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Abstract

This study was carried out to investigate the distribution of arsenic (As) fractions in
paddy soils in relation to some soil characteristics and to find out the relationship between
As fractions in soil and As content in brown rice. Soils and rice samples were collected from
paddy field adjacent to arsenic mining and refinery sites. Sequential extraction procedures
were used to fractionate As in soils into the designated forms of water soluble-As, Al-As,
Fe-As, Ca-As, and residual-As.

The results obtained were as follows:

1. The percent distribution of As fractions in soil showed a wide difference depending on
some soil properties. The relative abundance of the extractable inorganic As fractions was
in the order of Fe-As>Al-As>Ca-As>Water soluble-As regardless of mining and refinery
sites. Residual-As fraction was more abundant in mining site than in refinery site.

2. With increasing soil pH, the percent distribution of Fe-As and Al-As fractions were
decreased, but that of Ca-As and Residual-As fractions increased. The percent distribution
of Al-As fraction in soil was negatively correlated with soil CEC, but others showed positive
relationships.

3. Active Al and Fe content, and exchangeable Ca content in soil were positively correlated
with the percent distribution of Al-As, Fe-As, and Ca-As fractions in soil respectively, and
higher correlation between them was shown in mining site than in refinery site.

4. Soil As fractions, except for water soluble-As, showed significant correlation with among

each others and also with IN HCl extration method using as the common soil As extractant
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5. Arsenic content in brown rice had highly significant correlation with Al-As fraction in
soil and it also showed significant correlation with Fe-As and Ca-As fractions, Total-As,

and IN-HCI extractable As.
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Table 1. Soil chemical characteristics of the soils used

pH oM CEC Act. Fe Act. Al Ex. Cation(me/100g)

(1:5 (me/
H0) (%) 1008) (%) (ppm) Ca Mg K Na
Mining Maximum 8.2 2.04 14. 7 3.63 80.9 5. 90 3. 47 0.56 0.15
site Minimum 5.4 0.80 5.6 2.01 4.50 1.47 0.29 0.09 0. 06
Average 1. 44 8.3 311 35. 46 3. 46 0.77 0. 26 0.10
Refining Maximum 7.0 3. 30 11. 3 3.95 57.0 4. 91 0.84 0.98 0. 39
site Minimum 5.4 1.88 8.4 2.57 22.0 2.76 0. 44 0.17 0.07
Average 2. 69 9.76 3.17 48.43 3.49 0.58 0.57 0.12

No. of samples: Mining site-34, Refining site-14
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Table 2. Percentage of soil As fraction to total arsenic

Total As fraction
As(ppm) W.S-As Al-As Fe-As Ca-As Residue-As*
Mining range 6.9~701. 3 0~0.39 12.0~47.9 5.6~59.9 0.8~18.5 5.0~59.5
site average 141. 32 0.01 28. 44 31.79 9.84 29.98
Refining range 4.01~21.73 0 17.1~51.0 30.6~75.4 1.0~15.6 0~11.6
site average 11.18 0 38. 06 47.3 54 5.5

* : Indicates Orgnanic-As-}-Insoluble-As
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Table 3. Correlation coefficients for relationships between the average percentage of

As fractions and soil properties

Residue-As

Al-As Fe-As Ca-As
Mining site pH —0. 362* —0.253 0. 082 0. 189
oM —0. 025 0. 209 —0. 001 0. 109
CEC —0. 411* 0. 528** 0.211 0. 189
Refining site pH —0. 213 —0. 264 0. 402 0. 227
oM 0.263 0. 289 —0. 368 -~0.073
CEC —0. 165 0.184 0.211 0. 064
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Fig. 2. Relationships between total As and act. Fe, and Act. Al in paddy soils

nearing the mining site.
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Table 4. Correlation coefficients for relationships between the average percentage of
As fractions, and active and exchangeable cations

Al-As Fe-As Residue-As
Fe (act.) —0. 753*%* 0. 514** 0. 467** —0.123
Al (act.) 0. 696** —0. 353*% 0. 415* —0. 004
Mining site Ca (exch.) — 0. 746** 0. 303 0. 315 0.112
Mg (exch.) —0. 466** 0. 059 —0. 040 0. 267
K (exch.) —0. 362% ~0.032 0.313 0.148
Na (exch.) —~0. 141 0.033 —0.111 0. 106
Fe (act.) —0. 682%** 0. 377 0. 691*+* —0. 430
Al (act.) 0. 348 —0.014 -0.139 —0. 328
Refining site Ca (exch) 0.079 0. 290 0. 335 0. 202
Mg (exch.) —0. 381 —0. 335 0. 392 0. 166
K (exch.) 0. 092 —0. 321 0. 156 0. 478
Na (exch.) 0. 305 —0. 096 —0.212 —0.193

* %% Significant at 5% and 1% probability levels, respectively

Table 5. Regression equations and correlation coefficients between As fractions and

1IN HCI extractable As

Variable

Regression Coef. (1)

Dependant(Y) Independant (X)
Al-As IN HCI extr.-As Y =1.6698x—0. 7640 0.919**
Fe-As Al-As Y =2.0496x —11. 6002 0. 948%*
1N HCl extr.-As Y =3.6578x—16. 7836 0.931*%*
Ca-As Al-As Y =0.5460x —1. 3562 0. 908**
Fe-As Y =0. 2416x+2. 7080 0. 869**
1N HCI extr.-As Y =0.9532x —2. 413 0. 872%*
Residue-As Al-As Y =0. 4526x+12. 5061 0. 519%**
Fe-As Y =0. 2350x-18. 0820 0. 443**
Ca-As Y =1.0436x-114.5774 0. 547**
1IN HCl extr.-As Y=1.1018x+10. 4167 0. 529%*

**Significant at 1% probability level
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Table 6. Correlation coefficients for relations-
hips between As contents in soils ex-
tracted by fractions, 1IN HCl and
Total, and that in brown rice

Mining Refining All of

sites sites area
Al-As 0. 458** 0. 232 0. 488**
Fe-As 0. 440** 0.193 0. 467**
Ca-As 0. 367* 0.012 0. 403**

Residue-As  —0.098 0.126 0.003
1IN HCl-As 0. 338 0.189 0. 381**
Total As 0. 361 0. 166 0. 400**

* #*Significant at 5% and 1% probability levels, -
respectively
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