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ABSTRACT

Rapidly increasing industrialization and urbanization cause serious environmental pollution.
Discharge of polluting material from various industries such as smelting, mining, ore
processing, and metal plating into the environment without treatment causes serious pollution
and can have dangerous effects on the environmental balance. The utilization of low-cost
adsorbents from biological materials as a replacement for costly traditional methods for
adsorption of heavy metal pollutants from wastewater was reviewed. This study aimed to
investigate the biosorption of Pb(Il) ions from aqueous solutions with NaOH-modified
Polyporus squamosus biosorbent and optimize the biosorption conditions. Firstly, the
parameters most influencing the response of the biosorption for Pb(ll) (initial Pb(Il)
concentration (Co), pH, temperature and biomass dose) were determined using Central
Composite Design (CCD). The optimum conditions were evaluated as 60.76 mg/L, 6.3, 25 °C,
and 0.23 g for Co, initial pH, temperature and biomass dose, respectively. From the optimum
conditions, the adsorption yield and the adsorption capacity were obtained as 93.8% and 23.63
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1. Introduction

A disadvantage arising from rapidly increasing
industrialization, the presence of toxic heavy metals in
aqueous environments emerges as an environmental problem
that needs to be solved worldwide. Heavy metals are toxic
pollutants that pose a risk to life even at very low
concentrations [1]. The most common heavy metals in
industrial wastewater can be listed as lead, cadmium, mercury,
copper and zinc. Among these heavy metals, lead is a common
metal that must be removed from industrial wastewater, as it
causes serious harm to the peripheral and central nervous
system of humans [2]. The permitted drinking water standard
for Pb is 10 pg/L according to the World Health Organization
(WHO) and 50 pg/L according to the Environmental
Protection Agency (EPA) [3]. Leaving the wastewater
released by the use of lead in the industrial field to the
environment without any treatment increases the lead
pollution in natural water resources. Pb; it is one of the raw
materials widely used in oil refineries, paint, photographic
materials, and battery industry. Organic and inorganic lead
contamination is encountered in battery factory wastewater
(2.44 mg/L), gold mining (85 mg/L), and electroplating
wastewater (11.9 mg/L) [4-6]. Therefore, lead must be

removed before the wastewater can be discharged. Over the
years, various methods have been used and proposed to
remove heavy metals present in wastewater. The most
common removal methods are coagulation, chemical
precipitation, reverse osmosis, ion exchange, and
adsorption/biosorption. However, each of these technologies
has its disadvantages, such as high-energy requirements,
production of undesirable secondary pollution, incomplete
removal, low efficiency, and high costs [7, 8]. These
disadvantages show that biosorption as a serious alternative
technology. Biosorption is the removal of pollutants from
aqueous environments using biological material [9].
Therefore, the biosorption process is increasingly considered
as a potential alternative way to remove industrial pollutants.
Biosorption of heavy metals onto various microbial biomasses
such as fungi, algae and bacteria has been widely studied [10,
11]. The removal potential for heavy metals in industrial
wastewater using biological materials is increasingly reported
from different parts of the world [10, 12, 13]. Among the
biological materials, fungi are one of the most frequently used
biosorbents in recent years. Fungi have high potential for use
in heavy metal removal due to their high surface area,
abundance in nature, and being both economic and
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environmentally friendly. Due to all these advantages, fungi
have high importance in the treatment of wastewater [14].
Traditionally, it is difficult to observe the simultaneous effect
of factors that influence a response, which requires additional
experiments. With the traditional methods, one parameter is
changed, while others are kept at a constant level [15, 16].
Response Surface Methodology (RSM) is the most satisfying
optimization method used by researchers recently with
various technologies. This method contains a collection of
mathematical and statistical techniques that are beneficial for
developing, optimizing, and improving processes. RSM can
determine the influence of independent factors either
individually or in combination with a process and is able to
decrease the number of experiments necessary to analyze the
process statistically for a range of factors [17]. RSM basically
creates a mathematical model based on the results obtained
from experimental data. It is a strong optimization tool which
optimizes process conditions [14, 18]. Central composite
design (CCD) in RSM with the help of Design Expert Version
7.0 (Stat Ease, USA) was used for this purpose. The statistical
design can help to clarify the interaction of the various factors
and define the optimum condition of the factors for
biosorption/ adsorption [19]. CCD is optimal for sequential
trials and provides an adequate amount of data for testing lack
of fit while not confusing uncommonly large number of
design points.

Due to the serious harmful effects of water contamination by
heavy metals, there is an urgent need to find effective methods
to eliminate such contamination. This study aimed to
determine the optimum conditions for Pb(ll) adsorption by
NaOH treated Polyporus squamosus, a novel biosorbent, from
aqueous solutions. For this purpose, naturally abundant and
low cost Polyporus squamosus was modified with NaOH to
enhancement adsorption affinity for Pb(ll) ions compared to
pure Polyporus squamosus. The effect of independent
variables (initial Pb(ll) concentration (Co,, mg/L), pH,
temperature (°C) and biosorbent amount (g)) were examined
and optimized using central composite design (CCD). RSM, a
statistical and mathematical method used to optimize the
biosorption conditions, offers many advantages in terms of
time and cost. Also, it supplies more data, tables, and diagrams
with very few experiments.

2. Materials and methods

2.1 Materials
2.1.1 Raw biosorbent

Natural P. Squamosus fungi ((Huds.) Fr.) was collected from
the Yiksekova area in Eastern Turkey. P. Squamosus fungi
were washed with deionized water to remove impurities
before use as biosorbent. The biomass was then dried at 60 °C
and ground with a mill. It was sieved to select particles of 125
pum size and then stored in a desiccator to be treated with
NaOH on the surface.

2.1.2 Chemical modification of P. Squamosus biosorbent

For the modification process, a certain amount of the P.
Squamosus powder prepared previously was weighed (50 g)
and treated with 500 mL of 0.1 M sodium hydroxide (NaOH)
solution overnight. Then the slurry was filtered and washed
with distilled water. The residues were then dried at 90 °C
overnight and used for adsorption experiments.

2.1.3. Pb(Il) biosorption experiment

Stock solution of Pb(Il) was prepared by dissolving a certain
amount of analytical grade Pb(NO3), (purity > 99, Sigma-
Aldrich) in deionized water. The initial solution pH was set by
using 0.1M NaOH and HNOj3; solutions previously available
for this purpose. All tests were performed in Erlenmeyer
flasks containing 100 mL of Pb (IlI) solution with a
temperature-controlled  magnetic  stirrer.  Biosorption
experiments were completed under different conditions
including initial concentration (Co, 10-100 mg/L), initial pH
(2-7.5), temperature (20-50 °C) and biomass amount (0.05-
0.4 g). Samples taken after the desired contact period were
filtered with a filter paper (Whatman No. 42) to remove the
biosorbent. After biosorption for all solutions, the
concentration of un-biosorbed Pb(ll) in residual solutions
were determined by utilizing an Atomic Absorption
Spectrometer (AAS) (THERMO Solar AA  Series
spectrometer, USA). The removal percentages and adsorption
amounts were calculated using Egs. 1 and 2, respectively.

% Biosorption =(C°C;Ce)x100 1)
_(Ci-Ce) V )
e W

where, ge is the Pb(11) biosorption capacity (mg/g), Ci is initial
and Ce is equilibrium concentration (mg/L), respectively, W
is the biosorbent amount (g) and V is the volume of the
solution (L).

2.1.4 Experimental design for biosorption studies

Four independent parameters (C,, initial pH, temperature and
biomass amount) were determined for the biosorption
optimization of Pb(Il) with NaOH-modified P. Squamosus.
The relationship between these independent parameters and
response was determined using CCD in the RSM. The total
number of experiments (N) was determined by Eq. 3. Four
independent parameters were designed with 3 coded values (-
1, 0, +1). The actual levels and ranges are given in Table 1.
The obtained experimental data were subjected to the
following quadratic model to estimate the response (Eqg. 4).

N=2+2k+6 )
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4 4 4 4
Yp ::B0+i;Lﬁixi +El/3iixi2+|§1 j§+1 XX j (4)
where, k is the number of independent parameters, y, is the
response, fo is constant, S is linear, gii is quadratic, and i is
interaction coefficients. x; (i=1-4) are the independent
parameters.

Table 1. Levels of parameters for CCD experiments.

Coded and un-coded

values
Independent Unit  Coded -1 0 +1
parameters
Initial conc. (Co) mg/L X1 10 55 100
Initial pH X2 2 475 75
Temperature (T) °C X3 20 35 50
Biomass amount (m) g Xa 0.05 0.225 0.40

Table 2. Experimental response for CCD of Pb(ll) ion removal.

3. Results and discussion

3.1. RSM modelling and ANOVA analysis

The effect of independent parameters (C,, initial pH,
temperature, and biomass amount) on the biosorption amount
was examined and optimized in a batch system. The purpose
of optimization with CCD is to determine the interaction
between parameters affecting the response with fewer
experiments and thus to easily assign the optimum values of
the parameters. For the optimization of Pb(Il) biosorption, 30
batch experiments were performed and the obtained responses
(amount of biosorption) are given in Table 2. Second-order
regression models (with and without code) obtained from
CCD for Pb (I1) biosorption are given in Egs. 4 and 5.

Biosorbed Pb(11)

Biosorbed Pb(l1)

Run X1 X2 X3 X4 amount (mg/qg) amount (mg/g) ¢ (Predicted-Observed)
(Observed) (Predicted)
1 10 (-1) 2(-1) 50(+1) 0.05(-1) 1.42 0.889 -0.531
2 10 (-1) 2(-1) 20(1) 04(+1) 0.129 0.588 0.459
3 55(0) 75(+1) 35(0) 0.225(0) 23.62 24.962 1.342
4 55(0) 4.75(0) 35(0) 0.225(0) 23.15 21.201 -1.949
5 55(0) 4.75(0) 20(-1) 0.225(0) 23.24 21.834 -1.405
6 100(+1) 2(-1) 50(+1) 0.05(1) 1.243 1.643 0.401
7 100 (+1) 7.5(+1) 50(+1) 0.05(-1) 16.75 18.201 1.459
8 10 (-1) 2(-1) 20(1) 0.05(1) 3.68 2.791 -0.889
9 55(0) 4.75(00) 35(0) 0.225(0) 23.15 23.788 0.638
10 10 (-1) 2(-1) 50(+1) 0.4 (+1) 3.48 2.272 -1.207
11 100(+1) 2(1) 20(1) 0.05(1) 1.432 1.284 -0.147
12 55(0) 4.75(0) 35(0) 0.225(0) 23.09 24.244 1.154
13 10(-1) 75(+1) 20 (-1) 0.05(-1) 18.62 20.822 2.203
14 100(+1) 2(1) 50(+1) 0.4(+1) 2.451 0.857 -1.593
15 10(-1) 475(@0) 35(0) 0.225(0) 9.74 9.029 -0.710
16 55(0) 4.75(0) 35(0) 0.225(0) 23.52 24.303 0.783
17 100 (+1) 75(+1) 50(+1) 0.4 (+1) 13.681 -2.318
18 10(-1) 75(+1) 20(1) 0.4(+1) 2.29 4.604 2.314
19 100(+1) 2(1) 20(1) 0.4(+1) 1.76 2.605 0.845
20 100(+1) 4.75(0) 35(0) 0.225(0) 23.08 22.230 -0.849
21 10(-1) 7.5(+1) 50(+1) 0.4 (+1) 2.287 2.483 0.196
22 55 (0) 4.75(0) 35(0) 0.05(-1) 21.45 21.248 -0.201
23 100(+1) 7.5(+1) 20(-1) 0.05(-1) 14.74 15.647 0.907
24 55(0) 4.75(0) 50(+1) 0.225(0) 22.84 21.928 -0.911
25 55(0) 4.75(0) 35(0) 0.225(0) 23.01 23.023 0.013
26 55(0) 4.75(0) 35(0) 0.225(0) 22.78 22.793 0.013
27 10(-1) 75(+1) 50(+1) 0.05(-1) 18.34 18.332 -0.008
28 55 (0) 2(-1) 35(0) 0.225(0) 16.57 16.716 0.146
29 55(0) 4.75(0) 35(0) 0.4 (+1) 13.05 13.013 -0.036
30 100(+1) 7.5(+1) 20(-1) 0.4(+1) 14.880 -0.119
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Biosorbed Amount (mg/ g)(uncoded) = -11.15221 + 0.27816 C¢ | +5.98277 [pH] - 0.017148[T]

+73.25179[m] + 0.011503[ Cq |[pH] + 2.50370 E- 004[ Cq |[T] +0.27714[ Cq |[m] +1.71818 E- 003 [pH][T] (4)

-4.27506 [pH][m] +0.13710[T][m] - 3.30759 E- 003[00]2 - 0.39839[pH]2 - 3.01598 E- 004 [T]2 - 191.27705[m]2

Biosorbed Amount (mg/g)(coded) = +23.11+1.80[ X1 | +5.30 X7 |+0.22[ X3]-2.29 X4 | +1.42[ X1X2 | +0.17[ X1X3]

(5)

+2.18[x1x4]+o.o71[x2x3]-2.06[x2x4]+0.36[x3x4}-6.7o[x1]2 -3.01[x2]2 -0.068[x3]2 -5.86[x4]2

Analysis of variance (ANOVA) was used to verify the
significance of the second-order regression model obtained.
ANOVA for regression parameters of the quadratic model
obtained from CCD for the biosorption of Pb (I1) on NaOH-
P. squamosus is presented in Table 3. The prob > F (>0.0001)
value shows that the second-order quadratic model is
significant. The high value of the coefficient of determination
(R? = 0.947) indicates that 94.7% of the variability in the

response is explained by the model [20]. p-value was
employed to identify the significance of terms, which are
considered as significant to the predicted response when
p <0.05. From the ANOVA result, X1, X2, X4 (linear terms),
X1X4, X2X4 (interaction terms), X2, and X4 (quadratic terms)
were significant (p <0.05) for the predicted response. The
other terms in Table 3 have little effect on the model equation,
but even these effects are important [21].

Table 3. Analysis of variance regression model for Pb(l1) biosorption by using NaOH-modified Polyporus squamosus.

Sum of Mean F p-value
Source Squares df Square Value Prob > F
Model 2287.220939 14 163.3729242  19.05933073  <0.0001
Xi-Initial conc. 58.57227222 1 58.57227222  6.833129256  0.0195
X2-pH 506.4895736 1 506.4895736  59.08783443 < 0.0001
Xs-Temperature 0.853688889 1 0.853688889  0.099592628  0.7567
X4-Biomass Amount 94.43044356 1 9443044356  11.01639739  0.0047
X1X3 32.421636 1 32.421636 3.782356755  0.0708
X1 X3 0.456976 1 0.456976 0.053311507  0.8205
X1X4 76.2129 1 76.2129 8.89111139 0.0093
X2 X3 0.08037225 1 0.08037225 0.009376347  0.9241
X2X4 67.72467025 1 67.72467025  7.900861758  0.0132
X3X4 2.07216025 1 2.07216025 0.241741327  0.6301
X12 116.2316119 1 116.2316119  13.55975443  0.0022
X2? 23.51851937 1 23.51851937  2.743705796  0.1184
X3? 0.01193096 1 0.01193096 0.001391884  0.9707
X4? 88.90580096 1 88.90580096  10.37188428  0.0057

Figure 1a shows normal % probability versus residuals. The
normal probability plot is a graphical technique to identify

whether or not a data set is approximately normally
distributed. Since the points on the graph are observed as a

RRRVASN MANAS Journal of Engineering, Volume 9 (Special Issue 1) © 2021

www.journals.manas.edu.kg



http://www.journals.manas.edu.kg/

S. Yilmaz, U. Ecer, T. Sahan | MANAS Journal of Engineering 9 (2021) 1-9 5

straight line, it can be concluded that the residuals are
normally distributed and data transformation is not required.
For this reason, it was concluded that the estimation of the
experimental data obtained from the second-order model was
quite significant [22]. Generally, it is important to check that
the proposed model provides an adequate approach to the
actual system. If the recommended model does not show
sufficient fit, examination, and optimization of the fitted
response surface is likely to give misleading results. Residuals
play a significant role in evaluating model adequacy. Figure
1b shows that the residuals were randomly distributed
between = 3. It can be concluded that the results obtained are
compatible with the experimental data estimated using the
quadratic equation.
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Figure 1 a) Validation of the prediction of Ph(ll) biosorption
residuals versus normal % probability and b) Residuals versus
predicted values.

3.2. Effects of process variables on biosorption capacity

Initial pH and Co play a significant role in the biosorption
process of heavy metal ions (Figure 2). In this work, the

biosorption of Pb(I1) ions on NaOH-P. squamosus was studied
at different pH levels ranging from 2.0 to 7.5. Removal of Pb
(11) ions increased by increasing initial pH from 2.0 to 6.0
(Figure 2a). With the initially increasing pH, the active
binding sites on the surface of NaOH-P. squamosus become
negatively charged and electrostatic attraction occurs between
the positively-charged Pb (Il) ions and these negatively-
charged groups. This conclusion can be demonstrated as the
reason for the increase in Pb(Il) adsorption. When the initial
pH was approximately 6.5, more than 90% of the Pb(ll) ions
in solution were biosorbed by NaOH-P. squamosus. The
decrease in Pb (I1) biosorption at increasing initial pH values
can be attributed to the separation of functional groups on
NaOH-P. squamosus and the change in surface charge. One
of the most significant reasons for this is that Pb(ll) ions can
precipitate as Pb(OH), solid that does not dissolve at high pH
[18]. The solution pH not only affects the charges on the
adsorbent surface but also affects the ionization of the solute
or inhibits ions. Therefore, initial metal solution pH values
that are too high should be avoided as they may cause the
precipitation of metal complexes and interfere with the
separation between adsorption and precipitation [23, 24].

Adsorption experiments were conducted for various Pb(ll)
concentrations ranging from 10 to 100 mg/L using NaOH-P.
squamosus to study the influence of C, on biosorption. The
results given in Figure 2a show that Pb(Il) biosorption
increased with rising C,. The biosorption capacity of NaOH-
P. squamosus quickly increased by increasing C, from 10 to
55 mg/L while no change was recorded at higher initial Pb(ll)
concentrations and a maximum level was approximately
reached at 60.0 mg/L. These results show that the pores of
NaOH-P. squamosus were completely full after a particular
period and after that, increasing the metal concentration didn’t
have a significant effect on biosorption of Pb(ll) ions [25, 26].
In addition, the rapid adsorption in the first stage may be due
to the presence of a larger surface area, but the adsorption rate
decreases due to the occupation of surface areas after
adsorption begins [27].
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Figure 2. Simultaneous effects of a) initial concentration (Co)
and initial pH and b) temperature and biomass dosage on Ph(ll)
biosorption

The biomass amount is another important parameter, which
influences the extent of removal from the solution, and so the
effect as shown in Figure 2b. The increase in the dosage of the
adsorbent is very effective in heavy metal adsorption. Results
obtained from this study describe the adsorption of Pb(Il)
which increases rapidly when the dose of NaOH-P.
squamosus powder is increased from 0.04 to 0.5 g; further
explained by the large availability of surface area at higher
concentrations of adsorbent. This study showed that the
optimum biosorbent dose required for maximum adsorption
was 0.22 g. Above the optimum amount, the removal
efficiency did not change with increasing biomass amount. As
expected, the adsorption yield increased by increasing the
biomass amount for a given Co, because, for constant Co,
increasing biomass amount supplies a larger surface area or
more biosorption sites. On the other hand, when the biomass
amount increased, the amount adsorbed per unit mass of
biosorbent decreased. The reduction in biosorption capacity
with a rise in the biomass amount is substantially due to the
increase in free biosorption sites for the biosorption reaction
[28, 29].

One of the important parameters in biosorption processes is
temperature. According to the biosorption theory, adsorption
is reduced as molecules adsorbed on the surface at high
temperatures tend to desorb from the surface [30]. This work
was carried out over a temperature range of 20 °C to 50 °C.
The optimum temperature was found to be 20 °C, as shown in
Figure 2b. The results obtained show that the increased
temperature had an adverse effect on the biosorption capacity.
Based on that fact, one may say that Pb(ll) biosorption by
NaOH-P. squamosus is an exothermic process [10, 31].

3.3. Determination of Optimum Biosorption Conditions

For the optimization procedure, the numerical optimization
operation in RSM was used to determine optimum conditions
for Pb(ll) biosorption onto NaOH-P. squamosus. With
numerical optimization, the optimum values for the response

and independent parameters can be identified. For this, each
parameter can be selected in the target, minimum, maximum,
or range in order to achieve an optimal output for a set of
conditions. The main goal to be achieved in the optimization
process is to determine the optimum points of the parameters
that affect Pb (1) removal by NaOH-P. squamosus. While the
response was selected as "maximize" to reach the highest
value, the independent variables were arranged according to
the entire studied range. The optimum values were determined
as 60.76 mg/L, 6.3, 25 °C, and 0.23 g for Co, pH, T (°C), and
biomass dosage (g), respectively, and these values were
confirmed by obtained data. Under these optimum conditions,
the maximum biosorbed Pb(I1) amount was found to be 25.68
mg/g and biosorption yield was calculated to be 97.23%. To
confirm the validity of the proposed model equation for Pb(Il)
biosorption by NaOH-P. squamosus, several tests were made
with the optimum conditions obtained by the program. Based
on the experimental results, biosorbed Pb(Il) amount was
obtained to be 24.39 mg/g, indicating that this result was fairly
close to the predicted value obtained by the model at the
optimum points.

The comparison between the biological material we used and
some materials used in the literature is shown in Table 4. It
can be said that NaOH-P. squamosus is a natural biosorbent
with  higher sorption capability than some other
biosorbents/adsorbents. In addition, NaOH-P. squamosus
waste does not pollute the environment after the biosorption
process. Due to these properties, it is a biosorbent with high
potential to remove heavy metals from aqueous environments.
In order to understand the importance of the modification
process, experiments were carried out using pure P.
squamosus under the optimum conditions obtained. Under
these conditions, the maximum amount of biosorbed Pb(ll)
was 12.68 mg/g. In addition, the biosorption efficiency was
calculated as 67.23%. These results show that NaOH-
modified P. squamosus significantly increased the removal of
Pb(ll) ions.

Table 4. Comparison of biosorption capacity of NaOH-P.
squamosus for Pb(ll) ions with different biosorbents/adsorbents

Pb(I1)
0,
Biosorbent / A)Pb(.l Y adsorption /

adsorption / - - Ref.
Adsorbent bi . biosorption

iosorption
amount

P. squamosus 89.4 13.65 [10]
Activated carbon
prepared from 96 26.5 [32]
coconut shell
Litchi pericarp 99.97 163.93 [33]
Banana peels 85.3 2.18 [7]
Pumice 88.49 7.46 [34]
MWCNTSs 75.3 91 [35]
Oryza sativa L.
husk 98.11 8.60 [36]
NaOH-P. 9723 25 68 This
squamosus work
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4, Conclusions

In this study, the effects of the initial conc.(C,), initial pH,
temperature and biomass amount on removal were
investigated using CCD in RSM for biosorption of Pb(Il) from
wastewater on NaOH-P. squamosus. The results indicated a
high correlation among the predicted and experimental values.
With the quadratic model obtained from CCD, the optimum
biosorption conditions were determined as initial Pb(Il)
concentration 60.76 mg/L, initial pH 6.3, temperature 25 °C
and biomass amount 0.23 g. At these optimum conditions, the
optimum biosorbed Pb(Il) amount and biosorption yield were
found to be 25.68 mg/g and 97.23%, respectively. In addition,
the adsorption capacity of P. squamosus modified with NaOH
increased significantly compared to pure P. squamosus.
Accordingly, the present results indicate that NaOH-P.
squamosus is a green technology can be used for the
biosorption of heavy metals from wastewater.
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