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Abstract 

The increasing interest in nanotechnology and its diverse applications has resulted in significant 

advancements across multiple fields, including medicine, materials science, and energy. The study 

encapsulated in the review titled “Exploring the Role of Nanotechnology in Battlefield Welfare: A 

Comprehensive Study Review” offers a timely and essential discussion on how these innovations can 

transform battlefield conditions and enhance the welfare of military personnel. The review is 

comprehensive, weaving together a wealth of research and case studies that highlight the impact of 

nanotechnology on various aspects of battlefield welfare, including health monitoring, injury 

treatment, and overall soldier resilience. One of the notable strengths of the review is its structured 

approach. It systematically addresses critical areas such as smart textiles, targeted drug delivery 

systems, and real-time health diagnostics, presenting a clear narrative of how nanotechnology can 

proactively protect and serve soldiers in high-stress environments. However, while the review is rich 

in content, it could benefit from a more focused exploration of specific case studies or field 

applications where these technologies have been successfully deployed. Real-world examples would 

enhance the practicality of the recommendations put forth and provide a clearer picture of the current 

status of nanotechnology integration in battlefield scenarios. 
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INTRODUCTION 

Nanotechnology, the manipulation and engineering of matter at the nanoscale (typically 1–100 

nanometers), has emerged as one of the most promising and revolutionary fields in modern science. 

By exploiting the unique properties and behaviors of materials at this scale, researchers and industries 

are unlocking new potentials across multiple domains, including medicine, electronics, energy, and 

environmental science [1]. 

 

Nanotechnology represents a frontier of innovation that holds the potential to reshape the way we 

interact with our world. From revolutionary medical treatments to groundbreaking advances in 

electronics and energy, the impact of this field is 

undeniably profound. However, it is equally 

important to approach its development with 

caution, emphasizing safety and ethical 

considerations to fully harness its benefits for 

society. As research continues to evolve and 

mature, the future of nanotechnology promises to 

be a dynamic and transformative component of the 

technological landscape [2]. 

 

Nanotechnology, the manipulation of matter at 

the atomic and molecular scale, has emerged as a 

transformative force in various fields, including 

medicine, engineering, and environmental science. 
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Its application in military operations has garnered increasing attention, particularly in enhancing 

battlefield welfare. This review explores a study on the implementation of nanotechnology in 

improving the health, safety, and overall welfare of soldiers in combat [3]. 

 

The study thoroughly examines the multifaceted applications of nanotechnology in the military 

context, focusing on medical advancements, protective materials, and environmental remediation. By 

analyzing current research and case studies, the authors present compelling evidence of how 

nanotechnology can significantly enhance the welfare of soldiers deployed in challenging 

environments [4]. 

 

 
Figure 1. Key findings of the study. 

 

The key findings of the study are shown in Figure 1 are: 

1. Medical innovations: One of the standout findings of the study is the potential of 
nanotechnology in medical applications. The researchers highlight the development of 
nanoscale drug delivery systems that allow for targeted therapy, minimizing side effects and 
improving treatment outcomes for injuries and traumatic conditions common in battlefield 
scenarios. Moreover, nanotechnology can facilitate rapid diagnostics, enabling timely medical 
interventions [5]. 

2. Protective gear enhancement: The study discusses innovative materials created through 
nanotechnology that can be used in protective gear, such as body armor and helmets. These 
materials not only provide superior ballistic protection but also incorporate features such as 
lightweight designs and flexibility, which are essential for soldier mobility. Additionally, 
nanofiber fabrics are explored for their ability to repel biological and chemical agents; ensuring 
soldiers are better equipped to handle hazardous situations [6]. 

3. Environmental remediation: The implications of nanotechnology extend to environmental 
safety on the battlefield. The study details nanomaterials that can decontaminate polluted areas, 
thus ensuring a safer operational environment. The ability to clean up chemical spills or 
neutralize biological threats in a timely manner can significantly reduce health risks for soldiers 
[7]. 

4. Challenges and ethical considerations: While the findings are promising, the study does not 
shy away from discussing the challenges associated with integrating nanotechnology into 
military operations. Issues such as the cost of research and development, potential health risks 
related to long-term exposure to nanoparticles, and ethical considerations regarding bioweapons 
and surveillance are critically analyzed. The importance of establishing strict guidelines and 
regulations for the use of nanotechnology in warfare is emphasized [8]. 

 

The study presents a compelling vision for the future of battlefield welfare through the lens of 

nanotechnology. It offers a rich tapestry of innovations that could redefine how military personnel 
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cope with the rigors of combat, ultimately leading to improved health outcomes and safety. While the 

potential is vast, the study rightly calls for careful consideration of the ethical and practical 

implications of deploying these technologies in warfare scenarios [9]. 

 

In conclusion, this study serves as an essential resource for military professionals, policymakers, 

and researchers interested in the convergence of technology and welfare on the battlefield. It holds the 

promise of transforming the operational landscape, substantially enhancing the care and protection of 

soldiers in the field, while simultaneously urging a cautious and responsible approach to these 

powerful advancements [10]. 

 

NANOTECHNOLOGY IN MEDICAL INNOVATIONS FOR BATTLEFIELD WELFARE 

In recent years, the intersection of nanotechnology and military medicine has paved the way for 

groundbreaking innovations that promise to significantly enhance battlefield welfare. The integration 

of nanotechnology into medical applications is not only revolutionizing how injuries are treated in 

combat zones but also improving overall healthcare delivery to soldiers. This review examines the 

implications, benefits, and future prospects of employing nanotechnology in medical innovations for 

battlefield settings [11]. 

 

One of the most compelling applications of nanotechnology in military medicine is its potential to 

improve trauma care. Nanomaterials are being developed for the rapid treatment of wounds, clotting, 

and infection prevention. For instance, nanofibers infused with antimicrobial agents can be used in 

bandages to minimize infection rates in open wounds. Furthermore, nanoparticles have shown 

promise in promoting wound healing by releasing growth factors in a controlled manner, thereby 

accelerating tissue repair [12]. 

 

Additionally, the advent of nanotechnology has led to the creation of hemostatic agents that can 
quickly stop bleeding – critical in battlefield injuries where every second counts. These agents, 
composed of biocompatible nanoparticles, can rapidly respond to hemorrhagic situations by 
enhancing coagulation processes, thereby reducing mortality rates among injured soldiers [13]. 
 

Nanotechnology also plays a crucial role in advancing diagnostic tools that are essential for timely 
medical intervention. Nano-enabled sensors can detect biochemical markers associated with injuries 
or infection at an unprecedented sensitivity level. This capability allows field medics to make 
informed decisions rapidly. For instance, nanosensors capable of analyzing blood samples on-site can 
provide critical information about a soldier’s condition, enabling quicker and more accurate treatment 
pathways [14]. 
 

Moreover, nanotechnology facilitates the development of wearable devices equipped with 
nanoscale electronics. These devices can continuously monitor vital signs or biochemical markers, 
alerting medical personnel to any significant changes in a soldier’s health status in real time. This 
proactive approach to health monitoring is vital in the unpredictable environment of the battlefield, 
where getting immediate help can be the difference between life and death [15]. 
 

Another significant contribution of nanotechnology to battlefield welfare is the innovation of 
biomaterials and advanced drug delivery systems. Nanoparticles can be engineered to deliver drugs in 
a targeted manner, increasing the therapeutic efficacy while minimizing side effects. This is 
particularly crucial in combat situations where soldiers may require a combination of medications to 
manage pain, infection, or inflammation post-injury [16]. 

 
For example, the encapsulation of pain relief medications or antibiotics in nanoparticles can 

enhance their bioavailability, ensuring that they reach their intended targets quickly and efficiently. 
This precision medicine approach not only improves patient outcomes but also reduces the logistical 
burden of carrying large quantities of traditional medications onto the battlefield [17]. 
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Despite the tremendous potential of nanotechnology in military medicine, there are important 

ethical and logistical considerations to address. The deployment of nanotechnological applications 

must be accompanied by rigorous testing to ensure safety and efficacy in the unique conditions of the 

battlefield. Additionally, the potential for dual-use technologies necessitates a comprehensive 

oversight mechanism to prevent misuse in biowarfare scenarios [18]. 

 

Logistics also play a significant role. The integration of nanotechnology into existing medical 

practices requires proper training for medical personnel, as well as investment in new materials and 

devices. The military must navigate these challenges to fully realize the benefits of nanotechnology in 

battlefield welfare [19]. 

 

Nanotechnology represents a frontier in medical innovations that can dramatically enhance 

battlefield welfare, providing soldiers with advanced tools and treatments that significantly improve 

survival rates and recovery times. From sophisticated wound dressings and targeted drug delivery 

systems to real-time diagnostic devices, the applications of nanotechnology in military medicine are 

both exciting and promising [20]. 

 

However, it is imperative that stakeholders prioritize rigorous safety assessments and ethical 

considerations to ensure that these advancements are implemented responsibly. As research continues 

and technology evolves, the potential for nanotechnology to revolutionize how we approach 

battlefield medicine remains an area of great interest and importance in military healthcare [21]. 

 

NANOTECHNOLOGY IN PROTECTIVE GEAR ENHANCEMENT FOR BATTLEFIELD 

WELFARE 

Nanotechnology has emerged as a transformative force in various sectors, and its application in the 

field of military protective gear is particularly noteworthy. The enhancement of battlefield welfare 

through nanotechnology offers a strategic advantage while ensuring the safety and comfort of 

soldiers. This review explores the myriad ways in which nanotechnology is reshaping protective gear, 

examining its benefits, challenges, and future potential [22]. 

 

One of the most significant contributions of nanotechnology to protective gear is the development 

of advanced materials. Nanomaterials, such as carbon nanotubes and graphene, exhibit remarkable 

strength and lightweight characteristics that outperform traditional materials. This means that soldiers 

are now equipped with armor that provides superior protection against ballistic threats while 

minimizing the burden of weight. Lightweight armor not only enhances mobility but also reduces 

fatigue, allowing soldiers to perform effectively over extended periods [23]. 

 

Nanotechnology also plays a pivotal role in developing gear that can combat chemical and 

biological threats. Smart fabrics embedded with nanosensors can detect hazardous substances and 

provide real-time alerts to soldiers. Additionally, coatings that can neutralize chemical agents at the 

molecular level significantly enhance soldiers’ safety in contaminated environments. This 

multifunctionality is vital in contemporary warfare, where unconventional threats are increasingly 

prevalent [24]. 

 

Environmental conditions on the battlefield can be extreme, making thermoregulation a critical 

factor in soldier welfare. Nanotechnology has enabled the development of fabrics that can wick 

moisture and regulate temperature, providing a more comfortable experience for soldiers in diverse 

climatic conditions. These smart textiles incorporate nanoparticles that promote breathability while 

maintaining protection, thus enhancing the soldiers’ overall performance and wellbeing [25]. 

 

Protective gear must withstand rigorous conditions, and nanotechnology contributes to improved 

durability. Innovations such as self-healing materials that can repair minor abrasions or tears increase 
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the longevity of protective equipment, reducing the necessity for frequent replacements. This not only 

ensures that soldiers maintain optimal protection throughout their missions but also aids in cost 

efficiency for military operations [26]. 

 

Despite the numerous advantages, the integration of nanotechnology in military gear also presents 

challenges. Concerns about the long-term effects of nanomaterials on human health and the 

environment demand thorough research and regulatory frameworks. Additionally, the cost of 

manufacturing advanced nanotechnology-based gear can be prohibitive, which might limit its 

accessibility to all military personnel. Addressing these challenges is essential for the widespread 

adoption of nanotechnology in protective gear [27]. 

 

The future of nanotechnology in battlefield welfare appears promising, with ongoing research 

aimed at overcoming current limitations. Collaborative efforts between military organizations and 

nanotechnology experts will likely yield revolutionary advancements that enhance soldier safety and 

efficiency. As the technology matures, we may see more tailored solutions that consider individual 

soldier needs and mission-specific requirements [28]. 

 

In conclusion, the application of nanotechnology in enhancing protective gear represents a 

significant stride towards improved battlefield welfare. By combining advanced material properties, 

superior chemical protection, and enhanced comfort, nanotechnology is redefining soldier safety and 

operational effectiveness. While challenges remain, the potential benefits of this technology mark a 

pivotal evolution in military protective gear, ultimately fostering a safer environment for those who 

serve [29]. 

 

NANOTECHNOLOGY IN ENVIRONMENTAL REMEDIATION FOR BATTLEFIELD 

WELFARE 

The utilization of nanotechnology in environmental remediation is an emerging area of interest, 

particularly concerning battlefield welfare. As military operations often lead to significant ecological 

disturbances, the integration of advanced nanotechnological methods offers promising solutions for 

restoring these environments and ensuring the health and safety of personnel involved in combat 

operations. This review explores the latest advancements in nanotechnology applied to environmental 

remediation within military contexts, examining its benefits, challenges, and implications for 

battlefield welfare [30]. 

 

Nanotechnology encompasses the manipulation of matter on an atomic or molecular scale, which 

can produce materials with unique properties that differ significantly from their bulk counterparts. In 

the realm of environmental remediation, nanoparticles have been developed for the targeted removal 

of pollutants, such as heavy metals, organic contaminants, and explosives residues, which are often 

prevalent in battlefield environments [31]. 

1. Heavy metal remediation: Nanoparticles such as zero-valent iron (ZVI), silica, and various 

metal oxides have demonstrated effectiveness in adsorbing and degrading heavy metals like 

lead, cadmium, and arsenic from contaminated soils and waters. Their high surface area-to-

volume ratio enhances interaction with contaminants, making them efficient agents for 

purification. 

2. Organic contaminant degradation: Nanocatalysts and nanoscale ZVI particles are instrumental 

in the degradation of persistent organic pollutants (POPs) and explosives (e.g., TNT). They 

facilitate chemical reactions that can break down toxic compounds into less harmful substances, 

thus restoring ecological balance and reducing risks to military personnel. 

3. Bioremediation enhancement: Nanotechnology can also enhance traditional bioremediation 

strategies. By using nanoparticles to deliver nutrients and optimize conditions for microbial 

degradation, the natural processes can be accelerated, leading to faster and more efficient 

cleanup of contaminated sites. 
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The implications of applying nanotechnology in this context extend beyond environmental healing. 

Enhanced environmental quality directly contributes to the welfare of soldiers and support staff: 

• Health protection: Effective remediation reduces exposure to hazardous materials for military 

personnel, minimizing health risks linked to chemical contaminants [32]. 

• Operational efficiency: Rapid and efficient cleanup processes allow for quicker recovery and 

reuse of contaminated areas, facilitating operational readiness and reducing logistical 

challenges [33]. 

• Sustainability goals: The military is increasingly committed to sustainability, and incorporating 

advanced technologies aligns with broader ecological objectives while promoting responsible 

stewardship of the land [34]. 

 

Despite the promising prospects, several challenges remain in adopting nanotechnology for 

environmental remediation in battlefield settings: 

1. Cost and availability: The production and application of nanomaterials can be costly, which 

may limit their widespread use in all military operations. Ensuring affordability and 

accessibility is crucial for large-scale implementation. 

2. Environmental impact of nanomaterials: While nanotechnology offers remediation solutions, 

the ecological impact of introducing nanoparticles into the environment must be studied further. 

Potential risks include bioaccumulation and toxicity to non-target organisms. 

3. Regulatory and standardization issues: The regulatory landscape surrounding nanotechnology 

is still evolving. Establishing standard protocols for the use, monitoring, and disposal of 

nanomaterials is essential to ensure their safe application in environmental remediation. 

 

Nanotechnology holds significant potential for revolutionizing environmental remediation efforts in 

battlefield contexts, thereby promoting the welfare of military personnel and restoring the ecological 

integrity of affected areas. While challenges remain, continued research, investment, and 

collaboration between military and scientific communities will be vital for harnessing the full 

capabilities of nanotechnology. As this field evolves, it promises not only enhanced remediation 

strategies but also a commitment to a healthier future for both the environment and those who protect 

it [35]. 

 

NANOTECHNOLOGY IN CHALLENGES AND ETHICAL CONSIDERATIONS IN 

BATTLEFIELD WELFARE 

Nanotechnology, the manipulation of matter at the atomic and molecular scale, has burgeoned into 

a pioneering field with far-reaching implications across various domains, including medicine, 

electronics, and environmental science. In the context of battlefield welfare, nanotechnology presents 

unique opportunities and challenges that merit careful examination. As militaries worldwide seek to 

leverage advanced technologies to safeguard troops and enhance operational effectiveness, ethical 

considerations play an essential role in shaping the implementation of nanotechnology in combat 

scenarios [36]. 

 

The potential applications of nanotechnology in battlefield welfare are vast and promising. 

Nanomaterials can lead to the development of advanced medical treatments, such as rapid wound 

healing agents, drug delivery systems that target specific areas of the body, and synthetic blood 

products that could sustain injured soldiers in crisis situations. Additionally, nanoparticle-based 

sensors can enhance situational awareness by detecting hazardous materials or biological agents in 

real-time, thereby improving the overall safety and efficacy of military operations [37]. 

 

Beyond immediate medical interventions, nanotechnology can improve equipment durability and 

soldier protection. Lightweight and strong nanocomposite materials contribute to the design of more 

effective body armor and vehicles that can withstand higher levels of impact while offering reduced 

weight for increased mobility. Furthermore, energy solutions utilizing nanotechnology may enhance 
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the sustainability and efficiency of power supply systems in the field, enabling longer missions 

without the logistical burden of resupply [38]. 

 

Despite its vast potential, integrating nanotechnology into battlefield welfare is fraught with 

challenges. One primary concern is the risk of unforeseen health effects associated with the use of 

nanomaterials. The very properties that make these materials advantageous – such as increased 

reactivity and enhanced biological interaction – can also lead to toxicity or long-term health 

consequences for both soldiers and civilians. Comprehensive research and testing protocols must be 

established to ensure safety and efficacy, a task that is inherently complicated by the need for rapid 

deployment amidst ongoing conflicts [39]. 

 

Additionally, logistical challenges loom large. The rapid pace of technological advancement in 

nanotech may outstrip the military’s capacity to train personnel adequately, manage materials safely, 

and integrate these innovations into existing frameworks efficiently. Implementing new technologies 

can be resource-intensive; thus, military organizations must navigate budget constraints while 

ensuring that battlefield welfare is not compromised [40]. 

 

The ethical landscape surrounding nanotechnology in battlefield welfare deserves nuanced 

exploration. Central to the debate is the dual-use nature of nanotechnology; while it can enhance 

soldier welfare, these same technologies could potentially be weaponized. For instance, nanoscale 

weapons systems or surveillance technologies could infringe on privacy rights and lead to violations 

of international law. There is the looming threat of creating a new arms race driven by enhanced 

military capabilities, as nations compete to harness next-generation technologies. 

 
Moreover, the distinction between legitimate uses of nanotechnology and its potential abuse is a 

significant ethical consideration. Soldiers as subjects of experimentation have historically raised 
moral questions about consent and exploitation. In battlefield scenarios, the urgency of medical 
advancements may create pressure to deploy untested nanotechnology, potentially endangering those 
it aims to protect. 
 

Nanotechnology holds transformative potential for improving battlefield welfare, yet it is 
accompanied by a complex array of challenges and ethical dilemmas. As military organizations 
worldwide embark on harnessing these cutting-edge advancements, they must prioritize the 
development of robust safety protocols, ethical guidelines, and rigorous oversight mechanisms. 
Engaging interdisciplinary dialogue among scientists, ethicists, military leaders, and policymakers is 
crucial to navigating the fog of war intertwined with nanotechnology’s promise and peril. Ultimately, 
a responsible and ethical approach will enable the military to protect its personnel effectively while 
upholding the values of humanity even amidst conflict. 
 
CASE STUDIES ON THE IMPACT OF NANOTECHNOLOGY ON BATTLEFIELD 

WELFARE 

Nanotechnology, defined as the manipulation of matter on an atomic or molecular scale, has 
emerged as a revolutionary field with far-reaching implications, especially in the realm of military 
operations. The integration of nanotechnology in battlefield welfare has been documented through a 
number of compelling case studies that illustrate its transformative potential. This review explores 
various aspects of battlefield welfare improved by nanotechnology and the concrete impacts 
demonstrated through these case studies. 

 
Enhanced Medical Treatments and Diagnostics 

One of the most significant impacts of nanotechnology on battlefield welfare is the improvement in 
medical treatments and diagnostics. For instance, studies have highlighted the development of 
nanocarriers that deliver drugs directly to damaged tissues, improving healing times for injuries 
sustained in combat. Nanoparticles engineered for targeted drug delivery have shown significant 
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promise in treating infection and trauma, significantly increasing survival rates among injured 
soldiers. Case studies from military hospitals have documented reduced recovery times due to the use 
of these advanced treatments, demonstrating a direct correlation between nanotechnology applications 
and soldier welfare. 

 

Protective Clothing and Gear 

Nanotechnology has been pivotal in the innovation of personal protective equipment (PPE) for 

soldiers. Case studies have demonstrated the effectiveness of nanomaterials in creating lightweight, 

durable fabrics that provide advanced protection against chemical, biological, radiological, and 

nuclear threats. For example, researchers have developed nanoparticle-enhanced textiles that are not 

only resistant to water and stain but also possess antimicrobial properties, reducing the risk of 

infections in battlefield conditions. These advancements in protective gear directly impact soldiers' 

health and operational efficiency, showcasing a remarkable intersection of technology and soldier 

welfare. 

 

Sustainable and Efficient Resource Management 

Sustainability is crucial on the battlefield, where resource management can determine operational 

success. Nanotechnology applications in water purification and food safety have illustrated significant 
improvements in sustaining troops’ welfare. Case studies report the deployment of portable water 

filtration systems using nanomaterials that can remove pathogens and contaminants, providing safe 
drinking water in remote field situations. Similarly, nanosensors that detect spoilage in food supplies 

ensure that troops are consuming safe nourishment, ultimately contributing to their overall health and 
effectiveness. These innovations highlight the strategic advantages of integrating nanotechnology into 

military logistics and resource management. 
 

Mental Health and Stress Reduction 

Emerging case studies suggest that nanotechnology can also play a role in mental health support on 

the battlefield. For instance, nanoparticles are being researched for their ability to deliver 
neuroprotective agents that could mitigate the effects of trauma experienced during combat. 

Additionally, nanoscale devices might one day enable real-time monitoring of physiological metrics, 

such as stress levels, allowing medics to intervene before mental health crises escalate. The potential 
of nanotechnology to enhance psychological wellbeing in the high-stress context of military 

operations is an exciting frontier, with preliminary findings indicating a positive impact on overall 
soldier welfare. 

 
While the benefits of nanotechnology for battlefield welfare are promising, it is crucial to address 

ethical considerations regarding its use. Case studies have begun exploring the implications of 
deploying technologies that could alter human capabilities or potentially lead to unintended 

consequences in warfare. As the military seeks to enhance soldier welfare through technological 
advancements, it must equally prioritize ethical decision making and the potential ramifications of 

these innovations on both soldiers and global security. 
 

The case studies reviewed illustrate that nanotechnology is making meaningful contributions to 
various facets of battlefield welfare, from medical advancements and protective gear to resource 

management and mental health support. With its potential to enhance the health and effectiveness of 
soldiers, nanotechnology stands as a crucial element in modern warfare. However, as it gains traction, 

careful consideration must be given to the ethical dimensions of its applications. Continued research 
and collaborative efforts among scientists, military officials, and ethicists will be essential in 

navigating the future developments of nanotechnology on the battlefield. 

 

CONCLUSION 

“Exploring the Role of Nanotechnology in Battlefield Welfare: A Comprehensive Study Review” is 

a significant contribution to the discourse on military welfare and technological advancements. A 
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comprehensive examination of nanotechnology’s potential applications underscores the need for 

ongoing research and development in this field. As military operations evolve, the insights provided 

in this review could pave the way for improved soldier safety and wellbeing, making it a must read for 

researchers, military officials, and policymakers interested in the intersection of technology and 

warfare. This review is also focused on the case studies of said study of nanotechnology in battlefield 

welfare.  
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