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Table 1. Some physical and chemical properties of the soil tested

Property Unit Value
Soil texture ~ -———-- Sandy loam
sand (%) 75.56
silt (%) 16
clay (%) 8.44
oM (%) 0.69
CCE (%) 8.32

Ec (dS m™?) 2.39

pH 7.50
CEC (Cmol(+) kg™ 8.93

N (%) 0.03

K (mg kgt) 433

P (mg kg?) 14

Mn (mg kg 1.74

Cu (mg kg?) 0.5

Fe (mg kg?) 1.52

Zn (mg kg™ 0.72

Cd (mg kg b Insignificant

olo3T 3590 lzran 5 CawgneS o bowds S H9 (B Y Jgu
Table 2. Some of the chemical properties of the compost and biochar tested

Property Unit Soft al_mond Soft almond
husk biochar husk compost

pH 11.61 4.83

EC (dS m?) 7.93 1.61

N (%) 0.68 0.55

P (%) 0.14 0.13

K (%) 0.63 0.42

Fe (mg kg?) 140 90

Zn (mg kg?) 28.06 12.24

Cu (mg kgt) 8.03 4.08

Mn (mg kg 13.27 8.67

Cd (mg kg™ Insignificant Insignificant

ool 50 colisiwl 090 (Suuw dolro -¥ Jguo
Table 3. The Kinetic equation used in the experiment

Equation number Kinetic model Equations Coefficients

8] Zero order 0= go-Kot Ko, desorption rate constant (mg kg s)

2 first order Inge= Ingo-kit ki, desorption rate constant (s%)

©) second order 1/g= 1/qo-kat ko, desorption rate constant [(mg kg*)]

4) Third order 1/g9= 1/go?-kst ks, desorption rate constant [(mg kg2) s2]

(5) Parabolic = qo-kpt!? Kp, desorption rate constant [(mg kg™1)%9]
diffusion

(6) Elovich g= 1/ In (as Ps)+(1/Bs) as, (Mg kg s1), Bs [(mg kg™)?], Equations

Int constants

@) two-constant rate = at® a, (mg kg* s1), b [(mg kg™)?], Equations

equations constants

g: The amount of element desorbed at time t (s) go. The amount of element desorbed at startup
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Figure 1. Cadmium desorption (Cumulative) over time with the application of 2 and 4% almond soft husk
biochar 45 days after incubation
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Figure 2. Cadmium desorption (Cumulative) over time with the application of 2 and 4% almond soft husk
compost 45 days after incubation
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Figure 3. Cadmium desorption (Cumulative) over time with the application of 2 and 4% almond soft husk
biochar 90 days after incubation
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Figure 4. Cadmium desorption (Cumulative) over time with the application of 2 and 4% almond soft husk
compost 90 days after incubation
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Table 5. Fixed coefficients, coefficient of determination (R?) and standard error of estimation (SE) of kinetic
equations of cadmium desorption in treated soil with of almond soft husk biochar 45 days after incubation

CdsoBoR CdgB:R CdioBsR CdggByR CdgB,R CdsoBsR
do 11.01 9.21 6.65 23.89 22.17 18.88
ko 4x10° 3x10° 2x10°° 1x10* 9x10°® 7x10°
Zero order R? 0.37 0.34 0.33 0.35 0.33 0.30
SE 3.17 2.49 1.59 8.29 7.51 6.28
do 2.33 2.16 1.85 3.08 3.01 2.85
Ky 4x106 3x10 3x10 4x106 4x106 4x106
first order R? 0.26 0.26 0.26 0.25 0.24 0.23
SE 0.36 0.33 0.28 0.44 0.43 0.42
do 0.11 0.12 0.17 0.05 0.06 0.07
ka2 -4x107 -4x107 -5x107 -2x107 -2x107 -2x107
second order R? 0.18 0.18 0.20 0.17 0.16 0.16
SE 0.05 0.05 0.05 0.03 0.03 0.03
do 0.01 0.02 0.03 0.01 0.01 0.01
ks -9x108 -1x107 -2x107 -3x108 -3x108 -4x108
Third order R? 0.12 0.13 0.15 0.11 0.11 0.11
SE 0.11 0.02 0.02 0.01 0.01 0.01
Jo 9.33 7.94 5.84 19.52 18.37 15.80
ke 0.02 0.02 0.01 0.06 0.05 0.04
diffusion
SE 2.58 2.05 1.31 6.70 6.16 5.22
Os 3.01 1.52 0.15 12.62 9.89 7.2
Bs 0.82 1.30 1.70 3.14 3.87 4.43
Elovich R? 0.90 0.88 0.88 0.90 0.88 0.86
SE 1.29 1.07 0.68 3.24 3.16 2.81
a 0.93 0.88 0.75 1.38 1.35 1.26
b 0.17 0.15 0.13 0.21 0.20 0.19
two-constant R? 0.89 0.89 0.90 0.91 0.88 0.87
rate equations
SE 0.20 0.18 0.15 0.24 0.24 0.24
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Table 6. Fixed coefficients, coefficient of determination (R?) and standard error of estimation (SE) of kinetic
equations of cadmium desorption in treated soil with of almond soft husk compost 45 days after incubation

CdioCoR CdwoC2R CdoCsR CdepoCoR CdgCzR  CdsoCsR

Jo 11.12 10 8.62 23.93 23.11 21.19
ko 4x10° 4x10° 3%x10° 1x10* 1x10* 8x10°
Zero order R? 0.36 0.36 0.34 0.35 0.34 0.32
SE 3.21 2.80 2.31 8.31 7.90 7.18
Jo 2.34 2.24 2.10 3.08 3.05 2.96
ky 4x10® 4x10® 3x10® 4x10® 4x108 4x10®
first order R? 0.26 0.26 0.26 0.26 0.25 0.24
SE 0.37 0.35 0.33 0.44 0.44 0.43
Jo 0.11 0.12 0.18 0.05 0.05 0.06
ko -4x107 -4x107 -4x107 -2x107 -2x107 -2x107
second order R? 0.17 0.18 0.19 0.17 0.17 0.16
SE 0.05 0.05 0.05 0.03 0.03 0.03
Jo 0.01 0.02 0.02 0.01 0.01 0.01
ks -9x108 -1x107 -1x107 -3x108 -3x108 -3x108
Third order R? 0.12 0.13 0.13 0.11 0.11 0.11
SE 0.01 0.02 0.02 0.01 0.01 0.01
Jo 9.43 8.54 7.43 19.54 19.02 17.55
kp 0.02 0.02 0.02 0.06 0.05 0.05
diffusion
SE 2.62 2.29 1.90 6.71 6.43 5.89
Os 3.04 2.25 1.37 12.68 11.17 9.42
Bs 1.21 1.49 1.72 3.70 4.15 4.44
Elovich R? 0.89 0.89 0.88 0.90 0.89 0.88
SE 1.31 1.16 0.98 3.24 3.21 3.04
a 0.93 0.89 0.83 1.37 1.35 1.31
b 0.17 0.16 0.15 0.21 0.20 0.20
two-constant rate R2 090 089 089 090 089 087
equations
SE 0.20 0.19 0.18 0.24 0.23 0.24
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Table 7. Fixed coefficients, coefficient of determination (R?) and standard error of estimation (SE) of kinetic
equations of cadmium desorption in treated soil with of almond soft husk biochar 90 days after incubation

CdsoBoR CdaB:R CdiwBsR CdeoBgR CdsyB2R  CdgoBsR

do 9.88 8.12 5.28 21.32 19.62 16.48
ko 4x10° 3x10° 2x10° 1x10* 9x10°® 8x10°
Zero order R? 0.37 0.32 0.33 0.39 0.38 0.39
SE 3.19 2.56 1.62 7.55 7.04 5.96
Jo 2.20 2.01 1.57 2.96 2.87 2.71
ky 4x108 4x106 4x10® 5%10® 5x10® 5x10®
first order R? 0.24 0.23 0.21 0.27 0.27 0.27
SE 0.44 0.42 0.45 0.45 0.46 0.47
Jo 0.13 0.15 0.24 0.06 0.07 0.08
k2 -5x107 -6x1077 -1x106 -3x10”7 -3x10”7 -3x10”7
second order R? 0.15 0.15 0.12 0.17 0.16 0.17
SE 0.07 0.08 0.15 0.03 0.04 0.05
do 0.02 0.03 0.09 0.01 0.01 0.01
ks -2x107 -2x107 -6x107 -4x108 -4x108 -6x108
Third order R? 0.10 0.11 0.08 0.11 0.10 0.10
SE 0.03 0.04 0.12 0.01 0.01 0.01
Jo 8.21 6.86 4.48 17.13 15.73 13.14
kp 0.02 0.02 0.01 0.05 0.05 0.04
Parabolic R? 0.58 0.53 0.53 0.62 0.61 0.63
diffusion
SE 2.60 2.13 1.37 5.95 5.55 4.67
Os 4.19 2.62 1.60 13.11 12.32 10.88
Bs 0.83 1.30 1.71 3.33 3.88 4.19
Elovich R? 0.89 0.86 0.85 0.93 0.92 0.93
SE 1.32 1.17 0.79 2.60 2.48 2.03
a 0.56 0.47 0.001 1.16 1.05 0.85
b 0.21 0.19 0.18 0.22 0.22 0.22
two-constant rate R? 0.91 0.87 0.83 0.94 0.91 0.92
equations
SE 0.25 0.24 0.29 0.23 0.24 0.24
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Table 8. Fixed coefficients, coefficient of determination (R?) and standard error of estimation (SE) of kinetic
equations of cadmium desorption in treated soil with of almond soft husk compost 90 days after incubation

CdypoCoR CdgCo2R CdaCsR CdgoCoR CdgoC2R  Cdg CsR

To 9.92 8.78 6.61 21.35 19.85 18.32
ko 4x10° 3x10® 2x10° 1x10* 9%x10® 8x10®
Zero order R2 0.38 0.34 0.31 0.38 0.38 0.34
SE 3.19 2.78 2.15 7.55 7.01 6.24
To 2.21 2.09 1.78 2.96 2.89 2.80
. ky 4x106 4x106 4x106 5x106 5%106 4x106
first order
R? 0.25 0.24 0.19 0.27 0.27 0.24
SE 0.43 0.42 0.48 0.45 0.45 0.45
Jo 0.13 0.14 0.21 0.11 0.11 0.12
ko -5x107 -5x10”7 -8x10”7 -3x10”7 -3x107 -3x107
second order
R? 0.15 0.15 0.12 0.17 0.17 0.15
SE 0.07 0.08 0.13 0.03 0.04 0.04
To 0.02 0.03 0.06 0.05 0.06 0.07
) ks -2x107 -2x107 -4E-07 -4x108 -4x108 -5x108
Third order
R? 0.11 0.12 0.12 0.11 0.11 0.10
SE 0.03 0.03 0.09 0.01 0.01 0.01
To 8.22 7.37 5.59 17.16 15.99 15.02
. kp 0.02 0.02 0.01 0.05 0.05 0.04
Parabolic
diffusion R? 0.59 0.55 0.49 0.62 0.61 0.56
SE 2.58 2.30 1.82 5.95 5.53 5.10
Os 4.30 3.20 2.21 13.06 11.94 8.77
. Bs 1.05 1.50 1.70 3.27 3.86 418
Elovich
R? 0.91 0.89 0.83 0.93 0.92 0.89
SE 1.28 1.21 1.07 2.61 2.47 2.58
a 0.57 0.51 0.15 1.17 1.11 1.10
two-constant b 0.20 0.20 0.19 0.22 0.21 0.20
rate equations R? 0.91 0.87 0.85 0.94 0.91 0.90
SE 0.25 0.24 0.31 0.23 0.23 0.25
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Abstract

Cadmium (Cd) is one of the most common and dangerous environmental contaminants. The effect
of soft almond husk compost and its biochar was studied in the kinetic of cadmium desorption on a
calcareous soil in the field of Shahid Bahonar Agricultural College, Kerman. For this purpose,
compost and biochar of soft almond husk were used in three Levels (0, 2 and 4 % w/w) and were
added to calcareous soil contaminated with three levels of cadmium (0, 40 and 80 mg kg™).
Sampling from treated soils was carried out 45 and 90 days after the contamination of soils with
cadmium. Samples from treated soils were extracted by EDTA in 5 to 2880 minutes in different
periods of time and the concentrations of cadmium were measured. The results showed that the
application of compost and soft almond husk biochar reduced the desorption of cadmium compared
to the control. The lowest amount of cadmium desorption occurred at level 4% w/w biochar and
compost, while biochar had the highest reduction amount in the desorption of cadmium compared
to the soft almond husk compost. Based on the experimental results, the cadmium desorption was
highest in all treatments at initial times and decreased over the time. In other words, 50% of
cadmium desorption occurred in the first 2 hours. In 90-day sampling compared to 45-day one,
cadmium desorption from soil showed the highest decrease. Based on the determination of
coefficient and standard error, the power function equation is considered as the best predictor of the
cadmium release kinetics trend in the studied soil.
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