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Table 1. The change of Cd concentration in soil after soil-washing treatment.
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Avaiable Cd-before
Site washing (mg kg™)

Available Cd-after
washing (mg kg

Total Cd-before washing Total Cd-after washing Total Cd removal

(mgkg")

(mgkg™")

(%)

A 1.37 +£0.48"
B 1.08 +£0.24
C 1.29+0.61

0.88+0.16™
0.50 £0.08™"
0.87 +£0.22"

2.13+£0.69
1.58£0.38
1.90 +£0.82

1.14+0.28™
0.62+0.10™
1.17+0.28™

46.3
61.0
36.8

“ Cd removal (%) = [(Total Cd-before washing — Total Cd-after washing)/Total Cd-before washing] x 100%

¥ Mean + SD.

" Significant at the 0.01 and 0.001 probability levels, respectively.

Before soil washing

(A)

(B)

Site B

(C)

Site C

cd
(mg kg™

[710.41-0.6
[770.61-0.8
[10.81-1.0
11.01-1.2
12114
1.41-1.6
9 1.61-1.8
I 1.81-2.0
m2.01-22
22124
2.41-2.6

After soil washing

Wm2.61-2.8
m2.81-3.0

(D) (E) sieB

3.01-3.2
WN3.21-34
WN3.41-3.6
m361-3.8
B 3.81-4.0
W 4.01-4.2
Wl 4.21-4.4
44146
46148
N 4.81-5.0

Site C

fiE 1.

Fig. 1.
soil-washing treatment.
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Cd conc. (mg kg™)
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0 T T T .
.
20
5 4ot
<
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(] ]
> H
35 60| i
@ . —@— Before soil-
washing
80 1 ) -0~ After soil-
o washing
-100
2. BIEEEFERHEERT A REEE IR

R -

Fig. 2. The change of Cd concentration in site A soils
of different depths after soil-washing treatment.
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TREMNEERA  EEEEBRHB 1 BAR
PR Bk i AT 4GP §5 R0 52 28 ER Y A2 P R 7 LAt g B
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BREANE  REEE— DR HIEA RS
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HIsZ 2 (8 3) - sBedi RAUR - HENAREFE L
2 Wik S LEUE % KiERE - i
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Table 2. The change of soil basic properties after soil-washing treatment.

2.

Site C

Site B

Site A

After
4.090 +0.420""
443.000 + 113.000”

Before
6.110 + 0.500
134.000 + 36.800

After
3.040 +£0.140™"
666.000 + 116.000"

Before
6.320+£0.210
114.000 + 40.200

After
4.700 £ 0.290""
281.000 +41.200™

Before
6.630 + 0.240"
116.000 + 31.200

Basic property”

pH

EC (uS em™)

0.0075 + 0.007"
0.740 =+ 0.060

0.089 +0.007""

0.073 £0.003
0.770 £ 0.040

0.077 £0.010
0.860 £0.210
12.100 £ 3.720
726.000 + 191.000
120.000 + 19.400

0.069 £ 0.006
0.750 £ 0.070
8.920 £2.570

655.000 + 61.800

0.078 £0.007

0.800 £ 0.080

6.360 £2.360
727.000 + 126.000

133.000 + 13.500

Total N (%)
Total C (%)

0.850 + 0.060"

7.370 £3.420™"
482.000 + 70.000"""

3.570 +2.020°

362.000 =+ 55.900"

4.660 + 1.700°
466.000 + 49.500™"

Available P (mg kg™)

Exchangeable Ca (mg kg™)

99.400 + 11.600"
6.300 + 0.390

78.700 = 12.500""

131.000 + 10.300

93.500 +9.380""

Exchangeable Mg (mg kg™)

CEC (cmol kg™

6.030 + 0.460" 6.240 £ 0.800 6.220 £ 0.810 6.360 £ 0.740

6.410 £ 0.670

Loam

Loam

Loam

Loam

Loam

Loam

Texture

“EC: electrical conductivity; N: nitrogen; C: carbon; P: phosphorus; CEC: cation exchange capacity.

¥ Mean + SD.
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" Significant at the 0.5, 0.01 and 0.001 probability levels, respectively.
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Fig. 3. The effects of soil-washing treatment on the shoot height (A, D), shoot biomass (B, E), and grain yield (C, F)

of paddy rice. “significant at 0.001 probability level.
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3. HEUERIEE TR ROKSER R R -
Table 3. The effects of soil-washing treatment on the soil pH and the concentration of Cd in soils and rice plants.
Site B Site C

Analytical item Unwashed Washed Unwashed Washed
Soil pH 6.95 +0.08" 6.16 +0.42" 6.90+0.16 6.69+0.14
Available-Cd in soil (mg kg™) 0.79 £ 0.11 0.35+0.08" 0.77 £ 0.04 0.72 +0.07
Total-Cd in soil (mg kg™) 1.03+0.11 0.49+0.05" 0.99 +0.11 0.91+0.14
Shoot-Cd (mg kg™ 2.76 £ 1.20 2.49 +0.70 5.73+£2.10 334+1.17
Unpolished grain-Cd (mg kg™) 0.60 + 0.20 0.51+0.11 1.07 £0.37 0.71 +0.17

“Mean + SD.

"™ Significant at the 0.01 and 0.001 probability levels, respectively.
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Assessing the Effects of Soil Washing with
Ferric Chloride on Cadmium Removal, Soil Properties
and Rice Growth in Cd-containing Paddy Fields

Chien-Hui Syu"’, Yu-Wen Lin’, Chia-Yi Cheng’, Ya-Ting Ho’, Chu-Chung Chen', Tsang-Sen Liu’, and
Horng-Yuh Guo®

Abstract

Syu, C. H., Y. W. Lin, C. Y. Cheng, Y. T. Ho, C. C. Chen, T. S. Liu, and H. Y. Guo. 2018.
Assessing the effects of soil washing with ferric chloride on cadmium removal, soil
properties and rice growth in Cd-containing paddy fields. J. Taiwan Agric. Res. 67(4):365—
376.

Cadmium (Cd) polluted in paddy field is the serious problem, and rice consumption is the
major exposure pathway for Cd in many Asia area, thereby reducing Cd uptake by rice from soils is
very important for lowering the exposure risk of Cd to human. Soil washing is recognized as a high
efficient remedial technology for Cd removal. However, limited information is available for assess-
ing the Cd removal and crop growth after on-site soil washing. Therefore, the objective of this study
is to evaluate the effects of on-site soil washing with ferric chloride (FeCl;) on the Cd removal, soil
properties, and rice growth in paddy fields. Three Cd-containing paddy fields were selected for this
study (Cd concentration in soil of fields A, B, and C are 2.13, 1.58, and 1.90 mg kg, respectively),
which located in Houli Dist., Taichung City, Taiwan. The Cd concentrations and soil properties were
measured before and after soil washing, and the soil samples were collected by grid sampling method.
In addition, it also measured the growth indices and Cd concentrations in plant tissues of paddy rice
grown in tested field after soil washing. The results indicated that the average Cd concentrations in
soils of three tested fields were significant decreased after soil washing with FeCl,, and the extents of
decrease in Cd concentrations of tested fields were 36.8, 46.3, and 61.0%, respectively. It observed
that the pH, electrical conductivity (EC) and available phosphorus (P) of soils were changed after soil
washing, but there were no significant differences in total nitrogen (N), organic carbon (C), and cat-
ion exchange capacity (CEC) of soils between before and after soil washing. From the results of rice
growth, compared with control treatment, it indicated that there was no significant decrease in shoot
height, shoot biomass and grain yield of paddy rice grown in soils after soil washing. It also found
that the concentration of Cd accumulated in rice plants were reduced. In conclusion, the results of this
study indicated that the on-site soil washing with FeCl; could reduce the Cd concentration in soils
effectively, and it has no significant effect on the plant growth and grain yield of paddy rice. In spite
of the soil washing had slightly effect on the soil properties, it could be restored through lime and
fertilizer supplied. Therefore, it suggests that the on-site soil washing with FeCl; may be a feasible
remedial technology for Cd removal in Cd-contaminated paddy soils.

Key words: Cadmium, Soil washing, Ferric chloride, Paddy rice, On-site trial.
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