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Comparision of Soil Extractants for Estimation of
Cadmium, Zinc and Lead in Brown Rice Collected
from Paddy Soils near Old Zinc-Mining Sites

II. A Prediction Model for Cadmium, Zinc and Lead Contents in
Brown Rice Based on Some Chemical Properties of Soils

Sun-Ho Yoo* and Moo-Eon Park**

Abstract

In order to choose a suitable soil extractant for the prediction model of heavy metal content
in brown rice, four extractants-0.1 M HCI, 0.1 M HNO,, 0.1 M NH;-oxalate and 0.001 M 2Na-
EDTA, were compared by analyzing 84 soil and 45 brown rice samples collected from paddy
fields adj-acent to five old zinc-mining sites.

Content of cadmium and zinc in brown rice had the highest correlation coefficient to 0.001 M
2Na-EDTA and 0.1 M HCI extractants, respectively. However, the lead content in brown rice
was significantly correlated with only 0. 1 M NH,oxalate solution. For the simultaneous prediction
of zine, cadmium and lead in brown rice, 0.1 M NH,-oxalate solution was the most effective.

On the multiple analysis by using various chemical characteristics of soils, pH and calcium
content of soils were effective variables for the estimation of cadmium content in brown rice,
while CEC and magnesium content were more effective for the estimation of zinc content in
brown rice. Furthermore, for the estimation of lead content in brown rice, factors such as
pH, CEC, calcium, magnesium, potassium and organic matter content were important variables

in the multiple regression equation.
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Table 1. Contents of cadmium, zinc and lead in brown rice collected from paddy fields near
old zinc-mining sites and probability of occurrence in excess of threshold concent-
ration for food contamination

(ppm)
Gwangmyung Uljin Chilgog Seongju Uichang
No. of samples 6 9 10 12 8
Distance (km)* 1 2 2 1
Minimum 0.41 0.12 0.04 0.13 0.19
Maximum 1.63 1.13 1.11 1.31 1.57
Cd Mean 0.87 0.43 0.31 0. 60 0.57
Probability (%5) ¥* 100 44 40 58 63
Minimum 28.8 23.0 21-8 20.6 24.4
Zn Maximum 40.6 35.0 28.3 55.0 33.8
Mean 34.1 29.0 24.1 31.3 29.6
Minimum 0.6 0.7 0.6 1.0 0.5
Maximum 4.0 1.9 2.4 3.0 1.6
Pb Mean 1.4 1.0 1.1 1.9 1.0
Probability (25) ** 17 11 10 50 13

* Distance is estimated on map from mining site to the farthest field sampled
*% Probability is expressed as frequency occurred in excess of threshhold concentration (Cd: 0.4, Pb: 2

ppm) for food contamination
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Table 2. Simple correlation coefficients between heavy metal contents in brown rice and those
in soils extracted by various solution
Solution (pH)
. Heavy Total 0.001 M
Soil metal content 0.1MHCI 0.1MHNO; 0.1M NH,Ox 2Na-EDTA
(1.4) (1.9 (6. 6) (4.9)
Cadmium  0.287 0. 428** 0. 499** 0. 348** 0. 615**
Surface soil Zinc 0.571** 0. 648** 0. 559%* 0. 643** 0.567**
Lead 0.249 0.132 0.190 0.339* 0.065
Cadmium 0. 617** 0. 648** 0. 665%* 0.494** 0. 653*%*
Subsurface Zinc 0.317* 0. 254 0.381* 0. 453** 0.378*
soil Lead 0.065 0.062 0.073 0.092 0. 155

*, ** : Significant at 5% and 1% probability levels, respectively.
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Table 3. Correlation coefficients between Cd, Zn,
and Pb contents in brown rice and the-
ir recovery rate of various selutions

Surface Sub-surface

0. 1M HCI —0.1285  0.3852*
Cd 0. 1M HNO, —0.0998  0.3542*
0.1M NH,-oxalate —0.2392 —0.0585
0.001M 2Na EDTA —0.1327  0.2443

0.1M HCI 0.0351  0.0727
0. 1M HNO, 0.0741  0.4011*
Zn 0. 1M NH,-oxalate —0.0624  0.3801*
0.001M 2Na EDTA —0.1513  0.2969
0.1M HCl ~0.0812  0.0030
0.1M HNO, —0.0829  0.0238
Pb 0.1M NH,-oxalate 0.1071  0.1339
0.001M 2Na-EDTA —0.0685  0.1001

* : Significant at 5% probability level.
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Table 4. Simple correlation coefficients between
heavy metal contents in brown rice
and some soil characteristics of sur-

face soil

Heavy metals in brown rice
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Table 5. Correlation coefficients between reco-
very rates of Cd, Zn and Pb extra-

cted by solutions and soil pH

Solution Cd Zn Pb

0.1N HCI —0.3728% —0.0359 —0.4568**
0.1 N HNO, ~0.4003** —0.0150 —0.4437**
0.1 M NH,-oxalate —0.3140% —0.3708* —0.1530

0.001 M 2Na-EDTA —0. 3881** —0. 4286%* —(. 4873**

Characteristics e
Cd Zn Pb

pH 0.521*%*  0.348* 0.211
oM —0.226 ~0.422%%  —0.177
CEC -0.071 ~0.654%¥*  --0.224
Ca 0.275 -0. 256 0.336*
Mg 0.115 —0.475*%*  0.210
K 0.182 ~0.063 —0.045
Na 0.128 -0.211 ~0.012

* %% . Significant at 5%
respectively.

and 1% probability levels,

* *% . Sionificant at 5%
respectively.

and 1% probability levels,
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Table ¢. Stepwise multiple correlation coefficients between cadmium content in brown rice and

some soil characteristics including 0.001 M 2Na-EDTA extractable Cd

Variable Multiple r? F
Variables included 2 . .
r T increased ratio
Extractable Cd 1 0. 6155 0.3788 0.3788 26.2179%*
pH 2 0. 6360 0. 4044 0. 0256 14.2612%*
Ca 3 0. 6703 0. 4493 0. 0449 11. 1489%*
OM 4 0. 6750 0. 4557 0. 0064 8.3712%*
K 5 0. 6822 0. 4653 0. 0096 6. 7886%*
Na 6 0.7222 0.5216 0. 0563 6.9053**
Mg 7 0. 7289 0.5313 0. 0097 5. 9924%*
CEC 8 0. 7600 0.5776 0.5679 6. 1537**

** : Significant at 1% probability level

‘Table 7. Stepwise multiple correlation coefficients between zinc content in brown rice and some

so1l characteristics including 0. 1 M HCl extractable Zn

Variables i\ggﬂggifs Multiple - : - F . .
r r? increased ratio
Extractable Zn 1 0. 6475 0.4193 0.4193 31. 0436**
CEC 2 0.7068 0. 4996 0. 0803 20. 9665**
Mg 3 0.7198 0.5182 0.0186 14. 6999**
oM 4 0.7210 0.5199 0.0017 10. 8287**
pH 5 0. 7345 0.5394 0. 0195 9.1363%*
Ca 6 0.7357 0.5412 0.0018 7.4718%*
Na 7 0.7449 0. 5549 0.0137 6. 5886**
K 8 0. 7549 0. 0150 5.9627*%*

0. 5699

** : Significant at 19 probability level

Table 8. Stepwise multiple correlation coefficients between lead content in brown rice and some

soil characteristics including 0.1 M NH,-oxalate extractable Pb

Variables

Lxiractable Pb

Variables
included

(o ol N - I 1 |

Multiple r? F
r r? increased ratio
. 3393 0. 1151 0. 1151 5.5930*
0. 5646 0. 3188 0. 2037 9. 8266™*
0.5783 0.3344 0.0156 6. 8656%*
0. 6400 0. 4097 0.0753 G. 9393%*
0. 6858 0. 4703 0. 0606 6. 9256**
0. 6928 0. 4799 0.0096 5. 8443%*
0. 7398 0.5473 0.0674 6. 3899**
0.7402 0. 5479 0. 0006 5. 4537%*

** . Significant at 1% probability level
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