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ABSTRACT

The major sources of aquatic pollution are tannery effluent from tannery industries. One of method
for removing harmful metals from natural water and commercial refuse sources is biosorption of
heavy metals. The chrome tannery wastewater sample was procured from State Industries Promotion
Corporation of Tamil Nadu Ltd (SIPCOT). To isolate the metal-tolerant fungus with the ability to
absorb heavier metal chromium, the gathered specimens were serially reduced. It offers a possible
substitute for the traditional method of eliminating metals. The filtered fungal biomass Fusarium
subglutinans and agro-waste biosorbent Hylocereus undatus are used to remove the Cr® which is pres-
ent in tannery effluent. The atomic absorption spectrophotometer was used to ascertain the remain-
ing Cr level in solution. The highest % elimination of Cr® for the mixed biosorbent was determined
to be 98.67% at 50 mg/L starting Cr® content, 5 g biosorbent dose, pH 2.0, and 150 rpm agitation
speed at room temperature. The optimal period for Cr® biosorption on the biosorbent was 60 min.
Finding the biosorption process efficiency requires determining its balance. The equilibrium param-
eters were examined. The association coefficient (R?) for mixed biosorbent was discovered to be in
the following order: Redlich-Peterson (0.9877) > Langmuir (0.8319) > Sips (0.7913) > Freundlich
(0.5769). The findings indicated that mixed biosorbent had the capability to remove Cr®, and the
amount of Cr® removed from chrome tannery wastewater was determined to be 99.87%. The elim-
ination of Cr® from chrome tannery wastewater is a practical, affordable, and environmentally
beneficial procedure, according to the analysis of the processed effluent.
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1. Introduction

There are many different ways contaminants can affect
our well-being and quality of life, including oxygen, fluids,
soil, and the growing commotion we experience [1-3]. The
demographic expansion and the consequent increase in des-
titution are the contributing factors. Urban development,

* Corresponding author.

production, the abundance of environmental assets has an
impact on the ecosystem in addition to financial growth
[4-6]. A vital resource in some areas of the globe is water.
According to an article, 80% of humanity is subjected to a
danger of an increased degree of water safety [7,8]. Graphite
particle (GP) and carbon cloth (CC) are employed as
anode electrodes to study both bio-energy generation, and
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decrease of chemical oxygen demand simultaneously using
tannery effluent. Marine habitats suffer if effluent that has
not been purified is released into indigenous aquatic sys-
tems [9-11]. This can result in healthcare issues for nearby
residents. In the future years, if new methods of supplying
pure water are not identified, a lack of water could cause
societal and legislative chaos, water disputes, and illnesses
[12-14]. Therefore, reducing water contamination leads
to fewer water-borne illnesses, increased commercial and
farming, marine existence, and fauna. Strong elements in
the environment are a major source of concern due to their
peril [15-17]. The metals are Cd, Co, Cu, Cr, Pb, Ni, and
Zn. These metals are the top contaminants, and because of
their high toxicity, they must undergo proper mitigation
before being released into the atmosphere. In pure water,
the two most common types of Cr are hexavalent chromium
[Cr(VD)] and trivalent chromium [Cr(II)]. While solder-
ing on SS or heating chrome metal, the hexavalent Cr can
be created [18-20]. Here, the Cr is not hexavalent initially.
However, the process’s high temperature causes oxidation,
which turns the Cr into a hexavalent variant [21-23]. The
European Restriction of Hazardous compounds directive
prohibits the utilization of including hexavalent chromium
[24]. The redox condition and stability of Cr molecules are
key determinants of their hazard. In potable and fresh-
water waterways, the threshold levels for Cr(VI) are 0.05
and 0.1 mg/L, correspondingly [25,26].

2. Materials and methods
2.1. Fungal biosorbent

The filtered Fusarium subglutinans fungal biomass were
resuspended in purified water for washing and again fil-
tered as above to make sure that no media remain on the cell
surface [27,28]. To eliminate the moisture level, the fungus
material was desiccated in a heated air furnace at 100°C for
5 h. In order to handle the Cr(VI) ions, the desiccated fun-
gus sample powder was used as a biosorbent. The fungal
biosorbent used in the experiment is shown in Fig. 1.

Fig. 1. Filtered Fusarium subglutinans fungal biomass.

2.2. Agro-waste as biosorbent

Hylocereus undatus (dragon fruit peel) was utilized for
the elimination of Cr® from polluted water as shown in
Fig. 2. The refuse from dragon fruit was carefully cleaned
with deionized water before being desiccated outside for
24 h [29,30]. The desiccated dragon fruit was dehydrated
in a heated ventilation oven at 70°C for 24 h. After that, the
desiccated dragon fruit refuse was pulverized and filtered
through 100 pores before being kept in plastic containers.

3. Characterisation analysis

Several diagnostic methods, including scanning elec-
tron microscopy, energy-dispersive X-ray spectroscopy, and
Fourier-transform infrared spectroscopy (FTIR) were used
in this research to analyze the freshly produced blended
biosorbent substance.

3.1. Scanning electron microscopy methodology

The microstructures of fungi F. subglutinans as well as
H. undatus were shown in Figs. 3 and 4. Scanning electron
microscopy was used to investigate the agricultural waste’s
roughness and porous composition at various enlargements
including 1,000x (50 um), 5,000x (10 pm), 10,000x (5 um),
25,000x (20 um) and 100x (500 pum). The absorption proce-
dure is greatly influenced by exterior properties like hole
and interior area [31-33]. According to Figs. 3 and 4, agri-
cultural refuse has big spaces, which will increase their
ability for intake in the form of a matrix stratum with a
cross-linked system.

3.2. Energy-dispersive X-ray analysis

Energy scatter X-ray spectroscopy was utilized to
identify the elemental makeup as shown in Figs. 5, 6, and
Tables 1 and 2. C and O, were the two main components in
the carbon sphere, as shown in Figs. 5 and 6. These compo-
nents are important for the adsorption process and could
improve the ability to adsorb Cr" ions.

3.3. Fourier-transform infrared spectroscopy analysis

Adsorption is a surface occurrence dependent on the
functional group located on the absorbent material’s surface.
F. subglutinans and H. undatus were utilized to eliminate Cr®
ions from the solution. The functional groups were detected

Fig. 2. Hylocereus undatus biomass.
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Fig. 4. Scanning electron microscopy images of Hylocereus undatus.

using a FTIR spectrophotometer. The attenuated total reflec-
tance in the region of 450—4,000 cm™ was used to examine
the images as depicted in Figs. 7, 8, and Tables 3 and 4. The
strong signal in Fig. 7 is seen at 3,264 cm™, which is consis-
tent with the existence of a hydroxyl group (O-H linkage).
The point at 2,921 cm™ indicates the dominance of methyl
C-H twists in the aliphatic groups. The values at 1,622.72
and 1,025 cm™ substantiate the primary amine group fre-
quency of the C-N stretch and alkene group frequency of
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C=C bends, correspondingly. Fig. 8 shows a strong rise at
3,360.98 cm™, which is consistent with a hydroxyl group
(O-H bond). The point at 1,614.22 cm™ denotes C=C twists
in the alkene group. The values 1,614.22 and 1,320.59 cm™!
correlates with the C=C bending frequency in the alkene
and nitro groups, correspondingly. The frequency of the
carboxylic acid group as indicated by the absorption point
at 1,010 cm™ is the carboxyl C-O stretch. The FTIR analy-
ses substantiated the hydroxyl groups as an important
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Fig. 5. Energy-dispersive X-ray spectroscopy image of Hylocereus
undatus.
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Fig. 6. Energy-dispersive X-ray spectroscopy image of Fusarium
subglutinans.

Table 1
Energy-dispersive X-ray spectroscopy analysis of Hylocereus
undatus

S. No. Compound Weight % Atom %
1. Carbon 9.42 12.87

2. Oxygen 81.43 83.51

3. Potassium 5.08 213

4. Calcium 2.86 1.17

5. Nickel 0.41 0.11

6. Zinc 0.80 0.20

Table 2
Energy-dispersive X-ray spectroscopy analysis of Fusarium
subglutinans

S. No. Compound Weight % Atom %
1. Carbon 3.85 5.89

2. Oxygen 70.67 81.20

3. Magnesium 3.12 2.36

4. Chlorine 271 1.40

5. Potassium 13.69 6.43

6. Calcium 5.82 2.67

7. Nickel 0.14 0.04

component in the formation of covalent bonds. Also, com-
pounds with aliphatic and alkene groupings were initially
responsible for the matrix layer development and the
cross-linked network between Cr® ions and binding sites.
The produced mixed biosorbent has sufficient capacity for
adsorbing Cr® ions, as revealed by the FTIR measurement.

3.4. Adsorption kinetic analysis

Adsorption kinetics was used to demonstrate the
adsorption procedure reactivity route and response veloci-
ties. The prediction of the sorption process provides crucial
information for comprehending the adsorption procedure
mechanism which aids in determining the levels at which
the Cr® particles were taken from the water environments.
The values rely on how the absorbent materials are described
directly. pseudo-first level, pseudo-second level, and the
Elovich mechanistic approach were utilized to match the
adsorption mechanistic information in order to analyze the
sorption rates for the elimination of Cr® ijons utilizing a
hybrid adsorbent. The histogram of time (t) and g, were uti-
lized to determine the pseudo-first level kinetic attribute (k,),
pseudo-second level kinetic value (k,), equilibrium adsorp-
tion potential (g,), the Elovich kinetic model value (o), and
B, values. Using the MATLAB R2009a program, the non-
linear regression analysis was carried out to determine R?
and error values. In Table 5 the computed adsorption kinetic
factors and correlation coefficient results (R?) are depicted.
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Fig. 7. Fourier-transform infrared spectroscopy image of Fusarium subglutinans.
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Fig. 8. Fourier-transform infrared spectroscopy image of Hylocereus undatus.

Table 3 Table 4
Fourier-transform infrared spectroscopy analysis of Fusarium  Fourier-transform infrared spectroscopy analysis of Hylocereus
subglutinans undatus
Frequency (cm™)  Functional group  Compound Frequency  Functional group Compound
3,360.98 OH Alcohol (em™)
2,927.26 C-H Alkanes 3,264.71 O-H Hydrogen — bonded
2,850.65 C-H Alkanes alcohols, phenols
1,614.22 Cc=C Alkenes 2,921.69 C-H Alkanes
1,320.59 NO, Nitro compound 2,852.25 C-H Alkanes
1,427.86 C-H Alkanes 1,622.72 C=C Alkenes
1,099.14 C-O Alcohol, ether, esters 1,415.20 C-H Alkanes
1,010.60 C-F Aliphatic fluoro 1,150.86 Cc-0 Alcohols, ethers, esters,
compound carboxylic acid
637.73 C-H Alkynes 1,025.90 C-N Primary amine
594.70 C-1 Aliphatic iodo 875.60 C=C-H Alkenes
compound (C-H)
547.06 C-1 Aliphatic iodo 666.50 C-Br Aliphatic bromo compound
compound 554.00 C-I Aliphatic iodo compound
503.25 C-1 Aliphatic iodo 602.92 C-Br/Disulfides  Aliphatic bromo compound
compound (5-5)
487.84 S-S stretch Polysulfides 503.07 C-I Aliphatic iodo compound
472.24 S-S stretch Polysulfides 480.91 S-S Polysulfides
464.5 S-S stretch Aryl disulfides 493.05 S-S Polysulfides
Table 5

Isotherm parameters for Cr® ion inclusion onto blended biomass

S. No. Isotherm model Variable R? SSE RMSE

1. Langmuir q, (mg/g) =420.04 0.8319 2.298 53.6
K, (L/mg)=0.4998

2. Freundlich n=28.334 0.5769 5.78 85.03
K, [(mg/g)(L/mg)1"] = 225.1

3. Redlich-Peterson ol =1.89 0.9877 1.683 15.51
By =0.39
K, =1.928

4. Sips a,=0.13 0.7913 6.04 92.08
B,=0.92

K,=97.7
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Three things happened during the inclusion of metal ions
onto the porous adsorbents: (1) dispersion of metal ions
to the exterior, (2) dissemination openings and (3) metal
ions adsorption into inner exterior of the adsorbent. The
fundamental formulation can be transformed into a pseu-
do-first-order formulation at a greater starting quantity of
AM or a pseudo-second-order formulation at brief contact
times. In the current research, the starting levels of Cr® ions
were comparatively high, and it was discovered that there
was little change in concentration during the process. This
suggests that the surface adsorption may act as a rate-con-
trolling process, according to the pseudo-first level equation.

4. Result and discussions
4.1. Effect of original Cr* ion level

By changing the Cr® ion content from 50 to 500 mg/L
at pH 2.0, mixed biosorbent quantity of 5 g/L, it was prob-
able to resolve the impact of the original Cr®" ion content on
the removal of Cr® ion using F. subglutinans and H. undatus.
Every collection was stored in a temperature-controlled
swaying isolator at 30°C for roughly 60 min, and the out-
comes are displayed in Fig. 9. Here, the quantity of Cr® ions
increased from 50 to 500 mg/L and, the elimination dropped
from 99.89% to 30.69%. As a set quantity of biosorbent quan-
tity was used for all starting Cr®" ion levels (50-500 mg/L),
the available adsorption sites on the mixed biosorbent
were submerged. Typically, only the set values of Cr® par-
ticles are removed from the water solution by the specified
amount of biosorbent.

4.2. Influence of contact duration

It was possible to ascertain the effect of the initial Cr® ion
level using F. subglutinans and H. undatus by altering the Cr¢
ion level from 50 to 500 mg/L at pH 2.0, blended biosorbent
amount of 5 g/L. Every collection was stored in a tempera-
ture-controlled swaying isolator at 30°C for roughly 60 min,
and the findings are displayed in Fig. 10. Here, the Cr* ions
increased from 50 to 500 mg/L, the elimination dropped
from 99.89% to 30.69%. Because only a set quantity of biosor-
bent was used for all starting Cr® ion levels (50-500 mg/L),
the available adsorption sites on the mixed biosorbent
were submerged above a certain percentage of Cr® ions.
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Fig. 9. Impact of Cr® jon level for the adsorption of Cr®
ions onto the mixed biosorbent (Fusarium subglutinans and
Hylocereus undatus).

Typically, only the Cr® particles are removed from the water
solution by the specified volume of biosorbent.

4.3. Effect of pH

Determining the adsorption procedure is dependent on
how the pH of the material influences the electrical contacts
among adsorbent and adsorbate. The Cr® ion solutions at
different pH values were set up in order to determine the
ideal pH for the inclusion of Cr® ions and to determine the
maximum limit. At either an acidic or a basic pH, the Cr®
particle patterns were weak. The sequential tests were suc-
cessfully finished in this manner, with a pH between 2.0
to 9.0. The Cr® jon elimination % is depicted in Fig. 11 for
the pH ranges from 2 to 9. Notably, the pH influence was
evaluated between 2.0 and 9.0 to prevent chemical forma-
tion. This study used a starting Cr® ion level of 50 mg/L, an
interaction duration of 60 min, and an adsorbent dosage of
5 g/L in a solution of 100 mL at 30°C. As the pH rose from 2
to 9, the removal % of Cr® dropped as seen in Fig. 11. This
might be because under highly acidic conditions, an elec-
trical reaction between the negatively charged Cr® parti-
cles and the positively charged biosorbent took place. The
excess accessibility of H* ions cause the functional groups
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Fig. 10. Effect of interaction time on Cr® ion deposition onto
a blended biosorbent (Fusarium subglutinans and Hylocereus
undatus).
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Fig. 11. Influence of pH for the inclusion of Cr® ions into mixed
biosorbent (Fusarium subglutinans and Hylocereus undatus).
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to become protonated at low pH or high acidic pH. When
the pH is higher than 2.0, the carbon sphere’s exterior has
many molecules with net negative charges, repels the Cr¢"
ions. At pH 9.0, the lowest adsorption limit (LAL) was
seen, and at a pH 2.0, the highest adsorption limit (HAL)
esteem was observed. It is advised that absorption is sup-
ported by electric attraction. At low pH, Cr® ions are first
electrostatically bound to the strongly charged absorbent
exterior. After that, the Cr® anions are slightly altered to
Cr(IIl). Finally, a coordination influence with the lone N,
match electrons causes the Cr(III) particles to become stuck
on the absorbent exterior. The research outcome shows
that 2.0 is the ideal pH for the greatest elimination of Cr®
ions, suggesting the existence of additional mechanisms,
such as physical binding on the sorbent’s exterior.

4.4. Influence of adsorbent dosage

Adsorbent dose is crucial in the adsorption procedure
to assess the material’s ability to absorb. At a temperature of
30°C, 100 mL of 50 mg/L Cr® ion content and a pH of 2.0
in the solution were used to evaluate the biosorbent influ-
ence on the elimination of Cr® ions. According to Fig. 12, the
elimination % of Cr¢ ions rose as the adsorbent level grew
from 1.0 to 8.0 g/L. The reason is due to the presence of addi-
tional adsorptive spots on the exterior. The Cr®" elimination
was maximized at a dose of 5 g/L. The elimination % of
Cr®" was consistent above 5 g/L.

4.5. Influence of temperature

The absorption procedure is directly impacted by tem-
perature. At various temps spanning 30°C-60°C and retain-
ing the other factors, the impact of temperature on the
absorption of Cr® by biosorbent was analyzed. According
to Fig. 13, the removal % of Cr® dropped as temperature
rose from 30°C to 60°C. This is due to an adhesion forces
reduction among the Cr® and the binding locations on the
carbon spheroid’s exterior. This demonstrated the current
adsorbent device’s exothermic character.

4.6. Adsorption isotherm analysis

Adsorption isotherm research is a crucial model-
ing technique that can be utilized in the construction and
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Fig. 12. Influence of adsorbent dosage for Cr® inclusion
(Fusarium subglutinans and Hylocereus undatus).

evaluation of the adsorption mechanism in the adsorp-
tion process. The spread of the adsorbate is shown by the
adsorption isotherm. Cr® ion solutions starting concentra-
tions varied from 50 to 500 mg/L. The equilibrium adsorp-
tion quantity declined as equilibrium Cr® ion amounts rose,
according to the adsorption isotherm. In this research, the
adsorption balance information was described utilizing four
adsorption formulations. The parameters inclusive of K, g,
K, K oy By K, o and B, were determined. By using C,
and g, to draw the curve, the adsorption isotherm param-
eters, R?, SSE, and RMSE were determined and shown in
Fig. 14. According to the compilation summary, the Redlich-
Peterson isotherm model (RPIM) had higher R? values than
other isotherm models. The following selection of the top-fit-
ting isotherm models for the current adsorption system was
based on R? values: Peterson, Langmuir, Sips, and Redlich.
This suggests that the layered adsorption might be account-
able for the absorption of Cr® ions using mixed biosorbent.
The RPIM primarily indicates the adsorbent’s surface vari-
ability. This demonstrates how the uneven areas on the
absorbent surface were perfect. The LM demonstrates that
the monolayer adsorption process onto a uniform surface
is used in the inclusion of Cr® jons. The binding between
the Cr® ions and the absorbent can be predicted utilizing
the Langmuir inclusion variables. The inclusion strength is
better at greater quantities but worse at lower concentra-
tions, according to the Freundlich model. This implies that
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Fig. 13. Influence of temperature for the Cr® inclusion (Fusarium
subglutinans and Hylocereus undatus).
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Fig. 14. Adsorption isotherm fit for the adsorption of Cr® ions
into blended biosorbent (Fusarium subglutinans and Hylocereus
undatus).
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the absorption surfaces on the adsorbents are diverse. The
greatest K, number for Cr® ions is an indication of the mixed
biosorbent’s greater binding capability. R* numbers were
used to discover which models had the greatest potential for
fitting the trial data. For mixed biosorbent, the RPM gives
high values of R? (0.9877), and low values of error (1.683 and
15.51). The nonlinear regression technique produces very
well-fitting findings and is thought to be more trustworthy.

4.7. Adsorption kinetic methodology

Adsorption kinetics was used to elucidate the adsorp-
tion process reactivity route and reaction rates. The predic-
tion of the sorption kinetic provides information for com-
prehending the mechanism of the sorption process as well
as calculating the level where the Cr® were taken from the
water solutions. Adsorption levels rely on how the absor-
bent materials are described physically and/or chemically.
Pseudo-first level, pseudo-second level, and the Electro
Kinetics (EK) formulation were utilized to match the
adsorption mobile information to investigate the adsorp-
tion kinetics for the elimination of Cr®. The histogram of
time (t) and g, were utilized to determine the pseudo-first
level kinetic value (k,), pseudo-second level kinetic value
(k,), equilibrium adsorption potential (q,), the EK value
(o), and B, values. Using the MATLAB R2009a program,
the methodology was carried out to determine R? and error
values. In Fig. 15 the computed adsorption kinetic factors
and correlation coefficient results (R?) are depicted. Three
things took place: (1) dispersion of metal ions to the exterior
(2) dissemination of metal ions and (3) metal ions adsorp-
tion into inner exterior of the adsorbent. The fundamental
formulation can be transformed into a pseudo-first-order
formulation at a greater starting quantity of AM or a pseu-
do-second-order formulation at brief contact times. In the
current research, the starting levels of Cr® were compar-
atively high, and it was discovered that there was little
change in concentration during the process. This suggests
that the surface adsorption may act as a rate-controlling
process, according to the pseudo-first level kinetic formu-
lation. The chemisorption process on the uneven surface is
explained by the EK model. With the help of the adsorp-
tion kinetic data, the EK equation’s non-linear version is
verified, and the parameters are assessed. The EK equa-
tion is found to support the chemisorption mechanism.
The EK model’s projected R? value for the current system
was poor. This shows that chemisorption is not the cause
of the absorption of Cr® onto the biosorbent’s surface.

4.8. Thermodynamic study

AH® and AS° were determined from the slope and inter-
section of the curve of InK_ vs. 1/T, as shown in Fig. 16,
respectively. The values of AG® gradually increased as T
rose from 303 to 333 K, hinting that spontaneous inclusion
of Cr® onto the mixed biosorbent was possible. The increase
in temperature caused the previously bound Cr¢ ions to
migrate more freely, which led to a pattern of Cr® desorp-
tion from the biosorbent surface. The following was a sum-
mary of the benefits of Gibbs free energy: If the estimated
AG® ranges from 20 to 0 kJ/mol, this indicates physical
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Fig. 15. Adsorption kinetic fit for the inclusion of Cr® onto combined
biosorbent (Fusarium subglutinans and Hylocereus undatus) Cré
level = 50 mg/L, contact duration = 60 min, pH = 2.0, adsorbent
level =5 g/L, temperature = 30°C)
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Fig. 16. Thermodynamic study.

absorption. If the estimate of AG® is among 400 and -80 kJ/
mol, then that shows synthetic absorption. For the current
setup, the AG® values reduced from 20 to 0 kJ/mol for all
envisioned temperatures. This indicated that the current
inclusion of Cr® particles onto mixed biosorbent was a
substantial adsorption. The exothermic character of the
binding of Cr® ions onto the mixed biosorbent is indicated
by the — readings of (AH®). Similar to this, the decreased
roughness at the solid/fluid contact throughout the pro-
cedure was shown by negative values of AS°.

5. Conclusion

Due to the use of inexpensive sorbing materials,
adsorption offers a low-cost alternative to traditional pro-
cesses when the feedstock being used is refuse. On the
other hand, natural approaches provide a chance for the
extremely precise elimination of contaminants along with
a lot of practical freedom. Numerous of these processes
make use of microorganisms that are crucial to the sorp-
tion of harmful elements. The ability of different organic
components to attach metals forms the foundation for this
process. The benefits of biosorption, that utilizes fungus
and farming base materials in fermenting and agrarian pro-
cedures, include excellent metal elimination efficacy and
cost effectiveness. The fungus sample was then mass-cul-
tured, desiccated, and ground to remove the Cr®. Then, it
was blended with the pulverized H. undatus resulting in
the mixed biosorbent. To effectively address the issue of
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heavy metal contamination release from businesses, a bio-
sorption trial was conducted using actual tannery waste-
water and biosorbents (F. subglutinans and H. undatus). The
findings indicated that mixed biosorbent had the capabil-
ity to remove Cr®, and the amount of Cr® removed from
chrome tannery wastewater was determined to be 99.87%.
The elimination of Cr® from chrome tannery wastewater is
a practical, affordable, and environmentally beneficial pro-
cedure, according to the analysis of the processed effluent.
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