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Abstract

This study focuses on the recovery of heavy metals from
e-waste using a fungus isolated from a soil sample
collected from a garbage site. Molecular identification
of the isolate revealed the organism to be Aspergillus
flavus and was designated as AJC5. The isolate was
subjected to heavy metal uptake through two
mechanisms: bioaccumulation and biosorption. Atomic
absorption spectroscopy (AAS) was primarily used to
analyse the uptake of heavy metal ions and was further
confirmed by Scanning electron microscopy (SEM).

Adsorption isotherm assessment was conducted for the
biosorption activity of strain AJC5 which revealed that
the process followed the Langmuir and the Freundlich
modes of isotherm. The adsorbed heavy metals were
comprehensively desorbed from the metal-loaded
sorbent using HCI and NaOH. The activity of A. flavus
strain AJC5 in bioleaching of metals from spent
batteries was studied and analysed using AAS, X-ray
diffraction, SEM and FTIR.

Keywords: Bioaccumulation, Desorption, Aspergillus,
Isotherm studies, Electronic waste.

Introduction

The rapid advancement of technology and the decreasing
lifespan of electronic gadgets ultimately increase the volume
of electronic waste (E-waste). Heavy metal contamination
from unregulated disposal poses a threat to the environment
and is gaining national and international attention.
According to Husaini et al?°, about half of Thailand's e-waste
is disposed of in landfills and these garbage dumps are called
as"poisonous time bombs”. One of the major constituents of
e-waste is batteries. There are various kinds of batteries,
notably among them is Ni-Cd.

Cadmium is commonly used in electronic gadgets like
tablets, laptops, cell phones etc. Cadmium exposure affects
vital organs, the skeletal septum and is proven to cause
cancer in humans®3. Nickel is a micronutrient necessary in
our diet but it is also one of the most common metals that
cause allergies, affecting between 10 and 15 percent of the
world's population. Higher concentrations of nickel are
proven to be carcinogenic and may affect the kidneys, liver,
muscles and brain when inhaled in large amounts!?. There
are numerous benefits to the bioleaching process including
minimal usage of energy, less reaction conditions and
environmental friendliness. It is also suitable for polluted
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soils and low-grade tailings from mining. Applying
microorganisms for metal extraction processes has led to the
rapid development of bioleaching in recent years:31.33,

Autotrophic fungi have been utilized to solubilize a variety
of metals in bioleaching. Bioleaching is an adaptable,
selective and eco-friendly method that uses the biomass and
metabolic products of certain microbes?®. Fungi are more
successful at bioleaching alkaline materials because they can
thrive at high pH levels®. In addition, excreting organic acids
that chelate metal ions, can result in leaching metals quickly
with a brief lag phase.

Numerous organisms are efficient in metal absorption
among which Aspergillus, Penicillium and other fungi have
been reported to be effective in removing heavy metals from
s0il*®%0, Fungal cell walls contain a wide variety of proteins
and polysaccharides. Microbial biomass has proven to
exhibit bio sorbent properties in the biosorption process by
scientists. The biomass of Aspergillus sp., both active and
heat-killed forms have been used in biosorption processes 2.
In the present study, Aspergillus flavus has been used for its
capabilities against metal tolerance and biodegradation
properties.

Material and Methods
Chemicals used: The chemicals and solvents used for the
study were of high purity and analytical grade.

Aqueous solution of heavy metals: Stock solutions of
cadmium and nickel were prepared individually with nickel
sulphate NiSO4and cadmium sulphate CdSO..

Collection of soil samples: The soil samples were collected
from heavy metal contaminated sites in Vellore, Tamil
Nadu, India (12.9165°N,79.1325° E). The samples were air
dried, sieved and used for the isolation of fungi.

Isolation of fungi using the enrichment technique: In
potato dextrose agar (PDA) medium, the fungus was isolated
using the enrichment culture technique. The treated soil was
inoculated with the enrichment medium (which contains 2 g
of NaNQgs, 0.5 g of KCI, 0.5 g of MgS04.7H-0, 0.5 g of
glucose, 10 g of FeCls, 10 mg of BaCl,, 0.2 g and 0.05 g of
CaCl; in 1000 ml) spiked with 1 mg of Cd (II) and Ni (11).
The medium was then incubated for seven days at 120 rpm
and 28 + 2 °C. An aliquot of the culture was transferred to
new enrichment medium containing Cd (II) and Ni (1)
following the incubation time. A pure culture was obtained
by spreading 100 pl of the enrichment medium sample onto
heavy metal-containing PDA (Potato dextrose agar) plates
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and was sub cultured. Fungi were inoculated in Sabouraud's
dextrose broth (SDB), Czapek Dox broth (CDB) and
minimal (M1) media to compare their mycelial
development®.

Morphology investigations of fungi: Lactophenol cotton
blue staining was performed for preliminary analysis of
fungal mycelium and was also observed under a Scanning
electron microscope. Molecular identifications of heavy
metal tolerant fungal strains were done using 18S rRNA
sequencing.

Molecular identifications: The isolated fungal strain was
characterized molecularly by 18S rRNA sequence analysis.
The fungal genomic DNA was collected using the AMpure
Fungal gDNA mini kit. This kit recovers DNA from fungal
cells by breaking the cellulose, cell wall and plasma
membrane using noncorrosive reagents. The 18S rRNA gene
was amplified by polymerase chain reaction (PCR) with
primers 50-CGWCGRAANCCTTGTNACGASTTT
TACTN-30 and  50-AWGCTACSTGGTTGATCCT
SCCAGN-30. 50 mL PCR reaction mix was taken and
combined with 50 mg of sample gDNA, 100 mg of forward
primer, 100 mg of reverse primer, 2 mL dNTP mixture (10
mm), 5 mL 103 Taqg polymerase buffer, 3 U of Taq
polymerase enzyme and PCR grade water.

The PCR results acquired were amplified and sequenced
using the ABI13730xI genetic analyser (Amnion Biosciences,
Bangalore, India). Sequencing results were submitted to the
GenBank National Centre for Biotechnology Information
(NCBI). The accession number obtained was PQ002488 and
designated as Aspergillus flavus (AJC5).

Screening of fungal isolates: The ability of the isolated
fungal strain to grow in the presence of specific heavy metals
was verified using the gradient plate method. A base layer
with PDA was precast at a 30° angle to create the gradient in
the plates. Individual additions of 1 mg/l of nickel and
cadmium were made on the upper layer of PDA, which was
then kept aside to solidify. The fungal isolates were added to
a gradient of individual plates once both layers had solidified
and the plates were then incubated. The growth of mycelium
on the plates was used to assess the strains' resistance to
heavy metals.

Bioaccumulation of fungal strains: On minimal media, the
tolerance level of fungal strains to heavy metals was
evaluated. The concentration of heavy metals used in the
bioaccumulation investigation was selected based on the
organism’s capacity for tolerance. The bioaccumulation
assays were conducted in PDB media using metals and one
millilitre of spore solution as an inoculant. At regular
intervals, the bioaccumulation of heavy metals by fungi was
examined. The percentage of bioaccumulation was used to
calculate the efficiency of bioaccumulation:

x ==Yy 100
Ccl
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where X is concentration of heavy metals accumulated by
fungal biomass, ci is Initial concentration of heavy metals in
1 mg/l and cf is final concentration of heavy metals in mg/I.

Enzyme activity: To determine whether the isolate secreted
ligninolytic enzymes such as laccase, manganese peroxidase
and lignin peroxidase, the isolate was inoculated in PDB
both with and without heavy metals at a concentration of 1
ppm in separate flasks. Samples were withdrawn from the
flasks every 24 hr and centrifuged for 20 mins at 4000 rpm.
Additional experiments were conducted using the
supernatant.

Laccase enzyme activity was measured using 2, 20-azino-bis
(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt
(ABTS) as the substrate. Laccase secretion by the strain is
indicated by oxidation of ABTS. 100 ul of culture
supernatant, 2.8 ml of 0.1 M sodium acetate buffer (pH 4.5)
and 0.5 mM ABTS made up the assay's reaction mixture. To
measure absorbance at 420 nm in a UV-VIS
spectrophotometer (AU-2701, Systronics) against a suitable
blank, the reaction mixture was incubated in the dark for 15
mins 7.

Manganese sulphate oxidation was used to confirm
manganese peroxidase (MnP) activity. 2.5 ml of 20 mM
sodium tartrate buffer (pH 4.5) was added to 1 ml of MnSo4
(1 mM), along with 1 ml of supernatant and 0.5 ml of H,O»
(2 mM). The reaction mixture was then allowed to sit at
room temperature for 15 mins. A suitable blank was utilized
to compare the absorbance which was measured at 238 mins.
The substrate utilized to measure the synthesis of lignin
peroxidase (LiP) was veratryl alcohol. 1.25 ml of sodium
tartrate buffer (50 mM, pH 2.5), 0.5 ml of supernatant, 0.5
ml of 500 uM H>0 and 0.25 ml of vertary alcohol (2 mM)
were combined to create the reaction mixture. After 15 mins
of incubation, the absorbance was measured at 310 nm?,
Units/millilitre (U/ml) is the unit of measuring for enzyme
activity and 1 U denotes 1 mmol of the substrate that is
oxidized each minute.

Atomic absorption spectroscopy (AAS): The heavy metal
concentration in the liquid medium before and after the
biosorption experiment process was identified using Atomic
absorption spectroscopy (AAS) (model no. Varian spectra
A240). The filtrate collected after the experiments was
subjected to AAS which was further compared with the
heavy metal content in the control sample. To prepare a
stock solution of nickel, cadmium and nickel cadmium ion
(100 ml), required amount of salts for 100,200 and 300 PPM
of nickel sulphate, cadmium sulphate (SRL company). The
spent nickel cadmium battery powder was dissolved in
distilled water and kept in an orbital shaker for 15 mins at
100 rpm and left undisturbed for 24 hrs for complete
dissolution. The stock solution was diluted with deionized
distilled water to achieve the desired concentrations 5. In
order to maintain a proper pH, solutions were adjusted with
0.1 N NaOH and 0.1 N HNOs. The cadmium concentration
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was  measured using an  Atomic

spectrophotometer.

absorption

Scanning electron microscopy (SEM): The surface
morphology of fungal mycelium and biosorbent and changes
that occurred during the experimental test, were studied
thoroughly using SEM (model: Zeiss Evo 18). The samples
were rinsed with 70%,80% and 100% ethanol. Once dried
thoroughly, they were coated with gold using a sputter coater
to avoid charging of the samples. The specimens were
analysed and maintained at 10kV? at high vacuum.

Fourier transform infrared spectroscopy (FTIR): The
FTIR spectra of fungus mycelium and biosorbent were
checked before the experimental investigation to determine
the presence of metal ions adhering to the functional group.
The alterations in bonding that occurred on the fungal
mycelium and biosorbent following metal ion uptake were
investigated and compared. Helium-neon laser light was
utilized to generate infrared radiation. The recording spectra
ranged from 4000 to 500 cm™™. The specimens were prepared
using potassium bromide!!. The FTIR model utilized in the
study was of Shimadzu 8400, Japan, using Hyper IR-1.7
software for Windows.

The bioleaching of metals from spent batteries
Preparation of spent batteries: The spent Ni-Cd batteries
were collected from an electronics shop near Vellore
Institute of Technology. The batteries were manually
dismantled. All dismantled materials were collected and
safely discarded except for the electrode powder materials.
The powder was dried, ground by milling and sieved to
obtain a mesh size of less than 200 ml 3. To determine the
metal content, the powder was dissolved using the USEPA
method 3050B (USEPA, 1986).

Desorption study: To determine the desorption efficacy of
Cd (1), Ni (1I) and Ni-Cd by A. flavus strain AJCS5 strain,
acidic and alkaline agents are important factors. Several
researchers have reported the application of HCI and NaOH
in desorption of metal ions from biosorbent and inorganic
adsorbents 1453,

Bioaccumulation of nickel and cadmium by immobilized
fungus: The modified protocol of Shekhar et al*’ was
followed to immobilize the cells. The fungal culture
exponentially increased and the mycelial cells were
aseptically extracted and placed in a one litre container using
a spatula and homogenised in a blender. 5 ml of fungal cells
were homogenized with 150 ml of distilled water in a 250
ml conical flask and carefully mixed and allowed to settle
for 10 mins. 3g of sodium alginate was added to the calcium
chloride solution. After which the mixture was added
dropwise through a 5 ml syringe into a flask that held 100 ml
of sterile 0.554g calcium chloride solution.

This mixture was allowed to settle for one hour to facilitate
precipitation and form spherical beads. Following
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immobilisation, the cells were maintained at 4°C. After
being incubated for 72 hr in a conical flask with 50 ml of
samples, the known amount of immobilized fungal beads
was centrifuged for 20 mins at 6000 rpm. The percentage of
each metal was determined using an atomic absorption
spectrophotometer.

Results and Discussion

Adsorption isotherm: The adsorption isotherm was used to
define the relationship between the fungal absorbent and the
heavy metals. The adsorption equations are described by the
Langmuir and the Freundlich isotherm models. The
Langmuir isotherm equation is given as follows:

Ce _Ce 1

Qe om KLQm

where Qe represents the equilibrium of metal concentrations
uptake by A. flavus AJC5, Ce is the equilibrium
concentration of metal present in the solution, Qmax
represents the sorption capacity of the biosorbents and KL is
the Langmuir constant. The Langmuir isotherm model with
positive intercepts and slopes confirms the reaction
behaviour of heavy metal uptake by the fungus which
follows the Langmuir and the Freundlich isotherm models.

logQe = logKFnl logCe

The equation KF denotes the Freundlich isotherm constant
and n is the absorption intensity 2. The correlation coefficient
for nickel and cadmium confirms the model. The Freundlich
model can be employed for the prediction of heavy metals
on the strain AJC5 as bio sorbent. The obtained values for
Kf and n are shown in table 1.

The Langmuir isotherm distribution appears as a straight line
between Ce /Qe Vs. Ce in the graph in figure 2. The
coefficient for nickel is less common than cadmium. The
coefficient for nickel on treated fungal strain AJC5 was
found to be 0.9727 (Fig.2a), R? value for cadmium is 0.9709
(Fig. 2b) and for treated nickel cadmium battery sample, the
obtained value is 0.9489 (Fig. 2c). RL values between 0 and
1 validate the favourable absorption of cadmium adsorption.

The Freundlich model is a numerical equation that explains
non-ideal adsorption on rough surfaces and multilayer
processes®®. In the experimental study, the correlation
coefficients (R?) for the adsorption of cadmium, nickel and
nickel cadmium were observed. The correlation coefficient
(R?) values were inferred based on the adsorption values.
The Langmuir isotherm and the Freundlich isotherm fit well
with adsorption when compared with the control values.

The correlation coefficient for nickel ions was found to be
0.9727, for cadmium ions, the R? value found was 0.9709
and for Ni-Cd ions, the R? value found was 0.9489. The
Langmuir graph was plotted against Ce Vs. Ce/Qe and is
represented in fig. 1. Similarly, for Freundlich isotherm, the
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R? value for nickel ion on biosorption of fungal strain was
found 0.9547, on cadmium ions, the R?value was 0.9814 and
on nickel cadmium ions, the R? value was 0.9823 and the
graphs were plotted against log of Qe Vs. log of Ce. The
graph is represented in fig. 2. The high correlation
coefficient suggests that the data corresponds well with the
Freundlich model.

The percentage of bio adsorption of Aspergillus strains of
treated and control was derived using the values obtained
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from atomic absorption spectroscopy. On treated nickel ions
the percentage of removal was found to be 90%. For
cadmium, the percentage of removal was 95%. When
compared with nickel and cadmium ions, the percentage of
bio adsorption was found to be high on nickel cadmium ions,
reaching a percentage of 97% and the results were compared
with the control. There are several reports on Aspergillus
species claiming that at 50 mg of Cd, 20% of the species
failed to grow.

Table 1
Isotherm parameters obtained during biosorption of heavy metals nickel and cadmium on
fungal strain Aspergillus flavus (AJC5).

S.N. Heavy Isotherm models
metals Langmuir model Freundlich model
Q Ko R? Kr n R?
max
1 Nickel 0.8565 | 0.0872 | 0.9727 | 2.5677 | 34.354 | 0.9547
Cadmium 1.5432 | 0.2452 | 0.9709 | 29875 | 1.4354 | 0.9814
3 Nickel- 0.4432 | 0.0765 | 0.9489 | 2.6544 | 1.4765 | 0.9823
cadmium
b
3 (a) (b) ()
a5  ¥=641475+02111 45 3
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Fig. 1: Langmuir isotherm of fungal strain A.flavus (AJC5) (a) Nickel, (b) Cadmium,
(c) spent nickel-cadmium battery
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Fig. 2: Freundlich isotherm of fungal strain A. flavus (AJC5) (a) Nickel, (b) Cadmium,
(c) spent nickel -cadmium battery
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At this concentration of Cd, A. fumigatus exhibited the
highest resistance, with a decrease in growth of 77.7%, while
the other Aspergillus species exhibited a decline that ranged
from 82.2 to 99.4%. 100 mg Cd/100 ml medium Killed all
isolates except A. fumigatus and P. chrysogenum. They
respond differently to cadmium concentrations as they are
morphologically and physiologically different from other
fungal strains30-38:40,

Aspergillus fumigatus showed the maximum tolerance to
cadmium (Cd), with only a 77.7% growth at the tested Cd
concentration whereas other species such as A. flavus, A.
niger and A. sydowii demonstrated significantly greater
growth inhibition. Their response to Cd was correlated to the
species and strains rather than fungal genera due to their
inherent morphological and physiological variations3%:51:54,
The highest Ni (I1) removal efficiency was 90% at a biomass
dose of 1mg/l and at an initial ion concentration of
52.3mg/L. The initial pH of the solution was set to a medium
range. In a comparable investigation, Mothe et al®® observed
that the initial Ni (1) ion concentration varied from 10 to 600
mg/L.

The bioleaching approach of the present study aims to
extract metal ions from spent battery powders in aqueous
media. The spent battery powders contained Ni (30.92%),
Cu (55.62%), Fe (13.47%) and Pb (1.74%), along with trace
levels of Zn, Al, Cd, Co and Li. During the bioleaching
process with A. niger strain AJC5, the pH of the medium
decreased from nearly 8 to 3 by the seventh day. The reason
for reduced pH may be due to organic acids produced by the
fungal strain®2. Around 96% of absorption had been noticed
with strain AJC5. The production of organic acids is a major
determinant of bioleaching with fungi. The concentration of
heavy metals in the control setup was unaltered.

Growth Kkinetics experiment: The growth Kkinetics
experiment was carried out using parameters that include the
biomass concentration and initial metal concentration. The
experiment was carried out using 1mg/l concentration of
nickel (Ni) and cadmium (Cd) by using the gradient plate
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method with and without the presence of the metal. The
strains devoid of metals were considered as controls. Joshi®
reported that the growth of fungus was reduced on the first
day, however, the growth increased when the incubation was
extended for 5 days and the fungus A. flavus (AJC5)
exhibited better tolerance against Ni and Cd.

Enzymatic assay: The ligninolytic extracellular enzymes by
the strain Aspergillus flavus AJC5 were determined by
enzyme assay with respective substrates. Manganese
peroxidase (MnP) and lignin peroxidase (LnP) and laccase
were produced by A. flavus. The secretion of manganese
peroxidase was lower when treated with nickel ions in the
presence of A. flavus compared with other substrates. There
are earlier reports on several other species of Aspergillus
producing laccase®, but there is no information regarding
laccase production by A. flavus. Extracellular enzymes are
not protected by detoxification of metals and they react to
metals present in the environment, resulting in the tolerance
of the enzyme and metals.

Enzyme production for lignin peroxidase production by A.
flavus was found to be higher on the 8" day when spiked
with nickel ions. With cadmium, manganese peroxidase was
found to be higher in all 10 days of exposure. When the strain
was inoculated in the conical flask with spent battery
powder, the interaction resulted in enzyme production and
mutual secretion of laccase and manganese peroxidase on
the 8" and 10" day was noticed and the results are
represented in fig. 4.

FTIR Analysis: The FTIR spectra of fungal biomass grown
in cadmium, nickel and nickel cadmium in PDB medium
were obtained in the range of 500-4000 cm™ and the
obtained values were compared with the control sample. The
infrared analysis shows information about functional groups
when the fungus was exposed to nickel and cadmium.
Control fungal biomass showed a broad and strong peak at
1636 cm™ and 3293 cm™ corresponding to the amide and
amine groups™®.

Fig. 3: Gradient plate of (a) 1mg/I of nickel ion, (b) cadmium ions treated with A. flavus

https://doi.org/10.25303/2010rjbt1210131

125



Research Journal of Biotechnology

—
5 5
= 4
E 3
=
g} 2
o
L L ignin m La 5 I'w1an=ane5e

2 (©

= 16

= 14

2 o1z

B 1

=] 0.8

“ 06

= 04

E) 0.2 I

= o

H 2 4 6 B 10

Days

ELlignin  Mlaccass W Manganese

Enzyme activity (TJ/imL)

Vol. 20 (10) October (2025)
Res. J. Biotech.

5 ()
3
2
1 I II il
o
m Lignin m Laa"ése IMang anese
'_1
2 (@)
o R
£z =
E 4
=] 3
com onl |
Fo
2 4 6 8 10
Days

HLlignin W Laccase M@ Manganess

Fig. 4: Graphical representation of enzyme production of (a) control, (b) A. flavus treated on nickel ion,
(c) enzyme production for cadmium, (d) enzyme production for spent battery nickel- cadmium ions

Fig. 5 shows that when the fungal cells interacted with nickel
and cadmium ions, the peaks formed at 3319 cm, 2981
cm, 1634 cm showing stretching of N-H bending 26 and
O-H stretching of alcohol group. These peaks correspond to
the stretching vibration of C=0 in the carboxylic group, N—
H and C-N stretching of the amide (I11) and stretching of
carboxylate anions (—-COO-) respectively, in which N-H
and C-N have one nitrogen atom that contains one unique
pair. A sharp peak was found at 3368 cm™ when the strain
AJC5 interacted with the spent nickel cadmium battery.

The peak at 1635 cm™* wavenumbers was the only significant
variation in the spectrum. The infrared (IR) analysis of bio
sorbents provided valuable insights, particularly in the 1650-
1620 cm range. This specific band highlights the presence
of the amide | bond, which is a hallmark of the amide
linkages in poly-N-acetyl glucosamine (chitin) and includes
the protein peptide bonds found in biomass. These
observations reveal the significant interaction between
double bond stretching vibrations, primarily from carbonyl
(C=0) groups and hydrogen bonding?*. The findings show
that the functional groups on biomass that were most
affected by pH variations, were -OH and -NH and that heavy
metal ion uptake took place through these groups.

Scanning Electron Microscope: Scanning electron
microscopy was used to examine the surface morphology of
the fungus both before and after the adsorption. The samples
were cleaned with ethanol at varying concentrations and
were air dried. A gold palladium sputter was applied on the
samples to prevent the samples from charging before
analysis (Ultra 55 model, Zeiss, EVO 18, Germany). SEM
analysis was performed before and after 1mg /I of nickel and
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cadmium treated A.flavus biomass to visualize changes in
morphological characteristics. Fig. 6(a) shows the image
A flavus with the spores of smooth surface. Fig. 6(b) shows
a thin and tight layer of nickel which was produced as a
result of the nickel electrode position on the carbon fabric.

Fig. 6(c) shows a complete change in A,flavus morphology
due to its contact with Cd(Il). The findings of the present
study support the direct, efficient adsorption of heavy metal
ions on the bio sorbent A. flavus. The percentage weight of
phosphorus increased from 0.77% (control) to 1% (1 mg/L
treated biomass), which might be indicative of cadmium bio-
precipitation as cadmium phosphate bio precipitate. Leusch
et al?® reported sulphur and cadmium spectrum, which
illustrated the increase in Cd precipitation by sulphate-
reducing organism.

Surface morphology was carefully examined using SEM, as
seen in fig. 6. The powder with a smooth surface turned
rough with irregular and uneven structures on the pores *.
From the breakdown of the metals present, the SEM data
suggests that the fungal strain is active on the battery
powders. Initially, C, Cu, Ni, Li, Zn and Al were detected in
the battery powder by XRD analysis. Following treatment
with strain AJC5, the residues showed trace amounts of Cu,
Zn, Liand Al in addition to the presence of carbon. The XRD
pattern also verified the total elimination of Ni.

Bioleaching of metal ions from spent batteries using
Aspergillus flavus AJC5: Metal ions from spent battery
powders were absorbed by an aqueous media using the
bioleaching technique. As a reliable, lasting electrochemical
system, nickel-cadmium (Ni-Cd) alkaline batteries
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consumer demand has grows significantly due to their use in
various applications. These are rechargeable secondary
storage batteries with an alkaline electrolyte like potassium
hydroxide and two electrodes made of nickel oxyhydroxide
as the cathode and metallic cadmium as the anode. There are
reports of the cathode material from spent Ni—Cd batteries
being dissolved efficiently in sulfuric acid*3%%. Nickel is
found along with iron, cobalt and cadmium in the leached
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solutions. There have been numerous attempts to use solvent
extraction to remove metals from these solutions in a
selective manner3®4449, 47% Ni and 48% Cd make up the
cathode of Ni-Cd batteries®. The spent nickel cadmium
batteries were inoculated with A. flavus and kept for
incubation for 7 days and the samples were analysed in
absorption spectra using AAS. The results are compared and
tabulated in table 2.
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Fig. 5: FTIR spectrum of (a) control, (b) treated nickel, (¢c) cadmium treated
(d) spent nickel cadmium battery treated with A. flavus
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Fig. 6: SEM image of (a) A. flavus (control), (b) nickel treated, (c) cadmium treated with A. flavus,
(d) Spent battery (nickel- cadmium) treated with A. flavus.
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Table 2
Percentage desorption and quantity of heavy metals on fungal strains AJC5 for nickel, cadmium and spent battery.
S.N. Bio Heavy 0.1IN HC1 0.1N Na (OH); Removal of
absorbent metals Heavy metals
Desorption | Duration | Desorption | Duration | HCL NaOH
percentage (Min) percentage (Min) (mg/L) (mg/L)
1 Nickel 84% 120 89 % 60 154 132
2 Cadmium 95 % 80 91 % 80 277 243.8
3 Spent battery
A. flavus Nickel- 93% 120 90% 120 387 456
AJC5 cadmium
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Fig. 8: X-Ray diffraction of (a) Spent nickel -cadmium powder;
(b) treated nickel -cadmium powder with A. flavus strain.

Desorption and recovery study: The development of heavy
metal treatment systems employing A. flavus strain as a
biosorbent of the spent battery depends on the assessment of
the desorption effectiveness of Cd (1) and Ni (I) using
acidic and alkaline agents. Table 2 lists the results of the
desorption of heavy metals using 0.1 N HCI and 0.1 N
NaOH. According to several studies, HCI can be used to
desorb metal ions from inorganic adsorbents and
biosorbent!®3, Compared to HCI, NaOH exhibited a higher

https://doi.org/10.25303/2010rjbt1210131

desorption for Cd (I1) and Ni (I1). The high pH of NaOH may
have caused the metal ions to become weakly bound to the
bio sorbent, which was readily removed*.

HCl was found to have the highest desorption of Cd (11). Due
to its high proton level and acidic pH, HCI substitutes the
metal ions on the biosorbent surface by removing them 24.
When adsorption occurs by complexation or ion exchange,
an acidic eluent produces a higher desorption rate. Thereby,
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the high HCI desorption efficiency during Cd (I1) loaded
biosorbent regeneration indicated that both ion exchange and
complexation were a part of the adsorption process.

To recover the heavy metals, hydrochloric acid and sodium
hydroxide solutions were subsequently prepared to produce
crude heavy metals. The concentrated heavy metals were
collected by HCI evaporation. To evaporate the HCI, the
sample was boiled to 108.6°C. After the evaporation of HCI,
the salts that were left behind in the beaker contained heavy
metals and AAS was used to confirm it. In the case of NaOH,
the dialysis process was applied. A dialysis membrane with
a pore size of 1.0um was used for the experiment. After a
24-hour dialysis process to remove sodium hydroxide from
the solution, the obtained crude heavy metals were analysed
by AAS 2L,

Bioaccumulation of nickel and cadmium by immobilized
fungus: Immobilized fungal cell of Aspergillus flavus was
able to absorb Cd (98%) and Ni (83%) respectively. The
adsorption capabilities of the immobilized fungal cells were
higher than those of the dead cells.?? The immobilized fungal
cells had comparable adsorption capacities for Cu, Cd and
Pb. The explanation for this, according to Joshi?, is that
dead fungal cells are made up of tiny particles with low
density, weak mechanical properties and minimal stiffness.
Therefore, biomass must be immobilized before being tested
for biosorption. Immobilized cells offer various benefits
such as increased biomass loading, increased reusability and
less clogging in continuous flow systems®®. Adsorption of
heavy metals onto calcium alginate beads is dependent on
the cell density.

The results showed an increase in bioaccumulation of metal
ions with prolonged duration. However, it was confirmed
that the bioaccumulation capacity of combined nickel -
cadmium ions was higher than the individual accumulation
of nickel and cadmium. This may be due to the ion exchange
mechanism and a change in pH level.

X-ray diffraction: X-ray examination was used to
determine the electrode powder's chemical makeup from the
Ni-Cd expended batteries. Cadmium and cadmium
hydroxide, along with a trace amount of nickel, make up the
anode hydroxide (Figure 7). Nickel hydroxide and nickel
oxyhydroxide cover the cathode. Both samples had traces of
cobalt. It appears that the anode has a low concentration of
Ni and a high concentration of Cd. The AAS analysis also
supported this finding. According to the findings of the AAS
analysis, the battery's Ni content was 47% for the cathode
and 22% for the anode. The cathode and anode had a
cadmium concentration of 12.3% and 45% respectively.

Conclusion

An environmentally friendly and effective adsorption of
heavy metals like (Ni, Cd) removal has been evaluated with
Aspergillus flavus. The peak adsorption of Cd (1) and Ni (I1)
was found at pH 6.0-7.0, with the removal of Cd (I1), Ni (I1).
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Metal ion traces are analysed on the surface in SEM-EDX,
revealing the first adsorption stage of accumulation.
Additionally, a potential bioaccumulation process was
confirmed by the FTIR measurement since multiple cycles
of adsorption—desorption can be achieved using the strain
AJC5 biosorbent, according to its desorption capacity.

The study has explored the efficiency of the A. flavus strain
AJC5 in the removal of e-waste, which has been confirmed
by the bioleaching of battery powders. The study concludes
that strain AJCS5 is an effective and suitable applicant for the
removal of heavy metals from e-waste.
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