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Abstract

The application of residues of agricultural products as low-cost biosorbents for removing
heavy metal from water, is particularly appropriate for developing countries. This study was
conducted to compare the removal efficiency of lead (Pb (II)) from aqueous solutions with
initial concentration of lead (0-100 mg/L) by some raw (unmodified) biosorbents (sunflower
stalks, wheat straw and corn stalks) and chemically modified forms of these biosorbents with
NaHCO; 0.5 mol/L and NaOH 0.5 mol L. Also in this study, lead adsorption isotherms and lead
removal efficiency by these biosorbents were investigated. Biochemical composition analysis of
the studied biosorbents showed that sunflower stalks had the highest cellulose, lignin and ash
content. Hemicellulose was highest in wheat straw but lowest in sunflower stalks. Langmuir and
Freundlich models had better fitness than the Temkin model for removal of lead by unmodified
and modified biosorbents. The removal efficiency (RE) for unmodified sunflower stalks, wheat
straw and corn stalks was obtained 94-99%, 85-97% and 55-95%, respectively. Also, by
modification of biosorbents with NaHCOs;, the removal efficiency (RE) of sunflower stalks,
wheat straw and corn stalks was 94-99%, 85-97% and 55-95%, respectively. Maximum mono
layer adsorption (qmax) of modified sunflower stalks, wheat straw and corn stalks increased
293, 305, 394 and 226, 265 and 363 percent compared to unmodified biosorbents, respectively.
Separation factor of Langmuir (RL) increased from 0.014-0.73 (for unmodified biosorbents) to
0.065-0.93 (for modified biosorbents by NaHCO;) and 0.023-0.56 (for modified biosorbents by
NaOH), which indicated that the sorption reaction of lead by studied biosorbents is favorable.
Chemical modification of the biosorbents with NaHCO; could significantly increase the
efficiency and removal capacity of lead from aqueous solutions. The ease of preparation of
these chemically modified low-cost biosorbents and the high removal capacity for lead makes
these biosorbents a good practical candidate for removal of lead from aqueous solutions.
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Fig. 1. Effect of pH on removal efficiency of lead by
biosorbents (sunflower stalks, wheat straw and corn
stalks)
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Table 2. Constants and coefficients of adsorption isotherm models of lead for unmodified biosorbents
and modified biosorbents by NaHCO; and NaOH (n=8)

Isoterm Unmodified biosorbents Modified by NaHCO; Modified by NaOH
Isoterms parameters Sunflower Wheat Corn Sunflower Wheat Corn Sunflower Wheat Corn
stalks staw  stalks stalks staw stalks stalks staw stalks
Qmax (Mg/g) 10.12 7.59 5.03 39.81 30.72 24.83 33.03 27.74 23.27
. Kr (L/g) 0.717 0.701 0.077 0.012 0.135 0.145 0.157 0.417 0.201
Langmuir 2
R 0.98 0.97 0.93 0.98 0.98 0.98 0.98 0.98 0.98
SE 0.40 0.49 0.40 0.54 0.55 0.63 0.48 0.51 0.47
1/n 0.514 0.395 0.381 1.12 0.87 0.81 0.75 0.64 0.52
Freundlich KS 3.89 2.8 0.79 4.89 3.69 3.10 4.24 3.43 2.49
R 0.99 0.95 0.98 0.97 0.97 0.96 0.99 0.95 0.96
SE 0.35 0.67 0.24 0.58 0.60 0.71 0.39 0.83 0.69
A 4.81 3.31 1.11 6.02 4.62 3.87 5.54 4.12 2.98
. Kr 1.62 1.47 0.595 2.86 242 2.31 2.72 2.39 2.01
Temkin 5
R 0.95 0.96 0.88 0.84 0.86 0.94 0.86 0.92 0.94
SE 0.76 0.56 0.50 1.16 0.98 0.88 1.31 0.93 0.83
K: (L/g) 3.82 1.81 0.169 4.16 4.11 3.19 3.93 3.06 2.15
Redlich- a, (L/mg)br 0.256 0.129 0.014 0.001 0.23 0.17 0.152 0.183 0.07
Peterson br2 0.257 0.131 0.015 0.001 0.24 0.16 0.153 0.185 0.44
R 0.95 0.88 0.92 0.92 0.96 0.96 0.95 0.96 0.98
SE 0.75 1.11 0.59 1.83 0.48 0.51 0.55 0.41 0.374
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Fig. 3. Adsorption isotherm for lead removal using Langmuir (L), Freundlich (F), Temkin (T) and Redlich-Peterson
(R-P) for unmodified sunflower stalks, modified by NaHCO; and modified by NaOH
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Fig. 4. Adsorption isotherm for the lead removal using Langmuir (L), Freundlich (F), Temkin (T) and Redlich-Peterson
(R-P) for unmodified wheat straw, modified by NaHCO; and modified by NaOH
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Fig. 5. Adsorption isotherm for the lead removal using Langmuir (L), Freundlich (F), Temkin (T) and Redlich-Peterson
(R-P) for unmodified corn stalks, modified by NaHCOj; and modified by NaOH
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Table 3. Separation factor of Langmuir (RL) for lead adsorption by different biosorbents

Biosorbents Unmodified Modified by NaHCO; Modified by NaOH
Wheat straw 0.22-0.014 0.93-0.45 0.56-0.06
Corn stalks 0.23-0.014 0.61-0.069 0.32-0.023
Sunflower stalks 0.73-0.12 0.58-0.065 0.49-0.047
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