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Application of Geostatistical Methods for the
Analysis of Groundwater Contamination in Pusan
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The geostatistical analyses for the chemical components of pH, TS, KMnO4 Demand, Cl, SO4 and
NOs-N are carried out to understand the groundwater contamination in Pusan. The average values of
each component are 7.2 for pH, 336.4mg/ £ for TS, 2.3mg/ £ for KMnOs Demand, 44.3mg/ £ for Cl, 36.0mg
/2 for SO, and 46mg/ £ for NOs-N. The ratios over the drinking standard of each component are
0.34% for pH, 227% for TS, 1.55% for KMnO4 Demand, 1.59% for Cl, 057% for SQ4 and 3.7% for
NOs-N. The highest ratio of NOs-N results from the municipal sewage and exhaust gas of vehicles.
The isopleth maps of 6 chemical components show that the high values of groundwater contamination
come from the inland of Pusan, and that some high values appear at the coastal area. The isopleth
maps of Cl and SOy related with seawater intrusion also show that the high values appear only at the
particular coastal area, not at the whole area. On the isopleth maps of Cl and SOs, the anomalies of the
concentration contours were compared with the directions of two large fault zones, the Ilkwang Fault

and the Dongrae Fault. Apparently, they don’t have the particular correlation. Therefore, it is concluded

that the main source of groundwater contamination in Pusan is not the seawater, but the municipal

sewage and other sources such as the exhaust gas of vehicles, the contaminated surface water, the

waste water of factories, and the leachate of waste landfills.

Key Words : groundwater contamination, drinking standard of groundwater, geostatistical analysis,

isopleth map, source of groundwater contamination

M 1=

HE ox ¥

H2 5o ey A ol&Fe AR
o Hldte] AdFog AL Svstn Uk AA
Fo we JgeF, THEF T AHEF ST
7 o, FHEgoE Astrrt @ol ol&H1
itk R sl o]l g ko]l FFETH FAO, ot
2 A EEE, A wivIvte, FEEE, A7)
gel A&+ F)of 943 Aig LEE A
Z7hE 2 JE AAelth
A& ode] NdgHel Ay 5L sl
71 aidE, 4 298RS FEEXE(isopleth
map of concentration)] o] FFHelth 53
1:50000 3 o4 FEAAE A7 Fol =
AR do] B Holn AR B Bede F3AY
of % FEEIEE AL VS oJHm, =¥ A
o] Aogch Askg FAAGRERS Fo] FHG
of Rztelz E¥ate FLAFEY AAXHA 24
< Y&t AFFAGH 7ol s

ALEAGTH 71He Y] g ARE
o WiEte] AA g BEIEE A £ 917
W Eo, AR Fer Fo] o]&3tm  Slrh
Matheron(1969)°ll 2}siA &€ Kriging2 #4¢

gl

4B o

E W ZA =} (best linear unbiased estimator)Z 4]
#He] ZZ(unbiased condition)®} iAol Eabz

H
5
A
(minimum estimation variance)& Zt:= 7ZEs B
Bl
].

BO)
o
0%
10
bok

Astd FARugolth Kriginge €
Al MEE Y& UES Hou, LEdde T
Aol BEs= AY BE AFo ol&xm
53] Aty AH A3y BEE A,
2R Ast¢ FARTE ZAA)dA A
Z2% 98S sta YrHNeuman, 1984).
B dAForEe A 80 gt A
199 z&s oFEd 2Ae s zFEA
78L& ol &3l ®ALE Hetrtel AAElm 9
oAx 7l8H ez s g Asty 2Ye] o=
AE sojglew, Fud HIE WY, A
Al Bel gt ® AEg7l ol LEHY e
AAolth, KAk AT G =(Figure 1)of 2)3hd
HAAE 1470 79 1) 2oz FAsHe] glen,
FAAdol BE = AT v & 7900 o
MALARFH, 1997) 01t} AL D FH(1997) =F= ol
sty A L@uet 6 EAIF R dFE
o] o] &3tm glom I 4L oF 6680 TE/ A
I2gia=d

B o3 Aaeed A Fefd F8§ pH,

oo
Ny

o 4

N



-
>
N
12
>
ok
3
to
fuic
g
ol
M

’
- Jangan-up
'

!

Kyongsangnam-do

'\Jungkwan—myan.;

- 3 " | kwang-myon
f Kijang-gun

3

.l (Qhulma»uyon [
™ . % o
:; Kumjung-gu », ‘.

RN L
: [

e
F ey
Pusanj ingu, -
\ P RUONEY

Kasanggu .,
et L
v Yonggu

Index map

Fig. 1. Location map of the study area.
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Table 1. The number of groundwater quality
data at each district in Pusan.

District Number of Data
Kangso—-gu 3
Kumjung-gu o4
Kijang-gun 110
Nam-gu 48
Dong-gu 7
Dongnae-gu &4
Pusanjin-gu 55
Buk-gu 11
Sasang-gu 9
Saha-gu 72
So-gu 3H
Suyong-gu 100
Yonje-gu 45
Youngdo-gu 28
Chung-gu 5
Haeundae-gu 275
Total 981
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Fig. 2. Distribution of groundwater quality data.
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336.4mg/ € o]t} KMnOs4:H] %) W= 0~3002mg 719 A8 A 0] et 253 o)sle grZo] &
Jvelm, HEAE 23mg/eolth. Clol WAL 1~ AHoR A sQ@ch ¥ AFHE 45y
528mg/ ¢ ©1 3L, BTA T 44.3mg/ ¢ ol SO BY olgte] H&E FES & F o) wWE EanA
© 0~1136mg/ £ oln, B A= 36.0mg/ £ o1tk NOs RATANAN ATH BANES a2 EAE
N2l B9+ 0~480mg/ £ olv, FHEA = 46mg/ !l Ao o) &3lHr}),
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Table 2. Statistics of groundwater quality data at each district in Pusan.
Distict | siaistics et o (ml/sz) r;::/n ?; (mg%) (msg?z ) I(\jmi/szr\)l
minimum 79 111 0.6 39 20 1.1
Kangso-gu maximum 83 390 35 45 45 15
average 8.0 252 123 41 32 13
minimum 438 12 0 1 0 0.1
Kumjung-gu maximum 85 1706 N5 437 422 219
average 72 213 1.9 30 30 3.8
minimum 6.0 39 0 3 0 0
Kijang-gun maximum 85 1052 89 284 265 185
average 75 207 1.0 31 27 2.7
minimum 6.0 42 0 5 0 0
Nam-gu maximum 8.4 867 166 218 69 20.8
average 6.0 227 1.3 37 30 46
minimum 6.4 93 0.3 4 0 04
Dong-gu maximum 8.2 485 16 105 73 189
average 74 321 0.7 56 39 6.4
minimum 54 42 0 3 0 0
Dongnae-gu maximum 84 1270 3.8 125 703 127
average 7.0 241 0.7 30 43 43
minimum 6.4 36 0 2 0 0.3
Pusanjin-gu maximum 96 1760 105 141 1136 282
average 74 283 1.2 35 65 55
minimum 6.8 103 0.3 12 11 0
Buk-gu maximum 75 394 81 135 103 8.8
average 72 225 2.0 56 46.7 26
minimum 6.1 58 0.3 2 0 0
Sasang-gu maximum 84 487 14.2 47 91 82
average 72 241 2.4 25 34.8 36
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(Continued)

District ~——_Component o TS KMnO; cl SO NOs—N
Statistics {mg/ £) (mg/ £} {mg/ £ ) (mg/ ¢ ) {(mg/ £)
mininum 7.0 85 0 9 0 0
Saha-gu maximum 8.1 634 17.1 233 111 114
average 7.0 276 1.2 46 36 52
minimum 6.7 45 0 2 0 0
So-gu maximum 82 641 16 198 87 48
average 74 259 06 57 23 85
minimum 59 18 0.3 1 0 0.1
Suyong-gu maximum 83 742 16 349 82 16.1
average 7.1 246 11 40 31.9 51
minimum 6.3 56 0.3 8 2 05
Yonje-gu maximum 84 1325 207 528 34 32
average 7.0 244 5.7 50 25.3 57
minimum 6.5 62 0 11 4 0
Youngdo-gu maximum 8.2 780 44 277 141 233
average 7.3 249 09 48 32 6.2
minimum 6.7 274 0 30 48 03
Chung-gu maximum 7.1 5589 28 215 61 77
average 6.9 1703 11 92 545 52
minimum 6.0 13 0 1 0 0
Haeundae-gu maximum 83 662 300 400 210 144
average 72 195 2.4 34 26 32
minimum 48 12 0 1 0 0
Sum maximum 96 5589 | 3002 528 1136 48
average 7.2 3364 23 44.3 36.0 46

Z+ HEE9 32E1WE Figure 3914 Figure  NOs-N& AFEIZE o]Fx 230 zt xgg9
g7tAo] Z=AlEe] glth pHE BREEE olFx,  FTAEA d3& Table 39} Utk
TSE AE¥e] 7/PAR, KMnO, Cl, SO

Table 3. Basic statistics of six chemical components.

Component
Statistics pH TS KMnO4 ¢l S04 NOs - N

Number of data 879 970 %66 878 880 973
Maximum 9.6 5589 300.2 528 1136 48

Minimum 4.3 12 0 1 0 0
Mean 7.2 233 1.8 37 32 42
Median 7.2 201 0.6 29 23 3.4
Range 48 5577 300.2 527 1136 48
Variance 0.27 51637.78 163.21 1675.77 2806.53 16.31
Skewness 0.019 1455 18.61 5.68 13.37 2.90
Kurtosis 0.563 322.94 384.87 4858 247.03 19.09
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Fig. 3. Histogram of pH data. Fig. 4. Histogram of TS data.
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Fig. 5. Histogram of KMnQa data.
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Fig. 6. Histogram of Cl data.
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Fig. 7. Histogram of SQ4 data. Fig. 8. Histogram of NOz-N data.

Table 4. The number of chemical components over the drinking standard of groundwater.
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Component pH S KMNnQ4 Cl SOy NOs+N .
Drinking s8-gs| 90 [ <10 | <180 | <200 | <10 | tow r(f‘;';’
Standard o (mg/2) | (mgf?) | (mg/l) {mgf £) {mgf L) °
Kangso-gu 0 0 1 0 0 0 1 33.33
Kumjung-gu 1 1 2 1 1 2 8 851
Kijang-gun 0 2 0 3 1 5 11 10.00
Nam-gu 0 1 2 1 0 1 5 10.42
Dong-gu 0 0 0 0 0 1 1 14.29
Dongnae—-gu 1 1 0 0 1 1 4 476
Pusanjin-gu 1 4 1 0 1 5 12 21.82
Buk-gu 0 0 0 0 0 0 0 0.00
Sasang-gu 0 0 1 0 0 0 1 11.11
Saha-gu 0 2 1 1 0 6 10 13.89
So-gu 0 1 0 2 0 8 11 31.43
Suyong-gu 0 1 2 1 0 3 7 7.00
Yonje-gu 0 1 2 1 0 2 6 13.33
Youngdo-gu 0 2 0 1 0 1 4 14.29
Chung-gu 0 2 0 1 0 0 3 60.00
Haeundae-gu 0 4 3 2 1 1 11 4.00
Total 3 22 15 14 5 36 % 9.68
Number of 879 970 96 878 880 o3 | o1
Sample Data
Ratio(%) 0.34 2.27 1.55 1.59 0.57 3.70 9.68
A WA ARG vk skl EaxsleelA NO;-N A w7 7kzel 98 o] Ate AL wIge
o] 2ol & ol WEAlelmR Q@slEe A o} Clo] Z¥3|Ex & Held, I olf& F4A
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Table 5. Correlation coefficients of groundwater quality data.
pH pH cl (&} KMnOzs.| KMnOs SO 804 NOs=N | NOs-N
Components - - = - = - - - - -
TS | KMnO:| SO4 | TS | @ TS | KMnOs | TS TS Cl
Correlation |y oq | 0038 | 0190 | 0679 | 0034 | 0059 | 0009 | 0652 | 0182 | 0251
Coefficient
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Table 6. Variogram types and parameters of six chemical components.
Component Model Nugget L Silt Range
pH spherical 0.17 0.25 2.67
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SO4 spherical 583.97 786.93 13.73
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