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a b s t r a c t

The present work represents the biosorption of lead from aqueous solution by using mixed-culture 
of algae biomass. The effect of four numerical independent variables (initial pH, biosorbent dosage, 
contact time, and initial concentration of lead) on the lead removal efficiency were investigated. The 
operational conditions were statistically optimized using central composite design (CCD) through 
response surface methodology (RSM). The maximum Pb removal was 95.43% at conditions includ-
ing, pH of 6, 110 min of contact time, and 5.52 g/L of adsorbent dosage and 100 mg/L concentration 
of Pb. Adsorption kinetics follows the pseudo-second-order model and equilibrium is well described 
by Freundlich isotherm.
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1. Introduction

The discharge of heavy metal ions into the environment 
by industrial activities is a serious problem in industrial 
countries, because they are difficult to degrade and have the 
ability to bio-magnified in the food chain and accumulate 
in living organisms [1]. Lead is a non-biodegradable con-
taminant that is considered as one of the most toxic heavy 
metal and hazardous to the environment [2,3]. Lead is cur-
rently applied in many industries such as cables, batteries, 
pigments, paints, steels and alloys, metal, glass, and plastic 
industries [4]. The lead contamination of the aquatic envi-
ronment has been caused by the release of these industries 
effluent [4]. The awareness of increasing lead discharging 
has implied studies regarding water and wastewater treat-
ment to achieve the level of standards for drinking water 
[5]. The heavy metals removal has been considered as a 
serious issue with respect to the environmental and eco-
nomical aspects [6]. Chemical precipitation, ion exchange, 
chemical oxidation or reduction, reverse osmosis, evapora-
tion, membrane separation etc. are common methods used 

for the heavy metals removal from aqueous solution [7–9]. 
Nevertheless, the feasibility of economical and technical 
features may limit the use of these techniques [2]. Adsorp-
tion of toxic heavy metals is a technology, commonly used 
for the removal of heavy metal ions from industrial dis-
charge, which can apply low-priced adsorbents. It is a fast, 
reversible, economical and environmental friendly meth-
odology, in contrast with listed conventional technologies 
of removing heavy metals from aqueous solutions [10]. 
Different types of biomass, such as algae, fungi or bacte-
ria, have been reported to have significant capacities for 
the adsorption of various heavy metals from aqueous efflu-
ents [11]. Application of different biomass with the aim of 
finding an efficient and cost effective adsorbent has been 
reported by many researchers [12]. Among them, algae 
have demonstrated high metal uptake capacities because 
of functional groups such as amino, hydroxyl, carboxyl 
and sulphate of polysaccharides, proteins or lipid binding 
sites on the surface of their cell walls [6]. There are many 
researches on the biosorption of lead metal on marine 
algae [13,14], green seaweed [15,16], and fresh water green 
algal species [17,18] with different metal uptake efficiency. 
Many studies have already investigated the effect of espe-
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cial specie of algae for lead removal. A study performed by 
Hammud and his coworker (2014) showed that 95.5% lead 
removal achieved at 200 mg/L initial concentration of lead 
and pH of 3 by Enteromorpha Algae [19]. Gupta and Rastogi 
(2008) investigated bioadsorbtion of lead by algae biomass 
(Spirogyra species), that results showed 80% of lead was 
adsorbed at pH of 5, 10 mg/L adsorbent and 100 min con-
tact time [20]. 

This paper explored the sorption potential of algae bio-
mass (mixed-culture) for the removal of Pb(II) ions from an 
aqueous solution. The main objective of the current study 
was molding and optimization of biosorption process. The 
effect of operating factors such as pH level, biosorbent dos-
age, initial metal ion concentration and contact time on the 
sorption process onto the algae biomass were studied and 
modeled by CCD through RSM. Langmuir and Freundlich 
isotherm were used to evaluate and modeling the equilib-
rium adsorption data. 

2. Materials and methods

2.1. Preparation of sorbate and sorbent 

A synthetic solution was prepared by Pb(NO3)2, from AR, 
Sinopharm Chemical Reagent Co., Ltd. In order to achieve 
1,000 mg/L stock solution 1.598 g of lead nitrate (E. Merck 
company, Germany) was dissolved in 1,000 mL distilled 
water. It was then diluted into different concentrations based 
on experimental designed values. Algae biomass (mixed- 
culture) was collected from the wastewater treatment plants 
of the Eslamabad-e Gharbtown, Kermanshah, Iran. The raw 
material was washed several times by both tap and distilled 
water to remove its active ingredients, and was dried at 60°C 
in an oven for 3 h. The dried algae biomass was powdered 
and then was screened through sieve mesh of 50.

2.2. Biosorption experiments

According to CCD 30 batch experiments were carried 
out at room temperature (25°C ± 2°C).

In all experiments, 100 mL of the sorbent–sorbate mix-
tures was taken in a 250 mL flask and agitated at 200 rpm 
by a magnetic shaker from IKA (Staufen, Germany). The 
samples were centrifuged at 3,800 rpm for 5 min in a lab 
centrifuge (Shimifan, Iran) and the supernatant was used 
for analysis of metal concentrations using AAS. Each exper-
iment was repeated 3 times.

2.3. Experimental design and mathematical modeling

The experimental design was conducted using RSM. 
The RSM used in this work was a central composite design 
(CCD) with four numerical variables at 5 levels. The CCD 
is the standard RSM, which lets the use of second-degree 
polynomial in the estimation of relationships between the 
independent and dependent variables. Also information on 
the interaction between variables based on the dependent 
variables can be provided by CCD [21,22].

The statistical method of DOE (version 8.0.0) software 
was applied to evaluate the effect of independent variables, 
namely adsorbent dosage (A), adsorbate concentration 

(B), contact time (C), pH (D). The range of the variables 
was selected based on previous studies and a preliminary 
study. The variables range was adsorbent dosage (1–19 
g/L), adsorbate concentration (10–100 mg/L), contact time 
(10–210 min) and pH (2–10). The experimental conditions 
for biosorption process from synthetic wastewater based on 
CCD are presented in Table 1. The significance of the vari-
ables was recognized based on the confidence levels above 
95% (P < 0.05) in the polynomial model. The quadratic 
model based on Eq. (1) was used to estimate the coefficients 
of the statistical model [21,23]:

Y x x x x ei ii
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ii ii

k

ij i ji

k
= + + + ∑ +

= = <∑ ∑ ∑β β β β
 1

2

1 j � (1)

where i represents linear coefficient, j stands for the qua-
dratic coefficient, b is regression coefficient, x represents 
independent variables, k is the number of studied and opti-
mized factors in the experiment, and e is the random error.

Table 1
Experimental condition and results

Run 
No.

Factor 1A: 
Adsorbent, 
g/L

Factor 2B: 
Lead, 
mg/L

Factor 3C: 
Contact 
time, min

Factor 
4D: pH

R1: Pb 
removal 
(%)

1 19 100 210 10 88.1
2 10 10 110 6 99.1
3 19 100 10 10 99.6
4 10 55 110 6 80.61
5 10 55 110 6 76.89
6 10 55 10 6 95.2
7 19 10 10 10 98.99
8 10 55 210 6 79.78
9 10 55 110 2 97.45
10 10 100 110 6 93.58
11 10 55 110 6 78.87
12 10 55 110 6 95.5
13 1 10 10 2 40.8
14 1 10 210 2 36
15 1 100 10 10 99.7
16 1 100 210 2 73.49
17 1 100 210 10 87.66
18 10 55 110 6 77.52
19 1 100 10 2 80.53
20 19 10 210 10 92.36
21 19 100 210 2 90.28
22 19 100 10 2 97.6
23 19 55 110 6 68.96
24 1 55 110 6 80.76
25 10 55 110 10 91.55
26 10 55 110 6 85.63
27 1 10 210 10 84.11
28 1 10 10 10 74.63
29 19 10 210 2 89.46
30 19 10 10 2 57.99
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2.4. Measurement and apparatus

Surface morphology of algae was studied by scan-
ning electron microscopy (SEM). The samples were sited 
under a JEOL JSM field-emission SEM. During operation, 
the accelerating voltage of the instrument was maintained 
at 20 kV, and varying magnifications were used. Fourier 
transform-infrared (FT-IR) spectroscopy analysis was per-
formed to identify the functional groups of algae biomass 
in the range of 400–4000 cm–1 using a FT-IR spectropho-
tometer (model: FTIR 2000, Shimadzu IR Prestige, Japan).
The concentration of Pb in the sample solution was deter-
mined using atomic absorption spectrophotometer (AAS) 
(Shimadzu AA, Japan). The pH of solutions was measured 
using a pH meter (WTW-Germany) and adjusted by adding 
1N HCl and 1N NaOH. In order to calculate the removal 
efficiency of lead the following equation was used: 

Removal =
−

⋅
C C

C
e0

0

100 � (2)

and the biosorption capacity (qe) was obtained using the fol-
lowing equation [24]:

q
C C V

me
e=

−( )0
� (3)

where C0 is the initial concentration of Pb (mg/L), Ce is the 
equilibrium concentration of Pb (mg/L), V is the volume of 
the solution (l), and m is the mass of the biosorbent (g). 

3. Results and discussion

3.1. Characterization of algae biomass

Fig. 1 illustrates the morphological characterization 
of algae that has been carried out by SEM. Irregular and 
porous structure of adsorbent - areas cause an increase in 
biosorption capacity that is a main factor in increasing the 
absorption potential. Based on SEM, micrograph of biosor-
bent shows uneven surfaces and porous texture, resulting 
high affinity for Pb uptake. The FTIR peaks show the pres-

ence of functional groups such as, OH, CO and carbonyl 
groups. Stretching vibration band around 900–1600 cm–1 

confirm C–O group. The strong band at 1000–1500 cm–1 may 
be due to C–C band. The peaks appearing between 1900 
and 2900 cm–1 are allocated to the C–H stretching mode in 
structure of carbon. The broad band around 3400–3900 cm–1 

is assigned to OH group (Fig. 2). The band around 2900 
cm–1 reveals the presence C–H group in algal biomass [25].
Presence of these reactive sites indicate the algae biomass 
(mixed-culture) is a suitable material for strong interaction 
with various contaminate and suitable them for wastewater 
treatment. As previous studies confirmed that the carboxyl, 
carbonyl, methylene and carbonate, were the main groups 
involved in the Pb2+ ions biosorption process [26]. Also alco-
holic groups have an important role in metal uptake [27].

3.2. Statistical analysis and modeling 

The removal of lead was evaluated based on the CCD 
with 30 experiments and the results obtained are given in 
Table 1. The final model can be expressed by the following 
equation:

Y = 86.01 + 6.98 A + 7.62 B – 1.32C + 8.51D – 4.32AB – 
4.47AD – 4.21BC – 5.79BD – 2.06CD – 14.65A2 + 6.83B2� (4) 
– 2.02C2 + 4.99D2

where Y is the percentage removal of Pb (II) and A–D are the 
coded values of sorbent dosage (g/L), concentration of Pb(II) 
ion (mg/L), contact time (min) and pH value, respectively. 
ANOVA was used to study the adequacy of the quadratic 
model for Pb(II) removal by algae. The ANOVA results are 
presented in Table 2. The statistical significance of model 
was checked by p-value and F-value. The model F-value of 
3.25 implies the model is significant. There is only a 1.52% 
chance that a model F-value this large could occur due to 
noise. The p-value less than 0.05 indicate model terms are 
significant. As can be seen from Table 2, A, B, D, A2 are sig-
nificant model terms, other model terms are not significant 
due to P-value > 0.05. As illustrated in Table 2, the lack of fit 
was not significant as the f-value and p-value were 3.1 and 
0.1119, respectively, which shows an adequate fit between 
predicted values and the experimental data. Based on the 
ANOVA results, the coefficient of determination (R2) of the 
model and adjusted R2were 0.75 and 0.52 respectively. High 

Fig. 1. The electron micrograph (SEM) of algae biomass. Fig. 2. FTIR spectra of natural absorbent of algae biomass.
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values of R2 are essential for modeling the experimental 
design space, while in identification of significant factors R2 
value does not matter and for significant factors will remain 
significant [28,29]. Adequate precision measures the sig-
nal-to-noise ratio and compares the range of the predicted 
values at the design points to the average prediction error 
[21]. The ratio greater than 4 is desirable and indicates ade-
quate model discrimination [30]. In this study, the ratio of 
adequate precision was 8.026, which showed the reliability 
of the achieved data. The coefficient of variation (CV) and 
standard deviation (SD) were 13.23 and 10.99, respectively, 
that state the degree of precision. 

3.3. Effect of variables on Pb(II) removal

The effect of different variables on the removal of lead 
from solution was explored by three-dimensional response 
surface and two-dimensional contour plots. And also the 
effects of factors were compared at a particular point using 
the perturbation plot [29]. It has been proved that some 
parameter like pH, sorbent dosage, contact time, initial 
concentration of metal ions etc. affected on the sorption 
efficiency [31]. Therefore, the rustles of investigation of 
aforementioned variables have been discussed as below.

3.3.1. Effect of initial concentration of Pb(II)

Figs. 3a and 4a illustrate the effect of Pb(II) concentra-
tion on sorption efficiency. As can be seen from the figures 
by increasing the initial adsorbate concentration, the lead 
removal efficiency increased. In addition, perturbation 
plot (Fig. 5) has shown the significant influence adsorbate 
concentration on the removal efficiency. Initial concentra-

tion as the major driving force to overcome the limitations 
of lead mass transfer between the solid and liquid showed 
that at higher concentrations of lead the biosorption was 
improved [32]. The results of previous studies showed that 
the adsorbent capacity by increasing the concentration of 
lead is likely to increase interaction and contact between 
the adsorbent and adsorbent [33]. Another factor that can 
increase the capacity by increasing the initial concentra-
tion of lead is that under such conditions increase the mass 
transfer, the phenomenon has overcome the resistance 
force against absorption, causing a significant thrust of 
transfer of the liquid phase pollutants to the solid–liquid 
interface [34] .

3.3.2. Effect of sorbent dose

The effect of sorbent dosage on the removal efficiency 
of Pb(II) was studied using varying amounts of sorbent 
dosages (1–19 g/L) and the results are shown in Figs. 3a 
and 4a. The maximum removal efficiency was attained as 
the dosage was 10 g/L. The sorption percentage increases 
with increase in sorbent dosage and almost constant at dose 
higher than 10 g/L at lower concentration of initial Pb(II) 
ion. Identical behavior was observed by Hammud et al. 
[19] using Enteromorpha algae for removal of Pb metal from 
an aqueous solution. This behavior may be due to a conse-
quence of partial aggregation of biomass at higher biomass 
concentration, which results in the decrease in effective sur-
face area for the sorption [35]. However, at higher values 
of initial Pb(II) ion by increasing adsorbent dose more than 
10 g/L, the removal efficiency of lead declined. This trend 
could be explained as at higher adsorbent dose, the avail-
ability of higher energy sites decreases with a larger fraction 

Table 2
ANOVA results for lead removal

Source Sum of squares df Mean Square F–value P–value 

Model 5491.95 14 392.28 3.25 0.0152 Significant
A-Adsorbent 877.25 1 877.25 7.26 0.0166
B-Lead (C0) 1044.24 1 1044.24 8.64 0.0101
C-Contact time 31.45 1 31.45 0.26 0.6173
D-pH 1302.20 1 1302.20 10.78 0.0050
AB 298.08 1 298.08 2.47 0.1371
AC 26.06 1 26.06 0.22 0.6490
AD 320.05 1 320.05 2.65 0.1244
BC 284.09 1 284.09 2.35 0.1460
BD 536.85 1 536.85 4.44 0.0523
CD 68.06 1 68.06 0.56 0.4645
A2 556.43 1 556.43 4.61 0.0486
B2 120.69 1 120.69 1.00 0.3334
C2 10.57 1 10.57 0.088 0.7714
D2 64.39 1 64.39 0.53 0.4766
Residual 1811.97 15 120.80
Lack of fit 1560.16 10 156.02 3.10 0.1119 Not significant
Pure error 251.82 5 50.36
Corr total 7303.92 29
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of lower energy sites occupied, resulting in a lower removal 
efficiency [20]. 

3.3.3. Effect of contact time

Figs. 3b and 4b illustrate lead removal efficiency as 
function of contact time. According to figures removal effi-
ciency slowly increased with an increase in contact time 
within the first minutes of process. Then, the rate of bio-
sorption was found to be relatively slow and then constant. 
This is because of a large number of adsorption sites at the 
beginning of process, the big difference between the con-
centration of lead in the absorbing solution, and its value 
in the adsorbent surface that lead uptake is increased. 

Nevertheless, over time, the gentle slope sat tract to itself 
that this is due to the formation of a layer of lead onto 
the adsorbent. Also over time, occupy the place left vacant 
surface simply is not possible. Because the adsorption of 
molecules on the surface of other molecules in the solu-
tion phase is attractive, this can be case of repulsive onto 
adsorbent surface [36]. Contact time slightly influenced 
the process efficiency. Results have confirmed that there 
are no significant changes on the lead biosorption removal 
with the increase of contact time (Fig. 3b). Perturbation 
plot (Fig. 5) clearly shows this trend. As removal efficiency 
only increased 0.3% with increase of contact time from 10 
to 110 min at pH of 6 and lead concentration of 55 mg/L. 
The same result was obtained by Mousavi et al. [37] using 
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Fig. 3. Three-dimensional response surface for lead removal 
efficiency (%) onto algae biomass in term of independent vari-
ables: (a) initial concentration of Pb(II) and adsorbent dose, (b) 
contact time and adsorbent dose (c) pH and adsorbent dose.
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time and adsorbent dose (c) pH and adsorbent dose.
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Nasturtium Officinalefor the removal of lead from aqueous 
solution.

3.3.4. Effect of pH 

The effect of pH on the removal efficiency is shown in 
Figs. 3c and 4c. According to the figures with increase in 
pH the biosorption increased, as Pb removal efficiency was 
97% at pH of 6. At higher value of pH, the precipitation of 
insoluble metal hydroxides takes place restricting the true 
biosorption studies [18,38]. Due to precipitation of lead as 
lead hydroxide the experiments with pH value higher than 
6 ignored. pH slightly influenced the process efficiency as 
can be seen in Fig. 3c, when pH increased from 2 to 6 about 
2% Pb removal increased at the conditions (110 min con-
tact time, 55 mg/L initial lead concentration and 10 mg/L 
adsorbent). A study carried out by Gupta and Rastogi [20] 
in which bioadsorbtion of lead by algae biomass (Spirogyra 
species) were investigated showed that 80% of lead removal 
at pH of 5 , 10 g/L adsorbent and 100 min contact time was 
achieved. Perturbation plots were analyzed in order to iden-
tify the most effective parameter for lead removal. Pertur-
bation plot (Fig. 5) revealed a sequence of relative influence 
of the operating parameters on the Pb2+ removal as follows: 
adsorbent dose > initial lead concentration > pH > contact 
time. Contour plots were used to show the interaction of 
parameter. Elliptical contours are obtained when there is a 
perfect interaction between the independent variables [39]. 
As can be seen in Fig. 4 they are in the not perfectly ellipti-
cal. This indicates that there are fewer interactions among 
the independent variables. However, based on contour 
plots the interaction between adsorbent dose with pH and 
initial concentration of lead is much more than its interac-
tion with contact time. 

3.4. Process optimizaton

Graphical optimization was used to determine the 
optimum process parameters for maximum removal of 
lead. Graphical optimization displays the area of feasible 
response values in the factor space and the regions that 
do fit the optimization criteria would be shaded [40]. By 
defining the value of the response, the shaded portion of 
the overlay plot as shown in Fig. 5, defines the permissible 

values of the dependent values. The optimum region was 
identified by considering the highest lead removal (>95%). 
Two independent variables, pH and contact time were 
kept constant while concentration of adsorbent and absor-
bate and, were used in x and y-axes to construct the graph. 
Using this overlay plot a point was selected in the optimum 
region to obtain optimum value for the response as well as 
value for the varied independent variables (lead concentra-
tion and adsorbent dose) . As can be seen in Fig. 5 a max-
imum removal of 95.43% was predicted by model under 
the following optimum conditions: adsorbent dose (5.52 
mg/L), contact time (110 min), initial lead (99.88 mg/L) and 
pH 6. These finding was consistent with the result of ver-
ifying experiment at this conditions that 94% Pb removal 
was achieved. A comparison between the results of present 
study and others work is presented in Table 3. The value of 
lead removal obtained in this study is higher than reported 
for other biosorbents. Consequently, the algae biomass 
(mixed-culture) is an efficient biosorbent for lead removal 
from aqueous solution.

3.5. Adsorption kinetic 

Pseudo-first-order and pseudo-second-order models 
were used to investigate the mechanism of biosorption pro-
cess. The linear forms of pseudo-first order [Eq. (5)] and 
pseudo-second-order [Eq. (6)] kinetics models can be writ-
ten as [42,43]:

log log
.

q q q
k

te t t−( ) = − 1

2 303
� (5)

t
q k q q

t
t e e

= +
1 1

2
2 � (6)

where qt (mg/g) is the amount of adsorbed Pb(II) on the 
algae biomass at time t (min) and k1 (min−1) is the rate con-
stant of first order adsorption, and qe is the equilibrium 
adsorption capacity (mg/g), k2 (g mg min−1) is the rate 
constant of second-order adsorption. Fig. 6 illustrates the 
kinetics pot for biosorption process. According to the Table 
4 and Fig. 6 the correlation coefficient R2 value for pseu-
do-first-order and pseudo- second-order models was 0.97 
and 0.99 respectively and the value of qe was 5.59 mg/g. 
As presented in Table 4 the value of rate constant for the 
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pseudo-first-order and pseudo-second-order models was 
0.7×10–3 min–1 and 70 ×10–3 g mg min–1 respectively. 

The correlation coefficients, R2, showed that the pseudo 
second order model fits better with the experimental data 
than the pseudo-first order model [44]. In a study performed 
by Jayakumar et al. [24] in which marin algae was used for 
Pb removal, the results indicated that adsorption kinetics 
was best described as pseudo-second order with R2 value 
of 0.99. However, R2 value of pseudo-first-order was 0.97. 

3.6. Adsorption isotherm model

Two linear isotherm models equations, namely, Lang-
muir and Freundlich, were applied to determine the mech-
anism of Pb(II) sorption on to algae biomass. The Langmuir 
isotherm is based on the adsorption of a monolayer onto 
homogeneous surface, and the maximum adsorption capac-
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Fig. 6. Kinetics plot: first-order kinetic (a) and second-order kinetic (b)

Table 3
Percentage of Pb removal: optimum results obtained from present study, comparison with literature

Removal (%) Contact time 
(min)

pH Initial Pb(II) 
(mg/L)

Biosorbent 
dose (g/L)

Biosorbent type Reference

80 100 5 200 10 Green algae Spirogyra species [20]
93 30 5 175.6 8 Marine algae Ulva Lactuca species [10]
88.94 20 3 200 12 Enteromorpha algae [19]
60 180 6 20 1.5 Chaetoceros algae [41]
78 180 6 20 1.5 Chlorella algae [41]
Predicted: 95.43 
Experiment data: 94

110 6 100 5.52 Algae (mixed-culture) Present study

ity, can be estimated by this isotherm model [45,46]. The lin-
ear form of Langmuir isotherm is expressed as [42]: 

c
q

c
q bq

e

e

e= +
max max

1
� (7)

where qe is equilibrium adsorption capacity (mg/g), Ce is 
equilibrium ion concentration in the solution (mg/L), qmax 
is the maximum sorption capacity (mg/g), and b (L/mg) 
is the Langmuir isotherm constant related to affinity of 
adsorptive sites.

The Langmuir model was applied to investigate the 
Pb(II) sorption mechanism by algae biomass at different 
initial metal ion concentration. As can be seen in Table 5 
the amount of qmax and b were 42.9 and 0.16 respectively. In 
this study a low correlation coefficients (R2 = 0.1) indicate 
the data are not fitted to Langmuir model. The important 
characteristics of the Langmuir isotherm can be expressed 

Table 4
Kinetic constants for lead onto algae biomass 

Models Kinetics parameters

R2 K(×10–3)

First-order 0.97 0.7 min–1

Second-order 0.99 70 (g mg min–1)

Table 5
Langmuir and Freundlich isotherm constants and correlation 
coefficients

Adsorbent Freundlich Langmuir

Algae biomass R2 1/n Kf R2 b (L/mg) qmax (mg/g)

0.81 0.92 1.85 0.1 0.16 42.9
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in terms of separation factor (RL), which is given by the fol-
lowing equation [47]:

There are four probabilities for the RL value: unfavour-
able (RL > 1), linear (RL = 1), favourable (0 < RL < 1) or irrevers-
ible (RL = 0) [47]. Fig. 8 illustrates the variation of separation 
factor with initial lead concentration. As can be seen in the 
Fig. 8 the RL values were in the range of 0–1 indicating that 
the biosorption of lead on algae biomass is favorable.

The Freundlich isotherm which describe the adsorption 
process on heterogeneous surface [46] was also applied for 
the sorption of Pb(II) ion onto algae biomass. The liner form 
of the Freundlich model is represented as the following 
equation [20]:

ln ln lnq k
n

ce f e= +
1

� (8)

where Kf is a constant relating to the sorption capacity and 
1/n is an constant relating the sorption intensity, From 
Table 5 , Kf and 1/n values were found to be 1.85 and 0.92 
respectively. Usually, 1/n values between 0 and 1 specify 
favorable sorption [24]. In the present study, a value of 0.92 
showed that the sorption of lead by algae biomass was good 
and high values of Kf indicate that the biosorbent is suitable. 
Figs. 7a and b demonstrate the Langmuir and Freundlich 
plots of lead sorption for algae biomass at different initial 
lead concentration. From Fig. 7 R2 for Freundlich model 
was 0.81, which indicated it fits the experimental data better 
than the Langmuir model with R2 of 0.1.

4. Conclusion 

In the present study, the applicability of algae biomass 
for lead adsorption from aqueous effluents was investigated, 
and its operational conditions were statistically optimized 
using CCD with RSM. The effects of four main independent 
variables including pH, adsorbent dose, lead metal concen-
tration, and contact time were studied. The results indicted 
the lead biosorption is extremely dependent on adsorbent 
dose, initial lead concentration, the initial pH and contact 
time slightly influenced the process efficiency. The pseudo 
second order was found to be the applicable kinetic model 
in the current study. The data were in good agreement with 
Freundlich isotherm. The maximum predicted bioadsorp-
tion efficiency was 95.43% at optimum conditions (5.52 g /L 
adsorbent dose, 110 min contact time, 100 mg/L initial lead 
and initial pH of 6). This results of study demonstrated that 
the algae biomass from stabilization ponds that is cheap 
and available has relatively high lead uptake capacity.

Acknowledgment

The authors would like to thank the Faculty of Health, 
Kermanshah University of Medical Science for financially 
supporting this research.

References 

[1]	 K. Periasamy, C. Namasivayam, Adsorption of Pb(II) by pea-
nut hull carbon from aqueous solution, Sep. Sci. Technol., 30 
(1995) 2223–2237.

[2]	 A. Sarı, M. Tuzen, Biosorption of Pb (II) and Cd (II) from aque-
ous solution using green alga (Ulva lactuca) biomass, J. Haz-
ard. Mater., 152 (2008) 302–308.

[3]	 F. Barbier, G. Duc, M. Petit-Ramel, Adsorption of lead and 
cadmium ions from aqueous solution to the montmorillonite/
water interface, Colloids Surf. A. Physicochem. Eng. Asp., 166 
(2000) 153–159.

[4]	 A. Selatnia, A. Boukazoula, N. Kechid, M. Bakhti, A. Chergui, 
Y. Kerchich, Biosorption of lead (II) from aqueous solution by 
a bacterial dead Streptomyces rimosus biomass, Biochem. Eng. 
J., 19 (2004) 127–135.

[5]	 T. Budinova, N. Petrov, V. Minkova, K. Gergova, Removal 
of metal ions from aqueous solution by activated carbons 
obtained from different raw materials, J. Chem. Technol. Bio-
technol., 60 (1994) 177–182.

0 10 20
0

0.5

1

1.5

2

2.5

ce

ce
/q
e

(a)                                                                           (b)

0 0.5 1 1.5 2 2.5
0

0.5
1

1.5
2

2.5
3

lnce

ln
q e

Fig. 7. Linear isotherm plots: a) Langmuir model, b) Freundlich models.

0 20 40 60 80 100 120
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

C0  (mg/l)

RL

Fig. 8. Variation of separation factor as a function of initial lead 
concentration.



S.A. Mousavi et al. / Desalination and Water Treatment 148 (2019) 229–237 237

[6]	 Q. Yu, J.T. Matheickal, P. Yin, P. Kaewsarn, Heavy metal uptake 
capacities of common marine macro algal biomass, Water Res., 
33 (1999) 1534–1537.

[7]	 A.R. Türker, Separation, preconcentration and speciation of 
metal ions by solid phase extraction, Sep. Purif. Rev., 41 (2012) 
169–206.

[8]	 J. Llanos, P. Williams, S. Cheng, D. Rogers, C. Wright, A. Perez, 
P. Canizares, Characterization of a ceramic ultrafiltration mem-
brane in different operational states after its use in a heavy-
metal ion removal process, Water Res., 44 (2010) 3522–3530.

[9]	 A. Da ̧browski, Z. Hubicki, P. Podkościelny, E. Robens, Selec-
tive removal of the heavy metal ions from waters and indus-
trial wastewaters by ion-exchange method, Chemosphere, 56 
(2004) 91–106.

[10]	 L. Bulgariu, M. Lupea, C. Ciubota-Rosie, M. Macoveanu, Pos-
sibility of using algae biomass for removing Pb(II) ions from 
aqueous solutions, Scientific Papers, Agron. Ser., 53 (2010) 79–83.

[11]	 G.Ç. Dönmez, Z. Aksu, A. Öztürk, T. Kutsal, A comparative 
study on heavy metal biosorption characteristics of some 
algae, Process Biochem., 34 (1999) 885–892.

[12]	 P. King, N. Rakesh, S. Beenalahari, Y.P. Kumar, V. Prasad, Removal 
of lead from aqueous solution using Syzygium cumini L.: equi-
librium and kinetic studies, J. Hazard. Mater., 142 (2007) 340–347.

[13]	 F. Luo, Y. Liu, X. Li, Z. Xuan, J. Ma, Biosorption of lead ion by 
chemically-modified biomass of marine brown algae Lami-
naria japonica, Chemosphere, 64 (2006) 1122–1127.

[14]	 J.T. Matheickal, Q. Yu, Biosorption of lead from aqueous solu-
tions by marine algae Ecklonia radiata, Water Sci. Technol., 34 
(1996) 1–7.

[15]	 P. Pavasant, R. Apiratikul, V. Sungkhum, P. Suthiparinyanont, 
S. Wattanachira, T.F. Marhaba, Biosorption of Cu2+, Cd2+, Pb2+, 
and Zn2+ using dried marine green macroalga Caulerpa lentil-
lifera, Bioresour. Technol., 97 (2006) 2321–2329.

[16]	 Y. Suzuki, T. Kametani, T. Maruyama, Removal of heavy met-
als from aqueous solution by nonliving Ulva seaweed as bio-
sorbent, Water Res., 39 (2005) 1803–1808.

[17]	 C.-J. Tien, Biosorption of metal ions by freshwater algae with dif-
ferent surface characteristics, Process Biochem., 38 (2002) 605–613.

[18]	 I. Tüzün, G. Bayramoğlu, E. Yalçın, G. Başaran, G. Celik, M.Y. 
Arıca, Equilibrium and kinetic studies on biosorption of Hg 
(II), Cd (II) and Pb (II) ions onto microalgae Chlamydomonas 
reinhardtii, J. Environ. Manage., 77 (2005) 85–92.

[19]	 H.H. Hammud, A. El-Shaar, E. Khamis, E.-S. Mansour, 
Adsorption studies of lead by Enteromorpha algae and its sili-
cates bonded material, Adv. Chem., 2014 (2014).

[20]	 V. Gupta, A. Rastogi, Biosorption of lead from aqueous solu-
tions by green algae Spirogyra species: kinetics and equilib-
rium studies, J. Hazard. Mater., 152 (2008) 407–414.

[21]	 D.C. Montgomery, C.M. Anderson-Cook, Response sur-
face methodology: process and product optimization using 
designed experiments, Wiley, 2009.

[22]	 S.A. Mousavi, A. Almasi, Z. Kamari, F. Abdali, Z. Yosefi, 
Application of the central composite design and response sur-
face methodology for the treatment of Kermanshah landfill 
leachate by a sequencing batch reactor, Desal. Water Treat., 56 
(2015) 622–628.

[23]	 S.A. Mousavi, S. Ibrahim, Application of response surface 
methodology (RSM) for analyzing and modeling of nitrifi-
cation process using sequencing batch reactors, Desal. Water 
Treat., 57 (2016) 5730–5739.

[24]	 R. Jayakumar, M. Rajasimman, C. Karthikeyan, Optimization, 
equilibrium, kinetic, thermodynamic and desorption stud-
ies on the sorption of Cu(II) from an aqueous solution using 
marine green algae: Halimeda gracilis, Ecotoxicol. Environ. 
Saf., 121 (2015) 199–210.

[25]	 A. Almasi, F. Navazeshkha, S.A. Mousavi, Biosorption of lead 
from aqueous solution onto Nasturtium officinale: perfor-
mance and modeling, Desal. Water Treat., 65 (2017) 443–450.

[26]	 N.E.-A. El-Naggar, R.A. Hamouda, I.E. Mousa, M.S. Abdel-Ha-
mid, N.H. Rabei, Biosorption optimization, characterization, 
immobilization and application of Gelidium amansii biomass 
for complete Pb2+ removal from aqueous solutions, Sci. Rep., 8 
(2018) 13456.

[27]	 R.B. Nessim, A.R. Bassiouny, H.R. Zaki, M.N. Moawad, K.M. 
Kandeel, Biosorption of lead and cadmium using marine 
algae, Chem. Ecol., 27 (2011) 579–594.

[28]	 M.J. Anderson, P.J. Whitcomb, RSM simplified: optimizing 
processes using response surface methods for design of exper-
iments, Productivity press, 2016.

[29]	 S. Lukman, A. Bukhari, M.H. Al-Malack, N.D. Mu’azu, M.H. 
Essa, Geochemical modeling of trivalent chromium migration 
in saline-sodic soil during Lasagna process: impact on soil 
physicochemical properties, Sci. World J., 2014 (2014).

[30]	 S.F.A. Halim, A.H. Kamaruddin, W. Fernando, Continuous 
biosynthesis of biodiesel from waste cooking palm oil in a 
packed bed reactor: optimization using response surface 
methodology (RSM) and mass transfer studies, Bioresour. 
Technol., 100 (2009) 710–716.

[31]	 S.R. Popuri, S.R. Kachireddy, Biosorption of hexavalent chro-
mium from aqueous solution by using prawn pond algae 
(Sphaeroplea), (2007).

[32]	 E. Malkoc, Ni (II) removal from aqueous solutions using cone 
biomass of Thuja orientalis, J. Hazard. Mater., 137 (2006) 899–
908.

[33]	 J. Wu, H.-Q. Yu, Biosorption of 2, 4-dichlorophenol from aque-
ous solution by Phanerochaete chrysosporium biomass: Iso-
therms, kinetics and thermodynamics, J. Hazard. Mater., 137 
(2006) 498–508.

[34]	 A. Amalraj, A. Pius, Removal of selected basic dyes using acti-
vated carbon from tannery wastes, Sep. Sci. Technol., 49 (2014) 
90–100.

[35]	 Y. Mata, M. Blazquez, A. Ballester, F. Gonzalez, J. Munoz, Char-
acterization of the biosorption of cadmium, lead and copper 
with the brown alga Fucus vesiculosus, J. Hazard. Mater., 158 
(2008) 316–323.

[36]	 H. Ucun, Y.K. Bayhana, Y. Kaya, A. Cakici, O.F. Algur, Bio-
sorption of lead (II) from aqueous solution by cone biomass of 
Pinus sylvestris, Desalination, 154 (2003) 233–238.

[37]	 P. Romero-Pareja, C. Aragon, J. Quiroga, M. Coello, Evaluation 
of a biological wastewater treatment system combining an 
OSA process with ultrasound for sludge reduction, Ultrason. 
Sonochem., 36 (2017) 336–342.

[38]	 L. Deng, Y. Su, H. Su, X. Wang, X. Zhu, Sorption and desorp-
tion of lead (II) from wastewater by green algae Cladophora 
fascicularis, J. Hazard. Mater., 143 (2007) 220–225.

[39]	 R.V. Muralidhar, R.R. Chirumamila, R. Marchant, P. Nigam, A 
response surface approach for the comparison of lipase pro-
duction by Candida cylindracea using two different carbon 
sources, Biochem. Eng. J., 9 (2001) 17–23.

[40]	 Y. Wu, S. Zhou, F. Qin, X. Ye, K. Zheng, Modeling physical 
and oxidative removal properties of Fenton process for treat-
ment of landfill leachate using response surface methodology 
(RSM), J. Hazard. Mater., 180 (2010) 456–465.

[41]	 P. Molazadeh, N. Khanjani, M.R. Rahimi, A. Nasiri, Adsorption 
of lead by Microalgae chaetoceros sp. and Chlorella sp. from 
aqueous solution, J. Community Health Res., 4 (2015) 114–127.

[42]	 A. Esmaeili, N. Khoshnevisan, Optimization of process 
parameters for removal of heavy metals by biomass of Cu and 
Co-doped alginate-coated chitosan nanoparticles, Bioresour. 
Technol., 218 (2016) 650–658.

[43]	 G. McKay, Y.S. Ho, Pseudo-second-order model for sorption 
processes, Process Biochem., 34 (1999) 451–465.

[44]	 H. Javadian, M. Ahmadi, M. Ghiasvand, S. Kahrizi, R. Katal, 
Removal of Cr (VI) by modified brown algae Sargassum beva-
nom from aqueous solution and industrial wastewater, J. Tai-
wan Inst. Chem. Eng., 44 (2013) 977–989.

[45]	 K. Chong, B. Volesky, Description of two-metal biosorption 
equilibria by Langmuir-type models, Biotechnol. Bioeng., 47 
(1995) 451–460.

[46]	 Y. Ho, J. Porter, G. McKay, Equilibrium isotherm studies for 
the sorption of divalent metal ions onto peat: copper, nickel 
and lead single component systems, Water Air Soil Pollut., 141 
(2002) 1–33.

[47]	 H. Zheng, D. Liu, Y. Zheng, S. Liang, Z. Liu, Sorption isotherm 
and kinetic modeling of aniline on Cr-bentonite, J. Hazard. 
Mater., 167 (2009) 141–147.


