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ABSTRACT

Objectives of this research were to fractionate heavy metals in soil samples in the upper Okdong River basin and to assess
the potential pollution index of each metal fraction. Soil samples were collected from the cultivated land soils and
analyzed for physical and chemical properties. pH of cultivated soils ranged from 5.2 to 7.6. Contents of total kelhaldal
nitrogen and loss on ignition were in the ranges of 0.6~2.5%, and 1.9~12.9%, respectively. Heavy metals in the cultivated
land soils were higher in the abandoned closed coal mine near field soils than those in the paddy soils. Total concentrations
of metals in the cultivated land soils were in the orders of Zn > Pb > Ni > Cu > Cd, exceed the corrective action level of the
Soil Environment Conservation Law and higher than the naturals were abundance levels reported from uncontaminated
cultivated land soils. Mobile fractions of metals were relatively small compared to the total concentrations. Soil Pollution
Assesment Index (SPAI) values of each fraction of metals were leveled from Non polluted to Moderately polluted based
on total concentrations. SPAI values of mobil fractions were lower than those of immobile fractions. Results on metal
fractions and SPAI values of the cultivated land soils indicate that field soils samples were contaminated with heavy
metals and had potential to cause a detrimental effects on plants. A prompt countermeasure to prevent field soils in the
abandoned closed coal mine near fields are urgently needed.

Key words : Cultivated land soil, Paddy soil, Field soil, Metal fraction, Soil Pollution Assesment Index.
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Table 1. Sample ID of cultivated land and sampling locations

Sample L.D. soil sampling locations  |site characteristics
F-1 Myungjin abandoned mine Field soil
B2 Sejin abandoned mine Field soil
F-3 Sangdong mine Field soil
F-4 Sangdong Field soil
F-5 New tailing dam Field soil
F-6 New tailing dam Field soil
F-7 Old tailing dam Field soil
F-8 Old tailing dam Field soil
F-9 Kasan Field soil
F-10 Kasan Paddy rice soil
F-11 Nokjun Field soil
F-12 Nokjun Paddy rice soil
F-13 Yarouo Field soil
F-14 Yarouo Paddy rice soil
F-15 Limestone mine Field soil
F-16 Okdong abandoned mine Field soil
F-17 Okdong abandoned mine Paddy rice soil
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@y m n
@ : Samgle site

~Namhan River

Fig. 1. Location of the cultivated land sampling sites in the study
area.
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Table 2. The pollution division level of various heavy metals
(unit: mg/kg dry soil)

Pollution division
Non Weakly | Moderately | Heavily
polluted polluted polluted polluted
Cd 1 3 10 50
Cu 100 200 500 2500
Pb 200 500 1000 5000
Ni 20 50 200 1000
Zn 250 500 1000 5000

Interdepartmental Committee on the Redevelopment of Committee.
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Table 3. Physical and chemical properties of the experimental cultivated land soils

PH g oty DS On gy Hume Sand St Clay Soil
(1:5) Ignition level texture
cmol(+)/kg e G e e G e

F-1 6.6 7.6 25 59 2.4 oligohumic 40.1 223 377 Clay lom
F-2 6.2 10.0 1.0 4.0 42 oligohumic 37.1 43.9 19.1 Loam
F-3 5.8 112 0.6 8.7 14.4 oligohumic 293 44.6 26.1 Loam
F-4 7.6 10.8 1.4 6.9 4.8 oligohumic 17.0 71.8 11.1 Silty loam
F-5 55 124 24 9.3 38 oligohumic 5.6 91.1 33 Silt
F-6 5.7 94 2.1 32 1.5 oligohumic 539 238 223 Sandy loam
F-7 6.1 7.6 14 2.8 2.0 oligohumic 639 26.2 99 Sandy loam
F-8 57 9.1 1.4 4.0 2.8 oligohumic 48.5 33.1 18.5 Loam
F-9 6.0 9.8 14 12.9 9.2 oligohumic 90.9 4.8 43 Sand
F-10 5.6 11.6 14 38 2.7 oligohumic 51.2 373 11.5 Loam
F-11 52 10.7 1.5 4.6 3.0 oligohumic 67.5 19.1 134 Sandy loam
F-12 54 8.4 14 53 3.6 oligohumic 65.2 19.2 15.6 Sandy loam
F-13 5.5 74 2.1 59 2.8 oligohumic 584 244 17.2 Sandy loam
F-14 53 11.2 1.4 5.8 4.0 oligohumic 54.6 23.6 21.8 Sandy clay loam
F-15 6.4 10.3 1.6 26 1.6 oligohumic 46.7 46.3 7.1 Loam
F-16 6.1 9.1 1.6 1.9 12 oligohumic 825 8.2 9.3 Loamy sand
F-17 54 11.5 24 124 52 oligohumic 8.0 53.1 39.0 Silty clay loam

CEC; Cation exchange capacity.

TOC; Total organic carbon.

TKN; Total Kjeldahl nitrogen.
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Fig. 2. Fractional composition of cadmium (Cd) in the cultivated land soils.
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Fig. 3. Fractional composition of copper (Cu) in the cultivated land soils.
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B adsorbed Wcarbonate Mreducible BAorganic Oresidual
sow k11 [1 bl o A0 N DY A 150 I % N I N 1 N N DU N I ) 16 N A B OO
SBT3 165 N 5 I N % N S0 A NN % N 150 N N S0 I 0% [ N 051 N 3 O S B
g S5 1 50 [ A - O N S N % N 50 N 005 N 0 O 51 N E6L A 50 B = N I
- I T =~ Y A % I =" A SO0 N I N ) NN % (N A SN OO NN DD N At N R Y O O - N -
S OB OBE OB OB 1k o= oo el b B OBy RS
Pl o ool A - feddl B . B | -] e - . 7. . I At =
s S I T B - = R~ B 5% B - B I i~ O~ [N B v B - N O N 7 (O~ O 1
«© -~ | o o Fod ot - i sk o k. - -] .. = A o
Sogn b EYOEY = OB OB OBE e OEE =B B4 OEHOER DS I - R 42 N
e bk 2 I 7 R 4 kB3 o = By S > . B o8 =
=] EY 72 st o I v o I =] B EH B . = ko e
2 3 Y 3 EA 2o B O Bd Y % 1B R 2
ST o I 2% N =5 B -+~ (N D -2~ N 2= N v I - B e B <= N 2 O E1 OB OER
R v N 4 B e B (R o5 O 7 B 2 N N == B N = (O - I 0 N~ N = (O =2
= - o oo Fe. 2 £ =) o o v e ot Lo o R o
S O v B = [ B - B 2 A - IO = IO 7 =~ I 2= B £ I ¢ B % B
0% P RN BRI ] B OBEY OB B OB Q B By B i B R OEH
- 4 B ] P kol o~ ot -~ pt e =
~N RO O Rl OE B % 4 N E S I A N =2 B = R <2 S V=
NN NS NNISYNNNNN QNN
N N N N N AN = N
0%
F1 F2 F3 F4 F5 F6 F7 F8 F9 Fi0 F41 F12 F-13 F14 F15 F-16 FA7
Site

Fig. 5. Fractional composition of nickel (Ni) in the cultivated land soils.
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Table 4. Pollution division level of metal fraction in cultivated land soils.
Total A+C A+C+R A+C+R+0
Site Pollution division level
1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
F-1 94 37 09 0.2 0.2 0.1 0.0 0.1 04 0.1 0.0 0.2 0.8 03 0.1 0.4
F-2 8.6 34 0.9 0.2 0.7 0.3 0.1 0.0 1.1 04 0.1 0.0 1.9 0.6 0.2 0.0
F-3 9.8 39 1.0 0.2 0.8 0.3 0.1 0.0 1.5 0.5 0.2 0.0 24 0.8 0.3 0.1
F-4 9.3 3.6 0.9 0.2 0.5 0.2 0.1 0.0 1.0 04 0.1 0.0 20 0.6 0.2 0.0
F-5 9.7 38 1.0 0.2 05 0.2 0.1 0.0 14 0.5 0.2 0.0 2.6 09 0.3 0.1
F-6 9.0 35 0.9 0.2 0.7 0.3 0.1 0.0 1.3 0.5 0.1 0.0 2.1 0.7 0.3 0.1
F-7 9.6 37 1.0 0.2 1.1 04 0.1 0.0 1.4 0.5 0.2 0.0 2.1 0.8 0.3 0.1
F-8 9.1 35 09 0.2 1.1 04 0.1 0.0 1.3 0.5 0.1 0.0 24 09 0.3 0.1
F-9 6.9 2.7 0.7 0.1 0.6 0.2 0.1 0.0 0.6 0.2 0.1 0.0 1.8 0.6 0.2 0.0
F-10 [ 9.3 35 0.9 0.2 04 0.1 0.0 0.0 1.5 0.5 0.2 0.0 22 0.7 0.2 0.0
F-11 6.5 2.5 0.6 0.1 04 0.2 0.0 0.0 0.9 0.3 0.1 0.0 1.8 0.6 0.2 0.0
F-12 | 85 32 0.8 0.2 0.7 0.2 0.1 0.0 0.8 0.3 0.1 0.0 1.5 0.5 0.2 0.0
F-13 | 65 2.5 0.6 0.1 0.6 0.2 0.1 0.0 09 03 0.1 0.0 1.8 0.6 0.2 0.0
F-14 | 55 22 0.6 0.1 05 0.2 0.1 0.0 1.0 04 0.1 0.0 1.6 0.6 0.2 0.0
F-15 | 105 42 1.1 0.2 0.5 0.2 0.1 0.0 1.3 0.5 0.2 0.1 34 1.2 0.5 0.2
F-16 | 102 4.1 1.0 0.2 0.7 0.3 0.1 00 1.1 04 0.1 0.0 35 1.3 0.5 0.2
F-17 | 105 4.1 1.1 0.2 0.5 0.2 01 00 2.3 0.8 0.2 0.1 38 14 0.5 0.1
A+C; Sum of adsorbed + carbonate.
A+C+R; Sum of adsorbed + carbonate + reducible.
A+C+R+0; Sum of adsorbed + carbonate + reducible + organic.
1; Non polluted, 2; Weakly polluted, 3; Moderately polluted, 4; Heavily polluted.
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