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Abstract

Biomass of a wood rotting fungus viz., Schizophyllum commune Fries was utilized for the
treatment of electroplating wastewater that contained Cu(II), Ni(II), Zn(II) and Cr(VI) ions.
Preliminary batch assays were conducted with synthetic pure metal-bearing solutions. Results
obtained showed that among various parameters studied, solution pH between a range of 2.0-6.0
induced negligible uptake at pH < 3.5 and exhibited maximum at around 4.5-5.5 for Ni(II), Cu(Il)
and Zn(II) ions, while for Cr(VI) ion the highest was evidenced at pH 2.0-2.5. The kinetics of all
metal ions was fast and biosorption equilibrium was established in 1 hour with appropriateness of
pseudo-second-order. A temperature change in the range of 15—45 °C did not affect the biosorption
capacity of the candidate fungus. The biosorption of metal ion increased on elevating initial metal
jons concentrations (20-100 mg L) in the medium. The maximum biosorption capacity of fungus
biomass was 9.0, 21.27, 4.83, 18.54 mg g™ for Ni(II), Cu(Il) and Zn(Il) and Cr(VI), respectively.
The experimental data was best adjusted by Langmuir, Freundlich and modified Langmuir models.
Biosorption assays conducted with actual electroplating effluents under pre-optimized conditions
revealed efficiency of 72.01, 53.16, 7.08 and 19.87% for Cu(lIl), Ni(Il), Zn(II) and Cr(VI) ions,
respectively by candidate biomass.

Introduction

Electroplating sector and other industrial units in Pakistan are contributing their
major part in deteriorating the country environment at massive scale due to accumulation
of heavy metals in the aqueous environment (Javaid & Bajwa, 2008). The chemically
polluted water has seriously damaged the ecology of surface and ground water, which
eventually impart serious consequences on agriculture due to contamination of crops
grown in a polluted area. Owing to severe water crisis problems in Pakistan, the notorious
heavy metal pollution requires an urgent solution.

A number of physico-chemical protocols are currently being used world-wide to
depollute water loaded with heavy metals. However, these methods are carried with
inherently problematic in their application and are not economically feasible (Volesky,
2001; Sharma, 2003; Okoronkwo et al., 2007). Biological process like biosorption has
acquired due attention owing to number of advantages and engaged the scientists from all
over the world to identify the potent biomass type (Khan et al., 2009; Al-Masri et al.,
2010; Xiao et al., 2010). Environmentally ubiquitous fungi are structurally unique
organisms that contribute to the significant removal of metal ions from wastewater than
other microbes. This is because of their great tolerance towards heavy metals and other
adverse conditions such as low pH, and their intracellular metal uptake capacity (Gadd,
1987).
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Among the groups of fungi, basidiomycetes (wood rotting fungi) are useful source of
mycelial biomass for biosorption of metal ions, being easy to cultivate, acquire high yield
and generally regarded as safe. Therefore, biosorbents made from these fungi can be
easily accepted by public when applied practically. The potential of wood rotting fungi to
remove metal ions is limited to a few examples in comparison with micromycetes and
role of macromycetes in this field has been known only for few decades (Veit et al.,
2005; Jarosz-Wilkolazka et al., 2006; Gonen et al., 2008; Vimala & Das, 2009). In some
cases, their ability to bind metals is same or even better, than that of lower fungi and
yeast (Javaid, 2008). The ability of the basidiomycetes to adsorb and accumulate metals
together with excellent mechanical properties of fungal mycelia provides an opportunity
to utilize such candidates in selective sorption of industrial heavy metal ions from
polluted waters (Bayramoglu et al., 2007; Razmovski & Séiban, 2008).

Current investigation was designed to explore the metal [Cu(Il), Ni(I), Zn(Il) and
Cr(VI)] removal capacity of a wood rooting fungus, Schizophyllum commune from
aqueous solution. The influence of initial pH, contact time, temperature and initial metal
ion concentration on biosorption was evaluated. To determine the feasibility and
efficiency of a biosorption process, metal uptake potential of test fungus was examined in
real effluent of electroplating under predetermined experimental conditions.

Material and Methods

Physicochemical analysis of electroplating effluents: Wastewater samples were
collected from outlet pipes of Electroplating Industry of Pakistan. The samples were
analyzed for various important water pollution parameters (Table. 1).

Biosorbent preparation: The pure cultures of test fungal species viz., S. commune was
obtained from First Fungal Culture Bank of Pakistan, Institute of Mycology and Plant
Pathology, Punjab University Lahore, Pakistan. The biomass of the test fungus was
prepared in 2% malt extract broth. After harvesting, biomass was dried in on oven at 60
°C, and was utilized in further biosorption studies.

Batch biosorption assays: The biosorption of Cu(II), Ni(II), Zn(II) and Cr(VI) ions was
investigated by oven dried biomass of S. commune in batch biosorption experiments. The
metallic ion solutions prepared in mixture form were comprised of Cu(Il) 23.56 mg L™,
Ni(II) 54.83 mg L', Zn(Il) 42.87 mg L' and Cr(VI) 93.54 mg L', as working
concentrations selected on the basis of analysis of electroplating effluents. The stock
solutions of respective metal ion (1.0 g L") were prepared from their nitrate salts of
analytical grade in double distilled water.

Batch experiments were performed by adding 0.2 g of biomass with a magnetic
stirrer at 150 rpm and 25 °C using 250 mL flasks containing test solutions comprised of
Cu(Il): 23.56, Ni(II): 54.83, Zn(II): 42.87 and Cr(VI): 93.54 mg L. To study the effect
of initial pH on metal ions sorption onto S. commune biomass, the pH values of the
contact solutions were tested in the range of 2.0-6.0 (which was adjusted with HCI and
NaOH at the beginning of the experiment not controlled afterward).

Biosorption kinetic assays were performed at different time intervals from 15-720
minutes containing reaction mixture. The variable temperature range chosen in
experiments was from 20-45 °C with 5 °C difference, while keeping the values of other
parameters same as stated above.
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The effect of initial metal ions concentration on biosorption was studied at pH 5.0
and concentration of adsorption medium was varied between 20-100 mg L. The
competitive biosorption of various studied metallic ions from their mixture was
investigated in the same manner. The medium containing 0.2 g L™ was incubated at 25°C
with 0.2 g of biosorbent in batch fashion (at 150 rpm).

Analytical procedure: After the desired incubation period (up to 180 min), the content
of the biomass was successfully separated from aqueous solution. The supernatants were
analyzed for residual metal ions concentration using an atomic absorption
spectrophotometer (Model, Varian AA 1275 series). The amount of metallic ion
biosorbed per gram of biomass (q) and the efficiency of biosorption (E) were calculated
using following equations:

q:[ci _Cf]V E:(Ci _Cf]*loo
m C

1
where, C; = initial concentration of the metallic ions (mg L™"); C; = final concentration of
metallic ions (mg L™); m = dried mass of the biosorbent in the reaction mixture (g) and V
= volume of reaction mixture (mL).
All the experiments were laid down in triplicates and control experiments were also
conducted without biomass addition.

Results and Discussion

Effect of pH: Biomass of S. commune exposed to heavy metal ions, exhibited maximum
sorption capacity for the Cu(Il), Ni(I[) and Zn(Il) in the pH range 5.0-5.5, above and
below this pH substantial decline in metal uptake was evidenced which represents the pH
factor being highly sensitizing element (Fig. 1). Low pH (4.0 and below) limits the
biosorption of Cu(Il), Ni(II) and Zn(II) ions on fungal biomass surfaces, probably due to
the ion exchange between metallic species and competition effects with oxonium
(hydronium) ion to some extent in the biosorption mechanism (Fourest & Volesky, 1997;
Yin et al., 1999). In similar findings by earlier investigators it has been attributed to
protonation or poor ionization of acidic functional group of cell wall at low pH, inducing
a weak complexation affinity between the cell wall and the metal ions (Sag & Kutsal,
1996; Chergui et al., 2007). The reduction in metal ions uptake displayed by fungus at pH
> 5.5 can be explained on the basis that at higher pH values the metal ions may
accumulate inside the cells, and or the intra-fibular capillarities of the cell walls by a
combined sorption microprecipitation mechanism, therefore, biosorption experiments are
meaningless at higher pH (Beveridge, 1986).

Contrary to other metals, the uptake of Cr(IV) ions was significantly supported at low
pH range of 2.0-3.0 and declined sharply at higher pH by biomass of S. commune (Fig. 1).
Enhanced uptake at highly acidic pH could be due to the electrostatic binding of negatively
charged chromium species (chromate/dichromate) to positively charged group such as
amines of chitosan on fungal cell walls elevating biosorption capacity of the biosorbents to
Cr(VI) ion (Bai & Abraham, 2002; Bajpai et al., 2004; Bayramoglu et al., 2005).
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Fig. 1. Effect of pH on biosorption of Cu(Il), Ni(II), Zn(IT) and Cr(VI) ions by S. commune biomass.
Initial concentration of Cu(Il): 23.56, Ni(Il): 54.83, Zn(II): 42.87 and Cr(VI): 93.50 mg L™ ions in

the reaction mixture. Biosorption conditions: biosorbent concentration, 0.2 g 100 mL™'; pH range
(2.0-6.0); 150 rpm and 25°C for 3 hours.

Effect of contact time: Time-course profiles for the adsorption of various metallic ions
by S. commune revealed equilibrium time of 1 hour for of all four metal ions (Fig. 2).
Almost 80% removal of all the heavy metal ions was recorded during first 15 minutes
followed by saturation level of ~ 90% of the total biomass after 30 minutes of contact.
Among the four metal ions, Ni(Il) was removed most proficiently followed by Cu(Il),
Zn(II) and Cr(VI) at various tested time intervals. The plateau values i.e., adsorption
equilibrium gradually reached to saturation level within 45 minutes for Cu(Il) and Ni (II)
and within 60 minutes for Zn(II) and Cr(VI) ions. The findings verify the two phases of
biosorption, an initial rapid uptake due to surface adsorption and subsequent slow uptake
due to membrane transport of metal ions into cytoplasm of cell or slow intracellular
diffusion (Saglam et al., 2001). Similar results were obtained by Volesky & Holan (1995)
and Cerbasi & Yetis (2001), while in some other studies single-step uptake has been
suggested for different biosorbents (Huang et al., 1990). From the view point of savings
in power and time consumption, rapid kinetics certainly will economize the daily running
costs of treatment plant (Atkinson et al., 1998).

Biosorption kinetic modeling: Two different kinetic models i.e., Lagergren first-order
(Lagergren, 1898) and Ritchie second-order (Ritchie, 1977) were used to fit the
experimental data obtained on biosorption rate of heavy metal ions by the test fungus.

kt

Lagergren first - order log(q,, —0,)=10g g, — 3303

Ritchie second - order i: 12 —irL

G k.aeq q
where, 0qq = the amount of metal ions adsorbed at equilibrium (mg g™); g; = the amount of
metal ions adsorbed (mg g) at any given time t; k; - rate constant of pseudo-first order
biosorption (min™); Qeq - 0t = the amount of metal ions adsorbed at equilibrium and at time t.
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Fig. 2. Kinetic profiles of metal ions biosorption by S. commune.

Initial concentration of Cu(IT): 23.56, Ni(II): 54.83, Zn(II): 42.87 and Cr(VI): 93.50 mg L™ ions in
the reaction mixture. Biosorption conditions: biosorbent concentration, 0.2 g 100 mL; pH, 5.0;
150 rpm and 25°C for 12 hours.

Table 2. Kinetic parameters of the pseudo first-order and pseudo second-order rate equations
for the biosorption of metal ions on to biomass of S. commune.

Experiment First-order kinetic Second-order kinetic
) constant constant

Metal ions . g-l) K, ‘ l Oeq ‘1 R? k, ‘ 1 q:q | lRz

(h™) (mg g) (gmg~h™) (mgg”)
Cu(ID) 4.54 1.72 4.56 0.99 2.36 4.60 0.99
Ni(Il) 12.68 1.48 13.01 0.95 2.94 12.67 0.99
Zn(1I) 1.92 1.00 1.25 0.97 3.10 2.00 0.99
Cr(VI) 9.23 1.19 9.24 0.96 2.59 9.25 0.99

The results on applicability of the Legergren first-order and Ho second-order based
on solid capacity for the biosorbents are presented in Table 2 & Fig. 3. The coefficients
of determination (R?) of both the models were more or less greater than 0.9, indicating
that second-order adequately describes the data acquired presently in metal ions
biosorption assays (Fig. 3 A&B).

The findings suggest applicability of second-order kinetics, based on assumption that
the biosorption/chemisorption may be a rate limiting step that involves valence forces.
Through sharing or exchange of electrons between biosorbent and sorbate, it provides the
best correlation of data in explaining the kinetics of biosorption (Preetha & Viruthagiri,
2005; Xiangliang et al., 2005; Ho, 2006).
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Fig. 3 A & B. Kinetic analysis of Cu(II), Ni(Il), Zn(II) and Cr(VI) ions biosorption by linear plot of
(A) pseudo first-order, (B) pseudo second-order rate equations by S. commune biomass.
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Fig. 4. Effect of temperatures (°C) on biosorption of Cu(Il) , Ni(I), Zn(II) and Cr(VI) ions by S.
commune biomass.

Initial concentration of Cu(Il): 23.56, Ni(Il): 54.83, Zn(II): 42.87 and Cr(VI): 93.50 mg L™ ions in
the reaction mixture. Biosorption conditions: biosorbent concentration, 0.2 g 100 mL™'; pH, 5.0 at
150 rpm for 3 hours.

Effect of temperature: The temperature range of 20-45°C apparently exhibited no
significant influence on biosorption potential of test fungal species (Fig. 4). The findings
are in conformity with the earlier works which have also negated the effect of
temperature on biosorption performance within this range, probably due to exothermic
reaction (Saglam et al., 2002).
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Fig. 5. Effect of various concentrations on biosorption capacity of S. commune for Cu(Il) , Ni(I),
Zn(1I) and Cr (VI) ions in single metal systems.

Biosorption conditions: biosorbent concentration, 0.2 g 100 mL™, pH, 5.0; 150 rpm and 25°C for 3
hours. Vertical bars show standard errors of means of three replicates.

Influence of initial concentration of metal ions

Single metal studies: The graphical presentation for the effect of initial metal ion
concentrations on biosorption capacity of the test fungi is depicted in Fig. 5. In case of
Cu(Il), on intensifying concentration limits 20-100 mg L™, perceptible biosorption
capacity was 6.17-9.16 mg g”'. However, the test fungus exhibited tremendous potential
for Ni(II) in comparison to other three metals on appliance of metal concentration thus
acquired capacity of 7.5-17.0 mg g at 20-100 mg L. In case of Zn(II) ion, test fungus
exhibited capacity of 2.83 mg g at 60 mg L™, while capacity reduced half-time at 80
and 100 mg L. For Cr(VI), biomass of test fungus hold biosorption potential of 5.16,
8.83, 12.0, 12.67 and 13.33 mg g'l at 20, 40, 60, 80 and 100 mg L respectively. The
results of present findings clearly indicate that the sorption capacity increased and
reached a saturation value as the metal ion concentration increased in aqueous medium.
This assessment is in line with previously reported data on metal ion sorption by many
other similar studies (Arica et al., 2003; Veit et al., 2005; Sheng et al., 2007).There is
evidence that at high metal ion concentration the number of ions sorbed is more than at
low metal concentration, where more binding sites were free for interaction
(Mukhopadhyay et al., 2007).

Multi metal studies: It was observed in multiple metal components, total biosorption
capacity of the test fungus was recorded to be less than in single metal conditions (Table 3).
Whereas, biosorption capacity for Ni(II) and Cu(Il) was least stressed by the presence of
other metal ions at various applied concentrations. However, for Zn(Il) interference of other
three metal ions in mixture resulted in considerable reduction in fungal sorption capacity
particularly at high concentrations regimes. The metal depicted bitter response to the test
fungal candidate at low concentration ranges was Cr(VI), but removal was recorded to
increase substantially on elevating concentrations in the presence of other three metal ions.
The results obtained are in good agreement with some earlier findings representing that the
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total amount of metal ions biosorption in multiple metal systems is lower than in single
system (Figueira et al., 1997; Utigikar et al., 2000; Hussein et al., 2004). However,
reduction in sorption capacity in multiple metal systems could also be due to changes in
ionic strength rather than competition between the heavy metals. The preferential order of
metal binding in multiple metal isotherm study was same as recorded in single metal system
i.e., Ni(Il) > Cr(VI) > Cu(Il) > Zn(II) by test fungus. This trend might be explained on the
basis of differences in binding constants and the order of stability for metal-ligand
complexes (Gardea et al., 1998).

Isotherm assessment

Single metal ion isotherm studies: Isotherm studies are basic requirement to design
biosorption application procedures. For this purpose the empirical models viz., Langmuir
(1916) and Freundlich (1906) for single solute system and modified Langmuir for multiple
situations were employed to describe the biosorption equilibria of the test fungus.

Langmuir model Ceg =0 maxbCeq
« 1+bCeq »

«Freundlich model ge=Kr (Ce)"'">

where, (q = metallic ions adsorbed per unit of weight of adsorbents at equilibrium (mg gh);
Omax = maximum possible amount of metallic ions adsorbed per unit of weight of adsorbents
(mg g'); b = constant related to the affinity of binding sites for metal ions(L mg™); Ceq =
equilibrium concentration (mg L™); K¢ = Freundlich characteristic constant of the system,
incorporating parameters affecting the adsorption process, such as adsorption capacity; N =
Freundlich characteristic constant of the system, incorporating parameters such as effect of
concentration on the adsorption capacity and represents the adsorption intensity
(dimensionless).

The parameter resulted from the Langmuir & Freundlich plots for Cu(II), Ni(Il),
Zn(II) and Cr(VI) ions by the test fungus are presented in Table 4. The plot of 1/0eq vs
1/Ceq and In @y vs In C,, in various initial concentrations range (20-100 mg L) of four
metal ions were found to be linear indicating the applicability of classical Langmuir &
Freundlich adsorption isotherm to single metal ion solution of Cu(II), Ni(Il), Zn(II) and
Cr(VI) (Fig. 6 A&B). The coefficients of determination (R”) of both models are more or
less greater than 0.90, indicating that models adequately describe the experimental data of
all four metal ions biosorption. The maximum capacity (Q,,) determined from the
Langmuir isotherm point calculated by the model in function of the experimental values
of g.q shows a linear tendency among the observed and predicted values. The Langmuir
isotherm “b” the stability complex formed between metals ions and fungal cell wall
under specific experimental conditions clearly demonstrated the small values.

The magnitude of intercept Kr and n (Freundlich constant) were calculated from
Freundlich plots. The value of n, which is related to the distribution of bonded ions on the
sorbent surface was greater than unity. The magnitude of Freundlich constant expresses
easy separation of metal ions from aqueous medium and indicates favorable adsorption.
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Table 4. Isotherm model parameters for the biosorption of metal ions onto biomass of S. commune.

. 1 Langmuir Freundlich
Metal ions Oexp (mgg ) -1 -1 2 2
dn(mgg®) [ b(mgL?h) | R ke [ n [ R
Cu(Il) 9.16 9.00 0.25 0.94 4.24 5.25 0.98
Ni(Il) 17.00 21.27 0.12 0.98 5.38 3.29 0.90
Zn(IT) 4.54 4.83 0.02 0.99 3.14 1.96 0.97
Cr(VI) 13.33 18.54 0.04 0.99 2.00 2.00 0.97
A Cu ° Ni(I) + Za(Il) ¢ Cr(VI A Cu(Il) ® Ni(I) *+ Zn(ll) ¢ Cr(VI
1.50
(B)
120 J s
8090
o
S o.60f
+ 3
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Fig. 6A &B: The linearized Langmuir (A) and Freundlich (B) adsorption isotherm for Cu(Il) ,
Ni(II), Zn(II) and Cr (VI) ions biosorption by the S. commune.

Multiple metal isotherm studies: Extensions of several common isotherms were used to
analyze the multi component experimental data. For this reason the extended Langmuir
model and the Jain Soneyix modified extended Langmuir model have been proposed and
applied. However, the extension of the basic Langmuir model proved to be reliable for
the description of competitive phenomena. The formulation of this model was first
planned by Schwab (1928). This model is based on the same assumption as was the
original Langmuir like model and can be formulated as:

q max, ibiCe, i

1+ i bC...
i=1

where, Omaxi and bj = derived from the corresponding individual Langmuir isotherm
equation; Oe; and C; = uptake and final concentration, respectively when adsorption
equilibrium is reached; n = number of metal ions in the solution.

e, i

ER)

“Extended Langmuir model

The parameters of Langmuir model for single solute system were used to calculate
modified Langmuir equation for multiple metal systems. The non-linear adsorption
isotherm presented in Fig. 7 clearly indicates the model is applicable to all experimental
data of the test fungus. The order of maximum capacity for the biosorption of metal ions
for S. commune was found in the order Ni(I) > Cu(Il) > Cr(VI) > Zn(II). The application
of the modified Langmuir model on sorption capacity of the test fungus in multi-
component adsorption isotherm data clearly indicates that adsorbents are competing for
same binding sites (Wurster et al., 2000).
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Fig. 7. Non-linear modified competitive Langmuir model for sorption of metal ions by S. commune
in multiple metal systems.

Real industrial effluents: The feasibility and efficiency of a biosorption process depends
not only on the properties of the biosorbents, but also on successful application of
biosorbent in industrial effluents. Therefore, perusal of data obtained from
aforementioned findings was used to conduct experiment with wastewater of
electroplating industry. The biomass of S. commune removed all the four heavy metal
ions significantly and exhibited same preference order of Ni(Il) > Cu(Il) >Cr (VI) >
Zn(IT) as was obtained with synthetic solution. Under optimized conditions, the biomass
of S. commune exhibited significantly greater removal of Cu(Il) (3.14 mg g) and Ni(II)
(10.54 mg g™ ions, while prevailed analogous adsorption capacity for both Zn(II) (1.08
mg g") and Cr(VI) (23.67 mg g') ions as with synthetic solution mixture. Moderate to
slight reduction in heavy metal ions recorded in sorption potential of the from industrial
effluents than from synthetic solutions could be due to various impurities present in
electroplating industrial effluents in the form of anions i.e., S0,2 NO;, CI'and TDS that
may compete for binding sites on the fungal cell walls. The high COD could also be a
further compounding factor in reducing uptake of metallic ions from effluents. Besides
low uptake can also be attributed to possible interference of CI ions in biosorption
process as compared to SO4~, and NO;™ as has been observed in other studies (Kovacevic
et al., 2000).

Conclusion

The present study concludes, the test fungal specie S. commune employed in this
study, can be classified as efficient biosorbents on the basis of rapid kinetics, remarkable
biosorption capacity and selective removal of metal ions from electroplating industrial
effluents. This biosorbents hold a potential for large scale application to remove toxic
heavy metal ions from electroplating effluents.
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