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1. Introduction to Environmental remediation 

The 21
st
 century has brought significant environmental 

difficulties, which include pollution of the air, water, and 

soil to natural resource depletion and biodiversity loss. In 

response to these serious concerns, the scientific 

community has increasingly turned to nanotechnology as 

a possible method of environmental rehabilitation.
[1, 2]

 

Nanomaterials, defined by their distinct physical, 

chemical, and biological characteristics at the nanoscale, 

provide fresh options for combating environmental 

degradation and restoring ecological balance.
[3, 4] 

 

The use of nanostructures in environmental remediation 

signifies a paradigm change in how we handle resource 

management and pollution reduction. While traditional 

remediation methods can include expensive treatment 

plans, long treatment durations, and low efficacy, 

nanotechnology offers prospects for more effective, 

economical, and long-lasting solutions. Through the 

utilization of nanostructures' exceptional characteristics, 

including their elevated reactivity, adjustable surface 

chemistry, and high surface area-to-volume ratio, 

scientists are introducing novel strategies to tackle an 

extensive array of environmental pollutants. 

Nanoparticle-based remediation is at the forefront of 

environmental nanostructures.
[5, 6]

 Nanoparticles, which 

are particles with size on the nanometre scale, have 

special features that make them extremely effective at 

pollution removal and destruction. Engineered 

nanoparticles, such as metal oxides (e.g., titanium 

dioxide, zinc oxide), carbon-based nanomaterials (e.g., 

graphene, carbon nanotubes), and quantum dots, have 

exceptional catalytic, adsorptive, and photocatalytic 

properties, allowing for the efficient removal of 

contaminants like heavy metals, organic pollutants, and 

pathogens from air, water, and soil.
[7,  8]
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Nanostructure-based environmental remediation is a 

dynamic and quickly developing topic that has the 

potential to completely change how we deal with 

pollution in the environment and protect the world for 

coming generations. Researchers are in a position to 

create ground-breaking solutions that reduce pollution, 

rebuild ecosystems, and advance sustainable 

development by utilizing the special qualities of 

nanostructures and welcoming multidisciplinary 

cooperation. Transition metal oxide nanomaterials, 

especially zinc oxide (ZnO), have attracted a lot of 

interest lately due to their regulated microstructure and 

morphology, which open up a world of better qualities 

that may be used in many different applications.
[9 – 11]

  As 

a direct wide band-gap semiconductor, ZnO is unique in 

that it has a low crystal growth process, a high exciting 

binding energy, and is reasonably priced. Its 

physicochemical characteristics, including as its high 

transparency, UV excitation, anti-radiation stability, and 

room-temperature piezoelectricity, make it a flexible 

option for a range of uses. Utilizing ZnO's photoelectric, 

photochemical, and redox capabilities has become a 

viable option for resource and environmental 

applications in response to growing energy crises and 

environmental concerns.
[12, 13]

 Widespread application in 

energy storage, electronics, optics, and photocatalysis is 

made possible by the broad variety of ZnO 

nanostructures and combinations, which provide multi-

dimensional morphologies with previously unheard-of 

diversity and control. ZnO's photocatalytic ability for 

environmental clean-up is gaining attention, which is 

noteworthy. Presumably, a paradigm shift toward 

sustainable solutions is reflected in the notable increase 

in annual publications including the use of 

photocatalysis. Zinc oxide (ZnO) is essential for solving 

modern problems, as demonstrated by the shift to 

photocatalytic uses in environmental situations.
[14 – 16] 

 

However, typical free-standing forms of ZnO, such as 

powders or nanoparticles, have inherent limitations, 

including agglomeration and secondary contamination 

concern. To overcome these limitations, researchers have 

used immobilized versions of ZnO and attached them to 

recyclable substrates for increased efficiency and 

environmental friendliness. This sector focuses on the 

controlled development of immobilized ZnO 

nanostructures using readily recyclable substrates such as 

glass plates, metal foils, silicon wafers, and flexible 

polymer sheets. This review summarizes our 

contributions and a few scholarly papers that outline the 

state-of-the-art for immobilized ZnO nanostructures and 

their environmental applications. Interestingly, the study 

only includes materials that are backed by recyclable 

substrates, so it is both realistic and sustainable. The 

synthesis process's substrate-independence is further 

highlighted by the use of seed layers, which improves 

scalability and repeatability.
[17 – 20] 

 

 

 

1.1. Over view of Environmental pollution 

Environmental pollution is a complex and widespread 

issue that endangers ecosystems, human health, and the 

planet's general well-being. It refers to the pollution of 

air, water, soil, and living beings by numerous pollutants 

caused by human activities, industrial operations, 

agricultural practices, and natural events. From heavily 

crowded metropolitan centres to distant wilderness 

regions, no corner of the Earth is immune to the effects 

of pollution, emphasizing the critical need for 

coordinated global action to address this grave crisis.
[21 – 

23] 

 

1.1.1. Air Pollution 

Air pollution is defined as the presence of dangerous 

pollutants in the Earth's atmosphere, including 

particulate matter, nitrogen oxides, sulfur dioxide, 

volatile organic compounds, and heavy metals. It comes 

from car emissions, industrial activity, agricultural 

burning, and fossil fuel combustion for electricity 

generation.
[24, 25]

 Air pollution can harm respiratory 

health, cardiovascular function, and general well-being, 

causing respiratory disorders, heart attacks, strokes, and 

early death. Furthermore, air pollution contributes 

significantly to climate change by worsening global 

warming through the emission of greenhouse gases and 

aerosols.
[26, 27] 

 

1.1.2. Water Pollution 

Water pollution occurs when pollutants such as industrial 

chemicals, agricultural runoff, sewage, and plastic trash 

degrade the quality of freshwater bodies including rivers, 

lakes, and groundwater reservoirs. Water contamination 

is caused mostly by discharges from industrial sites, 

inappropriate waste disposal methods, and urban runoff. 

Contaminated water is hazardous to human health, 

causing waterborne illnesses such as cholera, typhoid 

fever, and dysentery. Furthermore, aquatic ecosystems 

incur negative consequences such as habitat degradation, 

biodiversity loss, and food chain disruptions, which 

contribute to ecological imbalances and fish stock 

decreases.
[28, 29] 

 

1.1.3. Soil Pollution 

When dangerous materials, such as pesticides, heavy 

metals, and industrial chemicals, build up in the soil, it 

becomes unfit for farming, plant development, and 

ecosystem function. This condition is referred to as soil 

pollution, often called land contamination. Industrial 

production, mining, inappropriate waste disposal, and 

chemical fertilizer and pesticide usage in agriculture are 

some of the activities that lead to soil contamination. 

Through direct contact, eating contaminated food, and 

the transmission of pollutants to groundwater sources, 

polluted soils provide health concerns to humans. 

Moreover, the deterioration, erosion, and loss of arable 

land caused by soil contamination endanger ecosystem 

resilience and food security.
[30 – 32]
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1.1.4. Noise Pollution 

Noise pollution is the term used to describe excessive or 

undesired noises that disturb the natural environment and 

lead to stress, irritation, and hearing loss in both people 

and wildlife. Transportation-related noise pollution 

comes from railroads, airplanes, and cars as well as from 

factories, building sites, and leisure-related noise 

pollution such concerts and athletic events. Long-term 

excessive noise exposure can have negative health 

impacts, such as elevated blood pressure, insomnia, 

memory loss, and communication difficulties. Noise 

pollution also compromises biodiversity and the stability 

of ecosystems by upsetting wildlife habitats, changing 

animal behaviour, and interfering with mating calls and 

navigation.
[33 – 35] 

 

1.1.5. Nutrient Pollution 

Nutrient pollution in agriculture stems from excessive 

use of chemical fertilizers and improper management of 

livestock manure. Chemical fertilizers can runoff into 

water bodies, causing nutrient imbalances and promoting 

algal growth. Similarly, inadequately handled livestock 

waste releases nutrients, pathogens, and antibiotic 

residues into the environment, contaminating water 

sources and exacerbating algal blooms. Effective nutrient 

management and proper waste disposal are crucial for 

mitigating this pollution and safeguarding water quality. 

 

1.1.6. Light Pollution 

Light pollution, also known as photo pollution, arises 

when artificial light sources generate excessive or 

misdirected light, interfering with natural darkness, 

obscuring celestial visibility, and disrupting circadian 

cycles in humans and animals. Light pollution is 

commonly caused by urban streetlights, business signs, 

outdoor advertising, and industrial operations.
[36, 37]

 The 

widespread glare of artificial light at night not only 

obscures the stars and celestial bodies, but it also 

interrupts nocturnal wildlife behaviour, distorts 

migratory patterns, and alters ecosystems' natural cycles. 

 

 

 
Figure 1: Environmental Pollution "Stop Pollution, Save the Earth". 

 

Furthermore, light pollution has a negative impact on 

human health, leading to sleep problems, disrupting 

melatonin synthesis, and increasing the risk of obesity, 

diabetes, and several malignancies.
[38, 39] 

 
Global health, biodiversity, and sustainable development 

are generally seriously threatened by environmental 

degradation, which makes it imperative to take 

immediate action to lessen its effects and encourage 

environmental stewardship. Environmental 

contamination is depicted in Fig. (1) along with methods 

for its remediation, reuse, and reduction. 

Multidisciplinary strategies, cutting-edge technology, 

and cooperative alliances between businesses, 

governments, civil society groups, and private citizens 

are all necessary to combat pollution. We can preserve 

the Earth's ecosystems, safeguard human health, and 

ensure a more resilient and sustainable future for future 

generations by putting pollution prevention measures 

into place, adopting cleaner production methods, 

supporting renewable energy sources, and embracing 

sustainable lifestyles.
[40 – 43]

 

 

2.  Nanotechnology Application for environmental 

and agricultural remediation 

The term "Nanotechnology in Environmental 

Remediation" describes the use of materials and 

procedures at the nanoscale to the problem of 

environmental contamination and pollution. Because of 

their special qualities, nanomaterials—such as 
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nanoparticles and nanocomposites—are very useful in 

eliminating contaminants from soil, water, and the air. 

Through the utilization of nanomaterials' large surface 

area, reactivity, and catalytic properties, scientists may 

create novel approaches to address remediation problems 

such as organic pollutant degradation, heavy metal 

removal, and polluted environment purification. 

Nanotechnology presents viable paths for effective and 

sustainable environmental restoration, with the ability to 

reduce pollution, save ecosystems, and improve human 

health.
[44 – 46] 

 

"Nanotechnology in Environmental Remediation" is a 

modern strategy for dealing with the ubiquitous and 

intricate problems of environmental contamination and 

pollution. In order to take advantage of special qualities 

and phenomena that appear at this size, nanotechnology 

entails manipulating matter at the nanoscale, which is 

normally measured in nanometres, ranging from 1 to 

100. Nanotechnology presents previously unheard-of 

chances to create effective, affordable, and long-lasting 

solutions for reducing pollution, repairing ecosystems, 

and preserving human health in the context of 

environmental restoration.
[47 – 49]

 Due to their 

impressively high surface area-to-volume ratio, which 

allows for improved reactivity and adsorption 

capabilities over bulk materials, nanoparticles are 

advantageous in environmental clean-up. A broad range 

of contaminants may be effectively removed from air, 

water, and soil by using nanoparticles, which include 

metal oxides (such as titanium dioxide, iron oxide), 

carbon-based nanomaterials (such as graphene, carbon 

nanotubes), and nanocomposites. These nanoparticles 

have special physicochemical features.
[50 – 52]

 The 

removal of organic contaminants, heavy metals, and 

recently found poisons from groundwater and 

wastewater sources are just a few of the water 

remediation issues that nanotechnology may help with. 

Nanoparticles may be engineered to selectively adsorb or 

catalyse the breakdown of contaminants, making their 

removal from aquatic environments simpler. Moreover, 

nanomaterial-based membranes and filters offer efficient 

methods of purifying water by trapping impurities 

selectively and allowing only pure water molecules to 

flow through.
[53, 54]

 Nanotechnology is essential to the 

development of sophisticated materials and systems used 

in air remediation to capture particulate matter, volatile 

organic compounds (VOCs), and other air contaminants. 

Through catalytic oxidation or reduction processes, 

catalysts based on nanoparticles can aid in the 

decomposition of hazardous gasses and produce less 

toxic by-products. Additionally, the use of nanoparticles 

into air filtration systems can improve the effectiveness 

of pollution absorption and extend the life of filters. 

Furthermore, by enabling the targeted delivery of 

remediation agents to polluted locations and aiding the 

breakdown or immobilization of contaminants in soil 

matrix, nanotechnology offers potential for soil 

remediation. By interacting with soil pollutants, 

functionalized nanoparticles with certain surface coatings 

or ligands might facilitate their sequestration or change 

into less hazardous forms. Furthermore, the utilization of 

nanomaterials can be combined with soil amendments or 

bioremediation methods to improve remediation 

effectiveness and quicken the process of pollutant 

breakdown.
[55 – 57]

 

 

 
Figure 2: Different applications of Nanotechnology. 

 

However, there are obstacles and factors to take into 

account with regard to environmental health and safety, 

as well as the long-term effects of nanomaterials on 

ecosystems and human health, coupled with the 
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enormous potential of nanotechnology in environmental 

rehabilitation. Fig. (2), defines different applications of 

nanotechnology for the remediation of environment to 

make it clean and less harmful. Ensuring the safe and 

sustainable deployment of nanotechnology for 

environmental remediation requires the implementation 

of regulatory frameworks, responsible nanomaterial 

design and production methods, and comprehensive risk 

assessments. By utilizing the special qualities of 

nanoparticles, nanotechnology provides a revolutionary 

method of environmental rehabilitation, generating 

creative solutions to problems with contamination and 

pollution.
[58-59]

 Researchers and practitioners may 

contribute to the creation of more sustainable, healthy, 

and clean ecosystems for current and future generations 

by utilizing the potential of nanotechnology.
[60-64]

 

Nanotechnology has emerged as a potent tool for 

agricultural remediation, providing novel solutions to 

environmental issues while supporting sustainable 

farming practices. Nanomaterials, including 

nanofertilizers, nano sensors, and nano pesticides, serve 

critical roles in improving soil health, optimising nutrient 

management, and reducing pollution. Nano fertilizers use 

controlled release methods to provide accurate nutrient 

delivery, improve plant development, and reduce 

environmental impact. Nano sensors give real-time data 

on soil and crop health, allowing for more informed 

decisions about irrigation, fertilisation, and pest control. 

Nano pesticides provide effective pest control with less 

environmental harm than traditional chemical pesticides. 

Furthermore, nanomaterials such as zero-valent iron 

nanoparticles hold potential for soil remediation by 

effectively immobilising pollutants and restoring soil 

fertility.
[65-68] 

 

3. Biomedical Applications of Zinc Oxide 

Nanoparticles (ZnO NPs) 

3.1. Cancer Treatment and Diagnosis 

Conventional cancer treatments often face limitations 

like low bioavailability and severe side effects. Modern 

therapies, including the use of nanoparticles, offer 

promising solutions.
[69]

 Zinc oxide nanoparticles (ZnO 

NPs) are particularly noteworthy for their ability to 

generate reactive oxygen species (ROS), improve 

permeability, and retain in tumor sites, making them 

effective in cancer treatment.
[70-71] 

 

 Key Study: Singh et al. developed hybrid nano 

systems combining chymotrypsin protein with 

AzureC (AzC) and ZnO NPs.
[72]

 These 

nanoconjugates showed significant cytotoxic effects 

against A-549 adenocarcinoma cells and potential 

for phototherapies.
[73]

 

 Dose and Size Sensitivity: Research by Sarkar et al. 

emphasized that cytotoxicity depends on 

nanoparticle dose, exposure duration, cell type, and 

size.
[74-76]

 

 

 

 

3.2. Wound Healing 

Burn wound treatment remains challenging, especially 

with multidrug-resistant infections.
[77]

 ZnO and silver 

nanoparticles (Ag NPs) embedded in nanocomposites 

like gluten films with vitamins A and E have shown 

antibacterial and antioxidant properties.
[78]

 Advanced 

wound dressings using herbal-extracted ZnO NPs also 

demonstrated dual antibacterial properties, enhancing 

healing.
[79-80] 

 

3.3. Cosmetic Applications 

Nanoparticles, especially ZnO NPs, are widely used in 

sunscreens and skin care products for their UV 

protection capabilities.
[81-83]

 

 Safety Concerns: While healthy skin has minimal 

NP penetration, damaged skin may allow increased 

absorption, potentially causing irritation or 

sensitization. Researchers advise cautious use of 

ZnO NPs in cosmetics.
[84-85]

 

 

3.4. Antimicrobial Activity 

ZnO NPs are effective against both Gram-positive and 

Gram-negative bacteria due to their ability to generate 

ROS and disrupt bacterial membranes.
[86]

 

 Green Synthesis: Yang et al. synthesized 

antibacterial ZnO clusters via an eco-friendly 

process, enhancing bioactivity and bactericidal 

effects.
[87-88]

 

 Enhanced Formulations: Sodium-doped ZnO NPs 

showed increased antibacterial and antifungal 

activities, while studies demonstrated mosquito 

control applications for dengue prevention.
[89]

 

 

3.5. Biofilm Inhibition 

Biofilms contribute to persistent infections on medical 

devices. ZnO NPs synthesized through green methods 

demonstrated significant biofilm destruction by 

disrupting microbial components.
[90-91]

 

 Improved Materials: Tin-doped ZnO 

nanostructures exhibited superior antibiofilm 

activity, especially against Staphylococcus aureus, 

making them suitable for use in cosmetics and 

medical products.
[92-93]

 

 

3.6. Environmental and Agricultural Applications 

(a) Sustainable Farming 

ZnO NPs, synthesized using endophytic bacteria, serve 

as biofertilizers, improving crop growth, protein content, 

and chlorophyll levels. Lime-waste-derived ZnO NPs 

also enhance agricultural yields and pest resistance.
[94-96] 

 

(b) Environmental Concerns 

Excessive ZnO NP use poses risks to ecosystems. 

Studies reveal their toxic effects on aquatic life, soil 

bacteria, and plant growth. For example, ZnO NPs 

altered microbial populations in soil and reduced algae 

productivity, impacting aquatic food webs.
[95-96] 
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3.7. Industrial Applications: Dye Removal 

ZnO NPs are pivotal in wastewater treatment, 

particularly in adsorbing and degrading toxic dyes like 

Congo Red. Manganese-doped ZnO and composite 

materials demonstrated improved dye removal and cost-

effective manufacturing processes.
[97] 

 

4. Biological/Green Synthesis Methods for ZnO - NPs 

Biological synthesis, also referred to as "green 

synthesis," represents a promising and environmentally 

friendly alternative to conventional chemical and 

physical methods for nanoparticle (NP) production. Zinc 

oxide nanoparticles (ZnO-NPs) have historically been 

used in food additives, dietary supplements, and 

medicinal applications. This green approach employs 

safe reagents, such as water and natural extracts, 

avoiding hazardous chemicals and offering an innovative 

route for NP synthesis.
[97-99]

 The advancements in 

nanobiotechnology have enabled the production of ZnO-

NPs using biotechnological methods, presenting 

significant potential for medical applications.
[100]

 

 

Biological pathways utilizing proteins, DNA, plants, or 

plant-derived extracts (e.g., roots, stems, leaves, flowers, 

and fruits) have been extensively explored as sustainable 

substitutes for chemical and physical synthesis 

methods.
[101]

 These biological methods leverage the 

biochemical and enzymatic pathways in microorganisms 

to produce ZnO-NPs. For instance, proteins, amino acids, 

DNA, enzymes, phages, and marker genes in 

microorganisms play crucial roles. DNA, in particular, 

acts as a guiding framework for the controlled synthesis 

and growth of ZnO-NP chains.
[102-103] 

 

This biotechnological approach has demonstrated great 

promise in various biological applications, including bio-

labeling, cell culture, gene delivery, drug delivery, and 

nanomedicine.
[104]

 

 

4.1. Plant-Mediated Synthesis of ZnO-NPs 

Plant-mediated synthesis is an eco-friendly alternative to 

traditional chemical methods, leveraging plants and their 

extracts for ZnO-NP production.
[105]

 This method is 

appealing due to its simplicity, safety, and avoidance of 

harmful reagents. The process typically involves the 

following steps. 

 

1. Preparation of Plant Extracts: 

o Selected plant materials (e.g., tomato fruits, 

chamomile flowers, olive leaves) are rinsed with 

double-distilled water and air-dried.
[107]

 

o The dried materials are ground into powder, and 200 

mL of water is used to extract the bioactive 

compounds at 60–70°C for 4 hours.
[108-109]

 Showing 

in Fig. 3. 

o The extract is then cooled to room temperature and 

filtered using filter paper.
[110]

 

 

2. ZnO-NP Synthesis 
o The filtered plant extract is mixed with a zinc 

precursor (e.g., zinc acetate) in a reaction flask. 

o The mixture is stirred for 4 hours at 100 rpm under 

controlled heating conditions.
[111-113]

 

 

3. Purification of ZnO-NPs 
o The reaction solution is centrifuged at 10,000×g for 

20 minutes to separate the precipitate from the 

supernatant. 

o The precipitate is collected, washed with distilled 

water, and freeze-dried to obtain ZnO-NPs .
[114]

 

 

 
Figure 3: Biosynthesis of ZnO-NPs from Plant based extract. 
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5. Advantages of Advancements in ZnO 

Nanostructures 

Advancements in ZnO nanostructures have unlocked 

numerous benefits in environmental and agricultural 

remediation.
[115]

 Their remarkable photocatalytic 

properties enable efficient degradation of organic 

pollutants, dyes, and other hazardous substances, 

particularly under UV light.
[116]

 This makes them a 

powerful tool for environmental cleanup efforts. ZnO 

nanostructures also exhibit broad-spectrum antimicrobial 

properties, which are invaluable for controlling plant 

pathogens and promoting crop health. Furthermore, their 

eco-friendly synthesis methods, including plant-mediated 

techniques, align with sustainable development goals by 

minimizing environmental harm. In agriculture, ZnO 

nanoparticles enhance soil fertility and nutrient uptake, 

fostering healthier plant growth.
[117]

 Their versatility in 

form, such as nanoparticles, nanorods, and thin films, 

allows for tailored applications in diverse scenarios. 

Additionally, advancements in green synthesis have 

reduced production costs, making ZnO nanostructures 

more accessible for large-scale use.
[118-120] 

 

6. Disadvantages of Advancements in ZnO 

Nanostructures 

Despite their potential, ZnO nanostructures face notable 

limitations. Environmental and ecological risks, such as 

nanoparticle toxicity to aquatic and terrestrial organisms, 

raise concerns about their long-term sustainability.
[121]

 

Moreover, their photocatalytic efficiency is primarily 

limited to UV light, reducing their effectiveness under 

natural sunlight unless modified through doping or other 

enhancements. Scaling up the production of ZnO 

nanostructures with uniform quality remains a challenge, 

especially in green synthesis methods.
[122-123]

 Their 

tendency to agglomerate can further compromise 

efficiency, necessitating the use of stabilizers. Over-

reliance on their antimicrobial properties in agriculture 

may lead to microbial resistance, diminishing their 

efficacy over time. Additionally, the lack of standardized 

regulatory frameworks and safety protocols complicates 

their deployment, highlighting the need for 

comprehensive assessments and guidelines to mitigate 

potential risks. 

 

CONCLUSION 

Advancements in ZnO nanostructures have demonstrated 

significant potential for addressing critical challenges in 

environmental and agricultural remediation. Their 

exceptional photocatalytic properties, antimicrobial 

activity, and ability to enhance nutrient uptake highlight 

their versatility and effectiveness. The development of 

green synthesis methods further reinforces their role as 

an eco-friendly and cost-effective solution. However, the 

associated challenges, including potential environmental 

toxicity, agglomeration issues, and limitations under 

natural light, underscore the importance of addressing 

these drawbacks through continued research and 

innovation. Moreover, the establishment of standardized 

safety protocols and regulatory frameworks is essential 

to ensure their responsible use. By striking a balance 

between maximizing benefits and mitigating risks, ZnO 

nanostructures can play a transformative role in fostering 

sustainable environmental and agricultural practices.
[124]

 

 

ACKNOWLEDGEMENTS 

The authors are thankful to Sardarkrushinagar Dantiwada 

Agricultural University for allowing us to spare time to 

prepare and submit this manuscript. 

 

Authors’ Contribution 

Dr. Meet, collected all reviews and have prepared the 

contents in the manuscript. 

 

Conflict of Interest 

The authors declare that there is no conflict of interest. 

 

REFERENCES 

1. Wang, X., Ding, Y., Summers, C. J., and Wang, Z. 

L. (2004). Large-scale synthesis of six-nanometer-

wide ZnO nanobelts. The Journal of Physical 

Chemistry B. 108(26): 8773-8777. 

2. Segets, D., Gradl, J., Taylor, R. K., Vassilev, V., and 

Peukert, W. (2009). Analysis of optical absorbance 

spectra for thek determination of ZnO nanoparticle 

size distribution, solubility, and surface energy. ACS 

nano., 3(7): 1703-1710. 

3. Sturikova, H., Krystofova, O., Huska, D., & Adam, 

V. (2018). Zinc, zinc nanoparticles and 

plants. Journal of hazardous materials, 349:           

101-110. 

1. Vayssieres, L., Keis, K., Hagfeldt, A., and 

Lindquist, S. E. (2001). Three-dimensional array of 

highly oriented crystalline ZnO 

microtubes. Chemistry of Materials, 13(12):      

4395-4398. 

4. Deng, Z., Chen, M., Gu, G., and Wu, L. (2008). A 

facile method to fabricate ZnO hollow spheres and 

their photocatalytic property. The journal of physical 

chemistry B., 112(1): 16-22. 

5. Yang, S. J., and Park, C. R. (2007). Facile 

preparation of monodisperse ZnO quantum dots with 

high quality photoluminescence 

characteristics. Nanotechnology. 19(3): 035609. 

6. Petchthanasombat, C., Tiensing, T., and 

Sunintaboon, P. (2012). Synthesis of zinc oxide-

encapsulated poly (methyl methacrylate)–chitosan 

core–shell hybrid particles and their electrochemical 

property. Journal of colloid and interface 

science. 369(1): 52-57. 

7. Becheri, A., Dürr, M., Lo Nostro, P., and Baglioni, 

P. (2008). Synthesis and characterization of zinc 

oxide nanoparticles: application to textiles as UV-

absorbers. Journal of Nanoparticle Research. 10: 

679-689. 

2. Özgür, Ü., Hofstetter, D., and Morkoc, H. (2010). 

ZnO devices and applications: a review of current 

status and future prospects. Proceedings of the 

IEEE.  98(7): 1255-1268. 



www.wjpls.org         │        Vol 11, Issue 3, 2025.         │          ISO 9001:2015 Certified Journal         │ 

 

Thakar et al.                                                                                     World Journal of Pharmaceutical and Life Science  

 

 

 

 

     

41 

8. Muktar, Y., Bikila, T., and Keffale, M. (2015). 

Application of nanotechnology for animal health and 

production improvement: a review. World Applied 

Sciences Journal. 33(10):1588-1596. 

9. Banerjee, D., Lao, J.Y., Wang, D.Z., Huang, J.Y., 

Ren, Z.F., Steeves, D., Kimball, B. and Sennett, M., 

2003. Large-quantity free-standing ZnO 

nanowires. Applied Physics Letters. 83(10):            

2061-2063. 

10. Hahn, Y. B. (2011). Zinc oxide nanostructures and 

their applications. Korean Journal of Chemical 

Engineering. 28: 1797-1813. 

11. Frade, T., Jorge, M. M., and Gomes, A. (2012). 

One-dimensional ZnO nanostructured films: Effect 

of oxide nanoparticles. Materials Letters. 82: 13-15. 

12. Pan, Z. W., Dai, Z. R., & Wang, Z. L. (2001). 

Nanobelts of semiconducting 

oxides. Science. 291(5510): 1947-1949. 

13. Wahab, R., Ansari, S. G., Kim, Y. S., Seo, H. K., & 

Shin, H. S. (2007). Room temperature synthesis of 

needle-shaped ZnO nanorods via sonochemical 

method. Applied Surface Science. 253(18):         

7622-7626. 

14. Wu, J. J., Liu, S. C., Wu, C. T., Chen, K. H., & 

Chen, L. C. (2002). Heterostructures of ZnO–Zn 

coaxial nanocables and ZnO nanotubes. Applied 

Physics Letters. 81(7): 1312-1314. 

15. Chen, W. J., Liu, W. L., Hsieh, S. H., & Tsai, T. K. 

(2007). Preparation of nanosized ZnO using α 

brass. Applied Surface Science. 253(16): 6749-6753. 

16. Liu, J., Huang, X., Duan, J., Ai, H., & Tu, P. (2005). 

A low-temperature synthesis of multiwhisker-based 

zinc oxide micron crystals. Materials Letters.59(28): 

3710-3714. 

17. Huang, Y., He, J., Zhang, Y., Dai, Y., Gu, Y., Wang, 

S., & Zhou, C. (2006). Morphology, structures and 

properties of ZnO nanobelts fabricated by Zn-

powder evaporation without catalyst at lower 

temperature. Journal of materials science, 41:   

3057-3062. 

18. Nikoobakht, B., Wang, X., Herzing, A., & Shi, J. 

(2013). Scalable synthesis and device integration of 

self-registered one-dimensional zinc oxide 

nanostructures and related materials. Chemical 

Society Reviews.42(1): 342-365. 

19. Tien, L. C., Pearton, S. J., Norton, D. P., & Ren, F. 

(2008). Synthesis and microstructure of vertically 

aligned ZnO nanowires grown by high-pressure-

assisted pulsed-laser deposition. Journal of 

Materials Science. 43: 6925-6932. 

20. Cui, J. (2012). Zinc oxide nanowires. Materials 

Characterization. 64, 43-52. 

21. Wang, H., Yan, Z., An, J., He, J., Hou, Y., Yu, H., ... 

& Sun, D. (2016). Iron cobalt/polypyrrole 

nanoplates with tunable broadband electromagnetic 

wave absorption. Rsc Advances. 6(95): 92152-

92158. 

22. Chiu, W. S., Khiew, P. S., Cloke, M., Isa, D., Tan, 

T. K., Radiman, S., ... & Chia, C. H. (2010). 

Photocatalytic study of two-dimensional ZnO 

nanopellets in the decomposition of methylene 

blue. Chemical Engineering Journal. 158(2): 345-

352. 

23. Jose-Yacaman, M., Gutierrez-Wing, C., Miki, M., 

Yang, D. Q., Piyakis, K. N., & Sacher, E. (2005). 

Surface diffusion and coalescence of mobile metal 

nanoparticles. The Journal of Physical Chemistry 

B.109(19): 9703-9711. 

24. Mičová, J., Remeš, Z., & Chan, Y. Y. (2017). 

Production of zinc oxide nanowires power with 

precisely defined morphology. Journal of Electrical 

Engineering. 68(7): 66-69. 

25. Xie, Q., Dai, Z., Liang, J., Xu, L., Yu, W., & Qian, 

Y. (2005). Synthesis of ZnO three-dimensional 

architectures and their optical properties. Solid state 

communications. 136(5): 304-307. 

26. Liu, J., Huang, X., Li, Y., Sulieman, K. M., Sun, F., 

& He, X. (2006). Selective growth and properties of 

zinc oxide nanostructures. Scripta materialia. 55(9): 

795-798. 

27. Bitenc, M., & Orel, Z. C. (2009). Synthesis and 

characterization of crystalline hexagonal bipods of 

zinc oxide. Materials Research Bulletin. 44(2):     

381-387. 

28. Galatsis, K., Cukrov, L., Wlodarski, W., 

McCormick, P., Kalantar-Zadeh, K., Comini, E., & 

Sberveglieri, G. (2003). p-and n-type Fe-doped 

SnO2 gas sensors fabricated by the 

mechanochemical processing technique. Sensors 

and actuators B: chemical. 93(1-3): 562-565. 

29. Venkataraman, K. S., & Narayanan, K. S. (1998). 

Energetics of collision between grinding media in 

ball mills and mechanochemical effects. Powder 

technology. 96(3): 190-201. 

30. Ao, W., Li, J., Yang, H., Zeng, X., & Ma, X. (2006). 

Mechanochemical synthesis of zinc oxide 

nanocrystalline. Powder Technology. 168(3): 148-

151. 

31. Stanković, A., Veselinović, L. J., Škapin, S. D., 

Marković, S., & Uskoković, D. (2011). Controlled 

mechanochemically assisted synthesis of ZnO 

nanopowders in the presence of oxalic acid. Journal 

of materials science. 46: 3716-3724. 

32. Taheri, M., Bernardo, I. D., Lowe, A., Nisbet, D. R., 

& Tsuzuki, T. (2020). Green full conversion of ZnO 

nanopowders to well-dispersed zeolitic imidazolate 

framework-8 (ZIF-8) nanopowders via a 

stoichiometric mechanochemical reaction for fast 

dye adsorption. Crystal Growth & Design. 20(4): 

2761-2773. 

33. Moballegh, A., Shahverdi, H. R., Aghababazadeh, 

R., & Mirhabibi, A. R. (2007). ZnO nanoparticles 

obtained by mechanochemical technique and the 

optical properties. Surface Science. 601(13): 2850-

2854. 

34. Aghababazadeh, R., Mazinani, B., Mirhabibi, A., & 

Tamizifar, M. (2006, February). ZnO nanoparticles 

synthesised by mechanochemical processing. 

In Journal of Physics: Conference Series. 26(1):  

312. 



www.wjpls.org         │        Vol 11, Issue 3, 2025.         │          ISO 9001:2015 Certified Journal         │ 

 

Thakar et al.                                                                                     World Journal of Pharmaceutical and Life Science  

 

 

 

 

     

42 

35. Sadraei, R. (2016). A simple method for preparation 

of nano-sized ZnO. Research & Reviews: Journal of 

Chemistry. 5(2): 45-49. 

36. Kumar, K. M., Mandal, B. K., Naidu, E. A., Sinha, 

M., Kumar, K. S., & Reddy, P. S. (2013). Synthesis 

and characterisation of flower shaped zinc oxide 

nanostructures and its antimicrobial 

activity. Spectrochimica Acta Part A: Molecular and 

Biomolecular Spectroscopy. 104: 171-174. 

37. Hong, R., Pan, T., Qian, J., & Li, H. (2006). 

Synthesis and surface modification of ZnO 

nanoparticles. Chemical Engineering 

Journal. 119(2-3): 71-81. 

38. Kaya, H., Arslan, K., & Eltugral, N. (2018). 

Experimental investigation of thermal performance 

of an evacuated U-Tube solar collector with 

ZnO/Etylene glycol-pure water 

nanofluids. Renewable energy. 122: 329-338. 

39. Ma, C. L., & Sun, X. D. (2002). Preparation of 

nanocrystalline metal oxide powders with the 

surfactant-mediated method. Inorganic Chemistry 

Communications. 5(10): 751-755. 

40. Li, P., Wei, Y., Liu, H., & Wang, X. K. (2005). 

Growth of well-defined ZnO microparticles with 

additives from aqueous solution. Journal of Solid 

State Chemistry. 178(3): 855-860. 

41. Suwanboon, S. (2008). Structural and optical 

properties of nanocrystalline ZnO powder from sol-

gel method. Science Asia. 34(1): 31-34. 

42. Benhebal, H., Chaib, M., Salmon, T., Geens, J., 

Leonard, A., Lambert, S. D., ... & Heinrichs, B. 

(2013). Photocatalytic degradation of phenol and 

benzoic acid using zinc oxide powders prepared by 

the sol–gel process. Alexandria Engineering 

Journal. 52(3): 517-523. 

43. Sharma, V. (2012). Sol-gel mediated facile synthesis 

of zinc-oxide nanoaggregates, their characterization 

and antibacterial activity. J. of Applied Chemistry. 2: 

52-55. 

44. Ristić, M., Musić, S., Ivanda, M., & Popović, S. 

(2005). Sol–gel synthesis and characterization of 

nanocrystalline ZnO powders. Journal of alloys and 

compounds. 397(1-2): L1-L4. 

45. Shakti, N., & Gupta, P. S. (2010). Structural and 

optical properties of sol-gel prepared ZnO thin 

film. Applied Physics Research. 2(1): 19. 

46. Wu, Q. H. (2015). ZnO nanostructures prepared 

using a vapour transport method. Journal of 

Experimental Nanoscience. 10(3): 161-166. 

47. Kong, X. Y., & Wang, Z. L. (2003). Spontaneous 

polarization-induced nanohelixes, nanosprings, and 

nanorings of piezoelectric nanobelts. Nano 

letters. 3(12): 1625-1631. 

48. Alsultany, F. H., Hassan, Z., Ahmed, N. M., & 

Almessiere, M. A. (2017). Catalytic growth of one-

dimensional single-crystalline ZnO nanostructures 

on glass substrate by vapor transport. Ceramics 

International. 43(1): 610-616. 

49. Diep, V. M., & Armani, A. M. (2016). Flexible 

light-emitting nanocomposite based on ZnO 

nanotetrapods. Nano Letters.16(12): 7389-7393. 

50. Luo, Q., Xu, P., Qiu, Y., Cheng, Z., Chang, X., & 

Fan, H. (2017). Synthesis of ZnO tetrapods for high-

performance supercapacitor applications. Materials 

Letters. 198: 192-195. 

51. Chen, D., Jiao, X., & Cheng, G. (1999). 

Hydrothermal synthesis of zinc oxide powders with 

different morphologies. Solid State 

Communications. 113(6): 363-366. 

52. Madathil, A. N. P., Vanaja, K. A., & Jayaraj, M. K. 

(2007, September). Synthesis of ZnO nanoparticles 

by hydrothermal method. In Nanophotonic materials 

IV.  6639, 47-55. SPIE. 

53. Polsongkram, D., Chamninok, P., Pukird, S., Chow, 

L., Lupan, O., Chai, G., ... & Schulte, A. (2008). 

Effect of synthesis conditions on the growth of ZnO 

nanorods via hydrothermal method. Physica B: 

Condensed Matter. 403(19-20): 3713-3717. 

54. Segovia, M., Sotomayor, C., Gonzalez, G., & 

Benavente, E. (2012). Zinc oxide nanostructures by 

solvothermal synthesis. Molecular Crystals and 

Liquid Crystals. 555(1): 40-50. 

55. Chen, S. J., Li, L. H., Chen, X. T., Xue, Z., Hong, J. 

M., & You, X. Z. (2003). Preparation and 

characterization of nanocrystalline zinc oxide by a 

novel solvothermal oxidation route. Journal of 

crystal growth. 252(1-3): 184-189. 

56. Vorobyova, S. A., Lesnikovich, A. I., & Mushinskii, 

V. V. (2004). Interphase synthesis and 

characterization of zinc oxide. Materials 

Letters. 58(6): 863-866. 

57. Kołodziejczak-Radzimska, A., Markiewicz, E., & 

Jesionowski, T. (2012). Structural characterisation 

of ZnO particles obtained by the emulsion 

precipitation method. Journal of 

Nanomaterials. 2012(1): 656353. 

58. Couvreur, P., Blanco-Prieto, M. J., Puisieux, F., 

Roques, B., & Fattal, E. (1997). Multiple emulsion 

technology for the design of microspheres 

containing peptides and oligopeptides. Advanced 

drug delivery reviews. 28(1): 85-96. 

59. Faruqui, A. A., Joshi, C. H. A. N. D. R. A. K. A. N. 

T., Balakumar, P., Mahadevan, N., Kumar, R., & 

Kumar, M. S. (2012). Lactitol: a review of its use in 

the treatment of constipation. International Journal 

of Recent Advances in Pharmaceutical Research Int 

J Recent Adv Pharm Res. 2(1): 1-5. 

60. Li, X., He, G., Xiao, G., Liu, H., & Wang, M. 

(2009). Synthesis and morphology control of ZnO 

nanostructures in microemulsions. Journal of 

Colloid and Interface Science. 333(2): 465-473. 

61. Yıldırım, Ö. A., & Durucan, C. (2010). Synthesis of 

zinc oxide nanoparticles elaborated by 

microemulsion method. Journal of Alloys and 

Compounds. 506(2): 944-949. 

62. Hudlikar, M., Joglekar, S., Dhaygude, M., & 

Kodam, K. (2012). Latex-mediated synthesis of ZnS 



www.wjpls.org         │        Vol 11, Issue 3, 2025.         │          ISO 9001:2015 Certified Journal         │ 

 

Thakar et al.                                                                                     World Journal of Pharmaceutical and Life Science  

 

 

 

 

     

43 

nanoparticles: green synthesis approach. Journal of 

Nanoparticle Research. 14: 1-6. 

63. Singhal, G., Bhavesh, R., Kasariya, K., Sharma, A. 

R., & Singh, R. P. (2011). Biosynthesis of silver 

nanoparticles using Ocimum sanctum (Tulsi) leaf 

extract and screening its antimicrobial 

activity. Journal of nanoparticle Research. 13: 

2981-2988. 

64. Alagumuthu, G., & Kirubha, R. (2012). Green 

synthesis of silver nanoparticles using Cissus 

quadrangularis plant extract and their antibacterial 

activity. International Journal of Nanomaterials and 

Biostructures. 2(3): 30-33. 

65. Mason, C., Vivekanandhan, S., Misra, M., & 

Mohanty, A. K. (2012). Switchgrass (Panicum 

virgatum) extract mediated green synthesis of silver 

nanoparticles. World Journal of Nano Science and 

Engineering. 2(2): 47. 

66. Tundo, P., & Anastas, P. T. (2000). Green 

chemistry: Challenging perspectives. 

67. Reed, S. M., & Hutchison, J. E. (2000). Green 

chemistry in the organic teaching laboratory: an 

environmentally benign synthesis of adipic 

acid. Journal of Chemical Education. 77(12): 1627. 

68. Saravanakkumar, D., Sivaranjani, S., 

Umamaheswari, M., Pandiarajan, S., & Ravikumar, 

B. (2016). Green synthesis of ZnO nanoparticles 

using Trachyspermum ammi seed extract for 

antibacterial investigation. Der Pharma Chemica. 

8(7): 173-180. 

69. Gunalan, S., Sivaraj, R., & Rajendran, V. (2012). 

Green synthesized ZnO nanoparticles against 

bacterial and fungal pathogens. Progress in Natural 

Science: Materials International. 22(6): 693-700. 

70. Jamdagni, P., Khatri, P., & Rana, J. S. (2018). Green 

synthesis of zinc oxide nanoparticles using flower 

extract of Nyctanthes arbor-tristis and their 

antifungal activity. Journal of King Saud University-

Science. 30(2): 168-175. 

71. Ishwarya, R., Vaseeharan, B., Kalyani, S., 

Banumathi, B., Govindarajan, M., Alharbi, N. S., ... 

& Benelli, G. (2018). Facile green synthesis of zinc 

oxide nanoparticles using Ulva lactuca seaweed 

extract and evaluation of their photocatalytic, 

antibiofilm and insecticidal activity. Journal of 

Photochemistry and Photobiology B: Biology. 178: 

249-258. 

72. Sundaraselvan, G., & Quine, S. D. (2017). Green 

synthesis of zinc oxide nanoparticles using seed 

extract of Murraya koenigii and their antimicrobial 

activity against some human pathogens. Journal of 

Nanoscience and Technology. 289-292. 

 

73. V. V. Gawade, N. L. Gavade, H. M. Shinde, S. B. 

Babar, A. N. Kadam and K. M.Garadkar, J. Mater. 

Sci.: Mater. Electron. 2017; 28(18): 14033–14039. 

74. Vidya, C., Manjunatha, C., Chandraprabha, M. N., 

Rajshekar, M., & MAL, A. R. (2017). Hazard free 

green synthesis of ZnO nano-photo-catalyst using 

Artocarpus Heterophyllus leaf extract for the 

degradation of Congo red dye in water treatment 

applications. Journal of Environmental Chemical 

Engineering. 5(4): 3172-3180. 

75. Archana, B., Manjunath, K., Nagaraju, G., Sekhar, 

K. C., & Kottam, N. (2017). Enhanced 

photocatalytic hydrogen generation and 

photostability of ZnO nanoparticles obtained via 

green synthesis. International Journal of Hydrogen 

Energy. 42(8): 5125-5131. 

76. Rathnasamy, R., Thangasamy, P., Thangamuthu, R., 

Sampath, S., & Alagan, V. (2017). Green synthesis 

of ZnO nanoparticles using Carica papaya leaf 

extracts for photocatalytic and photovoltaic 

applications. Journal of Materials Science: 

Materials in Electronics. 28: 10374-10381. 

77. Yuvakkumar, R., & Hong, S. I. (2014). Green 

synthesis of spinel magnetite iron oxide 

nanoparticles. Advanced Materials Research. 1051: 

39-42. 

78. Matinise, N., Fuku, X. G., Kaviyarasu, K., 

Mayedwa, N., & Maaza, M. J. A. S. S. (2017). ZnO 

nanoparticles via Moringa oleifera green synthesis: 

Physical properties & mechanism of 

formation. Applied Surface Science. 406: 339-347. 

79. G. Bhumi and N. Savithramma, Int. J. Drug Dev. 

Res., 2014; 6(1): 208–214. 

80. Shah, R. K., Boruah, F., & Parween, N. (2015). 

Synthesis and characterization of ZnO nanoparticles 

using leaf extract of Camellia sinesis and evaluation 

of their antimicrobial efficacy. Int. J. Curr. 

Microbiol. App. Sci. 4(8): 444-450. 

81. Ramesh, P., Rajendran, A., & Subramanian, A. 

(2014). Synthesis of zinc oxide nanoparticle from 

fruit of Citrus aurantifolia by chemical and green 

method. Asian J Phytomed Clin Res. 2(4): 189-195. 

82. Ramesh, P., & Rajendran, A. (2024). Green 

synthesis of manganese dioxide nanoparticles: 

photocatalytic and antimicrobial 

investigations. International Journal of 

Environmental Analytical Chemistry. 104(19): 8464-

8476. 

83. Jaffri, S. B., Ahmad, K. S., Abrahams, I., & El-

marghany, A. (2024). Microwave fostered 

sustainable synthesis of Nb2O5–ZnO nanomaterial 

for efficiency amplification in high performing 

energy systems. Optical Materials. 157: 116304. 

84. Chinchillas-Chinchillas, M. J., Garrafa-Gálvez, H. 

E., Castro-Beltran, A., & Luque, P. A. (2024). 

Turnera diffusa and its novel application in the 

synthesis of ZnO semiconductor nanoparticles with 

high photocatalytic power. Applied Physics 

A. 130(10): 710. 

85. Laksaci, H., Belhamdi, B., Khelifi, O., Khelifi, A., 

& Trari, M. (2024). The use of green synthesized 

ZnO nanoparticles for the degradation of methyl 

orange under solar light irradiation. International 

Journal of Environmental Science and Technology. 

1-10. 

86. Doan, U. T. T., Pham, N. K., Nguyen, N. H., Phan, 

T. T. T., Park, S., Phan, T. B., ... & Pham, A. T. T. 



www.wjpls.org         │        Vol 11, Issue 3, 2025.         │          ISO 9001:2015 Certified Journal         │ 

 

Thakar et al.                                                                                     World Journal of Pharmaceutical and Life Science  

 

 

 

 

     

44 

(2024). Nanostructuring and oxygen-vacancy tuning 

to repress thermal transport and activate 

thermoelectric properties of green-synthesized 

ZnO. Materialia. 34: 102112. 

87. Bareja, S., & Sharma, R. K. (2024). Comparative 

effects of chemical and green zinc oxide 

nanoparticles in caprine testis: ultrastructural and 

steroidogenic enzyme analysis. Ultrastructural 

Pathology. 48(1): 42-55. 

88. Sadhasivam, S., Shanmugam, M., Umamaheswaran, 

P. D., Venkattappan, A., & Shanmugam, A. (2021). 

Zinc oxide nanoparticles: green synthesis and 

biomedical applications. Journal of cluster 

Science. 32(6): 1441-1455. 

 

89. Malhotra, S. P. K., & Mandal, T. (2019). Zinc oxide 

nanostructure and its application as agricultural and 

industrial material. Contamin. Agric. Environ. 

Health Risks Remed. 1: 216. 

90. Martínez-Carmona, M., Gun’Ko, Y. Vallet-Regí, M. 

(2018). ZnO nanostructures for drug delivery and 

theranostic applications. Nanomaterials. 8(4): 268. 

91. Sirelkhatim, A., Mahmud, S., Seeni, A., Kaus, N. H. 

M., Ann, L. C., Bakhori, S. K. M., ... & Mohamad, 

D. (2015). Review on zinc oxide nanoparticles: 

antibacterial activity and toxicity mechanism. Nano-

micro letters. 7: 219-242. 

92. Singh, A., Kumar, P., Sarkar, N., & Kaushik, M. 

(2022). Influence of green synthesized zinc oxide 

nanoparticles on molecular interaction and 

comparative binding of azure dye with 

chymotrypsin: novel nano-conjugate for cancer 

phototherapy. Pharmaceutics. 15(1): 74. 

93. Singh, A.; Kumar, P.; Sarkar, N.; Kaushik, M. 

Influence of Green Synthesized Zinc Oxide 

Nanoparticles on Molecular Interaction and 

Comparative Binding of Azure Dye with 

Chymotrypsin: Novel Nano-Conjugate for Cancer 

Phototherapy. Pharmaceutics 2023; 15. 

94. Agarwal, H., and Shanmugam, V. (2020). A review 

on anti-inflammatory activity of green synthesized 

zinc oxide nanoparticle: Mechanism-based 

approach. Bioorganic chemistry. 94: 103423. 

95. Sarkar, S., Debnath, S. K., Srivastava, R., and 

Kulkarni, A. R. (2022). Continuous flow scale-up of 

biofunctionalized defective ZnO quantum dots: A 

safer inorganic ingredient for skin UV 

protection. Acta Biomaterialia. 147: 377-390. 

96. Sajjad, A., Ali, H., and Zia, M. (2023). Fabrication 

and evaluation of vitamin doped Zno/AgNPs 

nanocomposite based wheat gluten films: a 

promising findings for burn wound 

treatment. Scientific Reports. 13(1): 16072. 

97. Sellappan, L. K., and Manoharan, S. (2024). 

Fabrication of bioinspired keratin/sodium alginate 

based biopolymeric mat loaded with herbal drug and 

green synthesized zinc oxide nanoparticles as a dual 

drug antimicrobial wound dressing. International 

Journal of Biological Macromolecules. 259: 

129162. 

98. Gautam, R., Yang, S., Maharjan, A., Jo, J., Acharya, 

M., Heo, Y., and Kim, C.(2021). Prediction of skin 

sensitization potential of silver and zinc oxide 

nanoparticles through the human cell line activation 

test. Frontiers in Toxicology. 3: 649666. 

99. Lee, D. H., Kim, S. H., Lee, J. H., Yang, J. Y., Seok, 

J. H., Jung, K., and Lee, J. K.(2021). Flow 

cytometric evaluation of the potential of metal oxide 

nanoparticles for skin sensitization using 5-Bromo-

2-deoxyuridine. Toxicological Research. 37: 369-

377. 

100. Yang, F., Song, Y., Hui, A., Mu, B., and Wang, A. 

(2022). Phyto-mediated controllable synthesis of 

ZnO clusters with bactericidal activity. ACS Applied 

Bio Materials. 6(1): 277-287. 

101. Shandhiya, M., Janarthanan, B., and Sharmila, S. 

(2024). A comprehensive review on antibacterial 

analysis of natural extract-based metal and metal 

oxide nanoparticles. Archives of 

Microbiology. 206(1): 52. 

102. Rao, B.N., Rao, P.T., Vasudha, K., Basha, S.E., 

Prasanna, D.S.L., Rao, T.B., Samatha, K. and 

Ramachandra, R.K. (2023). Physiochemical 

characterization of sodium doped zinc oxide nano 

powder for antimicrobial 

applications. Spectrochimica Acta Part A: 

Molecular and Biomolecular Spectroscopy. 291: 

122297. 

103. Al-Dhabi, N. A., and Valan Arasu, M. (2018). 

Environmentally-friendly green approach for the 

production of zinc oxide nanoparticles and their 

anti-fungal, ovicidal, and larvicidal 

properties. Nanomaterials. 8(7): 500. 

104. Asif, N., Fatima, S., Siddiqui, T., and Fatma, T. 

(2022). Investigation of morphological and 

biochemical changes of zinc oxide nanoparticles 

induced toxicity against multi drug resistance 

bacteria. Journal of Trace Elements in Medicine and 

Biology. 74: 127069. 

105. Jan, T., Iqbal, J., Ismail, M., Zakaullah, M., Naqvi, 

S. H., and Badshah, N. (2013). Sn doping induced 

enhancement in the activity of ZnO nanostructures 

against antibiotic resistant S. aureus 

bacteria. International journal of nanomedicine, 

3679-3687. 

106. Ali, A., Ambreen, S., Javed, R., Tabassum, S., Ul 

Haq, I., and Zia, M. (2017). ZnO nanostructure 

fabrication in different solvents transforms physio-

chemical, biological and photodegradable 

properties. Materials Science and Engineering: 

C. 74: 137-145. 

107. Jose, J., Teja, K.V., Janani, K., Alam, M.K., 

Khattak, O., Salloum, M.G., Magar, S.S., Magar, 

S.P., Rajeshkumar, S., Palanivelu, A. and 

Srivastava, K.C. (2022). Preparation of a novel 

nanocomposite and its antibacterial effectiveness 

against enterococcus faecalis—an in vitro 

evaluation. Polymers. 14(8): 1499. 

108. Jain, D., Shivani, Bhojiya, A.A., Singh, H., Daima, 

H.K., Singh, M., Mohanty, S.R., Stephen, B.J. and 



www.wjpls.org         │        Vol 11, Issue 3, 2025.         │          ISO 9001:2015 Certified Journal         │ 

 

Thakar et al.                                                                                     World Journal of Pharmaceutical and Life Science  

 

 

 

 

     

45 

Singh, A. (2020). Microbial fabrication of zinc oxide 

nanoparticles and evaluation of their antimicrobial 

and photocatalytic properties. Frontiers in 

chemistry. 8: 778. 

109. Saqib, S., Nazeer, A., Ali, M., Zaman, W., Younas, 

M., Shahzad, A., Sunera and Nisar, M. (2022). 

Catalytic potential of endophytes facilitates 

synthesis of biometallic zinc oxide nanoparticles for 

agricultural application. BioMetals. 35(5): 967-985. 

110. Beheiry, H. R., Hasanin, M. S., Abdelkhalek, A., 

&amp; Hussein, H. A. (2023). Potassium Spraying 

preharvest and nanocoating postharvest improve the 

quality and extend the storage period for acid lime 

(Citrus aurantifolia Swingle) fruits. Plants. 12(22): 

3848. 

111. Saqib, S., Nazeer, A., Ali, M., Zaman, W., Younas, 

M., Shahzad, A., ... &amp; Nisar, M. (2022). 

Catalytic potential of endophytes facilitates 

synthesis of biometallic zinc oxide nanoparticles for 

agricultural application. BioMetals. 35(5): 967-985. 

112. Jegatheesan, V., Pramanik, B. K., Chen, J., 

Navaratna, D., Chang, C. Y., and Shu, L. (2016). 

Treatment of textile wastewater with membrane 

bioreactor: a critical review. Bioresource 

technology. 204: 202-212. 

113. Singh, N., Shah, K., and Pramanik, B. K. (2023). 

Synthesis and application of manganese-doped zinc 

oxide as a potential adsorbent for removal of Congo 

red dye from wastewater. Environmental 

Research. 233: 116484. 

114. Kaur, Y., Jasrotia, T., Kumar, R., Chaudhary, G. R., 

and Chaudhary, S. (2021). Adsorptive removal of 

eriochrome black T (EBT) dye by using surface 

active low cost zinc oxide nanoparticles: A 

comparative overview. Chemosphere. 278: 130366. 

115. Prajapati, A. K., and Mondal, M. K. (2021). Novel 

green strategy for CuO–ZnO–C nanocomposites 

fabrication using marigold (Tagetes spp.) flower 

petals extract with and without CTAB treatment for 

adsorption of Cr (VI) and Congo red dye. Journal of 

Environmental Management. 290: 112615. 

116. Anvar, A. A., Ahari, H., and Ataee, M. (2021). 

Antimicrobial properties of food nanopackaging: A 

new focus on foodborne pathogens. Frontiers in 

microbiology. 12: 690706. 

117. Dash, K. K., Deka, P., Bangar, S. P., Chaudhary, V., 

Trif, M., and Rusu, A. (2022). Applications of 

inorganic nanoparticles in food packaging: A 

comprehensive review. Polymers. 14(3): 521. 

118. Suvarna, V., Nair, A., Mallya, R., Khan, T., &amp; 

Omri, A. (2022). Antimicrobial nanomaterials for 

food packaging. Antibiotics. 11(6): 729. 

119. Seo, J., Kim, S., Choi, S., Kwon, D., Yoon, T.H., 

Kim, W.K., Park, J.W. and Jung, J., (2014). Effects 

of physiochemical properties of test media on 

nanoparticle toxicity to Daphnia magna 

straus. Bulletin of environmental contamination and 

toxicology. 93: 257-262. 

120. Verma, S. K., Panda, P. K., Jha, E., Suar, M., and 

Parashar, S. K. S. (2017). Altered physiochemical 

properties in industrially synthesized ZnO 

nanoparticles regulate oxidative stress; induce in 

vivo cytotoxicity in embryonic zebrafish by 

apoptosis. Scientific reports. 7(1): 13909. 

121. Shi, Y., Xiao, Y., Li, Z., Zhang, X., Liu, T., Li, Y., 

Pan, Y. and Yan, W., (2021). Microorganism 

structure variation in urban soil microenvironment 

upon ZnO nanoparticles 

contamination. Chemosphere. 273: 128565. 

122. Saxena, P., Harish, Shah, D., Rani, K., Miglani, R., 

Singh, A.K., Sangela, V., Rajput, V.D., Minkina, T., 

Mandzhieva, S. and Sushkova, S., (2024). A critical 

review on fate, behavior, and ecotoxicological 

impact of zinc oxide nanoparticles on 

algae. Environmental Science and Pollution 

Research. 31(13): 19105-19122. 

123. Rehman, R. U., Khan, B., Aziz, T., Gul, F. Z., 

Nasreen, S., and Zia, M. (2020). Postponement 

growth and antioxidative response of Brassica nigra 

on CuO and ZnO nanoparticles exposure under soil 

conditions. IET nanobiotechnology. 14(5): 423-427. 


