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Effects and Mechanism of Alkaline Wastes Application and Zinc Fertilizer

Addition on Cd Bioavailability in Contaminated Soil
LIU Zhao-bing' > JI Xiong-hui' > TIAN Faxiang'® PENG Hua'® WU Jia-mei' ° SHI Li-hong'’

(1. Hunan Soil and Fertilizer Institute Changsha 410125 China; 2. Hunan Agriculture and Environment Research Center Changsha
410125 China; 3. Longping Branch of Graduate School of Central South University Changsha 410125 China)

Abstract:The effects of paper mill sludge red mud and zinc fertilizer addition on remediation of acid cadmium contaminated paddy soil
were studied in a pot experiment and their beneficial effects were verified in a field experiment by using lime as comparison. The pot
experiment results showed that a single application (2 g*kg™') of lime paper mill sludge or red mud increased soil pH significantly.
Compared with no applying alkaline substances the soil exchangeable Ca content was increased by 33.1% -76. 0% at 7 days after
applying alkaline substances and 31. 0% -78.3% at 30 days after rice transplanting respectively. The soil available Cd content was
significantly decreased by 38.4% 45.0% at 7 days after the three alkaline substances applications and was decreased by 37.4% -
52.9% and 33.2% 38. 7% at 30 days and 60 days after rice transplanting respectively. The Cd content in rice root and brown rice
was decreased by 24.0% 48.5% and 26.3% 44. 7% respectively. With equal applications of lime paper mill sludge and red mud
the effects on increase of soil pH and decrease in Cd accumulation by rice was lime > red mud > paper mill sludge. Compared with
a single application (2 gekg™') of paper mill sludge or red mud Cd accumulation decreased significantly following the application of
zinc fertilizer (0.2 gekg™'). The field experimental results were similar to the pot experiment that Cd accumulation apparently
declined in the first and second crops (late rice and autumn rape) following the application of paper mill sludge red mud and addition
of zinc fertilizer. The Cd content in brown rice and rape seeds was decreased by 27. 1% —65. 1% and 16.4% —41.6% respectively
compared with no alkaline substances application. The Cd content in brown rice reached the National Hygienic Standard for Grains (GB
2715-2005) . Therefore combined application of paper mill sludge or red mud with zinc fertilizer was a feasible method to remediate
acid cadmium contaminated paddy soil. Rice quality was guaranteed by determination of rational amount of alkaline wastes and a
proportion of zinc fertilizer which was in accord with soil Cd contamination level and chemical properties etc.
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Table 1  Physical and chemical properties of the test soils
PH /g-kg‘1 /g'kg_l /mg-kg" /mg-kg" /mg-kg" /mg-kg" /mg-kg“ /g-kg"
I 5.40 35.7 2.07 275.0 1.3 189.0 2.46 0.56 1.37
I 5.50 46.7 2. 15 222.0 10.5 85.0 1.98 0.32 —
1.2 (0.32
grkg ') (0. 14 g*kg™") (0.25
) 6 : (1)CK ()L 2 g kg™"). 1
g+kg ' (3)PMS 2 g*kg ';(4)RM 2 0.10
2 gekg™';(5)PMS + Zn grkg . pH 6. 67
gokg ™! 0.2 gkg ';(6)RM + Zn
gokg ™! 0.2 gokg ', 5 kg
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28.2% .

2 . R

Table 2 Changes of Cd and Ca contents in rice in different treatments

-1

/mgekg ™! /g kg /mgekg ™'
CK 1.95 £0.21a 3.03 £0.23b 0.260 +£0.032a
L 1.00 £0. 12¢d  3.89 +0.31a 0.144 £0.021¢
PMS 1.48 £0.07b  3.79 +0. 13a 0.192 £0.014b
RM 1.13 £0.2led 3.62 £0.47ab 0.153 £0.017¢
PMS + Zn 1.22 £0.08be  3.74 +0.35a 0.147 £0.014¢
RM +Zn 0.89 +0.20d 3.51 £0.42ab 0.095 £0.013d
1) LSD
(p <0.05)
N N 4
. . « 3)
(7 d. 30 d)
(R = —0.372 p=0.0353)
CaZ+ Cd2+
3 . . D

Table 3 Linear correlation between Cd Ca contents in rice and

available Cd exchangeable Ca contents in soil

74d 30 d 60 d 74d 30 d 60 d
0.616"* 0.493" 0.505°* -0.399"° -0.434"  -0.232
0.765** 0.406" 0.641°* —-0.465° -0.483"  —-0.144
— — — 0.474°  0.369" 0.549" *
* (p<0.05) * = (p<0.01) n=12

2.5

5).

27.1% ~65.1%
41.6% .

16.3% ~

24.3%  21.3%
1500 kg*hm >
3000 kgehm

27.1% (p <0.05)

3750 kgehm

50.8% (p <0.05);
7500 kg*hm

46.7% (p <0.05)

65.1% (p <0.05). PMS2.PMS2 + Zn. RM2

RM1 + Zn

(GB 27152005)

5 N
3000

kgehm > 1500 kgehm >
18.4% (p <0.05) 7500 kgehm > 3750
kg*hm * 4.5% (p >
0.05).

~ 0.60

boso; a (2) B —ZKR

£ o401

8 030 -

SIREERTY

PMSI PMS2 PMSZ+Zn RM1 RM2 RMIl+Zn

a (b) B =ZMsk

AT

PMSI PMS2 PMS2+Zn RM1 RM2 RMI+Zn
s

o

W

<
T

o
o
=)

e

—_

<
T

FR4E & B/mgkg!

(=1

5
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