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Statistical Analysis of Groundwater Quality in Busan
- Focused on Minbangwii-emergency water -
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Abstract

In urban area Minbangwii-emergency water is near groundwater which citizens can drink and use. It is kind of groundwater
supplied in the facility for provision against the emergency of water supply. It is important and difficult to preserve ground water
against pollution in urban area. The objective analysis of groundwater quality is prerequisite to conserve groundwater. For this study
the quality of Minbangwii-emergency water was analyzed from 2004 to 2009. To make clear the ground water quality geostatistical
analysis(correlation test, T-test, Chi-Square Test, ANOVA test, cluster analysis and factor analysis) was used. In the results of the
correlation test Fe is highest positively correlated with turbidity to 0.892. Total solids is correlated with hardness to 0.806. In
ANOVA test, groundwater in commercial area and sedimentary rock zone and shallow groundwater indicates the higher level in
Total solids, Hardness, CI, SOs”, NOs-N. In the rainy month the number of Standard Plate Count and detection rate of Total
Coliforms are higher than in the dry month. Factor analysis indicates that 3 factors are accounted for groundwater quality. Cluster
analysis which is analyzed by the score of factor analysis classifies groundwater quality into three groups.
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Fig. 2. Variation of the monthly rainfall in Busan.
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Fig. 3. Distribution of Minbangwii-emergency water supply in Busan.

S A AM(Analysis of Variance: ANOVA) ROIEM(Factor Analysis)
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Table 1. Correlation matrix of ground water in Busan
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Variable NO3;—N Hardness Cl° SToolti?ils S0.2” F B Cu Zn Fe Mn  Turbidity pH
NO3—N 1.000
Hardness 0.314 1.000
kk
Cl 0.287 0.616  1.000
kk Kok
Total Solids  0.307 0.806  0.708 1.000
kk Kok kok
S04 0.052 0.615 0.449 0.625 1.000
* kk kook kook
F~ -0.126  0.030 0.024 0.026 0.137 1.000
kk *
B -0.052 0.131 0.163 0.151 0.263 0.196 1.000
* kok kk
Cu 0.036 0.064 0.098 0.077 0.028 -0.066 —0.031 1.000
*% ok
n 0.089 0.034  0.034 0.020 -0.008 -0.031 =0.017 0.115 1.000
k% *k
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kk ko ko * kk
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kk *k ok ok sk *
Turbidity -0.027 0.007 0.036 0.006 0.025 -0.015-0.017 0.081 0.030 0.892 0.033 1.000
ko ok
-0.122 0.024 -0.048 -0.043 0.020 0.127 0.094 -0.059 —-0.033 —=0.005 =0.005 -0.019 1.000

pH

kK

k% *k *k

** Correlation is significant at the 0.01 level, * Correlation is significant at the 0.05 level
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Fig. 4. Annual variation of ground water quality.
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X0l w2 X5k R Het EY

EA] o]§wrt A5l Aol Fke nlR|=A] AHEr] ¢
of 8% Ao MR Aol A o) 2polg YERHEA] £
3 wmoltt EXolgAE g AR, AFAA] Y,
A, =AAHeR ol A] gk, SEAHE BEA] o]
ToF IAE glon mAS] wE Ex|o]89] Bidhe 7]E
sl=o] S 712§ AJskre] o JEks nlFth A
al=0] 9912 A3k @ ¢Yo] XakE ofFste] Yoy wire],
A5l @A Aol QloiA A ede] ol & EX] o]g9

2 sasith B2 A8 Ao Esishy, n|AESH 5
oA Qe oA Aekee] o2 S AN Y T8
g 8l AE eHYY T, vE, 27| TY Aotk

20041~2009W7HA] FAF 2|9 qikeldas = A
Zutol tfsto] UdufR] EARLA(ANOVA)S s=a¥atdict. 7
7Hde GEAE AR o FAFORE ojugl WTleF
S Ho|x] ¢hal mE FYsil ot o]ygt 7S wiEe
RS AAEG o, I A= Table 29 Zth ZE
MR, pH, NOs-N, A%, Cl°, SO, , ZHFIEE HZo|
sto] §oEE 0.0000.2 AlZ43 95%0A4 §-2]45 0,005
Hr} o} BAHO R [o3t zto|7} 9l AeR RAREC
SR o] gt A%t =xE Fig. 60 YERGITE &
EA A 2ok 0] Wk AHEW, ARG SR
& 337 mg/L, A% 155 mg/L, Aol 33 mg/L, G40
56mg/L, HAMJAEA 4.0 mg/LE UERgon, vhd 5229
O ZHIREEE 200 mg/L, A% 88 mg/L, 3Ako] 22 mg/L,

[0

]_

1%

2 ox oy

ym&iml
1l X o

o

9 ol 18 mg/L, WAL 2.3 mg/LE hehdrh ol
EAol st £ HUAGelH FURFE, HE, Bl
Gaole, AL Fgol e Adurt o ¥4 EAfskn
Gl 24 BIa 4 qlgieh WA F, Fe, Mn} o] 4]
P W A PR A9l G5 AGEE Aol7} §lE
2 313 4 gIgict,

e SEARHeEE Aot

I
N

O
3
B
by
ol
32
o
N
ol
N

she ©9E FEAEEH(hydrogeologic unit)e} Sh= H|
Atk 7)2AE(2002, AHRFTH” oM FHSS
Lobsto] FUe] 23S 8719 i AEGE 2T bk A
om, o] & 7|zl o8 FAFAloll= Table 33 o] wjiz

|

AR, BUshIe, ShIHE 2 A4 BAge] akd) 48
At Bt ooy,

FEAAGER Aol dof| ZJolE YeR=A] gobR
7] glalo] RAIAe] RISIuPERS 2004¥~2009 48 2
4 ATE toR QU B Sasign AR

TEAAGLE AR U2 FAKHCRE ojugt HARY
FsHE ofm, Hohe Table 49} o]
pH, NO;-N, A%, C, SO,7, FUIHE, HE| 78l &
ofgt Ao UEdT) Fig T SEALDS Al 42
AR LRl ageln], At nnAEHel B 1)
= HtE 34 D A ElR Y-S ek
AU 47 G2 HEghe Abnw Hu4 sHeRe

=
e 295 mg/L, 4% 153 mg/L, $HAFol 43 mg/L,

o rlo
T
O
N
§2
=
l
4

[o3

> % tlo
o2

&

Bk
(]
>.
N

£ o o2 olx
T
o
=

0]& 36 mg/LE Uehjo] g2 ARt} i 2o 2z
ot dutr oz sl oAl Yo T2 53}

LOHH

al
o1EHe Bt AT I WEEA BE e &
e g SR JRET WHSH) dusel Uk =Y
o 3 Aol BRolE, B HER S 2712o] wol 3

o, AEYHED 92 Aoz dHA glon, o|e} nixkrhA|

Fig, 7& AHEH, BO} ColM= tha @& 5& A% D
o= tha e oS UL Qe AR Uyt Ea
o) A, oY M AAoA Bkl 0.17 mg/LE Webgt
452 0.10 mg/L, H|th3E 3HikeRe 0.05
A QF2 0.03 mg/LO=E Uehd 3o A&
A B0 Tt w4 YEite AR UEyth o= &4
7t HAS >S9 >complex rock>IHAIQF>E|AQF L0

2 Urehdehs sl axlsis o tehge”,

3
X3 ]

Aro] wrt? stelEl fEeke 8 AHEEwmrl Aol
AE

=



AP A9 Aot 240 A A - UHHHAdFRE SHeE - 149
Table 2. ANOVA results for major contents by land use type in Busan
pH F~  NO’-N Hardness CI” Total Solids SO B Fe Mn Cu
F 17.202  3.761  24.102  41.437 69.735 44,110 14565 6913 0963 0447 5112
F probability ~ 0.000  0.010 0.000 0.000 0.000 0.000 0.000  0.000  0.409 0.719  0.002
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Fig. 6. Box plots of major contents by land use type in Busan.
Table 3. Hydrogeologic unit and rock floor in Busan area
Hvdrogeologic unit Rock floor Area(km?)
Alluvium Cray, Silt, Sand Gravel 334
Intruded aranite Intermediated bides / Granite porphyry 119
g Adamellite / Biotite granite / Granodiorite porphyry/
Nonporous volcanic rock Breccia tuff / Rhyolitic tuff / Andestic tuff / Rhyolitic rock / Andecites / 280
Clastic sediment Shale 29
Table 4. ANOVA results for major contents by hydrogeology unit in Busan
pH NN e - Tl g g Fe Mn Cu
ness Solids
F 15.006 29.961 7.605 59.315 40.696 55.577 22.189 19.018 2.846 1.387 5.734
F probability 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.036 0.245 0.001
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Fig. 7. Box plots of major contents by hydrogeology unit in Busan.
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Fig. 8. Distribution of ground water according to depth in Busan.

Table 5. T-Test results for major contents by depth of ground water in Busan

pH - NOo,-n Hard Total g - B Fe Mn Cu
ness Solids
{ ~0.752 1543 2868 7.947 3928 6937 1553 -0246 -0453 -0320 1.787
! 0452  0.123 0004 0000 0000 0000 0120 0806 0651 0749 0.074

probability
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Table 6. Initial eigenvalues of factors extracted from factor(Left) and Varimax rotated factor loadings(Right)

Component Eigenvalue % Variance %Cu@ulatlve Variable factor 1 factor 2 factor 3
Variance
1 3.058 33.981 33.981 F 0.122 -0.016 0.691
2 1.884 20.934 54915 NO3—N 0.357 -0.050 -0.591
3 1.270 14.113 69.028 Hardness 0.896 0.015 -0.043
4 .889 9.876 78.904 pH 0.016 -0.021 0.618
5 .804 8.939 87.842 TotalSolids 0.921 0.008 —0.085
6 494 5.493 93.336 Fe 0.061 0.970 -0.002
7 319 3.546 96.882 Turbidity -0.002 0.973 -0.009
176 1.956 98.839 S04 0.768 0.023 0.226
9 105 1.161 100.000 Cl” 0.803 0.041 -0.129
2
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Fig. 9. Scree plot(Left) and Factor loading after varimax rotation for variables(Right).
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Table 7. Mean value according to cluster from cluster analysis
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