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A study on estimating background concentration of groundwa-—
ter for water quality assessment in non—water supply district
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Abstract : For introducing the groundwater quality assessment using background concentration of groundwater, several
methods had been studied to estimate the background concentration of groundwater and to suggest the background concentra-
tion of study area, Some methods such as Box whisker plot, Percentile and Cumulative probability distribution had been adopted
to estimate background concentration, and it was evaluated that the Cumulative probability distribution method presents more
reasonable background concentration because it can consider the data distribution, So we estimated the background concen-
tration of study area using cumulative probability distribution method, We suggested the background concentration for each
hydrogeology respectively in case hydrogeological water quality similarity is very low,

Key words : Background concentration, Groundwater quality assessment, Box and whisker plot, Percentile, Cumulative probability distribution
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Fig. 1. Geological map of study area based on 1:50,000 map.
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Table 1, Descriptive statistics by hydrogeology
F As NO,-N B Mn Zn Al SO, | KMnOcon. | Turbidity | Hardness Cl
(mg/1) | (mg/1) | (mg/1) | (mg/l) | (mg/1) | (mg/]) | (mg/l) | (mg/1) (mg/1) (NTU) (mg/1) (mg/1)
Drinking Water -
Quality Standards L5 v 10 1.0 0.3 3 0.2 200 10 1 1,000 250
N 64 64 64 64 64 64 64 64 64 64 64 64
Min 0.08 | 0.003 0.05 0,005 | 0.002 | 0.001 0.01 1.00 0.30 0.12 19.90 2.00
Total Max 11.78 | 0.100 2,10 | 0.040 | 1.437 | 0.741 0.09 105.0 5.70 0.63 242 4 86.00
ota
Median | 0.40 0.003 0.75 0,005 | 0.002 | 0.022 0.02 10.00 0.60 0.20 75.05 6.00
Mean 1.15 0.008 | 0.95 0.010 | 0.106 | 0.076 0.02 13.67 0.69 0.25 90.43 12.33
SD 2,15 | 0.016 | 0.76 | 0.009 | 0.288 | 0.145 | 0.02 15.78 0.71 0.12 52,75 15.44
N 31 31 31 31 31 31 31 31 31 31 31 31
Min 0.08 | 0.003 | 0.05 | 0.005 | 0.002 | 0.004 | 0.01 1.00 0.30 0.15 29.80 2.00
Tgneous | Max | 2,89 | 0,100 | 2,10 | 0.040 | 1.203 | 0.741 | 0.07 | 105.0 5.70 0.63 220.0 45.00
Rock | Median | 0.37 | 0,003 | 1.10 | 0.005 | 0.014 | 0.049 | 0.02 | 9.00 0.60 0.26 88.10 10.00
Mean 0.65 0.007 1.02 0.010 | 0.153 | 0.133 0.02 14.06 0.80 0.30 95.06 13.29
SD 0.69 0.019 0.80 | 0.009 | 0.318 | 0.191 0.02 20.02 0.95 0.15 53.25 11.36
N 33 33 33 33 33 33 33 33 33 33 33 33
Min 0.08 | 0.003 0.05 0.005 | 0.002 | 0.001 0.01 3.00 0.30 0.12 19.90 2.00
Mﬁij Max | 11.78 | 0.054 | 2,10 | 0.040 | 1,437 | 0.124 | 0.09 | 56.00 1.90 0.40 242 4 86.00
mor; 1C
R()IZ‘k Median | 0.54 | 0.005 | 0.50 | 0.010 | 0.002 | 0.012 | 0.01 | 10.00 0.50 0.19 74.20 5.00
Mean 1.62 0.009 0.87 | 0.005 | 0.062 | 0,023 0.02 13.30 0.59 0.20 86.08 11.42
SD 2,86 | 0.012 | 0.73 | 0,009 | 0.254 | 0.028 | 0.02 | 10.68 0.34 0.05 52.71 18.63
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Table 2, Results of normality test and non-parametric test

F As |NO/N| B Mn Zn Al SO* | KMnOcon, | Turbidity | Hardness | CI

Igneous Vﬁ;e 0.000 | 0,000 | 0,002 | 0,000 | 0,000 | 0.000 | 0,000 | 0,000 0.000 0.001 0.030 0.000

Sh\sﬂvri)lilf(()' Dec. | reject | reject | reject | reject | reject | reject | reject | reject reject reject reject reject
test Meta- Vﬁ;e 0.000 | 0.000 | 0,001 | 0.000 | 0,000 | 0.000 | 0.000 | 0,000 0.000 0.000 0.011 0.000
morphic Dec. | reject | reject | reject | reject | reject | reject | reject | reject reject reject reject reject
Mann-Whitney vzﬁile 0.305 | 0.02 | 0.492 | 0.928 | 0.009 | 0.001 | 0.187 | 0.187 0.003 0.003 0.409 0.046
et Dec, | retain | reject | retain | retain | reject | reject | retain | retain retain reject retain reject
ol 2, WYL EANFo] B VS EE B BAFOR Zfo|7h Uk RL onjaict
I A AY B, W B, 4%, 99 Mann—Whitney U test 23, B4, AR
Aol WY Tl g A, & &, EE, Ak, IhbdEAnE, A
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Shapiro—Wilk testE AA|SFG T Shapiro—
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Fig. 3. Box-plot with 90percentle(P90) and Cumulative probability distribution(CPD) by Groundwater quality items,
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Fig. 4. Cumulative probability plot for determining background concentration(cont,).
Table 4, Rate of background concentration by hydrogeology using CPD Method
hyd logicalB.C
% (%) F As |NO/N| B Mn Zn Al | SO* | KMnOcon. | Turbidity | Hardness | CI
Igneous Rock(a) 55 25 109 100 121 301 100 82 110 100 116 211
Metamorphic Rock(b) 100 | 117 95 100 67 61 100 | 122 63 57 92 101
ABS(a-b) 45 92 15 0 54 240 0 40 48 43 25 110

B.C. @ Background concentration, CPD

: Cumulative Probability Distribution
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Table 3, Background concentration by hydrogeology

F As | NO,N B Mn Zn Al SO, | KMnOcon. | Turbidity | Hardness |  CI
(mg/1) | (mg/D) | (mg/1) | (mg/1) | (mg/1) | (mg/1) | (mg/D) | (mg/1) (mg/1) (NTU) (mg/l) | (mg/1)
QZEESZ%X;‘;;& 15 | 001 | 10 | 1.0 | 03 3 0.2 | 200 10 1 1,000 | 250
All
Q1 0.20 | 0.003 | 0.20 | 0.005 | 0.002 | 0.008 | 0.01 5.8 0.30 0.16 54.5 4.0
Median | 0,40 | 0.003 | 0.75 | 0.005 | 0.002 | 0.022 | 0.02 10.0 0.60 0.20 75.1 6.0
Box-Plot Q3 1.08 | 0.006 1,55 | 0.010 | 0.023 | 0.060 | 0.03 13.3 0.80 0.26 110.6 13.3
W?E‘l)‘er 1.33 | 0.006 | 2.03 | 0.008 | 0.031 | 0.077 | 0.03 | 11.3 0.75 0.15 842 | 139
level 2.41 | 0,012 | 3.58 | 0.018 | 0.054 | 0.137 | 0.06 24.6 1.55 0.41 194.8 27.2
P90 1.97 | 0.014 | 2,10 | 0.020 | 0.323 | 0.230 | 0.05 27.7 0.90 0.41 168.6 27.4
Percentile P95 291 | 0.043 | 2,10 | 0.030 | 0.667 | 0.323 | 0.05 | 30.0 0.90 0.53 194.0 39.3
P97.7 9.29 | 0.052 | 2,10 | 0,040 | 1.161 | 0.589 | 0.07 52.0 1.47 0.57 2232 60.4
CPD 1.82 | 0.012 1,92 | 0.015 | 0.061 | 0.082 | 0.03 20.1 0.90 0.35 145.5 19.0
Igneous Rock
Q1 0.13 | 0.003 | 0.25 | 0.005 | 0.002 | 0,014 | 0.01 4.0 0.50 0.20 48.1 5.0
Median 0.37 | 0.003 1.10 | 0.005 | 0.014 | 0.049 | 0.02 9.0 0.60 0.26 88.1 10.0
Box-Plot Q3 0.91 0.003 1.85 | 0.010 | 0.060 | 0.184 | 0.03 12.0 0.80 0.37 124.7 18.0
Wl(“f)(er 1.17 - 2.40 | 0.008 | 0.087 | 0.254 | 0.03 | 12.0 0.45 0.25 1148 | 195
level 2,08 | 0.003 | 4.25 | 0.018 | 0.147 | 0.438 | 0.06 24.0 1.25 0.62 239.5 37.5
P9o0 1.69 | 0.007 | 2,10 | 0.020 | 0.620 | 0.334 | 0.04 29.0 0.90 0.53 170.9 28.0
Percentile P95 1.83 | 0.029 | 2,10 | 0.030 | 0.893 | 0.582 | 0.05 41.5 0.90 0.57 187.8 37.0
P97.7 2.21 | 0.065 2,10 | 0,040 | 1.139 | 0.677 | 0.06 65.0 1.13 0.61 203.9 41.6
CPD 1.00 | 0.003 | 2,10 | 0.015 | 0.074 | 0.247 | 0.03 16.5 0.90 0.35 169.0 40.0
Metamorphic Rock
Q1 0.20 0.003 0.20 0.005 | 0.002 | 0.006 0.01 7.0 0.30 0.16 56.3 4.0
Median 0.54 | 0.005 0.50 | 0.005 | 0.002 | 0.012 | 0.01 10.0 0.50 0.19 74.2 5.0
Box-Plot Q3 1.71 0.009 1.50 | 0.010 | 0.005 | 0.026 | 0.03 15.0 0.60 0.20 105.3 10.0
W?f)‘er 2.27 10,010 | 1.95 | 0.008 | 0.005 | 0.030 | 0.03 | 12.0 0.45 0.06 73.5 9.0
level 3.98 | 0.019 | 3.45 | 0.018 | 0.010 | 0.056 | 0.06 27.0 1.05 0.26 178.8 19.0
PO 2.89 | 0.018 | 1.90 | 0.020 | 0.074 | 0.047 | 0.05 23.6 0.90 0.26 147.3 13.8
Percentile P95 8.83 | 0.035 1.98 | 0.030 | 0.190 | 0.078 | 0.06 31.2 1.06 0.27 196.5 50.2
P97.7 10.95 | 0.047 | 2.10 | 0.033 | 0.628 | 0.109 | 0.08 41.3 1.46 0.32 230.2 76.4
CPD 1.82 0.014 1.82 0.015 | 0.041 | 0.050 0.03 22,2 0.90 0.20 133.3 19.1
CPD : Cumulative Probability Distribution, Bold : Exceed Drinking Water Quality Standards
Table 5, Background concentration of groundwater by hydrology in study area
B As NO,-N B Mn Zn Al SO* | KMnOcon. | Turbidity | Hardness | CI
(mg/1) | (mg/]) | (mg/D) | (mg/D) | (mg/D) | (mg/D) | (mg/D) | (mg/1) (mg/1) (NTU) (mg/l) | (mg/1)
Q?ZES%%X;;‘:;S 15 | 001 | 10 1.0 | 03 3 0.2 | 200 10 1 1,000 | 250
Igneous 0.003 0.074 | 0.247 0.35 40,0
Study Rock
area | Metamor- | 1.82 1.92 | 0.015 0.03 | 20.1 1.45 1455
phic Rock 0.014 0.041 | 0.050 0.20 19.1
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