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Abstract

Chemical analysis, statistical analysis and geochemical study were carried out to investigate the in-
fluence of the geology on the chemical characteristics of the mineral water in Taegu area. A simple
comparision between the chemical components of the mineral water and their bedrocks indicates
that the bedrock types in the catchment area control the chemical characteristics of the surface wat-
er. However more objective evidences for the mineral water-bedrock relationship come from the
statistical analyses(cluster analysis and factor analysis). The results of the statistical analyses sug-
gest that the bedrock type factor explains the data variation seven times as much as pollution does.
which evidently indicates that the bedrock in the study area mainly control the mineral water chem-
istries. The results of comparision of the statistical analyses results with the mineral weathering
reactions and mineral stability diagrams can be summarized as follows :

1. Plagioclase weathering to kaolinite provides Si0, . Ca®” and Na

*. and muscovite weathering to

kaolinite provides K*, and amphibole and mica minerals weathering to kaolinite provides F to the
mineral water. Most of Ca®* and Mg” in the mineral water are the products of carbonate mineral
dissolution. SO,* may be the byproduct of sulfide oxidation.

2. The weatering of silicate mineral produces Ca-rich smectite and kaolinite, but Ca-rich smectite
is unstable and will be transformed to more stable kaolinite because of the continuous dilution of

the mineral water by precipitation.

By Hashimoto's Mineral Balance Index, $-10 and S

5-12 mineral spring water were evaluated tasty

and healthy water, 5-9 and S-11 muneral spring water were evaluated tasty water and S-7, S-8 and
S-13 mineral spring water were evaluated healthy water.

Keywords : Mineral water, Statistical analysis, Mineral stability, Mineral balance index.
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Fig. 1. Sampling sites and geological map of Taegu area.
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Cations Percent of total Anions
milliequivalents per liter
®: Mineral water from andesttes(shallow) #: Mt i water from d

[0 : Mineral water granites(deep)
& Mineral water from basalt

& Mineral water from granite(shallow)
&+ Mineral water from hornfels

Fig. 2. Piper diagram showing the chemical com-
positions of the mineral water in the study
area.
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Table 3. The chemical compositions of bulk rock samples in the study area (Unit : wt%)
Sample Andesite Granite Hornfels Basalt
No. S-1 S-2 83 S-4 S5 S6 0 ST S8 S-9 0 S0 s-11 S-12 S-13
Si0,  63.34 6363 6311 5327 6376 60.12 63.01 6430 70.66 69.04 70.86 59.11 56.74
ALO, 16.14 1547 1544 16.65 1521 1699 16.25 1660 1383 14.44 1423 16.26 14.44
Fe.0. 518 603 587 7.19 658 661 650 637 259 398 223 4.83 6.01
Ti0, 075 066 072 099 062 083 045 071 0.30 045  0.39 0.68 0.59
MnO 012 027 013 018 018 013 020 013 007 006  0.06 0.08 0.09
Ca0 272 382 328 5.61 327 561 393 244 079 088 251 7.38 7.31
MgO 145 162 148 2.9 L.26 289 128 111 056 049 096 4.71 5.96
K.0 3.07 284 307 206 271 235 3.04 332 481 496 450 3.40 2.73
Na, O 495 378 466 376 474 380 312 336 436 366 351 2.56 3.99
PO 0.34 0.25 031 032 026 037 025 020 008 014 011 0.24 0.14
LOL 001 003 0.02 0.03 003 002 002 003 002 002 001 0.01 0.02
Total 99.07 98.40 98.09 93.00 98.62 99.72 98.05 9857 98.07 9812 99.37  99.26 98.02

Korean Journal of Environmental Health Society, Vol. 23(3)



Geochemical characteristics of the mineral water in Taegu area

61

Table 4. Squared euclidean dissimilarity coefficient matrix among the mineral water samples collected from the

study area
S-1 S-2 S-3 S-4 S-5 S-6 S-7 S-8 S-9 S-10 S-11 S-12
S- 2 0.6701
S-3 15256 2.1705
S- 4 8.7074 10.3056  4.1424
S- 5 0.9802 1.2061 0.7030 7.4226
S- 6 39184 49155 0.7175 1.6440 2.4175
S- 7 59.2069 52.4530 63.8862 66.6977 62.7227 66.4554
S- 8 26.6196 22.8483 29.5907 33.6540 28.9301 31.9816 15.6897
S- 9 6.1447 4.6599 6.9807 14.9442 59698 9.8112 52.4974 18.9575
S-10 10.6854  7.0012 11.7437 18.7161 11.1710 14.5726 35.7143 12.8147 3.5969
S-11 13.4996 10.1737 15.7122 21.5750 14.3873 18.2902 36.3918 12.6120 5.3702 3.5336
$-12 39.9212 35.2824 43.1715 45.0681 42.9217 45.5293 41.8299 16.6724 24.7911 16.4155 15.5135
$-13  52.3646 45.6757 55.1170 57.3674 54.0858 57.3460 34.2502 18.4829 43.0126 30.9667 26.3276 20.1775
oS Table 5. Factor matrix for the compositional vari-
| sz ables of the mineral water samples col-
Andesite | S~ 3 lected from the study area
s
1\ s j — Variable Factor 1 Factor 2 Factor 3
56 pH 0.63862  0.61412 0.24580
~ s10 - :
, L T Si0. 0.40876  0.84319  -0.02722
Granite S-11 —
S 9 Al -0.07376 -0.73014 -(0.26527
Andesi te [ 57 Na 0.82535 0.35591 0.20822
cp— ] K 033853 031088  0.87843
Hornfels  —  5-12 _J Mg 0.82836 0.40532 0.27760
met o Ca 0.88166  0.34504  0.27644
) o0 s w0 B HCO, 0.76493  0.61397  0.02010
' N 1 No, 011269 011092 0.92607
Fig. 3. Dendrogram based on the cluster analysis of S‘U‘ 0'%18‘3 ”‘0(?5'19 0“3882_7
the mineral water samples collected from c 0.30419 0.06431 0.89062
study area. ¥ 0.33568 0.88046 0.15697
Eigenvalues 7.60554 1.94656 1.09130
R . % of variation 63.4 16.2 9.1
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Table 6. The matrix of correlation among the chemical components and other water quality variable of the min-

eral water samples in the study area

pH Si0, Al Na K Mg Ca HCO:  NOy SO, Cl F
pH 1.000
Si0), 0.791  1.000
Al -0.411  -0.503 1.000
Na 0.703 0561 -0472  1.000
K 0.627 0.398  -0.423  0.583 1.000
Mg 0.896 0710 -0.399  0.786 0.638 1.000
Ca 0.812 06256 -441 0 0929 0.639 0934 1.000
HCO, 0900 0827 -0478 0837 0465  0.897 0810 1.000
NO 0.373 0119 0292 0.339 0887 0375 0.434 (1.216 1.000
SO, 0583 0330 -0.303 0852 0.629  0.824  0.895  0.645 0413 1.000
Cl 0.495 0.190  -0.262  0.395 0.910 0.574 0488 0.268 1.7638 0.620 1.000
F 0.794 0.869  -0.627  0.665  0.504 0.643 0624 0779 0259 0356 0.311 1.000
, EasH=a) o] of 3his b a3 2L b 7
2FeS. +7.50, +4H,0  » Fe, 0,440 +8H" Aohizael oftz sspgale] g 3
Pyrite Hematite (3) vrebedelyl olyaled efge] Q}S}AH"‘ H‘*NMU
shid djebd ot okiv) glel Table 79 Drever
2KAL S O (OH)+3H. O+ 2H" (1988) 7} abgeded A4S 9)sll AF2-3} Free en-
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Fig. 4. Photomicrographs showing the lithologic and
mineralogic characters. (A) Calcite replace-
ment(CAL) within a large plagioclase grain
(PL) i andesite. (B) Calcite(CAL) filling the
microfracture and sericite replacement{arrow)
within plagioclase grams(PL) in granite. (C)
Chlonte(CH) and calcite(CAL) filling the mi-
crocavity n basalt.
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Fig. 5. Mineral stability diagrams showing the chem-
ical compositions of the mineral water in the
study area. (A) KyO-ALO4SiO;-HO system,
(B} Na,0-ALOsSi0,H, O system, (C) CaO-
ALO+-S5i10,-H O system, 25°C. Symbols are
the same as those of Fig. 2.
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Table 7. Free energy values(KJ/mole) used in con-
structing stahility diagrams free energy
values cited from Drever(1988)

Species ANGUKY/ Mole)
H’ 0
K’ -283.27
Na' -261.91
Ca” -553.58
H.S10, -1316.6
H.0 -237.13
Gibbsite(AICOH)-) -1151
Kaolinite (ALSLO5(OH).) -3800
Pyrophylite(ALS1:(h(OH)) 6275
Muscovite( KALSLOWOH) ) -5605
K-feldspar (KAIS1Ox) -3767
Albite(NaAlISiOx) -3715
Na-beidellite(Na. LLAI.' 351670 OH)D L) -5H382
Ca -beidellite( CHn 1¢»7Al; A:gsix k\.'()l”( OH ) K ) ~H38%
Laumontite(CaAlS1L0O.. - 4H.0) -H711

Table 8. Mineral balance index of the mineral water
in the study area

Sample

site K index () index
S-1 (.38 1.12
S- 2 2.50 1.48
S- 3 0.07 1.39
S- 4 1.44 1.14
S- 5 1.60 1.18
S- 6 -1.13 1.34
S-7 31.86 0.74
S- ¥ 14.34 0.63
S-9 -().82 3.36
S-10 813 3.58
S-11 3.77 3.15
S-12 24.29 2.67
5-13 40.15 (1.69
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