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Abstract

valuables fungal protein.

The present investigation aimed to study and compare the efficiency of non-viable fungal isolates to remove divalent
lead (Pb(ll)) from aqueous streams. The selected fungal isolates showed identity with Aspergillus caespitosus, Aureoba-
sidium sp. RBSS-303 and Aspergillus flavus HF5 as confirmed using gene sequencing of ITS regions of the ribosomal
DNA (rDNA). The obtained equilibrium data for Pb(ll) biosorption of A. caespitosus fitted better to Langmuir isotherm
with maximum sorption capacity of 351.0 mg/g and A. sp. RBSS-303 and A. flavus HF5 showed good fit to Freundlich
isotherm with maximum sorption capacity of 271.5 and 346.3 mg/g respectively. The values of thermodynamic fac-
tors ascertained the nature of adsorption process is endothermic with A. caespitosus and A. flavus HF5 but exothermic
with A. sp. RBSS-303. The experimental data for Pb(ll) biosorption fits very well to pseudo second order kinetic model.
With HCl the maximum 85.5, 75.3, 73.7% recovery of Pb(ll) was obtained from A. caespitosus, A. sp. RBSS-303 and A.
flavus HF5, respectively. The observed percentage loss in sorption capacity of Pb(ll) was 3.9% by A. flavus HF5, 12.2%
by A. caespitosus and 26.6% by A. sp. RBSS-303 after five cyclic studies of sorption and desorption. Results from the
study confirmed the efficiency order of A. caespitosus > A. flavus HF5 > A. sp. RBSS-303 to remove and recover Pb(ll)
from aqueous solution. Finally, the fungal biosorbents can be used as soil conditioning agent after compositing into
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Introduction

A massive amount of toxic contaminants is discharged
into water bodies and has become a severe hazard to
environment with accumulation of non-biodegradable
toxins in food chain [1]. Among different hazardous sub-
stances, lead Pb(II) is included in most toxic group of
metals that form complexes by binding with negatively-
charged organic molecule [2]. Different levels and con-
centrations of Pb(II) accretion cause various kinds of
biological disorders in human body. Velmurugan et al.
(2014) [3] reported that in UK the adults consume 1.6, 20,
28 pg of Pb(II) concentrations daily from air, water and
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food, respectively. At the same time, according to global
non-renewable natural resource analysis (2000—2008)
lead (Pb) reserves in nature are becoming scarce with the
increased production rate of 1.5-2.2%, which showed the
way to the need of simple and greener exclusion from the
wastewater and its revitalization.

The increasing awareness of environmental issues
laid down restrictive legal standards for maximum sat-
isfactory concentrations of discharged metal ions in
water and soil [2]. In developing countries, the water
pollution situation is more alarming due to technol-
ogy and management constraint. In Pakistan, only 1%
of wastewater from industries is treated before being
discharged [4]. Therefore, treatment and revitalization
of resources from waste water stream have become a
critical research topic for efficient and practical solu-
tion of water pollution [5]. Different adapted physical
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and chemical engineering technologies to treat the
industrial effluents are commercially unfeasible due
to high operational cost, creating other disposal prob-
lem, furthermore, also become inadequate to treat low
concentrations (100 mg/dm® or below) of metal ions.
Therefore, the exploration of new most favorable tech-
nology to switch the conventional methods is the need
to get rid of noxious waste to the lower point of req-
uisite by regulation [6]. A multidisciplinary technique
(biosorption) that comes with metal removal and recov-
ery processes has focused in current research because
of high competence in detoxifying dilute effluents, mini-
mization of disposable chemical/biological sludge vol-
ume and low down operating cost [7]. Among various
biosorbents (bacteria, fungi, algae, industrial and agri-
cultural wastes, natural residues, other chitosan and cel-
lulose-driven materials) fungi are attractive choice due
to massive and easy growth with economical substrate
in wastewater treatment processes [7—10]. Other bio-
materials produce waste sludge heaps that increase the
cost of effluent treatment plant. Fungi notably decrease
the effluents treatment plant cost to alter the waste-
water organic substance into valuables fungal protein
(source of animal feed), also more effectively metabolize
complex carbohydrates into large range of enzymes and
biochemical’s [11, 12].

Therefore, to obtain maximum removal and recovery
of Pb(II) from aqueous solution using indigenously iso-
lated fungal strains, the present research was planned as
following

a. Screening of various fungal cultures for their Pb(II)
binding potential.

b. Identification of screened fungal isolates.

c. Optimization of different experimental conditions
for bio-removal of Pb(II).

d. Analysis of biosorption data using different equilib-
rium, kinetic and thermodynamic models.

e. Desorption studies of loaded biomass for recovery of
sorbed Pb(II) using different desorbents.

f. Cyclic sorption—desorption studies to evaluate the
repeated use of biomass.

Material and method

Fungal culture growth conditions

Twenty-five fungal cultures were obtained from Labo-
ratories of Industrial Biotechnology Division, National
Institute for Biotechnology and Genetic Engineer-
ing (NIBGE), Faisalabad. These locally isolated fungal
strains were screened for Pb(II) biosorption capacity.
Vogel’s media was used to revive the biomass at 180 rpm,
28 £ 2 °C and harvested after 72 h.
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Identification and evaluation of fungal isolates

The selected fungal strains were initially identified on the
basis of macro- and microscopic characteristics and fur-
ther confirmed using molecular approach. For molecular
typing of fungal isolates, the total genomic DNA of fun-
gal isolates was extracted by cetyl trimethyl ammonium
bromide (CTAB) method [13] that was partially modi-
fied in our lab as per requirements. DNA samples were
used to amplify internal transcribed spacer (ITS) regions
through PCR using universal primers ITS1 (Forward
Primer): TCC GTA GGT GAA CCT GCG G and ITS4
(Reverse Primer): TCC TCC GCT TAT TGA TAT GC
[14]. The PCR followed conditions were; 94 °C for 3 min,
94 °C for 30 s, 56 °C for 1 min 30 Cycles, 72 °C for 1 min,
72 °C for 10 min [14].

The amplified ITS regions/18S rRNA genes of iso-
lates were partially sequenced commercially (Macro-
gen, Korea). These sequences were compared with other
sequences of fungi present in the GenBank databases
using the NCBI BLAST tool (http://www.ncbi.nlm.nih.
gov) and then aligned with them using CLUSTALX [15].
The aligned sequences were used to construct a dis-
tance matrix, after the generation of 100 bootstrap sets
that was subsequently used to construct a phylogenetic
tree, by neighbor-joining method, using TREECON soft-
ware. The partial ITS/18S rRNA gene sequences of the-
ses isolates were submitted to GenBank to get Accession
Numbers.

Metal solutions

The lead (Pb) stock solution (1 g/dm®) was prepared
by dissolving Pb(NO,), in distilled water. The differ-
ent working solution concentrations were prepared by
diluting the stock solution with distilled water. All other
reagents used in the present research were of analytical
grade (BDH, Sigma-Aldrich or Biolab brands).

Batch biosorption trial

Batch biosorption trials were studied through shake flask
method by adding known amount of biosorbent to Pb(II)
solution (100 mL) of known concentration. The pH of the
solutions was adjusted at 4.5 by dil. HNO3;/NaOH before
experiments.

The optimization of various factors like biosorbent cul-
ture (24—144 h), pulp density (0.1-0.75 g/L) and initial
Pb(II) concentration (100-600 mg/dm?) was studied in
a series of experiments. The experimental setup without
adding the biomass serves as control. Time course stud-
ies were carried out to collect the 1.0 mL sample after
specified time intervals. The collected samples were
centrifuged at 10,000 rpm for 5 min and cells were dis-
carded. Supernatants were exploited to determine the
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remaining Pb(II) concentration in solution on atomic
absorption spectrophotometer (Model Varian 240 ES).
The biosorbed amount of Pb(II) mg/g dry weight of bio-
mass (q) is called biosorption capacity and was calculated
using following concentration difference method:

q=(CG—-ChV/ W (1)

where C; and C; (mg/L) are initial and final Pb(II) ion
concentration in aqueous phase, W (g) is the weight of
suspended biosorbent and V (dm?) stands for volume of
Pb(II) solution.

Metal elution and regeneration of biosorbents

Different desorbents [distilled water, HCl, CH;COONa,
NaOH, Na,CO,, NaHCO,, (NH,),SO, and (NH,),CO,]
were screened to recover the accumulated Pb(II) and to
regenerate the exhausted biosorbents. Pb(II) loaded bio-
mass (0.025 g) was washed with distilled water and mixed
in 30 mL of 0.01 M desorbents at 180 rpm and 28 + 2 °C.
Regenerated biomass was washed, filtered and finally
dried at 60 °C to calculate the loss in weight. The regener-
ated biomass was used for next sorption experiment and
this sorption desorption cyclic studies were carried out
for five times. The value of eluted Pb(II) per gram of bio-
mass (qg.,) was calculated from desorbed Pb(II) concen-
tration (Cy,,) as follows:

des = CaesV/W (2)

where W (g) shows the biomass weight in V (dm?®) vol-
ume of solution. The percentage desorption of Pb(II) was
calculated as

Percentage desorption = (qdes/ q) x 100 (3)

The entire experimentation was carried out in three
replicates and the obtained data was computed on Slide
Write Plus 7.01 (Advanced Graphics Software Inc., Ranco
Santa Fe, CA, USA). Mean standard deviation and corre-
lation coefficient (r?) values were calculated according to
standard equations.

Equilibrium and kinetic modelling

Experimental data and biosorbent capacity was evalu-
ated to use isothermal studies using Langmuir, Freundlich
and Dubinin—Raduskevich adsorption models. The use of
sorption isotherms and thermodynamic factors were per-
taining approach to assess the feasibility of research work.
The Langmuir model [16] describes monolayer sorption
of adsorbed molecules on a homogenous surface without
any interaction. This model can be written as

1/qe = 1/qmax + (1/dmax - K)1/Ce (4)

where q, is the adsorbed Pb(II) on biosorbent at equilib-
rium, C, is the equilibrium Pb(II) concentration in the
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solution, q,,, is the maximum biosorption capacity of
biosorbent and K is the Langmuir constant involving the
free energy of the process. The plot of 1/q, versus 1/C,
gives a straight line having slope 1/q,,,, K; and intercept
l/qmax‘

Freundlich model is another widely used isotherm, pro-
poses a multilayer sorption of adsorbate on adsorbent
active sites of heterogenous energy [17]. The Freundlich
model is

Inq.= InKg+1/nln Ce (5)

The plot of In q, versus In C, generate Freundlich con-
stants K (g7'), n is the biosorption extent. According to
the Freundlich, the maximum adsorption capacity can be
calculated from the following equation [18].

Kr = qmax/cil/r1 (6)

Dubinin and Radushkevich (D-R) isotherm describe
the effect of porous nature of biosorbent

Inq, = Ingq,, — B? (7)

By plotting In q, against ¢ (Polanyi potential = RT
In(1 + (1/C,)), the value of q,,,, (mole/g) and 3 (mole?/
(J?)) [19]. The constant 3 give an idea about the mean free
energy (kJ/mole).

The experimental data pertain to time course studies
was subjected pseudo-second-order, saturation mixed
order and intraparticle diffusion models. The model pre-
dicted values were validated by correlation coefficient
values and with comparison of theoretical value with
experimental one.

Scanning electron micrograph-energy-dispersive X-rays
analysis (SEM-EDXA)
To look at the Pb(II) sorption mechanism, scanning elec-
tron micrograph with energy-dispersive X-rays analysis
(SEM-EDXA) of loaded and unloaded biomass was stud-
ied using

Scanning electron microscope equipped with EDX ana-
lyzer [20]. The samples were oven dried at 90 °C, grinded
and immersed in little distilled water followed by vortex
for 3 min. A small amount of samples were shifted to stub
using a pipette then vacuum dried for 2 h at 80 °C. These
samples were gold coated in sputter coater (10~ pa) to
make them good conductors, and images were collected
by putting in SEM holder.

Results and discussion

Screening studies

The batch screening studies were conducted at initial pH
of 4.5 by incubating freshly harvested wet biomass equiv-
alent to 0.05 g dry weight in 100 mL of Pb(II) solution
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having 100 mg/dm? initial concentration. The sorption
capacity (q mg/g) of different isolates for Pb(II) biosorp-
tion varied from 11.6 & 3.4 to 164.5 & 3.5 (Table 1). After
screening and rescreening for Pb(II) biosorption, three
isolates BCO1, BC04 and BC22 were selected for further
identification and optimization of various factors that
affect the biosorption process.

Identification of selected isolates

The selected fungal isolates were first identified on mor-
phological basis, and then reconfirmed by amplifying ITS
sequences of these isolates using ITS 1 and ITS 4. The
single pattern band was observed around 524-626 bp.
The BLAST outcomes through the Gene Bank proved
the regions of similarity of these local isolates with that
available in database (Table 2). The fungal isolates BCO1

Table 1 Screening studies for Pb(ll) biosorption

Biosorbents Sorption capac- Biosorbents  Sorption

ity (q) capacity (q)

(mg/q) (mg/q)
BCO1 1645+ 35 BC14 234424
BCO2 11.6+34 BC15 202 +57
BCO3 543425 BC16 287 £09
BCO4 1482 +52 BC17 249+36
BCO5 123+43 BC18 335427
BCO6 40.1 £33 BC19 616+25
BCO7 41.1+£18 BC20 402 £ 6.1
BCO8 629+ 13 BC21 587+£26
BC09 149+26 BC22 7144+24
BC10 340420 BC23 29.7 £49
BCN 593422 BC24 652+ 30
BC12 634 +34 BC25 497+ 16
BC13 587 +36

Wet weights equivalent to 0.05 g dry weights in 100 mL of 100 mg/dm? Pb(ll)
solution
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and BCO04 were found to be closely related to Aspergil-
lus sp. exhibiting similarity values 98 and 99% respec-
tively. However, isolates BC22 was found to be related
to Aureobasidium sp. RBSS-303 with similarity value of
99%.

Optimization of physical and environmental parameters
Effect of physical state and culture age on biosorption
capacities

For assessment of culture age and biomass physical state
(wet/dry), each biosorbent (0.05 g dry weights/wet weight
corresponding to 0.05 g dry weight) was incubated with
100 mL solution [100 mg Pb(II)/dm?] at 180 rpm, pH 4.5
and 28 + 2 °C. All three selected fungal isolates with dry
biomass (deactivated at 80 °C) gave high Pb(II) biosorp-
tion capacities as compared to viable, non-metabo-
lising wet biomass. Pb(II) biosorption capacities were
164.5 £ 3.5, 65.2 £ 3.0, 148.2 £+ 5.20 mg/g for viable and
174.2 + 4.4, 79.9 £+ 2.3, 160.7 &+ 1.3 mg/g for non-viable
A. caespitosus, A. sp. RBSS.303 and A. flavus HF5 respec-
tively. Zouboulis et al. [26] also reported higher uptake of
Cd(II) by dry biomass of Bacillus laterosporus and Bacil-
lus licheniformis in contrast to that of viable biomass.
The high efficiency of dry biomass for metal biosorption
may be due to the fact that potential binding sites from
intracellular components become exposed after heating,
cutting and grinding. Keeping in view the ease of han-
dling and high uptake capacity the dry biomass of respec-
tive biosorbents were used for further Pb(II) biosorption
studies compared to that of wet one.

To observe the effect of fungal culture age on
biosorption capacity, biomass was harvested subse-
quent to 24, 48, 72, 96, 120, and 144 h. Each one of
these biomass was incubated at 28 + 2 °C with shaking
at 180 rpm employing 100 mL of 100 mg/dm? Pb(II)
solution. Significant difference in sorption capacities
relative to harvesting time was observed for all the

Table 2 Closest matches from BLAST searches of fungal sequences

Isolates Closest species match (accession code) Sequence identity (%) Overlap sequence (bp) References

BCO1 Aspergillus caespitosus 98 902 [21]
(AB267813.1)
Aspergillus caespitosus 98 822 [22]
(AY373841.1)

BCO4 Aspergillus flavus HF5 99 946 [23]
(GU183169.1)
Aspergillus flavus 99 959 [23]
(GU183163.1)

BC22 Aureobasidium sp. RBSS-303 98 776 [24]
(GQ911532.1)
Aureobasidium pullulans 99 809 [25]

(FN428912.1)
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three biosorbents studied (Fig. 1). For A. sp RBSS-303
and A. flavus HF5, the maximum values of biomass
yields were found to be 1.74 and 1.96 g dry weight/dm?
respectively on harvesting the biosorbent after 96 h of
incubation. After 96 h, the biomass yield continued to
decrease till 144 h of incubation. The maximum value
of biomass yields observed was 2.02 g dry weight/
dm? for A. caespitosus after 120-144 h of incubation
(Fig. 1). The highest observed values of Pb(II) accu-
mulation on A. caespitosus and A. flavus HF5 were
174.4 + 4.4 and 160.7 £ 1.3 mg/g dry weight using bio-
mass harvested after 72 h and it was slightly decreased
to 1725 + 5.9 and 154.4 £+ 1.5 mg/g dry weight
respectively when biomass harvested after 144 h was
used. For A. sp RBSS-303, insignificant difference was
found in uptake value using biomass harvested after
24-144 h of incubation and the maximum sorption
capacity was found to be 79.3 & 0.25 mg/g dry weight.
With culture age, variation in sorption capacity may be
due to the alteration in intracellular components and
cell wall chemistry [27].

Effect of temperature on Pb(ll) sequestration

To observe the effect of temperature on biosorp-
tion of Pb(II), time course studies were carried out
with all the selected biosorbents at 25, 30, 40 and
50 °C (Table 3). It was observed that Pb(II) uptake usu-
ally improved by increasing temperature from 25 to
30 °C. The Pb(II) removal increases from 119.5 + 0.6 to
174.2 + 4.4, 49.1 + 1.1 to 78.8 £+ 1.3 and 110.5 + 2.4 to
160.7 £+ 1.3 mg/g at pH 4.5 with A. caespitosus, A. sp.
RBSS-303 and A. flavus HFE5 respectively by increas-
ing temperature from 25 to 30 °C. Further increase

Biosorption capacity (—), biomass yields (---), (A, A) 4. sp. RBSS-303
(®,0) A. caespitosus and (m,0) A. flavus HF5
200 2.50
o0 - -
3 ® 4
E 160 [ — -812.05
£ -7 A . =
= 0 a =
g 120 AV SR - BRI
% = G 4 <
S - ’ s 3
5 80 g _ 1115 2
E= e A Qo
= %z
Z2 4a0r ar’ 40.70
A X
0 ; : ’ : - 0.25
0 30 60 90 120 150
Time [Hours]
Fig. 1 Effect of A. sp. RBSS-303, A. caespitosus and A. flavus HF5 cul-
ture age on Pb(ll) uptake capacities (W = 0.05 g, pH = 4.5, tempera-
ture =28 £ 2°C, ;=100 mL,V = 100 mL, agitation rate = 180 rpm)
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Table 3 Effect of temperature on Pb(Il) biosorption capac-
ity of screened fungal strains (W = 0.05 g, pH = 4.5,
C; =100 mL, V = 100 mL, agitation rate = 180 rpm)

Biosorbents Temperature (°C)

25 30 40 50
A. caespitosus 1250+26 174244 1767+£23 1836%26
A. sp. RBSS-303 543+£26 799+24 8224+49 933+18
A. flavus HF5 110621 160.7+17 1649+13 1684+£24

in temperature from 30 to 50 °C resulted in increase
in Pb(II) biosorption capacity from 174.2 + 4.4 to
1914 + 3.5 mg/g dry weight with A. caespitosus but
no significant increase (78.8 £ 1.3 to 82.4 + 4.1 and
160.7 £ 1.3 to 168.3 % 2.6 mg/g) was observed with other
two biosorbents. Vijayaraghavan and Yun [28] justi-
fied that high temperature usually improves the adsorb-
ate removal by increasing its kinetic energy and surface
activity of biomass.

The time course studies revealed that at 30 °C the equi-
librium reached after about 6 h but on the other hand at
50 °C, the same percentage removal was attained very
rapidly only after 0.5, 1 and 2 h of contact time with A.
caespitosus, A. flavus HF5 and A. sp. RBSS-303 respec-
tively. This uptake is in harmony with reported result that
within 25 min of interaction 90% adsorption of cadmium
is attained with dead biomass of marine algae Fucus sp.
[29]. Similar results of rapid increase followed by a slower
uptake rate was observed for biosorption kinetics of
Ni(II) and Pb(Il) by Phanerochaete chrysosporium and
with seaweed biomass [29, 30].

Effect of biomass concentration on uptake capacities

The effect of biosorbent dosage on Pb(II) biosorbing
capacity and removal (%) from solution having 200 mg
Pb(II)/dm? for a period of 6 h incubation was also exam-
ined (Fig. 2). With raising biomass amount from 0.1 to
0.75 g/dm? the maximum observed biosorption capaci-
ties (328.7 £ 8.8, 1953 £ 2.1, and 282.0 + 6.9 mg/g
dry weight) were reduced to (195.3 + 0.8, 161.1 £ 3.7,
212.9 £+ 1.6 mg/g dry weight) for A. caespitosus, A. sp.
RBSS-303 and A. flavus HE5 respectively. This decrease
in sorption capacity at high biomass concentration would
be a consequence of lesser availability of cell surface for
metal binding due to cell aggregation [31]. However, in
high concentration of biomass, there is a rapid superfi-
cial adsorption that produces a lower metal concentra-
tion in solution than the lower cell concentration. The
extent of Pb(II) removal (%) from aqueous solution was
found to increase with increase in cell concentration and
percentage removal values of 66.5, 59.5 and 52.5% were
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Biosorption capacities (—), % removal (----), (A, A) 4. sp. RBSS-303
(®,0) A. caespitosus (m,0) A. flavus HF5
400 100
b
D)
7180
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Fig. 2 Pb(ll) uptake capacities and % removal by A. sp. RBSS-303, A.
caespitosus and A. flavus HF5 as a function of biomass concentration
(G, =200 mL, V=100 mL, pH = 4.5, temperature = 28 & 2 °C, agita-
tion rate = 180 rpm, contact time = 6 h)
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attained for A. caespitosus, A. sp. RBSS-303 and A. flavus
HFS5 respectively at 0.75 g dry weight of biosorbent/dm?3
of Pb(II) solution. Argun et al. [32] correlated the parallel
tendency of metal removal efficiency and adsorbent dose
with the increasing surface area of vacant binding sites.

Effect of initial Pb(ll) concentration on uptake capacities

The effect of initial Pb(I) concentrations on biosorp-
tion capacity was studied by incubating 0.05 g biomass in
100 mL of Pb(II) solutions having 10-600 mg/dm? con-
centration range using A. caespitosus, Aureobasidium sp.
RBSS.303 and A. flavus HF5 as biosorbent (Fig. 3). The
maximum examined biosorption capacity (q,,,,) for A.
flavus HF5 was 326.5 £+ 3.1 mg/g at initial concentration
of 500 mg Pb(II)/dm?® with no increase in uptake capac-
ity with further increase in initial Pb(II) concentration up
to 600 mg/dm?>. At 500 mg/dm? initial concentration of
Pb(II) solution the observed biosorption capacities were

A. caespitosus

A. sp. RBSS,

ey

Fig. 3 Time course studies on effect of initial Pb(ll) concentrations on biosorption by A. caespitosus, A. sp. RBSS.303 and A. flavus HF5 (W = 0.05 g,
V =100 mL, agitation rate = 180 rpm, temperature = 28 £ 2 °C, pH = 4.5)
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341.5 + 7.1 mg/g by A. caespitosus and 214.8 £ 0.9 mg/g
by A. sp. RBSS-303 that increased to 351.6 £ 5.7 and
235.1 + 1.8 mg/g respectively at initial 600 mg/dm?
Pb(II) concentration. In the beginning adsorption rate is
high as large available surface area is accessible to metal
ions. With the passage of time the bare surface lessened
rapidly with increasing coverage that gradually decreased
the adsorption rate and leads to equilibrium. Thus, the
initial Pb(II) concentration of 500 mg/dm? showed the
highest initial uptake. Rao et al. [33] reported that at
higher cadmium ions concentrations (50-1000 mg/L),
the uploading capacity of biosorbent increased from 2.23
to 25.64 mg/g due to increase of driving force i-e concen-
tration gradient while the percentage removal decreased
from 89.04 to 51.28% that was characterized as lack of
active sites to accommodate more available metal ions in
the solution.

The ratio of equilibrium concentration in solid and
aqueous phase is distribution coefficient (D) (mg metal/
mL solution), which can be calculated as:

D =q./Ct 8

where, q, = biosorption capacity at equilibrium (mg/g),
C; = Final concentration of sorbate (mg/mL).

The high distribution coefficient (D) value of adsorp-
tion attribute to a good biosorbent. A. caespitosus and
A. flavus HF5 exhibited maximum D values of 8749.11
and 8189.28 mL/g at C, of 18.79 and 18.48 mg Pb(II)/dm>
respectively (Fig. 4). The loading capacity of A. sp. RBSS-
303 was 1309.64 mL/g at C, of 61.02 mg Pb(II)/dm>. At
higher initial concentration of Pb(II) it decreased in the
order of 908.8, 875.1 and 528.3 mL/g at C, of 386.9, 389

(A) A. sp. RBSS-303 (e) A. caespitosus and (m) A. flavus HF5
I ()

g

e

) 8t

EIPN

2>

QT

€5 °

S 35

9} EB

sg ¢

=\

2

T

=} & & —

0 | 1 1 |
0 100 200 300 400 500
Equilibrium Concentration [mg/l]

Fig. 4 Distribution coefficient for Pb(ll) biosorption by A. sp. RBSS-
303, A. caespitosus and A. flavus HF5 (0.05 g dry weight/100 mL of
Pb(ll) solutions of various concentrations incubated for 6 h at 180 rpm
and 28 +2°C)
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and 444.9 mg Pb(II)/dm? respectively with 0.5 g/dm?
biomass concentration. The lower values of distribution
coefficient (D) with increasing Pb(II) concentrations
(C,) results the low lead concentration in continuous
aqueous phase than at sorbent—water interface. Akhtar
et al. [27] also reported the value of distribution coeffi-
cient 3968 mL/g dry weight at C, of 25 mg Zr/dm? that
decreased to 180 mL/g at C, of 995 mg Zr/dm?>,

Equilibrium and kinetic studies

Equilibrium studies

The relation between amount of adsorbate molecule at
constant temperature and its concentration in equilib-
rium is called isothermal modelling. Isothermal study is
used to estimate the total amount of adsorbent required
to adsorb the requisite amount of a adsorbate from the
solution. In the present study the equilibrium data of
Pb(II) biosorption at 30 °C was analyzed using Lang-
muir, Freundlich and Dubinin—Raduskevich isotherms
at various initial concentrations (from 100 to 600 mg/
dm?®) using fungal biosorbents (Table 4). From Lang-
muir plots the calculated correlation coefficient values
were 0.99, 0.99 and 0.76 for A. caespitosus, A. sp. RBSS-
303 and A. flavus HF5 respectively (Fig. 5a) at various
initial Pb(II) concentrations. The theoretical values of
“Qmax. Were in agreement with experimental values in
case of A. caespitosus. While theoretical value of “q,,”
for A. sp. RBSS-303 was high and in case of A. flavus
HF5 was low as compared to experimental “q,” values.
However, the calculated correlation coefficients from
Freundlich plots were 0.98, 0.99 and 0.96 for A. caespi-
tosus, A. sp. RBSS-303 and A. flavus HF5 respectively
(Fig. 5b). The maximum sorption capacity values cal-
culated by Freundlich isotherm were in harmony with
experimental sorption capacity in case of A. flavus HF5
and A. sp. RBSS-303. The maximum value of g, of
Pb(II) sorption on A. caespitosus was concordant to the
calculated values using Langmuir model. While with A.
sp RBSS-303 and A. flavus HF5, the sorption capacity
(Qmax) Values calculated from Langmuir isotherm were
found to be deviated by 30.2 and 20.5% respectively
when compared to that of experimental values (Table 4).
The Langmuir model (r* = 0.97) fits better than Freun-
dlich (r> = 0.8) for Pb(II) adsorption onto bael leaves
[34]. The copper biosorption by brown alga Fucus serra-
tus gives a improved description of investigated results
with the Langmuir isotherm than the Freundlich equa-
tion [35].

The dimensionless equilibrium parameter (R;) values,
if lies greater than 0 and lesser than 1 indicate the favora-
ble biosorption process [36]. Present studies (Table 4)
proved the favorable Pb(II) biosorption with all used
biosorbents. Ashraf et al. [37] also reported the favorable
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Table 4 Comparison of q,,,, obtained from adsorption isotherms for Pb(ll) biosorption
Biomass Langmuir Freundlich Dubinin-Radusskevic

qe (mg/g) qmax b RL qmax KF n (mI/mg) qmax Es (J/mOI)
A. caespitosus 3512 3510 46 x 1072 0.17 403.5 874 4.1 689.1 386
A. sp. RBSS-303 2351 307.0 57 x 1072 0.15 2715 88.2 1.8 973.8 26.1
A. flavus HF5 346.6 274.8 82 x 1072 0.11 346.3 83.7 45 5224 16.6

Es sorption energy, g, equilibrium sorption capacity, g,,,, maximum sorption capacity, b Langmuir constant, K; adsorption capacity, n adsorption intensity
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Fig. 5 Langmuir (a), Freundlich (b) and Dubinin-Radushkevich (c)
adsorption isotherms plots of Pb(ll) biosorption to A. caespitosus, A. sp.
RBSS-303 and A. flavus HF5

sorption of lead, copper, zinc and nickel on the biosorb-
ent Mangifer aindica as separation factor values lies
between zero and one.

The graph between surface coverage values (0) and
Pb(II) concentration demonstrate the direct relationship
in initial metal ions concentration and biomass surface
coverage until the surface is saturated. The surface cov-
erage values for Pb(II) on absorbents are in the order of
A. sp. RBSS-303 > A. flavus HF5 = A. caespitosus. The
surface coverage values were approaching unity with
increasing solution concentration indicating effectiveness
of Ni(II) biosorption by Cassia fistula [38].

Aureobasidium sp. RBSS-303 and A. flavus HF5 for
Pb(Il) sorption have close Freundlich q,,, with the
experimental q, with high correlation coefficient values.
The Freundlich parameters K; (relative sorption capacity)
and 1/n specify whether the sorption nature is favorable
or unfavorable [39]. The values of these constants (K,
n) are enlisted in Table 2 for Pb(II) sorption onto A. sp.
RBSS-303 and A. flavus HF5. These results predict that
Freundlich isotherm is followed by the sorption data very
well with the interpretation that biosorbents possess het-
erogeneous surface with identical adsorption energy in all
sites and the adsorbed metal ion interacts only with the
active sites but not with others. However, this interpreta-
tion should be reviewed with caution, as the biosorption
and isotherm exhibit an irregular pattern.

The q,,,, values computed from D-R isotherm were far
away from the experimental q, value for all the biosor-
bents for Pb(II) (Table 4), except A. oryzae SV/09 that
have close q,,,, obtained from D-R isotherm with q, but
at the same time the correlation coefficient value is very
low i.e. 0.80. Moreover, the straight lines obtained also
not passed through the origin that is basic requirement
of this model. The D-R adsorption isotherms for Pb(II)
biosorption showed highest value of correlation coef-
ficients 0.99 for A. sp. RBSS-303 however, for A. caespi-
tosus, and A. flavus HF5 these values were 0.98 and 0.94
respectively (Fig. 5c).

Kinetic studies

Kinetics of Pb(II) adsorption on biosorbents were studied
at temperature 25, 30, 40 and 50 °C with initial solution
concentration of 100 mg/dm?>. The experimental data for
Pb(II) biosorption fits very well to pseudo-second-order
kinetic models with highest correlation coefficient (0.99)
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using all biosorbents (Fig. 6). In recent years, the pseudo-
second-order rate expression has been widely applied to
the adsorption of pollutants from aqueous solutions.

The pseudo-second-order equation can be expressed as

dq,/d; = ka(qe — qp)* )

Integrating and applying the boundary conditions leads
to

(t/qt) = 1/koq? + (1/q.) t (10)

Sorbed Pb(II) ions at equilibrium and time t are rep-
resented as q, and g, respectively. The values of k,, rate
constant of pseudo-second-order (g/mg min) and q,,
adsorption capacity at equilibrium (mg/g) were cal-
culated from the slope and intercept of straight lines,
obtained by plotting t/q, against t for Pb(II) biosorption
(Table 5). The theoretical values of “q,” obtained from
pseudo-second-order expression were in good agree-
ment with experimental “q,” values at all temperatures,
proved the efficient application of these biosorbents in
aqueous stream even at very low initial concentration
of solute. Azizan [40] also reported that the adsorption

(—) A. caespitosus, (- -) A. flavus HF5, (") A. sp. RBSS-303,
Temperature:. (+)25 °C, ()30 °C, (V)40 °C, (m) 50 °C
a 5.50

4.40

330

t/q

220

1.10

0.00 =
0 100 200 300 400 500

0.28

0.14

1/tIn Co / Ct
(E-1)

007/

0‘00 Il Il Il Il
0.00 0.60 1.20 1.80 240 3.00

Co-Ct/t
Fig. 6 a Pseudo-second-order and b saturation mixed order kinetic
plots of Pb(ll) biosorption by A. caespitosus, A. sp. RBSS-303 and A.
flavus HF5
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Table 5 Evaluation of pseudo-second-order and satu-
ration mixed order kinetic models, rate constants
and q, estimated for Pb(ll) biosorption (C; = 100 mg/L,
pH = 4.5, biosorbent (dry weight) = 0.5 g/L, agitation
rate = 180 rpm, temperature = 28 + 2 °C)

Biosorbents  Temperature (°C)

25 30 40 50

A. caespitosus

e, expr 1250+26 1742+£44 1767 +23 1836+ 26

Pseudo-second-order

ge 13157 186.21 169.49 188.67

K, 35x107* 39x107* —-88x10™* 14x107°
A. sp. RBSS-303

e, expr 543+26 799+24 822149 933+18
Pseudo-second-order

ge 56.6 759 755 823

K, 31x107% 13x107* —43x107% —22x107°
A. flavus HF5

e, expt 1106421 1607417 1649413 1684+ 24

Pseudo-second-order
ge 111.0
K, 27 x 1073

160.8
84 x 1074

1719
—-32x%x1073

177.6
49 x 107

q. equilibrium sorption capacity, g, expt experimental sorption capacity, K,
second-order rate constant, R, correlation coefficient

process follow pseudo-second-order expression when
the initial concentration of solute is low in solution. The
pseudo-second-order expression in this studies also ver-
ify the mechanism of adsorption involving valency forces
through the sharing or exchange of electrons between
the adsorbent and adsorbate as covalent forces, and ion
exchange. Adsorption which follow chemisorption gave
pseudo second-order rate expression [41]. A number of
other metal-biomass system in literature followed the
pseudo second order kinetic [41-44].

Thermodynamic studies

The feasibility and spontaneity of biosorption process
is examined by thermodynamic study. Thermodynamic
parameters characterize the biosorbent to calculate the
free energy change (AG°) that deals with the viability of
a reaction. The Gibbs parameter (AG°) is related to the
standard thermodynamic equilibrium constant (Ky°) of
the biosorption system by the classic equation [45]:

AG®° = —RT In Kp°® (11)

where, AG® is standard free energy change, R is univer-
sal gas constant, T is temperature in Kelvin. From the
thermodynamics, Ky° can be equal to apparent equilib-
rium constant (Kp) at infinite dilute condition. There-
fore, K, can be obtained by calculating K, at a different
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temperature and initial metal concentration and extrapo-
lating to zero. Also, if the reasonable fit obtained with the
Langmuir isotherm, the Langmuir equation constants
can be used to calculate the Gibbs free energy change by
the following equation:

AG® = —RT In (g.b M/V) (12)

where ¢, (mg/g), and b (L/mg) are the Langmuir isotherm
constants and M/V (g/L) is the biomass dosage, which
make the product of q.-b as a dimensionless expression.
The AG"° for the biosorption of lead ions concentration
100 mg/dm? in separate set of experiments was found at
different temperatures (25, 30, 40 and 50 °C) using Lang-
muir isotherm constants. As shown in Fig. 7 AG® values
decreased from — 2.0 to — 9.0 kJ/mole with A. caespi-
tosus, from 2.2 to 0.3 kJ/mole using Aureobasidium sp.
and from — 0.5 to — 5.1 kJ/mole with A. flavus HF5 in
going from 298 K (25 °C) to 323 K (50 °C). At all inves-
tigated temperatures, biosorbents A. caespitosus and A.
flavus HF5 have negative AG® values indicated the spon-
taneity of the process and also the mechanism of physical
adsorption of Pb(II). Crini and Badot [46] removed dye
from aqueous solution using natural polysaccharide in
batch studies also concluded that the free energy of the
process at all temperatures was negative and increased
with the rise in temperature. In case of Aureobasidium
sp. the positive value of AG°® describe the non-sponta-
neous nature of the adsorption processes at the stud-
ied range of temperature. From slope and intercept of
the plot between AG® vs T, the values of AS® (change in
entropy) and AH’ (change in enthalpy) were calculated by
following equation [45].

AG® = AH° — TAS® (13)

(®) A. caespitosus (A) A. sp. RBSS-303 and (+) 4. flavus HFS

3.00

0.60 -

-1.80
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_9'00 1 | 1 | 'y
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Fig. 7 Thermodynamic studies of Pb(ll) biosorption by A. caespitosus,
A. sp. RBSS-303 and A. flavus HF5 at different temperatures
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AS° recommends the randomness either increasing or
decreasing at the solid/solution interface in the system
and AH"° shows the route of energy in the system. The val-
ues of AS® and AH° for A. caespitosus, A. sp. RBSS-303
and A. flavus HE5 were found to be 26, 7, 16 J/mole K and
75, 21 and 46 kJ/mole respectively. The positive value of
AS° revealed increase in disorderness of the system and
decreasing trend at high temperature causing a change in
biomass structure during the sorption process. The posi-
tive value of AH" indicated that an increase in the tem-
perature is inclined with increase in adsorption capacity.

Regeneration of biosorbents

Screening of superb eluent for metal elution

To study the pragmatic approach of biosorption func-
tion in treatment of industrial effluents, recoveries of
adsorbed metal ions along with adsorbents reuse are
very important [22]. However, greater part of biosorp-
tion research focused only on the sorption capacity of
biosorbent with very little concern on regeneration of
biomass [47]. This aspect was explored through Pb(II)
desorption studies using a variety of desorbents [distilled
water, HCl, CH;COONa, NaOH, Na,CO,; NaHCO,,
(NH,),SO, and (NH,),CO4]. Different desorbents were
screened after 1 h contact time with Pb(II) loaded biosor-
bents during desorption studies. The initial pH of used
desorbents (0.01 M) varied from 2.6 (hydrochloric acid)
to 12.0 (sodium hydroxide). Plot of desorbents pH against
desorption efficiency (Fig. 8) gave a liaison among pH
and the respective efficiency values of desorbing agents.
With HCl maximum desorption was observed to be 85.5,
75.3 and 73.7% from A. caespitosus, A. sp. RBSS-303 and
A. flavus isolate HF5 respectively. Pandey et al. [48] sug-
gested that in acidic pH adsorption was inhibited and
efficient desorption of metal loaded biomass could be
carried out. They found that inorganic acids (HCl, H,SO,
and HNO,) efficiently removed the Cd(II) loaded to the
biomass. The elution efficiency decreased with increase
in pH value 7.2 (H,0), little elution was observed. Elu-
tion efficiency again reached to the values 68.6, 49.6 and
59.1% at pH 11.3 (sodium carbonate) and dropped to
17.0, 2.4 and 14.8% at pH 12.0 (NaOH) for A. caespitosus,
A. sp. RBSS-303 and A. flavus HF5 respectively.

Sorption/desorption cyclic studies

For sorption/desorption cyclic studies, Pb(II) loaded
biomass was generated after incubating 0.5 g biosorb-
ent/dm® of Pb(II) solution having initial concentration
of 100 mg/dm? for 6 h. The elution studies were carried
out at optimized pulp density (0.83 g of metal loaded
biomass per litre of 0.01 M HCI) after 2 h of incuba-
tion at 28 + 2 °C and 180 rpm. The values of sorption
capacity decreased from 174.2 to 152.9 and from 79.9 to
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(®) A. caespitosus (A) A. sp. RBSS-303 and (+) 4. flavus HF5
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Fig. 8 Effect of pH of desorbing agents on elution of lead from
Pb(ll) loaded biomass A. sp. RBSS-303, A. caespitosus and A. flavus HF5
(0.025 g dry weight of metal laden biomass was shaken for 1 h with
30 mL of eluent at 180 rpm and 28 + 2 °C)

58.8 mg/g with A. caespitosus and A. sp. RBSS-303 and
non-significant change (from 160.7 to 154.4 mg/g) was
observed with A. flavus HF5 in going from first to fifth
cyclic (Fig. 9). The decrease in uptake capacity in suc-
cessive five cycles was A. sp. RBSS-303 > A. caespito-
sus > A. flavus HF5. The maximum decrease in % elution
was experienced with A. sp. RBSS-303 while its value is
almost same using A. caespitosus and A. flavus HF5 dur-
ing five cycles (Table 6). The decline in metal sorption in
frequent regeneration cycles was justified due to loss of
active sites on biomass surface by acid treatment [49].
However, this drawback can be compensated by easy and
massive growth of these fungal isolates, further optimiza-
tion and immobilization.

Scanning electron micrograph-energy-dispersive X-rays
analysis (SEM-EDAX)

Scanning electron microscopy is a useful technique to
study the morphology of biosorbent and its modifica-
tion after sorbate interactions. SEM-EDX analysis of
Pb(II) biosorption by dried powdered biomass after 6 h
of contact time with 100 mg/L Pb(NO,), solution at pH
4.5 were shown in Fig. 9. SEM micrographs of powdered
Pb(II) loaded fungal biomass showed the presence of
dense metal crystals on the smooth surface of unloaded
biosorbents. The spectra revealed the presence of C, O,
P, Cl and K elements with no Pb(II) deposits in native
biomass. While after Pb(II) exposure the spectra showed
the major peaks of Pb(II) with 30.9, 14.2, 21.6 mass per-
cent by replacing the peaks for K and CI and decreased
the mass percent of other elements (C, O, P). These find-
ings facilitate to confirm that sorption, precipitation and
ion exchange on the surface might be the major mecha-
nisms for removal of Pb(II) from aqueous solution using

Counts
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Fig.9 SEM-EDX micrograph of Pb(ll) loaded biomass of A. caespitosus
(@) A. sp. RBSS-303 (b), and A. flavus HF5 (c) after 6 h of exposure to
100 mg/L of Pb(NOs), solution at pH 4.5

Table 6 Percentage decrease in Pb(ll) sorption capacities
after five succeeding sorption-desorption cycles

Biosorbents Sorption capacity (mg/g) % decrease in
sorption capacity
1st 5th
A. caespitosus 174.2 1529 12.2
A. sp. RBSS-303 799 588 264
A. flavus HF5 160.7 1544 39

fungal biomass. Kumar et al. [50] also characterized the
biosorption of Pb(II) and Cu(Il) from aqueous solu-
tions onto Andean Sacha inchi shell biomass (SISB) by
SEM that revealed the enhancement in weight percent
of Pb(II) (15.72%) and Cu(II) (6.33%) ions on the surface
of SISB after biosorption. Similarly Siddiquee et al. [51]
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also advocated the filamentous strains of fungi as future
cleaning up microorganism and potential alternative
to synthetic resins due to having versatile biosorption
group; can grow and work under extreme conditions for
remediation of dilute solution of metals and solid wastes.

Conclusion

These studies demonstrated the comparative feasibil-
ity and selectivity of A. caespitosus, A. sp. RBSS-303 and
A. flavus HF5 to remove Pb(II) from aqueous solution.
The results endorsed that the sorption performance was
strongly affected by culture age and physical state of fun-
gal biomass, temperature, initial Pb(II) concentration and
sorbent dosage. The kinetic studies showed the good fit
of adsorption equilibrium data to pseudo-second order
model. The high correlation coefficient values (0.99)
of equilibrium experimental data proved the favorable
biosorption process. Elution studies were carried out
to regenerate the biomass using 0.01 N HCl with 85.5,
75.3 and 73.7% Pb(I) elution from A. caespitosus; A. sp.
RBSS-303 and A. flavus isolate HE5 respectively. Finally,
sorption/desorption cyclic studies indicated that A.
caespitosus, A. sp. RBSS-303 and A. flavus HF5 could be
used as cost effective, easily cultivatable future cleaning
up microorganisms for removal and recovery of Pb(II)
from polluted water stream.
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