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ABSTRACT:

Introduction: According to the pollution control board, India releases one of the highest concentrations of
toxic heavy metals such as Arsenic (As Il1), a major cause of water pollution. These high concentrations of
toxic metals in effluents interfere with the natural water resources, cause severe toxicological implications on
the environment with a dramatic impact on human health. Arsenic discharge degrades the water quality,
spreading toxicity and seriously affects the photosynthesis activity in plants. Furthermore, it greatly impacts
the aquatic environment because of low light penetration and insufficient oxygen consumption. Therefore,
effluents must be adequately treated before discharging, increasing the significant focus on water reusability
alternatives.

Obijectives: To investigate the green synthesis of AgNPs and its dual activity of synthesized silver
nanoparticles possess antimicrobial and heavy metal adsorption activity.

Methods: Green synthesis method for AgNPs using green tea leaves and Structural and chemical
characterization of AgNPs was done via UV-visible spectroscopy, FTIR for functional group determination,
XRD for crystallinity, Zeta potential for stability and FE-SEM to study surface morphology. Antimicrobial
activity was performed by the well diffusion method as well as MIC was performed. Arsenic adsorption was
studied using strip assay (qualitative) and ICPMS (Quantitative) analysis.

Results: The AgNPs synthesized using green tea leaves confirmed by UV-VIS peak at 410nm, FTIR peaks
at 3306.1cm-1 (N-H), 2359.4cm-1 (C=C) and 1636.3cm-1 (C=C and C=0 group), XRD represents crystal
structure and zeta potential is negative which represents inhibition particle aggregation as well as spherical
shape confirmed by FE-SEM. The AgNPs possess significant antibacterial activity against E. coli (10-17.33
mm), S. aureus (19-26 mm), P. aeruginosa (20.66-28.66 mm) and E. gergoviae (18-21.66 mm) zone of
inhibition when compared with control (Tetracycline 30 mcg) with 21-37.66 mm of zone of inhibition,
commonly found in contaminated water, the silver nanoparticles exhibit exceptional adsorption capacity for
Arsenic ions (As Ill), which are often present in contaminated water and pose environmental and health
risks.

Conclusions: This research highlights that AgNPs synthesized via green route can be used for wastewater
treatment, offering dual functionality in antibacterial activity and Arsenic adsorption. Arsenic adsorption was
studied using strip assay (qualitative) and ICPMS (Quantitative) recorded 86% arsenic removal.
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1. INTRODUCTION

The contemporary global community grapples with a
paramount challenge: environmental pollution [1] of
particular concern is the proliferation of heavy metals, a
primary ecological threat jeopardizing human health, as
well as animal and plant life [2, 3]. Heavy metals,
defined as natural elements with high atomic weight
and density at least five times that of water, are essential
in trace amounts but pose risks in elevated
concentrations [4]. The escalation of industrialization
and urbanization since the mid-20th century has
intensified heavy metal accumulation in the
environment, elevating their mobility and transport
rates.  Consequently, numerous nations have
implemented stringent regulations on permissible heavy
metal concentrations in  wastewater, prompting
extensive research into remedial strategies to comply
with legal thresholds.

Water, a vital resource for sustaining life on Earth, faces
escalating challenges due to burgeoning population
growth and dwindling surface water resources.
Groundwater, comprising a mere 30.1% of 1386
million-km® of total water and freshwater is 10.63
million-km® [5], confronts mounting pressure
exacerbated by high arsenic concentrations—a
pervasive global issue threatening the health of an
estimated 200 million people exposed to arsenic levels
exceeding WHO limits in drinking water [6]. Arsenic
contamination primarily arises from various geological
and anthropogenic processes, with Asia, particularly
India and Bangladesh, bearing the brunt of the crisis.
Arsenic exposure poses severe health risks, including
neurological, cardiovascular, immunological, and
carcinogenic effects. Consequently, arsenic
contamination emerges as a critical agricultural and
health concern worldwide due to its highly toxic and
persistent nature [7]. The process which are majorly
responsible for excvessive arsenic deposition is
reductive dissolution of iron-containing metals [8],
alkali desorption [9], geothermal activities [10],
leaching and weathering of silicate and carbonate
minerals [11] and crustal processes [12].

In the Earth’s crust, As is ranked the 53rd most
abundant element with the level of 1.5 mg/L [13, 14]. In
Asia arsenic contamination is found in India and
Bangladesh [15-17] leads to various disesaes like lung
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cancer [18], skin cancer [19], reproductive, neurological
and immnunological diseases [20, 21]. The major route
of Arsenic to humans is via the use of As-rich drinking
water [22, 23].

Various treatment methods which are commonly used
for heavy metal removal, including photocatalysis: is
the oxidation method utilizes light energy which
converts harmful pollutants into harmless with the use
of phtocatalysts which accelerates chemical reactions
[24], chemical precipitation: it involves addition of
certain chemicals such as sodium hydroxide which
reacts with metal ions and others ions which is effective
in removing heavy metals from water [25], Biological
strategies: here biological methods such as bacteria,
fungi, algae and plants are used for heavy metal
remediation, for example phytoremediation is the
remediation process where plant absorbs and
accumulate heavy metals from soil and water [26], ion
exchange: resins or memebranes are used which
selectively exchanges heavy metal ions and other ions
(hydrogen and sodium ions) used for heavy metal
removal from water, ultrafiltration or nanofilteration
selectively remove heavy metal ions based on their size
and charge and generally used in water purification
systems, electrochemical treatment: it involves applying
an electric current to electrodes immersed in
contaminated water, leads to reduction or precipitation
of heavy metals which is easy to remove, reverse
osmosis: here membranes allow water molecules to pass
through it rejecting dissolved ions which includes heavy
metals and used for treatment of industrial wastewater,
evaporation generally used to treat smaller volumes of
wastewater where after evaporation residues of
concentrated heavy metals are obtained and in foam
flotation methods air bubbles are used for heavy metal
removal from water here bubbles gets attached to heavy
metals causing them to rise to the surface for removal,
and adsorption is the surface phenomena where
adsorbate molecules (e.g., heavy metals) adhere to the
surface of an adsorbent material (e.g., nanoparticles)
this process is driven by various forces such as Van der
walls forces, electrostatic interactions and chemical
bonding [25], have been employed to purify water
contaminated with heavy metals. Among these,
adsorption stands out as a burgeoning technology due to
its design flexibility, ability to produce high-quality
treated effluent, and renewability of adsorbents. There
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are different nanomaterial synthesis methods reported
chemical vapor deposition forms thin film or
nanomaterial [27], thermal decomposition is used in the
synthesis of metal oxide nanoparticles via heating,
hydrothermal synthesis uses high pressure and
temperature to synthesize nanomaterials (nanocrystals,
nanoparticles, and quantum dots) from aqueous
solutions, combustion method and microwave synthesis
via microwave irradiation and sol-gel method involves
the hydrolysis and condensation of metal alkoxides to
form a gel which is further dried and annealed or
calcinated to produce metal oxide nanomaterials [28].

Arsenic treatment methods reported till date are lon
exchange and chemical precipitation by the addition of
iron or aluminium salts to arsenic contaminated water
results in arsenic precipitation and can be removed by
sedimentation or filteration [25], reverse osmosis or
nanofilteration selectively removes arsenic ions based
on their size and charge which results in producing high
quality water [29], Bioremediation process where
microorganisms convert arsenic to less toxic forms or
immobilize it in soils or sediments which is manageable
[30], Adsorption process where activated carbon,
graphene oxide and silica nanoparticles are used to bind
and remove arsenic ions from water. This method is
generally used due to its high surface area and affinity
of these materials for arsenic [31].

Recently nanomaterials have gathered significant
attention for their potential in heavy metal removal due
to their unique properties. Graphene oxide is a
nanomaterial with high surface area which enables it to
adsorb heavy metal ions effectively, this capability is
attributed to its functional groups and large surface-to-
volume ratio [32], metal oxide nanoparticles such as
iron oxide, mangenase oxide and zinc oxide have been
explored for heavy metal removal, they adsorb metal
ions through surface interactions, Silica and Titanium
oxide nanoparticles are reported for their tunable
surface properties and can be functionalizes for
selective heavy metal adsorption generally used in
water treatment processes and photocatalytic activity
allows to degrade organic pollutants and adsorb heavy
metals under UV exposure [33]. Researchers have
explored a range of adsorbents, such as carbon
nanomaterials which is the combination of activated
carbon [34-37] and carbon nanotubes are generally used
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due to their tubular structure and large surface area [33,
38-42], zeolites [43-46], fullerenes and graphenes [47-
52] and nanomaterials [53, 54] to extract heavy metal
ions from industrial wastewater. Notably, nanomaterials
are increasingly favored for their unique properties,
including low toxicity, stability, large pore size, and
significant specific surface area conducive to high
adsorption capacity. For instance, Li et al. demonstrated
the efficient removal of copper from aqueous solutions,
achieving a remarkable 99% efficiency even in the
presence of other metals. This underscores the efficacy
of adsorption-based methods in addressing heavy metal
contamination in wastewater derived from industrial
processes [55]. Nanoparticles are materials with the
dimensions in the nanometer scale (1-100 nm),
exhibiting unique physical, chemical, and biological
properties due to their particle size, surface reactivity,
charge, high surface area, and quantum effects.
Different types of nanoparticles reported such as silver,
titanium, cerium, gold, zinc, platinum, silica and many
more. There are various methods of synthesis such as
top-down approaches including high energy ball
milling, physical vapor deposition, laser and flash spray
pyrolysis and bottom-up approaches including sol-gel
method, precipitation, hydrothermal, thermal
decomposition methods.

Silver nanoparticles (AgNPs) emerge as a promising
solution due to the presence of several properties that
make them perfect candidate for heavy metal adsorption
such as simple synthesis, high surface area due to their
nanoscale size. The increased surface area allows more
interactions with the heavy metals which enhances
adsorption efficiency and agnps exhibit strong
adsorption capabilities results in removing heavy metal
ions from water, they also have unique electronic
properties and biocompatibility [56], morphology and
adaptability [57], for combating microbial threats owing
to their antimicrobial properties and low toxicity. Silver
nanoparticles also possess antimicrobial activity which
is the advantage and hence are used in water treatment.
They can inhibit bacterial growth and prevents
biofouling on surfaces. They can act as catalysts in
various reactions and helps in heavy metals removal.
They exhibit unique optical properties which helps in
colorometric detection of heavy metal ions. They also
remain stable at different temperatures and
environmental conditions during water treatment [58].
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These nanoparticles exhibit enhanced antibacterial
activity compared to pure silver metal, attributed to
their  high  surface-to-volume ratio facilitating
interactions with microbial cell walls [59]. The
mechanisms underlying AgNP-microorganism
interactions remain incompletely understood, although
proposed mechanisms include disruption of cell wall
and cell permeability leads to leakage of cell [60, 61],
inactivation of proteins due to interference of AgNPs
and leads to DNA damage [62], and the release of
reactive oxygen species due to Ag* ions and ATP
production disturbance [63].

Green tea leaves (Camellia sinensis L.) are a prominent
plant source of polyphenols [64]. The location, growing
method, meteorological circumstances, and harvesting
time all have a considerable impact on chemical
makeup. Green tea leaves contain a variety of bioactive
compounds, including carbohydrates, amino acids,
proteins, pigments and minerals. Polyphenols, namely
epicatechin gallate, epicatechin, epigallocatechin, and
epigallocatechin gallate [65-68], are the predominant
chemical component of dried leaves, accounting for up
to 30% of their mass. Green tea extracts have been
shown to effectively synthesize silver nanoparticles in
prior studies [69-71]. AgNPs derived from extracts
were tested for antibacterial and antifungal properties
[72-79].

In this study, silver nanoparticles were synthesized
using green tea extracts processed through sol-gel
method, leveraging their rich  phytochemical
constituents for metallic ion reduction. Characterization
of the synthesized AgNPs involved UV-vis
spectrometry, FTIR analysis for functional groups, and
scanning  electron  microscopy (FE-SEM)  for
morphology. The antibacterial activity of the
synthesized AgNPs was evaluated alongside arsenic and
chromium adsorption, demonstrating the potential
multifunctionality of green tea-based nanoparticles in
environmental remediation.

2. OBJECTIVES

To synthesize silver nanoparticles via the green route
and to study its dual activity.
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3. EXPERIMENTAL PROCEDURE

Materials

Silver nitrate, Hi-LR (AgNO3) was purchased from
Himedia, Mumbai, and Sodium Hydroxide Pellets 98%
(NaOH) were purchased from Loba Chemie Pvt. Ltd.,
Mumbai were used further without any purification.
Milli Q water was used throughout the experiments.
Camellia sinensis leaves was purchased from Ty-phoo,
Apeejay Tea Limited, Kolkata, India.

Preparation of green tea leaf extract

The aqueous extract of C. sinensis was prepared by
taking 1.0 g of dried leaves were poured into a 250 mL
beaker containing 100 mL of Milli Q water. The beaker
was kept in the water bath at 40°C for 15-20 minutes.
The mixture was cooled and filtered using Whatman
No. 1 filter paper. The aqueous leaf extract of C.
sinensis was used for the synthesis of silver
nanoparticles (AgNPs) and the rest of the filtered
extract was stored in a screw cap bottle, in a cool
environment and dry place for further use as displayed
in Figure 1A.

Figure 1. A represents green tea leaves
extract and B represents 5mM silver nitrate
solution

Synthesis of silver nanoparticles via Camellia sinensis
leaves extract

0.107 g of silver nitrate powder was added in 100 ml of
Milli Q water with continuous stirring till we obtained a
homogenous solution for ImM and for 5mM 0.535 g of
silver nitrate in 100 ml of Milli Q water and store for
further use as shown in Figure 1B.
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To initiate the synthesis of AgNPs 40 mL aqueous
green tea leaf extract was mixed with 10 mL of aqueous
silver nitrate solution under continuous stirring at 200
rpm at room temperature for one hour, the color of the
reaction mixture started to turn light yellow with the
addition of 0.1 M NaOH so that the pH of solution shift
towards alkaline, pH high enhanced the nucleation rate.
After half an hour the mixture was kept in the water
bath at 60°C for 10-15 minutes and the color change to
dark brown as shown in Figure 2.

The experimental solution was cooled, and the final
product was collected by centrifuging the reaction
mixture at 10000 rpm for 30 minutes. The pellet was
washed two times with MilliQ water and washed two
times with methanol, to remove any additional
impurities or unreacted materials. The pellet was kept in
a hot air oven at 100°C for 1-2 h for complete dryness.
Scrap the nanoparticles using a glass slide crush them
till powdered form and store them in a vial for further
use. The method was optimized using the protocol by
Asghar et al., [70].

Synthesized silver
nanoparticles

venileﬂ 'S — .‘
= .
. 1
TN

E

Greon foaloaw Water-bath assisted
synthesis

Dried from of silver
nanoparticles

Figure 2. Green synthesis routes of silver nanoparticles
using green tea leaves

Characterization of synthesized silver nanoparticles
Spectrophotometric analysis (UV-Visible)

The UV spectra were used to ascertain the formation of
AgNPs. The UV-Visible absorption spectrum of the
synthesized silver nanoparticles was scanned in the
wavelength range of 300-600 nm by using DeNovix
DS-11 spectrophotometer. The maximum absorbance of
the synthesized silver nanoparticles was recorded [80].

1855

Fourier Transform Infrared spectrum analysis (FTIR)

The IR spectra of the centrifuged green tea AgNPs were
used to identify functional groups present and involved
in the synthesis and capping of green tea AgNPs. The
FTIR spectra were recorded using Benchtop Lt4100
Labtronics. The spectra were read at a resolution of 4
cm? within the range of 400-4000 cm™. The FTIR
analysis was performed at Agilent Technologies
Mumbai, Maharashtra, India [80].

X-Ray Diffraction analysis (XRD)

The synthesized silver nanoparticles were studied using
XRD analysis to understand the crystalline structure.
The X-Ray Diffractometer (Phillips Diffractometer
3200) equipped with a Cu Ko radiation source (1.5418)
set at 40KV and 30 mA scanned the samples at a step
size of 3°, between the grade range (20) 10° to 80°
[81].

Zeta potential analysis

The Zeta potential of synthesized silver nanoparticles
was performed for the particles charge and stability
using Nicomp Nano Z3000 Zeta potential Analyzer
with the range of 200 to -200 mV. The Zeta potential
analysis was performed at Anton Paar Mumbai, India
[82].

Field Emission Scanning Electron Microscopic
analysis (FE-SEM)

FE-SEM was used to characterize the morphology and
particle size of AgNPs. The FE-SEM imaging of the
synthesized silver nanoparticles was scanned using
scanning electron microscopy Model number EM 30
Analytical Technologies SEM-3000 with different
resolution range of 400 um and 100 nm. The samples
were analyzed at Mumbai, Maharashtra, India [83, 70].

Antibacterial bacterial activity of synthesized silver
nanoparticles

Minimum Inhibitory Concentration

To determine the concentration range of silver
nanoparticles that inhibit bacterial growth, a stock
solution of nanoparticles was diluted in sterile media. A
fresh culture of Escherichia coli, Staphylococcus
aureus, Pseudomonas aeruginosa and Enterobacter
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gergoviae and was standardized to 0.5 McFarland
standards having a desired cell density. In separate
tubes, (Luria Bertini) LB broth (10 ml) different
concentrations of silver nanoparticles (50-500 ug) were
added along with the standard bacterial culture. The
tubes were incubated at 37°C for 18 hours at 320 rpm in
rotary shaker incubator. The presence or absence of
visible bacterial growth was then determined by
examining the turbidity of the broth solution and the
OD was recorded at 600 nm using UV-visible
spectroscopy with slight modifications in the protocol
[84, 85].

Well diffusion method

The inhibition of bacterial growth of green tea AgNPs
was carried out by the well diffusion method. Bacterial
species such as Escherichia coli, Staphylococcus
aureus, Pseudomonas aeruginosa and Enterobacter
gergoviae were used for the present study.

One day before the study, 5 ml of nutrient broth was
allowed to get inoculated by the pure culture which was
incubated at 37°C for 24 hours. Once the growth was
observed in the nutrient broth it was set for a particular
optical density by considering McFarland turbidity
standard. Here O.D. at 0.5 was considered and set for
inoculation. This was achieved by adding sterile
nutrient water in the nutrient broth till the desired O.D.
was not achieved. Further, the set 0.5 O.D. bacterial
broth (10ul) was inoculated on the solidified Luria
Bertani (LB) agar plates and applied throughout by a
spreader further 5 minutes of diffusion time was given
which  allowedbfamrabfamcomplete  diffusion  of
nutrient broth into the medium and puncture wells using
cork borer in the plate. Once the broth diffuses
completely place the antibiotic disc Tetracycline 30
mcg (positive control) was placed with the help of
forceps and pressed gently to position them perfectly on
the agar surface. Add different concentrations of silver
nanoparticles in the wells such as 25 pl (25ug), 50 pl
(50ug), 75 pl (75ug), and 100 ul (100ug) respectively
with slight modifications in the experiment procedure
[86].

Once the plates were diffused completely, all plates
were incubated at 37°C for 24 hours. After incubation
time occurred zone of inhibitions in millimetres was
recorded by using Himedia inhibition scale.
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Heavy metal adsorption using silver nanoparticles

Qualitative analysis of Arsenic Adsorption via strip
test

To perform a qualitative analysis of Arsenic adsorption
using green synthesized silver nanoparticles. The silver
nanoparticles (0.5g) were incubated with Arsenic
contaminated solution (10 ml) for 12-24 hrs in rotary
shaker incubator and then it was centrifuged at 10000
rpm for 15 minutes and the supernatant was used for the
further study.

In the present study, the qualitative examination of
arsenic adsorption was carried out using a Merquant test
kit, which provides a visual indicator of arsenic
presence in the solution. The technique began by partly
inserting a test strip into the slot of the reaction vessel's
top, then carefully transferring 5 ml of the solution to be
tested into the vessel with a syringe. A measured
teaspoon of Reagent 1 was added to the vessel, and it
was shaken well. 10 drops of Reagent 2 (HCL 32%)
were then added, and the jar was quickly shut. The
combination was left to react for 30 minutes, with
periodic gentle spinning. Following the reaction period,
the test strip was withdrawn from the jar, washed
quickly with water, and shaken to remove any surplus
liquid. The color change in the response zone on the
strip was then compared to the supplied color scale.
This qualitative evaluation of the color shift was used to
identify the presence of arsenic in the solution, with the
intensity of the color change indicating the amount of
arsenic.

Quantitative analysis of Arsenic Adsorption via
(Inductively Coupled Plasma Mass Spectrometry)
ICPMS analysis

The synthesized silver nanoparticles were incubated in
contaminated water containing different concentrations
of arsenic for 24 hours in rotary shaker incubator and
the nanogels were dried and characterized for heavy
metal adsorption using ICP-MS. The ICP-MS studies
were performed at NEERI, Nagpur, Maharashtra, India.

4. RESULTS AND DISCUSSION

As mentioned before, colour change from pale yellow
to dark brown/black is the strong indication of silver
nanoparticles formation as shown in Figure 3. The
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synthesized AgNPs was later characterized for
confirmation using UV-Visible spectroscopy for surface
plasmon resonance (SPR) of AgNPs, functional groups
determination and surface morphology was carried by
FTIR and FE-SEM, and finally the phases and
crystallinity of AQNPs were characterized by XRD.

Characterization of synthesized silver nanoparticles
UV-Visible spectroscopy analysis

According to Petryayeva and Krull, [87], the optical
property of synthesized AgNPs is sensitive to shape,
size, concentration and aggregation state. Figure 3
represents the visual color change of light yellowish
green tea ttrleaves extract into brown/black color which
indicates the formation of green tea leaves silver
nanoparticles. According to Sokmen et al., [72], the
change in the color of the solution from pale yellow to
yellowish brown or to deep brown indicates the
formation of silver nanoparticles due to the excitation of
surface plasmon resonance.

Synthesis of Silver nanoparticles
e 12 % Agno3 5mM Agnp Ohr
AgnpAlk i AN Wh
0.45
0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05
0

Absorbance

300 WAaQHelength aQIQ‘I) 600

Figure 4. UV spectrum of AgNPs synthesized from
green tea leaves extract

3A | 3B

iz

G At
N N

Figure 3. Preliminary conformation of green tea silver
nanoparticles. (A) GT extract (B) GT AgNPs

To confirm the formation of silver nanoparticles in a
colloid solution via the surface plasmon resonance
phenomena of metallic nanoparticles, the UV-visible
spectrophotometer is widely used. The UV scan showed
a distinct Gaussian-shaped peak at 410 nm as shown in
Figure 4 which confirms the formation of silver
nanoparticles.
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The UV scan showed a distinct Gaussian-shaped peak
at 410 nm as reported by Widatalla et al., [88].
According to Rolim et al., [71], the SPR band was
observed at 410 in UV-visible region. Similar study was
carried out by Loo and his co-workers [89], reported
that the broad absorption peak was observed at 436 nm.
Kaimuangpak et al. [90], the absorption peak of AgNPs
was observed at 450 nm due to the excitation of surface
plasmon resonance.

According to Afandy et al., [80], AgNPs resonance
peak is observed in the range of 400-600 nm, a broad
absorption peak at 470 nm ensures the production of
AgNPs. Similarly, the study carried out by Ronavari et
al., [74] reported that the peak maxima was observed at
456 nm

Increasing silver nitrate concentration results in more
concentrated yield of AgNPs as reported by Sokmen et
al., [72]. They reported that as we increase the
concentration of silver nitrate from 1 mM to 6 mM the
yield of AgNPs is obtained in concentrated form.

FTIR analysis

The presence of functional groups on the surface of
nanoparticles was studied through FTIR. Figure 5 and
Table 1 represents the FTIR analysis of synthesized
AgNPs showed distinguishing peaks at 3306.1 cm”-1,
2359.4 cm”-1 and 1636.3 cm”-1.



http://www.jchr.org/

Journal of Chemical Health Risks

www.jchr.org

JCHR (2024) 14(6), 1851-1868 | ISSN:2251-6727

In FTIR analysis, a wavenumber of 3306.1 cm”-1
indicates the stretching vibration of an N-H bond, which
is often seen in primary amines

(RNH2) and amides (RCONH?2).
The peak at 3306.1 cm”-1 indicates the stretching
vibration of the N-H bond.

There is no distinct bending vibration associated with
this wavenumber since stretching vibrations dominate
in this range with the transmittance intensity of
43.501%.

According to Loo et al., [89], the intense broad band
observed at 3271 ¢cm ! was due to N-H and O-H
stretching mode in the linkage of proteins. Similarly,
according to Rolim et al., [71], the bands at 3440 cm™
was associated with O-H stretching vibration which is
assigned to -OH group of polyols such as catechins.

In FTIR analysis, a wavenumber of 2359.4 cm”-1
indicates the stretching vibration of a triple bond,
particularly a carbon-carbon (C=C) triple bond.
The peak at 2359.4 cm”-1 indicates the stretching
vibration of the Cc=C bond.
There is no distinct bending vibration associated with
this wavenumber since stretching vibrations dominate
in this range.
Carbon-carbon triple bonds are frequent in alkynes,
which are unsaturated hydrocarbons with at least one
C=C bond with intensity of 93.112 %

In FTIR analysis, a wavenumber of 1636.3 cm”-1
indicates the stretching vibration of a carbon-carbon
double bond (C=C) in conjugation with a carbonyl
group (C=0). This is frequently seen in compounds like
ketones and aldehydes.
The peak at 1636.3 cm”-1 indicates the stretching
vibration of the C=C bond in conjugation with the C=0
bond with transmittance intensity of 63.623% was
similar to the results reported by Ronavari et al., [74]
that peak at 1630 cm™* was assigned to C=C vibration of
aromatic structures. According to Afandy et al.,[80], the
broad band at 1636 cm™ represents the presence of
aromatic rings and the stretching of C=0 of carboxylic
acid.

There is no distinct bending vibration associated with
this wavenumber since stretching vibrations dominate
in this range.
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According to Loo et al., [89] and Rolim et al., [71], the
broad peak appeared at 1637 cm™ represents C=0
stretching mode and 1630 cm™ represents C=0
vibration bond which is conjugated with ketones,
quinones, esters and carboxylic acids.

According to Waditalla et al., [88] the fTIR spectra of
AgNPs reported clear peaks at 3689.8, 2924.09, and
1634 corresponds to (O-H, N-H), C-H stretching and N-
H bending, respectively. The other peaks at, 1238.9
represents (aromatic amine streching), 1701 represents
(C=0 ketone streching), 1043 represents (C-O
streching) and 761.8 cm™ represents (C-H bending),
respectively.

According to Sokmen et al., [72], reported the broad
bands observed between 1500-200 cm™? prove the
presence of phenolic carbonyl groups present on the
compounds which are oxidised products of phenolic
compounds such as catechin, during the o-strec peak
appeared at 3433 and 3421 cm™ contribute to O-H
(Hydroxyl group), the broad peak at 2922 cm®
represents C-H stretching and 1664 represents
stretching vibration of C=0 bond.

Table 1. FTIR peaks analysis of synthesized silver
nanoparticles

Peak Number | Wavelength (cm | Intensity
h borad band
1 1636.3 63.623
2359.4 93.112
3 3306.1 43.501
RS- ; [
525 E ,.r‘ "\\

£29ER 'TOENI

toser Taose

T T T T T T T
36003200 280024002000 1800 1600 1400 1200 1000 800 600

[rrm——

Figure 5. FTIR analysis of synthesized silver
nanoparticles

XRD analysis

The XRD analysis was studied to observe the presence
of crystal structure and the peaks obtained clearly show
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the confirmatory peaks at 38.15°, 44.4°, 64.5° and
77.46° (111), (200), (220) and (311) crystal planes as
shown in Figure 6.

Table 2. Statistics table for Zeta potential

[— Collected Data-1]

Intensitylcps]

memwwwwwm

20 a
Theta/2-Thetafdeg)

Figure 6. XRD analysis of AgNPs

According to Cavassin et al., [91] reported the XRD of
AgNPs stabilized by chitosan, PVA and citrate revels
the existence of the peaks at 26 = 38.15°, 44.34°, 64.5°
and 77.46°,which can be assigned to the (111), (200),
(220), and (311) reflections of the face centered cubic
(fcc) structure of metallic silver, respectively which is
similar to our results.

Similar study was carried out by Obeid et al., [92]
observe the XRD analysis exhibits the peaks at 26
values 38.15°, 44.4°, 64.5° and 77.5°, corresponds to
same planes which indicates the formation of metallic
silver with face centered cubic symmetry similar to our
study Alsharaeh and Othman,[93].

Zeta potential analysis

The negative zeta potential (-44.6 mV) showcased that
colloidal particles are negatively charged. This negative
charge can help the system maintain stability by
inhibiting particle aggregation or flocculation via
electrostatic repulsion.

A conductivity score of 3.259 indicates a moderate ion
concentration in  your colloidal system. The
conductivity value can be affected by factors such as the
concentration of ions from stabilizing agents or salts
introduced during synthesis.

A negative electrophoretic mobility (-3.2770) indicates
the direction in which negatively charged particles
travel in an electric field as represented in Table 2 and
Figure 7.
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Name | Mean | Distribut | Conducti | Electrophor
zeta ion peak | vity etic
potent | [mV] [mS/cm] | Mobility
ial [Um*cm/Vs
[mV] ]

Mean | -42.0 | -44.6 3.259 -3.2770

value

Standa | 1.0 1.1 0.123 0.0748

rd

deviati

on

Rel. 2.28 2.48 3.77 2.28

standar

d

deviati

on

2
g
0= T T 1
-200.0 -100.0 0.0 1000 20000

Zeta potential distribution [mV]

Figure 7. Zeta potential analysis of synthesized AgNPs

According to Cavassin et al., [91] the zeta potential of
chitosan AgNPs possesses high positive surface charge
(+41.1 mV), citrate AgNPs is negative (-48.4 mV)
which is nearly similar to our study results and PVA
AgNPs which is more close to zero (-17.0 mV).

According to Torabfam and Hoda, [94] and Torabfam
and Yuce, [82] reported the zeta potential value of +50
mV and -17 mV which is an indicators of the electrical
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cloud around the nanoparticles leads to high stability of
the synthesizesd AgNPs.

FE-SEM analysis

The synthesized silver nanoparticles were scanned for
100 nm and 400 pm resolution and showcased spherical
shape clusters with elements such as Carbon, Oxygen,
Sodium, Magnesium, and Silver as represented in
Figure 8.

Table 3. Elements present in the synthesized silver
nanoparticles using green tea leaves extract

Table 4. MIC of AgNPs

Element Weight % Atomic %
CK 50.23 63.42
OK 34.94 33.12

Na K 2.56 1.69

Mg K 0.10 0.06

AgL 12.17 1.71
Totals 100.00

TET
30ug | Nega
Pathoge | (posi | tive 50 | 100 | 200 | 300 | 400 | 500
ns tive contr | pg | Mg Mg Hg Hg Mg
contr | ol
ol)
Escheric 01| 015 | 015 | 014 | 013 | 012
hia coli 0.134 1.675 p " 8 8 1 I
Staphylo 15| 014 | 014 | 013 | 014 | 012
coccus 0.148 1.541 1'2 9 e s e -
aureus
Pseudom
onas 16 | 015 | 014 | 013 | 012 | 014
. 0.124 1.614
aerugino 01 4 6 7 9 7
sa
Enterob
acter 15 | 014 | 013 | 013 | 012 | 0.08
. 0.137 1571
gergovia 12 8 7 4 7 7
e
100 nm EHT = 1000V SgnalA=Inlens Mag=10000KX WD=S4mm

Sum Spectrum

1 2 3 4 5 6 7 8 9 10
Full Scale 80587 cts Cursor: 0.000 ke

According to Asghar et al., [70], the morphology of
AgNPs synthesized using Green tea leaves showcased
spherical shape with agglomeration. Similar study was
carried out by Widatalla et al., [88] reported that the
AgNPs are in the form of aggregates.

Antibacterial activity of silver nanoparticles
MIC of synthesized AgNPs

The synthesized silver nanoparticles were tested for
Minimum Inhibitory Concentration against Escherichia
coli, Staphylococcus aureus, Pseudomonas aeruginosa
and Enterobacter gergoviae as shown in Table 4 and
Figure 9 the MIC values observed in case of
Staphylococcus aureus, Pseudomonas aeruginosa and
Enterobacter gergoviae is 100 pg as compared to
Escherichia coli is 200 ug.

MIC of AgNPs

Enterobacter
gergoviae
Pseudomonas
aeruginosa
ceus

500pg

400pg

300pg

100pg

Silver nanoparticles (jg/ml)

]
L3
_—
200pg L
I
I

S0pg

Negative control

TET 30ug (positive control) [
)

0.2 0.4 0.6 0.8 1 12 1.4 1.6 1.8
Absorbnee at OD600

Figure 9. Graphical representation of MIC of AgNPs

Figure 8. FE-SEM imaging of synthesized silver
nanoparticles
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According to Ahmadi et al., [95] the antibacterial
activity of the synthesized AgNPs performed using 96
well plate method MIC showcased stronger activity on
gram-negative bacteria as compared to gram-positive
bacteria.
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Well diffusion method of AgNPs

The antimicrobial activity of green synthesized AgNPs
(25pl i.e. 75ug) against bacterial species such as
Escherichia coli, Staphylococcus aureus, Pseudomonas
aeruginosa and Enterobacter gergoviae when compared
with control Tetracycline 30 mcg 37.66+2.08;
26.33x0.57; 28.66+0.57; and 21%1. Similarly
showcased Zone of inhibition such as in 10+0;
17.66+0.57; 20.66+0.57 and 17.33+0.57 mm as shown
in Table 5 and Figure 10,11.

aureus, Pseudomonas aeruginosa and Enterobacter
gergoviael5.66+0.57; 21.33+1.15; 23+0 and19.66+0.57
mm.

Similarly, when 100ul of AgNPs were added the zone
of inhibition were recorded as 17.33+1.15 mm zone of
inhibition with Escherichia coli, 2241 mm zone with
Staphylococcus aureus, Pseudomonas aeruginosa with
25.33£1.15 mm and Enterobacter gergoviae with
21.66+£1.52 mm zone of inhibition when compared to
control such as 37.66+2.08; 26.33+0.57; 28.66+0.57;

Table 5. Antibacterial activity of silver nanoparticles against
pathogens

Figure 10. Antibacterial activity of silver nanoparticles
against pathogens

Antimicrobial activity of synthesized silver nanoparticles

'S
o

E.coli 5S.aureus =P. aeruginosa * E. gergoviae

TET 30mcg AgNPs (25pl) AgNPs (50ul) AgNPs (75ul)  AgNPs
(100pl)

Zone of Inhibition (mm)
= = N N w w S
o [5,] o (4] o a o
H

(&1

o

Concentration of silver nanoparticles

Figure 11. Graphical representation of antimicrobial activity

Similarly, when 50ul of AgNPs were added the zone of
inhibition were recorded as Escherichia coli with
14.66+1.15, Staphylococcus aureus with 1941,
Pseudomonas  aeruginosa  with  21.66+0.57and
Enterobacter gergoviae with 18.33+0.57 zone of
inhibition when compared to control such as
37.66+2.08; 26.33+0.57; 28.66+0.57; and 21+1 mm.

The antimicrobial activity reported when 75ul of
AgNPs were added in the well, reported zone of
inhibition such as Escherichia coli, Staphylococcus

1861

TET AgNPs AgNPs AgNPs AgNPs
30mcg (25pl) (50pl) (75pl) (100ul)
(mean+S mean+SD mean+SD mean+SD mean+SD
D)

E. coli 37.66+2.0 10+0 14.66+1.15 15.66+0.57 17.33+1.15
8

S. aureus 26.33+0.5 17.66+0.57 19+1 21.33+1.15 22+1
7

P. 28.66+0.5 20.66+0.57 21.66+0.57 230 25.33+1.15

aeruginosa 7

E. 211 17.33+0.57 18.33+0.57 19.66+0.57 21.66+1.52
gergoviae

and 21+1 mm as shown in Table 5 and Figure 10,11.

According to Afandy et al., [80], E. coli showcased
antibacterial activity at 6.4 mg/ml and 12.8 mg/ml. It
has been reported that spherical shaped AgNPs exhibit a
strongest antimicrobial activity against E. coli, S.
aureus and P. aeruginosa as compared to triangle shape
[96]. Similar study was conducted by Ali et al., 2022
[97] reported the antimicrobial activity of AgNPs
against E. coli, S. aureus and K. pneumoniae.

According to Widatalla et al., [88], reported
antimicrobial activity against S. aureus and Klebsiella
sp. Recorded the 8-11 mm zone of inhibition when
compared to our study show less zone of inhibition.
One study, conducted by Asghar et al., [70], reported
antimicrobial activity of AgNPs against S. aureus
showed 19-21 mm zone of inhibition which is similar to
our research.

According to Nurkhaliza et al., 2024 [86], reported
potential antibacterial agents against S. aureus with
10+1 mm, P. aeruginosa with 9.5+0.5 mm, B. subtilis
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with 9.5+0 mm and E. coli with no zone of inhibition
respectively.

Arsenic  adsorption silver

nanoparticles

using  synthesized

When the qualitative analysis of arsenic adsorption was
performed by strip test when compared with the control
strip which is in white color, the AgNPs showcased that
the arsenic contaminated sample which was of 3ppm
after incubation with AgNPs for 24 hrs results in 0.5
ppm (color changes from dark brown to cream) as
represented in Figure 12 which means there is 2.5 ppm
removal using AgNPs.

To confirm the arsenic adsorption the AgNPs were
processed for quantitative analysis via ICPMS as
reported in Table 6 which represents 86% of arsenic
removal.

i

Strip test for Arsenic Adsorption

Figure 12: Qualitative analysis of Arsenic Adsorption using Strip test

Table 6. ICPMS analysis of Arsenic adsorption by green tea leaves AgNPs

Initial Arsenic Removed %
concentr | on arsenic remov
Code | ation of | AgNPs (ppm) al
Arsenic {Cf} {Ci-Cf} {Ci-
Sr. | Sample (ppm) CfICi
No. | ID {Ci} X100}
Gree | 3 0.425 2,575 86
n tea ppm
AgN
Ps
3ppm
arsen
1 GT3a ic

5. CONCLUSION

The synthesized silver nanoparticles using green tea
leaves extract were characterized using UV-visible
spectrophotometer, XRD, FTIR, and FE-SEM. The
morphology of the synthesized silver nanoparticles
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using green tea leaves appears to be spherical shape in
the form of aggregates. The silver nanoparticles
synthesized via green route showcased antibacterial
activity against selected bacterial species such as
Escherichia coli, Staphylococcus aureus, Pseudomonas
aeruginosa and  Enterobacter gergoviae. The
synthesized AgNPs also show synergistic activity with
86% of arsenic removal from contaminated water.

6. FUTURE PROSPECTS

Silver nanoparticles made from green tea leaves have
bright future potential for adsorbing arsenic, providing
an effective and environmentally friendly method of
purifying water. By using eco-friendly plant extracts,
the green synthesis approach lessens the need for
hazardous chemicals and improves the nanoparticles'
biocompatibility. Because of their large surface area
and active adsorption sites, silver nanoparticles are
useful for removing arsenic. Future studies might
concentrate on incorporating these nanomaterials into
scalable filtering systems, investigating regeneration
strategies for nanoparticles for economical reuse, and
improving synthesis conditions to increase adsorption
capacity. Furthermore, research into their effectiveness
in various water matrices and long-term environmental
effects will be essential for real-world use.
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