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Comparison of Soil Extractants for Estimation of
Cadmium, Zinc and Lead in Brown Rice Grown at
Paddy Soils near Old Zinc-Mining Sites

1. Comparision of Solutions to Extract Cadmium, Zinc and Lead in Soils

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

In order to characterize relationship between accumulation of cadmium, zinc and lead in soil

and soil chemical properties and also to choose a suitable soil extractant for estimation of these
heavy metal contents in brown rice from analysis data of contaminated soils,

nts-0.1M HCI, 0.1M HNO,; 0.1 M NH;-oxalate, 0.001M 2Na-EDTA,

analyzing 84 soil samples collected from paddy fields adjacent to five zinc-mining sites.

four extracta-

were compared by

Contents of Cd, and Pb in soil increased with Zn content and those of three elements were
found to be much higher in surface soil (0~15 cm) than subsurface soil (15~30cm). Contents
of these elements in soil were positively correlated with soil pH, but its correlation between
extractable heavy metal content and organic matter or CEC varied from region to region.
These three elements were negatively correlated with Mg content of soils. The extractability
of the metals was in the order 0.1 M HCI>0.1M HNO,;>0.001M 2Na-EDTA>0.1M NH,-
oxalate.
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Table 1. Contents of total and extractable Cd, Zn, and Pb in soils (ppm)

Surface soil

Sub-surface soil

Extractant -
Cd Zn Pb Cd Zn Pb
Total Minimum 0.48 27.50 9. 40 0. 60 44.00 9. 40
(conc. HNO, Maximum 52. 80 5600. 00 3102.00 6. 48 847.00 451. 20
digestion) Mean 6. 61 781.26 362. 89 2.22 250. 46 115. 68
S.D. 11.44 1379.86 696. 26 1.47 191.08 125. 52
0.1M HC1 Minimum 0.21 4.30 3.90 0.13 3-30 1.51
extractable Maximum 14. 67 1763.00 312.00 3.47 172.00 277.00
Mean 2.26 188.95 80. 05 1.17 59. 05 50.98
S.D. 2.70 369.51 90.72 0.94 50. 88 66.24
0. 1M HNO, Minimum 0.21 3.30 3.20 0.17 2.40 0.90
extractable Maximum 12.50 975. 00 230.00 3.71 146.00 218.00
Mean 2.15 132. 69 58.98 1.19 43.00 41.71
S.D. 2.35 208. 87 66.96 0.94 41.82 53. 05
0. IM NH,-oxalate Minimum Trace 1.50 Trace Trace 1.50 Trace
extractable Maximum 0.61 200. 80 12.70 0.20 61.00 7.90
Mean 0.15 39.15 1.68 0.11 17. 67 0.79
S.D. 0.12 45.96 2.81 0.06 16. 68 1.54
0.001M 2Na-EDTA Minimum 0.17 1.50 3.20 0.15 1.00 2.40
extractable Maxiimum 5.13 150. 00 196. 00 2.22 74.00 130-00
Mean 1.22 40.79 48.97 0.75 21.76 32.59
S.D. 1.13 37.38 46. 88 0. 63 20.73 3.263
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Table 2. Recovery rate of Cd, Zn and Pb extracted by various solutions(2;)

Surface Sub-surface
Extractant (pH)
Cd Zn Pb Cd Zn Pb
0.1M HCI (1.4) 48.1 25.3 36.5 48.3 22.2 38.8
0.1M HNO;(1.5) 48.5 18.4 30.2 50.5 14.9 31.1
0.1M NH;-oxalate (6.6) 4.7 7.6 0.5 6.3 6.5 0.4
0.001M 2Na-EDTA (4.9) 30.4 9.4 28.0 32.6 8.1 30.0
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Table 3. Regression equations and correlation coefficients between various extractants
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Variable (Extractant)

Heavy
Regression Coef. ()

Metal Dependant (Y) Independant (X)

Cd 0. 1M HNO, 0. 1M HCI Y =0.872x-10.176 0. 987**
0. 1M NH;-oxalate 0.1M HCI Y =0.040x+0. 059 0. 857%*
0.1M NH,-oxalate 0.1M HNO,; Y =0. 045x+0. 052 0. 848%*
0.001M 2Na~-EDTA ¢0.1M HCI Y =0. 398x+ 0. 305 0.891%*
0.001M 2Na-EDTA 0.1M HNO, Y==0.468x+ 0.203 0.927**
0.001M 2Na-EDTA  0.1M NH,-oxalate Y =7.667x-+ 0.009 0. 803**

Zn 0.1M HNQO,; 0.1M HCI Y =0. 454x-32. 627 0.786**
0.1M NH,-oxalate 0.1M HCI Y =0.098x-16. 560 0.741%*
0.1M NH;-oxalate 0.1M HNO;, Y=0.208x+10. 227 0. 908%*
0.001M 2Na-EDTA 0.1M HCl Y =0.070x-+23.003 0. 605%*
0.001M 2Na-EDTA 0.1M HNO, Y=0.161x-+17. 309 0. 808**
0.001M 2Na-EDTA  0.1M NH,-oxalate Y=0.788x+ 8.940 0. 908**

Pb 0.1M HC1 0.1M HNO; Y=1.218x+ 4.464 0.918**
0. 1M NH;-oxalate 0. 1M HC1 Y=0.022x— 0.167 0. 745%*
0. 1M NH,-oxalate 0.1M HNO; Y=0.025x+ 0.007 0. 644**
0.001M 2Na-EDTA 0.1M HCI Y=0.498x+ 8.843 0. 936**
0.001M 2Na-EDTA  0.1M HNO; Y=0.605x+11.139 0. 857**
0.001M 2Na-EDTA  0.1M NH,-oxalate Y=13.811x-+24.536 0. 748**

**Significant at 195 probability level o

Table 4. Regression equations and correlation coefficients between total and extractable heavy

metal content by various solutions

Heavy metal Solution” Regression Coeff. (r)
cd 0-1M HCI Y= —1.793+3.631x 0. 896**
0.1M HNO, Y=-2.199+3.973x 0. 865%*

0. 1M NH,-oxalate Y= —4.352468.013x 0. 772%*

0.001M 2Na-EDTA Y=—1.771+6. 334x 0. 697**

Zn 0.1M HCI1 Y=108.206+43. 316x 0. 883
0-1M HNO, Y=-9.530-5.979x 0.920%*

0. 1M NH,-oxalate Y= —162.079+23.883x Q. 842%*

0.001M 2Na-EDTA Y= —188. 628-+22. 641x 0. 693**

Pb 0.1M HCl Y=—-70.507-+4.787x 0. 735%*
0.1M HNO, Y= —11.807+5. 100x 0. 590**

0. 1M NH,-oxalate Y =50.198-+156.179x 0. 689**

0.001M 2Na-EDTA Y=-78.2+7.776x 0. 634%*

**Sjgnificant at 19 probability level
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Table 5. Linear correlation coefficients between extractable heavy metal contents and pH,

organic matter and CEC

All of 5 area (45 samples) Seongju (12 samples)
Heavy metal  Extractant
pH oM CEC oM CEC
Cd Total(conc. HNOy) 0. 790%* —0. 581 ** —0. 751%* 0.706%* 0.586*
0.1M HCI 0. 742%* —0. 451%* —0. 12%* 0. 766%* 0. 398
0. 1M HNO, 0. 727%* —0. 417%* —{. 585** 0. 797%* 0.425
0.1M NH,-oxalate  0.656** —0. 340* —0. 58O** 0.507 0.067
0.001M 2Na-EDTA 0. 649** —0.272 —0. 466** 0. 693%* 0.294
Zn Total(conc. HNO;)  0.811%* —0. 585%* —0.718%* 0.723%* 0.584*
0.1M HCI 0. 718%* —0.513%* 0. 694%* 0. 743%* 0. 692%*
0.1M HNQ; 0. 805%* —0.534** —0. 689** 0. 762%* 0. 426
0.1M NH,-oxalate (. 659%* —0. 403%* —0. 685** 0.793%* 0. 682%*
0.001M 2Na-EDTA  0.568%* ~0.247 —0. 489%* 0. 860%* 0. 622*
Pb Total(conc. HNO;) 0. 716%* —0. 596%* —0.726%* 0.352 0.379
0.1M HCl1 0. 525%* —0. 548%* —0. 609** 0.415 0.233
0. 1M HNO, 0. 398%* —0. 473%* —0. 477%* 0.506 0.284
0.1M NH,-oxalate  (.442%* ~0. 411%* —0. 660** 0.239 0.199
0.001M 2Na-EDTA  0.538%* —0.533%* —0. 554** 0. 363 0.231

* %% . Significant at 5% and 1% probabiilty levels, respectively

Table 6. Linear correlation coefficients between heavy metal contents and exchangeable cations.

Cation of soils

Heavy metal Solution
Ca Mg K Na
Cd Total (conc. HNOy) —0.123 —0. 422%* 0. 310* —0.102
0.1M HCI —0.067 —0. 309*% 0.263 —0.120
0. 1M HNO, —0.033 —0.301* 0.266 —0.138
0. 1M NH-oxalate —0.067 —0. 318* 0.283 —0.132
0.01M 2Na-EDTA 0.032 —0.249 0.160 —0.177
Zn Total (conc. HNO3) —0.774 —0.383* 0.277 —0. 104
0.1M HC1 —0.001 —0. 333* 0.218 —0.108
0.1M HNO, —0.101 —0. 386* 0. 367 —0.115
0.1M NH,-oxalale —0.058 —~0. 403%* 0.177 —0-188
0.001M 2Na-EDTA 0.024 —0. 300* 0. 065 —0.219
Py Total(conc. HNOjy) —0.134 —0. 444%* 0.237 —0.117
0.1M HC1 —0.258 —0. 498*%* 0.126 —0.173
0.1M HNO, —0.150 —0. 407%* 0.094 —0. 152
0.1M NHj-oxalate —0.285 — 0. 554** 0.046 —0.181
0.001M 2Na-EDTA —0.236 —0. 470%* 0.070 —0.189

* *% : Significant at 59 and 1% probability levels, respectively
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