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The physical properties of pH, turbidity, TDS and salt contents in the stream water near the entrance of Woon-
jeongdong sanitary landfill area with a drainage pipe are higher than those in neighbored drainage system, but DO
is lower than that in neighbored drainage system due to the eutrophication. In the ground water, pH, turbidity, TDS
and salt contents at @, (F: and (C) where may be under effect of the Woonjeongdong sanitary landfill area, are also
shown higher values in contrast to other groundwater site, like B, D, and E. Particularly, the groundwater in A,
() and (C are plotted in Na-Cl type of the piper diagram, which is an another important proof of the contamina-
tion by the leachate and washing water from the Woonjeongdong sanitary landfill area. Some elements and physi-
cal properties of the waters in rainy season are displayed a clear characteristics of contamination, compared to the
those of winter in this study. Elements such as Ca, Mg, Na, K, CI", SO,> and F~ are accompanied well with each
other by the result of factor analysis. Theretore the elements and physical properties may be used good indicators
for the contamination of waters in the vicinity of landfill area.
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Fg. 1. Map of sampling site from the Woonjeongdong sanitary landfill area, Kwangju-city. © : leachate, ®~® : groundwater,

(D~ stream water, 4L : main road, \—: stream
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Table 1. Sample inventories in the vicinity of Woonjeongdong
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Table 2. Chemical constituents of the groundwater in summer, 2000.

Sample
Component i A B C b E F
Temp.(°C) 18.8 15.2 17.4 23 16.5 22.0
pH 6.20 6.50 6.84 6.60 6.85 6.18
Eh (mV) 1 -8 44 -5 34 2
DO (mg/l) 3.76 1.75 1.30 2.65 4.10 3.67
EC (usfem) 300 110 20,760 220 220 450
turbidity 0 8 2 0 8 0
TDS (mg/l) 145 64 400 122 122 244
NaCl (%) 0.01 0.00 0.03 0.00 0.00 0.01
As (ug/h 0.76 <0.10 0.33 <0.10 0.23 0.82
Ba (ug/l) 117.17 9.43 112.53 6.10 1.73 30.30
Ca (mg/h 44.00 6.77 20.50 19.80 2337 46.80
Cr (ug/h) 2.19 29.26 13.70 1.63 0.84 1.86
Cu (ug/h 7.65 3.18 8.74 11.15 5.44 6.51
Fe (mg/l) 021 021 0.22 0.10 0.11 0.21
K (mg/l) 1.23 1.05 10.06 0.82 0.50 1.53
Li (ug/h) 1455 10.00 9.45 420 4.45 5.46
Mg (mg/)) 7.86 1.46 8.08 5.39 5.04 11.06
Mn (ug/) 0.55 2.27 817.77 228 0.76 2.15
Na (mg/l) 36.04 14.21 37.31 16.61 14.91 42.30
Ni (ug/h 0.63 045 1.55 0.79 0.57 0.51
Rb (ug/h 0.47 0.24 8.14 0.27 0.03 0.06
Si (mg/l) 19.53 16.00 7.25 15.50 19.09 18.27
St (ug/h 220.00 58.85 21592 156.81 174.00 756.00
U (ug/h 1.02 0.31 0.16 0.10 0.06 0.11
Zn (ug/) 9.72 25.69 19.73 3341 34.54 46.14
Br (ug/h) 107.00 109.00 123.00 25.00 28.00 111.00
CI™ (mg/l) 72.07 7.70 73.59 18.80 25.09 70.47
F (mg/)) 0.14 <0.10 <0.10 <0.10 0.19 0.24
HCO;~ (mg/l) 33.56 35.79 66.81 42.95 48.81 61.13
I (ug/h 6.01 333 5.88 1.69 1.38 3.81
NO;- (mg/l) 13.33 8.23 13.00 2276 12.21 18.13
SO.> (mg/l) 4.83 1.51 9.62 9.96 7.70 8.67
PIL 1.10 0.47 1.44 0.77 0.84 1.39

PI=X[(Ca/Ca)+(K/K)+Mg/Mg)+(Na/Na)+(S/Si)+CUCH+F/F)+(HCO3/HCO)+(SOF /SO3)]/Number of elements
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Table 3. Chemical constituents of the groundwater in winter, 2000.

Sample

Elements A B ¢ D E F
Temp.(°C) 13.9 14.5 14.3 14.7 14.1 14.5
pH 6.71 6.51 6.82 6.58 6.78 7.02
Eh (mV) -40 -8 -43 -4 -11 -45
DO (mg/l) >20 13.30 043 0.98 1.05 1.04
EC (us/cm) 290 90 760 210 210 500
turbidity 0 0 0 0 0 0
TDS (mg/l) 173 60 410 140 130 280
NaCl (%) 0.0l 0.00 0.03 0.00 0.00 0.02
As (ug/l) 0.00 0.00 0.00 0.00 0.00 1.00
Ca (mg/l) 10.90 443 12.10 9.45 9.68 11.60
Cr (ug/h) 0.00 0.00 0.00 0.00 0.00 0.00
Cu (ug/h) 1.00 1.00 1.00 2.00 2.00 2.00
Fe (mg/!) 0.02 0.02 0.08 0.03 0.22 0.09
K (mg/) 1.46 0.94 16.60 1.05 0.71 3.10
Mg (mg/l) 4.81 1.71 9.28 4.11 4.67 7.64
Mn (ug/l) 6.00 0.00 6.00 0.00 7.00 5.00
Na (mg/l) 25.30 11.80 69.80 15.40 12.40 41.60
Si (mg/l) 13.50 13.80 4.95 12.90 12.70 13.10
Zn (ug/h) 1.00 1.00 1.00 1.00 1.00 2.00
CI” (mg/l) 35.77 998 142.00 19.76 19.49 98.00
F~ (mg/l) 0.10 0.05 0.21 0.06 0.18 0.08
HCOy™ (mg/l) 32.33 3392 67.43 45.78 53.07 64.04
NO;3™ (mg/l) 7.49 0.82 1.08 5.57 9.18 12.45
SO, (mg/ly 332 475 10.11 9.88 6.13 6.43
PL 1.10 0.47 1.44 0.77 0.84 1.39

PL=2{Ca/Cay+(K/K)+Mg/Mg)+(Na/Na)+(Si/Si)+(CUCH+(F/F)+(HCO7/HCO3)+(S0Z /SO ))/Number of elements
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FIg. 3. Physical properties of the groundwater in the vicinity of the Woonjeongdong sanitary landfill area.
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Flg. 5. Correlation coefficients and regressive equation between EC and TDS to the groundwater. {a) in summer, 2000, (b) in

winter, 2000.

Table 4. Chemical constituents of the stream water in winter, 1999,

I )

Elements Sample ! 3 3 6 8 o
Temp.(°C) 9.5 10.1 10.6 8.6 93 93
pH 8.40 8.41 8.39 7.33 7.36 7.12
Eh (mV) -98 -102 -99 -54 -38 20
DO (mg/h) 7.13 7.25 8.52 10.22 593 9.58
EC (us/cm) 1,470 2,030 1,520 80 300 200
turbidity 33 >1,000 >1,000 10 45 25
TDS (mg/l) 920 1,210 940 49 178 120
NaCl (%) 0.06 0.09 0.06 0.00 0.01 0.00
As (ng/l) 4.55 4.85 4.54 0.43 0.64 0.75
Ba (ug/h 122.00 116.00 107.00 11.00 35.00 43.00
Ca (mg/l) 59.30 54.60 54.80 4.40 18.60 20.20
Cr (ug/h 11.00 9.90 10.00 6.60 4.10 4.20
Cu (ug/h 370 1.40 1.20 0.50 110 2.30
Fe (mg/l) 1.19 1.57 1.65 0.92 0.21 0.22
K (mg/l) 50.60 51.80 51.40 1.04 215 2.60
Li (ug/l) 11.00 12.00 12.00 1.00 1.00 1.00
Mg (mg/D) 21.50 20.90 21.40 1.29 4.36 4.47
Mn (ug/l) 2130.00 2,380.00 2,480.00 203.00 81.00 59.00
Na (mg/l) 120.00 119.00 112.00 8.08 10.20 10.50
Ni (ug/l) 6.44 6.51 6.91 0.22 0.14 0.99
Rb {(ug/t) 29.33 29.78 29,59 0.97 1.34 1.77
Si (mg/l) 7.84 9.09 9.30 5.69 5.86 5.57
Sr (ug/h 480.00 455.00 441.00 30.00 145.00 155.00
U (ug/h 1.26 1.22 1.12 0.10 (.53 .60
Zn (ug/h) 12.00 5.00 3.80 3.00 5.90 7.20
Br™ (ug/h) 876.00 838.00 812.00 55.00 49.00 100.00
CI” (mg/l) 47.25 64.81 66.46 4.97 5.21 5.14
F~ (mg/]) 0.08 0.10 0.11 0.90 0.10 0.09
HCO;™ (mg/) 378.26 463.67 524.68 33.55 70.16 70.16
I (ug/h 126.00 116.00 109.00 5.00 9.10 12.00
NO;™ (mg/l) 1.23 1.21 1.21 0.93 0.92 0.96
NeoXa (mg/l) 7.02 5.69 5.68 4.86 7.98 8.15
PI. 1.41 1.49 1.52 0.68 045 0.45

P.L=Z{Ca/Ca)+(K/K)+HMg/Mg)+(Na/Na)}+(Si/Si)H CYCIH+FF)+HCO;/HCO;)+(S03 /SO j)/Number of elements
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Table 5. Chemical constituents of the stream water in summer, 2000.

Sample
Elements i ! 3 3 6 8 9
Temp. (°C) 27.3 275 24.5 233 25.9 25.6
pH 8.31 8.30 8.42 5.87 6.84 8.73
Eh (mV) -93 -91 -119 19 -33 -136
DO (mg/l) 7.13 0.41 2.09 3.27 4.29 6.64
EC (us/cm) 1,470 2,630 3,960 100 160 150
turbidity 33 137 137 6 26 8
TDS (mg/l) 920 1,750 2,800 60 90 80
NaCl (%) 0.06 0.12 0.20 0.00 0.00 0.00
As (ug/h 1.84 1.76 1.71 0.28 0.42 045
Ba (ug/h 44.24 33.20 31.46 10.21 27.55 29.39
Ca (mg/l) 12.71 13.65 13.77 3.21 9.49 10.69
Cr (ug/l) 3.56 1.80 1.83 <0.50 0.50 0.50
Cu (ug/h 8.29 9.42 9.15 0.76 0.80 1.18
Fe (mg/l) 0.30 0.23 0.24 0.05 0.07 0.07
K (mg/]) 7.79 8.10 8.06 0.95 1.85 2.31
Li (ug/l) 1.39 1.77 1.80 1.00 1.00 1.00
Mg (mg/l) 3.73 3.96 4.05 1.09 2.32 241
Mn (ug/l) 368.66 247.50 268.42 0.28 1.23 0.94
Na (mg/l) 26.68 29.36 29.28 7.42 8.10 8.10
Ni (ug/l) 23.41 1.84 1.93 0.40 0.11 0.27
Rb (ug/h 5.38 5.55 5.54 1.17 2.33 2.50
Si (mg/l) 8.56 8.01 8.06 6.88 6.78 6.56
Sr (ug/h 113.00 140.00 136.00 19.00 97.00 100.00
U (ug/h 0.20 0.23 0.22 0.04 0.05 0.07
Zn (ug/h) 14,815.53 430.55 380.65 1.71 2.26 2.85
Br™ (ug/h) 105.00 128.00 123.00 8.00 6.00 13.00
CI™ (mg/l) 44.14 44,78 46.99 5.65 6.86 6.73
E™ (mg/l) 0.10 0.10 0.12 0.10 0.11 0.11
HCO;s™ (mg/h) 352.46 554.62 1,000.56 32.34 54.99 5491
I" (ng/h 8.81 15.12 14.33 1.98 401 408
NO;™ (mg/l) 244 2.33 2.36 2.04 2.06 1.97
5042‘ (mg/l) 6.85 6.28 6.26 4.68 10.37 11.00
PL 1.25 1.35 1.53 045 0.69 0.73

P1=X[Ca/Ca}+K/K)-+(Mg/Mg)+(Na/Na)+(Si/Si)+H CUTH+FEM(HCO;/HCO;)+H S0 /SO ))/Number of elements
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Table 6. Chemical constituents of the stream water in winter, 2000.
Sample | 1 2 3 4 5 6 7 8 9 10
Element

Temp. (°C) 24.3 99 9.9 13.5 12.8 11.0 10.5 11.6 12.2 14.8 13.8
pH 7.85 8.69 8.62 8.73 8.74 8.72 8.08 7.80 8.19 9.27 8.34
Eh (mV) -87 -133 -130 -136 -137 -136 -92 -66 -108 -155 -95
DO (mg/h 1.01 1.64 1.74 1.56 1.50 >20 >20 6.64 1.30 1.73 1.75
EC (us/cm) 28,400 1,700 1,690 1,280 1,200 90 80 30 230 160 160
turbidity 827 0 0 0 0 0 0 8 0 0 0
TDS (mg/h >5,000 1,000 990 716 650 430 60 48 130 95 130
NaCl (%) 1.76 0.07 0.07 0.05 0.05 0.03 0.00 0.00 0.00 0.00 0.00
As (ug/h) 0.00 3.00 6.00 0.00 0.00 1.00 2.00 5.00 .00 1.00 1.00
Ca (mg/l) 335.00 13.10 13.9 12.70 12.60 11.50 5.90 493 8.4] 9.35 9.24
Cr (pg/h 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cu (ug/h 1.00 3.00 3.00 1.00 1.00 1.00 1.00 0.00 1.00 1.00 2.00
Fe (mg/l) 0.05 0.06 0.05 0.02 0.07 0.03 0.01 0.02 0.06 0.06 0.04
K (mg/l) 1,450.00 38.50 37.00 3040 28.40 24.60 1.78 1.50 5.06 2.47 2.55
Mg (mg/l) 174.00 10.70 10.50 9.50 9.24 7.47 1.63 1.36 3.21 3.32 3.30
Mn (mg/l) 2.00 1.00 10.00 1.00 6.00 4.00 1.00 3.00 6.00 4.00 3.00
Na (mg/l) 2.600.00 123.00 120.00 94.4 88.50 74.2 8.17 7.69 17.2 9.44 9.38
Si (mg/l) 19.40 7.33 7.01 7.03 7.45 7.68 6.86 6.58 5.40 5.87 5.69
Zn (mg/l) 2.00 4.00 5.00 1.00 1.00 2.00 1.00 1.00 2.00 2.00 2.00
CI” (mg/) 328970 227.00 231.00 17000 156.00 126.00 8.34 8.41 17.90 3.55 10.13
F~ (mg/h 196.50 0.10 0.12 0.09 0.11 0.1 0.02 0.17 0.08 0.09 0.13
HCO;™ (mg/l) 1,616.77 27650 276.50 27477 26684 23327 7208 74.68 70,16 70.16 70.16
NO;™ (mg/h) 0.58 1.50 1.32 0.78 0.77 0.73 0.96 1.09 0.63 0.36 0.57
0427 (mg/l) 176.80 4,05 3.98 4.74 5.26 3.67 3.29 3.37 K.74 561 6.80
PL - 1.79 1.80 1.56 1.54 1.33 041 0.56 0.71 0.61 0.68

P1=%[Ca/Ca)+(K/K)+Mg/Mg)+(Na/Na)+(Si/Si)+(Cl/Cl)+(F/F)+(HCO:/HCO3)+S0; /503 )//Number of elements
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Fig. 6. Physical properties of the siream water and leachate in the vicinity of the Woonjeongdong sanitary landfill area.
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Table 7. Saturation index of CaCQOs of the groundwater
from the studied area.

Langelier Ryznar
index index
A -2.32 10.84
B -2.69 11.88
C -1.86 10.56
SUMMER/2000 D -2.10 10.80
E -1.85 10.55
F -2.04 10.26
A 1.08 4.55
B 0.11 6.29
C 1.54 294
WINTER/2000 D 0.99 460
E 1.26 4.26
F 1.95 3.12
3

8 in summer, 2000
2 + [ in winter, 2000

‘] -
0
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Fig. 11. Satration index of CaCO; of the groundwater
from the studied area.
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Table 8. Saturation index of CaCOj; of the stream water
from the studied area.

Langelier Ryznar
index index
1 0.55 7.30
3 0.59 723
5 0.65 7.09
WINTER/1999 6 .44 12.21
8 -1.64 10.64
g9 -1.88 10.88
i 0.26 7.79
3 0.34 7.62
5 0.65 7.12
SUMMER/2000 6 -3.58 13.03
8 -2.16 11.16
9 -0.27 9.27
2
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Fig. 12. Saturation index of CaCQs of the stream water
from the studied area.
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Flg. 13. Pollution Index for the groundwater in the vicinity
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Table 9. R-mode factor analysis for the groundwater.
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Principal Components Elements of positive factor loading Eigen value Proportion (%)
Factor 1 Ca-NO;-Zn-Si-Pbh-As-(80,%) 5.28 33.01
Factor 2 K-Mg-F-Na-CI-Si-Mn-(SO,*") 393 24.61
Factor 3 Fe-Al-Cu-(Pb)-(Zn) 3.49 21.85
Factor 4 F-Mn-(As) 2.48 15.54

Principal Components Elements of positive factor loading Eigen value Proportion (%)
Factor | Mg-Na-Ca-As-Zn-NO; 441 33.01
Factor 2 Pb-C1-Zn-Si-(S0,>) 391 24.61
Factor 3 Cu-Si-NO;3-(K)-(F) 3.71 21.85
Factor 4 Fe-Al-F-Mn 3.15 15.54

Table 10. R-mode factor analysis for the stream water.

Principal Components Elements of positive factor loading Eigen value Proportion (%)
Factor | Zn-Cu-Fe-Mn-Cl-Pb-(Na)-(K)-(Mg)-(Ca) 6.05 37.87
Factor 2 Na-K-Mg-Ca-Si-NO;-Pb-(Cl") 4.56 28.52
Factor 3 SO,4-(NOy) 2.20 13.80
Factor 4 As-F-(Si)-(AD) 1.70 10.67
Varimax Elements of posittive factor loading Eigen value Proportion (%)
Factor | Mn-Fe-Cu-Pb-Zn-F 5.13 37.87
Factor 2 Mg-K-Na-Ca-(CI") 4.79 28.52
Factor 3 Si-NOy«(S0,™) 272 13.80
Factor 4 As-(AD 1.87 10.67
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Fig. 14. Pollution Index for the stream water in the vicinity
of the Woonjeongdong sanitary landfill area.
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