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Abstract

Background: Biomass produced as a byproduct from the β-mannanase production process by Aspergillus tamarii
NRC 3was evaluated as a biosorbent for the removal and recovery of some heavy metal ions.

Results: Under optimal conditions, the isolated strain recorded the highest β-mannanase activity (31.88 Uml−1). Thus, the
biomass produced from mannanase production process as a byproduct was evaluated as a biosorbent for the removal
and recovery of some heavy metal ions from aqueous solutions and an industrial wastewater. The fungal biomass was
found to be efficient for the removal of Cu+2 and some heavy metal ions. The biosorption process of copper(II) by
Aspergillus tamarii NRC 3 biomass was affected by changing of time, temperature, pH, metal ions concentration, the
presence of some heavy metals, and biomass concentration. The rate of Cu+2 uptake from Cu+2solution proceeded
rapidly, and it appeared to be virtually complete during the initial 5 min (92%); the maximum uptake of Cu+2 appeared at
30 °C, pH 5, and biomass concentration 5 g w/w. On the other hand, the fungal biomass was to remove considerable
proportion of Pb2+, Co+2, Ni2+, Fe+3, and Cr3+ in addition to Cu2+. The uptake of Cu+2 by pretreated biomass was studied.
Recovery of the sorbed metal ions by desorbing agents and the potential reuse of the regenerated biomass in metal ions
uptake (reloading) were evaluated.

Conclusions: Aspergillus tamarii NRC 3 biomass seems to be quite feasible in the removal of heavy metal ions especially
Cu+2 from aqueous solutions.
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Introduction
Heavy metal ions are released into the environment
by several industrial processes. The continuous pro-
duction of metal-containing wastewater poses a ser-
ious threat to the environment and public health.
This is mainly due to their entry and bioaccumulation
in food chains (Malik 2004; Chuah et al. 2005). Metal
ions such as lead, cadmium, mercury, copper, chro-
mium, zinc, nickel, and cobalt are highly toxic to or-
ganisms and have a great impact on the environment
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(Gadd 1993; Volesky and Holan 1995). Copper is the
third most used metal in the world and is an essential
micronutrient required in the growth of both plants
and animals. Copper is indeed essential, but in high
doses, it can cause anemia, liver and kidney damage,
and stomach and intestinal irritation. Wastewater es-
pecially the electrical and electroplating industries
contain high levels of Cu2+ and treatment of such wa-
ters to remove Cu2+ is needed before disposal (Yilmaz
et al. 2010). The conventional methods used for the
removal of heavy metals are chemical precipitation,
lime coagulation, ion exchange, reverse osmosis, and
solvent extraction (Rich and Cherry 1987). These
methods are less effective and more expensive when
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metal concentrations are in the range of 1–100 mg/l
(Nourbakhsh et al. 1994). Biosorption by different fungal
biomass as biosorbents is a potentially important mechan-
ism for heavy metal clean-up relative to conventional
methods due to its low cost, high efficiency, and the possi-
bility of the regeneration and recovery of the metals (Cruz
et al. 2004; Luo et al. 2010; doCarmo et al. 2013; Ghosh
and Saha 2013). Living as well as dead fungal biomass has
been used as biosorbents in the removal of toxic metal
ions (Arıca et al. 2001 and Saad 2015). It should be men-
tioned that large amount of fungal biomass are available
as byproducts of fermentation industries (antibiotics, or-
ganic acids, enzyme production, and biopolymer produc-
tion for pharmaceutical and food industries). Thus, the
waste products from other processes could probably be
put to use as biological sorbents (Brown et al. 2001).
The present work was to evaluate the Aspergillus

tamarii NRC 3 biomass as a biosorbent for the removal
and recovery of some heavy metals from contaminated
aqueous solutions and an industrial effluent.
Materials and methods
Microorganism
Aspergillus tamarii NRC 3 was isolated from Egyptian
soil and identified by molecular identification using 18S
rRNA (Saad et al. 2016).
Maintenance of the isolated fungus
Potato dextrose medium (PDA) was used for mainten-
ance of the isolated fungus. The inoculated slants were
incubated for 7 days at 28 °C. The cultures were main-
tained at 4 °C and subcultured every 2 weeks.
Culture method
The spore solution was inoculated into Petri dishes each
containing 20-ml PDA medium, pH 5. The cultures were
incubated at 28 °C for 6 days.
Growth conditions
One disk (4-mm diameter, equal 2 × 107 spore) was inoc-
ulated into a sterilized mannanase production broth
medium: modified Czapek’s Dox medium contains (g/l)
locust bean gum 10.0; NaNO3, 2.0; K2HPO4, 1.0;
MgSO4.7H2O, 0.5; KCl, 0.5; and traces of FeSO4.7H2O
(pH 5). The flasks were incubated statically for 6 days at
30 °C. At the end of incubation period, the fungal bio-
mass was separated from the culture by filtration,
washed several times with distilled water, and dried be-
tween two filter papers to obtain wet biosorbent and the
clear supernatant was considered as the crude
β-mannanase enzyme (Saad et al. 2016).
Preparation of heavy metal solutions
The 1000-ppm stock solutions of Cu2+, Pb2+, Co+ 2, Ni2+,
Fe+ 3,or Cr3+ were made in double distilled water using
CuCl2, PbCl2, CoCl2, NiCl2, FeCl3, or CrCl3 (Merck or
BDH). The 10 to 120 ppm solution of Cu2+ and 25 ppm
from each tested metal were prepared from 1000 ppm
stock solution by dilution with double distilled water.

Analytical methods
Amount of metal taken up by the biomass was calcu-
lated by difference in initial and final concentration in
the solution. The residual metal ions were determined
by atomic absorption spectrophotometer FS240Agilen.

Heavy metal ions uptake by Aspergillus tamarii NRC 3
biomass
General procedure (Saad 2015)
The pre-cultured fungal biomass (5 g wet weight = 0.44 g
dry weight) live or pretreated biomass (dead biomass)
was added to 50 ml of metal(s) solution in 250 ml flasks.
Duplicates of these flasks were incubated in a shaking
incubator at 150 rpm for interval time at 30 °C. A 50-ml
metal(s) solution without biomass was incubated in the
same manner and stored as control. By the end of the
experiment, the content of each flask was filtered
through filter papers (Whatman No.1). The biomass was
removed from the filter paper, and the supernatant was
analyzed for the determination of residual metal(s).

Kinetic and mechanism of Cu2+uptake by Aspergillus
tamarii NRC 3 biomass
Factors that influence copper(II) uptake by fungal biomass
were investigated as follows.

Equilibrium experiments
In order to determine the maximum time of equilibra-
tion for the maximum sorption of Cu2+ by the biomass,
several equilibrium experiments were conducted at dif-
ferent times ranging from 5min to 120 min.

Effect of Cu2+ concentration
The dependence of Cu2+ uptake on initial Cu2+ concen-
tration (10–120 ppm) was performed at 1 h period.

Effect of biomass concentration
The effect of different biomass concentrations (1–5 g
wet weight) on the Cu2+ uptake was studied.

Effect of pH
The effect of pH on Cu2+uptake was performed with the
range of 3–9 by adjusting the metal solution to the de-
sired pH with either 0.1 N NaOH or 0.1 N HCl before
adding the biomass.
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Effect of temperature
The effect of different temperatures (10, 20, 30, 40, and
50 °C) on the uptake of Cu2+ during 1 h period was
investigated.
Effect of mixed metal ions on Cu2+ uptake
The effect of a mixture of competing metal ions, i.e.,
Pb2+, Co+ 2, Ni2+, Fe+ 3, and Cr3+ in a concentration
of 25 ppm of each metal in addition to Cu2+ (100 ppm) on
Cu2+ uptake, was studied. A 50-ml Cu2+solution in a con-
centration of 100 ppm with fungal biomass was incubated
in the same manner as the control.
Effect of pretreatment of fungal biomass on Cu2+ uptake
(Saad 2015)
Fungal biomass (each 5 g, wet weight = 0.44 g dry
weight) was treated prior to contact with Cu2+solution
(100 ppm of Cu2+, pH 5) as follows:

1. Boiling with distilled water for 10 min
2. Soaking in 5% KOH solution for 10 min, separated

by filtration and washed with 1.0 N HCl then
thoroughly washed several times with distilled
water until neutral

3. Soaking in 1.85 × 10−5 mM of sodium azide solution
for 30 min, separated by filtration and washed
several times with distilled water

Appropriate controls for the treatment were
prepared and treated simultaneously as the
experiments.
Sorption and desorption of mixed metal ions
Sorption of mixed metal ions, i.e., Cu2+, Pb2+, Co+2, Ni2+,
Fe+3, and Cr3+ was carried out as outlined in the general
procedure. After initial metal ions uptake, the fungal bio-
mass was separated by filtration and repeatedly washed
with distilled water. The metal ions content in the super-
natant was determined. The metal ions sorbed by the bio-
mass were taken as 100% for the subsequent uptake cycle.
The biomass obtained from the initial biosorption (de-

scribed above) was subjected to desorbing agents (0.1 N
HCl, 0.1 N NaHCO3, or 0.1 N Na2CO3).
The biomass was suspended in 50 ml of desorbing

agent for 1 h. Another 50 ml of desorbing solution
without the biomass served as a control. The biomass
was separated by filtration. The metal ions content in
the supernatant was determined. The elution effi-
ciency of the desorbing agent was calculated as
follows:
Elution efficiency % = amount of desorbed metal ions/

amount of biomass sorbed metal ions × 100
Metal ions uptake by the regenerated biomass
The biomass obtained after the desorption treatment
was washed repeatedly with distilled water and
re-suspended in 50ml of metal ions solution for 1 h. An-
other 50 ml portion of metal ions solution was incubated
separately and served as a control. By the end of incuba-
tion period, the biomass was separated by filtration and
metal ions were determined in supernatant.
Reloading capacity = amount of sorbed metal ions in

the second cycle/amount of sorbed metal ions in the
first cycle
The experimental procedures above were carried out

with each of the desorbing agent in duplicate along with
the appropriate controls.
Removal of metal ions from industrial effluent
An industrial effluent was obtained from the Egyptian
Company for leather tanning (El-Basateen, Cairo).
Effluent treatment
The removal of metal ions from the industrial effluent
was carried out as outlines in the general procedure.
Statistical analysis
Data are expressed as the mean ± S.E. of three independ-
ent culture preparations performed in triplicate. Statistical
analysis was achieved using prism software-programmed
one-way ANOVA.
Results
Effect of initial copper(II) concentration
The effect of initial Cu+ 2concentration on the Cu+ 2 up-
take by alive fungal biomass was investigated. Figure 1
showed that the amount of Cu+2 uptake by alive fungal
biomass increased as the initial concentration increased,
and the uptake of Cu+2 was efficient (96.75% ppm) in so-
lution containing up to 120 ppm Cu+ 2.
Effect of fungal biomass concentration on Cu2+ uptake
The amount of copper(II) uptake by fungal biomass in-
creased as the initial biomass concentration increased,
and the Cu+ 2 uptake was efficient (92.40%) in solution
containing 5 g of wet weight biomass Fig. 2.
Effect of initial pH on copper(II) uptake
The effect of initial pH on Cu2+ uptake by non-growing
fungal biomass was examined at pHs 3, 5, 7, and 9 (30 °C
for 1 h). Figure 3 showed that the percentage uptake of
Cu2+ by fungal biomass decreased at pHs 3, 7, and 9
(34.11, 86.1, and 56.76%) respectively, while the percent-
age uptake reached to the maximum at pH 5 (92.51%).



Fig. 1 Effect of Cu2+concentration on Cu2+ uptake by Aspergillus tamarii NRC 3 biomass (pH 5; temp., 30 °C; rpm, 150; biomass dosage,5 g;
contact-time, 1 h)
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Effect of temperature
The effect of temperature on Cu2+ uptake by fungal
biomass was studied in the temperature ranged from
10 to 50 °C. As shown in Fig. 4, the maximum per-
centages uptake of copper(II) reached to 92.74% at
30 °C after 1 h. The decrease of the percentage re-
moval occurred with the decrease and increase of
temperature.

Time course of copper(II) uptake by Aspergillus tamarii
NRC 3 biomass
Time course of copper uptake by fungal biomass was in-
vestigated. Figure 5 indicated that the percentage uptake
of Cu2+from Cu2+ solution was rapid during the first 5
min and it appeared to be virtually complete during the
initial 5 min (92%) and then slowly decreased by increas-
ing the incubation time.
Fig. 2 Effect of biomass concentration on Cu2+ uptake by Aspergillus tama
Effect of mixed metal ions on copper(II) uptake
The effect of some heavy metal ions on the Cu+2 uptake
by separated alive A. tamarii NRC 3 biomass from a so-
lution containing equal concentrations (25 ppm) of Pb2+,
Co+2, Ni2+, Fe+3,or Cr3+in addition to Cu+ 2 (100 ppm)
was investigated. As shown in Fig. 6, Cu+ 2 uptakes by
fungal biomass were enhanced by 2.38% in the presence
of a mixed metal solution. On the other hand, the fungal
biomass removed considerable proportion of Pb2+, Co+2,
Ni2+, Fe+3, and Cr3+in addition to Cu+ 2.

Effect of pretreated biomass on the uptake of copper(II)
The uptake of Cu+2 by killed biomass by boiling with
water, soaking in 5% KOH, or soaking in 1.85 × 10−5

NaN3 were examined. The experiments were performed
to test the effect of metabolic inhibitors on Cu+2uptake.
Results in Table 1 indicated that no considerable changes
rii NRC 3 biomass (Cu2+ conc., 80 ppm)



Fig. 3 Effect of initial pH on Cu2+ uptake by Aspergillus tamarii NRC 3 biomass (Cu2+ conc., 80 ppm)
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in Cu+2 uptake by boiled biomass, while the Cu+2uptake
by soaked biomass in 5% KOH or 1.85 × 10−5 NaN3 de-
creased by 5.49% and 14.96%, respectively.

Metal ions desorption and reloading of fungal biomass
Recovery of the sorbed metal ions by desorbing agents
and the potential reuse of the regenerated biomass in
metal ions uptake (reloading) were evaluated.
Data presented in Table 2 showed the effectiveness of

the use of 0.1 N HCl, 0.1 N NaHCO3, or 0.1 N Na2CO3

in the desorption of metal ions from fully loaded Asper-
gillus tamarii NRC 3 biomass. It is to be noted that the
initial uptake for metal ions loaded on fungal biomass as
indicated in Table 2. Desorption is therefore expressed
as percentage removal of metal ions relative to biomass
initial loading (Table 2). The greatest efficiency of de-
sorption was observed with the use of 0.1 N HCl (Cu+2,
61.23%; Pb2+, 69.22%; Co+2, 37.03%; Ni2+, 57.65%; Fe+3,
43.53%; and Cr3+, 51.48%) (Table 2).The regenerated
biomass was used for three sorption-desorption cycles.
Data presented in Table 3 observed that the uptake of
heavy metal ions tested was decreased by the increment
Fig. 4 Effect of temperature °C on Cu2+ uptake by Aspergillus tamarii NRC 3
of sorption-desorption cycles compared with the initial
metals uptake as indicated in Table 2.

Removal of metal ions from an industrial effluent by alive
biomass
The potential use of fungal biomass in pollution control
was examined. The effluent containing Cr as the major
heavy metal pollutant beside minor traces of Cu, Pb, Ni,
Fe, and Co was used on a small-scale experiment for
evaluation of the fungal biomass efficiency in metal ions.
From data presented in Table 4, the efficiency of Cu2+

and Co2+ removal was high (90.94% and 60.0%, respect-
ively) followed by Ni2+, Fe3+, Pb2+, and Cr3+ (40.0, 34.47,
29.13, and 11.45%, respectively). It is worth mentioning
that the biomass treatment resulted also in the removal
of the color and the pungent odor from the effluent.
The biomass itself gained the coloration of the effluent.

Discussion
The active trend towards industrialization and the in-
creased consumption of metals have contributed to
heavy metal loads in our natural water systems. As a
biomass (Cu2+ conc., 80 ppm)



Fig. 5 Effect of time course on Cu2+ uptake by Aspergillus tamarii NRC 3 biomass (Cu2+ conc., 80 ppm)

Saad et al. Bulletin of the National Research Centre           (2019) 43:10 Page 6 of 9
result of their toxicity, environmental mobility and com-
plex chemical forms, increasing attention is directed to-
wards studding their removal and recovery from
metal-bearing waste streams.
Removal of heavy metals at their source before dis-

charge into receiving water currently depends on phys-
ical and chemical means. A recent development in
environmental biotechnology is the use of microbial bio-
mass as biosorbents for heavy metals because of the cell
wall of fungi which consists of various constituents and
the functional groups can make attraction with different
types of heavy metals at different concentrations and
thus increases the metal sequestration ability of fungi.
The effectiveness of the biosorbent depends on the ionic
state of the biomass (Gadd 1990; Sakthipriya et al. 2015;
Ojuederie and Babalola 2017).
In this study, investigation of kinetic and mechan-

ism of Cu+2 and other heavy metal ions uptake by
Fig. 6 Effect of mixed heavy metal ions on Cu2+ uptake (Cu2+ conc. 80 ppm
Aspergillus tamarii NRC 3 biomass produced as a
byproduct from β-mannanase production was studied.
Evaluation of the effect of initial Cu+2concentration on

the Cu+2 uptake by Aspergillus tamarii NRC 3 biomass
was performed. Our results found that the sorption cap-
acity increased and reached to the saturation value as
the initial Cu+2concentration increased in aqueous solu-
tion suggesting saturation kinetics with respect to
Cu+2concentration. This result was similar with the re-
sults of Iram and Abrar (2015) who observed that by
using of Aspergillus flavus and Aspergillus niger biomass
as biosorbents, Cu+2 uptake was increased by increasing
of initial Cu+ 2 concentration in aqueous medium.
Mukhopadhyay et al. (2007) and Sheng et al. (2007) il-
lustrated that, at high metal ion concentration, the num-
ber of ions adsorbed is more than at low metal
concentration, where more binding sites were free for
interaction. Volesky (1994) reported that the efficiency
; Pb2+,Cr3+, Ni2+, Fe+ 3, or Co+ 2,25 ppm)



Table 1 Cu2+uptake by alive and dead Aspergillus tamarii NRC 3 biomass

Biomass Residual Cu2+ (ppm) ± SD Cu2+uptake (ppm) ± SD Cu2+ uptake (%)

Alive (control) 5.12 ± 0.7 74.88 ± 7 93.60

Boiled in water for 15 min 5.26 ± 0.8 74.74 ± 6 93.43

Soaked in 5% KOH for 10 min 9.51 ± 1 70.49 ± 5.5 88.11

Soaked in 1.85 × 10−5NaN3 for 30 min 17.09 ± 1.4 62.91 ± 6 78.64

Biomass, 5 g; Cu2+conc. 80 ppm
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of metal concentration on the biosorbent is influenced
by metal solution chemical features.
By testing the effect of different biomass concentra-

tions on Cu+2 uptake process, it was found that the
amount of copper(II) uptake by Aspergillus tamarii
NRC 3biomass increased as the initial biomass con-
centration increased. The high uptake efficiency of
5.0-g wet weight biomass may be related to increased
surface/volume. Mondal et al. (2017) reported that re-
moval of hexavalent chromium gradually increased
with an increment of A. niger biomass. Such a trend
is mostly attributed to an increase in the absorptive
surface area and the availability of more active bind-
ing sites on the surface of the adsorbent. Our results
agree with those of Siwi et al. (2018) who revealed
that the removal efficiency was increased by the in-
crease of initial biosorbent concentration.
The effect of initial pH of Cu2+ uptake by non-growing

fungal biomass was examined. Optimum pH for maximum
Cu2+ uptake by Aspergillus tamarii NRC 3 biomass found
to be 5.0, and the percentage uptake of Cu2+decreased at
pHs 3, 7, and 9. This may be related to a competition effect
for binding sites between H+ and Cu2+. Therefore, it is rec-
ommended that pH control would be necessary to maintain
the optimum pH conditions for metal uptake. Galli et al.
(2003) reported that the pH value of the metal solutions af-
fects the surface charge of the biosorbents and the degree
of ionization. Simonescu and Ferdeş (2012) reported that
the optimal pH range for Cu2+ uptake is between 5 and 6.5
which is widely accepted as being optimal for almost all
types of fungal biomass.
Table 2 Metal ions desorption by different desorbing agents

Metal ion Initial metal
ion loaded
on fungal
biomass
(ppm) ± SD

Recovery %

0.1 N HCl 0.1 N Na2CO3 0.1 N NaHCO3

Cu2 96.08 ± 8 61.23 10.18 3.89

Pb2+ 24.79 ± 2 69.22 6.37 3.43

Co+2 15.50 ± 2 37.03 2.06 2.00

Ni2+ 14.05 ± 3 57.65 4.77 1.64

Fe+3 24.95 ± 3 43.53 17.84 5.25

Cr3+ 19.54 ± 2 51.48 11.92 7.37

Biomass, 5 g
Optimal temperature for Cu2+ uptake by fungal bio-
mass was investigated. An increase of biosorption cap-
acity with increasing temperature from 20 to 30 °C was
observed. Cu2+ uptake by Aspergillus tamarii NRC 3
biomass reached to the maximum at 30 °C which is con-
sidered as average height degree, and this may be re-
ferred to the higher affinity of Cu(II) for binding centers,
the growing of binding centers from biomass surface as
a result of reorientation of fungal biomass cell wall com-
ponents, and the ionization of chemical groups from cell
wall. This result was agreed with the results of
Simonescu and Ferdeş (2012) who found that the
optimal temperature of Cu2+ biosorption process by
Fusarium oxysporum, Aspergillus oryzae ATCC 11489,
Aspergillus oryzae ATCC 20423, Aspergillus niger ATCC
15475, and Polyporus squamosus is 30 °C. Volesky (1990)
reported that the physiological state of the organism, the
age of the cells, the availability of micronutrients during
their growth, and the environmental conditions during
the biosorption process (such as pH, temperature, and
the presence of certain co-ions) are important parame-
ters that affect the performance of a living biosorbent.
Time course of copper uptake by fungal biomass was in-

vestigated. Data indicated that the percentage uptake of
Cu2+ from Cu2+ solution was rapid during the first 5 min,
and then slowly decreased by increasing the incubation
time. There is an initial rapid uptake due to surface ad-
sorption and subsequent slow uptake due to membrane
transport of metal ions into cytoplasm of cell or slow
intracellular diffusion or reduced permeability of cell wall
(Saglam et al. 2002). Similar results were obtained by
Table 3 Metal ions reloading by regenerated biomass

Metal ion
concentration
(ppm)

Metal ion reloaded (ppm)

First cycle Second cycle Third cycle

Cu2+ 100 61.56 57.92 50.55

Pb2+ 25 16.65 15.66 12.49

Co+ 2 25 3.16 1.17 0.55

Ni2+ 25 2.52 1.20 0.66

Fe+3 25 21.33 20.98 20.78

Cr3+ 25 10.86 10.14 7.04

Regenerated biomass, 5 g



Table 4 Removal of heavy metal ions from an industrial effluent
by alive Aspergillus tamarii NRC 3 biomass

Metal ion content in the
crude industrial effluent (ppm)

Metal ion uptake %

Cu+2 3.09 90.94

Pb+2 1.27 29.13

Co+2 0.45 60.00

Ni+2 0.50 40.00

Fe+2 2.06 34.47

Cr+2 31.52 11.45

Biomass, 5 g; pH, 5.0; temp., 30 °C; rpm, 150
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Chatterjee et al. (2010), Iram and Abrar (2015), and Saad
(2015).
The effect of some heavy metal ions on the Cu+2 up-

take by separated non-growing A. tamarii NRC 3 bio-
mass illustrated that Cu+2uptake by fungal biomass was
enhanced in the presence of a mixed metal solution, and
this may be referred to the removal of metals from solu-
tions by fungal biomass as a relatively non-specific
process, with each binding site being able to be used by
any number of metal species depending on their relative
concentration and chemical factors (Gadd 1988; Gang
et al. 2012).
By testing the effect of metabolic inhibitors on Cu+2up-

take, the results showed that Cu+2uptake by boiled bio-
mass or soaked biomass in 5% KOH or 1.85 × 10−5NaN3

was decreased. This decline in biosorption process indi-
cating that uptake of Cu+2 by fungal biomass was inde-
pendent of cellular metabolism. Aksu et al. (1992)
reported that extracellular accumulation/precipitation
may be facilitated by using viable microorganism, cell-
surface sorption or complication can occur with alive or
dead microorganisms, while intracellular accumulation re-
quires microbial activity.
Data of recovery of the sorbed metal ions by deso-

rbing agents showed that the greatest efficiency of de-
sorption was observed with the use of 0.1 N HCl. The
ability of mineral acids to act as desorbing agents has
been widely demonstrated (Tsezos and Noh 1984; de
Rome and Gadd 1991). The results involving desorp-
tion would also provide additional support for the
view that the biosorption is a physicochemical
process. The technical application potential of the
metal biosorption process would be substantially en-
hanced if the potential for recovering the sorbed
metal as well as the potential for reusing the regener-
ated biomass in multiple adsorption-desorption cycles
have been developed. Thus, the regenerated biomass
was used for three sorption-desorption cycles. Suku-
mar et al. (2016) reported that the reuse of exhausted
adsorbent is extremely important for minimization of
metal contamination. Moreover, reusability of spent
adsorbent can be assessed by its adsorption perform-
ance in successive adsorption-desorption operation.
An effluent from the Egyptian Company for leather

tanning which contain Cr as the major heavy metal pol-
lutant beside minor traces of Cu, Pb, Ni, Fe, and Co was
used on a small-scale experiment for evaluation of the
fungal biomass efficiency in metal ions uptake in
addition to the removal of the color and the pungent
odor from the effluent. The biomass itself gained the
coloration of the effluent. Similarly, Chhikara and Dhan-
khar (2008) reported that biosorption of Cr(VI) ions
from electroplating industrial effluent using immobilized
Aspergillus niger biomass was efficient. Jha et al. (2014)
found that Cu(II) uptake by using Aspergillus lentulus
biomass from industrial effluents collected from two
sources was efficient. Migahed et al. (2017) succeeded in
removing all the chromium ions and more than half of
the iron ions from both the prepared standard solutions
and the real industrial effluents even in the presence of
other heavy metals by using a mixture of fungal spores
and bacterial biomass in batch and continuous modes to
remove lead and chromium ions from the industrial ef-
fluents of four different factories.

Conclusion
Biosorption is a potentially important mechanism for
heavy metal clean-up relative to conventional methods
due to its low cost, high efficiency, and the possibility of
the regeneration and recovery of the metals (Luo et al.
2010; Ghosh and Saha 2013). Thus, the biomass pro-
duced from the mannanase production by a local Asper-
gillus tamarii NRC 3 was used as a biosorbent for the
removal, recovery, and reloading of some heavy metal
ions from aqueous solutions and as an industrial efflu-
ent. Biosorption process of copper(II) by Aspergillus
tamarii NRC 3 biomass was affected by changing of
time, temperature, pH, metal ions concentration, the
presence of some heavy metals, and biomass concentra-
tion. These results were agreed with the report of
Volesky (1990) who suggested that the physiological
state of the organism, the age of the cells, the availability
of micronutrients during their growth, and the environ-
mental conditions during the biosorption process (such
as pH, temperature, and the presence of certain co-ions)
are important parameters that affect the performance of
a living biosorbent.
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