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

Property Unit Value
Soil texturalclass e Sandy loam
sand (%) 75.56
silt (%) 16
clay (%) 8.44
oC (%) 0.40
CCE (%) 8.32
Ec (dSm?) 2.18
pH e 7.50
CEC (Cmol(+) kg™ 8.93
Total Nitrogen (%) 0.03
Absorbable Copper (mg kgt) 0.5
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Table 2. Some chemical properties of the Biochars tested

Property Unit Almond soft Husk rice husk Biochar
Biochar

@s)pH e 9.81 8.75

(1:5) EC (dS m?) 3.56 2.93

CEC (Cmol(+) kg 30.86 37.52

Pb (gcm?) 0.45 0.42

Ps (gcm™) 1.07 1.12

F (%) 58 62

Total Copper (mg kgt) 8.15 2.15

Total Nitrogen (%) 0.72 1.72
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Table 3. The kinetic models used in this study

Equation number Kinetic model Equations Coefficients

5] Zero order qt = qo — kot ko, desorption rate constant (mg kg™ min?)

2 First order Ing; = Inqy — kqt k1, desorption rate constant (min 1)

(3) Second order 1/qc = 1/qo — kyt ko, desorption rate constant [(mg kg™3)]

4) Third order 1/q¢% = 1/q¢° — kst ks, desorption rate constant [(mg kg?) min 2]

(5) Parabolic diffusion Qe = qo — kpt'/? K, desorption rate constant [(mg kg™)%9]

(®) Simple Elovich g = 1/B In (s B5) + (1/84) Int 0s, (g kg min%), s [(mg kg2)™],

Equations constants

©) Two-constant rate qe = atP a, (mg kg* min1), b [(mg kg)'], Equations

equations constants
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SEM MAG: 200 kx Det: InBeam 1
WD: 4.77 mm BI: 7.00 200 nm
View field: 1.04 ym  Date(m/dly): 12/17/19
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Figure 1. FESEM images (a) Unmodified almond soft husk biochar, (b) Unmodified rice husk biochar, (c) HNO3
modified rice husk biochar, (d) NaOH modified rice husk biochar
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Table 4. Physical parameters of material by N2 adsorption and desorption

Samples BJH (nm) BJH (cm®g™?) BET (m?g?)
Almond soft husk biochar 2.12 0.0042 1.192
Rice husk biochar 1.22 0.026 20.42
Rice husk biochar/HNO3 2.4 0.038 12.77
Rice husk biochar/NaOH 1.22 0.099 101.17
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W avenumber (cm 1)
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Figure 2. IR spectrum (a) Unmodified almond soft husk biochar, (b) Unmodified rice husk biochar, (c) HNO3
modified rice husk biochar, (d) NaOH modified rice husk biochar
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Table 5. Levels and type of applied (modified and unmodified) biochars

pollution with

Level of rice husk

Level of almond soft husk

treatment abbreviation "o ' okgl)  biochar (RI) (wi%) biochar (AL) (wt%)
CusoBo Cul 50 0 0
CusoB4 Cu2 50 4 4
CusoB4sHNO3 Cu3 50 4 4
CusoBaNaOH Cua 50 4 4
Cz00Bo Cus 200 0 0
CU2ooB4 Cub 200 4 4
CU2ooB4HNO3 Cu7 200 4 4
CumBaNaOH  Cu8 200 4 4
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Figure 3. Copper desorption (Cumulative) over time from the soil treated with rice husk biochar, at Cu
concentration of 50 mg kg, after 5 months incubation
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Figure 4. Copper desorption (Cumulative) over time from the soil treated with rice husk biochar, at Cu
concentration of 200 mg kg, after 5 months incubation
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Figure 5. Copper desorption (Cumulative) over time from the soil treated with almond soft husk biochar, at Cu
concentration of 50 mg kg, after 5 months incubation
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Figure 6. Copper desorption (Cumulative) over time from the soil treated with almond soft husk biochar, at Cu
concentration of 200 mg kg, after 5 months incubation
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Table 6. Parameters, coefficient of determination (R?) and standard error of estimation (SE) of kinetic equations
for Copper desorption from treated soil with of rice husk biochar, concentration 50 and 200, after 5 months

incubation
Cu50B0 Cu50B4 Cu50B4 Cu50 B4 Cu200 Cu200B4 Cu200B4 Cu200 B4
RI RI HNO3 RI NaOHRI BO RI RI HNO3 RI NaOH RI
To 8.79 6.72 4.43 3.01 55.71 44.46 33.03 19.16
Zero order ke 1x10°  8x10° 7x10°® 4x10® 1x10* 9x10°® -8x10° 5x10°
R? 0.61 0.76 0.51 0.66 0.63 0.74 0.64 0.65
SE 0.54 0.27 0.42 0.17 5.22 3.50 3.98 2.27
Jo 2.17 1.90 1.49 1.10 4.02 3.79 3.49 2.94
First order ki 1x10%  1x10° 1x106 1x10® 2x10 2x10 2x106 2x10
R? 0.59 0.74 0.47 0.63 0.59 0.69 0.58 0.60
SE 0.06 0.04 0.10 0.06 0.09 0.08 0.12 0.12
To 0.11 0.14 0.23 0.33 0.02 0.02 0.03 0.05
Second order ko -1x107 -1x107  -3x107  -4x107  -3x107 -3x108 -4x108 -4x108
R? 0.55 0.54 0.43 0.56 0.54 0.57 0.52 0.55
SE 0.01 0.01 0.02 0.02 0.01 0.01 0.01 0.01
Jo 0.01 0.02 0.05 0.11 0.01 0.01 0.01 0.01
Third order ks -3x10® -4x10®  -1x107  -2x107  -1x10° -2x10° -4x108 -1x108
R? 0.52 0.68 0.41 0.56 0.51 0.59 0.45 0.49
SE 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Jo 8.30 6.40 411 2.85 50.74 40.48 29.22 16.93
Parabolic ke  5x107% 4x10%3 4x1073 2x10°3 0.1 0.05 0.04 0.03
diffusion
R? 0.81 0.92 0.71 0.85 0.83 0.90 0.83 0.84
SE 0.38 0.16 0.32 0.11 3.57 2.12 2.75 1.50
Os 4.41 3.91 1.54 1.46 12.02 9.88 0.64 0.42
Simple Elovich Bs 0.27 0.33 0.35 0.51 2.23 3.81 3.95 4,94
R? 0.97 0.99 0.93 0.98 0.98 0.99 0.98 0.98
SE 0.04 0.06 0.14 0.16 0.41 1.01 1.12 1.18
a 1.68 1.50 0.83 0.63 3.27 3.07 2.53 1.99
Two-constant b 0.05 0.05 0.06 0.07 0.08 0.08 0.11 0.11
rate equations
R? 0.96 0.99 0.96 0.99 0.96 0.99 0.98 0.99
SE 0.02 0.01 0.01 0.01 0.02 0.01 0.01 0.01
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Table 7. Parameters, coefficient of determination (R?) and standard error of estimation (SE) of kinetic equations
for Copper desorption from treated soil with of almond soft husk biochar, concentration 50 and 200, after 5
months incubation

Cu50 BO Cu50 Cu50 B4 Cu50 B4 Cu200 Cu200B4 Cu200B4  Cu200 B4
Al B4 Al HNO3 Al NaOH Al BO Al Al HNO3 Al NaOH Al
Jo 8.79 6.99 4.90 3.57 55.71 50.77 40.74 29.41
Zero order ko 1x10° 1x10°® 1x10° 7x10° 1x10* 1x10* 7x10°5 9x10°5
R? 0.62 0.77 0.67 0.60 0.64 0.71 0.62 0.61
SE 0.54 0.33 0.51 0.36 5.20 4.57 3.65 481
To 2.17 1.95 1.58 1.27 4.02 3.92 3.70 3.37
First order ky 1x106 1x106 2x10® 2x10® 2x10® 2x10® 2x106 3x10®
R? 0.59 0.75 0.61 0.56 0.59 0.64 0.58 0.52
SE 0.06 0.05 0.11 0.10 0.09 0.09 0.09 0.09
Jo 0.11 0.14 0.21 0.28 0.02 0.02 0.02 0.02
Second ko -1x107  -2x107  -4x107 -5x107  -3x10°® -3x108 -4x108 -9x108
order
R? 0.56 0.72 0.55 0.52 0.55 0.59 0.55 0.44
SE 0.01 0.01 0.02 0.03 0.01 0.01 0.01 0.01
Qo 0.01 0.02 0.04 0.08 0.01 0.01 0.01 0.01
Third order ks -3x10®  -5x10®  -1x107 -2x107  -1x10° -1x10° -2x107° -6x10°°
R? 0.53 0.64 0.45 0.49 0.51 0.53 0.51 0.36
SE 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Jo 8.28 6.59 4.41 3.24 50.75 46.02 37.31 25.04
Parabolic kp 6x1073 5%1073 6x103 4x107° 0.01 0.01 0.04 0.05
diffusion
R? 0.82 0.93 0.85 0.80 0.83 0.87 0.83 0.80
SE 0.38 0.18 0.34 0.26 3.56 3.02 2.48 3.44
Os 4.32 3.49 0.65 0.43 12.04 8.90 10.64 9.44
Simple Bs 0.33 0.43 0.51 0.51 3.40 4.39 4.76 4.94
Elovich
R? 0.96 0.98 0.96 0.97 0.98 0.97 0.96 0.97
SE 0.10 0.10 0.11 0.15 1.40 0.77 0.96 1.17
a 1.68 1.47 0.73 0.49 3.27 3.15 3.01 2.12
Two- b 0.05 0.06 0.11 0.11 0.11 0.11 0.11 0.11
constant rate
equations
R? 0.96 0.99 0.97 0.98 0.99 0.98 0.98 0.98
SE 0.02 0.01 0.03 0.03 0.02 0.02 0.07 0.07
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Figure 7. Comparison of almond soft husk and rice husk biochar at copper desorption time of 480 minutes, Cu
at concentration of 50 mg kg*. The time of 480 minutes is shown as an example
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Figure 8. Comparison of almond soft husk and rice husk biochar at copper desorption time of 480 minutes, Cu
at concentration of 200 mg kg*. The time of 480 minutes is shown as an example
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Abstract

Pollution and accumulation of heavy metals in the soil are the most important environmental challenges
that threaten the lives of plants, animals and humans. One of the effective methods to reduce the harmful
effects of heavy metals in contaminated soils is the application of biochar as a soil amendment. In this
study, the efficiency of almond soft husk and rice husk biochars (temperature of 500 °C) as well as their
modified biochars with NaOH and HNO; were investigated to reduce soil contamination by copper. The
experiment was performed in a factorial experiment in a completely randomized design with three
replications. For this purpose, two biochar treatments of almond soft husk and rice husk (unmodified
and modified with NaOH and HNO3) were used in two levels (without biochar as a control and 4% by
weight). Copper was added in the soil of each pots in three levels (0, 50 and 200 mg kg?) from the
copper sulfate salt source (CuSO4.5H,0). In this regard, different kinetics desorption models of copper
were evaluated. Copper concentrations in different time periods (from 30 minutes to 48 hours) were
determined using EDTA method in the samples. The results showed that the application of modified
biochars at different times caused a significant reduction in copper desorption compared to the control
treatment. There was a statistically significant difference between almond soft husk and rice husk and
also between different Modified biochar at 5% level. Modified rice husk is more effective than almond
soft husk. Sodium hydroxide-modified rice husk biochar reduced copper by 21% and 37%, respectively,
compared to almond soft husk modified biochar at 50 and 200 mg kg™ in 480 minutes, respectively. The
power function was introduced as the best Copper desorption kinetics equations due to its high values
coefficient of determination (R?) and low values standard error of estimation (SE).
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