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Abstract In this study, groundwater quality data measured for 11 years from 2006 to 2016 were analyzed
statistically for 101 civil defense emergency water supply facilities (CDEWSF) in the Gwangju area. The
contamination level was quantified into four grades by using excess drinking water quality standards, average
concentration analysis, and tendency analysis results for each facility. On the basis of this approach, the
groundwater contamination degree of each item was evaluated according to land use status, installation year,
depth, and geological distribution. The contamination grade ratios, which were obtained by analyzing three
contamination indicators (water quality exceeded frequency, average concentration analysis, and trend analysis)
for 15 items on statistically significant of civil defense emergency water was relatively high, in the order of
Turbidity (51.5 %) > Color (32.7 %) > Nitrate nitrogen (28.7 %) > Hardness (25.7 %). As a result of the contamination
grade analysis, except for the items of Turbidity, Color, and Nitrate nitrogen, the contamination levels were
distributed in various degrees from “clean (0)” to “seriously contaminated (3).” Regarding the contamination
grade of 12 items, 25 % of the total were classified as “possibly contaminated (1),” and 75 % were rated “clean
(0).” The four items (Turbidity, Color, Nitrate nitrogen, and Hardness) for which contamination indication rate
were evaluated as “high” by the were visualized on a contamination map.
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Fig. 1. Distribution of civil defense emergency water supply facility in Gwangju using QGIS (ver 2.14).
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Table 1. Groundwater quality classification standard by
*Ministry of Environment

N f inati .
umber of contamination Water quality grade

indicators
0 Clean
1 Possibly contaminated
2 Contaminated
3 Seriously contaminated

"Groundwater quality classification standard was developed as
quantitative source control technique and ecosystem interaction
model for groundwater contamination by Ministry of Environ-
ment*'
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Table 2. The result of statistical analysis for groundwater quality of CDEWSF in Gwangju

Item Drinking can Standard Dispersion Minimum Maximum Selection of
standard (below) Deviation value value  analysis items
Total Colony Counts® 100 CFU/mL 99 20 716 0 22000 x©)
Total Coliforms® 0/100 mL - - - - - x
Fecal Coliforms” 0/100 mL - - - - - x
Pb 0.01 mg/L 0.000 0.000 0.000 0.000 0.010 x
F 1.5 mg/L 0.07 0.00 0.19 0.00 3.00 o
As 0.01 mg/L 0.004 0.002 0.090 0.000 2.500 o
Se 0.01 mg/L 0.000 0.000 0.000 0.000 0.007 x
Hg 0.001 mg/L 0.000 0.000 0.000 0.000 0.000 x
Cyanide 0.01 mg/L 0.00 0.00 0.00 0.00 0.00 x
Cr* 0.05 mg/L 0.00 0.00 0.00 0.00 0.04 x
Ammonium nitrogen 0.5 mg/L 0.00 0.00 0.03 0.00 0.46 x
Nitrate nitrogen 10 mg/L 3.7 0.1 3.0 0.0 17.9 o
Cd 0.005 mg/L 0.000 0.000 0.000 0.000 0.000 x
B 1 mg/L 0.00 0.00 0.01 0.00 0.06 o
Phenols 0.005 mg/L 0.000 0.000 0.000 0.000 0.000 x
Diazinon 0.02 mg/L 0.0000  0.0000 0.0000 0.0000 0.0017 x
Parathion 0.06 mg/L 0.0000  0.0000 0.0000 0.0000 0.0010 x
Fenitrothion 0.04 mg/L 0.0000  0.0000 0.0006 0.0000 0.0150 x
Carbaryl 0.07 mg/L 0.000 0.000 0.000 0.000 0.008 x
1,1,1-Trichloroethane 0.1 mg/L 0.000 0.000 0.000 0.000 0.003 X
Tetrachloroethylene 0.01 mg/L 0.000 0.000 0.000 0.000 0.002 x
Trichloroethylene 0.03 mg/L 0.000 0.000 0.003 0.000 0.054 x
Dichloromethane 0.02 mg/L 0.000 0.000 0.000 0.000 0.007 x
Benzene 0.01 mg/L 0.000 0.000 0.000 0.000 0.009 x
Toluene 0.7 mg/L 0.000 0.000 0.001 0.000 0.029 x
Ethylbenzene 0.3 mg/L 0.000 0.000 0.000 0.000 0.008 x
Xylene 0.5 mg/L 0.000 0.000 0.000 0.000 0.000 x
1,1-Dichloroethylene 0.03 mg/L 0.000 0.000 0.000 0.000 0.005 x
Tetrachlorocarbon 0.002 mg/LL 0.000 0.000 0.000 0.000 0.008 x
1,2-dibromo-3-chloropropane ~ 0.003 mg/L 0.000 0.000 0.000 0.000 0.000 x
Hardness 1000 mg/L 123.7 2.024 71.855 0 341 o
Consumption of KMnOy 10 mg/L 1.5 0.1 5.3 0.0 146.0 o
Odor® No oders - - - - - x
Taste® No taste - - - - - X
Cu 1.0 mg/L 0.030 0.003 0.101 0.000 1.873 o
Color 5 degree 2 0 10 0 191 o
Anionic surfactants 0.5 mg/L 0.0 0.0 0.0 0.0 0.0 x
pH 58~85 7.1 0.0 0.6 5.9 10.9 o
Zn 3 mg/L 0.129 0.020 0.712 0.000 13.503 o
Cr 250 mg/L 304 0.7 24.5 0.0 428.0 o
Fe 0.3 mg/L 0.02 0.00 0.07 0.00 1.00 o
Mn 0.3 mg/L 0.0278  0.007 0.248 0.000 4.011 o
Turbidity 1 NTU 0.71 0.10 3.45 0.00 77.30 o
Sulfate 200 mg/L 14 0 12 0 68 o
Al 0.2 mg/L 0.00 0.00 0.01 0.00 0.14 x
1,4-Dioxane 0.05 mg/L 0.000 0.000 0.001 0.000 0.024 x

IMicroorganisms that could be improved by disinfection were excluded from the analysis.

®Odor and Taste were not expressed in numerical form and were excluded from the analysis items.
“Non selection

9Selection
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Table 3. The result of kruskal-wallis test for the water quality analysis item

“Total . . .
Variable  Colony “Total *Fecal As Ammonlum Nltrate B Hardness Consumption
Coliforms Coliforms nitrogen  nitrogen of KMnO,
Counts
chi-square 148988 141.992  76.017 427.469 417.490 51.373 348.063 190.553 378.006  45.709
P 0.000 0.000 0.636 0.000 0.000 0.996 0.000 0.000 0.000 0.000
Variable Cu Color pH Zn ClI- Fe Mn Turbidity ~ Sulfate Al
chi-square 339.876 158.280 234.015 243.417 389.260 153.964 376.828 252598 480.811 151.690
P 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.999

Collective variable : Watering place, n=101

"Microorganisms that could be improved by disinfection were excluded from the analysis.
If the p-value > 0.05, it was judged that there was a significant difference in the mean and excluded from the analysis items.

Table 4. The rate of contamination indication for three statistical analyses items unit : %
. Consump-
Statistical analysis F As Nltrate B Hard- tion of Cu Color pH Zn Cr Fe Mn  Turbidity Sulfate
nitrogen ness
KMnO,
Water quality exceeded | 10 199 00 00 00 00 208 10 20 00 40 50 257 00
frequency
Average concentration 5 50 09 00 00 10 119 50 50 00 30 30 198 00
analysis
Trend Analysis 00 00 109 1.0 257 3.0 30 2.0 119 79 248 0.0 1.0 5.9 19.8
Total 1.0 3.0 287 1.0 257 3.0 4.0 32.7 17.8 149 248 69 8.9 51.5 19.8

Nitrate nltrogen Hardness

X

Turbidity Sulfate

oI

@ Clean(0) © Possiblycontaminated(1) @ Contaminated(2) g Seriously contaminated(3)

Consumption of KMnO.

3%, 0%
N\ [0%

)

Fig. 2. Classification of groundwater quality each item.
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Table 5. The result of contamination ratio by (a) Using land, Installation year (c) Depth (d) Geological stratum  unit : %
(@)

Area F  As Nitrate B Hardness Consumption Cu Color pH Zn CI° Fe Mn Turbidity Sulfate Total

nitrogen of KMnO, P R4

A 13 40 9.3 00 80 1.3 27 160 67 27 67 53 40 20.0 5.3 72

C 00 0.0 5.1 00 9.0 1.3 00 7.7 51 51 90 26 26 14.1 7.7 5.6
1 0.0 0.0 6.7 00 0.0 0.0 6.7 267 00 133 00 00 133 267 13.3 7.1
R 00 00 126 07 96 0.7 07 96 67 52 96 0.7 1.5 16.3 5.9 5.8
A:Agricultural area, C:Commercial area, I:Industrial area, R:Residential area
(b) unit : %
Installation Nitrate Consumption i L
Year s nitrogen Hardness of KMnO, Cu Color pH Zn Cl Fe  Mn Turbidity Sulfate Total
1980s 0.0 1.7 100 0.0 6.7 33 00 11.7 50 67 100 1.7 33 18.3 6.7 6.6
1990s 0.8 1.6 122 0.0 10.6 0.8 08 138 89 33 114 24 24 20.3 3.1 7.1
2000s 0.0 00 93 1.3 12.0 0.0 40 27 40 27 53 00 27 6.7 5.3 47
2010s 0.0 00 00 0.0 0.0 0.0 0.0 333 0.0 143 48 143 95 38.1 4.8 8.3
(©) unit : %
Nitrate Consumption of Colo n .

Depth(m) F As nitrogen B Hardness KMnO, Cu . pH Zn CI° Fe Mn Turbidity Sulfate Total
100 orless 0.0 00 11.1 0.0 8.9 0.0 0.7 126 6.7 74 67 22 15 207 8.1 6.4
100~200 1.0 2.1 9.4 1.0 10.4 1.0 2.1 104 83 42 125 21 52 17.7 73 7.1
200~300 00 37 11.1 00 11.1 3.7 37 11.1 3.7 0.0 11.1 0.0 74 11.1 74 6.7
300 ormore 0.0 0.0 0.0 0.0 8.3 8.3 0.0 167 0.0 0.0 83 0.0 0.0 16.7 0.0 5.6
(d) unit : %
Geological s Nltrate Hardness Consumption Cu Color pH Zn CI' Fe Mn Turbidity Sulfate Total

stratum nitrogen of KMnO,

All 1.1 00 56 00 5.6 22 00 167 44 44 67 56 56 222 7.8 6.6
Sob 00 0.0 9.1 0.0 9.1 0.0 30 152 00 6.1 6.1 30 6.1 12.1 6.1 5.5
Aci 00 0.0 11.1 00 222 0.0 00 00 11.1 0.0 222 00 0.0 11.1 0.0 6.7
Dae 00 19 11.7 0.6 9.3 0.6 19 86 74 43 80 06 12 14.2 6.2 5.8

All:Alluvium, Sob:Sobaeksan gneiss complex granite gneiss, Aci:Acidic

Turbidity, Color, Nitrate nitrogen, Hardness®l
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(c)Nitrate nitrogen

(d)Hardness

@ Clean(0) © Possiblyc i 1) ©C

2) @ Seriously i 3)

Fig. 3. The map showing the water contamination grade of the: (a) Turbidity, (b) Color, (c) Nitrate nitrogen, (d) Hardness.
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Table 6. The correlation coefficients of the well foundation and test items in the drinking groundwater

Nitrate ansump- Turbid- . Ins‘talla- . G colog- Using Openip.g
Item F nitrogen B Hardness tionof Cu  Color pH Zn Cl- Fe Mn ity Sulfate Total Subject tion Depth Yield ical stra- land of Ea0111—
KMnO, Year tum ties
F 1.000
Nitrate nitrogen -0.076  1.000
B -0.017 -0.076  1.000
Hardness -0.087 0.119 0.198 1.000
OCf"l“:lt‘/[r:Cp)‘j"“ -0.025 -0.108 -0.025 -0.124  1.000
Cu -0.035 0265 -0.035 -0.179 -0.051 1.000
Color 0233 -0.128 -0.086 -0.120  0.105 -0.012 1.000
pH 0.235 0.150 -0.070 0.201  -0.099 -0.143 0.147 1.000
Zn -0.044 0.043 -0.044 -0.105 -0.063 -0.091 0.028 -0.052 1.000
Cr -0.080 0.269° -0.080 0.258" 0.096 -0.165 -0.167 0.140 -0.083 1.000
Fe 0.577°" -0.134 -0.030 -0.153 -0.043 -0.062 0.436"" 0.060 0.173 -0.141 1.000
Mn 0.399"" -0.047 -0.040 -0.067 0.285" 0.164 0.559"" 0.114 0.095 -0.046 0.478"" 1.000
Turbidity 0.178 -0.059 -0.109 -0.073 0.050 -0.076 0.726"" 0.121 0.329° -0.149 0314 0.413"" 1.000
Sulfate -0.063 0.136 -0.063 0250 -0.090 0.044 -0.076 0.096 0.117 0.100 -0.111 -0.146 -0.024 1.000
Total 0210 0355 -0.062 0.226 0.150 0.070 0.612°° 0.339™ 0.308" 0.241 0.333" 0478 0.680" 0253 1.000
subject 0.017 -0.024 0.165 -0.192 0.024 0.091 0.171 -0.224 0.060 -0.084 0.146 0.038 0.239 -0.026 0.078 1.000
Installation Year 0.008 -0.090 0.093 0.115 -0.204 0.204 -0.002 -0.081 -0.046 -0.048 0.234 0.083 -0.001 -0.041 0.033 0.318* 1.000
depth 0.062 -0.078 0.086 0.020 0.297° 0.134 0.022 0.058 -0.230 0.227 -0.094 0219 -0.114 -0.117 0.057 -0.266" 0.108 1.000
yield 0205 0.129 -0.070 0.047 -0.315" -0.080 -0.219 -0.061 0.076 -0.227 -0.028 -0.125 -0.150 0.080 -0.263" -0.224 -0.455" -0.278" 1.000
geological stratum -0.177  0.091  0.062 0.329" -0.253 0.225 -0.088 0.118 -0.038 029 0312 -0.095 -0.070 -0.091 0.113 -0.089 0.171 0241 -0.141 1.000
Using land -0.190 -0.220 -0.025 -0.051 0.094 -0.087 0.025 -0.135 0.026 -0.043 -0.138 0.002 0.034 0.101 -0.101 0.098 -0.041 0.062 -0.046 -0.217 1.000
g::i‘l}il?egs"f 0.177  0.000 -0.098 026 0056 -0.060 0.115 -02290 0.101 -0.135 0.147 0022 0073 0.008 0015 0019 -0291" 0022 0256 -0242 -0.016 1.000
*Significant at a<0.05

**Significant at 0<0.01
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