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Table 1. Some chemical and physical properties of studied soil

Parameter Unit Soil

pH 7.2

EC dsS m? 0.68

CEC Cmol. kg? 19.8

Calcium Carbonate Equivalent % 5.2

Organic carbon % 1.8

Clay (hydrometer method) % 27.5

Silt % 57.5

Sand % 15

Textural class (USDA) - Silt loam

wouwiszMal sl Shg &2 -Y Jgox
Table 2. Properties of amendments.

Parameter Unit Bentonite BI 640 BI420 Pumice Leca  Zeolite
pH 8.1 8.3 7.4 7.2 11.5 8.2
EC dS mt 4.5 9.3 7.9 2.6 4.7 0.8
CEC Cmol. kg? 24.9 67.3 66.1 28 26.8 334
calcium carbonates % 6.13 0.966 3.2 2.13 7.93 4.96
equivalent
Organic carbon % 0.0 30.5 38.4 0.0 0.0 0.0
Cd (mgkg™) 0.02 nd? nd nd 0.02 nd

2 nd: not detectable
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Table 3. Summary of the method of sequential extraction (Tessier et al., 1979)

Time (h) pH  Temperature Extractant Chemical fractions Step
(c)
1 7 25 Mg(NOs3)2, 1M Exchangeable 1
5 5 25 Na OAc,1M Carbonate 2
6 2 96 NH>OH-HCI,0.04M oxides 3
3 2 85 H20.,30% organic 4
3 - 120 HNO3-HCI residual 5
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Table 4. Analysis of variance reflecting the effects of time and different amendments application and
interactions amendments and time on the chemical fractions of Cd distribution

Sources of Degrees of Exchangeable Carbonate oxides organic  residual
variation freedom

Treatment 12 9.665™" 60.61""  42.98™ 28.64™ 1.61™
Time 1 6.58™ 16177 286.92"" 11.17" 1.81"
Treatment * Time 12 0.833™ 28.85™  19.37"  2.468™ 0.625
Error 50 0.44 9.78 5.78 0.671 0.26
Coefficient of 7.17 4.78 4.61 11.13 6
variation

rs. Not significant, * Significant at P < 0.05, ** Significant at P < 0.01, *** Significant at P < 0.001
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Figure 1. The effect of time on the chemical fractions of Cd distribution
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Figure 2. Effect of different amendments application on the total contents of Cd and on the chemical fractions
of Cd distribution in soil. Treatments: Control (C), pumice (P), leca (LE), bentonite (BE), zeolite (Z), biochar
640°C (BI1), and biochar 420°C (BI12).
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Table 5. Amounts the chemical fractions of Cd in soil with different levels of the amendment at different incubation times.

Exchangeable Carbonate Oxides Organic Residual
Treatments 90 (day) 180 (day) 90 (day) 180 (day) 90 (day) 180 (day) 90 (day) 180 (day) 90 (day) 180 (day)
Control 11.46%  11.18%® 67.08%4"  72.67%° 50.469"f 45 50/ 7.20%  5.4Q7 10.862 9.26"
Biochar 420-1%  9.77¢fd9 9 g7°fdg 59.02k  §7.969%¢ 56.10%9 50,639 9.60° 9.20¢ 8.4defc 7.8°f
Biochar 420-5% 834k  g.31Mik 55.21%  68.87dbec 58.16% 57.26%¢ 10.26"  9.86 g.gdbe g.2def
Biochar 640-1%  8.96"19 9 33dfih 56.344 72 72%¢ 52.009  52.00°f 10.13°  9.26° 8.06%f 8.10ef
Biochar 640-5%  6.59' 6.59' 57.5K1  §5.73¢ 59.46%  53.3°™ 11.13>  13.22 8.46defc g ggILC
Zeolite — 1% 9.70%9  10.58%cd 60.959% 72 174bcd 57.83%  46.83" 7.26%  5.201 7.66"  8.53dbec
Zeolite — 5% 9.39¢foh g ggefdcy 60.779M 74,792 53.53¢fdc 571 9pfde 7.33% 520 8.33defc g 53dbec
Bentonite —1%  10.36Pdf¢  10.98%¢ 62.19M9  73.84% 54.90°dce  46.90M 7.53¢ 5.601 9.13% 8.4defc
Bentonite —5%  10.20Pdfce  10.01¢fdoc 63.88°M9 74,122 51.300  46.53 6.46%"f 580 8.6dbec g.2defc
Pumice — 1% 9.05M19  10.462bcde 57.964N  61.02¢™ 54.86"%c 49 60 6.00%  5.26" 9.06" g.2def
Pumice — 5% 7.58'k 9,765 65.77¢  g7°M 48.73%  51.00° 4.93¢ 5.36 8.4defc g.7dc
Leca— 1% g8.28lk g 72¢fdg 59.48k  B5.64¢% 52.86¢M  49.939nif 7.26%  5.26" 8.06%f g8 33defc
Leca— 5% 7.32 7.99Kk 61.369M 71.36%cd 52 .63%f9d 51 53¢f0 6.26%f 533 8.33dect 8 0pd%f
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Abstract

The addition of heavy metals to the soil leads to change of their original distribution pattern.
Distribution of heavy metals in soil depends on the type of metal, application level, time and soil
characteristics as well. In order to study the effect of organic amendments (bichar 640 and 420) and
inorganic amendments (zeolite, bentonite, leca and pumice) on chemical forms of Cd during
incubation time in a calcareous soil, a factorial experiment was conducted in a completely
randomized design (CRD) with 3 levels of amendments application in soil (0, 1 and 5 %) in three
replications. Chemical distribution of Cd in soil was determined using Tessier sequential extraction
method during 90- and 180-days incubation time. Results showed that during incubation time, Cd
concentration increased in exchangeable (6.05%), carbonated (13.25) and decreased the oxide
fraction (7.41%), organic fraction (10.74%) and residual fractions (2.98%) during the time. The
application of bentonite (5%) were the most effective treatment in decreasing Cd concentration in
exchangeable fraction during the incubation time that this decrease was 1.89%. Application of the
organic amendments (biochar 640 and biochar 420) and inorganic amendments (pumice, leca
bentonite, and zeolite) decreased the exchangeable fraction of Cd compared to the control.
Application of 5% (w/w) of biochar 640 showed the highest decreasing the exchangeable fraction
of Cd that compared to the control, it showed a decrease of 41.79%. The organic and inorganic
amendments were effective on the immobilization of Cd in soil. However, the organic amendments
were more efficient in immobilization of Cd than the inorganic amendments. These results might
due to the high amount of organic carbon and cation exchange capacity of the organic amendments
than the inorganic amendments.
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