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Effects of several modifiers and their combined application on cadmium forms and physicochemical proper-
ties of soil

YAN Jia—pu', DING Xiao—dong', CUI Liang’, ZHANG Lei'"

(1.College of Resources and Environment, Qingdao Agricultural University, Qingdao 266100, China; 2.Chengyang Branch, Qingdao Environ-
mental Protection Bureau, Qingdao 266109, China)

Abstract: Lime and biochar application, which are two kinds of amendments, are effective for reducing the bioavailability of heavy metals in
soil, and polyacrylamide (PAM ) application could improve the soil physical and chemical properties. In this study, amendments of Cd—con-
taminated soil using these three substances and their mixture treatment were done to investigate the effects on the physical and chemical
properties of soil, and the bioavailability and chemical fractions of Cd. The results showed that the application of lime and biochar could pro-
mote immobilization of Cd in soil, and that the available Cd content was reduced by 43.69%~57% and 8.42%~11.83%, respectively. The
combined effect of lime and biochar application was the most significant, which reduced the soil available Cd contents by 45.38% and
62.22%. However, adding lime had a certain negative effect on the physical and chemical properties of soil; it increased soil pH by 29.05%~
50.90%. Although the addition of PAM could not change the chemical fractions of Cd significantly, it increased the content of soil aggre-
gates. The content of available Cd in soils was decreased by 46.13%~62.48% when the three factor combination treatments (PAM+biochar+
lime) were conducted. Furthermore, the weak acid—extractable fractions and reducible fractions of Cd were significantly decreased, whereas
the proportions of unavailable Cd were increased. The present results implied that the combination treatment (PAM+lime+biochar) could re-
duce the bioavailability of Cd in soil without negative impact on soil properties effectively, without negative impacts on soil properties. It
would provide a reference value for immobilization and remediation of heavy metals in soil.
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Figure 1 Micro surface scanning of corn straw carbon
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Table 1 Basic properties of soil under different treatments

QLB Treatments e Concentration - 3EFLERE Soil porosity/% pH A HLF Organic matter/g-kg’  CEC/cmol kg™
CK — 42.23+0.31h 6.85+0.12d 17.840.04d 26.93+0.71e
Blg-kg! 10 43.12+0.43g 7.24+0.57¢ 20.53+0.12cd 26.56+0.24e
20 44.52+0.71f 7.81+0.06¢ 28.85+0.55b 27.03+0.21e
L/g kg 10 43.95+0.35fg 8.84+0.13b 15.3540.57¢ 32.05+0.22d
20 45.410.24de 10.34+0.23a 15.37+0.48e 37.47+0.31a
P/mg kg 60 44.31+0.47f 6.85+0.12d 17.84+0.04d 26.93+0.71e
120 46.01+0.62d 6.85+0.12d 17.840.04d 26.93+0.71e
P+B 60+10 45.1240.22¢ 7.39+0.05¢ 24.82+0.73¢ 26.68=0.74¢
120420 47.41£041c 7.31x0.29¢ 33.03%0.54a 28.67+0.52de
P+L 60+10 45.91+0.78d 8.68+0.03b 18.76+0.27d 25.06+0.12e
120+20 47.77+0.84c 10.61+0.02a 16.59+0.30de 36.67+0.11b
L+B 10+10 45.57+0.25de 8.5420.07b 22.40+0.24c¢ 36.17+0.78b
20+20 46.13+0.36d 8.65+0.05b 30.38+0.33ab 31.68+0.54de
P+B+L 60+10+10 48.84+0.43b 8.2620.10bc 23.02+0.41c 34.68+0.12¢
120+20+20 49.75+0.72a 8.58+0.08b 32.65+0.32a 34.99+0.61c

T 52 FC AR T P A% 5T B TR BA7 g B — Ak TR i R SRR JEE BRI AT ] . AN TR /NG S S0 BEFROR A BRI 28 5 .35 (P<0.05) o R Tl

Note: The concentration unit of each modifier in mixed treatment is the same as that of a single modified agent. Different lowercase letters indicate signif-

icant differences among the treatments (P<0.05). The same below.
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Figure 2 Concentrations of the bioavailable Cd in soils
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Figure 3 Concentrations of the acid-soluble Cd in soils
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Figure 4 Concentrations of the reducible Cd in soils
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Figure 5 Concentrations of the unavailable Cd in soils
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Figure 6 Cd fractionation in treatments of bon black pigments by electron spin resonance : Influence of functional-
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R2 FEFEECAS TERERZ BEX S
Table 2 Correlations between each fractions of Cd and basic properties of soil
R Cd SRR Cd A Cd MERIFZS Cd
The bioavailable Cd The acid-soluble Cd The reducible Cd The unavailable Cd
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CEC -0.562%* 0.352 -0.378 0.402

T 1 P<0.05 K B3, 4 4E P<0.01 K53

Note: * means its significant correlation at the 0.05 level ; ** means it’s significant correlation at the 0.01 level.
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