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ABSTR ACT: This paper describes the adsorption of Cd(II) ions from aqueous solutions by modified Cucumis sativus peel (CSP) by HCl treatment. The 
optimum pH, adsorbent mass, contact time, and initial ion concentration were determined. The maximum removal efficiency was 84.85% for 20 mg/L 
Cd(II) ion at pH 5. The adsorption isotherms were obtained using concentrations of the metal ions ranging from 5 to 150 mg/L. The adsorption process 
follows Langmuir isotherm and pseudo-second-order reaction kinetics. CSPs exhibit monolayer adsorption capacity of 58.14 mg/g at 298 K. The paper also 
discusses the thermodynamic parameters of the adsorption (the Gibbs free energy, entropy, and enthalpy). Our results establish that the adsorption process 
was spontaneous and endothermic under normal conditions.
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Introduction
The presence of cadmium ions in the aquatic environment 
beyond the permissible levels1 has been of great concern to 
researchers because of their toxic, non-degradable, and other 
adverse effects on human being as well as on the flora and 
fauna.2 Cadmium is frequently used in processes such as elec-
troplating, metallurgical processes, production of batteries, 
smelting, alloy industries, and mine land waste.3–5 There-
fore, their level in industrial waste keeps on increasing and 
is often deposited directly in the environment without any 
pre-treatment. Thus for the treatment of industrial wastewa-
ter, a number of physicochemical methods, such as chemi-
cal oxidation and coagulation, filtration, electrochemical 
treatment, softening, flotation, and membrane separation (ie 
reverse osmosis),6 are conventionally used. All these meth-
ods suffer from one or the other limitations,7 which are, for 
instance, complicated treatment process, high cost, generation 

of enormous quantity of toxic chemical sludge, energy con-
sumption, and incomplete removal of waste.8,9

Adsorption systems are rapidly gaining prominence as 
treatment process for dissolved metals, which is why they 
have been proposed as an attractive alternative to traditional 
techniques utilized in waste water treatment.10 The bio-waste 
materials seem to be very effective and economical adsor-
bents because they are the natural adsorbents that occur in 
the environment with very favorable adsorption properties.11 
Till date, various adsorbents have been tried effectively for 
metal ion removal from the wastewater stream,12–14 includ-
ing plant materials, such as apple residues, sawdust, papaya 
wood, rice polish, tea-waste, sugarcane bagasse, rice husk, 
pine bark, hazel-nut shell, coconut husk, petiolar-felt sheath 
of palm, black gram husk, wheat bran,15 grass and bamboo 
leaves,16 virgin chitin,17 and modified chitin using kraft lig-
nin.18 Therefore, it is a need to find other more economically 
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feasible, eco-friendly biosorbents for the remediation of 
polluted wastewater. Particularly for Cd(II) ion removal 
from aqueous solution, so many researchers have used dif-
ferent types of adsorbents including naturally occurring 
materials,19,20 plant wastes,13,21,22 modified plant wastes,21,23 
and microorganisms.24,25

This paper explores the potential of Cucumis sativus 
(cucumber) peels (CSPs) as a novel adsorbents for removal of 
Cd(II) ions from wastewater since it has not been studied ear-
lier. Cucumber is a widely cultivated plant of family Cucur-
bitaceae. Its origin belongs to India,26 where so many varieties 
have been observed, and these days, they are grown and used 
all over the world. Apart from their use in food items, a large 
amount of residue (peels) are also generated alongside, so it is 
important to explore their constructive use to minimize the 
amount of waste. The benefits of using CSP as an adsorbent 
are: it is freely available, easily processed, and adapted as an 
adsorbent because it might ensure high swelling capacities 
with excellent mechanical strength same as other biosorbents 
studied by Annadural.27 The effects of pH, adsorbent dose, 
contact time, and initial cadmium concentration were stud-
ied. The isotherm models and adsorption kinetic were used to 
evaluate the equilibrium experimental data of the study.

Materials and Methods
Preparation of simulated wastewater. All reagents, 

including standard 1000  mg/L Cd(II) solution were used 
of analytical grade (Merck, India). Double distilled water 
(DDW) was used throughout the experiments produced by 
Millipore (Water purification system, USA). The experimen-
tal stock solution of Cd2+ (1000 ± 2 mg/L) was prepared by 
dissolving Cd(NO3)2⋅4H2O in DDW, and further dilutions 
were prepared from the stock solution.

Adsorbent preparation. Acid-modified CSP, treated 
with HCl was used in this study. The CSP is a low-cost 
and abundantly available agro-waste material. Collected 
CSP was extensively washed in running tap water for 1 
hour to remove dirt and other particulate matter, followed 
by repeatedly washing in DDW. The washed peels were 
dried under sunlight for 2 days and afterward oven-dried at 
80°C for 24 hours, grounded, and sieved to get particle size 
of 500 µm. The modification process was followed accord-
ing to Argun et al28 to enhance the number of negatively 
charged binding sites on the adsorbent surfaces, and to pre-
vent the elution of tannin compounds, that would release 
color in the water and also greatly increase chemical oxy-
gen demand (COD). An accurately weighed 25 g sample 

was poured into 250  mL of HCl solution, and then were 
shaken at 250 rpm for 4 hours at 298 K and left overnight. 
Finally, the mixture was filtered and washed several times 
with DDW until the pH of the solutions turns neutral. The 
modified CSPs were oven-dried at 85°C for 2 hours and the 
dried material was stored in desiccators for the next set of 
metal ion adsorption experiment. Determination of pHZPC 
was done through solid addition method;29 particle density, 
bulk density, and porosity were determined using method 
described by Ekpete and Horsfall;30 moisture content using 
ASTM 2867-99 method; and ash content using ASTM 
D2866-94 method. The proximate analysis of the modified 
CSP is shown in Table 1.

Sorption procedure. Batch adsorption experiments were 
performed at 25 ± 1°C on an orbital shaker at 250 rpm using 
250  mL capped Erlenmeyer flasks. The pH of Cd(II) ion 
aqueous solution was adjusted to desired levels (pH: 2–9) using 
1 mol/L HNO3/NaOH. The Cd(II) ion removal efficiency of 
CSP was studied at varying time intervals. After shaking the 
flasks for a definite time duration, the samples were filtered 
through Whatman No. 41 filter paper. Stock solution, diluted 
solution, or filtrates of Cd(II) ion resulting from the experi-
ments were analyzed on flame atomic absorption spectrometer 
(AAS, Perkin-Elmer AAnalyst 300, USA), using electrode 
less discharge lamp at 228.8 nm and air–acetylene mixture as 
fuel. The detection limit of the method used for Cd was found 
to be 0.05 mg/L.

Percent removal and amount of Cd(II) ions adsorbed at 
equilibrium were calculated using the following Equations 1 
and 2, respectively:

	
−= ×0 e

0

% 100,C CR
C

	 (1)

	  −=  
 

0 e
e ,C Cq V

m
	 (2)

where C0 and Ce are initial concentration and final equilibrium 
concentration of adsorbate (mg/L), qe is adsorption capacity at 
equilibrium (mg adsorbate/g adsorbent), V is the volume of liquid 
(L), and m is the mass of adsorbent (g). Freundlich and Lang-
muir isotherm models were employed to interpret the equilib-
rium data. Similarly, kinetics of the biosorption was tested using 
pseudo-first-order, pseudo-second-order, and intra-particle dif-
fusion kinetic models to explain the experimental data.

Effect of anions and cations. In real wastewaters, the 
metals of interest are usually found with a number of other ions. 
To study the effect of these anions and cations on Cd(II) ion 

Table 1. Physical parameters of modified CSP.

pHZPC PARTICLE DENSITY BULK DENSITY (g/mL) POROSITY (%) MOISTURE CONTENT (%) ASH CONTENT (%)

4.2 0.235 0.127 0.15 13.5 8.5
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adsorption, various concentration (2, 5, 15, and 20 mg/L) of 
anions such as sulfate (SO4

-), carbonate (CO3
2-), chloride (Cl-),  

nitrate (NO3
2-), and cations like Na+, K+, Ca2+, and Mg2+ were 

added individually in the 20 mg/L Cd(II) ion solution in a 
conical flask and were shaken for a time period of 2 hours. 
The solution was filtered and the filtrate was analyzed for the 
remaining Cd(II) ion concentration.

Desorption procedure. Desorption process was per-
formed as described by Sari and Tuzen,31 using HNO3/HCl 
in order to reuse CSP for next set of experiment, and the com-
parative effects of these eluents were also evaluated. To study 
the desorption effect, two sets of 25 mL of 20 mg/L of Cd(II) 
ions solution in flask were shaken for 1 hour with 1 g/L dos-
age of CSP. After that, solution in both flasks was filtered. The 
CSPs sustained on both the filter papers were washed repeat-
edly using HNO3 and HCl (0.1, 0.5, and 1 mol/L) separately. 
The filtrate obtained through washing of exhausted CSP con-
tain Cd(II) ions and the determination of the Cd(II) ion con-
centration in the final solution was performed by flame AAS.

Results and Discussion
Influence of pH and contact time. The pH of the solu-

tion is one of the most important factors to determine the 
adsorbent’s efficiency as it not only affects surface charge of 
the adsorbent but also affects the degree of ionization and spe-
ciation of adsorbate.32,33 The different adsorbents and metals 
both have unlike pH maxima for the removal study.34 Thus 
to find out the optimum pH for the present study, 20 mg/L 

of Cd(II) ion concentration was treated with 1 g/L dose of 
CSP at a pH range of 2–9 (Fig. 1A). It was noted that per-
cent Cd(II) ion sorption increased rapidly up to pH 5. The 
low metal sorption below pH 5 may be explained assuming 
protonation of active sites such as hydroxyl and amide groups 
resulting in hindrance of Cd(II) ions to occupy the binding 
sites.35 In our previous study for the removal of Pb(II) ions 
from aqueous solution using unmodified CSP, we have per-
formed fourier transform infrared (FTIR) analysis, in which 
existence of these functional groups was confirmed.36 As the 
pH is increased, the biosorbent surface gets deprotonated, 
which favor the adsorption of Cd(II) ion. The reason can also 
be attributed to the pHzpc value, above which the surface 
of adsorbent is negative and below pHzpc value, the surface 
becomes positively charged. Here, obtained pHzpc value of 
modified CSP is 4.2, which means above this value, adsorp-
tion of Cd(II) ions is favored due to availability of negatively 
charged binding sites. This process continues until the maxi-
mum percentage removal achieved at pH 5 and after that up to 
pH 6 removal capacity remains constant. At pH 8, the prod-
ucts such as [Cd(OH)]+ and [Cd(OH)2] will be produced.37,38 
Thus in order to assure full utilization of the adsorption  
property of CSP as well as to avoid precipitation of Cd(II) 
ions, all the following experiments were conducted at pH 5.0.

Figure 1B shows adsorption capacity as a function of 
time for 20 mg/L Cd(II) concentration by 1 g/L dose at pH 5.  
It can be seen that the adsorption of Cd(II) ions is rapid dur-
ing first 30 minutes of contact time and then maximize near 

Figure 1. (A) Effect of pH for 20 mg/L Cd(II) ion using 1 g/L CSP dosage for 1 hour, (B) Effect of contact time for 20 mg/L Cd(II) ion concentration 
using 1 g/L CSP dosage at pH 5, (C) Effect of adsorbent dose for 20 mg/L Cd(II) ion concentration for 1 hour at pH 5, and (D) Effect of initial metal ion 
concentration at pH 5 on Cd(II) ion removal using modified CSP.
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the equilibrium (150 minutes). The hasty removal at the early 
stage may be due to the high driving force that promotes  
the quick transfer of Cd(II) ions to the surface of CSP and 
the availability of the exposed surface area/active sites on the 
adsorbent.39 With the further increase in time, the availability 
of the uncovered surface area and the remaining active sites 
decrease, and therefore, the driving force decreases. However, 
after the initial period, the decrease in adsorption may also be 
attributed to the fact that Cd(II) ions diffuse slowly into the 
intra-particle pores of the adsorbent.40

Effect of biosorbent dose and initial ion concentra-
tion. Biomass level of 0.5–15  g/L was employed to evaluate 
the maximum removal using the least amount of biomass, 
with 20 mg/L concentration of Cd(II) ion solution. Figure 1C  
shows that the optimum percentage removal of 87.7% was 
obtained at a biomass level of 2 g/L. This may be due to the 
good adsorbent surface area and pore volume availability at 
higher adsorbent dose providing more functional groups and 
active sites.41 However, above this dose, percentage removal did 
not seem to increase significantly due to equilibrium limita-
tion. Simultaneously, further increases in adsorbent dose above 
2 g/L, the Cd(II) ion percentage removal gradually decreases. 
Figure 1D shows maximum removal efficiency of 83% as a 
function of initial Cd(II) ion concentration. For CSP, the 
Cd(II) ions percentage removal increased quickly over initial 
concentration of 2–20  mg/L. However, as the initial Cd(II) 
concentration increased continuously, the removal efficiency 
did not increase any more due to release of more Cd(II) ions in 
the solution and on the other hand saturation of binding sites. 
This indicates that energetically less favorable sites become 
involved with increasing Cd(II) ion concentration in aqueous 
solution, which can be attributed to the presence of sorption 
sites of different affinities. On the other hand, metal uptake 
increases significantly with increasing metal ion concentration.

Equilibrium modeling. The capacity of an adsorbent can 
be described by equilibrium sorption isotherm, which is char-
acterized by certain constants whose values express the surface 
properties and affinity of the adsorbent. The Freundlich model 
(1906), an empirical equation that assumes an infinite number 
of adsorption sites with a heterogeneous energy distribution 
of the active sites on adsorbent surface, has been used in its 
original form as in Equation 3:

	 1/
F e ,nq k C= 	 (3)

where Ce (mg/L) is the equilibrium Cd(II) concentration in 
solution. kF and n are the Freundlich constants related to the 
adsorption capacity and adsorption intensity of the adsorbent, 
respectively.

The Langmuir isotherm model (1918) is probably the 
most widely applied adsorption isotherm, which is based on 
the hypothesis that metal uptake occurs on a homogenous 
surface through monolayer sorption without interaction 
between adsorbed molecules. This saturated monolayer iso-
therm is represented in Equation 4:

	 m L e

L e

,
1
q k Cq

K C
=

+
	 (4)

	 L
L 0

1 ,
1

R
K C

=
+ 	 (5)

where qm is the maximum adsorption capacity (mg/g) and kL is 
an affinity constant related to the energy of adsorption and its 
value indicates the strength or affinity of the sorbate for solute.42 
Equation (5) demonstrates about the separation factor, RL that 
is another essential parameter of Langmuir isotherm, provides 
significant information about the nature of adsorption. The RL 
value indicates the type of the Langmuir isotherm,43 irrevers-
ible (RL = 0), favorable (0  RL  1), linear (RL = 1), or unfa-
vorable (RL  1). As shown in Table 2, the RL values indicate 
the favorable biosorption. Adsorption equilibria of Cd(II) ion 
by CSP at different temperatures are well described by Lang-
muir and Freundlich isotherm models, as shown in Figure 2. 
The equilibrium constants and correlation coefficients (R2) are 
presented in Table 2. The values of R2 show better agreement 
with Langmuir model. The values of kF and n (Freundlich 
constants) showed high adsorption capacity and favorability 
of adsorption with easy uptake respectively. From Figure 2, it 
is apparent that the maximum adsorption capacity obtained 
from the Langmuir isotherm increased with increasing tem-
perature, and the value of qm was 58.14 mg/g at 298 K and pH 
5.0. All the data obtained by isotherm models reinforcing the 
applicability of the Langmuir model. The adsorption capacity 
of CSP is fairly high in comparison with other adsorbents at 
room temperature, as of Ficus religiosa (27.14 mg/g),44 cassava 
tuber bark waste (26.3 mg/g),23 rice husk (20.24, 16.18, and 
11.12 mg/g),21 Lathyrus sativus husk (35 mg/g),45 grape stalk 
(27.88  mg/g),22 wheat bran (15.71  mg/g),46 and juniper fiber 
(29.5  mg/g).47 In our previous study for Cd(II) ion removal 

Table 2. Summary of isotherm parameters for Cd(II) ion sorption onto modified CSP.

FREUNDLICH ISOTHERM LANGMUIR ISOTHERM

TEMP (K) kF (mg1−1/n g−1 L1/n) 1/n R2 kL (mg/L) qm (mg/g) R2 RL

298 3.02 0.80 0.8948 0.03 58.14 0.9963 9 × 10-4

308 3.30 0.72 0.9855 0.05 66.66 0.9939 7 × 10-4

318 6.17 0.63 0.9672 0.11 67.11 0.9993 7 × 10-4
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from aqueous solution using unmodified/virgin CSP, the 
obtained maximum adsorption capacity was 3.60 mg/g at 25 
± 1°C, which is very less compared to present work using acid 
modified CSP.48

Thermodynamic Study
In order to describe thermodynamic behavior of the biosorption 
of Cd(II) ions onto modified CSP, thermodynamic parameters 
including the change in free energy (∆G0), enthalpy (∆H0), and 
entropy (∆S0) were calculated from following equations:

	 0
Dln ,G RT K∆ = − 	 (6)

where R is the universal gas constant (8.314  J/mol K), 
T is temperature (K), and KD (qe/Ce) is the distribution  
coefficient.31,49 The enthalpy (∆H0) and entropy (∆S0) param-
eters were estimated from the following equation:

	
0 0

Dln .S HK
R RT

∆ ∆= − 	 (7)

The plot of ln KD as a function of 1/T (Fig. 3) yields a 
straight line from which ∆H0 and ∆S0 were calculated from 
the slope and intercept, respectively. The negative values of 
∆G0 indicate spontaneous adsorption,50 and the degree of 
spontaneity of the reaction increases with increasing tem-
perature (Table 3). The negative ∆H0 value and positive 
∆S0 value, as shown in Table 3, indicate endothermic pro-
cess and increasing randomness at the solid/liquid interface, 
respectively.

Kinetics modeling. The prediction of kinetics is neces-
sary for the designing of sorption systems. Kinetics explains 
the dynamic of rate of reaction and factors affecting the reac-
tion rates.51 The linear form of the pseudo-first-order rate 
equation by Lagergren is given as follows:

	
1ad

e t elog( ) log ,
2.303
Kq q q t−− =

	
(8)

where qe and qt are the adsorption capacities (mg/g) at equilib-
rium and at time t, respectively. The values of qe (2.23, 1.25, and 

1.13 mg/g) and first-order rate constant K1ad (0.09, 0.06, and 
0.05 L/min) were obtained from the plot of log (qe–qt) vs. t at 
temperatures 298, 308, and 318 K, respectively. While the lower 
correlation coefficient values R2 (0.7925, 0.9511, and 0.9135) 
suggest that adsorption of Cd(II) ion by CSP does not follow 
the pseudo-first-order kinetic and this may be due to control 
of boundary layer in the beginning of the adsorption process.52

Experimental data were also tested for the pseudo- 
second-order kinetic model, which is given as following:

	
2

t 2ad e t

1 ,t t
q K q q

= +
	

(9)

where K2ad is the rate equilibrium constant (g/mg min) for 
pseudo-second-order kinetics. For pseudo-second-order, qe  
and K2ad (g/mg min) were obtained from the slope and 
intercept of linear plots between t/qt and t for the metal ion 
sorption (Fig. 4).53 This model suggests that the adsorption 
rate is proportional to the number of unoccupied sites that are 
homogenous. The higher correlation coefficients, R2, of the 
pseudo-second-order rate model are 0.998, 0.999, and 0.999 at 
298, 308 and 318 K, respectively, suggesting that the kinetic  
modeling of the adsorbed Cd(II) ions, well follows the 
pseudo-second-order rate model. This means that the Cd(II) 
ion removal seems to be chemisorption process through 
sharing of electrons or by covalent forces through exchang-
ing the electrons between adsorbent and adsorbate.41 It can 
be observed that K2ad increases as temperature rises (0.090, 
0.16, and 0.19 g/mg min at 298, 308, and 318 K, respectively), 
thereby inferring that the adsorption reached equilibrium 

Figure 2. Freundlich and Langmuir adsorption isotherm for Cd(II) ion 
adsorption onto modified CSP at different temperatures. Figure 3. Plot of the ln KD vs. temperature (1/T).

Table 3. Thermodynamic parameters for adsorption of Cd(II) ions on 
modified CSP at different temperatures.

THERMODYNAMIC  
CONSTANT

TEMPERATURE (K)

298 308 318 

ΔG0 (kJ/mol) -2.06 -2.95 -5.01

ΔH0 (kJ/mol) 15.8

ΔS0 (J/mol K) 55.2
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sooner at a higher temperature. This behavior could be attrib-
uted to an increased probability of the collision between metal 
ions and active binding sites and a decrease in the thickness 
of the boundary layer surrounding the adsorbent at high 
temperatures.54 Thus, the mass transfer struggle of metal ions 
in the boundary layer decreased.55

Adsorption mechanism. The evaluation of rate control-
ling steps such as chemical reaction and mass transport is very 
advantageous to understand the mechanism that is involved in 
the adsorption phenomenon. The overall adsorption process 
can be divided into four steps.56 In the first step, which is 
not directly involved with adsorbent, the transport of metal 
ion from the bulk to the boundary layer takes place. Second 
step is film diffusion, that is, transport of metal ions from the 
boundary layer to the external surface of the adsorbent. Third, 
transfer of ions from the surface to the intra-particular spaces 
present in adsorbent as active sites and this step is known as 
particle diffusion. Finally, at the fourth stage, interactions 
take place between the metal ions and the available adsorp-
tion sites on the internal surfaces of the adsorbent. There-
fore, due to the slow rate of second and third steps, the rate 
controlling steps mainly depend on either film diffusion or 
particle diffusion. The intra-particle diffusion model widely 
used to predict the rate controlling step57 and is expressed in 
Equation 10:

	
0.5

t i ,q K t I= + 	 (10)

where qt is the amount of Cd(II) ion adsorbed at time t, i is 
the intercept at stage I and Ki is the intra-particle diffusion rate 
constant. The value of I provides an insight about the thickness 
of the boundary layer. The plots of qt vs. t0.5 at different tempera-
ture show multi-linearity characterizations (Fig. 5), indicating 
that three steps occurred in the adsorption process. All the 
intra-particle diffusion parameters are summarized in Table 4.

The larger slopes of the first sharp section represent the 
external surface adsorption and show that in the beginning, 
higher rate of metal ion removal is due to the immediate 
availability of large surface area and active adsorption sites. 
The second portion is the gradual adsorption stage, where 
intra-particle diffusion is rate-controlled.58 The third and final 
equilibrium stage relates to the slowing down of intra-particle 
diffusion because of low solute concentrations in the solution. 
When the saturation occurs at the exterior surface for adsorp-
tion, the Cd(II) ions might have entered into the porous struc-
ture of the adsorbent. The deviation from the origin suggests 
that the intra-particle diffusion is not the only rate controlling 
step for the adsorption of Cd(II) ions onto CSP.

Effect of anions and cations on biosorption. Real/indus-
trial wastewater often contains several other ions, including 
anions such as sulfate (SO4

-), carbonate (CO3
2-), chloride (Cl-),  

nitrate (NO3
2-), and cations such as Na+, K+, Ca2+, Mg2+, etc., 

which may interfere with the uptake of heavy metal ions 
by biosorbent. The effect of anions and cations on Cd(II) 
ion removal was studied, and the results were illustrated in  

Figure 4. Plot of the pseudo-second-order kinetics at different 
temperatures.

Figure 5. Plot of the intra-particle diffusion kinetics at different 
temperatures.

Table 4. Intra Particle Diffusion Parameters for the adsorption of Cd(II) ion on modified CSP at different temperatures.

INTRA PARTICLE DIFFUSION

298 K 308 K 318 K

R2 Kid

(mg g-1 min1/2)
I R2 Kid

(mg g-1 min1/2)
I R2 Kid

(mg g-1 min1/2)
I

Ist phase 0.993 1.7 -0.997 0.961 2.16 -0.886 0.934 1.045 2.97

IInd phase 0.818 0.415 5.31 0.781 0.265 6.68 0.766 0.143 7.72

IIIrd phase 0.907 -0.019 9.21 0.768 0.002 8.98 0.742 0.011 9.01
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promotes their reuse for the adsorption process, and finally 
the adsorbents must be incinerated.60

Conclusion
The present investigation shows the use of waste CSP for the 
Cd(II) ions removal from aqueous solution. The main benefits 
of procedure are: simplicity and ease way to prepare adsorbent, 
sensitivity, great adsorption efficiency with fast attainment 
of equilibrium. The Cd sorption onto CSP was highly influ-
enced by pH and the favorable pH is 5. The Cd(II) ion uptake 
of 58.14  mg/g was achieved at optimized conditions in  
90 minutes of contact time with initial ion concentration 
of 20  mg/L. Batch studies displayed that equilibrium was 
explained by Freundlich isotherm model and the adsorp-
tion process followed pseudo-second-order kinetics. Effect 
of temperature on biosorption showed that the process was 
spontaneous and endothermic in nature for all the tempera-
ture range evaluated. No significant effect on the uptake of 
Cd(II) ions by co-existing anions was observed, whereas 
cations, mainly Ca2+ and Mg2+ may interfere with the metal 
uptake. It was obvious from the desorption experiments that 
the increased concentration of eluting agent shows an impact-
ful recovery of adsorbed metal ions and using 1 mol/L HNO3, 
maximum desorption efficiency was achieved 86.80%. The 
removal capacity of CSP was at par with commercially used 
other adsorbents prepared with other agro-waste materials. 
Study of removal of Cd(II) ions shows that the CSP has the 
ability to adsorb Cd(II) from complex aqueous solution.
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Figures 6A and 6B. It was apparent that the presence of anions 
did not significantly affect the Cd(II) ion removal (Fig. 6A). 
The removal efficiency was mainly affected by sulfate ions at 
20 mg/L and the percentage removal was dropped 15% in com-
parison to control. The reason can be attributed to the fact that 
some anions can have an affinity toward the metal ions and form 
an insoluble or soluble complex. The displacements of these 
complexes are very difficult in the presence of the biosorbents.59

The effect of cation was investigated using their dif-
ferent concentrations. Results shown in Figure 6B demon-
strate that presence of cations affects the percentage metal 
ion removal. The influence of Na+ and K+ on the adsorption 
of Cd(II) is very small in comparison to Ca2+ and Mg2+. The 
presence of Ca2+ and Mg2+ at 20 mg/L caused removal per-
centage to drop by 39% and 30%, respectively, due to the 
competition between Cd2+ ions and cations+ for the sites of 
binding on CSP.

Desorption study. It is evident from Figure 7 that the 
maximum desorption efficiency was 86.80% for Cd(II) using 
1  mol/L HNO3. Hydronium ions may replace Cd(II) ions 
on the metal loaded adsorbent, thus showing a behavior as a 
cation exchanger. The disposal problem of the loaded adsor-
bents is of most concern as they are hazardous in nature and 
this issue may be overcome to some extent by using desorp-
tion methods. Desorption allows the recovery of metal ions 
and regeneration of adsorbents. Regeneration of adsorbents 

Figure 6. Effect of presence of anions (A) and cations (B) on Cd(II) ion 
uptake by modified CSP.

Figure 7. Desorption efficiency of modified CSP using HCl and HNO3.
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