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N o a

Abstract: Traditional freshwater sources have been over-abstracted in the worldwide crisis of water
scarcity. Effluents have extremely high amounts of Zn?* and Pb?*, according to an investigation of
wastewater samples taken from several industrial zones. However, these heavy metals are among
the most harmful to both humans and wildlife that are currently known. Streptomyces sp. is utilized
in this study as a biosorbent to biosorb Zn?* and Pb?* from single and binary aqueous solutions.
Several factors, such as biomass concentration (0.25—4 g), metal solution concentration (5-50 mg L1,
solution pH (2-5), and contact time were standardized. Streptomyces sp. biomass was able to extract 93%
Pb%* and 91% Zn?* from a single and 95% Pb** and 97% Zn?* from a binary metal aqueous solution
containing 25 mg L ™! and pH 4. The highest adsorption capacity in both single and binary sorption
experiments was determined to be shared by Zn?* and Pb?*. The biosorbent’s metal adsorption
increased from 0.48 to 4.56 mg g~ ! for Pb?* and from 0.21 mg g~! to 4.65 mg g~ ! for Zn>* when the
metals were present singly, and from 0.44 to 4.18 mg g~ for Pb?* and from 0.41 mg g~ ! t0 5.67 mg g~
for Zn?* when the metals were present in binary form. The amount of metal ions was raised from 5 to
50 mg L~L. Correlation coefficient (R?) values indicate that the adsorption pattern for Zn** and Pb%*
followed Freundlich isotherm R? > 0.9543 for single and 0.9582 for binary sorption system. In order to
remove Zn’* and Pb?* from an aqueous solution, Streptomyces sp. is a potential and different source
of adsorbents.

Keywords: biosorption; Freundlich isotherm; heavy metal

1. Introduction

Heavy metal pollution of water is a global issue that is becoming worse. Many metals
have been found to be highly toxic. Heavy metals can accumulate through the food chain
even in low amounts, posing major risks to people, animals, and the environment [1].
The potential health risk presented by environmental heavy metals is receiving more
and more attention. However, as a result of various human activities like mining and
industrial processes, natural biogeochemical cycles are disturbed, leading to an increase in
the deposition of heavy metals in terrestrial and aquatic environments [2]. Many sectors
discharge heavy metals like lead and zinc in wastewater, particularly plating, battery,
pigment, and ammunition production [3]. The need for innovative metal removal methods
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is growing as a result of strict environmental legislation and the authority granted to the
institutions set up to implement these laws. For more than ten years, experts have been
searching for less expensive and more efficient ways to clean up heavy metal-contaminated
streams and lessen the rising risk to the public’s health [4]. The most widely used methods
for removing metal ions from wastewater are electrodialysis, chemical precipitation, lime
coagulation, ion exchange, reverse osmosis and solvent extraction, and ultrafiltration [5,6].
The biosorption approach has become a popular and affordable replacement for traditional
water and wastewater treatment over the past 20 years [7].

Currently, a large number of studies published in various journals have enriched the
biosorption field. When heavy metal pollutants are present in large amounts of solution in
trace quantities, these approaches become ineffective. One of the few options for such a
situation is adsorption.

Several microorganisms, including bacteria, algae, fungi, and yeast cells, are capable
of removing heavy metals from aqueous solutions [8]. In fact, metal ions in solution
interact with bacteria. Numerous studies examining the interactions between metals
and bacteria have, for instance, suggested using bacterial biomass to treat effluents for
metal removal. Heavy metal removal via microbial biomass, also known as biosorption,
has received a lot of interest recently. Streptomyces species have advantages including
minimal investment costs and good treatment efficiency because they are stable and do
not require harsh treatments. The most prevalent microscopic filamentous bacteria in the
environment are strains of Streptomyces. This strain is frequently employed to research
complex processes, such as the biosorption or adsorption of heavy metals. A filamentous
form of the Gram-positive bacterial genus Streptomyces rimosus has been suggested by
numerous studies examining the interactions between bacteria and metals. It can grow
in a variety of settings. Marine algae, bacteria, yeasts, fungi, and waste mycelia from the
food and fermentation industries are some examples of biosorbents [9]. Some types of
biomass waste from industrial fermentation make excellent metal absorbers. Streptomyces
species have advantages including minimal investment costs and good treatment efficiency
because they are stable and do not require harsh treatments. It is important to understand
that some waste biomass—which can be collected as waste products from fermentation
industries—is actually a commodity, not garbage. Waste could be one of the most accessible
and affordable sources for the removal of heavy metals. Even though many different kinds
of bacteria have been extracted, research utilizing metal-tolerant bacteria from industrial
effluent has demonstrated that collecting and identifying native bacteria is crucial since
they are ecologically responsible and maintain the ecosystem in their area [10]. The use
of industrial waste biomass as a biosorbent would increase the economic viability of a
microbial-based system because the biomass is cheap, easy to recover after fermentation,
and produced in vast quantities. Adsorbents made of nanocomposites were used to remove
heavy metals from aqueous solutions [7]. Ion-imprinted polymers have been utilized to
remove heavy metal ions from complex matrices at low concentrations.

Table 1 provides a comprehensive comparison of different treatment approaches for
the removal of heavy metals, specifically focusing on biosorption as compared to other
methods. Biosorption, which involves the adsorption of heavy metals onto biosorbents
such as biomass, algae, or microorganisms, offers several advantages. It exhibits high
removal efficiency for specific metals, making it suitable for a wide range of applications.
Biosorption can be highly selective for targeted metals, allowing for effective metal removal
while minimizing the impact on other components in the water. Additionally, biosorption
is often cost-effective, requiring minimal energy and generating minimal waste. In contrast,
the other treatment approaches listed in the table offer alternative strategies for heavy
metal removal. Chemical precipitation involves the formation of insoluble precipitates with
heavy metals, while ion exchange uses solid resin materials to selectively exchange metal
ions [11]. Electrocoagulation utilizes electrochemical processes to induce coagulation and
removal of heavy metal ions, and membrane filtration relies on the passage of water through
semi-permeable membranes to separate heavy metals [12]. Activated carbon adsorption is
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another effective method, utilizing the high affinity of activated carbon for heavy metals.
Each method has its own unique advantages and limitations [13]. Factors such as removal
efficiency, selectivity to different metals and conditions, cost, and environmental impact
vary among the different treatment approaches. For example, chemical precipitation and
ion exchange are relatively cost-effective, while membrane filtration and activated carbon
adsorption offer high selectivity [12,14,15]. However, they may also have limitations, such
as the generation of sludge, membrane fouling, or the need for regeneration. Understanding
the characteristics and differences of these treatment approaches is crucial in selecting the
most suitable method for a specific heavy metal removal application. The table serves as
a valuable reference, providing an overview of the key features and considerations when
comparing biosorption with other treatment methods.

Table 1. Comparison of heavy metal treatment approaches: biosorption vs. other methods.

Treatment S . . .. Environmental
rinci i lectivi
Approach Principle Efficiency Selectivity Cost Impact References
Adsorption of Low ener
heavy metals onto High removal Can be highly Snersy
. . ) e . Generally requirements and
Biosorption biosorbents such as  efficiency for selective for . 2 [13]
. i i cost-effective minimal waste
biomass, algae, or specific metals specific metals X
. ; generation
microorganisms
Formation of Varies depending  Limited Generation of
Chemical insoluble on the specific selectivity based Relatively sludge or )
o . . o . o [14]
Precipitation precipitates with metals and on solubility cost-effective Pprecipitates as
heavy metals conditions and pH byproducts
Exchange of heavy ngh removal Selective . . Generation of
. s efficiency for based on resin Relatively -
Ion Exchange metal ions with ions i . . brine or regenerant  [15]
: . specific metals properties and cost-effective .
on solid resin e . solution
and conditions operating
Electrochemical Varies depending Mode.ra'te . Generation of
. . - selectivity based Relatively
Electrocoagulation coagulation and on the operating . sludge or [12]
. on the membrane  cost-effective
floc formation parameters ; byproducts
pore size
Passage of water Varies depending  Varies depending  Varies depending Energy
Membrane through a » requirements
. . . on the membrane  on the surface on the specific [11]
Filtration semi-permeable . . Lk depend on the
properties properties application
membrane membrane type
. High selectivity .
Activated Carbon Adsorption of High affinity for based on metals Varies depending Generation of
. heavy metals onto . spent carbon as a [13]
Adsorption . heavy metals and chemical on the
activated carbon : byproduct
species
Chemical . . Selective based Varies depending
. Varies depending » .
. . conversion of heavy . on the target on the specific Generation of
Chemical Oxida- on the chemical ok
- . metals to less . metals and application byproducts or [16]
tion/Reduction . reaction and o X .
soluble or less toxic i, the chosen specific residual chemicals
conditions T o
forms oxidizing or application
Selective removal Varies depending  Selective based
. . Low energy
of heavy metals on the membrane  on the membrane  Varies depending .
Membrane - . requirements and
through properties and properties and on the membrane 2 [11]
Processes . . : minimal waste
ion-exchange operating ion exchange and system setup .
i . generation
membranes conditions capacity

The objective of the current study was to evaluate the efficacy of Streptomyces sp.
biomass for the adsorption-based removal of Zn?* and Pb?*. To ascertain Streptomyces sp.’s
adsorption capability, batch isotherm and kinetic investigations were carried out in the
laboratory. The impact of pH, biomass volume, and beginning metal concentration on
removal was investigated. People around the site suffered severe health problems from
both contaminants, so Pb (II) and Zn (II) metal ions will be the focus of the research [17].
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2. Materials and Methods
2.1. Preparation of Adsorbent

Streptomyces sp. biomass, a by-product of the fermentative procedures used in phar-
maceutical fermentation, was gathered from Ranbaxy Paonta Sahib in Himachal Pradesh,
India. Biomass was dried in an oven at 80 °C for two days, blended into a smooth paste,
and sieved to obtain uniform particle size (2 mm) before being used as an adsorbent to
extract heavy metals from an aqueous solution.

2.2. Preparation of Adsorbate

One liter of water was used to dissolve 4.397 g of zinc sulphate (Zn(SO4)) and
1.83 grammes of lead acetate (Pb(CyH30,)?) to create a single and binary metal stock
solution containing 1000 mg L~ of Zn?* and Pb?*. The stock solution (1000 mg/L) was
diluted with distilled water to produce a working solution (5 to 50 mg L~!). The pH was
then raised from 2 to 5 by adding 1N NaOH and 1N HCI to the solution.

3. Biosorption Studies

Streptomyces sp.’s ability to biosorb heavy metals was assessed in batch mode using a
single and binary metal sorption tool. The batch experiment was carried out in a 250 mL
Erlenmeyer flask with various adsorbent dosages (0.25-2%) while maintaining a constant
heavy metal concentration (25 mg/L) and shaking it for 24 h at room temperature and
120 rpm on an open rotary shaker. Similar to this, batch tests at various pH ranges (2 to
5) and metal concentrations (5 to 50 mg L~!) were carried out. Samples were extracted at
intervals ranging from 0.08 to 24 h.

3.1. Determination of Total Residual Metal

An atomic absorption spectrophotometer (GBC 932AA, Artarmon, Australia) was
used to measure the total residual concentration of metal in the filtrate. The standard was a
working standard solution of Zn?* and Pb** made from 1000 mg of L~ stock purchased
from Acros Organic Ltd. in Morris Plains, New Jersey, USA. The calculation of residual
concentration R (%) is given as [18].

Ci—

G

Cr
R(%) = 100 1)

where the initial and final metal concentrations, C; and Cf, are measured in mg L1

3.2. Metal Uptake by Biomass
The following formula was used to compute specific metal uptake (g.):

Ci—Cy v )

e = T 2

where V is the volume of the metal solution in mL, C; and Cy are the initial and final metal

concentrations at a given time in mg L™}, respectively, and m is the mass of the biomass
ing.

4. Adsorption Isotherm

It is essential to analyze the isotherm data in order to create an equation that ac-
curately captures the outcomes and can be applied to design. To evaluate the viability
and effectiveness of biosorption in wastewater treatment, it is critical to determine the
performance of the sorption [19]. The surface characteristics, the affinity of Streptomyces sp.
cells” binding sites, and the uptake mechanism are all shown using the isotherm model.
Therefore, it is essential to create suitable biosorption mathematical models. In order to eval-
uate the experimental data, the adsorptive isothermal model and the Freundlich equation
were applied.
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4.1. Freundlich Model

The heterogeneous distribution of the sorbent’s active sites in the monolayer sorption
scenario is also taken into consideration by this isotherm [20].

g. = K;Co/" 3)

where Ky denotes adsorption intensity and 7, adsorption capacity.
Logarithmic form of Equation (5)

log, q. = log, (K,C:'/") @)
= log, K + log, C,'/" (5)

1
log, q. = log, K¢ + - log, C, (6)

The linear plot of log (7¢) vs. loge (C,) can be used to calculate Krand 1/1. The parameters
were calculated using experimental values from experiments on adsorption capacity.

4.2. Langmuir Model

Langmuir isotherm: The Langmuir isotherm assumes a homogeneous adsorbent
surface and a monolayer adsorption process, where adsorption occurs at specific sites on
the surface. It suggests that once a site is occupied, no further adsorption can occur at
that site.

q=(qmax b C,)/(1 +b C,) @)

where q is the amount of adsorbate per unit mass of adsorbent (mg/g), qmax is the
maximum adsorption capacity (mg/g), b is the Langmuir constant related to the energy
of adsorption (L/mg), and C, is the equilibrium concentration of the adsorbate in the
solution (mg/L).

5. Kinetic Study

Kinetic modelling is a valuable approach for process equipment design, as it replaces
the need for laborious and resource-intensive experiments. The acquired kinetic informa-
tion is highly practical and applicable in various technological fields. In this study, different
kinetic models were employed to establish a correlation between the kinetics of metal ions
adsorbed in Streptomyces sp. biomass. The researchers focused on assessing the biosorption
kinetics by studying the removal of heavy metals, namely zinc (Zn>*) and lead (Pb%*), using
Streptomyces sp. at different temperatures. The investigation considered a two-kinetics
model that encompasses the pseudo-first order and pseudo-second order reactions. To
explore the kinetics further, the researchers conducted experiments with varying exposure
times ranging from 5 to 90 min.

Mechanism of Biosorption

The initial step in the interaction between metals and cell walls involves the biosorption
of metal ions, which typically occurs on microorganisms” outer surfaces. At the outer
surfaces of bacterial cells, metal ions can be physically held in place by electrostatic or van
der Waals forces. Subsequently, through chemical interactions, the adsorbed metal ions
can bind to the chemical functional groups of biomolecules present on the cell surface and
even within the cellular structure [7]. Physical adsorption, characterized by a weak van
der Waals attraction between the adsorbate and the surface, is an exothermic process that
occurs spontaneously according to thermodynamics. The mechanism of the adsorption
process involves four sequential processes:

(1) Transportation of metal ions from the surrounding bulk liquid to the liquid film or
boundary layer.
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(2) Surface diffusion, where metal ions migrate from the boundary film to the external
surface of the adsorbent.

(3) Pore diffusion, where metal ions move from the surface towards the intraparticle
active sites within the adsorbent.

(4) Sorption-based metal ion uptake at the active locations. The mechanism of
the contacts during the adsorption process is broken down into four parts that follow
one another.

6. Results

Investigations on the biosorption of Zn?* and Pb?* from solutions of single and binary
metals were conducted at various pH levels, biomass amounts, and metal concentrations
during various contact times.

6.1. Effect of pH

The biosorption process is significantly regulated by pH. The variation of equilibrium
uptake with the initial pH of the Zn?* and Pb?** solution is shown in Figure 1. Zn?*
biosorption was significantly increased when the pH was elevated to 2 to 4 and dropped
when the pH was between 4 and 5. Zn?* biosorption increased from 0.974 mg g~ ! to
2217 mg g~!. The pH range of 2 to 5 resulted in a Pb?" biosorption (2.5 mg g~ ! to
2.04 mg g~ ') (Figure 1). The greatest pH (pH 4) at which both heavy metals were still
dissolved but not precipitated was used in this study to identify the appropriate pH
(Figure 1). Numerous studies show that pH significantly affects how well heavy metals
are absorbed from aqueous solutions [21]. The primary variable that affects the initial
capacity and rate of metal ion biosorption by biosorbents is the pH of the sorption medium.
As the stability of the metal ionic species in the solution reduces, it is generally accepted
that the sorption of metal cations like Cd?%*, Cu?* Zn?* Pb?* Ni%" Mn%* AI** and Co?*
increases with pH [22]. As seen in Figure 1, when the pH declined (2-4), the surface charge
of the cells increased overall, but this caused an electrostatic interaction between positively
charged binding sites and negatively charged metal complex ions. As a result, metal
absorption increased significantly at pH 4 (from 0.974 mg g~ ! to 2.217 mg g~ !). However,
the biosorption decreased (from 2.5 mg g~ ! to 2.04 mg g~ !) and the overall surface charge
on the cells turned negative as the pH increased from 4 to 5. The increase in biosorption
that is observed with increasing pH (2 to 4) values could be brought on by changes to
the sorbent surface, which alters how metal complex ions interact with cells primarily
through electrostatic forces, complex formation or electron sharing in nature, or changes to
membrane transport. However, as pH increases, H+ ions that are directly connected to the
adsorbent or that are a part of surface functional groups like OH, COOH, etc. are replaced
by Pb(Il) and Zn(Il) ions, which reduces the amount of competition. Another possibility is
that the metal ion will adsorb as a result of the Pb(OH)* and Zn(OH)? ions bonding to the
adsorbent surface [23,24].

6.2. Effect of Biomass Amount

Figure 1 shows the influence of initial biomass amount on Streptomyces sp.’s equilib-
rium metal uptake of both Zn?* and Pb?* metal solution. For both Zn?* (3.76 mg g~ 1)
and Pb?* (6.41 mg g~ !) at pH 4 and 25 mg L~! metal concentration, the greatest equilib-
rium uptakes were seen at 1 g biomass. Higher densities of binding sites may interfere
with one another, which could explain this. The higher metal-to-biosorbent ratio at 1 g of
Streptomyces sp. biomass may be the cause of the higher metal sorption, which decreases
when the biomass amount is raised [25].
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Figure 1. The effect of pH and amount of biomass (g) on the equilibrium uptake of Zn>* and Pb?* by
Streptomyces sp. (room temperature; agitation rate = 120 rpm, C; = 25 mg L~1).

For the biosorption of Cd (II) (Tamilselvan et al. 2012) and Ni (II) [26], a comparable
trend of metal removal (%) with increases in biosorbent dose was observed. Even if there
was a failure of proportionality in the biosorption at larger biomass doses, the higher
metal removal percentage at such doses is simply a result of the higher availability of
metal-binding sites. Cell agglomeration under high biosorbent dose results in a decrease
in the intercellular distance, which protects metal ion binding sites by reducing their
exposure [27].

6.3. Effect of Metal Ion Concentration

The relationship between the initial Zn?* and Pb?* concentrations and the equilibrium
metal absorption of Streptomyces sp. for both single and binary metal biosorption systems
was investigated. The amount of Streptomyces sp. used in this study was 0.25—-4 g. Similar
outcomes for Cd (II) removal were reported by [28], employing cuttlebone and the alga
Anabaena sphaerica, respectively. The biosorption process is facilitated by the higher
thrusting force caused by the increasing variations in metal concentration between the cell
surface and the bulk solution [29].
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The percentage removal of Zn?* ions from aqueous solutions through biosorption by
Streptonyces sp. was found to be higher than that of Pb?* ions in single metal biosorption
at a concentration of 10 mg L~!. However, as the concentrations increased (from 10 to
50 mg/L), the percentage removal of Zn?* ions decreased (Table 2). Conversely, the per-
centage removal of Zn?* ions was lower than that of Pb?* ions in binary metal biosorption
at all concentrations ranging from 5 to 50 mg L1

Table 2. Percentage removal of Zn?>* and Pb?* from single and binary metal aqueous solution by
Streptomyces sp.

% Removal

Co:lcen{l?lt;on Single Sorption System Binary Sorption System
ms Zn2+ Pb2+ Zn2+ Pb2+

5 86.86 73.05 92.13 98.43

10 86.53 87.35 95.23 96.57

15 77.08 90.63 94.75 95.9

25 90.76 93.04 97.04 94.96

50 90.41 92.52 97.82 97.26

This observation suggests that Pb?* ions tend to occupy a significant number of
available binding sites, which hinders the adsorption of Zn?* ions. Consequently, the
biosorption capacity for Zn?* ions is relatively poor in both single and binary metal sorption
systems compared to Pb?* ions.

These findings highlight the competitive nature of metal ions for binding sites on the
biosorbent. The higher affinity of the biosorbent for Pb?* ions and its preference for binding
sites can lead to reduced Zn?* ion adsorption, especially at higher metal concentrations.

Equilibrium Modeling

For both biosorption systems, Streptomyces sp. found that the equilibrium sorption
capacity of biomass increased with an increase in the initial Zn?* and Pb?* concentration
up to 50 mg L1, as indicated in Table 3.

Table 3. Streptomyces sp. equilibrium metal uptake for a single and binary aqueous solution.

dmax (mg g—1) for a Single qmax (mg g~—1) for Binary
Conc.l Metal Biosorption System Metal Biosorption System
(mg L—1)
8 qpb dzn dpb qzn Total q (qpp + qzn)
5 0.21 0.48 0.41 0.44 0.85
10 0.67 1.02 1.00 1.13 2.13
15 1.75 1.56 1.43 1.42 2.85
25 2.58 2.36 2.72 2.02 4.74
50 4.65 4.56 5.67 4.18 9.85

The loading capabilities of biosorbents for a singular metal exhibited an increment
from 0.48 to 4.56 mg g_l and from 0.21 mg g_1 to4.65 mg g_1 correspondingly, as the initial
concentrations of Zn?* and Pb?* metals were augmented from 5 to 50 mg L~!. Similarly,
within the binary biosorption system, the loading capacities of the biosorbents witnessed
an escalation from 0.44 to 4.18 mg g~ ! for Zn?* and from 0.41 mg g~! to 5.67 mg g~ !
for Pb?* The heightened loading capacity of the biosorbents with the augmentation of
Zn?* concentration may be attributed to an augmented likelihood of collisions occurring
between the ions and the biosorbents. To evaluate the adsorption yields, experimental data
encompassing diverse initial Zn?* and Pb>* concentrations were utilized (Table 1).
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The equilibrium uptakes for Zn?* biosorption from an aqueous solution by Streptonyces
sp. was higher than Pb?* biosorption for both single and binary metals at low concentrations
(5 to 10 mg L~1), whereas it was decreased at higher concentrations (15 to 50 mg L1
(Table 3 and Figure 2). This indicates that, at greater metal concentrations (15 to 50 mg L~1),
Pb?* appears to have occupied its binding sites, where Zn?* adsorption occurred relatively
poorly in both single and binary metal sorption systems.

—&—5 mg/L —&—10 mg/L —#&—15 mg/L —&—5 mg/L —=—10 mg/L —&—15 mg/L
—¥%—25 mg/L —%—50 mg/L —¥%—25 mg/L —»%—50 mg/L
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Time (h) Time (h)
C (Pb* single) D (Pb* binary)

Figure 2. Effect of Zn?* and Pb2* conc. on equilibrium metal uptake in single metal (A,C) and binary
metal (B,D) sorption systems by Streptomyces sp.

7. Isotherm Study

The sorption performance of Streptomyces sp. biomass was comprehensively assessed
through the determination of sorption isotherms involving the heavy metals Zn?* and
Pb?* (as presented in Table 4). It is discernible that, within both single and binary metal
sorption systems, the adsorption capacity of Streptomyces sp. exhibited a consistent trend.
According to the findings, the Freundlich isotherm may be more relevant to explain the
nature of heavy metals adsorption on the prepared Streptomyces sp. biomass than the
Langmuir isotherm. Notably, the adsorption capacity for Zn?* (ranging between 1.5 and
3.28) consistently surpassed that for Pb?* (ranging between 0.8769 and 2.4).
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t/iqt

Table 4. Zn?* and Pb?* biosorption isotherm parameters for single and binary metals by Strepto-

myces sp.
Freundlich Constant
Single Sorption System Binary Sorption System
Metal
Kf n RZ Kf n R2
Zn% 15 2.88 0.9543 3.28 0.835 0.9463
Pb%* 0.8769 0.3649 0.9348 2.4 1.474 0.8857
Langmuir Constant
Single Sorption System Binary Sorption System
Metal 2 P
Jmax b R qmax b R
Zn* —2.44 —0.27 0.8595 —1.26 —0.74 0.9371
Pb%* 0.38 0.52 0.7750 2.67 2.78 0.8582

8. Kinetics Study

A quick approach typical of employing non-living biomass was used for the biosorp-
tion of zinc and lead onto the Streptomyces sp. One of the most crucial aspects of studying
biosorption mechanisms and designing adsorption systems is estimating the biosorption
rate for a specific system [30]. In the present investigation, the kinetic experimental data
were meticulously scrutinized using an array of mathematical models to discern and char-
acterize the distinct biosorption mechanisms operating within each system. The evaluation
of the correlation coefficients (R?) pertaining to the pseudo-first order kinetic constants
revealed their comparative diminution in relation to those obtained from alternative kinetic
equations (as depicted in Table 5). The experimental sorption data exhibiting correlation
coefficients surpassing the notable threshold of 0.999 demonstrated the most conspicuous
alignment with the pseudo-second order kinetic model (Figure 3) [31]. The pseudo-second
order equation has an R? coefficient of 0.999, which is the best fit for zinc and lead. The
results indicate that the pseudo-second order binding mechanism predominates, and the
zinc and lead are adsorbed on the Streptomyces sp. adsorbent via a chemisorption step.

= 10 mg/L, H 10 mg/L
® 20 mg/L : 20 mg/L
- A 30mg/L 30 mg/L
60 v 40mg/L v 40 mgjL
somgl| 961 50 moll
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Figure 3. Graphical plot of pseudo-second order for the biosorption of Pb>* and Zn?*.
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Table 5. Kinetic biosorption parameters.

Kinetics Model Parameters Zinc Lead
Pseudo-first order ky (min~1) 0.0054 0.0130
qe (mgg™) 1.1219 1.3447

R? 0.6413 0.9265

Pseudo-second order ky (min~1) 10.121 0.7877
ge (mgg™) 0.4122 0.4308

R? 0.9996 0.9879

9. Characterization
9.1. Scanning Electron Microscopy

A well-known microscopy technique called scanning electron microscopy (SEM) is
increasingly employed to study biological samples and other types of microscopic particles.
SEM micrographs of Streptomyces sp. exposed to heavy metals were taken to identify
morphological alterations in its biomass. The results of the SEM study confirmed that
adding heavy metals had a detrimental effect on the biomass of Streptomyces sp. as shown in
Figure 4. An SEM analysis of the biomass surface revealed that it is porous and compatible
with good metal uptake capacity [32]. Figure 4B shows the formation of a thick, assembled
heavy metal attachment to Streptomyces sp. surface, as well as the buildup of heavy metal
molecules inside the porosity structure.

Rl

o - D T it 2130 2
10. Signal A = InLens System Vacuum = 5.60e-06 mbar| EHT = 10.00 kV Signal A= InLens
WD= 53 mm Mag= 2.50 KX Gun Vacuum = 2.79e-09 mbar WD= 5.1mm Mag= 250KX Gun Vacuum = 2.79e-09 mbar

Figure 4. SEM micrograph of the (A) Before & (B) After Streptomyces sp. biomass.
9.2. FTIR

An FTIR (Fourier transform infrared) analysis was employed to elucidate the assort-
ment of functional groups existing before and after on the surface of the generated biomass.
Spectra within the range of 4000-450 cm ! were subjected to examination with a resolution
of 4 cm~!. As reported by [33], the IR spectra of the compound exhibited distinctive bands
at specific wavenumbers: 3435, 3064, 2968, 2924, 2591, 2362, 1904, 1733, 1106, and 562 em L.
These bands were indicative of the presence of primary amine, hydroxyls, alkenes, primary
amide, and carbonyl groups (Figure 5). Notably, the surface of Streptomyces sp. displayed the
presence of carboxyl and carbonyl groups, which could potentially contribute to the binding
of heavy metals [34]. Furthermore, the investigation revealed that carboxyl, amino, amide,
and hydroxyl groups predominated within the structural composition of Streptomyces sp.
While an alkane is responsible for a high peak at 3064 cm~!, an O-H stretching vibration
is responsible for one at 3435 cm 1. Figure 5 (after) demonstrates the shift in the position
of these bands during heavy metal adsorption, demonstrating the active involvement of
the assigned functional groups. The appearance of the primary peaks associated with raw
Streptomyces sp. at 1733 and 1586 cm ™! indicates the presence of a large number of aliphatic,
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aromatic, and nitro compounds [9]. The peaks are brought on by ring C-C stretching, nitro
compound N-O stretching, and aliphatic/aromatic amine C-N stretching [17]. The fact that
the characteristic peaks in the FTIR spectra barely moved indicates that Streptomyces sp.
were successful in absorbing heavy metals. Chemical adsorption between the functional
groups of Streptomyces sp. and the heavy metals is evident from FTIR measurements.
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Figure 5. FTIR spectrum of (Before) and (After) Streptomyces sp. biomass for biosorption of heavy
metals (Zn?* and Pb?*).

10. Conclusions

Heavy metal biosorption is a potential alternative to current methods. In this study,
Streptomyces sp. was used to show how single and binary heavy metals can be absorbed
from the solution. The biosorption equilibrium has been described using a variety of
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empirical models for metal absorption by Streptomyces sp. The most well-known and
frequently utilized model, which accurately captured the behavior of monolayer adsorp-
tion, is the Langmuir equation. The findings revealed that the binary sorption system’s
overall adsorption capacity had increased. When the initial Zn?* and Pb?* concentration
was increased for Streptomyces sp., the loading capacities of the biosorbents were also
increased for single and binary metal biosorption. In the examined single and binary metal
biosorption systems, it was observed that Streptomyces sp. exhibited a higher uptake of
Zn>* compared to Pb2* at lower concentrations (5 to 10 mg L 1), followed by a decrease in
uptake at higher concentrations (15 to 50 mg L~!). This trend was consistently observed
in both single and binary metal sorption systems, highlighting the superior adsorption
capacity of Streptomyces sp. for Zn** and Pb**. The adsorption properties of the binary
component mixture were provided by this result, which is crucial for the design of the
adsorption system for wastewater that actually contains a mixture of heavy metals.
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