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Abstract 

The study was performed to investigate the effect of activated carbons (ACs) in dose 2% w/w produced from agricultural wastes 

as Quinoa stalks (Q-AC), rice straws (R-AC) and corn stalks (C-AC) on different soils (clay and sandy loam) polluted by heavy 

metals (HMs) 100 mg Kg-1 cadmium (Cd100), 600 mg Kg-1 Lead (Pb600) or mixture of both elements (Cd100/ Pb600). The physical 

and chemical properties of ACs were assessed accordingly. The total carbon % values were higher in Q-AC (49.82%) than R-AC 

and C-AC, respectively. The surface area (BET) of AC samples was ranged from 489.3 to 1084.1 m2 g-1. The total pores volume 

(Vtotal) was increased in Q-AC (1.23 m2 g-1). SEM images proved high porosity of the Q-AC compared to R-AC or C-AC. The 

Fourier Transform Infrared spectroscopy (FTIR) analysis indicated the most porous activated carbon efficiency for adsorbing as 

carbonyl (C=O), carboxyl (C-O) and hydroxyl (–OH) groups in Q-AC played an important role in the adsorption process. 

Furthermore, the adsorption isotherm was examined the maximum adsorption capacity for Cd, Pb or mixture. Results showed that 

the highest adsorption capacity (Qm) of Q-AC followed by R-AC and C-AC, respectively for individual Cd, Pb or mixture. In 

conclusion, the most effective AC was Q-AC followed by R-AC then C-AC in maximum adsorption capacity for Cd, Pb or mixture 

to remediate polluted soils according to their physical and chemical characteristics. The lignocellulose-rich agro-industrial waste 

produced effective activated carbons depending upon the total carbon content, surface area, pore size and volume, surface 

functionalities that offer economical and easy availability way to remediate the heavy metals polluted soils. 

 
Keywords:  soils remediation, cadmium, lead, activated carbon, agricultural wastes. 

  

1. Introduction 

Heavy metals (HM) contamination in soil has become 

a major problem for many countries throughout the 

world. Lead (Pb) and cadmium (Cd) usually in higher 

concentrations may result in poor environmental 

quality by reducing crop productivity and groundwater 

toxicity causing serious threat to human and animal 

health. Therefore, contaminated soils restoration is a 

major priority for animal and food production. In 

addition, HM are non-biodegradable in nature and 

toxic, even at very low concentrations [1, 2]. Heavy 

metals occur naturally in Earth crust and natural 

processes which are released into soil by various 

human activities [3]. The availability reduction of HM 

is the key for remediation of contaminated soils. 

Different techniques reduce HM accumulation in soil 

as physical remediation to be more cost saving. 

Physical soil remediation used for cleaning up or 

control/reduce the environmental risks of soil 

contaminants. It has advantages of low cost, high 

remediation efficiency, wide source of raw materials, 

eco-friendliness and soil improvement. Adsorbents 

have porous surface, high pH values, and active 

surface functional groups [4, 5, 6]. Activated carbon 

has recently attracted the attention because of its 

significantly high adsorption capacity against heavy 

metals. The large surface area, suitable surface 

functional groups, and appropriate pore diameter make 

activated carbon a potential adsorbent [7]. Porous 

carbon materials which had large specific surface 

areas and high adsorption performance were prepared 

toward the industrial applications [8]. 

Utilization of agricultural wastes to produce 

valuable products to minimize serious public health 

risks from exposure to dangerous fumes that come 

from burning the agricultural wastes in open fields [9, 

10]. Activated carbon (AC) can be derived from 

cellulose, hemicellulose, lignin and other components in 

lignocellulose materials [11]. World quinoa 

(Chenopodium quinoa) production is increasing due its 
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high nutritional value. As a consequence, large quantities 

of stalks accumulate as unused by-products. Stalks are a 

natural source of lignocellulosic biomass, which include 

lignin and a variety of polysaccharides such as cellulose 

which causing cheap and valuable source for producing 

the highly porous activated carbon materials [10, 12]. 

Rice straw low cost agriculture wastes consist of 

hemicellulose (35.7%), cellulose (32%), lignin (22.3%) 

and extractive materials. It was used to produce AC 

which exhibits excellent absorption performance due to 

its high surface area, porosity (large pore volume) and 

rich in active functional groups [11, 12]. 

The aim of our work is the evaluation of 

chemical and physical properties for Q-AC, R-AC and C-

AC as different prepared activated carbons. Comparison 

study for the effect of Q-AC, R-AC and C-AC (2%, w/w) 

on remediation of different concentrations of heavy 

metals (Cd or / and Pb, individual or mixture) on polluted 

soils (clay and sandy loam) by confirming the maximum 

capacities adsorption isotherm for heavy metals. 

 

2. MATERIALS AND METHODS  

2.1. Materials 

Cadmium chloride (CdCl2.H2O ≥ 99% purity) 

and lead chloride (PbCl2 ≥ 99%) were provided by Fluka, 

Tunisia. All the chemicals were used as received without 

purification and salts solution were prepared by 

deionized water.  

 

2.2. Preparation of the activated carbons 

Quinoa stalks (Q), rice straws (R) and corn 

stalks (C) samples were collected from the Agricultural 

Research center (Giza, Egypt). All samples were washed 

water, dried in an oven (Model UF110, Germany) at 

105°C for 16 h [13]. Production of activated carbon via 

pyrolysis at 700°C for 45 min followed by steam 

activation of the samples at temperature 250oC for 60 min 

[14].  

  

2.3.  Chemical and physical Characterizations of 

ACs 

Physical and chemical basic characteristics of 

Q-AC, R-AC and C-AC samples were assessed. The total 

carbon content was measured by CNHOS element 

analyzer (Elementor Vario EL III, Elementar 

Analysensysteme GmbH, Germany). Cation exchange 

capacity (CEC, Cmolckg-1) was detected according to 

Hissink’s method [15]. pH and electrical conductivity 

(EC, dSm-1) were examined by soaking ACs in distilled 

water, boiling for 5 min. then cooling which  EC values 

were measured in the suspension and supernatant [16]. 

Percent of moisture content was estimated by drying 

samples at 105°C [17]. Ash content (%) of samples was 

determined by muffle furnace at 440°C which the 

substance remaining after ignition is the ash [17]. In 

addition, Total surface area (BET) and porosity of the Q-

AC, R-AC and C-AC samples were evaluated using N2 

adsorption analysis (Micromeritics ASAP 2010) at 77 K. 

The samples were degassed prior to be analyzed under 

vacuum at 110°C for 10 h. BET analysis were used to 

measure the surface area, pore volume, and pore size 

using the Micromeritics ASAP 2020. Scanning electron 

microscopy (SEM) of FEI model Quanta 400 was used 

to observe surface morphology of the samples.  (Bruker, 

Alpha). Chemical functional groups of the samples 

surface were analyzed using Fourier-transform infrared 

spectroscopy (FTIR) was measured between 400 and 

4000 cm−1 by using Bruker Vector 22 spectrometer 

(Vector 22, Bruker, USA) using a FTIR Spectrometer 

instrument.   

 

2.4. Heavy metals Adsorption isotherms  

Cd and Pb adsorption mechanism was 

ascertained by the Langmuir adsorption isotherms. The 

experiments were conducted by utilizing the batch 

technique, with preliminary concentrations of solutions 

varying from 1-200 mg/L. One gram of soil was shaken 

with 10 ml 0.01M CaCl2 containing Cd or Pb 

concentrations of l, 5, 10, 50, 100 and 200 ppm
 
for 24 

hours at 25°C.After shaking, soil solution was filtered 

through Whatman No.42 filter paper. The concentration 

of heavy metals (Cd, Pb) of adsorption isotherm 

supernatants solution were determined according [18], 

using atomic absorption spectrophotometer (Perkin-

Elmer model 1100B, USA). The data were fitted to the 

Freundlich model of isotherm:  

A. Langmuir Model  

Ce/(x/m) = 1/kd+Ce/ Qm   

Where,  

x/m = Amount of ion adsorbed per unit weight of soil 

(mg kg-1) 

Ce = Equilibrium concentration in soil solution (mg l-1) 

kd = a constant related to bonding energy of ion to the 

soil.  

          Qm = the maximum adsorption capacity of soil.   

B. Freundlich Equation 

log x/m = logKd + 1/n log Ce 

Where, x/m = Amount of ion adsorbed per unit weight 

of soil (mg kg-1) 

Ce = Equilibrium concentration in soil solution (mg L-

1) 

KF = a function of energy of adsorption and temperature 

and is a measure of partitioning coefficient 1/n 

determines intensity of adsorption. 

The adsorption isotherm can be determined 

once obtaining the equilibrium time of adsorption. 

These experiments were carried out until the 

adsorptions obtained equilibrium. The relation between 

the quantities of adsorbed heavy metals by such soil (q) 

the concentrations of solutions having heavy metal at 

equilibrium Ce is known as an adsorption isotherm.  
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3. Statistical analysis 

A randomized complete block design with 

three factors was used for analysis all data with three 

replications. The treatment means were compared by 

least significant difference (L.S.D.) test as given by 

[19]. Statistical analysis was carried out by special 

statistical program "Assistat" [20]. 

 

4. Results & Discussion  

4.1. Chemical and physical properties of activated 

carbon samples (Q-AC, R-AC and C-AC) 

The results in Table (1) showed the physical and 

chemical properties of activated carbons produced from 

quinoa stalks (Q-AC), corn stalks (C-AC) and rice straw 

(R-AC). The results indicated that the percent of total 

carbon in Q-AC (49.82%) were higher than R-AC  

 

Table 1. Some physical and chemical properties of activated carbons 

Q-AC: Quinoa stalks, R-AC: rice straws, C-AC: corn stalks, activated carbons, CEC: Cation exchange capacity, EC: electrical conductivity, 

Vtotal: total pore volume  

 

High total carbon sources of ACs were cellulose, 

hemicellulose, lignin, and soluble sugar. ACs had 

some unsaturated carbon bonds, carboxyl groups, 

hydroxyl groups, and other groups that were easily 

combined with heavy metal ions (positively charged) 

through hydrogen bonds or ion exchange [21].  In 

addition, Cellulose, hemicellulose, and lignin are main 

components of quinoa husk (QH). Carbon content of 

raw materials is a good precursor for activated carbon 

sources. Elevation of ash% may related to increasing 

in mineral contents which contributed to their 

relatively high pHs [22]. Moreover, the surface area of 

porous carbon quinoa husk (PC–QH) was carbonized 

at 650◦C / 90 min (pH 7) was 1713 (m2/g) [12]. The 

BET and the total volume pores are directly 

proportional with increasing the number of pores [22, 

23]. Highest porosity is related with BET, pore size 

and adsorptive capacity [24].  

  (45.15%) and C-AC (42.36%) respectively, whereas 

the percent of silicate in R-AC (11.35%) was higher 

than Q-AC and C-AC respectively. The value of Cation 

exchange capacity (CEC) in Q-AC (42.35 Cmolckg-1) 

was greater than R-AC and C-AC, likewise EC, Ash, 

PH and Moisture in the ACs samples. The porosity 

results showed an enhancement in Q-AC were total pore  

volume (1.23 (m2/g) compared to R-AC and C-AC 

respectively, then the pore size in all ACs were ranged  

from 12 to 26 nm. Surface area (the Brunauer–Emmett–

Teller theory, BET) recorded 1084.1 m2/g in Q-AC, 

706.5 in R-AC and the lowest value in C-AC which was 

489.3 m2/g. 

 

4.2. The SEM activated carbon structure of quinoa 

stalks (Q-AC), rice straw (R-AC) and corn 

stalks (C-AC) 

The activated carbon surface structures of Q- AC, 

R-AC and C-AC were scanned by SEM and the results 

were shown in (Fig. 1-3). 

Differences in surface properties were clearly 

observed in SEM images among Q-AC, R-AC and C-

AC, with all showing fibrous channels. 

The SEM image of Q – AC was observed (Fig.1) 

which showed that the structure consisted of a highly 

complex network of pores. The SEM of activated 

carbon particles have a rough surface with plenty pores 

and cracks on their surface. 

The pore size of Q-AC was (12 μm) while the pore 

sizes of R-AC and C-AC were (16, 28 μm), 

respectively. The highest surface area was 1084.1 m2/g 

in Q-AC compared to R-AC which was 706.5 and the 

lowest surface area of C-AC was 489.3 m2/g. The dark 

and light zones expressed to carbon structure 

contained porous morphology and small particles on 

its surface and several metal oxides on the carbon 

sheets [21, 25]. Scanning electron microscope imaging 

indicated that charges on the surface of ACs which 

were located in small and large pore layers [26]. 

Physical activation caused relatively large sized pores 

with no uniformly on the surface of ACs due to the loss 

of primary bonds in the raw materials and the 

formation of new bonds [27]. Activation produced 

 

4.3. The FTIR spectra of quinoa stalks (Q-AC), 

corn stalks (C-AC) and rice straw(R-AC) 

The FTIR spectral analysis detected the presence of 

organic substances, bonds type, identifying 

characteristic functional groups and determining the 

reactivity of Q-AC, R-AC and C-AC to observe the 

porous activated carbon efficiency for adsorbing. 

Infrared absorption is in the range of k = 400 cm–1 to k 

= 4000 cm–1 was measured for Q-AC, R-AC and C-

AC [Fig. 4 to 6]. The FTIR spectrum of ACs were 

significant differences between their characteristic 

peaks at different wave numbers which functional 

groups accountable for the adsorption characteristics. 

The data of FTIR on Q-AC (Fig. 4) represented that 

peak at position 3464.15 cm−1 was (O – H) hydroxyl  

Activated 

carbons 

Total 

carbon 

(TC) % 

Silica 

(SiO2) (%) 
CEC (Cmolckg-1) 

EC  

(dSm-1) 
pH 

ASH  

(%) 

Moisture  

(%) 

Surface area 

(BET)  (m2/g) 

Vtotal 

(m2/g) 

Pore size 

(nm) 

Q-AC 49.82 3.94 42.53 28.30 8.60 15.20 12.00 1084.12 1.23 12.00 

R-AC 45.15 11.35 36.51 17.60 8.30 13.25 11.60 706.56 0.76 18.00 

C-AC 42.36 3.70 24.10 7.30 8.00 7.90 9.10 489.31 0.59 26.00 
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Fig.1. The SEM images of Quinoa stalks activated 
carbon (Q-AC) 

Fig. 2. The SEM images of rice straw activate  carbon (R-
AC) 

Fig. 3. The SEM images of corn stalks activated 

carbon (C-AC) 

Fig 1-3. The SEM analysis of all activated carbons 
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group (alcohol, phenol). Whereas, peaks at positions 

2885.51 cm−1 and 1396.46.64 cm−1 showed (C-H, 

alkanes). While, peaks at position 1635.64 (cm−1) for 
(C=O) bond and 1103.28(cm−1) (C-O) bond represented the 

carboxylic groups (−COOH). Fig. 5 showed FTIR on R-AC 

that position peak at 3456.44 cm−1 was (O-H alcohol, 

phenol), 1635.64 cm−1 (C=O, carboxylic acid) and 1388.75 

cm−1 (C-H, alkanes), respectively. FTIR of C-AC 

represented at Fig. 6, positions 3502.73 and 3464.15 cm−1 

for (O-H alcohol, phenol), 1388.75 cm−1 for (C-H, alkanes) 

respectively. Similar tendencies have been reported by [27, 

32, 33]. The active functional groups charge on surface of 

AC such as hydroxyl, carboxyl, and carbonyl are responsible 

for the metals adsorption by forming metal hydroxide, 

carbonate, and specific metal ligand complexation [25]. 

Functional groups of activated carbons caused electrostatic 

attraction between surface oxygen-containing and the metal 

ions [28]. The FTIR spectrum detected the characteristic 

functional groups found in the carbonaceous materials which 

confirmed the successful activation process [22]. It was 

observed that the presence of hydroxyl and carboxyl groups 

were responsible for adsorption process. The bands observed 

at 3391 cm−1 for hydroxyl groups (O-H) while, at 1622 cm−1 

is attributed to C=O and C-O stretching of carboxylic acid at 

1398 cm−1 [22].  

Fig. 4. The FTIR spectra of quinoa stalks Q-AC

Fig. 5. The FTIR spectra of rice straw R-AC 

 

 

 

Fig.6. The FTIR spectra of corn stalks C-AC
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It was observed the structure of cellulose (C6H10O2) as 

primary material to prepare AC the bonds OH were 

k=3421 cm−1 and confirmed that carbon is not lost during 

the carbonization process [27]. The C=O of the carbonyl 

group was showed at the peak 1650 cm−1 but the C-O 

stretching vibrations adjacent to the quinone and hydroxy 

groups of AC on the peak at 1100 cm−1 was related to the 

phenolic hydroxyl and carboxylic group [34]. IR spectra of 

raw rice straw showed O–H extended from holocellulose 

(cellulose and hemicellulose) at 3300 cm−1 but at 3743 

cm−1 for O–H for the prepared carbonized rice straw due to 

heating, carbonization, and activation processes which 

gave a good surface with numerous functional groups for 

the metal adsorption. 

The characteristic peak of acetyl group C=O at 1736 cm−1 

is owing to hemicellulose/lignin while, the absorption of 

C–O–C band was at 1035 cm−1 [33]. The decomposition of 

glycosyl units followed by its transformation to char during 

corn stalk activation. The FTIR spectra broad peak at 3350 

cm−1 caused by the OH group [35]. Formation of O–H, C–

O groups on activated carbon surface resulted in increasing 

its porosity and specific surface areas [36]. The sharp bands 

near 455 cm-1 define the Si–OH stretches. The band at 

1095.50 cm-1 is Si-O-Si and those at 1442.75 and 1654.92 

are C=O groups. The sharp peaks at 2870.08, 3248.13 and 

3614.60 are the O-H stretch [37]. This is also 

advantageous, since activated carbons of relatively higher 

specific surface area may be obtained, once the desilicated 

rice husks are activated [38]. 

   

4.4. Adsorption isotherm: 

The experimental data of the Langmuir adsorption 

isotherms curves were fitted to the linear forms of Cd 100 

mg Kg-1, Pb 600 mg Kg-1 and mixture Cd 100/ Pb 600. 

Initial concentrations of Cd and Pb were l, 5, 10, 50, 100 

and 200 ppm to study the linear form model of adsorption 

in clay and sandy loam soils after one day (1D)  

and two months (2M) with Q-AC, R-AC and C-AC (2%) 

comparing to the control. The adsorbed amounts of Cd or  

 

 

Pb were calculated as the difference between their initial 

and final concentrations in the solutions. The Results 

showed in Figures 7 to14 that the amount of individual 

adsorbed (x/m; mg Kg-1) Cd 100  in clay and sandy loam 

soils (mg kg-1) for 1D increased after 2 M but The adsorbed 

Cd in mixture Cd 100/ Pb 600 was lower compared to the 

individual Cd 100. The results by adding ACs indicated 

that the highest adsorbed curves were in Q-AC followed 

by R-AC then C-AC, respectively for either individual Cd 

or the mixture. Generally, the highest adsorbed curves 

were recorded in the clay soil than the sandy loam soil. The 

obtained adsorption isotherm curves were presented in 

Figures (7 to 22) these all the investigated metals (Cd and 

Pb) were increased with increasing the equilibrium 

concentration which figures were showed the typical 

metals adsorption isotherms by different soils. These 

adsorption curves were fitted to the linear forms of 

Langmuir models.  

Results showed in Figures 15 to 22 that the 

amounts of individual adsorbed Pb 600 (x/m; mg/Kg)  in 

clay and sandy loam soils (mg kg-1) for 1D which increased 

after 2 M but The adsorbed  Pb in mixture Cd 100/ Pb 600 

was lower compared to the individual Pb 600. The results 

by adding ACs indicated that the highest adsorbed curves 

were in Q-AC followed by R-AC then C-AC, respectively 

for either individual Pb or the mixture. The adsorbed Pb 

amounts in the sandy loam soil were lower than in the clay 

soil. 

 In the equilibrium state, it is important to study the 

adsorption isotherm. Thus, the utilized contact time was 2 

months for evaluation. In order to explain the isotherm,  

models of Langmuir and Freundlich adsorption isotherms 

have been adopted. From the data summarized in Tables 2 

and 3 which were established the Langmuir as a model that 

best describes the adsorption of heavy metals (Cd and Pb) 

the parameters of the Freundlich and Langmuir isotherms, 

where x/m (mg k-1) is the quantity of adsorbed metal and 

Ce (mg l-1) is the concentration of equilibrium. The 

maximum adsorption capacity (Qm) and partitioning 

coefficients (binding energy) (KF) were obtained from 

Langmuir model in Table (2and 3). The adsorption 

isotherm showed that the capacity of Q-AC to adsorb and 

remove nutrients cations "Cd+2 "and " Pb+2 "from soils was 

higher than R-AC and C-AC, respectively particularly at 

the higher equilibrium concentration. These results 

indicated that addition even small quantities of Q-AC to 

soil will increase capacity of soil to adsorb the heavy 

metals. Generally, the quantities of Pb adsorbed on ACs 

are much lower than their corresponds of Cd which 

indicated the high capacity of these materials to adsorb Cd 

rather than Pb. Also, it could be attributed to the property 

of Cd element which could be removed from solution by 

electrostatic attraction to negatively charged sites, hence 

exist as exchangeable cations, which is not a character for 

Pb. Adsorption equations, the validity of Cd and Pb 

adsorption data to linear forms of both Freundlich and 

Langmuir models were examined. Also, the amounts of 

both Qm and KF have been calculated using Langmuir 

models. Cadmium and lead adsorption data were found to 

fit both Freundlich and Langmuir equations. High 

correlation coefficients (R² ranging from 0.891-0.981 and 

0.879-0.977) were obtained for Langmuir isotherms of Cd 

and Pb, respectively. Their corresponding values of 

Freundlich (R²) are ranging from 0.74 - 0.99 and 0.78-0.99 

for Cd and Pb, respectively.  
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Fig.7 and 8. Adsorption isotherm curves of Cd100 by Q-AC, R-AC and C-AC in clay soil for 1D and 2M 

 

 
Fig. 9 and 10. Adsorption isotherm curves of mix. Cd100 by Q-AC, R-AC and C-AC in clay soil for 1D and 2M 

 

 
 
 
 
 
 
 
 
 
 

Fig. 11 and. 12. Adsorption isotherm curves of Cd100 by Q-AC, R-AC and C-AC in sandy loam soil for 1D and 2M 

 

 
 

 
Fig. 13 and 14. Adsorption isotherm curves of mix. Cd100 by Q-AC, R-AC and C-AC in sandy loam soil for 1D and 2M. 
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Fig. 15 and 16 Adsorption isotherm curves of Pb600 by Q-AC, R-AC and C-AC in clay soil for 1D and 2M 

 
 
 
 
 
 
 
 
 

Fig. 17 and 18 Adsorption isotherm curves of mix. Pb 600 by Q-AC, R-AC and C-AC in clay soil for 1D and 2M 

 

 
 
 
 
 
 
 
 

Fig. 19 and 20. Adsorption isotherm curves of Pb600 by Q-AC, R-AC and C-AC in sandy loam soil for 1D and 2M 

 

 

 

 

 

 

 

 
 

Fig. 21and 22. Adsorption isotherm curves of mix. Pb 600 by Q-AC, R-AC and C-AC in sandy loam soil for 1D and 2M 
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Table 2. Maximum adsorption capacity (Qm) and binding affinity (KF) of Q-AC, R-ACs and C-

AC for Cd in clay and sandy loam soils for 1D and 2M. 

 

Soil 
ACs 

(2%) 
Time 

Qm (mg g-1 ) KF(L g-1 ) 

Cd 100 Cd 100 mix. Cd 100 Cd 100 mix. 

Clay 

Control 
1D 441.17 370.26 0.0116 0.0111 

2M 535.71 498.50 0.0137 0.0131 

Q-AC  
1D 576.90 554.56 0.0186 0.0178 

2M 681.68 652.17 0.0219 0.0209 

R-AC  1D 553.56 483.87 0.0156 0.0149 
 2M 625.01 601.65 0.0183 0.0175 

C-AC  1D 504.10 441.18 0.0135 0.0129 
 2M 576.92 552.56 0.0159 0.0152 

Sandy 

loam 

Control 
1D 405.41 340.91 0.0106 0.0101 

2M 483.87 454.55 0.0125 0.0119 

Q-AC  
1D 535.71 468.75 0.0170 0.0162 
2M 624.99 597.00 0.0201 0.0190 

R-AC 1D 416.70 416.70 0.0143 0.0135 
 2M 576.92 557.56 0.0168 0.0159 

C-AC  1D 384.62 375.00 0.0124 0.0119 
 2M 535.71 517.23 0.0146 0.0140 

ACs: Activated carbons, Quinoa stalks (Q-AC), rice straws (R-AC) and corn stalks (C-AC) 

activated carbons in concentrations 2%., 1D: for one day, 2M: for two months, Qm: Maximum 
adsorption capacity, KF: affinity, Cd 100: Cd in concentration 100 mg. Kg-1, Cd 100 mix.: Cd 

in mixture of Cd/Pb in concentration 100 mg. Kg-1. 

 

Table 3. Maximum adsorption capacity (Qm) and binding affinity (KF) of Q-AC, R-AC and 

C-ACs for Pb in clay and sandy loam soils for 1D and 2M. 

Soil ACs (2%) Time 
Qm (mg g-1) KF (L g-1 ) 

Pb600 Pb600 mix. Pb600 Pb600 mix. 

Clay 

Control 
1D 882.35 776.20 0.0185 0.0176 

2M 1094.88 993.38 0.0218 0.0207 

Q-AC  
1D 1162.79 1020.41 0.0326 0.0310 

2M 1363.64 1304.35 0.0383 0.0364 

R-AC 1D 1041.60 949.37 0.0272 0.0259 
 2M 1327.43 1209.68 0.0321 0.0304 

C-AC 1D 943.35 857.14 0.0229 0.0218 
 2M 1209.68 1094.89 0.0270 0.0256 

Sandy 

loam 

Control 
1D 778.20 721.15 0.0168 0.0149 

2M 993.38 949.37 0.0198 0.0175 

Q-AC  
1D 1020.41 974.23 0.0298 0.0285 

2M 1304.34 1239.67 0.0351 0.0335 

R-AC 1D 949.37 903.61 0.0248 0.0236 
 2M 1209.68 1153.85 0.0292 0.0277 

C-AC 1D 857.14 824.18 0.0208 0.0200 
 2M 1094.88 1048.95 0.0245 0.0236 

ACs: Activated carbons, Quinoa stalks (Q-AC), rice straws (R-AC) and corn stalks (C-AC) 
activated carbons in concentrations 2%, 1D: for one day, 2M: for two months, Qm: Maximum 

adsorption capacity, KF: adsorption affinity (binding energy), Pb 600: Pb in concentration 600 mg. 

Kg-1, Pb600 mix.:Pb in mixture of Pb / Cd in concentration 600 mg. Kg-1. 
 

The results indicate the Qm of the tested ACs (Q-AC, 

R-AC and C-AC) to adsorb Cd ranged from 441.18 - 

681.68 mg g-1 Cd in clay soil and 375 - 624.99 mg g-

1 Cd in sandy loam soil, respectively. The adsorption 

affinity (binding energy) (KF) between ACs for Cd 

ranged from 0.0129 to 0.0219 in the clay soil and 

0.0119 to 0.0190 in the sandy loam soil, respectively. 

The highest value of KF (0.0219) was recorded for 

binding affinity Q-AC to Cd, whereas the lowest one 

(0.0119) in C-AC belongs to Cd. On the other hand, 

Qm to adsorb Pb ranged from 1094.89 - 1363.64 mg 

g-1 Pb in the clay soil and ranged 824.18 - 1304.34 

mg g-1 Pb in the sandy loam soil, respectively. KF of 

tested ACs for Pb ranged from 0.0218 to 0.0383 in 

the clay soil and 0.0200 to 0.0351 in the sandy loam 

soil respectively. The highest value of KF (0.0383) 

was showed in Q-AC, whereas the lowest one 

(0.0200) for C-AC. One of the most important 

characteristics of the soil is the quantity of the metal 

that it can accumulate. The amount of metal adsorbed 

was calculated from the difference between the 

added and the equilibrium metal concentrations to 

establish the Langmuir was the model in adsorption 

of ions with R 2 > 0.90 in all cases [35]. Clay soils 
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indicated the dominance of inner-sphere type surface 

complexing mechanisms, or to significant adsorption 

processes mediated by van der Waals interactions. 

The sequence of affinity of the tested metals in the 

investigated soils was found to be the following: Pb 

> Cd. The adsorption process occurs as a mono layer 

[37]. High adsorption capacity of Cd and Pb could be 

attributed to the high number of functional groups 

exis on ACs, these groups particularly those contain 

oxygen, e.g ―OH and C=O through ligand exchange 

mechanism ions. Anion can only be adsorbed 

through cation exchange on the sites carrying 

negative charge which is dependent on the value of 

CEC, which is limited comparing with the large 

number of functional groups. Ions are adsorbed on 

the sites of low binding affinity so they are easily to 

be desorbed [32]. The main physical adsorption 

mechanism was controlled by Van der Waals forces 

and electrical attraction because pores had active 

adsorption sites with high surface area. Chemical 

bonds were formed between functional groups of 

ACs (C=O, N-H, and O-H) and the metals forming 

complexation [39].  Heterogeneous surface of the 

bio-adsorbents prepared from corn stalks showed 

different activation energies for reactions because 

their cell walls primarily consist of cellulose, and 

many hydroxyl groups, such as tannins or other 

phenolic compounds [35].The high Qm values 

observed for dye adsorption (positively charged) on 

the carbon surface (cellulosic materials, negatively 

charged) in mono- and multilayers. The adsorbent 

surface is positively charged, there will be a stronger 

electrostatic interaction between them [22]. The 

highest ability Qm, the order of affinity of Lead and 

Cadmium for the investigated soil occurred at Pb > 

Cd, and the maximum capacities of adsorption of 

competition of two cations are decreased for the 

same effective sites. In addition, it focuses on the 

behaviors of the adsorption of lead and cadmium in 

several environmental soils. The quantity of heavy 

metal was overmuch as compared to the sites of 

adsorption at higher concentrations [40]. Moreover, 

Combined system for the adsorption capacity was 

decreased which process occurs as a mono layer. The 

Langmuir model gives the best fit for the 

experimental data for single, binary and ternary 

component adsorption system for lead, copper and 

cadmium ions recognized by the highest values of 

(R2). This indicates that the adsorption The 

adsorption capacity Qm for Pb is greater than Cd in 

single system, Qm  of Pb2+ was 76.104 mg/g ˃ Cd+2 

(30.254 mg/g). This behavior may be attributed to 

several reasons from which the hydrated ionic radius. 

The ions with hydrated radius smaller than the pore 

size are able to move easily within the pores [37]. 

Heavy-metal (Cd) fixation by AC mostly depend on 

AC surface pore size, oxygen-containing functional 

groups, the pyrolysis temperature used in AC 

preparation, and soil characteristics [41], found that 

the adsorption capacity of Q-AC  increased by 

increasing pH [12]. It was suggested that OH− 

provide extra adsorption sites leading to greater 

adsorption capacity of Cd ions forming Cd phosphate 

and carbonate minerals through complexation. High 

pH > 4.5, the adsorption increased rapidly to the 

maximum value. In addition, these differing 

adsorption capacities followed by different 

equilibrium pH values were probably related to the 

presence of ash and alkaline substances that 

originated from pyrolysis, which might be desorbed 

from the rice straw AC surface. The increased 

surface area, physical changes in porous structure 

and surface functionality (H+) of COO− and 

O−groups might be the main reasons to increased 

heavy metal adsorption by AC [42]. Our findings 

were in compliance with, [37], who concluded that 

Pb adsorbed more strongly than Cd, respectively. 

The results showed hydroxyl and carbonyl groups 

shifted to higher transmission (peaks of adsorption) 

of these ions.  

5. Conclusions 

The prospective uses of agricultural wastes for industry 

as raw materials to reduce the environmental pollution 

and save economical adsorbents production cost. It was 

recommended to use of the Quinoa stalks (Quinoa, a 

recent wheat substitutes) which considered as field 

wastes as a precursor for synthesis of an effective low-

cost activated carbon using a simple method for heavy 

metals adsorption from contaminated soils comparing 

to activated carbon produced from traditional crop 

wastes as rice straws and corn stalks. The addition of 

the Quinoa stalks activated carbon as heavy metal 

adsorbent in both clay and sandy loam soils improve 

the heavy metal as lead and cadmium adsorption.  
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