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The Effects of Bed-rock Formations on Water Quality and Contamination :
Statistical Approaches

Byung Sun Lee! and Nam Chil Woo?*

Seoul Development Institute, Seoul 137-071, Korea
Department of Earth System Sciences, Yonsei University, Seoul 120-749, Korea

This study was objected to identify the difference of water quality and the characteristics of water contamination in adja-
cent bed-rock areas of Upper Hwajeonni and Guryongsan Formations in Miwon, Choongchungbuk-do, Korea. Water sam-
ples showed mainly (Ca, Mg)-HCO; type in Upper Hawjeonni Formation and (Ca, Mg)-SO, and (Ca, Mg)-HCO; types in
Guryongsan Formation indicating the enrichment of SO, in major compositions. Groundwater quality could be divided into
two groups based on the major weathering processes, implied by the ratio of bicarbonate to silica. Carbonate-silicate weath-
ering predominates in Upper Hwajeonni Formation, and silicate weathering in Guryongsan Formation. Stream-water quality
also appeared to be controlled by water-rock interaction. Cluster analysis identified three groups of groundwater and four
groups of stream-water with distinctive geochemical characteristics. The results of factor analysis indicated that the levels of
each chemical constituent in water samples derived from both natural weathering reactions and anthropogenic contamina-
tion sources. To delineate the pollution potential of water resources, Modified Pollution Index(M.P1.) was developed. M.PI.
scores of water samples ranged from -0.08 to 0.18, with mostly positive along the rock quarry in Guryongsan Formation
areas. M.PL scores appeared to be a useful predictor of metal contarnination of water resources.

Key words : Water-rock interaction, Water classification, Cluster analysis, Factor analysis, Modified Pollution Index
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Fig. 1. Geological map and sampling location of study area (modified from Lee et al., 1980).
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Table 1. On-site properties of water samples in the study area.

[e]
e

)

Upper Hwajeonni Formation

Guryongsan Formation

Sample Temp EC Eh  Charge Balance Sample  Temp EC Eh  Charge Balance
No. °C) PH  (iSfem)  (mV) (%) No. ) PH  (usicm)  (mv) (%)
GW6 13.3 6.91 366.0 357 11.8 GW1 15.5 6.99 358.0 352 20
GWII1 3.1 6.54 270.0 267 36 GW2 13.2 7.61 120.8 79 0.8
GW114 134 725 343.0 - 9.1 GW3 14.6 746 1710 314 0.8
GW117 13.9 6.94 422.0 - 10.1 GwW4 11.1 5.96 2120 370 44
GW118 135 641 254.0 - 7.0 GW5 9.9 589 1440 367 1.1
GWI119 138  6.60 270.0 - 8.8 GW7 13.7 641 3200 381 2.1
GWI120 134 753 3720 - 1.2 GWI123 14.0 538 165.3 383 7.6
GW121 133 6.02 48.2 - 38 GWI124 13.2 637 2940 365 74
GW122 14.1 6.70 505.0 - 5.3 GW130 14.7 759 1742 306 6.4
GW126 131 634 318.0 352 19.5 SW1 10.3 6.13 75.1 351 39
GW128 153 197 150.9 297 21.8 SW2 9.6 5.63 16.4 362 6.3
GW129 8.1 5.92 19.3 332 279 SW3 16.5 6.91 138.5 350 09
Sw4 139 6.16 75.7 384 11.2 SW5 174 7.33 139.5 376 0.7
SW110 99 734 239.0 136 0.7 SW101 11.9 5.14 89.8 393 9.7
SWI112 12.2 7.15 274.0 260 1.5 SW102 14.7 4.05 260.0 523 17.0
SW113 143 725 264.0 310 1.5 SW103 13.7 385 7500 500 10.4
SWI115 163 799 285.0 - 0.5 SW104 14.3 400 6180 502 12.0
SW116 164 808 306.0 - 2.0 SW105 13.2 424 5550 506 6.9
SW127 1.5 650 164.6 363 5.3 SW106 11.7 460 4120 462 5.5
SW131 154 746 133.1 342 2.6 SW107 11.9 458 4230 575 8.4
SW108 13.5 773 1927 388 2.2
SW109 12.8 622 2440 311 11.5
SW125 14.8 626  213.0 360 11.9
SW132 17.7 8.36 1264 320 3.1
Min, 8.1 5.92 19.3 267 1.2 Min. 9.9 5.38 120.8 79 0.8
oW Max. 153 1797 505.0 357 27.9 GW Max. 155 761  366.0 383 7.6
Avg. 132 6.76 278.1 321* 10.8 Avg. 133 6.63 2177 324 3.6
Std. 1.7 0.60 145.1 38* 8.2 Std. 1.8 0.82 849 96 29
Min. 9.9 6.16 75.7 136 0.5 Min. 9.6 3.85 16.4 311 0.7
SW Max. 164  8.08 306.0 384 11.2 SW Max. 177 836 7500 575 17.0
Avg. 13.7 7.24 217.7 299%* 3.2 Avg. 13.6 5.67 283.6 419 74
Std. 24 066 83.0 91* 3.6 Std. 2.4 146 2193 84 47
note: -, undetectable value, *, value based on detectable data
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Fig. 2. Piper diagram showing the distribution of major cations and anions in water samples: (a) Upper Hwajeonni

Formation and (b) Guryongsam Formation.
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Formation and (b) Guryong Formation.
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Table 3. The ratios of HCO; to SiO, concentrations in
groundwater.
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Flg. 4. The chemical composition of stream-water samples
plotted on the Gibbs diagram. Abbreviations: O, Upper
Hwajeonni Formation; A , Guyongsan Formation.
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Fig. 5. Dendrogram based on the cluster analysis of water samples: (a) Groundwater; (b) Stream water Abbreviations; H,
Upper Hawjeonni Formation; G, Guryongsan Formation; River, Dal-Chun.
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Ag. 6. Groups of groundwater samples compared to the ratio
of HCO; t0 Si0, and bedrock formations. Abbreviations: O ,
Upper Hwajeonni Formation; A , Guryongsan Formation.
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Table 4. Results of factor analysis for water samples from
the study area.

Variable Factor Factor Factor
HCO;, 0.799 -0.172 -0.239
S0, -0.293 0.925 0.180

Na 0.816 -0.128 0.195

K 0.499 -0.044 -0.731

Ca 0.803 0.263 -0.159

Mg 0.281 0.921 0.089

Si 0.193 0418 0.828

Cl 0.848 -0.029 0.029
NO;-N 0.689 -0.120 -0.125

F -0.230 0.937 0.166
Eigenvalues 3.646 36.459 36.459
% of Variances 2.889 28.890 65.349
Cumulative % 1.426 14.260 79.609
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Table 5. Correlation matrix of water constituents
HCO, SOy Na K Ca Mg Si Cl NO;-N F
HCO, 1.000
SO, -0.488* 1.000
Na 0.551* -0.310 1.000
K 0.437*  -0.300 0.406%* 1.000
Ca 0.819* -0.030 0.426** 0.347 1.000
Mg 0.017 0.775*  0.152 0.011 0.397**  1.000
Si -0.123 0.482* 0227 -0.446%%  0.147 0.458 % 1.000
Cl 0.530* -0.263 0.726* 0.417%%  0.533* 0.300 0.089 1.000
NO;-N 0.443%¢  0.293 0.392%* 0.461%  0511* 0.033 0.060 0.505* 1.000
F -0.348 0.949* -0.235 -0.261 0.017 0.796* 0.493*  -0.256 -0.311 1.000
*p<0.001; **p<0.01
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Fig. 7. Correlations among the constituents of water samples. Abbreviations: O, Upper Hawjeonni Formation; A ,
Guryongsan Formation.
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Table 6. Average M.P1. values of chemical constituents.
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Al Mn Ni

SO, F Fe

Cd Pb CI NOsN Na Zn Cr Cu MPL

Average value of negative
M.PI. samples

0.00 0.04 0.00 0.08 006 003 001 000 004 025 002 000

0.00 0.00 -0.02

Average value of positive
M.PI. samples

35.69 452 741 041 020 0.5t

0.16 059 004 022 002 006 001 0.02 0.06
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Fig. 9. Modified Pollution Index for the water samples in
this study.

zoz she SANFI 27 BAST of 23,
MPEL o] 001402 Uehhe ABEe pHol theh
o] 2o AAAACP=077)F Holx v, MPL7}t

02

0.18 —

M.P.1.>0
M.P.1.=-0.05pH+0.33
r,=0.77

0.16

014 —

012 —

008 —

006 —

Modified Pollution Index

004 —

002 —|

(o182 Yehke AESe pHe} Fateh] EAES o
% 9)9ick. ole MEL glol 01902 thehhe A
S| A%, 2 phrt B AR g A
Yok FFEEY FTL Bol we NESO)] 1)
2ol 0|23 AT P whEo] ekt A% B
Wt Fig. 1191 9ol 448 29849 Aol
W} Asist AEF AR 28 e F, 0% 28
3 MRIZkshe] JaaAg Qohiaa sigid, d4d
dllE MPLRHS #2 pHet A8 SE&we) 1%
o BFE o] ek Gol7] wiol, Foleel
Foll F2 PP We TN Ashe i Aol
g 7Kg e & Atk oGS Fig 119
Ask AEIIM BT 5 YR, e} 59
& 2YRAY A vlA YNTL BT ol &
A% ABINE A~k A T pH
o) WE FEE FaFo) Aol} vhE WdE o= B
g, Hebd oleid MRE eanse) Ave, o8
S AAsh BIAR SlolF o) ATAY 5ol pH
o thek FRDL 7K Y BIE 3] A7
7ol i SAshy oiRE WA e eaANIAR

-0.01 —

M.P.1.<0
For thse data,
there is no line
of best fit

-0.02 —

-0.03 —

-0.04 —

-0.05 —

-0.06 —

-0.07 —

Modified Pollution Index

-0.08 —

-0.09 —

-01

Fig. 10. Scatter plots of modified pollution indices according to pH. (a) positive M.PL and (b) negative M.PL; Abbreviations:

O, Upper Hawjeonni Formation; A , Guryongsan Formation.



428

02

°
|

Modified Pollution Index
| |

Group A Group C
i Group B Group D
~01
Sample No.

Modified Pollution Index

02

(b)

01~
T T Y

Group I

Gwrit
w7
GW128

Sample No.

Fig. 11. M.PI. of stream- and groundwater samples compared with groups resulted by cluster analysis.: (a) stream-water
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