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Model Development for Estimating Total Arsenic Contents with Chemical
Properties and Extractable Heavy Metal Contents in Paddy Soils

Jeong-Mi Lee, Woo-Ri Go, Anitha Kunhikrishnan, Ji-Hyock Yoo, Ji-Young Kim,
Doo-Ho Kim, and Won-1I Kim*

Chemical Safety Division, National Academy of Agricultural Science, RDA, Suwon 441-707, Korea

This study was performed to estimate total contents of arsenic (As) by stepwise multiple-regression analysis
using chemical properties and extractable contents of metal in paddy soil adjacent to abandoned mines. The
soil was collected from paddies near abandoned mines. Soil pH, electrical conductively (EC), organic mater
(OM), available phosphorus (P»0Os), and exchangeable cations (Ca, K, Mg, Na) were measured. Total contents
of As and extractable contents of metals were analyzed by ICP-OES. From stepwise analysis, it was showed
that the contents of extractable As, available phosphorus, extractable Cu, exchangeable K, exchangeable Na,
and organic mater significantly influenced the total contents of As in soil (p<0.001). The multiple linear
regression models have been established as Log (Total-As) = 0.741 + 0.716 Log (extractable-As) - 0.734 Log
(avail-P,0Os) + 0.334 Log (extractable-Cu) + 0.186 Log (exchangeable-K) - 0.593 Log (exchangeable-Na) +
0.558 Log (OM). The estimated value in total contents of As was significantly correlated with the measured
value in soil (R2=0.84196, p<0.0001). This predictive model for estimating total As contents in paddy soil will
be propedy applied to the numerous datasets which were surveyed with extractable heavy metal contents
based on Soil Environmental Conservation Act before 2010.
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Table 1. Extractable contents of heavy metal(loid)s and total content of As in paddy soils adjacent to abandoned mines (n=89).

Total e Extractable ------------n-nemx
As As cd Cu Ni Pb Zn
---------------------- mg kg‘l-----------------------

Mean 24.00 4.14 0.27 8.10 0.77 2451 8.20
Min 0.15 0.01 0.00 0.91 0.09 2.06 1.24
Max 403.67 26.40 3.11 101.28 3.06 24230 57.31
2000 data’ - 3.68 0.59 17.88 0.99 22.61 34.6
2003 data - 0.66 0.08 3.83 0.59 4.82 433

" Mean contents of extractable heavy metal(loid)s in paddy soils collected near abandoned mines surveyed in 2000 (Kim et

al., 2007)

™ Mean contents of extractable heavy metal(loid)s in non-contaminated paddy soils surveyed in 2003 nationwide (Kim et al.,

2007)
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Table 2. Summary of multiple regression equation between total contents of As and extractable soil contents of heavy metal(loid)s
and soil properties. Total heavy metal(loid) concentrations, extractable heavy metal(loid) contents and soil properties were Logio-

transformed to ensure homogeneity of variances.

Equation

R’ p-value

Log(T-As) = 0.878 + 0.672 Log(ext.-As)
Log(T-As) = 1.518 + 0.744 Log(ext.-As) - 0.401 Log(P.Os)

0.661 <0.001
0.737 <0.001

Log(T-As) = 1.314 + 0.750 Log(ext.-As) - 0.454 Log(P.Os) + 0.378 Log(ext.-Cu) 0.777 <0.001
Log(T-As) = 1.505 + 0.739 Log(ext.-As) - 0.499 Log(P-Os) + 0.350 Log(ext.-Cu) + 0.181 Log(exc.-K) 0.789 <0.001

Log(T-As) = 1.420 + 0.710 Log(ext.-As) - 0.585 Log(P-Os) + 0.368 Log(ext.-Cu) + 0.224 Log(exc.-K)

- 0.366 Log (exc.-Na)

Log(T-As) = 0.621 + 0.682 Log(ext.-As) - 0.732 Log(P.Os) + 0.299 Log(ext.-Cu) + 0.205 Log(exc.-K)

- 0.685 Log (exc.-Na) + 0.621 Log(OM)

0.801 <0.001

0.830 <0.001
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Fig. 1. Relationship between estimated and measured contents of total As in soil.
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