
Introduction

Heavy metal pollution is a pressing problem: owing 
to the emission of industrial three waste gas, wastewater 
and waste residue, emission of automobile exhaust gas, 
sewage irrigation, use of pesticides, use of herbicide, 

application of chemical fertiliser, development of the 
mining industry, the soil, water and atmosphere are 
severely polluted by heavy metal ions [1, 2]. Cadmium, 
lead and copper are the most common pollutant elements 
in wastewater and can cause significant problems [3]. 
Heavy metal ions in wastewater cannot be biodegraded 
but accumulate to either directly or indirectly threaten 
living beings, including humans [4, 5]. Cadmium in the 
human body can cause hypertension, cardiocerebral 
vascular diseases, destruction of bones, liver, kidney 
or renal failure [6]. Lead can directly injure the human 
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brain cells and especially the nervous system of a foetus 
(causing congenital feeblemindedness) [7]. Copper is a 
necessary microelement for life, but excessive copper is 
harmful to humans, animals and plants [8]. 

At present, the treatment technologies for heavy 
metal ions in wastewater mainly include adsorption, 
flocculation, precipitation, membrane separation, and 
biological methods [9]. Among these, adsorption is 
a commonly used method for wastewater treatment 
by using porous solid substances to adsorb pollutants 
from aqueous solution [10]. Activated carbon is a non-
polar adsorbent and is widely used for the adsorption 
of heavy metal ions from wastewater. Owing to the 
special pore structure and high specific surface area, 
it has strong adsorption capacity and offers a high 
removal rate for heavy metal ions; however, because of 
its cost, its application is limited: it is thus necessary 
to find alternative materials for use as adsorbents in 
wastewater treatment [11, 12]. Some agricultural waste 
materials are potential adsorbents for heavy metal ion 
removal since they are cheap and always include some 
adsorptive constituents such as lignin and cellulose [13-
15]. China is an agricultural nation and thus generates 
significant amounts of agricultural waste. There are 
still 286 million tonnes of agricultural wastes that 
remain unused annually [16]. These were always 
burned for heating or discarded without any industrial 
utilization [17, 18]. Sawdust is produced every year in 
large quantities as a by-product of the woodworking 
process [17]. Total peanut shell production in China is 
also very large [19]. Therefore, the easy accessibility of 
peanut shells and sawdust may indicate a bright future 
for their application in the treatment of wastewater. 
Peanut shells and sawdust are cheap agricultural waste 
materials that can be used as potential adsorbents for 
heavy metal ion removal [20, 21]. Currently, many 
researchers have shown that peanut shells and sawdust 
exhibit good adsorption efficiency for heavy metal ions 
at a reasonable cost [22-27].  

Usually, many kinds of heavy metal ions are present 
in wastewater at one time. There are three types of 
inter effects in the multicomponent system: synergism, 
antagonism and non-interaction [28, 29]. The adsorption 
efficiency in a competitive system was always lower 
than that in a single system because of antagonistic 
interaction [30]. Researchers have tried to develop novel 
methods for multiple heavy metal removal; however, 
scholars have seldom studied the competitive adsorption 
characteristics of heavy metal ions on peanut shells and 
sawdust [31-34].  

The object of this research is to investigate the 
competition adsorption characteristics for the field 
application of peanut shell and sawdust in multiple heavy 
metal-contaminated wastewater treatments. Agricultural 
waste materials (peanut shell and sawdust) were selected 
as adsorbents, and activated carbon was selected for 
comparison: batch adsorption experiments using single 
heavy metal ion solutions and mixed heavy metal ion 
solutions were conducted to investigate the competitive 
adsorption characteristics. Adsorption equilibrium 
experiments were performed and adsorption kinetics 
were investigated. Adsorption results under different 
initial pollutant concentrations were used to study the 
adsorption isotherms. The effect of interactions among 
heavy metal ions in a competitive system was evaluated 
by evaluation ratio E.

Methodology of Experiment

Adsorbent Preparation 

Peanut shells and activated carbon were taken from 
Shanxi Province, China. Sawdust was obtained from 
coconut trees in Hainan Province, China. All materials 
were washed with tap water three times to remove the 
coloration and dirt, then they were washed with distilled 
water three times. They were then oven-dried at 70ºC 
for 48 h and pulverized. The pulverized materials were 
sieved with 16-mesh and 20-mesh wire material sieves 
to obtain the 0.85-1.18 mm size fraction. The adsorbents 
were shaken for about 10 minutes in the sieves and then 
stored in different bottles. The characteristics of the 
adsorbents are listed in Table 1. 

SEM and EDS of Adsorbents

The morphology and chemical compositions 
of adsorbents were analyzed by scanning electron 
microscope (SEM) and consideration of their energy 
dispersion spectrum (EDS) (Fig. 1). There are many 
pores in the surface of activated carbon, providing 
high adsorption efficiency for heavy metal ions. Peanut 
shells have a rough, textured structure and cavities or 
pores on their surface, thus peanut shells can be used for 
adsorption. Sawdust shows anisotropic characteristics 
and has few pores, indicating the possibility of use in 
heavy metal adsorption. The main elements present 
therein are carbon and oxygen.

Table 1. Characteristics of adsorbents.

Adsorbents Fixed carbon content 
(%)

Ash content 
(%)

Volatile content 
(%)

Surface area 
(m2/g) pH Cost

(yuan/kg)

Peanut shell 9 27 29 2.8 6.7 0

Sawdust 6 25 31 1.01 5.1 5

Activated carbon 71 14 12 560 8.3 15
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FTIR of Adsorbents

At present, Fourier transform infrared spectrometry 
(FTIR) has become one of most useful analytical 
means, it can be used to detect the functional groups in 
adsorbents. Fig. 2 showed the FTIR results of different 
adsorbents, which can explain the difference between 
adsorbents.

Fig. 2a) was FTIR spectra of activated carbon. The 
broad band around 3425 cm-1 indicates the existence 
of hydroxyl groups with O-H stretching vibrations. 
The peak at 2900 cm-1 is attributed to C-H stretching 
vibrations. There are five peaks between 2000 and 
1000 cm-1. The peak around 1800 cm-1 can be attributed 
to C=O stretching vibration in carboxylic group.  
The peak around 1600 cm-1 belongs to C=C stretching 
vibration absorption. The peak around 1400 belong  
to COO- vibration. The peak around 1000 cm-1 is 
C-O stretching vibration of CH2-O-CH2. Surface 
functional groups containing oxygen play an important 
role in the properties of activated carbon. The main 
functional groups in activated carbon were carboxylic 
group, hydroxyl group and so on, which can influence 
the adsorption characteristics of activated carbon  
[35]. 

Fig. 2b) was FTIR spectra of peanut shell. The peak 
around 3400 cm-1 can be attributed to O-H stretching 
vibrations of hydroxyl groups, which can present 
cellulosic structure in peanut shells and are good for 
heavy metal ions adsorption. The peak around 2900 
cm-1 is assigned to C-H stretching vibrations of methyl 
groups on the surface, which indicate the existence of 
lignin structure [36]. The peak near 1400 cm-1 presents 
the C-O stretching vibrations of the carboxyl group. The 
peak around 1300 cm-1 may be due to the C-O, C-H or 
C-C stretching vibrations. There are complex interacting 
vibration systems below 1000 cm-1, thus they cannot be 
defined as a certain vibration. From Fig. 7b), it can be 
concluded that there are many C-O groups and O-H 
groups in peanut shells, and these ionizable groups can 
interact with heavy metal ions [37].

The specific surface of sawdust is very small, thus 
there are no high porous structures in sawdust. The 
functional groups of sawdust can react with heavy metal 
ions in solution and form some complex, and removed 
heavy metal ions. The FTIR spectra of sawdust was 
shown in Fig. 2c). The peak around 3446 cm-1 presents 
O-H stretching vibrations of hydroxyl groups. The peak 
around 2920 cm-1 means C-H stretching vibrations of 
methylene groups. The peak around 1700 cm-1 is C=O 

Fig. 1. SEM photographs and EDS spectra of adsorbents: a) activated carbon, b) peanut shell, c) sawdust.
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stretching vibration of carboxyl groups. The peaks 
between 1500 cm-1 and 1300 cm-1 are caused by COO- 
stretching vibrations of carboxylate functional groups, 
which present cellulose in sawdust. The peak between 
1300 cm-1 and 1000 cm-1 can be attributed to C-O 
stretching vibrations of carboxylic groups. The peak 
around 900 cm-1 was an assignment of C-O bending. To 
sum up, sawdust includes some functional groups such 
as carboxylic, hydroxyl and methyl. These functional 
groups can form complex compounds with heavy metal 
ions on the sawdust surface [38].

Heavy Metal Solution Preparation

Cadmium, lead, and copper ion solutions were 
obtained by dissolving the predefined amounts of 
CdCl2·5H2O; Pb (NO3)2; Cu(NO3)2·2H2O in distilled 

water. In a single system, every kind of heavy metal 
compound was separately used to obtain its single 
solution. In a competitive system, three kinds of heavy 
metal compounds were mixed together. The chemical 
compounds were of analytical grade.

Batch Scale Experiments

A self-designed round stirrer was used for the batch 
adsorption experiments. To investigate the adsorption 
equilibrium characteristics of heavy metal ion adsorption 
by activated carbon, peanut shell and sawdust, batch 
adsorption experiments over different adsorption times 
were performed with other conditions fixed (room 
temperature: 25ºC; solution pH: 6.8; initial solution 
concentration: 60 ppm; adsorbent amount: 0.4 g). 
Adsorption experiments were performed using different 
heavy metal concentrations ranging from 5 to 400 mg/L 
with other conditions fixed (room temperature: 25ºC; 
solution pH: 6.8; adsorption time: 5h; adsorbent amount: 
0.4 g). Each experiment was conducted in triplicate.    

The solutions, after adsorption, were filtered through 
0.45 um membrane filters. Then the concentrations 
of filtrate were measured using an atomic absorption 
spectrophotometer (AAS), (Analytik Jena G, DE/novAA 
300).

The amount of heavy metal ions adsorbed by per 
unit mass of adsorbent was calculated by equation (1). 
The removal ratio of heavy metal ions was calculated by 
equation (2):
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…where Qe is the amount of heavy metal ions adsorbed 
by per unit mass of adsorbent at equilibrium, mg/g;  
R is removal ratio, %; C0 is the initial concentration 
of heavy metal ions, mg/L; Ce is the concentration of 
heavy metal ions at equilibrium, mg/L; V is the volume 
of heavy metal solution, L; and M is the weight of the 
adsorbent, g.

Adsorption Kinetic Models

Adsorption kinetics are important for the 
understanding of adsorption processes. The relationships 
between heavy metal ion adsorption and adsorption 
time can be used to investigate the adsorption kinetics. 
A pseudo first-order kinetic model, pseudo second-order 
kinetic model and intraparticular diffusion model were 
used to analyze the adsorption behaviour of heavy metal 
ions by activated carbon, peanut shell, and sawdust in 
both single and competitive systems. The linearized 
pseudo first-order kinetic model and pseudo second-
order kinetic model can be respectively expressed 

Fig. 2. FTIR spectra of adsorbents: a) activated carbon, b) peanut 
shell, c) sawdust.
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as equations (3) and (4) [39-41]. The intraparticular 
diffusion model was expressed by equation (5) [42].
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…where t is adsorption time, min; Qt is the amount 
of heavy metal ions adsorbed by per unit weight of 
adsorbent at time t, mg/g; k1 is the rate constant of pseudo 
first-order kinetic model, min-1; k2 is the rate constant of 
pseudo second-order kinetic model, g/(mg·min); kd is 
rate constant of intraparticular diffusion, mg/(L·min1/2); 
and C is the y-intercept, mg/g.

Adsorption Isotherms

Adsorption isotherms can help us understand the 
adsorption behavior: the Freundlich and Langmuir 
isotherms are two models used to investigate adsorption 
mechanisms [43]. The linear form of the Freundlich 
model can be expressed as equation (6). The linear form 
of the Langmuir model is presented as equation (7):

eFe C
n
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             (6)

                     (7)

…where KF is the Freundlich constant that is related to 
adsorption capacity of heavy metal ions by adsorbent, 
mg/g; n is Freundlich constant that can indicate the 
adsorption process is favorable or unfavorable; b is 
Langmuir constant that is related to the maximum 
adsorption capacity of heavy metal ions by adsorbent, 
mg/g; and KL is Langmuir constant that is related to 
the change of adsorption energy in the adsorption 
process, L/g.

Evaluation Ratio for Competition Adsorption

To investigate the interactive effect of three heavy 
metal ions in a competitive system, an evaluation ratio 
was introduced, as expressed by equation (8):

e

e
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'

=
                                (8)

…where E is the evaluation ratio that is the ratio of Qe’ to 
Qe; Qe’ is the amount of heavy metal ions adsorbed in a 
competition system, mg/g; and Qe is the amount of heavy 
metal ions adsorbed in single system, mg/g.

Results and Discussion

Adsorption Equilibrium

The relationship between heavy metal ions 
adsorbed onto adsorbent and adsorption time can be 
used to investigate the adsorption equilibrium process.  
Fig. 3 shows the effect of adsorption time on the 
heavy metal ions amount adsorbed by activated carbon 

Fig. 3. Effect of adsorption time on heavy metal ions adsorbed 
by activated carbon, peanut shell and sawdust in single and 
competition systems: a) activated carbon, b) peanut shell, c) 
sawdust.
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(a), peanut shell (b) and sawdust (c) – in both single 
and competition systems. With the adsorption time 
increasing, the amount of heavy metal ions adsorbed 
increased rapidly at initial adsorption process and then 
increased gradually. After the increasing period, the 
maximum adsorption values were obtained and the 
adsorption process reached adsorption equilibrium.  
This phenomenon can be explained by the adsorption 
sites of adsorbents. At the beginning of the adsorption 
period there are enough adsorption sites on the 
adsorbent that were available for the heavy metal ions’ 
adsorption [44]. With the adsorption time increasing, the 
adsorption sites gradually become saturated, thus slopes 
of curves in Fig. 3 decreased. Similar trends have been 
obtained by other researchers [39, 40, 43, 44].

By comparison, the adsorption capacity of three 
different adsorbents inferred that activated carbon 
showed best adsorption efficiency, followed by peanut 
shells, with sawdust showing the worst adsorption 
efficiency for three heavy metal ions. In part this was 
due to the high specific surface of activated carbon, 
and peanut shells showed higher specific surface than 
sawdust, even though it was not as good as activated 
carbon. In addition, the higher adsorption efficiency of 
peanut shell can be attributed to the functional groups 
in peanut shell.

The ascending order of three heavy metal ions 
adsorbed by activated carbon, peanut shell and sawdust 

was: lead > copper > cadmium. This preference of 
adsorbents for different kinds of heavy metal ion 
adsorption can be related to many reasons, the heavy 
metal ionic size, heavy metal ionic weight, and heavy 
metal ionic charge, for example [32]. These different 
adsorption capacities can be explained by the FTIR 
graphs of adsorbents.

From Fig. 3 we can see that heavy metal ions 
adsorption equilibrium values in a competitive system 
were less than those in a single system. Competition 
between heavy metal ions affected adsorption efficiency 
of every ion. The adsorption sites of the adsorbent  
will be replaced by other heavy metal ions in a 
competitive system, thus the adsorption capacity for the 
same heavy metal ion decreased in a competitive system 
[30].

Adsorption Kinetics

The pseudo first-order kinetic model was based on 
solution concentration, it was always used for the initial 
adsorption process or the adsorption period closed 
to equilibrium [39, 40].  The pseudo second-order 
kinetic model was based on the adsorption equilibrium 
capacity, and it was assumed that there is a proportional 
relationship between the adsorption capacity and the 
number of active sites on the surface of an adsorbent 
[41].

Table 2. Fitting parameters of pseudo first-order and pseudo second-order adsorption kinetic models.

Adsorbent
materials Heavy metal Adsorption system

Pseudo-first-order Pseudo-second-order
k1 Qe R2 k2 Qe R2

Activated 
carbon

Lead
Singel 0.013 0.22 0.75 2.73 5.23 0.99

Competition 0.0024 0.49 0.84 0.18 3.52 0.99

Copper
Singel 0.0061 2.75 0.91 0.088 5.27 0.99

Competition 0.0048 4.03 0.96 0.017 4.09 0.99

Cadmium
Singel 0.0037 2.25 0.92 0.049 5.27 0.99

Competition 0.0062 2.82 0.96 0.023 3.43 0.99

Peanut shell

Lead
Singel 0.028 0.11 0.98 1.39 5.15 0.99

Competition 0.0031 1.48 0.96 0.063 3.75 0.99

Copper
Singel 0.0034 0.32 0.94 0.46 4.47 0.99

Competition 0.0021 0.53 0.97 0.10 2.42 0.99

Cadmium
Singel 0.014 0.93 0.77 0.59 3.99 0.99

Competition 0.0029 1.07 0.96 0.045 2.26 0.99

Sawdust

Lead
Singel 0.0051 0.92 0.96 0.26 4.42 0.99

Competition 0.0019 0.99 0.98 0.056 2.94 0.99

Copper
Singel 0.0017 0.55 0.98 0.14 3.61 0.99

Competition 0.0031 0.83 0.94 0.053 2.13 0.99

Cadmium
Singel 0.023 0.99 0.79 0.085 2.61 0.99

Competition 0.013 0.64 0.93 0.033 1.06 0.96
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The fitting parameters of pseudo first-order and 
pseudo second-order adsorption kinetic models are 
listed in Table 2. As we can see, both kinetic models can 
help understand the adsorption process and all the fitting 
degrees were in the range from 0.75 to 0.99. The fitting 
degrees of the pseudo second-order kinetic model are all 
more than 0.96 and very close to 1, which indicates that 
the heavy metal ions adsorption process fit the pseudo 
second-order kinetic model very well. The fitting plots 
of the pseudo second-order kinetic model are shown in 
Fig. 4. 

There were always three steps for the heavy metal 
ions adsorption process when the adsorbent was in 
contact with the solution: 1) adsorbate transferred 

from the bulk solution to the external boundary layer 
film of liquid surrounding the outside of an adsorbent 
particle; 2) adsorbate was attached to the surface of  
the adsorbent, this process was always rapid and the 
energy provided corresponded to the type of binding 
process (physical adsorption, chemical adsorption  
or both kinds of adsorption); and 3) adsorbate further 
diffused into the inner adsorption sites of the adsorbent. 
The heavy metal ion adsorption process, with different 
adsorbents, was mainly controlled by one or more  
steps of these three adsorption steps mentioned above 
[42].

Fig. 5 shows the plots of Qt versus t1/2 for the heavy 
metal ions adsorption by activated carbon, peanut 

Fig. 4. Plot of linearized pseudo second-order kinetic model 
fitting for heavy metal ions adsorption by activated carbon, 
peanut shell and sawdust in single and competition systems: a) 
activated carbon, b) peanut shell, c) sawdust.

Fig. 5. Plot of intraparticular diffusion kinetic model fitting for 
heavy metal ion adsorption by activated carbon, peanut shell and 
sawdust in single and competition systems: a) activated carbon, 
b) peanut shell, c) sawdust.
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shell and sawdust in single and competitive systems.  
The adsorption processes were divided into two stages: 
a fast adsorption stage wherein a large amount of 
heavy metals were transferred from bulk solution to 
the external boundary layer film to be adsorbed. The 
intraparticular diffusion in this stage was rate limiting. 
The second stage was an equilibrium stage in which 
most adsorption was saturated, and the adsorption 
rate was very slow and tended to be a stable state 
thereafter. The rate parameters of the intraparticular 
diffusion model for heavy metal ion adsorption by 
activated carbon, peanut shell, and sawdust are listed in  
Table 3. The rate constants in the first stage were all 
higher than those in the second stage, which indicated 
that the intraparticular diffusion process was first rapid 
and then slow [42].

Effect of Initial Concentration on Adsorption 
Efficiency

Batch adsorption experiments were conducted  
under different initial concentrations. The adsorption 
results of different heavy metal ions by different 
adsorbents are shown in Fig. 6. As we can see, 
both in single and competition systems, with initial 

concentration increasing, the amount of heavy metal 
ions adsorbed increased, whereas the removal ratio 
decreased. Initial solution concentration can provide  
a driving force for heavy metal ions in solution to  
transfer from solution to the surface of adsorbent. 
With the increase of the initial solution concentration, 
the driving force is also enhanced, thus much heavier 
metal ions can be attached onto the adsorption sites  
of adsorbent. However, the adsorption sites would  
reach saturation state with the heavy metal ions 
adsorbed increasing, the changing curves of heavy 
metal ion amounts would turn to being stable in  
the late stage of concentration growth [45]. For fixed 
amount of adsorbents, the adsorption sites for heavy 
metal ions were limited, with the initial concentration 
increasing, the total heavy metal ions in solution 
also increased, corresponding to amounts of heavy 
metal ions that cannot be adsorbed by adsorbent  
also increased. As a result, the removal ratio declined 
with the initial concentration increasing, although  
the higher driving force can enhance the amount of 
adsorbed heavy metal ions. It can be inferred that the 
adsorption type is single-layer adsorption and this 
phenomenon can be further explained by adsorption 
isotherms analysis. 

Table 3. Fitting parameters of intraparticular diffusion kinetic model.

Adsorbent Heavy metal Adsorption system

Intraparticle diffusion coefficiencies

First stage Second stage

Kd C R2 Kd C R2

Activated carbon

Lead
Singel 0.047 4.83 0.73 0.0026 5.19 0.87

Competition 0.055 2.79 0.99 0.063 2.50 0.93

Copper
Singel 0.35 1.47 0.98 0.11 3.48 0.99

Competition 0.21 0.19 0.93 0.013 3.43 0.75

Cadmium
Singel 0.28 1.21 0.94 0.0039 5.04 0.68

Competition 0.20 0.46 0.93 0.0045 3.14 0.66

Peanut shell

Lead
Singel 0.43 4.76 0.99 0.011 1.97 0.86

Competition 0.13 1.82 0.93 0.046 2.69 0.96

Copper
Singel 0.06 3.84 0.92 0.029 4.01 0.89

Competition 0.087 1.37 0.69 0.033 0.74 0.99

Cadmium
Singel 0.089 3.17 0.93 0.025 3.61 0.76

Competition 0.12 0.70 0.98 0.052 1.27 0.78

Sawdust

Lead
Singel 0.076 3.34 0.90 0.0080 4.19 0.84

Competition 0.049 1.78 0.96 0.012 2.55 0.79

Copper
Singel 0.025 2.97 0.98 0.010 3.24 0.74

Competition 0.043 1.24 0.97 0.0076 1.87 0.90

Cadmium
Singel 0.097 1.87 0.85 0.0054 2.46 0.83

Competition 0.061 0.53 0.99 0.0065 0.86 0.88
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Adsorption Isotherms

Adsorption results under different initial 
concentrations were used to fit the isotherm models. 
Freundlich isotherm is usually applied to characterize 
heterogeneous adsorption on the adsorbent surface, 
whereas the Langmuir isotherm was used to describe 
homogenous adsorption on the adsorbent surface, 
it was also assumed that the adsorbent surface was 
covered with a monolayer of adsorbates [14]. The 
fitting parameters of these two isotherm models are 
listed in Table 4. The adsorption behaviour exhibited a 
good fit with both isotherm models. All the R2 values 

obtained from the Langmuir isotherm model were much 
higher than those values obtained from the use of the 
Freundlich isotherm model, thus it can be concluded 
that the adsorption behaviour of heavy metal ions by 
activated carbon, peanut shell, and sawdust follow the 
Langmuir, which assumes single-layer adsorption and is 
consistent with the above results (Fig. 7).

Effect of Interactions among Heavy Metal Ions 
in a Competitive System

E can represent the type of interaction among heavy 
metal ions in a competitive system [46]. When E>1, 

Fig. 6. Effect of initial concentrations on heavy metal ions adsorbed by activated carbon, peanut shell and sawdust in single and 
competition systems: a) activated carbon, b) peanut shell, c) sawdust.
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synergism with other heavy metal ions is generated, 
the presence of other heavy metal ions can enhance 
adsorption of another heavy metal ion; when E = 1, no 
interaction takes place in a competitive system, which 
means that the presence of other heavy metal ions would 
not influence the adsorption of another; each other’s 
adsorption; and when E<1, antagonism prevails and the 

presence of another heavy metal ion would suppress the 
adsorption of another.

The values of E for the different heavy metal ion 
adsorptions by activated carbon, peanut shell, and 
sawdust from aqueous solution with different initial 
solution concentrations are presented in Table 5. As 
mentioned, these three adsorbents show their best 

Adsorbent
Solution concentration 5 10 20 40 60 100 200 300 400

Heavy metal Evaluation ratios

Activated carbon

Cadmium 0.99 0.93 0.63 0.66 0.61 0.73 0.76 0.79 0.80

Copper 0.99 0.91 0.99 0.94 0.83 0.73 0.79 0.83 0.89

Lead 0.97 0.96 0.98 0.81 0.66 0.66 0.79 0.82 0.80

Peanut shell

Cadmium 0.96 0.86 0.75 0.56 0.53 0.68 0.73 0.74 0.76

Copper 0.97 0.98 0.90 0.73 0.54 0.61 0.63 0.63 0.74

Lead 0.92 0.98 0.96 0.85 0.68 0.63 0.68 0.74 0.79

Sawdust

Cadmium 0.62 0.36 0.31 0.33 0.34 0.42 0.63 0.65 0.65

Copper 0.87 0.83 0.87 0.63 0.65 0.61 0.78 0.78 0.81

Lead 0.93 0.98 0.83 0.69 0.61 0.62 0.79 0.79 0.81

Table 4. Fitting parameters of Freundlich and Langmuir isotherm models for heavy metal ions adsorption by activated carbon, peanut 
shell and sawdust.

Adsorbent Heavy metal Adsorption system
Freundlich isotherm Langmuir isotherm

KF n R2 KL b R2

Activated carbon

Lead
Single 3.95 4.08 0.93 0.19 13.70 0.99

Competition 2.10 3.69 0.98 0.048 11.35 0.98

Copper
Single 1.01 2.10 0.95 0.044 13.33 0.99

Competition 0.84 2.19 0.96 0.029 11.51 0.97

Cadmium
Single 1.72 4.46 0.87 0.31 5.32 0.99

Competition 0.93 3.76 0.94 0.067 4.40 0.99

Peanut shell

Lead
Single 1.24 2.59 0.78 0.085 9.52 0.99

Competition 0.97 2.66 0.95 0.073 7.46 0.99

Copper
Single 0.67 2.19 0.94 0.027 9.26 0.94

Competition 0.60 2.61 0.98 0.017 7.04 0.90

Cadmium
Single 0.84 2.97 0.93 0.095 5.16 0.99

Competition 0.84 3.99 0.96 0.039 4.12 0.99

Sawdust

Lead
Single 1.15 3.55 0.93 0.83 5.65 0.99

Competition 1.26 4.37 0.98 0.12 4.47 0.99

Copper
Single 0.91 2.08 0.81 0.33 5.75 0.99

Competition 1.06 4.27 0.98 0.067 4.32 0.99

Cadmium
Single 0.55 2.79 0.95 0.055 4.12 0.99

Competition 0.10 1.85 0.93 0.009 3.19 0.94

Table 5. Calculated evaluation ratios.
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adsorption efficiency for lead, then copper, and their 
worst efficiency was that measured for cadmium in both 
single and competitive systems. In a competitive system, 
each heavy metal ion’s adsorption can be suppressed by 
other kinds of heavy metal ions. According to Table 5, 
the sum of three heavy metal ion evaluation ratios in 
the same competitive system was much greater than 1. 
This can indicate that, although each heavy metal ion 
was less well adsorbed in a competitive system, the total 
heavy metal ion adsorption increased compared with 
that in a single system. Thus, the effect of mixing heavy 
metal ions in a competitive system was antagonistic, but 
the degree of suppression therein was not very strong 

[47]. In other research, heavy metal ion adsorption 
decreased in multiple metal systems, which was similar 
to the results of this study [45, 46].

Conclusions

The adsorption characteristics of heavy metal 
ions by activated carbon, peanut shell, and sawdust 
were investigated in single and competitive systems. 
Adsorption efficiencies in descending order for different 
kinds of heavy metal ions is: lead, copper, cadmium. 
FTIR results indicate different functional groups 
for different adsorbents, thus the adsorbents show 
different adsorption capacities for heavy metal ions; the 
adsorption efficiency of different adsorbents was ranked 
(in descending order) as: activated carbon, peanut shell, 
sawdust. The amount of heavy metal ions adsorbed 
increased with increasing adsorption times; as the initial 
concentration of heavy metal ions increased, the amount 
of heavy metal ions adsorbed also increased, while the 
removal ratio decreased; the adsorption process followed 
the Langmuir isotherm model and pseudo second-order 
kinetic model; there were antagonistic effects among the 
three kinds of heavy metal ions in a competitive system, 
as evinced by the adsorption results. 

In conclusion, as an agricultural waste material, 
peanut shell is a potential adsorbent for heavy metal 
removal with good adsorption efficiency, however, there 
are some limitations to this study: other factors that 
can influence the adsorption efficiency should be taken 
into consideration, including pH value and temperature;  
and large-scale simulation experiments should be 
conducted in order to improve understanding of their 
adsorption efficiency of adsorbent in field application. 
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