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Abstract: The need to explore new, sustainable water treatment methods is defined by

BY an increasing prevalence of pathogenic bacteria in rivers. Biosynthesized heavy metal
Copyright: © 2024 by the nanoparticles, or "BHMNSs", are "an" examples of what could be termed environmentally
authors. Submitted for open heavy technology. The antibacterial efficiency of "BHMNSs" in water treatment

access publication under the
terms and conditions of the
Creative Commons Attribution sources used to preparation "BHMNSs" and gave reasons why these methods should be

applications is systematically studied in this article. We surveyed many biological

(cc BY) license regarded as alternatives to traditional ones. The review also explores the different

?https://Creitiovecommons'org/ ! mechanisms by which "BHMNs" exercise their antibacterial effects including membrane

icenses oy 0 rupture, DNA breakdown, and the production of reactive oxygen species. Another topic
dealt with in the review is an appraisal, based on recent studies, of the efficiency of
"BHMNSs" as an antidote to a range of aquatic maladies. In addition, the review discusses
potential disadvantages of widespread use of "BHMNSs" in water treatment, including
output increase and stability over time as well as environmental impact. based on recent
studies We point out that the increased application of BHNs in water treatment is
expected to yield a greater antimicrobial effect by showing the potential of BHMNSs as a
sanitary alternative to traditional techniques. This review aspires to further contribute
developments in sustainable.
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1. Introduction
If contaminants get into a body of water, that water becomes polluted, and can cause severe

damage both to water creatures and human health Pesticides, nitrogen fertilizers and phosphate
with their polluting effect, their fronts which send the paved surface water into rivers Thousands

of tons of heavy metals, plastic wastes and petroleum and mineral oil pollute lakes on our planet
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air. The damages that result once water becomes polluted are gaining in reach. Even drinking and
"recreational water" is now infected by garbage. The excessive input of pollutants adds on yet more
burdens for clean-ups, while it disrupts the balance of life forms in rivers and lakes [1]. We have
seen the balance of life forms being disrupted, diseases flourishing and biodiversity declining in
the wake of a contaminated water source. These consequences of water pollution are likely to be
especially long-term ecological damages as some pollutants, if they cannot decompose or be
excreted by the living world around us and fall liable to accumulate in the environment [2,3]. "The
damage that results when water becomes polluted becomes uncontrollable."”

Microbial pollution, a variation of water pollution, is characterized by the proliferation of
deleterious microorganisms in aquatic environments. These microorganisms, which include
viruses, bacteria and protozoa, usually result from untreated or inadequately treated sewage; run-
off from farms and factories; the overflow of stormwater in urban settings. When "found in water"
these pathogenic cells seriously endanger a person 's "health”. For example, "Pesticides, nitrogen
and phosphate fertilizers with their precursors send polluting effect into surface water then into
rivers. On the other hand , thousands of tons of heavy metals, plastic wastes, and petroleum and
mineral oil pollute lakes on our planet". Furthermore, this type of pollution is compounded by the
adaptability of some pathogens to water environments and their rapid reproduction. This form of
contamination calls for comprehensive methods of wastewater treatment, ground water
disinfection techniques, and careful management of urban and agricultural discharge. These steps
are necessary to protect the health of humans and the integrity of aquatic ecosystems [4,5].

Waterborne bacterial contamination causes a huge public health hazard on the
worldwide stage: these include different types of common water borne diseases like
cholera, typhoid fever and dysentery [6]. However, while traditional methods such as
chlorination can effectively wipe out harmful bacterium in contaminated drinking water
sources, there are also worries that carcinogenic substances produced through reaction
between chlorine and organic matter may pose potential health risks to individuals
drinking treated tap water [7]. Besides, the matter is exacerbated by traditional
interventions which make a new type of challenge [8]. In contrast to chemical
nanoparticles produced by harsh and toxic chemicals with harmful by-products,
"BHMNSs" also is more green- the synthesis involved which are considered green since
they utilize plant extract , bacteria [9]. Green synthesis also has a number of inherent
advantages:

* low toxicity, high biocompatibility: However, BHMNS display little cytotoxicity
compared with the chemically engineered alternatives. This offers great potential in areas

of human health and the environment [10].
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¢ Stability and Functionality Enhancement: The addition of some biological components
to BHMNS is a very good caping agent, as gives increased nanoparticles stability and
improved activity [11].

¢ Little or no damage for eco-friendly production: The effect of Green Synthesis is that it
takes out all hazardous chemicals therefore reducing environmental pollution which
often comes from conventional methods of producing nanomaterials. Typos:
anthetypical should be anthropophilic . Heavy metal nanoparticle biosynthesis is a major
breakthrough in environmental technology, providing an environmentally sustainable
approach to solve water pollution issues. In this process, living organisms such as fungi,
bacteria, or algae are programmed to produce nanoparticles made out of materials like
iron and zinc. When compared with traditional physical or chemical methods,
biosynthesis stands out in terms of its low environmental impact, energy saving effects
and cost-effectiveness [12].

Nano-materials also have promise, particularly in water treatment. They can react with
large surface area and high surface reactivity to remove pollutants from water more
efficiently than simple mixtures - In the case of iron nanoparticles; for example even ion
exchange resins loaded with heavy metals dissolved salts can be completely
decontaminated using them [13].

Moreover, there is a positive effect on the breakdown of nitrate in wastewater when
these materials are discharged into it and they will take Blue Nile Colorfast material out
in turn. The presence of biological agents in the synthetic process can enhance the
biocompatibility and reduce environmental footprint of nanoparticles, as they are then
used in environmental remediation. [14]

Invariably, the detail of synthesis is BHMNS generated from biological sources. This review will
provide an overview of BHMNS synthesis, looking specifically at processes within its component
organisms that set it apart from conventional approaches. Then the different antibacterial
properties of BHMNS membrane disruption The methodological approach to this review will be
to investigate the seven pathways for BHMNS antibacterial effects by categories or sections.
Moreover, the review will critically assess existing research findings concerning the effectiveness
of BHMNS in inhibiting different waterborne pathogens. In addition, problems that arise when
BHMNSs are applied on a large scale for water treatment will be addressed. These include the issues
of production scalability, long-term stability assurance and environmental impact mitigation. will
suggest Finally, the review will suggest future directions for research and potential strategies of
BHMNS optimization to upgrade its antibacterial efficacy more effectively and at a practical level

integrate into the water treatment process In conclusion, by demonstrating the potential of BHMNS
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as a promising alternative to traditional water treatment methods, this review aims to promote
more sustainable and efficient strategies for maintaining clean drinking water supplies [14].

The researcher believes that biosynthesized heavy metal nanoparticles can have strong
antibacterial properties, making them promising in water treatment applications. These
nanoparticles are often synthesized using biological methods, such as using plant, bacterial fungal
extracts, which can reduce environmental impact compared to traditional chemical synthesis
methods. Their effectiveness against a wide range of bacteria can help improve the safety and

quality of treated water, especially in areas lacking advanced water treatment facilities [15].

1. Microbial Pollution in wastewater.

Water is an essential element for the support of life. However, a large segment of the world's
population faces problems getting clean and safe drinking water in sufficient quantities.
Consequently, people catch fatal diseases from drinking large quantities of contaminated water.
conducive to infection and complicated by poor living conditions indeed Microbial pollution is
always a major problem in aquatic environments across the globe. Various sources, including the
discharge of fecal matter, effluents from hospitals, industrial discharges, and runoff from cattle
farms, contribute to an increase in bacterial loads within water bodies. Coliform bacteria,
particularly Escherichia coli, have traditionally served as key indicators of microbial
contamination, shaping perceptions of public health security [15].

Inadequate wastewater treatment exacerbates the problem, as treatment plants that are not well-
designed, maintained, or appropriately sized may fail to effectively eliminate microbial
contaminants. The lack of disinfection methods, such as chlorination or UV treatment, further
compromises the ability to neutralize pathogenic microorganisms. Combined sewer overflows
(CSOs) during heavy rainfall events can lead to the release of untreated sewage into water bodies,
significantly increasing microbial pollution. "fail to eliminate microbial contaminants effectively".
Access to clean water is essential for the well-being of all living organisms. Unfortunately, as
industry has come to develop too rapidly and populations are much larger than in the past, the
contamination of existing water source is a worldwide problem[15].

Water demand in different sectors has been soaring, in particular that of agriculture where it is as
high as 70% flows through irrigation channels, 20% of house consumption and 10 percent others
such as industrial uses [16].

The major pollutants in water are heavy metal ions and dyes which threaten public health. After
these pollutants have entered water sources, getting them out again becomes extremely difficult
indeed [17].

Heavy metal ions can cause damage to ecosystems, and all living organisms. To counteract these
effects and ensure safe drinking water, we must promptly remove these pollutants from polluted
water: The improper disposal of septic tank systems, especially in places where there is no
collective sewage treatment, may also result in untreated sewage entering the ground, and thus
leachate contaminating groundwater. Farming practices are another factor that counts. Piling up

animal manure and letting farm runoff flow straight into nearby water bodies may introduce
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microbial contaminants on a large scale into these bodies. Addressing microbial pollution in
wastewater requires a multifaceted approach, including effective wastewater treatment through
well-designed treatment plants, public awareness campaigns to promote proper waste disposal,
and regular inspection and maintenance of sewer systems, septic tanks, and industrial facilities.
By understanding and mitigating the sources of microbial pollution, communities can work
towards safeguarding public health and the integrity of their water resources. There are different

sources of wastewater as illustrated in Figure 1.

Sources of wastewater

Industrial

Agricultural
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Figure 1: Varieties of Wastewater Sources

Wastewater is a liquid byproduct of municipal and industrial activities, comprising contaminants
such as organic materials, microorganisms, and inorganic soluble compounds, including toxic
heavy metals. These contaminants alter the chemical, biological, and physical properties of clean
water [18]. Wastewater is categorized into municipal and industrial wastewater, originating from
sources that often include feces, urine, industrial discharges, agricultural runoff, and a variety of
domestic and organic-inorganic chemical compositions [19]. Different pollutants in water are

depicted in Figure2.
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Figure 2: Various pollutants found in water

Escherichia coli

Escherichia coli, a member of the coliform group, is a reliable indicator of fecal contamination.
Conventional methods, such as the multiple-tube fermentation technique, have been employed to
detect coliforms in water samples. These are the acids and gas formed by the fermentation of
lactose [20]. The potability of water is often estimated by the absence or presence of coliform
bacteria within cut-off limits, as determined by reference to the Most Probable Number (MPN).
100 ml of water is the index value [21].

In addition to coliform bacteria, fecal streptococci, and Clostridium perfringens are also commonly
used as indicators for fecal pollution. These alternatives are usually identified by means of special
tests such as esculin hydrolysis, detection of catalase-negativity and/or sulfite reduction. Molecular
techniques, such as polymerase chain reaction (PCR) and enzymatic methods have emerged as
rapid and efficient modes for detecting indicators and other enterics in water samples. This
represents an advance in water quality assessment [22]. This multi-faceted approach is necessary

for safeguarding water quality and in consequence public health.
1.2 Salmonella Bacteria

However, the most common route by which the Salmonella bacterium reaches wastewater
channels is contamination from fecal matter. The presence of Salmonella in wastewater poses a
potential health risk [22]. This wastewater carries with it the genetic seed of this disease.Although
some intracellular bacteria are present in wastewater, gradually emerging as they breed, there is
still a long way for waterworks to adopt full-scale treatment plants. The resilience of Salmonella
enables its survival across diverse environmental conditions within wastewater, a capacity

influenced by factors such as temperature, pH, and the coexistence of other microorganisms.
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Earlier research efforts [23] have delved into the presence of Salmonella in wastewater; however,
these studies have proven insufficient in offering comprehensive insights into the diversity and
antibiotic resistance profiles of Salmonella [24]. Consequently, gaps persist in our understanding
of Salmonella transmission through wastewater, its environmental impact, and the sources of
contamination. In the specific context of Morocco, there has been limited discussion on Salmonella
in wastewater, and the available bibliography is notably scarce. Addressing this research gap, our
current work stands as the pioneering study on Salmonella in the southern region of Morocco. Our
focus is on the identification, serotyping, and antibiotic susceptibility testing of Salmonella strains
extracted from the Agadir wastewater treatment plant. This research aims to contribute
significantly to the broader understanding of Salmonella dynamics in wastewater systems,
shedding light on critical aspects of its presence and characteristics in the studied region.

2. The biosynthetic nanoparticles

The term "nano” originates from the Greek word "nanos,” meaning "little,” representing one
billionth (1079). Nanoparticles (NPs) define solid colloidal particles with at least one dimension
ranging from 1 to 100 nm [25]. Notably, materials utilized in drug delivery often fall within the
100-200 nm range. Due to their distinctive electronic structure, high conductivity, extensive
surface area, and quantum size effects, nanoparticles can undergo changes in their chemical and
physical properties. Today, nanoparticles find applications in various fields, such as anti-viral
treatments, cosmetics, electronics, and textiles [26,27]. The exploration of nanotechnology has
unveiled numerous advantages, contributing significantly on a global scale. Nanotechnology has
spurred the development of diverse material industries, including its expanding role in the food
industry. Furthermore, its influence in the biomedical field is on the rise, promising enhanced
outcomes in future medical applications [28,29].

Metallic nanoparticles have been the focus of extensive research owing to their distinctive
properties, primarily attributed to their diminutive size. Gold (Au) nanoparticles find widespread
application in drug delivery [30, 31]. Silver (Ag) nanoparticles exhibit potent antimicrobial
properties effective against a spectrum of microorganisms, including bacteria, fungi, protozoa, and
certain viruses [32,33]. Platinum (Pt) nanoparticles demonstrate commendable catalytic properties
[34]. Copper (Cu) nanoparticles, known for their biocompatibility, are well-suited for applications
in nanomedicine [35]. Palladium (Pd) nanoparticles, while extensively synthesized, are valued
more for their robust catalytic prowess than for their antimicrobial attributes [36, 37].

Generally, In the synthesis and stabilization of nanoparticles various physical and chemical
methods have been employed. Recently, nanoparticle synthesis has emerged as a captivating field
of scientific exploration, with a growing emphasis on producing nanoparticles through
environmentally sustainable approaches, often referred to as green chemistry. Green synthesis
methods, such as mixed valence polyoxometalates, polysaccharides, Tollens, irradiation, and
biological processes, offer advantages over conventional methods that involve chemical agents

harmful to the environment. As described in Figure 3.
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Figure 3: Diverse Methods Employed in Nanoparticle Synthesis

Classification of Nanopatrticles

Nanoparticles are primarily categorized into two groups: organic and inorganic nanoparticles.
Among the organic nanoparticles are carbon nanoparticles, including fullerenes. Conversely,
inorganic nanoparticles encompass materials like gold, magnetic nanoparticles, silver, and
semiconductor nanoparticles such as titanium dioxide and zinc oxide[38]. The appeal of inorganic
nanoparticles has grown due to their superior material properties and functional utility. Their
compact structure and advantages over chemical imaging agents and medications make them a
promising tool for medical applications and disease treatment. Gold nanoparticles, for instance,
have found extensive use in imaging, medication delivery, and thermotherapy targeting biological
entities [39]. Both metallic and semiconductor inorganic nanoparticles exhibit core optical
properties that can enhance the transparency of polymer-particle composites. Consequently, there
is heightened interest in exploring the optical properties of inorganic nanoparticles in composite
studies [40].

Carob

Carob (C. siliqua L.) is recognized as a medicinal plant indigenous to numerous Asian countries
and prevalent in the Middle East [41]. Traditionally, the leaves and beans of this plant have been
employed in herbal medicine, as documented by studies [42]. Furthermore, a series of

investigations have delved into the impact of P. farcta on various physiological and pathological
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processes. Notably, animal studies have provided evidence regarding the influence of P. farcta
seed extract. These studies have observed enhancements in serum catalase and superoxide
dismutase activities, coupled with a reduction in liver concentrations of malondialdehyde [43].

Figure 3 shows the carob plant.

Figure 4: Carob Plant.

Nanoscale Oxides

Zinc oxide ( ZnO)

Zinc oxide (ZnO) stands out as a distinctive material with multifaceted properties, showcasing
semiconducting, piezoelectric, and pyroelectric characteristics. Employing a solid-vapor phase
thermal sublimation technique, an array of nanostructures such as nano combs, nano rings, nano
helixes/nano springs, nanobots, nanobelts, nanowires, and nanocages of ZnO has been successfully
synthesized under carefully controlled growth conditions. These remarkable nanostructures
unequivocally establish ZnO as perhaps the most diverse family of nanostructures across all
materials, showcasing a richness in both structural variety and unique properties [44]. The
potential applications of these nanostructures extend into various fields, including optoelectronics,
sensors, transducers, and biomedical science, given its biocompatibility.

Zinc oxide nanoparticles release zinc ions "Zn+2" when exposed to a liquid medium. These ions
can enter a bacterium and destroy the structure of the cells, thereby inhibiting the multiplication
and growth of bacteria. ZnO nanoparticles can also have the ability to make reactive oxygen
species (ROS) when placed under certain conditions, which accounts for their antibacterial
properties. This reduces bacteria growth and increases their virulence to human cells. This action
causes the structural integrity of the bacteria to be destroyed and their permeability increased. This
process leads to disintegration of bacterial cells, with subsequent release of cell contents and death.
This feature of ZnO is now a widely recognized one. In the case of E. coli the antibacterial
properties of zinc oxide nanoparticles were also found. The zinc ions leaching out from them
disturb cellular functions, block DNA replication, and excite oxidative stressors. These factors in

combination make the surrounding environment uninhabitable for E. coli. ZnO, with its unique
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environmental properties, is a very promising new kind of catalytic material for treating dirty
water. Some of its important attributes that contribute to this potential include: [45]

e Cost-effectiveness

e Abundant availability

e Non-toxic nature
Iron(111) oxide (Fe203)

The antimicrobial effect of iron (111) oxide "Fe203" nanoparticles can work in various ways, such
as through oxidative stress or through the struction of bacteria cells by microbial cell
components"Fe203"nanoparticles may interact mainly with the bacterial cell membrane and
interior cellular components. This could lead to disordering of membrane integrity and the loss of
cellular function. Studies are continuously made on the effects of iron(l11) oxide on Escherichia
coli (E. coli) [45]. While iron based nanoparticles have been researched for their antibacterial
properties in general, the detailed mechanisms and responses of E. coli may be different and need
further study. When iron oxide nanoparticles are used to remove dinitrophenol, they are effective
and easy to handle, two of the features which have drawn widespread interest in recent years. This
nanoporous powder has better hydrophilic properties than conventional materials, its specific
surface area is larger, it is much stronger, and there are more nanometer-one particles. [46]. Nano
adsorbents, including magnetic magnetite "Fe304", nonmagnetic hematite (a-Fe203), and
magnetic maghemite (y-Fe204), find frequent application in this context. The efficient separation
and recovery of these nano adsorbents from contaminated water pose significant challenges in
water treatment, primarily due to their small size.

However, Fe304 and y-Fe204 stand out for their ease of separation and recovery from the system.
Both have proven effective in the removal of various heavy metals from wastewater as sorbent
materials [47,48]. Diverse methods have been employed for the synthesis of iron oxide

nanoparticles, as illustrated in Figure 5.
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Hydrothermal

Figure 5: Primary Fabrication Approaches Employed in the Production of Iron
Oxide Nanoparticles.

Nanoparticles containing iron oxides have been meticulously engineered to tailor their adsorption
characteristics through the utilization of diverse ligands (such as L-glutathione,
ethylenediaminetetraacetic acid, a-thio-w-(propionic acid) hepta (ethylene glycol) (PEG-SH),
mercaptobutyric acid, and meso-2,3-dimercaptosuccinic acid) [49], as well as polymers (including
copolymers of crotonic acid and acrylic acid) [50]. Notably, a flexible ligand shell has been
reported, facilitating the incorporation of a wide array of functional groups into the shell while
maintaining the inherent properties of Fe304 nanoparticles [51]. Moreover, a polymer shell has
been identified to prevent particle aggregation and enhance the stability of nanostructural
dispersion [52]. Polymer molecules play a pivotal role as binders for metal ions, serving as a
"carrier” for transporting metal ions from treated water [53].

Recent advancements in iron-based nanomaterials have showcased outstanding sorption
capabilities owing to their elevated porosity, specific surface area, and robust magnetic response,
resulting in remarkable sorption capacities [54,55]. The attention garnered by iron-based
nanomaterials stems from their high BET surface area, superb magnetic properties, and substantial
pore volume [56]. Various carbon forms, such as multiwall nanotubes expanded carbon and
graphene, alongside paramagnetic particles like Fe203, have proven effective in removing toxic
heavy metals such as Cd(ll), Cu(ll), and Pb(Il) [57].

Silver oxide (Ag20)

In the case of silver oxide "Ag20", antimicrobial properties are primarily due to silver ions (Ag+).
Whether placed in a moist environment or liquid medium, the release of these silver ions is the

most crucial factor in Killing off germs or similar microorganisms such as bacteria [58]. The
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reactivity of these silver ions is very high and they are able to pass through the cell walls and
membranes of bacteria. Yet the ions cannot be absorbed by any part of the bacterial cell that is not
membrane-bound [59]. Once inside a bacterial cell, silver ions impede the essential metabolic
functions of life. These include enzyme activities and DNA replication processes. That damage to
cellular functions leads ultimately to bacteriostasis (inhibition of bacterial growth) and even death
of the cells themselves.

The lipid layer of bacteria cell walls is disrupted by silver ions. That allows impurities to form on
this boundary and weakens the natural shield effect for outer cell coats; silver ions affect normal
transport function which in turn increases detrimental events caused by these chemicals gathered
just inside the bacterial body further compounding its effect. This usually results harmlessly for
nearly any organism but a tough little devil such as bacteria will not shy away from taking
nourishment breaks lonous Activity and Lipoidal Inactivation In the end, when silver ion activity
interferes with the DNA replication process, there can only be harm for our microorganisms. It
attaches to DNA molecules and prevents their accurate reproduction, adding insult to injury by
activating bacterial activity in a way that poisons the whole cell.

In the case of Escherichia coli (E. coli), silver oxide achieves its killing purpose through cell
membrane disintegration. The junction is highly active herbicides like Lforms Most UTIs are
caused by specialized Escherichia coli (E. coli) strains referred to as uropathogenic E. coli (UPEC).
UPEC possess a variety of virulence factors (VFs), which the organism uses to attach, invade, and
injure the host. The silver ions come into contact with the lipid layer of E. coli's cell membrane:r
rupture and permeability are both raised heavily. This destruction leads to the release of cellular
contents and seriously undermines the structural integrity of the bacterium's life-factory. In
addition, silver ions hinder reproduction of DNA in E. coli through their binding with DNA
molecules, hence preventing proper replication. The level of reactive oxygen species (ROS) within
a bacterial cell induces strain on its metabolism which disrupts biochemistry tubule: block up what
flows through paint thinner. It can be regarded as an oxidant and noxious byproduct mixed in with
unfinished gasoline, which causes greater destruction to its vascular organs and keeps it from living
anymore [60].

Nanosilver oxide significantly distinguishes itself from the other substances with known intensity
of antibacterial and antimicrobial properties. The reason it is so effective is that in bacteria,
"Nanosilver oxide is widely applied in medical devices, antibacterial textiles, and disinfectants,
nanosilver oxide distinguishes itself for its versatile antimicrobial capabilities and pivotal role in
advancing diverse. This is mainly a result of its on the bacterial cell wall. This interference, in turn,
extends to the bacterial cellular membrane. As a result, contents leak out through an opening in
the cell itself (an apoptotic fit) [61]. Nanosilver oxide further contributes to its antimicrobial effects
by inhibiting enzymes within bacterial cells, disrupting vital metabolic processes. At the
nanoscale, it generates free radicals, causing damage to bacterial cellular structures, and partakes
in chemical reactions that compromise essential bacterial functions. Noteworthy is nanosilver

oxide's demonstrated ability to diminish antibiotic resistance in bacteria, augmenting its
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effectiveness. Widely applied in medical devices, antibacterial textiles, and disinfectants,
nanosilver oxide distinguishes itself for its versatile antimicrobial capabilities and its pivotal role

in advancing diverse applications.

3. Plants contributes to creating Nanoscale Oxides

There are some plants that can contribute to the formation of nanooxides, but this formation
typically involves specific laboratory techniques. Some plant compounds could be employed in
said process, while other compounds can not. For example, turmeric (Curcuma longa) contains
curcumin, an effective compound for forming nano oxides. Research has shown that extracts from
another popular herb, basil (Ocimum basilicum), help produce nano oxides. The antioxidants in
green tea (Camellia sinensis) also may be helpful in forming nano oxides. In preparing nano
oxides, compounds from ginger (Zingiber officinale) and garlic (Allium sativum) may be of use
further Anyhow, however, when these plants are used for nano oxide formation.The final products

will be effective and chemically stable is one thing that remains to be studied carefully.

4. Related works

There is evidence that photocatalysis may be used as an efficient means of disinfecting water,
Baruah et al [62]. This involves a metal oxide to accelerate the removal of contaminants in carbon
dioxide and water in place of vessel technologies. Photocatalysts of high energy gap Will The
electrons in the valence band will be excited to the conduction band in positive charge and the
valence band Electra should when materials with lower energy gaps are exposed to photons. The
photogenerated electrons and holes play a crucial role in degrading microbial contaminants.

The photocatalytic efficacy of various concentrations of ZnQO in contaminated water was examined
by [63]. Synthesized from Zn(NO3)2 and (NH4)2CO3, ZnO with a particle size of 20-40 nm
exhibited enhanced photocatalytic efficiency. The reduced particle size and the quantum
confinement effect activated ZnQO, resulting in the production of reactive oxygen species (ROS)
and an increased decay constant for bacteria.

In a study by [64], lower ZnO concentrations were observed to exhibit antibacterial activity,
attributed to smaller particle sizes or a relatively low salt/protein growth medium. This minimized
nanoparticle coagulation and revealed that gram-positive Bacillus Subtilis was more affected than
gram-negative Escherichia coli upon nanoparticle addition.

Ray et al. [65] explored the activation of ZnQ in the laboratory using a small amount of UV or
fluorescent light emitting 4% UV light. Results indicated that environmental laboratory conditions
were sufficient for ZnO nanoparticulate biocidal activity, dependent on nanoparticle size. ZnO
demonstrated antibacterial effectiveness under visible light.

The removal methods of commercial nanoparticles for water treatment were investigated by Zhang
et al. [66], focusing on Fe203, ZnO, NiO, and SiO2. The behavior of metal oxide nanoparticles in
water was found to depend on their physical properties and interaction with other water

components.
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Tso et al. [67] studied the stability of SiO2, ZnO, and TiO2 nanoparticles in water, showing that
they quickly aggregate and precipitate in pure water. Ultrasound proved to be the most efficient
method for nanoparticle dispersion in water. The stability of nanoparticles varied under different
water conditions, with the presence of organic colloids accelerating aggregation.

Esmailzadeh et al. [68] tested nanocomposites of low-density polyethylene and ZnO against
Bacillus subtilis and Enterobacter aerogenes, demonstrating a direct relationship between
antimicrobial effect and ZnO nanoparticle concentration.

El Saeed et al. [69] observed antibacterial activities in ZnO polyurethane nanocomposites against
gram-negative (Escherichia coli) and gram-positive "Bacillus subtilis" bacteria. Motshekga et al.
[70] developed a hanocomposite with bentonite-supported silver and ZnO nanoparticles, showing
ZnO's superior antibacterial activity.

Adams et al. reported antibacterial effects of ZnO nanoparticles against Bacillus subtilis and
Escherichia coli [71], with no significant impact of particle size on activity.

Premanathan et al [72]. found that ZnO nanoparticles were more effective against gram-positive
bacteria like Staphylococcus aureus than gram-negative bacteria like Escherichia coli. The growth
reduction percentages varied for different bacteria and ZnO concentrations.

Iron oxide nanomaterials have emerged as effective agents in wastewater treatment, particularly
for dye removal. Singh et al. [73] synthesized supermagnetic Fe304 nanoparticles coated with
green tea polyphenols for efficient dye removal from aqueous solutions.

Es’haghzade et al. [74] employed magnetic iron oxide nanoparticles for the absorption of azo dye,
demonstrating commendable dye removal performance across a wide range of pH levels.
Angamuthu et al. [75] innovatively prepared nanomaterial with an Fe304 mesoporous carbon
shell, showcasing excellent catalytic activity in degrading methylene blue dye.

Ebrahiminezhad et al. [76] reported that processed iron nanoparticles exhibited a high potential
for dye removal, achieving 95% efficiency in decolorization of methyl orange within six hours.
Furthermore, Asfaram et al. [77] investigated the application of ultrasound-assisted Mn-doped

Fe304 carbon nanoparticles in the removal of brilliant green and malachite green dyes.
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Study Title Authors Description Year
This paper examines the
different ways that silver
nanoparticles can be
"Biosynthesis of biosynthesised as well as their
Silver Nanoparticles: Rai, M., Yadav, A., possible uses, such as their
A Review" Gade, A. [78] antimicrobial qualities. 2009
"Antibacterial Investigates the antibacterial
Activity of activity of biosynthesized
Biosynthesized Suresh, A.K,, copper nanoparticles and their
Copper Pelletier, D.A., Wang, potential role in water
Nanoparticles" W., etal.[79] treatment processes. 2012
This review provides insights
into the green synthesis
methods of gold nanoparticles
and discusses their
"Green Synthesis of Dreaden, E.C., applications, including
Gold Nanoparticles: Alkilany, A.M., antibacterial properties
A Review" Huang, X., et al.[80] relevant to water treatment. 2012
"Biogenic Synthesis Iravani, S. [81] Explains the biogenic creation 2014
of Metal of metal nanoparticles,
Nanoparticles and assesses their antibacterial
Their Antibacterial efficacy, and discusses the
Potential" implications for uses in water
treatment.
"Biosynthesis of Iron | Patel, A., Apte, M., Investigates the biosynthesis 2015
Oxide Nanoparticles Hingankar, N., et of iron oxide nanoparticles and
and Their al.[82] explores their potential
Applications in Water applications in water
Treatment" treatment, particularly in
removing contaminants and
pathogens.
Provides an overview of the
opportunities and challenges
associated with the use of
"Nanoparticles in nanoparticles in water
Water Treatment: treatment, emphasizing the
Opportunities and need for sustainable and
Challenges" Zhang, et al . [83] effective solutions. 2016
"Impact of Examines the effects of
Nanoparticles on Handy et al. [84] nanoparticles on aquatic 2018
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Water Quality and ecosystems and water quality,
Agquatic Ecosystems" illuminating the possible
drawbacks and advantages of
using them to remediate water.
Examines how silver
nanoparticles are used to
sterilise water, going over their
"Silver Nanoparticles antibacterial properties and
for Water possible uses in treating
Disinfection: A diseases that are spread by
Review" Rai et al. [85] water. 2019
explains how titanium dioxide
nanoparticles are used in water
treatment, highlighting how
"Applications of their photocatalytic qualities
Titanium Dioxide can be used to break down
Nanoparticles in contaminants and sanitise
Water Treatment" Zhang et al.[86] water. 2020
"Applications of Sharma, et al. [87] The various uses of 2020
Biosynthesized biosynthesized nanoparticles
Nanoparticles in in water treatment are covered
Water Treatment" in this paper, with an emphasis
on how well they work to
remove microbiological
contaminants.
Explores the synthesis
"Heavy Metal methods, applications, and
Nanoparticles for challenges associated with
Water Treatment: heavy metal nanoparticles for
Synthesis, water treatment, highlighting
Applications, and their potential as antibacterial
Challenges" Wang et al.[88] agents. 2021

Challenges
While promising, biosynthesized heavy metal nanoparticles face challenges like potential resistance

development and scaling up production. Strategies must be developed to mitigate resistance and ensure long-
term efficacy. Integrating these nanoparticles into existing treatment processes requires overcoming
challenges related to scale-up and maintaining consistent performance. It is essential for comparison and
reproducibility that the synthesis and characterization of materials and their performance should all be
standardized. To achieve public acceptance, it was important to communicate transparently and educate the
public as well. However, in the face of all these difficulties, looking for eco-friendly, cost-effective and yet
highly effective antibacterial agents is still worthwhile for further research and development. One can

illustrate the issue as follows:
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e Safety Concerns: A serious concern is the safe application of heavy metal nanomaterials in water treatment
for antibacterial purposes. If not properly managed, heavy metals can lead to human poisoning and
environmental pollution--which is why tests of toxicity, risk assessment studies and evaluations are
necessary.

e Environmental Impact: " In water treatment procedures which are carefully managed even if nanoparticle-
sized heavy metal is released into the environment" aquatic ecosystems and biodiversity can be damaged. It
is necessary to understand what are the possible long-term environmental impacts.

e Regulatory Compliance: Heavy metal nanoparticles can be a difficult set of chemicals to manage, which
undergo regulations due to their particular circumstance as water treatment agents. It is necessary to make
sure that these nanoparticles meet regulatory regulations in order to win large numbers of consumers.

e  Cost-effectiveness: Making and using heavy metal nanoparticles will be costly. The biggest difficulty is how
to apply it into water treatment facilities large scale and affordably at that. User contributed notes.

e Stability of Nanoparticles: To be effective in water treatment applications, biosynthesized nanoparticles must
be stable. Various factors such as these need to be dealt with: aggregation degradation gradual loss of
antibiotic activity. At the same time, these mechanisms provide ample ransomers which can lead directly into
studies of natural wastewater treatment systems such as aseptic digestion and wetland lagoon bacteria
filtering beds may also be studied from this point of view.

e Antibacterial Resistance: As a new disinfectant, heavy metal nanoparticles are bound to encounter the
problem of resistance in the future. It is imperative to knock it out at an early stage. Strategies that can reduce
and monitor resistance development are essential.

e Scale-up and Integration: Scaling up from laboratory experiments requires good work on how to add it to the
existing treatment processes and what kind of performance you want. The technology must produce
predictable results even in difficult circumstances.

e Characterization and Standardisation: Consensus on the synthesis procedures standardizes them so that
people can repeat with comparable results, and similarly in characterizations and performance evaluations
therefore this means through of how nanotechnologies are said to be real.

e Public Perception and Acceptance: The public may think of heavy metal nanoparticles used in water
treatment differently from their favorite carbon filters. They may be afraid that by using "stronger"
technology, something bad will happen in their bodies. Changing this set of attitudes calls for effective
education and communication strategies, raising acceptability and trust among stakeholders.

o Durability and Long-term Efficacy: Only by continuous research and monitoring of biosynthesized heavy
metal nanoparticles as antibacterial agents for water treatment can their long-term durability and efficacy be

guaranteed. A longer-term study in real-world settings is needed.

CONCLUSION

Finally, the collected study indicates that biosynthetic heavy metal nanoparticles have outstanding potential
for the removal of bacteria in water. Analyzing much previous literature, there are signs that with bio-
synthesis the nanoparticles offer several advantages. These include their environmental compatibility, anti-
bacterial effectiveness and potential concern of microbial contamination in drinking water supplies Although
they hold great potential, some problems must be solved before biosynthesized heavy metal nanoparticles
can be fully realized for use in water treatment. Such problems include human health and environmental

safety, legislative restrictions and compliance considerations, expense and cost efficiency issues, stability of
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nanoparticles in water and during radiation process, antibacterial resistance, sample size requirements,
integration into current treatment systems, characterization and reliability parameters and what to rely on.
Public Quick removal? Long-term efficiency of operation.

Interdisciplinary collaboration among researchers, policymakers, process engineers, industry stakeholders,
and regulatory bodies will be vital to surmount these challenges and realize the responsible development and
deployment of biosynthesized heavy metal nanoparticles in water treatment. After confirming their
effectiveness, safety, scale and any other emerging issues from researching moves to normal levels for R&D

funding this rapidly.
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