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Table 1- Selected chemical and physical properties of the soil studied
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Table 2- Selected chemical properties of the Biochars tested

Covo s aly PRl p 5 Gy slagl Ty gl
Property Unit Almond soft Husk Biochar  Rice husk Biochar
e S (9.81+0.08) (8.75+0.06)
(2:5) pH
() el caba el (3.5620.03) (2.93+0.05)
(1:5) EC
Sl b5 cud il (cmol kgt (30.86%0.5) (37.52+1)
CEC
6l ogass s (gcm?) (0.45+0.03) (0.42+0.04)
Pb
e (ogase (g (g cm?) (1.07+0.05) (1.120.07)
Ps
Sl (%) (58+1) (62+1)
F
Jng"" (mg kgt (145+1) (143.5+0.7)
ngi” (mg kg™?) (28.32+0.06) (3.75+0.03)
JSCU“’ (mg kg?) (8.15+0.5) (2.15+0.08)
u
JfM)’S“’ (mg kg (13.45+1) (93.85£0.8)
n
I (mg kg) (32) (325)
Pb
oialo;l 43 odliwl 5590 (St Aldlro —F Jou
Table 3-The kinetic equation used in the experiment
adles 5ylows S Jdo Lalslee Cul o
Equation number Kinetic model Equations Coefficients
1) JERR I 0t = qo- kot (Mg kgt 51y Clsly sy culs Ko
Zero order ko, desorption rate constant (mg kg s?)
@) Jsl 450 Inge = Inqo - kat (5) oy ce o el Ks
First order k1, desorption rate constant (s%)
3) psd 4o 1/ge = 1/qo - kat (Mg kg1)1] Cialy e po ol K2
Second order k2, desorption rate constant [(mg kg*)]
4) Py 4y g = 1/qo? - kst (Mg kg?) $2] el e pw <ol K3
Third order ks, desorption rate constant [(mg kg2) 5]
) Syt (i Gt = Qo - kot'”? (MG kg™P2] Cinly cas o ol Kp
Parabolic diffusion Kp, desorption rate constant [(mg kg)9]
(6) o5 ool gugll = 1/B In (0 Bs) + (1/Bs) Int Slabslee slacols Bs (MG kgt)?] 5 (Mg kgt s7) s
Elovich as, (mg kgt s1), Bs [(mg kg)?], Equations
constants
(7) Sy &b qi= at? Slbles laest (Mg kgt b 4 (Mg kgt s) @

Two-constant rate

equations

a, (mg kg* s1), b [(mg kg1)1], Equations
constants

(456) t oloj 5> o oI}l paie lude Ot
gr: The amount of element desorbed at time t (s)

Eap oloj 4> o Bl yaie Hlude o
go: The amount of element desorbed at startup
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Table 4- Experimental design for incubation experiment

’ ) Seabl (SS9l poba
Lo Sl @ b (Sl Ty Cowgr Hlagb b (So9l ol Al 05 Cowgy
Treatment  Abbreviation Pollution with Pb  Level of rice husk biochar (R1) | evel of almond soft husk
biochar (AL)
PbsooBo Pb1l 300 mg kgt 0 wt% 0 wt%
Pb3ooBa4 Pb2 300 mg kgt 4 Wit% 4 Wit%
PbsooBsHNO3 Pb3 300 mg kg! 4 Wt% 4 Wit%
PbsooBsNaOH Pb4 300 mg kg! 4 Wt% 4 Wit%
PbsooBo Pb5 600 mg kg* 0 wt% 0 wt%
PbeooBa Pb6 600 mg kg 4 Wt% 4 Wit%
PbeooB4HNO3 Pb7 600 mg kgt 4 Wt% 4 Wt%
PbsooBsNaOH Pb8 600 mg kg 4 Wt% 4 Wt%
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Figure 1- Lead desorption (cumulative) over time in the soil treated with rice husk biochar, at a concentration of 300 mg kg,
5 months after incubation
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Figure 2- Lead desorption (cumulative) over time in the soil treated with rice husk biochar, at a concentration of 600 mg kg,
5 months after incubation
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Figure 3- Lead desorption (Cumulative) over time in the soil treated with almond soft husk biochar, at a concentration of 300
mg kg, 5 months after incubation
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Figure 4- Lead desorption (Cumulative) over time in the soil treated with almond soft husk biochar, at a concentration of
600 mg kg1, 5 months after incubation
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Figure 5- FESEM for (a) non-modified almond soft husk biochar, (b) non-modified rice husk biochar, (c) HNOs-modified rice
husk biochar, and (d) NaOH- modified rice husk biochar
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Table 5- Fixed coefficients, coefficient of determination (R?) and standard error of estimation (SE) of kinetic equations of lead

desorption in treated soil with of rice husk biochar, concentration 300 and 600, 5 months after incubation

Pb1 Pb2 Pb3 Pb4 Pb5 Pb6 Pb7 Pb8
o Al ye Jo 11.18 10.94 9.38 7.66 41.64 39.55 37.29 32.88
Zero order ko 1x10% 1x10* 1x10* 1x10* 4x10% 4x10* 4x10% 4x10*
R? 0.57 0.58 0.62 0.63 0.54 0.55 0.55 0.57
SE 6.78 6.22 5.22 4.60 21.58 20.88 19.74 18.77
Jsl 45 50 Jo 2.22 2.14 1.99 1.75 3.50 3.45 3.38 3.22
First order ki 9x10% 9x10® 1x10° 1x10° 8x10% 9x10® 9x106 1x10°
R? 0.36 0.37 0.38 0.38 0.33 0.34 0.34 0.34
SE 0.73 0.73 0.74 0.79 0.71 0.71 0.71 0.78
£33 4 o Jo 0.15 0.16 0.19 0.26 0.04 0.04 0.05 0.06
Second order ko -1x10%¢ -1x106 -1x10® -2x106 -3x107 -3x107 -3x107 -4x107
R? 0.19 0.19 0.18 0.19 0.16 0.16 0.16 0.16
SE 0.12 0.13 0.16 0.22 0.04 0.04 0.04 0.06
Pow A yo Jo 0.04 0.05 0.07 0.12 0.01 0.01 0.01 0.01
Third order ks -4x107 -4x107 -6x107 -1x10% -3x10® -3x10® -4x10® -6x10°8
R? 0.11 0.10 0.10 0.11 0.11 0.11 0.11 0.11
SE 0.06 0.07 0.11 0.18 0.01 0.01 0.01 0.01
(Egokuw (Sduisy Jo 7.11 6.47 5.45 4.09 26.94 25.22 23.67 19.57
Parabolic diffusion kp 0.11 0.11 0.11 0.11 0.21 0.21 0.18 0.18
R? 0.81 0.81 0.84 0.85 0.79 0.78 0.79 0.81
SE 4.61 4.19 3.42 291 15.10 1451 13.66 12.70
ol o3lw gugll Os 25.48 23.76 21.11 19.62 74.16 72.81 69.54 70.75
Elovich PBs 341 3.80 4.31 4.63 12.58 13.22 13.89 14.32
R? 0.98 0.98 0.99 0.99 0.99 0.99 0.99 0.99
SE 1.35 1.23 0.92 0.90 3.77 3.71 3.32 3.04
Sy ab a 1.80 1.31 1.11 1.03 0.49 0.41 0.32 0.15
Two-constant rate equations b 0.43 0.41 0.41 0.41 0.41 0.37 0.37 0.37
R? 0.90 0.91 0.91 0.91 0.90 0.90 0.90 0.90
SE 0.29 0.29 0.29 0.30 0.31 0.30 0.31 0.33
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Table 6- Fixed coefficients, coefficient of determination (R?) and standard error of estimation (SE) of kinetic equations of
Lead desorption in treated soil with of almond soft husk biochar, concentration 300 and 600, 5 months after incubation

Pbl Pb2 Pb3 Pb4 Pb5 Pb6 Pb7 Pb8

oo Ay Jo 11.86 11.32 9.79 7.58 41.64 40.51 38.94 35.24
Zero order ko 1x10% 1x10% 1x10% 1x10% 4x10% 4x10% 4x10% 4x10*
R? 0.57 0.57 0.61 0.61 0.54 0.55 0.54 0.57
SE 6.77 6.47 5.33 4.41 21.59 21.18 20.62 19.44
Jsl 4550 qQ  2.22 2.17 2.04 1.82 3.50 3.47 3.43 3.31
First order ki 9x106 9x10® 1x10° 1x10° 8x10® 9x10® 9x106 9x10°®
R? 0.37 0.36 0.37 0.39 0.33 0.34 0.34 0.35
SE 0.73 0.73 0.72 0.74 0.71 0.71 0.71 0.74
£9d Ay Jo 0.15 0.16 0.18 0.23 0.04 0.04 0.05 0.05
Second order ko -1x10%® -1x106 -1x10® -2x106 -3x107 -3x107 -3x107 -4x107
R? 0.19 0.19 0.19 0.19 0.16 0.16 0.16 0.16
SE 0.12 0.13 0.15 0.19 0.04 0.04 0.04 0.05
Pow A yo Jo 0.04 0.05 0.06 0.09 0.01 0.01 0.01 0.01
Third order ks -4x107 -4x107 -5x107 -4x107 -3x10® -3x10® -3x10® -5x10°8
R? 0.11 0.11 0.11 0.11 0.09 0.09 0.09 0.09
SE 0.06 0.07 0.08 0.14 0.01 0.01 0.01 0.01
Soatw (S hudy Qo  7.06 6.77 5.84 444 2699 2601 2477 2140
Parabolic diffusion kp 0.07 0.06 0.06 0.05 0.20 0.20 0.19 0.19
R? 0.80 0.80 0.83 0.85 0.78 0.78 0.78 0.81
SE 4.60 4.42 3.55 2.91 15.11 14.75 14.28 13.13
0l odkw gugll Os 25.50 24.14 20.95 19.28 74.21 73.53 7251 71.94
Elovich PBs 3.41 3.83 4.39 4.64 13.36 13.71 14.11 14.32
R? 0.98 0.98 0.99 0.99 0.99 0.99 0.99 0.99
SE 1.36 1.35 0.97 0.85 3.78 3.67 3.53 2.95
Sl &b a 1.54 1.15 1.07 1.03 0.49 0.45 0.38 0.09
Two-constant rate equations b 0.41 0.39 0.39 0.39 0.39 0.37 0.37 0.37
R? 0.90 0.90 0.90 0.92 0.90 0.90 0.90 0.90
SE 0.29 0.29 0.28 0.28 0.31 0.31 0.30 0.31
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Introduction: Today, soil pollution is an important environmental issue that should be taken into account.
Industrial activities cause pollution and accumulation of heavy metals in the soil. Soil pollution significantly
reduces the quality of the environment and threatens human health. Heavy metals are one of the most important
pollutants in the environment, which has received a lot of attention in recent decades. Heavy metal pollution is a
serious problem in developing countries and urban areas. Among heavy metals, lead is found in large amounts in
the Earth's crust, which has several effects on human health and the environment. Lead is a non-essential
element for the plants and one of the most important pollutants, which is toxic even at very low concentrations.
Its presence in the culture medium has a negative effect on germination rate, water status in the plant, dry root
weight and aerial part of the plant, photosynthesis, absorption of nutrients and enzymatic activity. Much research
has been done to use alternative and modern methods to clean the environment of heavy elements. One way to
stabilize heavy metals in the soil is to use biochar. Due to its cation exchange capacity and high specific surface
area, biochar is able to reduce the pollution caused by organic pollutants and heavy metals, stabilize heavy
metals and improve the condition of plants and soil in terms of pollution. The aim of this study was to investigate
the effect of modified biochars rice husk and almond soft husk on lead desorption Kinetics in contaminated
calcareous soil.

Materials and Methods: To conduct this research, a sufficient amount of soil from a depth of zero to 30 cm
was collected from the farm of Shahid Bahonar Agricultural College in Kerman. Physical and chemical
properties of the studied soil were measured after air drying and passing through a 2 mm sieve. To prepare the
biochars (rice husk and almond soft husk), the residues, after collection, were air-dried and ground and then
packaged in aluminum foil to limit the oxygenation process. They were then placed in an oven at 500 °C for four
hours to produce a charcoal called biochar. Also, to prepare the modified biochar (NaOH and HNO3), one gram
of biochar was added to 100 ml of distilled water and then 10 ml of concentrated acid (or 10 g of alkali) was
added to it. Stirring at 60 °C for 24 hours. Finally, it was filtered using a centrifuge and washed several times
with distilled water to neutralize the pH. The produced powder was dried at 70 °C for 24 hours. The lead
desorption Kinetics experiment was studied at several times (5, 15, 30, 60, 120, 240, 480, 960, 1440 and 2880
minutes) in two levels of biochar (0 and 4 wt %) and three levels of lead (0, 300 and 600 mg kg), which were
incubated for 5 months under field moisture in a greenhouse.

Results and Discussion: The kinetics results showed that the desorption of lead has the same pattern in all
the time studied. Early rapid desorption occurred in the early desorption times (initial 30 minutes) followed by
low-velocity desorption (8 hours) and finally, equilibrium was observed in the treated and control samples. The
significant difference between the amount of lead released from the treated soils and control indicated a positive
effect of both used engineered biochars on reducing lead desorption. The highest amount of lead desorption was
observed in soil without biochar, while the lowest desorption rate occurred in treatments of rice husk and almond
soft husk modified by sodium hydroxide. The application of modified biochar rice husk highly reduced lead
desorption, compared to modified biochar almond soft husk.

Conclusion: According to the results, the modified biochar with sodium hydroxide caused a significant
reduction in lead desorption compared to other treatments, and this reduction was more in biochar rice husk than
the almond soft husk one. It can be stated that rice husk biochar has been more successful than almond soft husk
biochar due to its more porous structure and cation exchange capacity. Among the equations used for lead
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desorption estimation, the two-constant rate equation was selected as the best model for data fit due to high
explanatory coefficient (R?) and low standard error (SE). According to the above, the use of biochar can be
recommended as a modifier in lead contaminated soils.

Keywords: Almond soft husk, Lead, Nitric acid, Rice husk, Sodium hydroxide



