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Evaluation of Groundwater Quality Using Statistical Analysis in Incheon

Young-Min Cho*, Jin-Ha Kim, Hye-Rin Cho, Hae-Won Yang, Hong-Kyoung Park,
Eun-Kyoung Park, Mi-Hee Jeon, Ji-Hong Seong, Mun-Ju Kwon

Division of Water Quality Conservation, Incheon Research Institute of Public Health and Environment

Abstract

The purpose of the study is to analyze the characteristics and condition of the groundwater
quality in Incheon area using the statistical method and to find a good way to access the solution
for safe and manageable groundwater. In this study, groundwater quality data measured for 5 years
from 2017 to 2021 were analyzed against 80 groundwater well, which showed different geological
settings in Incheon area. The levels of groundwater contamination were quantified into four grades
by using the number of excess drinking water quality standards, average concentration analysis, and
tendency analysis. The contamination grade ratios, which were obtained by analyzing three
contamination indicators, were relatively high in the order of NOs;™-N (36.3%) > Turbidity (13.8%) >
CI" (10.0%) > As (5%). The main four items for which contamination indicators rate were evaluated
as high were visualized on a contamination map. As a result of factor analysis, the PC1 consisted
of ion materials such as Na’, Mg%, Ca*, CI" and SO (28.4%). PC2 was composed of Al, Fe and
Mn (21.5%). PC3 with Rn, U and F~ (16.3%) had a relationship with geological conditions, and PC4
had only related to K* (10.6%). According to the cluster analysis (CA), the study area was classified
with 3 groups. Group A showed that the ion materials had a wide influence on groundwater. Group
B with Rn, U and F~ have been a high correlation with granite areas. Group C with heavy metals
had a deep relationship with area such as urban and industrial complexes. The groundwater quality
of the study area was relatively in good condition. But it had been affected by various pollutants
such as total colony counts, NOs -N, turbidity, etc. This study coupled with statistical analysis and
the grade of groundwater contamination is expected to provide basic data for appropriate control
and management for safe groundwater.
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Fig. 1. Sampling sites on the geological map of
the study area in Incheon.
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Table 1. Groundwater quality classification

Contamination index Color | Water quality grade

0 Green Clean

1 Yellow | Possibly contaminated
2 Orange Contaminated

3 - Seriously contaminated
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Table 4. Concentration of the ionic components.

(Unit : mg/L)
FANE | HT H S

Na* - 24.1 1.2 ~ 81.3

K* - 2.2 BEHE ~ 235
Mg* - 8.1 E4E ~ 299
Ca* - 41.5 0.1 ~ 1482
F- 1.5 015 | 2d=& ~ 134
ol 250 48.1 11 ~ 2149
SO+ 200 23.6 0.1 ~ 161.8
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Table 5. Concentration of the heavy metals.

(Unit : mg/L)
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Table 6. Concentration of the naturally occurring
radioactive materials.
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Fig. 4. Distribution of different geological
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Table 7. The rate of contamination indication for three statistical analysis (Unit : %)

)
b

Statistical analysis CI | &t&= | Fe gz | 2= | Cu NOs;™ | ®l4& | TCE

Number of excess water
0.0 3.8 0.0 10.0 0.0 0.0 0.0 15.0 0.0 2.5

quality standards
Analysis of average

0.0 1.2 0.0 1.2 3.8 0.0 0.0 12.5 0.0 2.5

concentration
Trend analysis 10.0 0.0 3.8 2.5 0.0 2.5 3.8 8.8 5.0 0.0
Total 10.0 5.0 3.8 13.7 3.8 2.5 3.8 36.3 5.0 5.0
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Fig. 5. Classification of contamination grades of groundwater quality
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Y NHOE Frte ¥ Heln 9 B AFY pAPoRE 31 AFE Holn
ool By Aol FAFYE WrE B dou ¥E AAE WeE ZAWA 0005
of FFEUA FRI WEEA B Sl mgRT se £EIA 37t AFHS nol
B HAE) JPe we oz Ardh 1 Qo UAl 09 et v e Holth
Gaolee] QAFEEFE 100 %2 87) A
A, HHEFE 900 % 72 A, e 34, gHF BARHC) I AL 43
57 % o9NAERe fdnh dzoles 24 24
A HessdrlEio wop kARt A ZAA A AEg £AS E2dHoT T
G4 waEs eaxAe] A A UEE ora) gie) g agB@ra Bz Aay
¥ S/hd Thedel woRm FE® BHH  qymdteby, BE), F2 Fole RN,
9 2 Aol FYsjojol & Holrk K. Cat. M@)ol BEE Zqsiela g
les 2szbesEel 50 %9 N AH sange o8l B4IE T YEAS
AT 938 %) TN AWOZ ZAHN  m e gae mAs 90ls 23l
oo HE eWbeEEes SRE M AHE Aas sas4e ddos RasRT

Table 8. Pearson correlation coefficients of groundwater quality parameter.

prameter | CI° | SO Al Rn Fe Mn 6] Na* K* | Mg¥ | Ca® | F

o 1

SO | 0.497%* 1

Al -0.013 | -0.024 1

Rn 0.114 | -0.004 | 0.229** 1

Fe 0.132* | 0.072 | 0.563** | 0.207** 1

Mn 0.183** | 0.104 | 0.651** | 0.313** | 0.498™* 1

U 0.121** | 0.039 | 0.193** | 0.445** | 0.108 | 0.183** 1

Na* 0.593** | 0.618** | 0.155 0.137 | 0.265** | 0.225* | 0.209* 1

K* 0.116 | 0.298** | 0.078 | -0.120 | 0.197* | 0.053 0.067 | 0.410** 1

Mg® | 0.594** | 0.616** | 0.007 0.017 0.143 | 0.272** | -0.018 | 0.504** | 0.289** 1

Ca* | 0.829%* | 0.610** | 0.032 | 0.058 | 0.123 | 0.252** | 0.319** | 0.535** | 0.192% | 0.671** 1

F 0.027 | -0.015 | -0.019 | 0.447** | -0.016 | -0.002 | 0.754** | 0.192* | 0.213* | -0.096 | 0.137 | 1

* Correlation is significant at the 0.05 level (2-tailed).
** Correlation is significant at the 0.01 level (2-tailed).
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341 F8 FHEJUA T FEH 4 = HolA skt
(Table 8)2 A3l FolA F8 HEE° Eae oA EEEHdE HUE #94
BB AARAS BRAF Aok Askeo F 0 S UEA Fskedl, A ERES] e
8 oolegl Ca¥, Mg@e o4& 0010l R ZEFHE FoFFE 0.010)8 oM o] 4
NA EE o FRHAZ067DS RAFEH, BAEE BAt 53 $HE-E4+(0.754) o
ol Agtol Fdo] Ca-Mg Btgd=o ¢ =2 4AAS UEL doH, gEHdE
oaf FrzHo=E AAFHTGE AL HAFH 0.447) &= FHAE S B0
Fol FollA Kol At FolA 714
@ S Holed, Kol HE T 342 FAE E4E 8% #2548 4
DA F2E7] il e Fol2ET AAAY Al s FEFS vA= &
TEE EAste AoE HT $4to]2 H 019 w3ty 98] 2<% (Factor Analysis)
Haol &2 Na', Ca™, Mg@el e ol2E & AAFIoH, A8 Q&8 A3
I GolF 0.010]3tol A wi$ Ee kol A A HrIElr] YA KMO(Kaiser-Meyer-Olkin)
#43(0.593-0.829)2 H AT Aol F=E 9 Bartlette] 7384 Z78(Bartlett” s test of
A QAN 71988l E-ola, a0l A sphericity)2 A ARt}
gstr, 7H8strE SollA TAEo FE EA KMO¢} Bartlette] #@d4 HAL E4sh=
ste Ao S HoF ¥ oy Hittel AF7F 2R AAIAE ddse Ve
JAAste A= AdF 54 wet sl 7+ o] Htt KMO#HS EF FAFEE YehuH,
o o3 YL vehlr = s 7 kel 05 olgelw ARsF QIR A
AQAYANEA Ao B, Sebedt @it mEd, B4 A3 06088 MEEe
SES folFFE 00103kelA %ol Aoy Aol WA Ao wrhdch Bartlette] 7
0.445¢ BPom, $eh-B20.75, + B4 AL Wszte] FuAHo] vl
F-d ) H(0.193), $eHE-BRH0.183), BHE- A9 oRE BUsE AHOE FolFEol
E40.447), ==-47H0.313), =H=-4(0.207) 0.0000] 22 QRI&EAe] Algo] AH3tstslon,
¢ Bgor, 1 9 B WO 4R O Ak (Table 99} 2tk
Table 9. The result of KMO and Bartlett’s Test
Kaiser-Meyer-Olkin Measure of Sampling Adequacy .608
Approx. Chi-square 753,388
Bartlett’s Test of sphericity degree of freedom 66
significance .000
[RlEA Y QRIFE WS FAE 4 A AR ELAS HLsetAA AAAAA T
(principal component analysis : PCA)S A4 &2 WFES Fo UET F A= AMEL
sttt FAE BAL 98 ®eEel /AL 8ds Folde Aotk JH R 12 A
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55 A&HoE FEF7] H&A ik
(eigenvalue)o] 101742 #< 7|€oE F58

Je FEshen, 2719 a8 (factor
loading) HE 2= Qe onE &4str] o

Table 10. The results of PCA for groundwater quality

Principal Compoent
Parameter
PC1 PC2 PC3 PC4
cr 0.858 0.056 0.171 -0.119
SO 0.763 -0.008 -0.070 0.261
Al -0.043 0.909 0.088 0.035
o= 0.054 0.315 0.505 -0.319
Fe 0.082 0.788 -0.032 0.231
Mn 0.192 0.884 0.041 -0.096
SR 0.123 0.165 0.860 -0.019
Na* 0.693 0.177 0.178 0.394
K" 0.188 0.068 0.085 0.907
Mg® 0.831 0.100 -0.171 0.112
Ca* 0.903 0.044 0.180 -0.039
F -0.006 -0.109 0.903 0.195
Eigenvalue 3.40 2.58 1.96 1.28
Variance(%) 28.4 21.5 16.3 10.6
Cumulative variance(%) 28.4 49.9 65.2 76.8
TARE B4 A7 19 8o g9H% HAUATH
o, (Table 10)°]l Z A3E YebAh 47 At FEAQ e A= Aladd
g

=
-

Ho] AA g o]E Wol = 768 % AHWA

S ®el 71&H, Al1PENa', Mg, Ca¥, CI,
SO%) 28.4 %, A2 (Al Fe, Mn) 21.5 %, Al
3FEENE, $8F, F) 163 %, A4ZEK)

10.6 %7} BAZ o2 Fo|d

Tydor F4

2 gAAo Ca”, Mg*o] e gty 3
&3 = H}-3- 0] A A SF=
Aol ol CI, SO/ ¢ ¥H3 «
AL HoF3 9o
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