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Assessment of Soil Contamination and
Hydrogeochemistry for Drinking Water Sites in Korea
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Abstract : Geochemical data of soil and water samples were presented in order to assess the environmental
impact for drinking water sites. Microscopic observation of rock samples and physical and chemical analysis of
soil and water samples were undertaken. The geology of study areas are classified into three groups such as
granitic rocks, meta-sedimentary rocks and sedimentary rocks. Enrichment of heavy metals derived from those
rocks is not found in this study areas. Soils were analyzed for Cu, Pb, Zn, Cd and Cr using AAS extracted by
HNO,;+HCIO, and 0.1 N HCI. Heavy metal concentrations in soils are within the range of those in
uncontaminated soils. In comparison of metal contents extracted by 0.1 N HCI and HNO;+HCIO,, less than
10% of the Heavy metals are present in the exchangeable fraction. In particular, an pollution index has been
proposed to assess the degree of soil contamination. Pollution index in soils are between 0.03 and 0.47
therefore, soils are not polluted with heavy metals. Deep groundwaters within granitic rocks have been evolved
into Na'-HCQ;" type, whereas other deep groundwaters evolved into Ca™-HCO;™ type. The predominance
of Na" over Ca™ in deep groundwaters within granitic rocks is a result of dissolution of plagioclase, but for
sedimentary and meta-sedimentary rocks, dissolution of calcite is a dominant factor for their
hydrogeochemistry. The pH, conductivity and contents of the most dissolved ions in the water increase with
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depth. Shallow groundwaters, however, are highly susceptible to pollution owing to agricultural actvities,
considering the fact that high contents of nitrate, chloride and potassium, and high K/Na ratio are observed in
some shallow groundwaters. In a thermodynamic approach, most natural water samples are plotted within the
stability fields of kaolinite and smectite. Therefore, microcline and other feldspars will alter to form clay

minerals, such as kaolinite and smectite. From the modelling for water-rock interactions based on mass balance

equation, models accord well with behavior of the ions and results of thermodynamic studies are derived.
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Figure 1. Geology and location map of the study area.
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8kl 11, 80| 2(F, Cl, NO,, Br, NO,, PO,, SO,)& ICZ, 18]
HCO;:= alkalinity & A A 02 13 3 Abo| o3t A

FAE ol sd B4 FAng dHEHoR Filsle] CB.
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Table 1. The range and mean concentrations of heavy metals in
soils extracted by different chemical decomposition
methods(unit in mg/kg)

type value  Cu Pb Zn Cd Cr

o1 N He Fhge 0.2-18.5 08125 0.6-26.3 0.02-0.24 0.1-2.0
: b AM 24 3.2 54 0.09 0.4
‘°i‘g"“”‘ h° GM 16 2.8 37 007 03
(-10 mesh) 2.7 19 54 0.05 04

range 0.5-56.5 0.7-64.6 1.4-47.7 0.05-0.95 0.0-6.6
?éiuljctig AM 59 99 118 018 15
(80 mesh) M 35 74 9.4 016 08
osh) ed 8.8 7.9 7.7 0.12 1.7

mixed acids range  6-57 1499 50-209 0.20-1.90 8-120
-extractable AM 23 34 90 0.99 44
(HNOs+ GM 21 33 87 0.92 41
HCIO,) std 8 10 24 0.34 18

AM : arithmetic mean, GM : geometric mean, std : standard deviation.
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Chemical compositions of all water samples plotted on
the Piper's diagram. G1: Granitic rocks, G2: Meta-sed-
imentary rocks, G3: Sedimentary rocks, SW: Surface
water, SG: Shallow groundwater, DG: Deep
groundwater.
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Table 2. The possible water-rock interactions based on the mass-
balance equation for waters in the Seolak area

AEY

Table 8. The possible water-rock interactions based on the mass-
balance equation for waters in the Shiwha area

© Input Constraint
Si K Mg

© Input Phase

Fe Ca C Na

pla plagioclase Nay;,Cag Al 5381, 5,04 forced, dissolution
bio biotite KMg,FeAlSi;O,(OH), dissolution

pv pyrite FeS,

chl chlorite Mg:AlLSi;O,(OH)g

kao  kaolinite  AlLSi,Q;(OH), forced, precipitation
cal calcite CaCO;,

il illite Ko Mg 25Al, 581;50,0(OH), precipitation

hem hematite Fe,O;

Kmica K-mica KALSi,0,,(OH),

Kspar K-feldspar KAISi;Oq dissolution

CO, CO, forced

© The Result of Modelling (coefficient : mmol/1)

1) “Surface Water” + 0.527 pla + 0.003 bio + 0.007 chl + 0.007 py +
0.349 CO, = "Deeper Groundwater” + 0.741 kao + 0.054 cal +
0.005 hem

2) "Surface Water” + 0.527 pla + 0.026 bio + 0.007 py + 0.349 CO,
= "Deeper Groundwater” + 0.698 kao + 0.054 cal + 0.038 ill +
0.017 hem

3) “Surface Water’ + 0.527 pla + 0.003 Kspar + 0.008 chl + 0.007
pyv +0.349 CO, = "Deeper Groundwater” + 0.743 kao + 0.054
cal + 0.004 hem

4) "Surface Water” + 0.527 pla + 0.008 chl + 0.007 py + 0.003
K-mica + 0.349 CO, = "Deeper Groundwater” + 0.743 kao +
0.054 cal + 0.004 hem

35 models were tested, 4 models were found which satisfied the con-
straints.
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© Input Constraint
Si Mg Ca

© Input Phase

C Na

pla plagioclase Na,;,Cag,3Al 2351, 04 forced, dissolution
bio biotite KMg,FeAlSi;O,,(OH), dissolution

kao  kaolinite  AlSi,O4(OH), forced, precipitation
cal calcite CaCO;,

il illite Ko Mo 25Al, 812 501(OH),  precipitation

CcO, CO, forced

© The Result of Modelling (coefficient : mmol /1)
“Surface Water™ + 0.018 pla + 0.013 bio + 0.274 cal + 0.041 CO, =
“Deeper Groundwater” + 0.030 kao

3 models were tested, 1 models were found which satisfied the con-

straints.
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