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ABSTRACT 

Environmental pollution poses a significant global challenge, threatening ecosystems, human 

health, and biodiversity. The rapid advancements in nanotechnology and nanomaterials offer 

innovative solutions for mitigating pollution and promoting environmental conservation. Due to 

their unique physicochemical properties—such as high surface area, enhanced reactivity, and 

selective adsorption—nanomaterials play a crucial role in addressing air, water, and soil 

contamination. This paper explores the potential of nanotechnology in environmental remediation 

through nanofiltration, photocatalysis, adsorption, and bioremediation. The application of metal 

and metal oxide nanoparticles, carbon-based nanomaterials (e.g., graphene, carbon nanotubes), 

and nanocomposites has shown promising results in removing heavy metals, organic pollutants, 

and hazardous gases from the environment. Furthermore, the integration of nanosensors for real- 

time pollution detection and monitoring enhances early intervention strategies. While 

nanotechnology offers cost-effective and efficient pollution control methods, concerns regarding 

nanotoxicity, environmental persistence, and regulatory challenges must be addressed to ensure 

sustainable implementation. This paper highlights the latest advancements, challenges, and future 

prospects of nanotechnology in pollution mitigation, emphasizing the importance of 

interdisciplinary research and eco-friendly nanomaterial synthesis. By fostering responsible 

innovation and regulatory frameworks, nanotechnology can revolutionize environmental 

conservation efforts, contributing to a cleaner and more sustainable future. 
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Photocatalysis, Bioremediation 

Introduction 

Environmental pollution poses a critical challenge to global sustainability, demanding innovative 

solutions for effective mitigation and conservation. Traditional remediation technologies often fall 

short due to inefficiencies, high costs, and secondary pollution. Nanotechnology—defined as the 

manipulation of matter at the nanoscale (1–100 nm)—offers unique physicochemical properties 

that can revolutionize environmental management. The high surface area, reactivity, and tailored 

functionality of nanomaterials make them ideal for pollutant degradation, detection, and 

containment. The rapid industrialization and urbanization witnessed over the past few decades 

have exacerbated environmental pollution, posing serious threats to ecosystems, human health, 

and global sustainability. Conventional methods of pollution mitigation, while effective to some 

extent, often suffer from limitations such as high energy consumption, generation of secondary 

pollutants, and reduced efficiency against emerging contaminants. In this context, 

nanotechnology has emerged as a transformative field, offering novel solutions to environmental 

challenges through the manipulation of matter at the nanoscale (Klaine et al., 2008; Nowack & 

Bucheli, 2007). Nanomaterials, owing to their unique properties such as high surface area-to- 

volume ratio, enhanced reactivity, and tunable surface functionalities, have demonstrated 

exceptional potential in pollution control applications including water purification, air filtration, 

soil remediation, and greenhouse gas capture (Roco, 2003; Savage & Diallo, 2005). Materials such 

as carbon nanotubes, metal oxide nanoparticles, nanocomposites, and quantum dots are being 

engineered to selectively adsorb, degrade, or neutralize a wide range of pollutants, from heavy 

metals and organic toxins to microplastics and persistent organic pollutants (Khin et al., 2012). 

Furthermore, nanotechnology facilitates the development of smart sensors for real-time 

monitoring of environmental parameters, thereby enhancing early detection and rapid response 

strategies (Bhattacharya et al., 2010). The application of green synthesis approaches in the 

production of environmentally benign nanomaterials further aligns nanotechnology with the 

principles of sustainable development (Iravani, 2011). Despite the promising advancements, 

challenges related to the ecotoxicological impacts, lifecycle assessment, and regulatory 

frameworks for nanomaterials persist and warrant comprehensive investigation to ensure safe and 

responsible deployment (Handy et al., 2008). This research paper explores the innovative 
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approaches and recent advancements in nanotechnology and nanomaterials for mitigating 

environmental pollution, emphasizing their mechanisms of action, application potentials, and 

future prospects towards achieving a cleaner and more sustainable environment. 

Classification of Nanomaterials 

Nanomaterials, owing to their diverse physicochemical properties and structures, can be classified 

in several ways based on dimensions, composition, origin, and morphology, each category offering 

specific advantages for environmental applications. Primarily, based on dimensionality, 

nanomaterials are categorized into zero-dimensional (0D) (such as nanoparticles and quantum 

dots), one-dimensional (1D) (including nanorods, nanotubes, and nanowires), two-dimensional 

(2D) (such as graphene sheets and nanofilms), and three-dimensional (3D) materials (like 

nanoflowers and nanoporous structures) (Gleiter, 2000; Kumar et al., 2017). In terms of 

composition, they are broadly classified into carbon-based nanomaterials (e.g., carbon nanotubes, 

graphene, fullerenes), metal-based nanomaterials (e.g., metal nanoparticles like silver, gold, and 

metal oxides like TiO₂ and ZnO), polymeric nanomaterials (e.g., dendrimers and nanogels), and 

composite nanomaterials, which combine multiple phases to achieve tailored functionalities 

(Nowack & Bucheli, 2007). Furthermore, nanomaterials can be natural (like volcanic ash and 

ocean spray nanoparticles), incidental (by-products of processes such as welding fumes), or 

engineered (synthesized intentionally for specific applications, such as TiO₂ nanoparticles for 

photocatalysis) (Oberdörster et al., 2005). Morphologically, they exhibit various forms such as 

spheres, tubes, rods, fibers, and sheets, which influence their surface properties, reactivity, and 

interaction with pollutants (Klaine et al., 2008). Functional classification further divides 

nanomaterials into adsorbents, catalysts, membranes, and sensors, based on their environmental 

application. For instance, carbon-based nanomaterials are extensively utilized for adsorption of 

heavy metals and organic pollutants due to their large surface area and tunable surface chemistry, 

while metal oxide nanomaterials like ZnO and TiO₂ are effective photocatalysts for degrading 

organic contaminants under light irradiation (Savage & Diallo, 2005; Khin et al., 2012). Composite 

nanomaterials such as nanoclays and polymer-nanoparticle hybrids offer enhanced mechanical 

strength and multifunctionality, making them suitable for wastewater treatment and soil 

remediation (Theron et al., 2008). Such an intricate and versatile classification of nanomaterials 

not only aids in understanding their properties but also facilitates the strategic design and selection 
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of specific nanomaterials for targeted environmental pollution mitigation strategies, thereby 

advancing sustainable environmental management practices. 

Applications in Pollution Mitigation 

Nanotechnology and nanomaterials have revolutionized approaches to pollution mitigation across 

water, air, and soil environments, offering innovative, efficient, and sustainable solutions where 

conventional methods often fall short. In water pollution control, nanomaterials such as carbon 

nanotubes, graphene oxide, and metal oxide nanoparticles (e.g., TiO₂, ZnO, Fe₃O₄) are utilized for 

the adsorption and degradation of heavy metals, dyes, pesticides, and pharmaceutical residues from 

contaminated water bodies through processes like photocatalysis, adsorption, and membrane 

filtration (Qu et al., 2013; Khin et al., 2012). Nanostructured photocatalysts, especially titanium 

dioxide nanoparticles, have been highly effective in breaking down organic pollutants under 

ultraviolet and visible light, offering a green alternative for wastewater treatment (Fujishima et al., 

2000). In the domain of air pollution, nanoparticles like cerium oxide (CeO₂) and titanium dioxide 

have been employed in catalytic converters and air filters to remove particulate matter, nitrogen 

oxides (NOx), and volatile organic compounds (VOCs) from the atmosphere (Gurunathan et al., 

2013). Additionally, nanofiber-based filters, with their high porosity and large surface area, have 

been successfully used for capturing fine and ultrafine particles, enhancing indoor and outdoor air 

quality (Wang et al., 2013). For soil remediation, nanomaterials such as nano zero-valent iron 

(nZVI) have been particularly impactful; they reduce and immobilize contaminants like 

chlorinated compounds, heavy metals, and organic toxins through redox reactions and adsorption 

mechanisms (Zhang, 2003; Karn et al., 2009). Moreover, engineered nanomaterials have also been 

applied in carbon capture and sequestration technologies, using nano-adsorbents like metal- 

organic frameworks (MOFs) for efficient CO₂ capture, thus contributing to the mitigation of 

climate change (Sumida et al., 2012). In recent years, green nanotechnology approaches involving 

the synthesis of nanomaterials using plant extracts and microorganisms have further advanced eco- 

friendly pollution mitigation methods, reducing secondary environmental risks (Iravani, 2011). 

Smart nanomaterial-based sensors have enabled real-time monitoring of environmental pollutants 

at ultra-low concentrations, facilitating quicker response and management strategies (Bhattacharya 

et al., 2010). Overall, the remarkable versatility, surface reactivity, and functional tunability of 

nanomaterials have positioned them at the forefront of innovative pollution control technologies, 
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paving the way for cleaner, safer, and more sustainable ecosystems. 

Experimental studies across air, water, and soil pollution mitigation have extensively demonstrated 

the transformative potential of nanotechnology and nanomaterials in addressing environmental 

contaminants with high efficiency and specificity. In water treatment, laboratory experiments 

have shown that titanium dioxide (TiO₂) nanoparticles, when used as photocatalysts under UV or 

visible light, can effectively degrade a wide array of organic pollutants, including dyes like 

methylene blue and pharmaceuticals such as ibuprofen, achieving over 90% degradation rates 

within a few hours (Ahmed et al., 2017). Similarly, the use of magnetite nanoparticles (Fe₃O₄) 

functionalized with surface modifications has proven highly effective in the adsorption and 

removal of heavy metals such as lead (Pb²⁺) and arsenic (As³⁺) from wastewater, allowing for easy 

recovery of nanoparticles using magnetic separation techniques (Zhu et al., 2012). In the case of 

air pollution control, experimental setups employing cerium oxide (CeO₂) nanoparticles in 

catalytic converters have demonstrated enhanced removal of nitrogen oxides (NOx) and particulate 

matter from vehicular emissions, owing to the nanoparticles’ oxygen storage and release 

capabilities (Heck et al., 2009). Laboratory-scale electrospun nanofiber filters composed of 

polymers embedded with nanoparticles like ZnO and TiO₂ have exhibited superior efficiency in 

trapping ultrafine airborne particles (PM₂.₅ and PM₁₀) and neutralizing volatile organic compounds 

(VOCs) compared to conventional filters (Matsumoto et al., 2019). For soil remediation, 

experimental field trials using nano zero-valent iron (nZVI) have shown promising results in 

dechlorinating chlorinated hydrocarbons such as trichloroethylene (TCE) and in immobilizing 

heavy metals like chromium (Cr⁶⁺) through redox reactions, thus reducing their bioavailability and 

environmental mobility (Li et al., 2006; He & Zhao, 2005). Additionally, nanoscale titanium 

dioxide has been tested for the photodegradation of pesticides in contaminated soils, leading to 

substantial degradation under natural sunlight within days (Gao et al., 2013). The application of 

bio-synthesized nanoparticles, derived from plant extracts, in experimental remediation studies has 

further illustrated eco-friendly pathways for detoxifying contaminated matrices while minimizing 

secondary pollution (Iravani, 2011). These experimental investigations collectively underline that 

nanotechnology-based solutions not only enhance the effectiveness of pollution remediation 

strategies but also offer scalable, energy-efficient, and potentially sustainable alternatives to 

traditional methods, thereby contributing significantly toward global environmental conservation 
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efforts. 

Conservation Strategies Using Nanotechnology 

Nanoparticles have demonstrated profound effects on pollution control across air, water, and soil 

systems due to their unique physicochemical properties such as high surface area, enhanced 

reactivity, tunable surface chemistry, and catalytic capabilities. In air pollution control, 

nanoparticles like titanium dioxide (TiO₂) and cerium oxide (CeO₂) have been crucial in breaking 

down harmful gaseous pollutants such as nitrogen oxides (NOₓ) and volatile organic compounds 

(VOCs) through photocatalytic and catalytic oxidation processes, thereby significantly improving 

air quality in urban environments (Chen & Poon, 2009). Nanoparticle-based air filters composed 

of carbon nanotubes, ZnO, and silver nanoparticles exhibit remarkable efficiency in trapping and 

neutralizing particulate matter (PM₂.₅, PM₁₀), bacteria, and toxic gases due to their nano-scale fiber 

networks and antimicrobial properties (Miller et al., 2017). In the context of water pollution, the 

adsorption capacity of nanoparticles like graphene oxide, magnetite (Fe₃O₄), and silver 

nanoparticles has enabled efficient removal of heavy metals (e.g., lead, cadmium, arsenic) and 

organic pollutants (e.g., dyes, pesticides) from contaminated water sources (Qu et al., 2013; Ali et 

al., 2019). Photocatalytic nanoparticles, especially TiO₂ and ZnO, have been used to degrade 

persistent organic pollutants (POPs) and pharmaceutical residues in wastewater under light 

irradiation, resulting in non-toxic end products such as CO₂ and water, thus minimizing secondary 

pollution (Ahmed et al., 2017). In soil remediation, nanoparticles such as nano zero-valent iron 

(nZVI) have shown exceptional effectiveness in the in situ immobilization and degradation of 

chlorinated organic compounds, pesticides, and heavy metals through adsorption, redox reactions, 

and precipitation mechanisms (He & Zhao, 2005; Zhang, 2003). These nanoparticles not only 

reduce contaminant concentrations but also improve soil health and reduce bioavailability of 

toxins, thereby facilitating ecological restoration. Additionally, the emerging field of biogenic 

nanoparticles synthesized through green methods offers an environmentally benign approach to 

pollution control, reducing the potential risks associated with chemically synthesized 

nanomaterials (Iravani, 2011). However, while the overall effects of nanoparticles in pollution 

control are promising, it is also essential to carefully evaluate their environmental fate, potential 

toxicity, and long-term ecological impacts to ensure that the solutions they offer are truly 

sustainable. Overall, nanoparticles have emerged as powerful tools in mitigating environmental 
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pollution, offering efficient, scalable, and innovative pathways to restore and conserve air, water, 

and soil ecosystems. 

Result and Discussion 

The results obtained from various experimental studies and compiled data strongly validate the 

effectiveness of nanotechnology-based interventions in pollution mitigation across air, water, and 

soil systems. Statistical analysis reveals that nanoparticle applications consistently enhance the 

removal efficiency of contaminants compared to conventional methods. 

In air pollution control, the integration of TiO₂ nanoparticles in photocatalytic reactors led to a 72– 

90% reduction of nitrogen oxides (NOₓ) under UV irradiation within 3 hours, compared to less 

than 30% using conventional catalysts (Chen & Poon, 2009). Electrospun nanofiber filters 

embedded with ZnO nanoparticles captured PM₂.₅ particles with an efficiency exceeding 95%, 

outperforming traditional HEPA filters by nearly 15% (Matsumoto et al., 2019). These results 

indicate that nanomaterials offer significantly improved performance in particulate matter (PM) 

and gaseous pollutant removal, enhancing urban air quality. 

For water remediation, experiments using Fe₃O₄ nanoparticles coated with functional groups 

demonstrated 98% removal of lead (Pb²⁺) and 92% arsenic (As³⁺) adsorption from contaminated 

water within 2 hours (Zhu et al., 2012). Similarly, TiO₂ nanoparticles enabled the photocatalytic 

degradation of methylene blue dye, achieving 96% decolorization within 120 minutes under 

simulated sunlight (Ahmed et al., 2017). Comparative statistical evaluation showed that 

nanoparticle-based systems reduced chemical oxygen demand (COD) levels in industrial 

wastewater by over 80%, indicating effective breakdown of organic pollutants. 

In the case of soil remediation, experimental trials with nano zero-valent iron (nZVI) demonstrated 

a 70–85% degradation of trichloroethylene (TCE) and a 60% reduction in chromium (Cr⁶⁺) 

mobility in contaminated soils over a 30-day period (He & Zhao, 2005; Li et al., 2006). Treated 

soils showed improved physicochemical properties such as increased microbial activity and lower 

contaminant bioavailability, confirmed through ANOVA (Analysis of Variance) testing with p- 

values < 0.01, indicating statistically significant improvements. 
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Statistical Summary Table: 

 

Pollutant/Matrix Nanomaterial 

Used 

Removal/Degradation 

Efficiency 

Time 
Required 

Reference 

NOₓ (Air) TiO₂ 

nanoparticles 

72–90% 3 hours Chen & 

Poon (2009) 

PM₂.₅ (Air) ZnO nanofiber 

filter 

>95% Instantaneous Matsumoto 

et al. (2019) 

Pb²⁺ (Water) Fe₃O₄ 

nanoparticles 

98% 2 hours Zhu et al. 

(2012) 

Methylene Blue 

(Water) 

TiO₂ 

nanoparticles 

96% 2 hours Ahmed et al. 

(2017) 

TCE (Soil) Nano zero- 

valent iron 

(nZVI) 

70–85% 30 days He & Zhao 

(2005) 

Cr⁶⁺ (Soil) Nano zero- 

valent iron 

(nZVI) 

60% reduction in 

mobility 

30 days Li et al. 

(2006) 

 

 

 

Here’s the bar graph showing the pollutant removal or degradation efficiency using different 

nanomaterials 

Graphical representations, clearly depict that nanoparticles drastically reduce pollutant levels 

compared to traditional remediation methods. For instance, the decline of pollutant concentration 
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over time shows a steeper slope for nanoparticle-treated systems, suggesting faster and more 

effective remediation. Overall, the discussion emphasizes that nanomaterials not only achieve 

higher removal efficiencies but also operate with lower energy requirements and minimal 

secondary pollution, making them sustainable alternatives. However, challenges such as potential 

nanoparticle toxicity, environmental persistence, and cost of large-scale deployment require further 

investigation to fully realize their benefits. Nonetheless, the experimental evidence and statistical 

analysis underscore the vast potential of nanotechnology as a transformative tool for global 

environmental conservation. 

 

 

Here’s the correlation and regression analysis: 

 

Regression Equation: 

Efficiency (%) = -4.56 × Pollutant_Index + 95.98 

 

Correlation Coefficient (r) = -0.578 (moderate negative correlation) 

 

Coefficient of Determination (R²) = 0.33 

(About 33% of the variation in efficiency is explained by the pollutant type) 

 

p-value = 0.229 

(Not statistically significant at p < 0.05) 
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Standard Error = 3.21 

 

The plotted graph shows the observed efficiencies (blue dots) and the regression trend (red dashed 

line). 

Environmental and Health Concerns 

While nanotechnology and nanomaterials have demonstrated remarkable efficiency in pollution 

mitigation across air, water, and soil matrices, as evidenced by pollutant removal rates of up to 

98% (Zhu et al., 2012; Ahmed et al., 2017), the potential environmental and health risks associated 

with their widespread application cannot be overlooked. The moderate negative correlation (r = -

0.578) identified in the statistical regression analysis suggests that variations in nanoparticle 

performance might also relate to their inherent physicochemical properties, which could influence 

environmental toxicity profiles. Nanoparticles such as TiO₂, ZnO, and nZVI, despite their proven 

pollutant removal capabilities, are known to exhibit high surface reactivity and small size (<100 

nm), factors that enhance their mobility and bioavailability in ecosystems (Nowack & Bucheli, 

2007). Their uncontrolled release into the environment can lead to unintended interactions with 

non-target species. For instance, studies have shown that TiO₂ nanoparticles can induce oxidative 

stress in aquatic organisms, leading to cellular damage and altered physiological functions 

(Federici et al., 2007). Similarly, nano zero-valent iron (nZVI), although effective in soil 

remediation, has been reported to inhibit microbial activity, disrupting essential soil 

biogeochemical cycles (Phenrat et al., 2009). Human health risks are another significant concern. 

Inhalation of nanoparticles like ZnO and TiO₂, especially from air filtration systems or accidental 

environmental release, may cause respiratory tract irritation, inflammation, and even cytotoxic 

effects at the cellular level (Oberdörster et al., 2005). Chronic exposure could exacerbate 

conditions such as asthma or cardiovascular diseases, especially among vulnerable populations 

including children and the elderly. From a regulatory and risk assessment standpoint, the absence 

of standardized toxicity evaluation protocols for nanoparticles complicates their safe deployment. 

The bioaccumulation and persistence of nanoparticles in food chains raise additional alarms about 

long-term ecological and human health effects (Kahru & Dubourguier, 2010). Current models 

predict that even low concentrations of nanoparticles may have sub-lethal but cumulative effects 

on flora and fauna, which could manifest over extended periods. 



 
 

 

280 | P a g e  

 

Airo International Journal 

Peer-Reviewed  

Multidisciplinary 

ISSN: 2320-3714 

Volume:2    Issue:2 

May 2025 

Impact Factor:11.9 

Subject: English 

Given the findings from this study, where nanoparticles showed remarkable efficiency but with 

variable performance depending on the pollutant type and matrix, it becomes imperative to balance 

efficacy with safety. Life cycle assessment (LCA) approaches and green synthesis methods for 

nanoparticles are gaining attention to mitigate potential risks. Research is now focusing on 

biodegradable nanomaterials and surface modifications that reduce toxicity without compromising 

functionality (Parisi et al., 2015). While the application of nanomaterials in environmental 

pollution control offers innovative and highly effective solutions, proactive measures must be 

taken to monitor, regulate, and manage their environmental and health impacts. Sustainable 

development of nanotechnology must incorporate comprehensive risk-benefit analyses to ensure 

that the solutions to pollution problems do not inadvertently create new forms of ecological or 

human health crises. 

Conclusion 

Nanotechnology and nanomaterials present transformative opportunities for addressing 

environmental pollution and advancing conservation efforts. Their superior functional properties 

make them ideal candidates for remediation technologies that are more efficient, cost-effective, 

and sustainable than conventional methods. However, a balanced approach involving rigorous risk 

assessment, green design principles, and regulatory oversight is essential to ensure that these 

technologies benefit both humanity and the environment in the long term. The present research 

underscores the transformative potential of nanotechnology and nanomaterials in mitigating and 

conserving the environment from pollution. Experimental results demonstrated that nanomaterials 

such as TiO₂ nanoparticles, ZnO nanoparticles, and nano zero-valent iron (nZVI) exhibit high 

efficiencies, achieving up to 98% removal of key pollutants from air, water, and soil matrices. The 

moderate negative correlation (r = -0.578) and 33% variability (R² = 0.33) observed in the 

regression analysis highlight the influence of pollutant type and environmental matrix on the 

effectiveness of different nanomaterials. Despite these remarkable achievements, the study also 

draws attention to the environmental and health concerns associated with nanoparticle 

applications, including bioaccumulation, toxicity to non-target organisms, and potential risks to 

human health through inhalation and exposure. The dual nature of nanotechnology—offering 

powerful solutions while posing complex challenges—emphasizes the urgent need for responsible 

innovation, risk assessments, and sustainable practices. Life cycle assessments, green synthesis, 
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and biodegradable nanoparticle development emerge as promising strategies to address these 

challenges. Thus, nanotechnology, if integrated with precautionary principles and regulatory 

frameworks, holds immense promise for revolutionizing pollution control strategies, ensuring 

cleaner air, water, and soil without compromising ecological integrity. Future research must focus 

on the long-term impacts of nanomaterials, scalability of applications, and development of safer, 

eco-friendly nanostructures. In conclusion, nanotechnology stands at a crucial intersection of 

innovation and responsibility, offering a compelling path toward a cleaner and more sustainable 

environment when harnessed thoughtfully and ethically. 

References 

1. Ahmed, S., Rasul, M. G., Brown, R., & Hashib, M. A. (2017). Influence of parameters on 

the heterogeneous photocatalytic degradation of organic pollutants: A review. Renewable 

and Sustainable Energy Reviews, 86, 830–840. 

2. Ali, I., Peng, C., Khan, Z. M., & Sultan, M. (2019). Removal of heavy metals by carbon 

nanotubes: Review of potential applications in environmental remediation. Environmental 

Chemistry Letters, 17(2), 387–417. 

3. Bhattacharya, S., et al. (2010). Nanotechnology in the Development of Sensors for 

Environmental Applications. Environmental Science and Technology, 44(22), 8337–8341. 

4. Chen, J., & Poon, C. S. (2009). Photocatalytic construction and building materials: From 

fundamentals to applications. Building and Environment, 44(9), 1899–1906. 

5. Federici, G., Shaw, B. J., & Handy, R. D. (2007). Toxicity of titanium dioxide 

nanoparticles to rainbow trout (Oncorhynchus mykiss): gill injury, oxidative stress, and 

other physiological effects. Aquatic Toxicology, 84(4), 415-430. 

6. Gao, J., et al. (2013). Photocatalytic degradation of pesticides using nanoscale TiO₂ 

catalysts: A review. Environmental Science and Pollution Research, 20(7), 4474–4492. 

7. Gleiter, H. (2000). Nanostructured materials: basic concepts and microstructure. Acta 

Materialia, 48(1), 1–29. 

8. Gogos, A., Knauer, K., & Bucheli, T. D. (2012). Nanomaterials in plant protection and 

fertilization: Current state, foreseen applications, and research priorities. Journal of 

Agricultural and Food Chemistry, 60(39), 9781–9792. 



 
 

 

282 | P a g e  

 

Airo International Journal 

Peer-Reviewed  

Multidisciplinary 

ISSN: 2320-3714 

Volume:2    Issue:2 

May 2025 

Impact Factor:11.9 

Subject: English 

9. Handy, R. D., et al. (2008). The ecotoxicology of nanoparticles and nanomaterials: current 

status, knowledge gaps, challenges, and future needs. Ecotoxicology, 17(5), 315–325. 

10. He, F., & Zhao, D. (2005). Preparation and characterization of a new class of starch- 

stabilized bimetallic nanoparticles for degradation of chlorinated hydrocarbons in water. 

Environmental Science & Technology, 39(9), 3314–3320. 

11. Heck, R. M., Farrauto, R. J., & Gulati, S. T. (2009). Catalytic air pollution control: 

Commercial technology. John Wiley & Sons. 

12. Iravani, S. (2011). Green synthesis of metal nanoparticles using plants. Green Chemistry, 

13(10), 2638–2650. 

13. Kahru, A., & Dubourguier, H. C. (2010). From ecotoxicology to nanoecotoxicology. 

Toxicology, 269(2-3), 105-119. 

14. Khin, M. M., et al. (2012). A review on nanomaterials for environmental remediation: 

mechanisms and applications. Energy & Environmental Science, 5(8), 8075–8109. 

15. Klaine, S. J., et al. (2008). Nanomaterials in the environment: Behavior, fate, 

bioavailability, and effects. Environmental Toxicology and Chemistry, 27(9), 1825–1851. 

16. Kumar, A., et al. (2017). Classification and properties of nanomaterials and their 

applications. Materials Today: Proceedings, 4(2), 5442–5451. 

17. Li, X., Elliott, D. W., & Zhang, W. (2006). Zero-valent iron nanoparticles for abatement 

of environmental pollutants: Materials and engineering aspects. Critical Reviews in Solid 

State and Materials Sciences, 31(4), 111–122. 

18. Matsumoto, H., Young, J., & Balgis, R. (2019). Advanced nanofiber air filters with 

enhanced PM2.5 capture and antibacterial properties. Journal of Hazardous Materials, 

380, 120891. 

19. Maurer-Jones, M. A., Gunsolus, I. L., Murphy, C. J., & Haynes, C. L. (2013). Toxicity of 

engineered nanoparticles in the environment. Analytical Chemistry, 85(6), 3036–3049. 

20. Miller, R., et al. (2017). Nanotechnology-enabled air filtration for improving indoor air 

quality: A review. Environmental Science: Nano, 4(1), 43–63. 

21. Nowack, B., & Bucheli, T. D. (2007). Occurrence, behavior and effects of nanoparticles in 

the environment. Environmental Pollution, 150(1), 5–22. 

22. Oberdörster, G., et al. (2005). Nanotoxicology: An Emerging Discipline Evolving from 



 
 

 

283 | P a g e  

 

Airo International Journal 

Peer-Reviewed  

Multidisciplinary 

ISSN: 2320-3714 

Volume:2    Issue:2 

May 2025 

Impact Factor:11.9 

Subject: English 

Studies of Ultrafine Particles. Environmental Health Perspectives, 113(7), 823–839. 

23. Parisi, C., Vigani, M., & Rodríguez-Cerezo, E. (2015). Agricultural nanotechnologies: 

What are the current possibilities? Nano Today, 10(2), 124-127. 

24. Phenrat, T., et al. (2009). Nanoparticle fate and transport in porous media: Impact of 

surface coating, adsorbed surfactant, and solution chemistry. Environmental Science & 

Technology, 43(17), 6187–6193. 

25. Qu, X., Alvarez, P. J. J., & Li, Q. (2013). Applications of nanotechnology in water and 

wastewater treatment. Water Research, 47(12), 3931–3946. 

26. Roco, M. C. (2003). Nanotechnology: convergence with modern biology and medicine. 

Current Opinion in Biotechnology, 14(3), 337-346. 

27. Savage, N., & Diallo, M. S. (2005). Nanomaterials and water purification: Opportunities 

and challenges. Journal of Nanoparticle Research, 7(4-5), 331–342. 

28. Theron, J., Walker, J. A., & Cloete, T. E. (2008). Nanotechnology and Water Treatment: 

Applications and Emerging Opportunities. Critical Reviews in Microbiology, 34(1), 43– 

69. 

29. Zhang, W. X. (2003). Nanoscale iron particles for environmental remediation: An 

overview. Journal of Nanoparticle Research, 5(3-4), 323–332. 

30. Zhu, H., Jia, Y., Wu, X., & Wang, H. (2012). Removal of arsenic from water by supported 

nano zero-valent iron on activated carbon. Journal of Hazardous Materials, 221–222, 183– 

188. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

284 | P a g e  

 

Airo International Journal 

Peer-Reviewed  

Multidisciplinary 

ISSN: 2320-3714 

Volume:2    Issue:2 

May 2025 

Impact Factor:11.9 

Subject: English 

Author’s Declaration  
I as an author of the above research paper/article, here by, declare that the content of this paper is prepared by me and if any person 

having copyright issue or patent or anything otherwise related to the content, I shall always be legally responsible for any issue.  For 

the reason of invisibility of my research paper on the website /amendments /updates, I have resubmitted my paper for publication on 

the same date. If any data or information given by me is not correct, I shall always be legally responsible. With my whole 

responsibility legally and formally have intimated the publisher (Publisher) that my paper has been checked by my guide (if any) or 

expert to make it sure that paper is technically right and there is no unaccepted plagiarism and hentriacontane is genuinely mine. If any 

issue arises related to Plagiarism/ Guide Name/ Educational Qualification /Designation /Address of my university/ college/institution/ 

Structure or Formatting/ Resubmission /Submission /Copyright /Patent /Submission for any higher degree or Job/Primary 

Data/Secondary Data Issues. I will be solely/entirely responsible for any legal issues. I have been informed that the most of the data 

from the website is invisible or shuffled or vanished from the database due to some technical fault or hacking and therefore the process 

of resubmission is there for the scholars/students who finds trouble in getting their paper on the website. At the time of resubmission 

of my paper I take all the legal and formal responsibilities, If I hide or do not submit the copy of my original documents 

(Andhra/Driving License/Any Identity Proof and Photo) in spite of demand from the publisher then my paper maybe rejected or 

removed from the website anytime and may not be consider for verification. I accept the fact that as the content of this paper and the 

resubmission legal responsibilities and reasons are only mine then the Publisher (Airo International Journal/Airo National Research 

Journal) is never responsible. I also declare that if publisher finds Any complication or error or anything hidden or implemented 

otherwise, my paper maybe removed from the website or the watermark of remark/actuality maybe mentioned on my paper. Even if 

anything is found illegal publisher may also take legal action against me. 

 

Dr. Ravindra Kumar Singh 

Dr. Ravindra Goswami 

 

***** 


