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a b s t r a c t
In this study, strawberry calyx waste was converted to efficient adsorbent by treating with 0.5 mol L–1 
HCl for the uptake of Ni(II) ions from environmental aqueous samples. Multivariate sorption opti-
mization was carried out by the central composite design model, contained 18 experiments. Removal 
of Ni(II) ions was achieved 98.5% with relative standard deviation (RSD) ≤ 3.5% at optimum pH 8.0, 
sorbent dose 70 mg, concentration of Ni(II) ions 50 mg L–1, shaking speed 100 rpm and shaking time 
95 min at temperature 25°C. The different interactive effects of two factors on the response were stud-
ied simultaneously. Analysis of variance reveals that the numerical value of P is ≤ 0.05 for all effects 
except the effect of adsorbent dosage and shaking time which indicated that all the null hypothe-
ses are rejected except the interactive effect of adsorbent dosage and shaking time. Langmuir and 
Dubinin–Radushkevich isotherms fitted well to adsorption data with correlation coefficient (R2) of 
0.995 and 0.989, respectively. Monolayer sorption capacity of adsorbent for the uptake of Ni(II) ions 
was found to be 45.3 ± 2.4 mg g–1. The sorption energy was found to be 14.81 ± 1.5 kJ mol–1 which indi-
cated that Ni(II) ions were adsorbed onto the adsorbent by chemisorption or ion exchange mecha-
nism. The method was applied on real environmental aqueous samples for the removal of Ni(II) ions.
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1. Introduction

Water is the most essential for the survival of living 
organisms. The availability of clean water for humans has 
become a global crisis due to its continuous contamination 
and population growth [1,2]. About 71% of earth’s surface 
is covered with water. About 97.3% of total water is pres-
ent in oceans and only 2.7% is drinkable. About 2.04% of 
drinkable water is found in glaciers and ice caps, 0.61% is 
present as groundwater. About 1,02,960.58 billion acre-feet 
(1.0 acre-foot = 435,600 cubic feet) is present in rivers, lakes 

and other sources [3]. Approximately 33% of people in the 
world are consuming water from underground sources for 
drinking [4]. About 1,200 million people do not have excess 
to clean water and about 2,600 million people do not have 
fundamental sanitation facilities [5]. According to WHO, 
about 1.6 million people die annually due to water-borne 
diseases such as diarrhea, and about 90% of these deaths 
are in children under the age of 5 y [6]. Rapid growth in 
industrialization, modernization, growing civilizations, 
growing populations, agricultural pesticides, and insecti-
cides, geological changes and other environmental issues 
have been causing water contamination [7]. The discharge 
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of metallic contaminated industrial effluents into environ-
mental aqueous bodies is a potential threat to humans, ani-
mals, and plants due to its non-biodegradable nature unlike 
the organic pollutants [8,9]. Excess intake of toxic metal 
ions through the food chain and/or other means causes 
serious health problems by interacting with nitrogen, sul-
fur and oxygen of proteins and replacement of metal ions 
from certain enzymes resulting in malfunctioning or cells 
destroying [10]. In developed countries, it is legislated that 
the metal-contaminated industrial effluents must be treated 
prior to their discharge into water bodies [11]. Industrial 
effluent discharge causes Ni(II) ions contamination in envi-
ronmental aquatic bodies. According to the United States 
Environmental Protection Agency, the maximum allowable 
concentration of Ni(II) ions in drinking water is 0.1 mg L–1 
[12], exceeding this limit, it causes health problems such 
as gastrointestinal distress, restlessness, nausea, vomit-
ing, migraine, chest tightness, chest pain, breathlessness, 
hacking cough, shortness of breath, weakness, cyanosis 
dermatitis, fibrosis and some carcinogenic diseases includ-
ing kidney failure and cancers in lungs, nose, and bones 
[13,14]. Several methods based on coagulation, co-precip-
itation, ion exchange, reverse osmosis, solvent extraction, 
and adsorption have been developed for water treatment 
[15]. Among these, adsorption is the most recommended 
in physicochemical technologies because of least solvent 
consumption, cost-effective, operational ease, reusability 
of adsorbents and high efficiency of adsorbents for adsor-
bate [16]. Agricultural based materials contain cellulose and 
lignin which comprise of a different functional group such 
as aldehydes, alcohols, ketones, carboxylic acids, ether, 
and phenols. Agricultural waste-based adsorbent contain-
ing hydroxyl and carboxyl groups, which have a strong 
ability to bind with metal ions [17]. For the last decades, 
the agricultural waste-based adsorbents have been widely 
used for the adsorption of metal ions because of their low 
cost and containing polar functional groups. The literature 
review confirmed strawberry calyx of strawberry fruit has 
not been used for the synthesis of the adsorbent. In this 
study, we focus to convert strawberry calyx waste to effi-
cient adsorbent by treating with hydrochloric acid for Ni(II) 
ions uptake from environmental water samples. Central 
composite design (CCD) will be employed for multivariate 
sorption optimization.

2. Experimental setup

2.1. Material

PerkinElmer flame atomic spectrometer (AAnalyst 800, 
USA) equipped with hollow cathode lamp was employed for 
the determination of Ni(II) ions. Thermo Scientific Fourier-
transform infrared (FT-IR) spectrometer (Nicolet iS10, UK) 
was used for recording the FT-IR spectrum. An automatic 
temperature-controlled digital shaker (Model No.1-4000, 
Germany) was used for shaking purposes. For pH mea-
surements, pH meter (inoLab pH 720, Germany) was used. 
Double distilled water and analytical reagent grade chem-
icals were used throughout the research. Ni(NO3)2·6H2O, 
HCl, CH3COOH, CH3COONa, H3PO4, NaH2PO4, NH4OH, 
and NH4Cl were purchased from Sigma-Aldrich, China. 

CH3COOH/CH3COONa, H3PO4/NaH2PO4, and NH4OH/
NH4Cl were used as buffer solutions for the adjusting of 
pH. STATGRAPHICS (Statpoint Technologies Inc., version 
16.1.11, 32 bit, USA) was used for statistical analysis.

2.2. Water samples collection

Pre-washed glass bottles were used for wastewater 
samples collection from combined effluent treatment plant 
(CETP) in Korangi, Karachi on 8th February 2019 at 11.20 am. 
The samples were filtered through Whatman filter paper 
(pore size 2.5 µm) and stored into the refrigerator at 4.0°C.

2.3. Strawberry fruit

The botanical name of strawberry fruit is Fragaria x 
ananassa. The letter x between two names shows a hybrid 
breed of plant, which belongs to the kingdom Plantae and 
subkingdom Tracheobionta. The super division of this plant 
species is Spermatophyta. The class is Magnoliopsida and the 
subclass is Rosidae, which means that this is a hybrid of 
berry and rose family. The order of this plant is Rosales and 
belonging family is Rosaceae and Genus is Fragaria L. [18].

2.4. Preparation of adsorbent

Strawberry fruit is mainly attracted by the people for 
good taste, nutrition, aroma and its widespread uses in bak-
ing, fresh juices, and smoothies. The calyx is the leaf cap 
of strawberry fruit which was collected from fresh juice 
shops in the local market, Hyderabad, Sindh, Pakistan in 
February 2018. The calyx was washed with water, air-dried 
for 96 h, cut to small pieces and oven-dried at 60°C for 48 h. 
The material was ground by mortar and pestle and again 
oven-dried at 80°C for 96 h. Thereafter, the material was 
passed through a sieve (0.025 mm) and used for further 
treatment.

2.5. Activation of adsorbent

The adsorbent was washing repeatedly with water until 
the filtrate became transparent. Thereafter, 5.0 g of dried 
material was placed into a 500 ml conical flask containing 
250 mL of 0.5 mol L–1 HCl and stirred at 200 rpm for 24 h. 
The mixture was filtered, subsequently washed with water 
and dilute solution of Na2CO3 until the filtrate became 
neutral and oven-dried at 80°C for a period of 96 h. The 
material was subjected to the FT-IR Spectrometer for char-
acterization and applied as an adsorbent for solid-phase 
extractive uptake of Ni(II) ions from aqueous samples.

2.6. Variables

The response is dependent variable and factors are 
independent variables. The response changes with change 
in a factor. In adsorption study, adsorption (%) or removal 
(%) is response while factors may be adsorbent dose (A), ini-
tial concentration of Ni(II) ions (B), pH of the solution (C), 
and shaking time (D) [19]. The factors were fixed at three 
levels such as minimum level coded as a negative sign (–), 
intermediate level coded as zero (0) and the maximum level 
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coded as a positive sign (+), respectively. For multivariate 
sorption optimization of Ni(II) ions, the factors and their 
levels are summarized in Table 1.

2.7. CCD model and adsorption experiments

For multivariate sorption optimization of Ni(II) ions, the 
CCD model with nk design was chosen. The nk design with 
four factors (k = 4) and two levels (n = 2) contains sixteen 
number of experiments (runs) with two replicates (center 
points) experiments were formulated. For multivariate 
sorption optimization of Ni(II) ions, 18 batch experiments 
at different levels of factors are summarized in Table 2. 
Statistically, the removal (%) of Ni(II) ions was predicted by 
the model for 18 experiments as given in Table 2. Eighteen 
batch experiments were performed and results are summa-
rized in Table 2. The predicted and experimental removals 
were found in good agreement with R2 = 99.96%, which 
indicated that the CCD model fitted well to the experimen-
tal data.

2.8. Sorption experiment at optimum conditions

The efficiency of adsorbent and fitness of the model 
was checked by performing adsorption experiments at 
optimum conditions as predicted by the CCD model. 
Experimentally, 20 ml of 50 mg L–1 of Ni(II) solution of pH 8 
was placed into 50 mL of the conical flask containing 70 mg 
of the adsorbent. The mixture was agitated with 100 rpm for 
95 min at 25°C. The mixture was filtered and filtrated and 
subjected to the flame atomic absorption spectrometer for 
the determination of final concentration (Ce) of Ni(II) ions. 
The removal (%) of Ni(II) ions was achieved 98.5% with rela-
tive standard deviation (RSD) ≤ 3.5% as calculated by Eq. (1).

Removal %( ) = −
×

C
C
Ci e

i

100  (1)

where Ci and Ce are concentrations of Ni(II) ions at initial and 
equilibrium  stages, respectively.

Table 1
Three levels of factors for multivariate sorption optimization of Ni(II) ions

Factor Levels of factors

Minimum (–1) Intermediate (0) Maximum (+1)

A 10 55.0 100
B 10 55.0 100
C 2.0 05.5 9.0
D 10 95.0 180

Table 2
CCD model of nk design and adsorption experiments for multivariate sorption optimization of Ni(II) ions

Run Dose  
(mg)

pH Concentration  
(mg L–1)

Time  
(min)

Removal (%)

Experimental Predicted

1 1 –1 1 1 40.59 40.46
2 0 0 1 0 72.94 73.45
3 1 1 1 –1 80.42 80.29
4 –1 –1 1 –1 43.96 43.82
5 –1 0 0 0 35.56 35.33
6 0 0 0 0 59.19 60.43
7 –1 1 1 1 64.55 64.41
8 0 –1 0 0 56.30 56.06
9 0 0 –1 0 49.14 48.17
10 1 –1 –1 1 5.04 5.29
11 1 1 –1 –1 80.67 80.92
12 0 0 0 1 51.26 51.03
13 –1 1 –1 1 31.93 32.18
14 0 0 0 –1 39.50 39.26
15 0 1 0 0 96.33 96.10
16 1 0 0 0 52.64 52.40
17 0 0 0 0 60.27 60.43
18 –1 –1 –1 –1 9.24 9.50
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3. Results and discussion

3.1. Characterizations of adsorbent

Fig. 1 shows the FT-IR spectrum of activated (acid-
treated) material. The characteristic peaks at 3,326.37; 
2,918.69; 1,732.40; 1,605.42; and 1,020.37 cm–1 correspond 
to stretching vibrations of O–H bond of alcohol, Sp3C–H 
bond of the alkyl group, O=C bond of carbonyl, N=C bond 
of imine and C–N bond of amine moieties, respectively. 
This spectral information reveals that adsorbent is rich of 
polar functional groups. The hydroxyl (–OH) groups of 
alcohol and carboxylic acid can bind with metal ions.

3.2. Interactive effect of two factors on response

3.2.1. Effect of pH and concentration

Fig. 2 is the three dimensional (3D) plot, which depicts 
the interactive effect of pH ranging 2–9.0 and concentra-
tion of Ni(II) ions ranging 10–100 mg L–1 on the removal 
of Ni(II) ions at an optimum level of adsorbent dose 70 mg 
and shaking time 95 min. The result shows that the removal 
was not significantly influenced by pH 2–5, but increased 
significantly with the increase in pH 5–9. This effect of pH 
is explained as adsorbent became negatively charged by the 
release of proton in basic medium, which interacted with 
positively charged Ni(II) ions as it exists as main species 
at pH 8. The removal was also increased with an increase 
in the concentration of Ni(II) ions as more active sites are 
remained available onto the surface of the adsorbent for the 
retention of Ni(II) ions.

3.2.2. Effect of pH and sorbent dose

Fig. 3 depicts the interactive effect of pH ranging 2–9 
and adsorbent dosage ranging 10–100 mg on the removal of 
Ni(II) ions at an optimum level of concentration 50 mg L–1 
and shaking time 95 min. The result shows that removal 

was remained almost constant at an adsorbent dosage of 
10–50 mg and decreased with further increase in adsorbent 
dosage, while the removal was increased significantly with 
increasing of pH as adsorbent became negatively charged 
by the release of proton in basic medium, which interacted 
with positively charged Ni(II) ions during adsorption.

3.2.3. Effect of pH and shaking time

Fig. 4 depicts the interactive effect of pH ranging from 
2 to 9 and shaking time from 10–180 min on the removal 
of Ni(II) ions at the optimum level of concentration 
50 mg L–1 and adsorbent dosage of 70 mg. The result shows 
that adsorption was increased with the increase of shak-
ing time became maximum at 90 min as system attained 
the equilibrium at this stage, and slightly decreased 
with further increase in shaking time due to the desorp-
tion, while pH has the almost same effect as discussed in 
subsection 3.2.1.

3.2.4. Effect of shaking time and sorbent dose

Fig. 5 shows the interactive effect of adsorbent dose 
ranging from 10–100 and shaking time ranging from 
10–180 min on the removal of Ni(II) ions at an optimum 
level of pH 8 and concentration 50 mg L–1

. The removal 
was slightly increased with increased in adsorbent dose 
10–50 mg, remained constant with further increase in 
adsorbent dose from 50–70 mg as system attained the 
equilibrium, and slightly decreased with further increase. 
In adsorbent dose, while shaking time has almost same 
effect as discussed in subsection 3.2.3.

3.2.5. Effect of concentration and adsorbent dose

Fig. 6 shows the interactive effect of concentration 
ranging from 10–100 mg L–1 and adsorbent dose rang-
ing from 10–100 mg on the removal of Ni(II) ions at the 

Fig. 1. FT-IR spectrum of the acid-treated material.



A. Ahmed et al. / Desalination and Water Treatment 191 (2020) 164–172168

optimum level of pH 8 and time 90 min. The result shows 
that the removal was increased with an increase in adsor-
bent dose 10–60 mg, remained almost constant with further 
increase in adsorbent dose 60–100 mg as system attained the 
equilibrium, while removal was also increased with increase 
in the concentration of Ni(II) ions.

3.2.6. Effect of concentration and shaking time

Fig. 7 shows the interactive effect of concentration rang-
ing 10–100 mg L–1 and shaking time ranging 10–180 min 
on the removal of Ni(II) ions at the optimum level of pH 8 
and sorbent dose 70 mg. The result shows that the removal 
was increased with increase in shaking time until equilib-
rium was attained at 90 min and remained almost constant 

with further increase in shaking time as system attained 
the equilibrium, while concentration has almost same 
effect as discussed in subsection 3.2.1.

3.3. Main effects plot

Fig. 8 depicts the main effect plot, which shows the 
effect of four factors individually on the removal of Ni(II) 
ions keeping the other three factors at their optimum levels. 
The main effect plot shows that the removal was increased 
with increase of adsorbent dose and decreased with fur-
ther increase of adsorbent dose. The removal was increased 
with increase of shaking time and decreased with further 
increase of shaking time due to the desorption. The effect 
of pH is depicted as removal was slightly changed in the 
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Fig. 2. 3D plot: interactive effect of pH and concentration on the 
removal of Ni(II) ions.
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beginning and sharply increased with further increase in 
pH. The removal also increased linearly with the increase 
of concentration. The removal was sharply increased and 
declined with increase of adsorbent dose. The shaking time 
and has same effect as adsorbent dose.

3.4. Analysis of variance

The fitting and accuracy of the CCD model was eval-
uated by analysis of variance. Model fitting and signifi-
cance of factors can be predicted from the numerical values 
of P and F. The model is said to be well fitted to experi-
mental data if P < 0.05 and the higher numerical value of 
F [20,21]. Table 3 shows that the numerical value of P is 
less than 0.05 for all effects except AD, which indicated that 
all the null hypotheses are rejected except AD. Therefore, 
all the experimental data except AD are significant. 
The numerical values of regression coefficients are positive 
for all effects except AD, which indicated that adsorption 
was increased with increasing the factors except AD.

3.5. Effect of matrix ions

The sensitivity and selectivity of the adsorbent were 
highly influenced by matrix ions. Therefore, the effect of 
matrix ions such as CH3COO–, CO3

2−, SO4
2−, F–, PO4

3−, NO3
−, 

Ca2+, HCO3
−, Na+, K+, Ba2+ and Mg2+ was studied for the Ni(II) 

ions adsorption. The matrix ions were fixed in 1:10 ratio 
and Ni(II) ions adsorption was adsorbed ≥95.0%, and in 
presence of heavy metal ions such as Pb(II), Cu(II), Zn(II) 
and Cd(II) ions in the ratio of 1:1, the removal of Ni(II) ions 
was achieved ≥94.0%, which indicated that adsorbent pos-
sessed high tolerance for matrix ions.

3.6. Adsorption mechanism

The proportion of Ni(II) ions species in aqueous solu-
tion is strongly pH-dependent. At pH 4–8, Ni2+ exists as the 
main species. At pH > 8, Ni(II) ions started to form precip-
itates of hydroxides such as Ni(OH)4

2−, Ni(OH)3
−, Ni(OH)2 

and Ni(OH)+ [22]. The adsorbent contained different func-
tionalities such as carboxylic acid (R–COOH), alcohol (R–
OH) and phenol (Ar–OH). At pH 8, the adsorbent became 
negatively charged due to the deprotonation of R–COOH, 
R–OH and Ar–OH moieties which interacted with Ni2+ 
during adsorption [23].

3.7. Equilibrium studies

3.7.1. Langmuir

This model is based on the assumption that all the active 
sites of adsorbent are structurally identical and energeti-
cally equivalent. Adsorption takes place at homogeneously 
distributed sites onto the surface of adsorbent without 
interaction between adsorbed ions or molecules [24,25]. 
The Langmuir isotherm was plotted by varying the concen-
tration of Ni(II) ions while other factors were kept constant 
at their optimum levels such as adsorbent dose = 70 mg, 
pH 8, shaking time = 95 min at 25°C. The linear form of 
Langmuir isotherm is represented by Eq. (2) [26]. The char-
acteristic of Langmuir isotherm is the separation factor (RL), 

Fig. 8. Main effect plot for Ni(II) ions removal.

Table 3
Analysis of variance

Factors F-Ratio P-Value Regression 
coefficient

A: Amount 128.28 0.0015 0.001
B: pH 705.47 0.0001 12.337
C: Concentration 1,406.82 0.0010 0.430
D: Time 60.93 0.0044 0.182
AB 312.99 0.0004 0.095
AC 112.82 0.0018 0.001
AD 0.04 0.8506 –0.004
BC 158.09 0.0011 0.030
BD 2.77 0.0194 0.004
CD 124.98 0.0015 0.001
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which can be calculated by Eq. (3). The numerical value of RL 
indicates the feasibility of adsorption. The adsorption may 
be irreversible (RL = 0), unfavorable (RL > 1) and favorable 
(0 < RL < 1) [27].

C
C Q Qb

Ce
e

Lads.

= +
1 1  (2)

R
b CL
L i

=
+ ( )

1
1

 (3)

where Ce (mg L–1) is the concentration of adsorbate in solu-
tion, Cads. (mg g–1) is the concentration of adsorbate onto 
the surface of adsorbent at the equilibrium stage and Ci 
(mg L–1) is the initial concentration of adsorbate. Q is the 
monolayer coverage and bL (L mg–1) is the Langmuir con-
stant related to the binding energy of solute, respectively. 
The Langmuir isotherm was plotted as Ce/Cads. vs. Ce. The 
isotherm fitted well to experimental data with R2 of 0.995. 
The monolayer sorption capacity of adsorbent was found 
to be 45.3 ± 2.4 mg g–1. The numerical values of RL values 
calculated were calculated and found to be in the range of 
0.002–0.07, which indicated that the adsorption of Ni(II) 
ions was favorable.

3.7.2. Dubinin–Radushkevich isotherm

The Dubinin–Radushkevich (D–R) isotherm assumes no 
homogeneous surface of the adsorbent material. It is useful 
to estimate the characteristics porosity of the adsorbent and 
apparent free energy of adsorption The linear form of D–R 
isotherm is represented by Eq. (4) [28].

ln ln ( )C K D Rads = −− βε2  (4)

ε = +








RT

Ce
ln 1 1  (5)

E =
−

1
2β

 (6)

where Cads. (mg g–1) is the amount adsorbate adsorbed onto 
the adsorbent at equilibrium, β is the slope of D–R isotherm, 
KD–R is D–R constant, and ε is Polanyi potential, which can 
be calculated using Eq. (5). R is the general gas constant, 
T is temperature and E is sorption energy, which can be 
calculated using Eq. (6). The adsorption may be physisorp-
tion if E < 8 kJ mol–1 or chemisorption if E > 8–16 kJ mol–1 
[29]. D–R isotherm was plotted as lnCads. vs. ε2

. The plot fitted 
well with R2 of 0.989. The E was calculated and found to 
be 14.81 ± 1.5 kJ mol–1, indicated adsorption of Ni(II) ions 
proceeded via chemisorption or ion exchange.

4. Application of the method

The repeatability of the developed method was 
checked by applying on real and spiked water samples. 

Ni(II) ions uptake from the samples was achieved ≥ 91.0% 
as shown in Table 4. The result shows that sample collected 
from the industrial area was Ni(II) ions contaminated.

5. Comparison with reported bio-sorbents

Different methods have been developed for the removal 
of Ni(II) ions from environmental water samples using 
different bio-sorbents. In this method, strawberry calyx 
waste-based adsorbent was used for the adsorption of Ni(II) 
ions. The capacity of this adsorbent for the uptake of Ni(II) 
ions was found comparatively better than the reported 

bio-sorbents as shown in Table 5.

Table 4
Application of method: removal of Ni(II) ions from spiked real 
water samples

Sample Added value 
(mg L–1)

Found 
value (mg L–1)

Removal (%)

Tap water 0 Not detected –
5 4.8 96.0
10 9.7 97.0
20 19.8 95.0

Tap water 0 Not detected –
5 4.9 99.0
10 9.5 95.0
20 18.5 94.2

Waste water 
(CETP, Korangi)

0 6.8 91.0
5 11.6 98.0
10 16.4 97.0
20 26.0 98.5

Table 5
Comparative capacities of different bio-sorbents for Ni(II) ions 
adsorption

Adsorbent pH Capacity 
(mg g–1)

Reference

Cashew nut shell 5.0 18.9 [29]
Pine cone treated with HCl 8.0 1.7 [30]
Pine bark treated with HCl 8.0 20.6 [30]
Husk of Lathyrus sativus 5.0 15.7 [31]
Oak sawdust trsted with HCl 80 3.4 [32]
Hazelnut shell activated carbon 3.0 8.5 [33]
Moringa oleifera bark 6.0 30.3 [34]
Coconut copra meal 6.0 3.8 [35]
Grape stalks wastes 6.0 106.7 [36]
Black carrot residue 5.2 6.5 [37]
Barley straw 4.8 35.8 [38]
Rice bran treated with H3PO4 6.0 102.0 [39]
Orange peel 5.5 9.8 [40]
Mango peel 5.0 39.8 [41]
Strawberry calyx waste 8.0 45.3 ± 2.4 [Present 

method]
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6. Conclusion

Pretreated strawberry calyx waste material was used 
for the adsorption of Ni(II) ions and removal was 45%. 
The performance of the material was enhanced by treat-
ing with HCl and the removal was increased to 98.5% with 
RSD ≤ 3.5% at optimum conditions. HCl treated strawberry 
calyx waste adsorbent worked well for the adsorption of 
Ni(II) ions at pH 8 due to the presence of hydroxyl (–OH) 
groups of alcohol and carboxylic acid. The studied adsor-
bent was recycled 10 times without significant loss (1%–5%) 
in uptake capacity. The adsorbent was found pH-sensitive 
which indicated the presence of polar functional groups 
onto the adsorbent. The adsorption could take place 
through chemisorption or ion exchange in basic medium. 
Multivariate sorption optimization was carried out by the 
CCD model. The numerical value of P is less than 0.05 for 
all effects except adsorbent dose and shaking time which 
indicated that all the null hypotheses are rejected except 
the interactive effect of adsorbent dose and shaking time. 
Langmuir and D–R isotherms fitted well to adsorption data 
with R2 of 0.995 and 0.989, respectively.
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