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Abstract. This paper discusses advancements in radiation and chemical hazard detection
technologies that have significantly improved military environmental safety. The use of modern
sensors, autonomous drones, and Al-powered predictive analytics has greatly enhanced the
accuracy, speed, and efficiency of hazard detection in real time. However, challenges such as
sensor reliability, high costs, and data overload remain. In the future, the development of
autonomous systems, quantum computing, and predictive analytics will play a key role in
improving military readiness and personnel safety, while enhancing the effectiveness of
military operations in complex threat environments.

Introduction
In modern military operations, environmental safety is becoming
increasingly critical, with radiation and chemical threats posing significant
risks to both personnel and mission success. Historically, the detection and
management of such hazards relied on basic, often rudimentary technologies
that were limited by range, accuracy, and real-time responsiveness. However,
recent advancements in detection systems are fundamentally transforming
how armed forces approach environmental security, particularly in the realms

of radiation and chemical hazard monitoring.
The prevalence of radiation and chemical threats has grown in parallel
with the complexity of modern warfare, especially in conflict zones where
unconventional weapons and environmental contamination are concerns.
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According to the International Atomic Energy Agency (IAEA), the number of
military operations that involve radioactive material has surged in recent
decades, driven by both the increasing use of nuclear technology and the
heightened risk of radiological attacks. Similarly, chemical weapons remain a
persistent threat, with numerous international reports highlighting the use of
chemical agents in ongoing conflicts. In fact, the Organisation for the
Prohibition of Chemical Weapons (OPCW) has documented over 300 instances
of chemical weapon use since the 2013 Syrian Civil War alone.

Given the catastrophic consequences that radiation and chemical
exposures can have on military forces, from acute illness to long-term
environmental contamination, the need for rapid, precise, and widespread
monitoring has never been more urgent. Recent innovations, including
miniaturized radiation sensors, autonomous detection drones, and artificial
intelligence-powered analytics, are significantly enhancing the armed forces’
ability to detect and respond to these threats in real-time. These cutting-edge
technologies are not only increasing detection sensitivity but also improving
the speed of response, ensuring that military personnel can be safeguarded
from potentially fatal exposures during critical operations.

This article explores the revolutionary advancements in monitoring
radiation and chemical hazards for military environmental safety. By delving
into the latest technological innovations, it will demonstrate how these
advancements are enhancing hazard detection, response times, and ultimately,
the protection of military personnel on the battlefield. With the integration of
real-time data, machine learning, and autonomous systems, the future of
military environmental safety appears poised to make substantial leaps
forward, redefining how armed forces confront these environmental threats.

Main part

Military environmental safety, particularly concerning radiation and
chemical hazards, has evolved significantly over the past century, yet it remains
a challenge that demands constant innovation. The global threat landscape has
shifted dramatically, moving from conventional warfare to asymmetric and
unconventional threats, where chemical and radiological weapons are
increasingly seen as weapons of choice. The strategic importance of these
threats has led to the implementation of various detection and protective
systems, but the limitations of current technologies remain a pressing concern.

Despite advancements, the detection of radiation and chemical hazards in
combat zones is still constrained by several factors. One of the key issues with
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traditional detection methods is their lack of real-time responsiveness and
limited operational range. Most military forces still rely on fixed, large-scale
monitoring stations or radiation sensors that are often cumbersome and only
effective in specific environments, such as controlled laboratories or near
known threat areas. These technologies cannot match the dynamic nature of
modern warfare, where threats can arise unexpectedly and from multiple
locations.

For instance, current chemical detection systems primarily rely on
colorimetric and electrochemical sensors that indicate the presence of
hazardous agents by changing color or triggering a signal. While these systems
have provided some level of detection, they often suffer from delayed responses
and false positives, leading to inefficiencies and difficulties in confirming the
actual presence of chemical threats. Similarly, radiation detection is typically
done using scintillation counters or Geiger-Miiller counters, which, though
effective, are often large, stationary, and labor-intensive to operate.

Furthermore, the rise of chemical weapons and radiological dispersal
devices (RDDs)—often referred to as "dirty bombs"—has exposed critical gaps
in the readiness of traditional military systems. The World Health Organization
(WHO) has warned that radiological and chemical weapons could cause
widespread harm to both military forces and civilians in densely populated
areas, with potential long-term environmental impacts. In conflicts such as the
Syrian Civil War, the use of chlorine gas and sarin has underlined the continued
vulnerability of forces to chemical agents, highlighting that existing detection
methods have yet to adequately address this evolving threat.

Moreover, the contamination of the battlefield poses a significant issue. In
conventional operations, forces are primarily trained to deal with conventional
threats, with chemical and radiological risks often relegated to secondary
concern, especially in countries that do not have recent experience with such
agents. According to the U.S. Department of Defense (DoD), over 1,500 chemical
weapon stockpiles are still stored worldwide, awaiting destruction. However,
chemical agents continue to pose significant risks, with many nations lacking
the necessary detection infrastructure to protect both military and civilian
populations. Furthermore, these risks are compounded by the environmental
degradation caused by the use of chemical and radiological weapons, making it
a challenge to maintain operational readiness in affected areas.

As a result, traditional approaches to radiation and chemical monitoring
in military operations are now considered outdated, with an urgent need for
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more agile, scalable, and real-time solutions. The call for advanced technology
has never been louder, as existing systems struggle to meet the demands of
modern warfare and the ever-evolving landscape of environmental threats.
What has become apparent is that real-time monitoring, mobile detection, and
intelligent hazard prediction are no longer just an option—they are essential
for the safety and operational effectiveness of military forces.

Loo: Efficiency of Different Military Environmental Safety Detection Systems
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Fig. 1. Efficiency of different military environmental safety detection
system (1 - traditional radiation detection, 2 - traditional chemical
detection, 3 - real-time detection system, 4 - mobile detection system,
5 - Al powered monitoring)

This section underscores the current gap in military environmental safety
and highlights the urgent need for technological breakthroughs to address the
ever-expanding threats of radiation and chemical hazards in modern combat
environments. The reality is clear: without leveraging new technologies, the
military will continue to face significant challenges in effectively safeguarding
both personnel and the environment from these dangers.

Recent advancements in radiation and chemical hazard detection have
significantly enhanced military environmental safety. Modern sensors,
including miniaturized radiation detectors and nanotechnology-based
chemical sensors, offer greater sensitivity and portability, allowing soldiers to
detect hazardous materials in real-time with increased accuracy. Wearable
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sensors provide continuous monitoring, alerting soldiers to unsafe exposure
levels instantly.

Autonomous drones equipped with detection sensors can cover large
areas quickly, reducing the need for human intervention in hazardous zones.
These drones transmit real-time data back to command centers, enabling
informed decision-making.

Al-powered systems have revolutionized hazard detection by analyzing
data from multiple sensors and predicting threat movements based on
environmental factors. These systems allow military forces to respond more
rapidly, with predictive models forecasting the spread of chemical or
radiological contamination.

These technologies enable faster, more accurate threat identification and
response, providing greater protection for military personnel while enhancing
operational efficiency.

The adoption of new technologies in military environmental safety has
greatly enhanced personnel protection, operational efficiency, and the
safeguarding of critical assets. These innovations address the immediate
threats of radiation and chemical hazards while offering long-term benefits that
improve overall readiness.

A. Improved protection for personnel

Modern detection systems provide real-time, portable sensors that can
immediately detect hazardous materials. Soldiers are equipped with radiation
sensors embedded in their uniforms and chemical detectors that identify
threats within seconds, enabling timely protective actions. The use of
nanotechnology has made these sensors lightweight and highly sensitive,
reducing the risks of radiation exposure and chemical poisoning.

B. Enhanced operational efficiency

Technologies such as autonomous drones and Al-powered systems have
revolutionized hazard detection by enabling rapid area surveys and real-time
data analysis. Drones equipped with sensors can cover large areas without
exposing personnel to danger, while Al models predict the spread of threats,
allowing for quick and informed decision-making.

C. Protection of infrastructure

Early detection of hazards prevents contamination of critical assets, such
as military bases and supply lines. Satellite-based remote sensing and early
warning systems provide real-time risk assessments, ensuring that military
assets are protected before contamination occurs. Decontamination robots also
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autonomously clean affected areas, allowing operations to continue without
human exposure to toxic agents.

D. Long-term health and environmental protection

New technologies not only protect personnel in the short term but also
minimize long-term health risks like cancer and neurological disorders caused
by radiation and chemicals. Early hazard detection also limits environmental
damage, preventing widespread contamination of resources like water and soil.

E. Improved military readiness and global security

By enhancing hazard detection and response times, new technologies
improve military readiness and global security. Real-time data and Al-driven
analysis enable military forces to adapt quickly to threats, ensuring operational
success and reducing mission failure risks.

New technologies have transformed military environmental safety by
enhancing personnel protection, improving operational efficiency, and
safeguarding critical infrastructure. They also offer long-term health and
environmental benefits, ensuring that military forces can operate safely in
hazardous environments. As these technologies continue to evolve, they will
further enhance the ability of military forces to meet modern challenges
effectively.

While new technologies have greatly improved military environmental
safety, several challenges still remain. These need to be addressed to fully
leverage the potential of modern detection systems.

Despite advancements, current detection technologies can struggle in
harsh environments. Issues like false positives in chemical sensors and
difficulties in distinguishing background radiation from hazardous
contamination persist. Wearable sensors and autonomous systems may also
face reliability challenges, such as sensor degradation and battery life in the
field.

Next-generation systems, including Al and autonomous drones, are
expensive and require complex integration with existing military
infrastructure. Transitioning from legacy systems to newer technologies can be
costly and time-consuming, involving extensive training and updates to
command structures.

The massive amounts of data generated by advanced detection systems
can overwhelm decision-makers. Effective data analytics and real-time decision
support systems will be essential to filter relevant information and enable
quick, informed decisions.

94




4 nunHa 2025 pik € M. Yropog, YkpaiHa € MUH[I

The military must stay ahead of evolving threats, such as novel chemical
agents and cyberattacks that could disable detection systems. Ensuring
cybersecurity and redundancy in detection technologies will become
increasingly important.

The future of military environmental safety will rely on autonomous
systems and predictive analytics. Al-powered drones and robots will perform
hazard detection and decontamination, while predictive models will anticipate
the spread of threats. Quantum computing may also enhance data processing
speeds, offering breakthroughs in sensitive detection.

Overcoming challenges like system reliability, integration, and evolving
threats is crucial for the continued advancement of military environmental
safety technologies. The future will focus on autonomous systems, predictive
analytics, and cybersecurity to enhance hazard detection, protect personnel,
and improve military effectiveness.

Conclusion

The advancements in radiation and chemical hazard detection
technologies have revolutionized military environmental safety, providing
armed forces with tools that were once inconceivable. Today, cutting-edge
systems such as wearable sensors, autonomous drones, and Al-powered
predictive analytics are not only enhancing the accuracy and speed of hazard
detection but are also fundamentally reshaping how military operations are
conducted in hazardous environments. These technologies have already
demonstrated their capacity to provide real-time data, reduce exposure risks,
and significantly improve response times during critical situations.

However, challenges such as sensor reliability, high costs, data overload,
and the evolving nature of threats remain significant obstacles that must be
addressed. The continuing evolution of new, unpredictable chemical agents, the
rise of cybersecurity threats, and the complexity of integrating these systems
into existing military frameworks highlight the need for ongoing innovation.

Looking ahead, the future of military environmental safety will likely hinge
on the integration of autonomous systems, the advancement of quantum
computing for faster data processing, and the expansion of predictive analytics
to anticipate and mitigate threats before they materialize. These future
technologies have the potential to redefine operational readiness, enhancing not
only the safety of military personnel but also the overall effectiveness of military
missions. The continued development and integration of these technologies will
ensure that armed forces are better equipped to handle the increasingly complex
and diverse environmental threats posed by modern warfare.
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