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Abstract

Biosorption of Cr(VI) ions from aqueous solution as well as from electroplating effluent with dead fungal biomass sp. Aspergillus niger,
Aspergillus sydoni and Penicillium janthinellum was investigated in the batch mode. The influence of pH of the solution, biosorbents dose,
concentration of ions and contact time on biosorption capacity of Cr(VI) ions was studied. The optimum pH for biosorption of Cr(VI) ions was
found to be 2.0. The removal of Cr(VI) was 91.03% with A. niger at biosorbent dose 0.6 g/50 mL, whereas, 87.95% and 86.61% with A. sydoni
and P. janthinellum at biosorbent dose 0.8 g/50 mL but uptake capacity (mg/g) of Cr(VI) ions decreased with increased biosorbent dose. Initially
percent removal of Cr(VI) ions from solution was increased with increase in concentration from 10 to 30 mg/L and maximum percent removal was
observed at concentration 30 mg/L after that percent removal decreased. Whereas, uptake capacity was increased with increase in concentration
of Cr(VI) ions from 10 to 60 mg/L. Uptake rate of Cr(VI) increased from 1.72 to 2.39 mg/g with A. niger, 1.22 to 1.76 mg/g with A. sydoni and
1.18 to 1.77 mg/g with P. janthinellum with increases time from 15 to 120 min. Removal of Cr(VI) from electroplating wastewater was observed
less than from synthetic solution. Higher value of correlation coefficient (2 >0.90) indicates that adsorption data are best fitted in both Freundlich
and Langmuir isotherms model. The high value of Freundlich constants K; and n, i.e. 17.92 mg/g and 1.18 L/mg and Langmuir constants Q, and b

17.61 mg/g and 0.0026 L/mg for A. niger indicate its better adsorption capacity than A. sydoni and P. janthinellum.
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1. Introduction

The presence of toxic heavy metal contaminants in aqueous
streams, arising from the discharge of untreated metal containing
effluents into water bodies, is one of the most important environ-
mental issues. Cr(VI) in water bodies usually comes from several
industrial processes such as electroplating, fertilizers, pigments,
tanning, mining and metallurgical [1,2]. Chromium(Cr) natu-
rally found in rocks, soil, plants, animals, volcanic dust and
gases. Chromium exists primarily as the soluble, highly toxic
Cr(VI) anions and the less soluble, less toxic Cr(IIl) species.
A Cr(VI) salt showed higher mobility than Cr(III) and hence
considered to be more toxic to human as well as animals and
is associated with decreased plant growth and changes in plant
morphology [3.4]. Conventional metal removal techniques such
as reverse osmosis, solvent extraction, lime coagulation, ion
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exchange and chemical precipitation are encountered with cer-
tain major disadvantages such as high energy requirements,
incomplete metal removal and generation of a large quantity
of toxic waste sludge due to various reagents used in a series
of treatment such as reduction of Cr(VI), neutralization of
acidic solution and precipitation [5,6]. Although investigations
on effective remediation technologies of Cr(VI) from wastewater
have been carried out from many years, successive applications
are limited [7]. Biological method such as biosorption for the
removal of heavy metal ions may provide an attractive alterna-
tive to physico-chemical methods [8]. Biosorption capacity of
the heavy metals by inactivated cells might be greater, equiva-
lent or less than that of living cells have been reported [9-11].
The use of dead microbial cells in biosorption is more advan-
tageous for water treatment because they are not affected by
toxic waste, and did not require a continuous supply of nutri-
ent and can be regenerated and reuse for many cycles [12].
The use of dead fungal biomass has been preferred in numer-
ous studies for biosorption of toxic metal ions from aqueous
solution [13,14]. Rhizopus [5,15-17], Aspergillus niger, Peni-


mailto:nrbishnoi@gmail.com
dx.doi.org/10.1016/j.cej.2007.03.004

R. Kumar et al. / Chemical Engineering Journal 135 (2008) 202-208 203

cillium janthinellum [5,9,18] fungal biomass was selected by
many researchers for bioremediation of Cr(VI) ions. Since their
cell wall surface contained many functional groups of carboxyl,
hydroxyl, sulfhydryl, amino groups, and phosphate group of
lipids, proteins and polysaccharides having ability to bind metal
ions [19,20]. The Cr(VI) was removed from aqueous solution
through an “adsorption mechanisms” that the anionic chromate
ion binds to positively charged groups such as amines of the
dead fungal biomass [5]. Chromium exhibits different type of
pH dependent equilibria in aqueous solution. As the pH shifted,
the equilibrium will also be shifted. In the pH range 2.0-6.0,
HCrO4~ and Cr,072~ ions are in equilibrium. Above pH 8.0,
CrO4 ™ is the only species that can exist in solution. At lower pH
(pH>2.0) values, Cr3010%~ and Crs013%~ species are formed
which results in decreased biosorption. Thus decrease in solu-
tion pH (pH>2.0) causes the formation of more polymerized
chromium oxide species [17,21,22]. The sorption capacity of
biosorbent obtained from batch equilibrium experiments is use-
ful in providing fundamental information about the effectiveness
of metal biosorbent system. For industrial application, fungal
biomass can be available in substantial quantities from vari-
ety of industrial fermentation processes, which could served
as an economical and constant supply source of biomass for
the removal of metal ions [19]. An attempt has been made in
the present study (i) to determine the sorption capacity of dead
fungal biomass of sp. A. niger, A. sydoni and P. janthinellum
for Cr(VI) from aqueous and electroplating wastewater, (ii) to
optimize various parameters, i.e. pH, biosorbent dose, initial
metal ions concentrations, contact time and (iii) to evaluate the
biosorption capacity of Cr(VI) using Freundlich and Langmuir
isotherms.

2. Materials and methods
2.1. Preparation of synthetic solutions

0.2828 g of potassium dichromate K>Cr,O7 (AR Grade) was
dissolvedin 1 L distilled water. This solution contains hexavalent
chromium concentration of 100 mg/L used as stock solution.

2.2. Isolation of fungal strains

Metal resistant fungal strains were isolated from the soil
samples of electroplating industry Luxmi Precision Screw Ltd.,
Rohtak, Haryana. The strains were maintained on solid Rose
Bengal agar medium comprising (g/L): D-glucose, 10.0; bacte-
riological peptone, 5.0; potassium dihydrogen phosphate, 1.0;
magnesium sulphate, 0.5; streptomycin, 0.03; Rose Bengal,
0.03; agar, 15.0 [23]. The fungal strains were identified from
IARI, New Delhi.

2.3. Preparation of biomass

For experimental purpose, fungal species were cultivated in
liquid phase using a rotating incubator. For A. niger, spores were
transferred to 250 mL Erlenmeyer flasks filled with 100 mL of
a culture medium composed of the following (g/L): bactodex-

trose, 20; bactopeptone, 10; NaCl, 0.2; CaCl,-2H;0, 0.1; KCI,
0.1; KoHPOy4, 0.5; NaHCO3, 0.05; MgS0O4, 0.25; FeSO4-7H, O,
0.005. The liquid phase pH was adjusted to 5.0 by the use of IN
HCIl or 1N NaOH. Once inoculated, the flasks were shaken on a
rotary shaker at 125 rpm for 5 days at 25 °C. A. sydoni and P, jan-
thinellum were experimentally cultivated in broth Rose Bengal
medium.

The biomass produced was collected by vacuum filtration and
boiled in 0.5N NaOH solutions for 15 min. It was then washed
with generous amounts of deionized water as long as the pH
of the washing solution was in the near-neutral range (7.0-7.2).
After washing, the biomass was dried at 60 °C for a period of
16 h and powdered to be used in biosorption tests in series. The
moisture content of fungal biosorbent is 5%.

2.4. Characterization of wastewater sample

The characteristics of electroplating wastewater sample are
listed in Table 1. They were determined according to APHA
methods [24].

2.5. Batch experiment

The experiment was conducted for biosorption at concentra-
tion 30 mg/L of Cr(VI) ions, 0.5 g of biosorbent dose in 50 mL
metal solution for 60 min with varying pH from 1.0 to 10.0. The
pH value of the solution was adjusted using 1N HCl or IN NaOH.
Influence of biomass dose were studied ranging from0.2to 1.2 g
for 50mL of Cr(VI) solution in 250 mL of Erlenmeyer flask,
while keeping the optimum pH from above experiments, temper-
ature 25 °C and concentration of the Cr(VI) ions 30 mg/L. Effect
of initial metal ions concentration on biosorption of Cr(VI) from
10 to 60 mg/L was studied. Effect of contact time was studied
from 15 to 120 min at optimum conditions and samples were
taken after an interval of 15 min. The optimum biomass dose
and contact time observed from above experiments were applied
for removal of Cr(VI) from electroplating industrial effluent
whereas, concentration of Cr(VI) ions in the industrial efflu-
ent is 47 mg/L and pH of the wastewater is 2.2. The solutions
were equilibrated for 1 h at 25 °C temperature on a mechanical

Table 1

Characteristics of the electroplating wastewater

Parameters Characteristics
Colour Dark green
Total dissolved solids 27,653 mg/L
Oil and grease 25 mg/L

pH 22

BOD 236 mg/L
COD 598 mg/L
Sulphate 450 mg/L
Phosphate 0.10 mg/L
Cr(VI) 47 mg/L
Copper 0.92 mg/L
Zinc 239 mg/L
Cyanide 16.0 mg/L
Iron 8.55mg/L
Nickel 32mg/L
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shaker, then the filtrate was analyzed for residual Cr(VI) concen-
tration using a spectrophotometer (ELICO SL-150) at 540 nm
[24]. The amount of heavy metal ions adsorbed by the biomass
was calculated using the following equation:

_(Co—CoV
w

where ¢ is the amount of heavy metal ions adsorbed by biomass
(mg/g), Cp the initial concentration of metal ions (mg/L), Ce
the concentration of heavy metal ions at equilibrium (mg/L),
V the volume of the metal solution (L) and W is the weight of
adsorbent (g). All the experiments were conducted in triplicate
and mean values were used in analyzing the data.

ey

2.6. Adsorption isotherms

The adsorption isotherm is the initial experimental test step
to determine feasibility of adsorption treatment and whether
further test work should be conducted. It is a batch equilib-
rium test which provides data relating adsorbate adsorbed per
unit weight to the amount of adsorbate remaining in the solu-
tion. Adsorption data for wide range of adsorbent concentration
(0.2-1.2g/50mL) at 30mg/L of Cr(VI) ions was described
by the adsorption isotherms, such as Langmuir or Freundlich
isotherms.

The Langmuir model can be described as [25,26]:

_ QObCe
1+ bCe

de (2)
where ¢, is the uptake of metal per unit weight of the adsor-
bent (mg/g), Qp the moles of solute sorbed per unit weight of
adsorbent (mg/g), b the constant related to affinity between the
biosorbents and biosorbate (L/mg) and C. is the equilibrium
(residual) concentration of ions (mg/L).

The constants, Qg and b are evaluated from the linear plot of
the logarithmic equation:
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The Langmuir model is based on the assumption that max-

imum adsorption occurs when a saturated monolayer of solute

molecule is present on the adsorption surface, and the energy of

adsorption is constant and that there is no migration of adsorbate

molecule in the surface plane.

The Freundlich isotherm has the form [17,27]:

q = KeCl/" 4

The logarithmic form of the equation is given below:

log g = log K¢ + 5)

nlog C.
where g is the uptake of metal per unit weight of biosorbent
(mg/g), C. the equilibrium concentration of metal ions in solu-
tion (mg/L), K¢ the Freundlich constants denoting adsorption
capacity (mg/g) and n is the empirical constant, indicating of
adsorption intensity (L/mg).

The value of K¢ and 1/n were found by plotting the graph
between log g. and log C,, which is the residual chromium con-
centration and is calculated from the laboratory data. The value
of log K is the intercept and value of 1/n is the slope of the
plot. After finding the log Ky, its antilog is found out to calculate
Kt. A high ‘Ky’ and ‘n’ value is indication of high absorption
through out the concentration range. A low ‘Ky’ and high ‘n’
indicates low adsorption through out the studied concentration
range. A low ‘n’ value indicates high adsorption at strong solute
concentration [17,27].

The Freundlich model is basically empirical and was devel-
oped for heterogeneous surfaces. The model is a useful means
of data description.

3. Results and discussion
3.1. Effect of pH

The removal of chromium by A. niger, A. sydoni and P. jan-
thinellum at different pH of the test sample is shown in Fig. 1.
The chromium concentration, adsorbent dose and time dura-
tion were kept constant (i.e. 30 mg/L, 0.5 g/50 mL and 60 min,
respectively). The maximum percent removal of chromium(VI),
i.e. 88.88+£2.04%, 80.86 £2.24% and 78.53 +2.28% by A.
niger, A. sydoni and P. janthinellum was observed at pH 2.0.
In the pH range 2.0-6.0, HCrO4~ and Cr,O7~ ions are in equi-
librium whereas, at lower pH (pH > 2.0), there is formation of
more polymerized chromium oxide species such as Cr30>~
and CrsO132~ [17,21,22], which results in decrease in Cr(VI)
removal. The optimum pH of the medium was also reported to
be 2.0 for Cr(VI) adsorption using S. equisimilis, S. cerevisiae
and A. niger [28,29]. As the pH of the system increases, the
number of negatively charged sites increased and the number of
positively charged sites decreased. A negatively charged surface
site on the adsorbent does not favour the adsorption of anions
due to the electrostatic repulsion [16]. This observation also
agrees with the earlier reports on Cr(VI) removal by various
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Fig. 1. Effect of pH on removal of Cr(VI) at initial Cr(VI) concentration
30 mg/L, fungal dose 0.5 g/50 mL, contact time 60 min, temperature 25 °C.
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biosorbents [17,27,28,30]. The interaction between the metal
ions and the microbial cell functional groups depend not only
on the nature of the biosorbent used but also on the solution
chemistry of the metal removal. The acquisition of charge by
the biosorbent surface then facilitates interaction with species
of opposite charges.

In acidic solution, the equilibrium is as follow:

HCr,07 — H' + Cr,04%~

H,CrO4 — H +HCrO4~
The equilibrium in alkaline pH is given as:

Cr,072~ + OH™ — HCrO4~ +CrO4>~

HCrO;,~ + OH™ — CrO4%~ +H,0

It is apparent that for each mole of dichromate ion absorbed
a maximum of 2 mol of hydroxyl ions are produced in the solu-
tion [17,31]. High adsorption capacity was observed at low pH
2.0; value may be attributed due to presence of large number
of H* ions, which in turn neutralize the negatively charged
adsorbent surface thereby, reducing hindrance to the diffusion
of the dichromate ions at lower pH. The reduction in adsorp-
tion at higher pH may be possible due to the abundance of OH™
ions causing increased hindrance to diffusion of dichromate ions
[32-34].

3.2. Effect of fungal dose

Cr(VI) removal by A. niger, A. sydoni and P. janthinellum as
a function of adsorbent dose is shown in Fig. 2. The experiment
was conducted with 30 mg/L test solution of Cr(VI), 60 min con-
tact time, optimum pH 2.0 and fungal dose was varied from 0.2 to
1.2 gin 50 mL metal solution at 25 °C. Biosorption of Cr(VI) was
observedtobe 72.13 £ 1.86% at0.2 gand95.35 +2.45%at1.2 g
with fungal dose of A. niger, 66.60 +2.36% to 91.20+2.3%
with A. sydoni and in case of P. janthinellum it was observed
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Fig. 2. Effect of fungal dose on the removal of Cr(VI) at initial Cr(VI) concen-
tration 30 mg/L, pH 2.0, contact time 60 min, temperature 25 °C [(Hl) %removal;
(O) uptake capacity (mg/g)].

from 64.86 +3.12% to 91.09 £2.8% at 0.2-1.2 g in S0 mL of
solution. As results showed that the removal of Cr(VI) was
91.03 +£2.27% with A. niger at biosorbent dose 0.6 g/50 mL,
whereas, 87.95 4+ 1.64% and 86.61 £ 1.62% with A. sydoni and
P. janthinellum at 0.8 g/5S0mL and after that no appreciable
amount of Cr(VI) ions removed from the solution. Actually a
slow increase in Cr(VI) removal was observed after biomass
dose of 0.6 g for A. niger and at 0.8 g/50 mL for A. sydoni and P.
Jjanthinellum. However a possible reason is that removal beyond
an optimum dose may be attributed to the attainment of equilib-
rium between adsorbent and adsorbate at operating conditions.
Before attainment of the equilibrium, the enhancement of metal
sorption could be due to the increase in electrostatic interaction
(relative to covalent interaction). After attainment of the equi-
librium only marginal increase in adsorption rate of Cr(VI) was
observed [35,36]. When an optimum amount has been sorbed,
rate of adsorption decreased and desorption comes into play
which considerably reduced the overall rate of removal. The
adsorbed ions either blocked the access to the initial pores or
caused particles to aggregate, thereby reducing the active site
availability [37,38].

However, Cr(VI) uptake values showed a reverse trend, as itis
a measure of the amount of Cr(VI) ions bound by unit weight of
biomass and therefore, its magnitude decreased with increment
in biomass dose 0.2-1.2 g/50mL (Fig. 2). Adsorption capac-
ity was decreased from 5.41 +0.14 to 1.19 £ 0.03 mg/g with
A. niger, 499 +£0.18 to 1.14 0.029 mg/g and 4.86 + 0.23 to
1.14 £ 0.35 mg/g with A. sydoni and P. janthinellum, respec-
tively. The reason might be attributed to the fact that the high
biomass concentration could make a “screen” effect on the dense
outer layer protecting the binding sites from metal and thereby
lowering the specific metal uptake at higher biomass loading
[16]. Similarly, it has been reported that adsorption efficiency
somewhat decreased with higher doses [39].

3.3. Effect of initial Cr(VI) ion concentrations

Cr(VI) removal by A. niger, A. sydoni and P. janthinellum
as a function of initial metal ions concentration is shown in
Fig. 3. The initial metal ions concentration was varied from
10 to 60 mg/L at temperature 25 °C. Therefore, the percent-
age of ions adsorbed at higher concentration level shows a
decreasing trend, whereas uptake of ions displays opposite trend
(Fig. 3). The percent removal was increased as the initial Cr(VI)
concentration increased up to 30 mg/L but further increase in
concentrations results in decrease in percent removal. Maxi-
mum percent removal of Cr(VI) was observed 90.88 +2.9%,
87.28 £1.48% and 86.61 4= 2.46% with A. niger, A. sydoni and
P. janthinellum, respectively, at 30 mg/L. This may be due to the
saturation of the sorption sites and increase in the number of ions
competing for the available binding sites in the biomass for com-
plexation of Cr(VI) ions at higher concentration [6,17]. On the
other hand, Cr(VI) uptake (mg/g) of the biomass increased with
increase in concentration of Cr(VI) ions. Maximum adsorption
capacity was observed 3.63 &= 0.13 mg/g with A. niger, whereas,
2.62£0.06 and 2.43 +£0.09 mg/g with A. sydoni and P. jan-
thinellum, respectively, at higher concentration of 60 mg/L. The
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Fig. 3. Effect of initial metal ion concentration on removal of Cr(VI) at fungal
dose 0.6 g/SO0 mL for A. niger, 0.8 g/50 mL for A. sydoni and P. janthinellum,
time 60 min, temperature 25 °C [(l) %removal; ([J) uptake capacity (mg/g)].

number of ions adsorbed from higher concentrations is more
than that removed from less concentrated solutions. As higher
ions concentration enhanced the mass transfer driving force, and
increased the metal ions sorbed per unit weight of adsorbent at
equilibrium [40]. In addition, increasing metal ions concentra-
tion increased the number of collisions between metal ions and
sorbent, which enhanced the sorption process [17,40]. As the
initial concentration of Cr(VI) increased from 25 to 250 mg/L
loading capacity was also increased from 1.0 to 9.15 mg/g with
N. crassa fungal biomass [41].

3.4. Effect of contact time

Chromium removal by various adsorbents as a function of
contact time is shown in Fig. 4. The experiment was conducted
at optimum initial chromium concentration of 30 mg/L, opti-
mum dose were taken as 0.6 g for A. niger and 0.8 g for A.

sydoni and P. janthinellum at optimum pH 2.0. It was observed

3
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Fig. 4. Effect of contact time on removal of Cr(VI) atinitial Cr(VI) concentration
30 mg/L, fungal dose 0.6 g/50 mL for A. niger, 0.8 g/50 mL for A. sydoni and P.
Jjanthinellum, temperature 25 °C.

from the results that uptake rate of Cr(VI) increased from
1.72+0.012 to 2.39 £ 0.028 mg/g with A. niger, 1.22+0.015
to 1.76 £0.036 mg/g with A. sydoni and 1.18£0.015 to
1.77 £0.03 mg/g with P. janthinellum from 15 to 120 min. It
showed that a major fraction of Cr(VI) gets sorbed onto biomass
after 60 min and remained nearly constant afterwards. Simi-
larly it was observed by Mohanty et al. [42], that the maximum
removal of Cr(VI) was occurred in the initial stage, which grad-
ually decreased and remains almost constant after an optimum
period. It was also observed that the adsorption got slow down
in later stages because initially a large number of vacant surface
sites may be available for adsorption and after some time, the
remaining vacant surface sites may be difficult to occupy due to
repulsive forces between the solute molecules of the solid and
bulk phase [43,44].

3.5. Adsorption isotherm of Cr(VI)

The Freundlich and Langmuir adsorption models were used
for the mathematical description of the adsorption of Cr(VI) ions
and isotherms constants were determined to compare the adsorp-
tion capacity of A. niger, A. sydoni and P. janthinellum for Cr(VI)
ions. Fig. 5(a) and (b) shows typical sorption isotherms for
chromium-adsorbent systems. For Freundlich isotherm, graph
plotted between log g, and log C. yields a linear. A plot between
1/g. and 1/C; yields a linearized form of Langmuir isotherm.

The data have a high value of the correlation coefficient
(+*>0.90) (Table 2). In view of higher value of correlation
coefficients indicate that adsorption data are best fitted in both
Freundlich model and Langmuir model. The high value of Fre-
undlich constants Ky and n, i.e. 17.92mg/g and 1.18 L/mg for
A. niger than A. sydoni and P. janthinellum, i.e. 8.06 mg/g and
0.95 L/mg, 9.05 mg/g and 1.10 L/mg, respectively, indicates bet-
ter adsorption capacity of A. niger. The higher value of Ky indi-
cates a high adsorption capacity. This is defined as the adsorbate
adsorbed per unit weight of adsorbent. Higher the n (n > 1) value,
higher is the intensity of adsorption [45]. The value of constants
Qo and b were obtained by fitting the experimental data into
Langmuir isotherm (Table 2). This data shows metal uptake Qg
is higher 17.61 mg/g with A. niger than 9.07 mg/g with A. sydoni
and 9.35 mg/g with P. janthinellum biomass and lower value of
constant b indicate the high affinity of the biosorption of Cr(VI)
with A. niger. The adsorption capacity of Cr(VI) is much higher
than the biosorbents used by other workers, i.e. 2.66 mg/g for A.
niger [46], 12.06 mg/g for R. nigricans [17], 11.10 mg/g for R.
arrhizus free biomass and 9.00 mg/g for immobilized R. arrhizus
fungal biomass [16], and 0.15 mg/g for B. thuringiensis [47].

Table 2
Freundlich and Langmuir constants for Cr(VI)

Biosorbents Freundlich constants Langmuir constants

?  Kr(mg/g) nUmg) 2  Qp(mglg) b(L/mg)
A. niger 099 17.92 1.18 098 17.61 0.0026
A. sydoni 0.95 8.06 1.01 0.97 9.07 0.0022
P. janthinellum 0.91 9.05 1.10 0.95 9.35 0.0042
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Fig. 5. (a) Freundlich isotherm for the adsorption of Cr(VI) at initial Cr(VI)
concentration 30 mg/L, pH 2.0, time 60 min, temperature 25 °C. (b) Langmuir
isotherm for the adsorption of Cr(VI) at initial Cr(VI) concentration 30 mg/L,
pH 2.0, contact time 60 min, temperature 25 °C.

3.6. Sorption of Cr(VI) from electroplating wastewater

The results of percent removal of Cr(VI) by 71.18 +2.86%
with A. niger, 65.32 +2.10% with A. sydoni and 62.59 + 1.34%
with P. janthinellum. There is some what less adsorption
occurred in the wastewater sample as compared to synthetic
sample. The decrease in percent removal may also be attributed
due to presence of other metal ions like Cu, Zn, CN, Fe and
Ni in wastewater as indicated in Table 1, which occupies the
adsorption sites and therefore lesser Cr(VI) removal occurred.
In the synthetic sample of potassium dichromate only Cr(VI)
metal ions were present, so the binding sites on adsorbent sur-
face were occupied by the single metal ions, so removal percent
is greater than wastewater sample. It is also reported that there
is a well-defined environment where only a single species of
metal is present and byproduct adsorption in a complex industrial
wastewater where more than one metal ion species are present
[44,48].

4. Conclusions

The present study showed that fungal biosorbent can be con-
sidered as an alternative technology for sequestering Cr(VI)
from electroplating effluent in batch process. Maximum biosorp-
tion of Cr(VI) were observed at pH 2.0, biomass dose
0.6 g/50mL for A. niger and 0.8 g/50mL for A. sydoni and
P. janthinellum, metal ion concentration 30 mg/L in 60 min of
contact time. Biosorption of Cr(VI) ions from electroplating
wastewater was observed less than form aqueous solution, i.e.
71.18 £ 2.86% with A. niger, 65.32 +2.10% with A. sydoni and
62.59 + 1.34% with P. janthinellum at optimum biosorbent dose
and contact time. The adsorption equilibria data has been fit-
ted very well to Langmuir as well as to Freundlich adsorption
model. High value of Freundlich constants “Kt” 17.92 mg/g, “n”
1.18 L/mg for A. niger, than A. sydoni (8.06 mg/g, 1.01 L/mg)
and P. janthinellum (9.05 mg/g, 1.10 L/mg) and Langmuir con-
stants Qg 17.61 mg/g, b 0.0026 L/mg for A. niger and 9.07 mg/g,
0.0022 L/mg and 9.35 mg/g, 0.0042 L/mg, respectively, for A.
sydoni and P. janthinellum were indicated better adsorption
intensity as well as better adsorption capacity of Cr(VI) by A.
niger. The results showed that dead fungal biomass sp. A. niger
is an efficient biosorbent for removal of Cr(VI) ions from aque-
ous solution and electroplating wastewater than A. sydoni and P.
Jjanthinellum. Further investigation is being made to prove the
utility of these biosorbents for treating domestic and industrial
effluent at pilot scale in continuous flow bioreactor system.
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