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ABSTRACT : This study was conducted to compare fractionations and availability of heavy metal in paddy soils near
five abandoned mining areas. The sequential extraction procedure was used to fractionate the heavy metals in soils into
the designated from water soluble(H;0), exchangeable(0.5M KNOs), organically bound(0.5M NaOH), oxide/carbonate(0.05M
Na-EDTA), and sulfide/residual(4M HNO;). EDTA and HNO; extractable of Cd, Pb, and Zn, and NaOH and HNO,
extractable of Cu were predominant chemical forms. The ratio of H,O+KNO; extractable of Cd, Zn, Cu, and Pb were
25.1, 8.7, 4.0, and 0.4%, respectively. The ratio of H;0+KNO; extractable heavy metal were negatively correlated with
soil pH, while EDTA+HNO; extractable heavy metal were positively comelated. The most consistent distribution patterns
were found when the soil samples were grouped according to their total contents. Specially. the ratio of H;0+KNO;
extractable heavy metal were higher as total contents of heavy metal were increased. The ratio of H;O0+KNOQ; extractable
heavy metal(Cd 1.06, Cu 0.15, Pb 0.01, and Zn 0.05%) were lower at the high soil pH than those(Cd 31.31, Cu 4.06,
Pb 1.75, and Zn 10.16%) at the low level. Compared to other chemical forms, the degree of contribution for KNO;
extractable form to the Cd uptake to brown rice was high, whereas that for EDTA and HNO; extractable forms were

high to the Zn.
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Table 1. Fractionation of heavy metal in paddy soils at abandoned

mining area

(unit : mg‘kg")
Fractions cd Cu Pb Zn
HO0"  005(167 02(03) 00(00) 10(05)
KNOs” 076 (23.5) 25(37 09(04) 172(82
NeOH” 015 (46) 327@73) 14(07) 08 (04
EDTAY 107 (329) 122 (17.7) 1445 (688) 212 (10.1)
HNO;” 121 (374) 214 31.0) 632 (30.1) 169.7 (80.8)
Sum” 324 69.0 2100 209.8

"Water soluble, “Exchangeable, “Organically bound, “Oxide &
Carbonate, *Sulfide & residue, “Sum of each extraction, *Ratio of
each extract to sum of each extraction
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fd. ¥ ARG fA ofdRA 92 Bv ¥ =ESE
ZA A & 5P v 2 £EQY FE 3587
HNOA&HZ nasidod o8 Ru'-"s2 2% 2 o
ZAA G £ B QEE ¥ EYEA g £ e
W 224 HYE Z ol ¥Y oz goHc EF &
$'e NEo] F4ogo] £o]8 ez LW KNOLZH
2340] Cd 249, Cu 22, Pb 44, Zn 82%% Jeh} 92d¥g
ekzte] Zole glou APe) Cd X Znd wIEL AHY YA}
Aot Ramas $'E E¥ CdF A& &FFol¥€ 4 Ae #
Agjy} 50%0l4eE & IR0 £%od, Cud FE ¥
BHe f71d, Pb 2 Zne ASldE Egue) oAl
C>Zn>Pb>Cu £0.2 Huded & Ans} fAhstgd. 28y
AL Q2 =EYY HuE $FE AP, F24 2E 77
AY, Fe-Mn 4318 Y 9 7U49Y 5UA2 d&34¢ 4
3 o] FAY e Afel, B2t R 1A F By
&9 Cd 684, Pb 558, Cu 234, Zn 203% &£2o2 & ZA3s 3}
ol HAed ot EY2d 54 ¢ H&wyy oo 7]
gtz 4z A,

Echl 34 o|FA ¥ fFALe BHol & EY pH &
g 224 ¥3ulge wile 8 29 2o EY pHe 489
F471 0|3 Hul2 geld HOKNOAEH T34 davls
3 %9 Bo| 4@ AEd FHoldo] oz Fuz g
2 & EDTAHNOAEH 354 g3vigde 159 H9 A
¢ Rt % EY pHe NaCH #2d Cdste Ao 4
NaOHZ&®l Cu ¥ Pbste %9 4#g g & "¢ o}
A olZ =EQdA EY pHe A#E Cd Pb ¥ ZnS £9
A, fole 2 GAgdel Cd, #3e) Cd Zn ¥ Pbe A 49
& BYOE 39T Chlopecka $7& $8% 2%EAQ Pb-ZnA
A2 A9e A4 FIE£YFL EY pHrt 56018 AYo] 56

!

o
g



321 FRIE =EYY F34 283 ¢ AT

Table 2. Correlation coefficients between fractionation of heavy metal
and pH in paddy soils

Fraction rate” Cd Cu Pb Zn
H;0+KNO; 0629 04117 0573° 05107
NaOH 0648° 0604 0450 NS
EDTA+HNO, 0.538" 0.791" 0683" 0558

“Ratio of each extract to sum of each extraction.
* ** : Significant at P = 5% and 1%, respectively.
NS : Not significant
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Table 3. Percentage of various forms of heavy metal in paddy soils
with different total metal content
(Unit : %)

Mezns pH Fractions

(mg-kg") (1:5) H,0+KNO; NaOH EDTA HNO;
20 480 14.87 329 1536 6648

« 50 494 3295 326 3268 3111
206 492 1.66 5535 1596  27.03
@ 1392 479 453 4790 1656 3101
76.5 477 071 201 5371 4357
v 165.1 4.80 1.05 064 70.18 2813
- 104.1 477 441 0.15 701 8843

4289 4.90 1147 0.33 947 7873
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Fig. 1. The distribution of heavy metal forms extracted by sequential extraction procedure in paddy soils with different mine area. The
values of y axis are percent distribution of chemical forms of heavy metals. HO+KNO; is water soluble plus exchangeable, NaOH is
organically bound, EDTA is oxide and carbonate, and HNO; is sulfide bound plus residual form of heavy metals in soils.
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Table 4. Correlation coefficients between heavy metalcontents in
brown rice and soil fractions in paddy soils

Brown Soil fraction

ice 0  KNO; NaOH EDTA HNO;  Sum

Cd 06437 0778 0404 06397 072" 0802"
Cu NS NS NS NS NS NS
Pb NS 0396 NS 0602" 05527 0.59%
Zn 0393 06027 NS 0395 06257 0604"

* ** : Significant at P = 5% and 1%, respectively.
NS : Not significant
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Table 5. Standardized partial regression coefficient(X-X/SD) in
multiple linear regression between cadmium and zinc
concentrations in soils extracted by sequential extraction
procedure and brown rice in paddy soils

Brown Soil fraction

rice H0 KNO; NaOH EDTA  HNO,

cd 0054 052 0.118 0219 0301

Zn 0084 0465 1072 1154 0253
2 o

BIZ =EYY ¥l F3& YH{FRE(H0), Xy

(05M KNOs), #71E28e(05M NaOH), @Ael(005M
Na;-EDTA), #3}RFe(4M HNOy)] # dvlo] &4 oj8g 2
2479 BAE FHE7] Hdo 50 FAAYAN 04 A
=E¢ 2 dvE ddeg B4 JES 2 I8 2 #
AAZ =EYY Cd, Pb ¥ Zn9 ¥ ¥l EDTA ¥ HNO:
32, Cut NaOH ¥ HNO:ASEH AL, 48 F4oltdo] &
ol oz U HO +KNOAEHS UIugL Cd 51,
Zn 87, Cu 40, Pb 04% <22 el EY pHs}
HOKNO:H &8 334 g3ulge 159 %o A% EDTA
HNO: & F343e 1x9 3 4L B EP9 &
FEEEE T2 g} Y4 FISPF RXuge dai
UeEl®, 53 & ¥FLFNAN HOKNO:HEH Cd, Cuy, Pb
% Zn9 EXHlgo] ¥A Jehdt ER HOKNOAEH
Cd, Cu, Pb ¥ Zn¥3uE&e EY pH} & AY(D site)olAd
ZZ} 1.06, 0.15, 0.008, 0.06%2 e} pH7l He A9 PFA)
3031, 406, 1.75, 10.16%2c}h ¢ @A veigdch ¥ cd R
Ingroldst #do) 2 BEY9 ZAYuHE 2 KNOHEH,
EDTA ¥ HNO:H&H 2 vehgd.
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