N 10 mg/L below 3964 0.0 43.8 39 4.7 3735 O
Cr 250 mg/L below 3918 0.0 14,296.0 472 3333 3869 O
As 0.01 mg/L below 3917 0.000 0.350 0.001 0.007 170 O
Cd 0.005 mg/L below 3913 0.000 0.004 0.000 0.000 7 x
Cyanide 0.01 mg/L below 3904 0.00 0.03 0.00 0.00 4 x
Hg 0.001 mg/L below 3916 0.000 0.001 0.000 0.000 2 x
Organophosphorus? O.giio?»./of;sgijivlgli/L 3768 0.0000  0.0005  0.0000 0.0000 1 x
Cr 0.05 mg/L below 3815 0.00 0.02 0.00 0.00 2 x
Phenols 0.005 mg/L below 3910 0.000 0.044 0.000 0.001 7 x
Pb 0.01 mg/L below 3914 0.000 0.040 0.000 0.001 3 x
TCE? 0.03 mg/L below 3902 0.000 1.003 0.003 0.031 494 O
PCEY 0.01 mg/L below 3903 0.000 0.201 0.000 0.005 126 O
1,1,1-TCE® 0.1 mg/L below 3904 0.000 0.041 0.000 0.001 122 O
Benzene 0.01 mg/L below 3885 0.000 0.135 0.000 0.002 32 O
Toluene 0.7 mg/L below 3886 0.000 2.460 0.001 0.045 118 O
Ethylbenzene 0.3 mg/L below 3879 0.000 0.004 0.000 0.000 49 O
Xylene 0.5 mg/L below 3874 0.000 0.012 0.000 0.000 57 O

1) Total coliforms are excluded and expressed as detection and non-detection (N.D.);
2) Diazinon, Parathion, Fenitrothion; 3) Trichloroethylene; 4) Tetrachloroethylene; 5) 1,1,1-Trichloroethane;
6) o: selection, x: non-selection

Table 3. Examples of the groundwater quality classification process at location OH02017®

NO;-N Cr

7 — 1 0—>0

69 — under > 0 107 mglL — over > 1 69.8 mg/L — under — 0
(c) Sen’s trend analysis no trend — 0 upward trend — 1 upward trend — 1
Number of indications (a + b + ¢) 0 3 1
Contamination index (@ +b+c¢) 0 3 1

Possibly contaminated

Item pH
0—>0

(a) Number of excess water quality standards
(b) Average concentration analysis

Water quality grade Clean Seriously contaminated
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Table 4. Rate of contamination indication for three statistical analyses [7]
Statistical analysis pH NO;-N CI As TCE PCE 1,1,1-TCE Benzene Toluene b;ﬂ;};e Xylene

Number of excess water 1 )75 15 59 78 11 0.0 04 07 00 0.0
quality standards
Analysis of average 19 89 11 22 45 04 00 04 00 00 0.0
concentration
Sen’s trend analysis 89 123 305 0.4 1.5 0.4 0.7 0.0 0.0 0.0 0.0
Total 208 279 312 6.3 8.9 1.5 0.7 0.4 0.7 0.0 0.0

(a) Total area-

NO3 0% 1 1% a% Asz% % A%TCEW 1% PCE 0%

m‘ et o W \ N
& O P O o @
(b) General area-

No3 SN cl T TCE PCE

28%

(c) Contamination Concerned Area.

3% PH 2% N‘?%; N 1% - 2% 3% as TCE"‘ 3% PCE 1%
\ gy \ )
27% 24% 33%
68% ) 63% ) 64% \ 97% ) 81% 96% )
Clean. Possibly contaminated. Contaminated. o Seriously contaminated-

Fig. 2. Classification of contamination grades of the Gyeonggi-do groundwater quality monitoring network: (a) Total area, (b)
General area, and (c) Contamination Concerned Area.
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@ Clean Possibly contaminated @ Contaminated o Seriously contaminated

Fig. 3. Map of groundwater contamination grade in Gyeonggi-do from 2010-2017.
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Table 5. Spearman’s rank correlation coefficients of test items
CNiN, .
Item Area  Purpose Land useopof ¢ ManagementG:t(;Lofnial pH NOy-N CI As TCE  PCE lT’é]lS Benzene Toluene
facilities
Area 1
Purpose 0.085 1
Land use 0018 0.128° 1
O?:C‘;Ei:f 0283" 0508 0065 1
Management 0283 0439 0070 0827 1
%ﬁflom 0037 0157 0040 0043 1
pH 0029 018 —0.142" 0064 0076 012" 1
NO;N 0107 0.139° 0045 0097 0046 0011 —0062 1
cr 0062 0138 -0014 0084 0088 0020 -0.046 0139 1
As 0049 0016 -0129" 0040  —0018 0108 —-0.021 —-0.130" —0.069 1
TCE 0068 0252 0100 0.126° 0134 0038 01757 0135 0015 -0031 1
PCE 0000 0094 0064 0081 0084  -0064 0010 -0014 0049 0032 0078 1
LLI-TCE - 0000 0.21° 0059 0057 0059 0030 0059 021" -0058 -0022 0295 0346 1
Benzene 0000 0021 0041 0040 0042 0043 0115 0085 —-0.041 —0016 0204 —0.008 —0005 1
Toluene  —0.070 0075 —0017 0057 0059  -0010 -0.044 —0053 —0.058 0163 —0027 -0011 —-0.007 -0.005 1
** Correlation is significant at the 0.01 level
* Correlation is significant at the 0.05 level
254 (Management), *|& (geological stratum)dZ 4=  PCEx= 1,1,1-TCES} “J2AIG 034622 2]t A3
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Fig. 4. Average contamination index of the analyzed items.



Table 6. Mann-Whitney test results of analysis items by area
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Mean rank Sum of ranks
— — Mann- .
Item General Contamination  General Contamination Whitney Wilcoxon 7z P
area  concerned area area  concerned Area W
(N=155) (N=114) (N =155) N=114)
pH 123.23 151.00 19101.0 17214.0 7011.0 19101.0 —4.101 0.000
NO;-N 125.77 147.55 19494.0 16821.0 7404.0 19494.0 —2.888 0.004
Cr 129.90 141.94 20134.0 16181.0 8044.0 20134.0 -1.559 0.119
As 138.71 129.96 21499.5 14815.5 8260.5 14815.5 -2.161 0.031
TCE 124.66 149.06 19322.0 16993.0 7232.0 19322.0 -5.143 0.000
PCE 133.00 137.72 20615.0 15700.0 8525.0 20615.0 —2.345 0.019
1,1,1-TCE 134.00 136.36 20770.0 15545.0 8680.0 20770.0 —-1.652 0.099
Benzene 134.50 135.68 20847.5 15467.5 8757.5 20847.5 -1.166 0.244
Toluene 135.74 134.00 21039.0 15276.0 8721.0 15276.0 -1.215 0.224
*p: Asymptotic significance probability
T FASEE o §o5F 5%l 2AREEE(pe] 0.031E 5

EFste] Aol mt
EA R @ HAIF Z}Olﬂ' USAIE BlaLstr] flsh
1 Mann-Whitney 7373 (Mann-Whitney
U testy2 33l om, 1 A3= Table 60 LERNSL
o, T39I Hdt gt (Mean rank)ZF H13H(Sum of
ranks), Mann-Whitney 74 %A 3FH(U), Wilcoxon2]
A SAFWYT ©] #e FFSA Z5h, SAM
2]&-E(Asymptotic significance probability, pyS &
stk pH, NO;-N, TCE, PCES] S|4 Haw4
© LEeEAIge] AR w}oH, oo
5%HlellA A f2l8HE(py 0.000, 0.004, 0.000, 0.019

_\aL

| o= Tr«lfTL ZolE YERATE YA 82 fo
ShEo] frolaeint Eot SAFCE fofsiA]l &%k
L& T AFAFINE QFHA G o
P%«l LAAFTE = L}EMw 73 S B
S8R 383 H5-E S R e s
.9°§X1T | Zol7t J=AE 7d7é 7&4@— Table 7]
eSS A8 A3 pH, NOy-N, TCE®| 29AF
Haedle 857 28Tt 3o, foaE
5%l ZALE-E(py> 0.047, 0.012, 0.0000]™
FolgFolslz Uehd SAHoZ FolsleA v

71 L84HTE 09Xt =vha Hrkek 4 Ut

00" O o
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Table 7. Mann-Whitney test results of analysis items by drinking status
Mean rank Sum of ranks Mann- .
. Wilcoxon
Item Drinking Non-drinking ~ Drinking Non-drinking ~ Whitney W 4 p*
(N =106) (N =163) (N =106) (N = 163) U
pH 126.77 140.35 13438.0 22877.0 7767.0 13438.0 —-1.983 0.047
NO;-N 123.42 142.53 13082.5 23232.5 7411.5 13082.5 -2.505 0.012
Cr 128.13 139.47 13582.0 22733.0 7911.0 13582.0 —1.451 0.147
As 134.18 135.53 14223.5 22091.5 8552.5 14223.5 —-0.329 0.742
TCE 124.32 141.94 13178.0 23137.0 7507.0 13178.0 -3.673 0.000
PCE 134.26 135.48 14232.0 22083.0 8561.0 14232.0 -0.597 0.551
1,1,1-TCE 134.00 135.65 14204.0 22111.0 8533.0 14204.0 —-1.143 0.253
Benzene 134.50 135.33 14257.0 22058.0 8586.0 14257.0 —0.806 0.420
Toluene 134.00 135.65 14204.0 22111.0 8533.0 14204.0 —-1.143 0.253

*p. Asymptotic significance probability
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Table 8. Mann-Whitney test results of analysis items by opening of facilities

Mean rank Sum of ranks Mann- .
. Wilcoxon
Item Open Non-open Open Non-open Whitney W z r*
(N=282) (N=187) (N=282) (N=187) U

pH 129.70 137.33 10635.0 25680.0 7232.0 10635.0 -1.050 0.294
NO;-N 126.10 138.90 10340.0 25975.0 6937.0 10340.0 —1.581 0.114
Cr 127.06 138.48 10419.0 25896.0 7016.0 10419.0 -1.377 0.168
As 133.02 135.87 10907.5 25407.5 7504.5 10907.5 —-0.656 0.512
TCE 127.70 138.20 10471.5 25843.5 7068.5 10471.5 -2.061 0.039
PCE 133.00 135.88 10906.0 25409.0 7503.0 10906.0 -1.332 0.183
1,1,1-TCE 134.00 135.44 10988.0 25327.0 7585.0 10988.0 —-0.938 0.348
Benzene 134.50 135.22 11029.0 25286.0 7626.0 11029.0 —-0.662 0.508
Toluene 134.00 135.44 10988.0 25327.00 7585.0 10988.0 —-0.938 0.348

*p . Asymptotic significance probability
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Table 9. Mann-Whitney test results of analysis items by management status

Mean rank Sum of ranks Mann- .
Item Public Private Public Private Whitney Wllxxon Z p*
(N =2386) (N =183) (N =286) (N=183) u

pH 128.95 137.84 11090.0 25225.0 7349.0 11090.0 -1.239 0.215
NO;-N 130.87 136.94 11255.0 25060.0 7514.0 11255.0 -0.759 0.448
Cr 127.02 138.75 10924.0 25391.0 7183.0 10924.0 —-1.433 0.152
As 135.87 134.59 11685.0 24630.0 7794.0 24630.0 -0.299 0.765
TCE 127.48 138.53 10963.5 25351.5 7222.5 10963.5 -2.198 0.028
PCE 133.00 135.94 11438.0 24877.0 7697.0 11438.0 -1.379 0.168
1,1,1-TCE 134.00 135.47 11524.0 24791.0 7783.0 11524.0 —-0.971 0.331
Benzene 134.50 135.23 11567.0 24748.0 7826.0 11567.0 —0.686 0.493
Toluene 134.00 135.47 11524.0 24791.0 7783.0 11524.0 -0.971 0.331

*p: Asymptotic significance probability
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Table 10. Kruskal-Wallistest results of analysis items by purpose of use

151

Item Purpose of use N Mean rank Chi-square (%) p* Post hoc test
Drinking water (a) 106 126.77
Living water (b) 106 131.25
pH - 13.569 0.004 c,d>a
Industrial water (c) 47 153.47
Agricultural water (d) 10 175.20
Drinking water (a) 106 123.42
) Living water (b) 106 141.92
NO;™-N . 7.238 0.065 -
Industrial water (c) 47 147.28
Agricultural water (d) 10 126.70
Drinking water (a) 106 128.13
) Living water (b) 106 131.44
Cl A 7.166 0.067 -
Industrial water (c) 47 153.30
Agricultural water (d) 10 159.50
Drinking water (a) 106 134.18
Living water (b) 106 137.91
As - 1.937 0.586 -
Industrial water (c) 47 132.10
Agricultural water (d) 10 126.50
Drinking water (a) 106 124.32
Living water (b) 106 136.77
TCE - 25.676 0.000 c>b>a
Industrial water (c) 47 157.65
Agricultural water (d) 10 123.00
Drinking water (a) 106 134.26
Living water (b) 106 133.00
PCE - 9.647 0.022 c>b
Industrial water (c) 47 141.60
Agricultural water (d) 10 133.00
Drinking water (a) 106 134.00
Living water (b) 106 134.00
1,1,1-TCE N 9.482 0.024 -
Industrial water (c) 47 139.72
Agricultural water (d) 10 134.00
Drinking water (a) 106 134.50
Living water (b) 106 135.77
Benzene X 1.538 0.674 -
Industrial water (c) 47 134.50
Agricultural water (d) 10 134.50
Drinking water (a) 106 134.00
Living water (b) 106 135.27
Toluene - 2.139 0.544 -
Industrial water (c) 47 136.86
Agricultural water (d) 10 134.00

*p. Asymptotic significance probability
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Table 11. Kruskal-Wallis test results of analysis items by land use
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Item Purpose of use N Mean rank Chi-square () p* Post hoc test
Agricultural area (a) 112 141.64
Business area (b) 52 132.19
pH . 13.118 0.004 a, b, c>d
Industrial area (c) 41 150.68
Residential area (d) 64 115.61
Agricultural area (a) 112 132.25
B Business area (b) 52 131.95
NO;-N . 1.108 0.775 -
Industrial area (c) 41 142.74
Residential area (d) 64 137.34
Agricultural area (a) 112 137.32
i Business area (b) 52 121.95
Cl . 5.922 0.115 -
Industrial area (c) 41 152.39
Residential area (d) 64 130.41
Agricultural area (a) 112 138.62
Business area (b) 52 139.31
As . 5.799 0.122 -
Industrial area (c) 41 129.71
Residential area (d) 64 128.55
Agricultural area (a) 112 129.99
Business area (b) 52 125.47
TCE . 39.554 0.000 c>a, d
Industrial area (c) 41 169.55
Residential area (d) 64 129.38
Agricultural area (a) 112 133.00
Business area (b) 52 135.58
PCE . 12.219 0.007 c>a
Industrial area (c) 41 142.85
Residential area (d) 64 133.00
Agricultural area (a) 112 134.00
Business area (b) 52 134.00
1,1,1-TCE . 11.164 0.011 -
Industrial area (c) 41 140.56
Residential area (d) 64 134.00
Agricultural area (a) 112 134.50
Business area (b) 52 134.50
Benzene . 5.561 0.135 -
Industrial area (c) 41 137.78
Residential area (d) 64 134.50
Agricultural area (a) 112 135.20
Business area (b) 52 134.00
Toluene . 2.491 0.477 -
Industrial area (c) 41 137.28
Residential area (d) 64 134.00

*p. Asymptotic significance probability
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Table 12. Kruskal-Wallis test results of analysis items by geological stratum

Item Purpose of use N Mean rank Chi-square (x?) p* Post hoc test
sedimentary rock (a) 139 139.43
pH metamorphic rock (b) 90 137.69 7.235 0.027 a, b>c
igneous rock (c) 40 113.55
sedimentary rock (a) 139 137.92
NO;-N metamorphic rock (b) 90 124.79 4.581 0.101 -
igneous rock (c) 40 147.81
sedimentary rock (a) 139 136.66
Cr metamorphic rock (b) 90 131.89 0.334 0.846 -
igneous rock (c) 40 136.23
sedimentary rock (a) 139 130.47
As metamorphic rock (b) 90 142.86 7.953 0.019 b>a
igneous rock (c) 40 133.07
sedimentary rock (a) 139 134.63
TCE metamorphic rock (b) 90 131.82 2.547 0.280 -
igneous rock (c) 40 143.43
sedimentary rock (a) 139 135.91
PCE metamorphic rock (b) 90 134.49 1.119 0.571 -
igneous rock (c) 40 133.00
sedimentary rock (a) 139 134.97
1,1,I-TCE  metamorphic rock (b) 90 134.00 2.339 0.311 -
igneous rock (c) 40 137.36
sedimentary rock (a) 139 134.50
Benzene metamorphic rock (b) 90 135.99 1.989 0.370 -
igneous rock (c) 40 134.50
sedimentary rock (a) 139 134.97
Toluene metamorphic rock (b) 90 135.49 0.464 0.793 -
igneous rock (c) 40 134.00

*p: Asymptotic significance probability
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