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bstract

Response surface methodology was applied to optimize the removal of lead ion by Aspergillus niger in an aqueous solution. Experiments
ere conducted based on a rotatable central composite design (CCD) and analyzed using response surface methodology (RSM). The biosorption
rocess was investigated as a function of three independent factors viz. initial solution pH (2.8–7.2), initial lead concentration (8–30 mg/l) and
iomass dosage (1.6–6 g/l). The optimum conditions for the lead biosorption were found to be 3.44, 19.28 mg/l and 3.74 g/l, respectively, for
nitial solution pH, initial lead ion concentration and biomass dosage. Lead biosorption capacity on dead A. niger fungal biomass was enhanced by
retreatment using NaOH. Under these conditions, maximum biosorption capacity of the biomass for removal of lead ions was obtained to 96.21%.

he desirability function was used to evaluate all the factors and response in the biosorption experiments in order to find an optimum point where

he desired conditions could be obtained. The A. niger particles with clean surface and high porosity may have application as biosorbent for heavy
etal removal from wastewater effluents.
2007 Elsevier B.V. All rights reserved.
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. Introduction

Heavy metal pollution has become one of the serious environ-
ental problems of worldwide concern. Heavy metals released

nto the environment have been increased continuously as a
esult of the rapid development of various industrial activities
nd technologies, posing a significant threat to the environment
nd public health because of their toxicity, bioaccumulation and
ioaugmentation in the food chain and persistence in nature
1]. The heavy metals like lead, mercury, copper, cadmium,
inc, nickel, chromium are among the most common pollu-

ants found in industrial effluents which cause serious threat
o environment, animals and human for their extreme toxic-
ty [1,2]. These metals have been harmful to the environment

∗ Corresponding author. Tel.: +98 122 625 3101 3; fax: +98 122 625 3499.
E-mail addresses: hunesi@modares.ac.ir, hunesi@yahoo.com (H. Younesi).
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lity function

s their concentrations reach a certain level. Among aforemen-
ioned heavy metals, lead is extremely toxic to organisms even
t low concentration and can damage to the nervous system,
astrointestinal track, encephalopathy with permanent damage,
idneys and reproductive system, particularly in children [3].
any industrial such as mining and smelting metalliferous, sur-

ace finishing industry, energy and fuel production, fertilizer and
esticide industry, electroplating, electrolysis, electro-osmosis,
oating and metal surface finishing, automotive, aeronautical
nd steel industrial, atomic energy installation, leatherworking,
hotography, electric appliance manufacturing discharge large
uantities of wastewater containing various concentrations of
eavy metals into the environment increasingly [4,5]. These con-
entrations are usually too low to be treated by standard methods

6]. Some studies indicated that moderate lead poisoning can
esult in neurobehavioral and intelligence deficits [7,8].

The removal and recovery of heavy metals is important from
he point of resource recovery as metals are non-renewable [9].

mailto:hunesi@modares.ac.ir
mailto:hunesi@yahoo.com
dx.doi.org/10.1016/j.jhazmat.2007.10.114


rdous

I
i
w
i
p
c
C
n
c
a
s
n
t
g
d
a
c

t
a
p
i
w
r
p
fl
1
i
a
[

l
i
m
b
a
t
b
m
p
o
p
h
[
r
h
p
A
m
p
a
t
l
o
f

m

e
R
o
m
t
i
i
[

e
c
o
s
i
1
e

o
b
t
D
fi
o

2

2

v
f
a
g
2
b
f
t
f
a

2

a
s
o
i
p
s
f
e
a
f

M. Amini et al. / Journal of Haza

t therefore is regulated by many countries that the heavy metal
ons must be treated to certain levels before their discharges into
atercourses [8]. There are conventional methods for remov-

ng of heavy metals from aqueous solution such as chemical
recipitation, membrane technologies, ion exchange, electro-
hemical treatment and adsorption on activated carbon [8,9].
onventional treatment processes for industrial effluents are
either effective nor economical. Nevertheless, chemical pre-
ipitation of heavy metals produces large amount of sludge
nd is ineffective, when metals ion concentration in aqueous
olution are as low as 100 mg/l [5]. Solvent extraction tech-
iques are not suitable for effluents containing less than 1 g/l of
argeted heavy metals [10]. Ion exchange, membrane technolo-
ies, activated carbon adsorption processes are too expensive
ue to the high cost of synthetic resins [10] and when large
mount of water and wastewater containing heavy metal in low
oncentration [5].

The following reviews present a report of the performance of
he above-mentioned methods to remove lead. Lead removal by
new ligand (benzenediamidoethanethiol) resulted 99.9% at a
H of 4.0 and initial lead concentration of 50 mg/l in a chem-
cal precipitation process [11]. Lead hydroxide co-precipitated
ith alum sludge (180 mg/l dose) at pH of 11.0 led to 98% lead

emoval in a coagulation process [12]. Separation of lead by
otato starch and dextrins resulted 83% removal at pH 8.2 of
otation [13]. A maximum lead removal by bentonite reached
00% at ambient temperature and 100 rpm agitation speed in an
on exchanged process [14]. Lead removal of 99.5% obtained
fter 5 min contact time by using emulsion liquid membrane
15].

A considerable alternative process is biosorption because of
ow cost and good performance [16,17], which utilizes the abil-
ty of various biological materials to bind and sequester heavy

etals from aqueous solutions [18]. Biosorption processes are
ased in the ability of a microorganism to adsorb a metal in
n aqueous solution by several physical–chemical processes
hrough the cell’s wall; this process does not always involve
iomass metabolism, and that is why it does not matter if the
icroorganisms are dead or alive for the development of such

rocesses [19,20]. A variety of natural materials of biological
rigin including bacteria, fungi [21,22], algae, mosses, macro-
hytes and higher plants [23] can decrease the concentration of
eavy metal ions from aqueous solution from ppt to ppb level
24,25]. Different from of inexpensive non-living plant mate-
ial such as rice husk, sawdust, and pine bark and canola meal
ave been widely and Scots pine cones newly investigated as
otential biosorbents for heavy metals [25,26]. Biosorption by
spergillus niger has been identified for its potential to remove
etals due to its availability from various industrial fermentation

rocesses [27]. Kapoor and Viraraghavan [28,29] and Kapoor et
l. [30] performed experiments with raw and pretreated A. niger
o determine the effectiveness of the biomass for removal of
ead, cadmium, copper and nickel. They showed that the vari-

us functional groups in the cell wall of A. niger are responsible
or biosorption.

Response surface methodology (RSM) is a collection of
athematical and statistical techniques useful for analyzing the

(
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v
b
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ffects of several independent variables on the response [31].
SM has an important application in the process design and
ptimization as well as the improvement of existing design. This
ethodology is more practical compared to the approaches men-

ioned above as it arises from experimental methodology which
ncludes interactive effects among the variables and, eventually,
t depicts the overall effects of the parameters on the process
32].

In the last few years, RSM has been applied to optimize and
valuate interactive effects of independent factors in numerous
hemical and biochemical processes. Response surface method-
logy was applied to optimize nickel (Ni(II)) removal by Pinus
ylvestris [33]. The optimum pH, biomass concentration and
nitial Ni ion concentration were found to be 6.17, 18.8 g/l and
1.18 mg/l, respectively. Under these conditions, the removal
fficiency of Ni ion was 99.91%.

The objective of the present research was to study the effect
f initial lead concentration, pH and biomass concentration on
iosorption of lead using A. niger biomass. Optimum condi-
ions for elimination of Pb(II) was determined with RSM under
ESIGN EXPERT software. The main aim of this work was to
nd the biosorption characteristics of A. niger for the removal
f lead ions in a aqueous solution.

. Materials and method

.1. Biomass

A. niger (DSMZ 823) that obtained from Deutsche Sammlung
on Mikroorganismen und Zellkulturen (DSMZ) in the form of
reeze dry was used. Then it was cultured in sterilized medium
nd maintained in nutrient agar at 4 ◦C. The composition of
rowth medium was (grams per liter): sucrose, 50; NH4NO3,
; KH2PO4, 0.15; MgSO4, 0.15. The medium was sterilized
y autoclaving at a pressure 1.5 atm and temperature of 121 ◦C
or 20 min. Temperature and pH of growth medium were respec-
ively ambient temperature (30 ◦C) and 5.5 without shaking. The
ungus cells were grown for 5 days (end of exponential phase)
nd then filtered (0.45 �m pore size).

.2. Preparation of biomass

Fungus biomass was deactivated by heating in an autoclave
t 121 ◦C for 15 min [34,35]. The drying fungus was ground and
creened through a set of sieve with 100 mesh. The pretreatment
f the biosorbent was carried with non-viable of fungus cells
nto 0.5N sodium hydroxide solution for 20 min at boiling tem-
erature. Then it was centrifuged at 4000 rpm for 10 min and the
upernatant was discharged. Then the sodium hydroxide-washed
ungus was rinsed several times with deionized water to remove
xcess NaOH and adsorbed nutrient ions. The rinsed fungus is
gain centrifuged and the remaining biomass was dried at 50 ◦C
or 24 h [36]. It is important to note that yield of the adsorbent

treated A. niger) in terms of percentage of original biomass
uantity taken was about 40% while the ion exchange capacity
alues (qm, mg/g) of the untreated and NaOH-treated A. niger
iomass were increased from 1.45 to 6.78 mg Pb2+/g, respec-
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Table 1
Partial composition of Aspergillus niger

Component A. niger (%)

Moisture 96.12
Dry content 2.55
Ash 1.33
Total nitrogen 3.23
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rude protein 20.2

ively. The dried cells ground and screened according mention
bove. This was produced a uniform material which was stocked
n the refrigerator.

.3. Scanning electron microscope (SEM)

SEM was used to study the outer surface, microporosity and
ores size of the non-viable A. niger after treatment by NaOH.
he samples were dried, coated with gold and observed with a

Phillips XL30, Holland) microscope. Finally, the samples were
nalyzed under SEM at 2000× magnification [33,37].

.4. Analytical methods

Protein and total nitrogen contents of unviable cells were ana-
yzed by Kjeldahl determination (2300 Kjettec Analyzer Unit,
oss Tecator, Sweden). The moisture and ash content of unviable
ell was determined by method according to standard method
38]. The characteristics and composition of A. niger is given
n Table 1. The concentrations of residual lead(II) ions in the
upernatant solutions were determined using atomic absorption
pectrophotometer (Philips, PU9400, USA). Each determination
as repeated three times and the results given were the average
alues. The deviation was less than 5%.

The chemical used for this study was analytical grades of
ead nitrate (Pb(NO3)2) supplied by Riedel-de Häen (Germany).

stock lead nitrate solution of 1000 mg/l was prepared by
issolving 1.5980 g of lead nitrate in a 1000 ml of deionized
ater. The solution was diluted for different lead(II) concentra-

ion as required working solutions. The initial pH of working
olution was adjusted by addition of 1N H2SO4 and 1N NaOH
olutions.

.5. Lead adsorption studies

Twenty batch adsorption experiments designed by RSM were
onducted at the equilibrium time of 240 min, agitation speed
f 200 rpm and experimental temperature of 30 ◦C to study
he effect of solution pH, initial lead ion concentration and
he dosage of biomass on lead removal. Each experiment was
arried out in Erlenmeyer flasks containing 100 ml lead(II) solu-
ion by shaking the flasks at 120 rpm for period contact time

f 1440 min. Samples were withdrawn at pre-determined time
ntervals (2, 5, 15, 30, 60, 90, 120 and 1440 min) and filtered
hrough 0.25 �m filters. Filtered samples were analyzed for
esidual lead ion concentration. Metal removal by A. niger was
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etermined as according Eq. (1):

= P0 − Pe

P0
× 100 (1)

here R is the percentage of lead adsorbed by biomass in per-
entage, Po is the initial concentration of metal ion in mg/l and
e is the final concentration of metal ion in mg/L [36].

.6. Experimental and optimization of biosorption

Optimum condition for the biosorption of lead by A. niger
as determined by means of central composite design (CCD)

nd response surface methodology (RSM). The RSM consists
f a group of empirical techniques devoted to the evaluation
f relationship existing between a cluster of controlled experi-
ental factors and measured responses according to one or more

elected criteria. Optimization studies were carried out by study-
ng the effect of three variables including A. niger doses, initial
ead ion concentrations and pH of solutions [39–41]. The chosen
ndependent variables used in this study were coded according
o Eq. (2):

i = Xi − X0

�X
(2)

here xi is the dimensionless coded value of the ith indepen-
ent variable, X0 is the value of Xi at the center point and �X
s the step change value. The behavior of system is explained
y the following empirical second-order polynomial model
q. (3):

= β0 +
k∑

i=1

βixi +
k∑

i=1

βiix
2
i +

k−1∑

i=1

k∑

j=2

βijxixj + ε (3)

here Y is the predicted response, xi, xj, . . ., xk are the input
ariables, which affect the response Y, x2

i , x2
j , . . ., x2

k are the
quare effects, xixj, xixk and xjxk are the interaction effects, β0
s the intercept term, βi (i = 1, 2, . . ., k) is the linear effect,
ii (i = 1, 2, . . ., k) is the squared effect, βij (i = 1, 2, . . ., k;
= 1, 2, . . ., k) is the interaction effect and ε is a random error
36,42,43].

The DESIGN EXPERT 6.07 (Stat-Ease Inc., Minneapolis,
N, USA) software was used for regression and graphical anal-

sis of the obtained data. The central composite design (CCD) is
he most frequently used under RSM design. The study carried
ut involved the employment of central composite design to opti-
ize the biosorption process due to it’s suitability to fit quadratic

urface which usually works well for process optimization. A
esign of 20 experiments was formulated for three factorial
23) designs and six replicates at the central points, six star
oints were employed to the second-order polynomial model.
he optimum values of the selected variables were obtained by
olving the regression equation at desired values of the process

esponses as the optimization criteria. Each of the parameters
as coded at five levels: −α, −1, 0, +1 and +α. The range
f variables was decided on the basis of literature reports for
eavy metals biosorption by A. niger [36]. The range and level
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Table 2
Experimental ranges and levels of the independent variables

Independent variables Range and level

−α −1 0 +1 +α

pH (X1) 1.3 2.8 5 7.2 8.7
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nitial lead ion concentration, mg/l (X2) 0.5 8 19 30 37.5
. niger dosage, g/l (X2) 0.1 1.6 3.8 6 7.5

f the variable in coded units from RSM studies are given in
able 2.

. Results and discussion

.1. Effect of biomass pretreatment on the lead ion removal

Adsorption capacity increased in alkaline pretreated biomass
22,44,45]. There are three hypotheses that justifying the
mproved adsorption capacity, which are (1) increase in the
umber of available sites for metal ions, (2) the high degree
f deprotonation of the binding groups, and (3) the subsequent
lkalinization of the environment [7,22,44]. Akar et al. [46] and
ampedro et al. [45] found a dependence biosorption of the
b(II) uptake capacity by Phomidium laminosum and Botrytis
inerea with NaOH pretreatment method. However, it has been
eported that the maximum metal uptake (qm, mg/g) values of
reated and untreated A. niger biomass were found to be 2.25
nd 7.42 mg/g for Pb2+, respectively.
Fig. 1 shows a general structure of scanning electron micro-
cope (SEM) of non-viable A. niger used in this study. SEM
mages of the untreated biomass, NaOH-treated biomass and
ead-loaded biomass did not show any significant changes on

w
u
s

able 3
xperimental design based on central composite design (CCD) used in this study

un no. Independent values

Coded values Real values

1 −1 −1 −1 2.8
2 +1 −1 −1 7.2
3 −1 1 −1 2.8
4 +1 +1 −1 7.2
5 −1 −1 +1 2.8
6 +1 −1 +1 7.2
7 −1 1 +1 2.8
8 +1 +1 +1 7.2
9 −α 0 0 1.3
0 +α 0 0 8.7
1 0 −α 0 5
2 0 +α 0 5
3 0 0 −α 5
4 0 0 +α 5
5 0 0 0 5
6 0 0 0 5
7 0 0 0 5
8 0 0 0 5
9 0 0 0 5
0 0 0 0 5
Fig. 1. SEM micrograph of pretreated Aspergillus niger.

urface morphology. As can be seen in the figure, surface layer of
he treated A. niger exhibited microcavities and porous structure.
lternatively, SEM micrograph of the A. niger indicates that the

nner surface of the bioadsorbent is also seemed to have multi-
ayered walls available for the adsorption process. The active

icrosites distinguished on the surface layer of non-viable A.
iger may proceed faster the biosorption process [35,36]. The
ore size of the bioadsorbent was approximately 0.44–0.77 �m
s calculated from SEM analysis.

.2. Lead biosorption process
The coded and actual values of the test variables (Table 3) as
ell as lead removal percentage as the process response were
sed to optimize the process as presented in Table 4. Adsorption
olution pH influences both cell surface metal binding sites and

Categorical factor levels

8 1.6 Fractoinal 23−1 fractional factorial points
8 1.6

30 1.6
30 1.6

8 6
8 6

30 6
30 6
19 3.8 Star points (6 points)
19 3.8

0.5 3.8
37.5 3.8
19 0.1
19 7.5
19 3.8 Central points (6 points)
19 3.8
19 3.8
19 3.8
19 3.8
19 3.8
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Table 4
Obseved and predicted values

Run no. Observed values Predicted value Residual

1 66.71 65.79 0.92
2 93.63 89.67 3.96
3 34.53 32.67 1.86
4 87.33 89.67 −2.34
5 54.84 52.78 2.06
6 36.07 38.12 −2.05
7 96.21 98.05 −1.84
8 46.54 45.60 0.95
9 90.94 89.67 1.27

10 85.90 89.67 −3.78
11 88.06 89.67 −1.61
12 70.35 68.56 1.79
13 45.86 44.84 1.02
14 32.14 34.31 −2.16
15 41.58 43.38 −1.81
16 89.30 91.43 −2.13
17 92.86 89.67 3.18
18 12.00 13.92 −1.92
19 51.83 49.95 1.88
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etal chemistry in water. Functional groups such as weak acidic
arboxyl (R-COO−), phosphate and amino groups of cell wall
. niger constituents were observed to be responsible sites in
iosorption of heavy metals [47,48]. This indicated that adsorp-
ion mechanism of lead (Pb2+) by sorbent (i.e., A. niger) in
queous solution may take place via ion exchange mechanism.
n the ion exchange mechanism, Pb2+ binds to anionic active
ites by replacing two sodium ions (Na+) from anionic sits at
igh pH or two protons (H+) from acidic group at low pH [49].
owever, the amount of lead adsorption from aqueous solutions

s strongly influenced by the chemistry and surface morphology
f the sorbent.

Fig. 2a shows the simultaneous effect of initial solution pH
nd the initial concentration of Pb(II) in the aqueous solution
n lead removal efficiency. Pb(II) removal showed to be very
ensitive to changes in the solution pH. The removal capacity
f A. niger was sharply increased when the pH of the solution
ncreased from 2.8 to 5. The results showed that the maximum
emoval of lead ions was achieved at pH 5.07 whereas under
ighly acidic and moderate basic conditions little biosorption
as occurred. At highly acidic pH, the overall surface charge
n the active sites became positive and metal cations and pro-
ons compete for binding sites on cell wall, which results in
ower uptake of metal [30,48,50]. About 12% lead biosorp-
ion removal was obtained at pH 8.70. In this condition, lead
ons were precipitated in the form of Pb(OH)2. As can be seen,
nitial Pb concentration has little effect on the response. One
eason that could be given was that the range used for Pb con-
entration (8–30 mg/l) has not had a significant effect on the
esponse. At pH values above the isoelectric point, there is
net negative change on the cell surface and the ionic state
f ligands such as carboxyl, phosphate and amino groups will
e such that so as to promote reaction with metal ions, hence
he rapid binding efficiency was obtained [48]. Fig. 2b depicts

p
t
t
T
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he lead ion removal efficiency as a function of the A. niger
osage and the initial concentration of Pb(II) in the aqueous
olution. As mentioned earlier, Pb concentration showed a little
ffect while a remarkable effect of A. niger dosage is seen in
ig. 2b. This figure shows a reverse impact of A. niger dosage
n the response so that the increase in A. niger dosage brings
bout an increase in the response up to a concentration of 3.8 g/l
hile at the concentration larger than 3.8 g/l showed a decreas-

ng effect. Agglomeration of the biomass was a reason that
ould be given for the decrease in the removal efficiency at
igh concentration of biomass. However, the maximum removal
apacities of A. niger was determined 103 mg lead/g biomass,
nd the quantity of adsorbed biomass in this value and pH were
.76 and 3.44 g/l, respectively. Lead ion biosorption have also
ested by Penicillium chrysogenum and Rhizopus arrihzus in
n aqueous solution. Biosorption capacities of lead ion by P.
hrysogenum and R. arrihzus have reported to be, respectively,
16 and 104 mg Pb+2/g biomass [51,52]. The lead removal as a
unction of biomass dosage and initial solution pH is given in
ig. 2c. The results showed that pH was an important param-
ter affecting the biosorption of heavy metals. Conventional
sotherm study has been conducted to study the sorption of lead
sing NaOH-treated A. niger biomass [28,29]. Maximum lead
emoval capacity was obtained to 7.24 mg pb2+/g biomass (98%)
hich was comparable with the present study. Dursun [48] and
olan and Volesky [53] have observed that adsorption of lead

on on Rhizopus arrhizus showed a removal capacity of 8 mg
b2+/g. This means that the preference of lead sorption on A.
iger and R. arrhizus was observed to be similar. From the figure,
aximum removal efficiency (90.42%) was achieved at biomass

oncentration of 3.54 g/l and initial pH of 4.55, while lead con-
entration was 19 mg/l. These optimal conditions can be used
n wastewater for lead ion removal. This reason is due to influ-
nce of adsorption medium pH on the sorption capacity. This
eans that the initial pH of the adsorption medium is related

o the adsorption mechanisms onto the adsorbent surface from
ater and reflects the nature of the physicochemical interaction
f the species in solution and the adsorptive sites of adsorbent
43].

.3. Fitting the model

The statistical significance of the quadratic model was eval-
ated by the analysis of variance (ANOVA) as presented in
able 5. The results showed that this regression was statistically
ignificant at F value of 414.05 and values of prob > F (<0.0001).
he fit of the model was checked by the determination of coeffi-
ient (R2). In this case, the value of the determination coefficient
R2 = 0.9928) indicated that only 0.72% of the total variable was
ot explained by the model. The closer the R2 is to 1, the stronger
he model and the better it predicts the response. The value of
djusted determination coefficient (adjusted R2 = 0.9864) is also
igh, showing a high significance of the model. The value of

redicted R2 is also high to support for a high significance of
he model. The predicted R2 obtained 0.9695, indicating that
he model does not explain only 4.05% of the total variations.
his also revealed that predicted R2 of 0.9695 is in reasonable
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ig. 2. Response surface plots for the effect of (a) initial solution pH and initia
osage (g/l); (c) initial solution pH and biomass dosage (g/l) on the lead remov

greement with the adjusted R2 of 0.9864. At the same time, a

elatively low value of the coefficient of variation (CV = 4.78)
ndicates a good precision and reliability of the experiments
54,55]. The regression equation after the analysis of variances
ANOVA) gave the level of lead ion removal as a function of the

d
i
fi
i

able 5
nalysis of variance (ANOVA) for the response surface quadratic model

ource of variations Degrees of freedom Sum of squares

egression 9 12639.78
ain effects 3 286.37

quare effects 3 3999.77
nteraction effects 3 147.39
esidual 10 91.28

otal 19 12731.07

2, 0.9928; adjusted R2, 0.9864; predicted R2 0.9695; lack of fit, 41.61; CV, 4.78.
ion concentration (mg/l); (b) initial lead ion concentration (mg/l) and biomass
.

nitial lead ion concentration, initial solution pH and A. niger

osage. By applying multiple regression analysis on the exper-
mental data, the experimental results of the CCD design were
tted with a second-order full polynomial equation. The empir-

cal relationship between lead ion removal (Y) and the three test

Mean square F-Value Probability (p)

1404.42 153.85 <0.0001
286.37 31.37 0.015

3999.77 438.18 0.016
147.39 16.15 0.020

9.13
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Table 6
Regression analysis using the 23 factorial central composite design

Model term Coefficient estimate Standard error F-Value p-Value

Intercept +89.67 1.23
X1 −7.19 0.82 77.42 <0.0001
X2 −1.97 0.82 5.80 0.0368
X3 −2.70 0.82 10.90 0.0080
x2

1 −22.51 0.80 799.63 <0.0001
x2

2 +1.79 0.80 5.06 0.0482
x2

3 −17.97 0.80 509.84 <0.0001
x1x2 −3.07 1.07 8.28 0.0165
x1x3 +6.30 1.07 34.73 0.0002
x2x3 +2.49 1.07 5.43 0.0421
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1, x2 and x3 are the main effects; x2
1, x2

2 and x2
3 are the square effects; x1x2, x1x3

nd x2x3 are the interaction effects.

ariables in coded units obtained by the application of RSM is
iven by

= 89.67 − 7.19x1 − 1.97x2 − 2.70x3 − 22.51x2
1 + 1.79x2

2

− 17.97x2
3 − 3.07x1x2 + 6.30x1x3 + 2.49x1x3 (4)

here Y is lead ion removal (response) in percentage, x1, x2
nd x3 are the coded values of the tests variables, initial solu-
ion pH (x1), initial lead ion concentration (x2) in mg/l and A.
iger dosage (x3) in g/l. The ANOVA has conducted on for
econd-order response surface model and the results are given
n Table 6. The significant of each coefficient was determined
y F-values and p-values, which are listed in Table 6. The larger
he magnitude of the F-values and the smaller p-values, the

ore significant is the corresponding coefficients. Values of
prob > F” less than 0.0500 also indicate high significant regres-
ion at 95% confidence level. In this case, the first-order main
ffects, square effects and interaction effects of initial solution
H, initial lead ion concentration and biomass dosage were sig-
ificant model terms. However, the model F-value of 153.85 and
alues of prob > F(<0.0001) indicated that the model terms are
ignificant.

.4. Optimization using the desirability function

In the numerical optimization, we choose the desired goal for
ach factor and response from the menu. The possible goals are:
aximize, minimize, target, within range, none (for responses

nly) and set to an exact value (factors only). A minimum and a
aximum level must be provided for each parameter included.
weight can be assigned to each goal to adjust the shape of its

articular desirability function. The goals are combined into an
verall desirability function. Desirability is an objective func-
ion that ranges from zero outside of the limits to one at the
oal. The program seeks to maximize this function. The goal
eeking begins at a random starting point and proceeds up the
teepest slope to a maximum. There may be two or more max-

mums because of curvature in the response surfaces and their
ombination into the desirability function. By starting from sev-
ral points in the design space chances improve for finding the
best” local maximum. A multiple response method was applied

3
m
n
m

ig. 3. Desirability ramp for numerical optimization of four goals, namely the
nitial solution pH, initial lead ion concentration, biomass dosage and lead
emoval.

or optimization any combination of four goals, namely the ini-
ial solution pH, initial lead ion concentration, biomass dosage
nd lead removal. The numerical optimization found a point
hat maximizes the desirability function. A minimum level of
iomass dosage (1.6 g/l), maximum levels of initial lead ion
oncentration (30 mg/l) and lead removal (96.21%) and level
f initial solution pH within range of 2.8–7.2 were set for max-
mum desirability. The importance of each goal was changed
n relation to the other goals. Fig. 3 shows a ramp desirability
hat was generated from 10 optimum points via numerical opti-

ization. By seeking from 10 starting points in the response
urface changes, the best local maximum was found to be at
nitial solution pH 4.27, initial ion concentration of 30 mg/l,
. niger dosage of 2.17 g/l, lead removal of 82.3% and desir-
bility of 0.903. Whereas optimum capacity of A. niger was
.61 mg/g at pH value of 4.71 and 3.98 g biomass dosage. The
quilibrium time, agitation speed and temperature were 240 min,
00 rpm and 30 ◦C, respectively. The obtained value of desirabil-
ty (0.903) shows that the estimated function may represent the
xperimental model and desired conditions.

. Conclusion

The results of present studies show that A. niger biomass
reated with sodium hydroxide was an efficient biosorbent of
ead ion in a dilute solutions. Experiments were performed as
function of initial solution pH, initial lead ion concentration

nd initial biomass dosage. The obtained results showed that
. niger is good adsorbing medium for lead ion and had high
dsorption yields for the treatment of wastewater containing lead
ons. However, optimization of biosorption from aqueous solu-
ion by response surface methodology resulted in 96.21% lead
emoval than that of the pre-optimized condition. The level of the
hree variable, initial solution pH, 4.27; initial ion concentration,

0 mg/l; A. niger dosage, 2.17 g/l, were found to be optimum for
aximum lead ion removal. Scanning electron microscope of A.

iger (SEM) shows surface of the bioadsorbent seems to have
ulti-layered walls available for the biosorbent and micropores.
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ccording to these observations fungus biomass of A. niger is
suitable biosorbent for the removal of lead(II) from industrial
astewater.
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