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The military environment involves exposure to numerous carcinogenic factors, including
chemical substances, ionizing radiation, and technological processes that generate
harmful emissions. Long-term exposure to these factors may lead to the development
of cancers and other chronic diseases. The aim of this article is to analyze the risks
associated with contact with carcinogenic substances in the military and to present
strategies for risk reduction.

Chemical Carcinogenic Factors Soldiers are exposed to hazardous substances found in
engine fuels, lubricants, and explosives. Petroleum distillation products, such as benzene,
formaldehyde, and polycyclic aromatic hydrocarbons (PAHs), have well-documented
carcinogenic effects. Similar risks are associated with exposure to lead and TNT, present
in ammunition and explosives.

Physical Carcinogenic Factors lonizing radiation poses a significant threat to military
personnel, especially in medical diagnostics, combat operations, and the use of depleted
uranium ammunition. High doses of radiation can cause DNA damage and increase
cancer risk.

Carcinogenic Processes Emissions from diesel engines, crystalline dust, and wood dust
are additional significant sources of exposure in the military. Elemental soot and toxic
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chemical compounds present in diesel exhaust fumes can lead to lung and respira-
tory tract cancers. Wood dust, especially from hardwood species, is recognized as a
carcinogenic factor and is present in the military environment during carpentry and

construction work.

Keywords: Reducing exposure to carcinogenic factors in the military requires a comprehensive
approach, including the implementation of personal protective measures, monitoring
exposure levels, and applying alternative technologies to reduce carcinogenic emissions.
Regular screening and workplace condition control also play a crucial role.

carcinogenic factors, military, occupational exposure, ionizing radiation, cancer pre-

vention

INTRODUCTION

The military environment involves specific
health hazards, including exposure to carcino-
genic substances, which pose a significant risk to
soldiers, civilian employees, and veterans. These
factors, present in materials and technological
processes, may lead to the development of can-
cers and other chronic diseases. Despite advances
in research, knowledge about the effects of long-
term exposure remains limited. This article analyz-
es the main sources of these factors, their mecha-
nisms of action, and health implications, as well as
presents strategies for risk reduction.

Cancers develop over years, and their growth
rate depends on many factors, including expo-
sure to carcinogenic substances. These can lead
to DNA mutations, increasing the risk of disease
[11,12]. The International Agency for Research on
Cancer (IARQC) classifies carcinogenic factors into
four groups based on their origin, nature, and
mode of action as follows:

- Group 1: The substance/factor is carcinogenic
to humans.

— Group 2A: The substance/factor is probably
carcinogenic to humans.

- Group 2B: The substance/factor may be carci-
nogenic to humans.

— Group 3: The substance/factor cannot be clas-
sified as carcinogenic to humans [10].

The European Union applies a similar classifica-
tion, distinguishing categories based on evidence
concerning humans and animals. According to
this regulation, carcinogenic factors are classified
into one of two categories:

- Category 1A: has potential carcinogenic effects
on humans, with classification based primarily
on human data,

- Category 1B: has potential carcinogenic effects
on humans, with classification based on stud-
ies conducted on animals,

- Category 2: substances suspected of being car-
cinogenic to humans [19].

The aim of the article is to analyze the risks aris-
ing from exposure to carcinogenic substances
in the military, their mechanisms of action, and
health consequences. It also presents research
findings and preventive strategies, taking into
account both historical and contemporary data.
Based on reports from Military Occupational
Medicine Centers (2018-2019), the most common
carcinogenic factors in Polish military units were
identified, including chemical substances (e.g.,
benzene, formaldehyde), ionizing radiation, and
technological processes associated with the emis-
sion of harmful compounds [15].

Understanding their mechanisms of action, the
scale of exposure, and the health consequences
for soldiers and military personnel is becoming a
key public health issue.

CHEMICAL CARCINOGENIC FACTORS

In the modern world, the functioning of armed
forces requires the use of advanced technolo-
gies and materials, which may pose health risks.
Among the many factors adversely affecting
soldiers’ health, particular attention is given to
chemical carcinogenic factors. Soldiers, both on
the battlefield and in daily service, are exposed to
contact with carcinogenic chemical substances.

Engine Fuels and Other Petroleum
Distillation Products

In today’s world, fuels are a crucial element of
military operations, enabling the armed forces
to maintain mobility and operational efficiency
in both peacetime and wartime conditions. The
military uses various types of fuels, ranging from
gasoline and diesel to aviation fuels (kerosene, jet
fuel) and specialized blends designed for naval
units, land vehicles, and aircraft. Jet engines re-
quire high-performance fuels, while tank engines,
armored personnel carriers, and support vehicles
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are primarily powered by diesel fuel, which en-
sures adequate power and efficiency in difficult
terrain conditions. In addition to engine fuels, the
military also utilizes other petroleum distillation
products such as oils, lubricants, hydraulic fluids,
and solvents. These substances support the daily
maintenance and operational readiness of military
equipment [16].

Both soldiers and civilian employees are ex-
posed to numerous chemical and physical haz-
ards, as well as the toxic effects of crude oil and
its derivatives, including their physicochemical
properties, explosiveness, and flammability. Most
petroleum distillation products are harmful to the
respiratory tract and skin, and prolonged expo-
sure has been shown to have carcinogenic or po-
tentially carcinogenic effects [16].

The chemical composition of petroleum distil-
lation products depends on the type (i.e., origin)
of crude oil from which they are derived, as well
as the refining process (i.e., fractional distillation
and/or cracking, followed by additional treatment
through solvent extraction, hydrodesulfurization,
or hydrogenation) used to meet the performance
requirements of the final products. Due to the
complexity and variability of their composition,
petroleum-derived substances pose a unique
challenge for regulatory authorities, particularly
in characterizing their chemical composition [22].
Various carcinogenic substances may be present
in petroleum products. The most commonly
found include benzene, formaldehyde, polycyclic
aromatic hydrocarbons (PAHs), aromatic amines,
and buta-1,3-diene [14].

The Regulation of the Minister of Family, La-
bour, and Social Policy of June 12, 2018, on the
maximum allowable concentrations and intensi-
ties of harmful factors in the work environment
[12] specifies the maximum allowable concentra-

Tab. 1.
petroleum-derived products [20].

tions of these substances. Table 1 presents the
values of the maximum allowable concentrations
and short-term exposure limits for selected carci-
nogenic substances in petroleum products.

Ammunition and explosives

One of the main sources of chemical carcino-
genic factors in the military environment is am-
munition and explosives [23]. Their production,
storage, transportation, and use are associated
with exposure to harmful chemicals that can have
a long-lasting negative impact on the health of
soldiers and military personnel involved in this
area.

One of the main components present during
the production and use of ammunition is lead.
Lead is used as a component in projectiles, and
contact with it may occur at various stages, from
production, through maintenance, to use of am-
munition, as residue from firing [6]. Lead, and ex-
posure to it in the form of prolonged exposure
- especially through inhalation of gases or direct
skin contact - can lead to the development of
cancers, as well as serious health problems such
as damage to the respiratory, neurological, diges-
tive, cardiovascular, and urinary systems [5].

Another significant hazard in the use of am-
munition and explosives are organic substances,
such as 2,4,6-trinitrotoluene, commonly used in
explosives, TNT. TNT is associated with the risk of
cancer development with prolonged exposure
[4]. Military personnel who have direct contact
with TNT may absorb it both through the skin and
the respiratory system.

During the detonation of explosives, harmful
combustion products are generated, including
polycyclic aromatic hydrocarbons (PAHs), dioxins,
and furans [29].

Maximum allowable concentrations and short-term exposure limits for selected carcinogenic substances in

Substance [Chemical Abstracts Service]

mg/m3

Maximum allowable concentrations

Short-term exposure limits
mg/m3

Benzene [71-43-2]. 1.6

Gasoline:
a) Extraction [8030-30-6]

b) For paints [8052-41-3; 64742-82-1; 64742-92-0;
64742-48-9]

500

300

1500

900

Polycyclic aromatic hydrocarbons (PAHs) - as the sum
of the products of concentrations and carcinogenicity
coefficients of nine carcinogenic PAHs, including
naphthalene, benzo[alpyrene, and chrysene.

0.002

Formaldehyde [50-00-0].

0.37

0.74

Aromatic amines, e.g., aniline [62-53-3].

3.8

Buta-1,3-diene [106-99-0]. 22
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PAHs are highly carcinogenic and can be ab-
sorbed through the skin or respiratory system
[29], especially during combat operations or mili-
tary exercises, where soldiers are directly exposed
to smoke produced by explosions. Polycyclic aro-
matic hydrocarbons are widely recognized as a
significant risk factor in the development of lung,
skin, bladder, and other organ cancers [25].

Dioxins and furans are highly toxic and carcino-
genic chemical compounds, and their presence in
the environment is particularly dangerous due to
their persistence and ability to accumulate in hu-
man bodies. Dioxins and furans can be released
during uncontrolled detonations and combustion
of explosives, posing a threat to both soldiers and
civilians in the vicinity of such activities [2].

The above examples of chemical carcinogenic
factors in the military environment come from
only two sources of exposure. In reality, the list of
potentially carcinogenic chemical factors is much
longer and includes various factors that may pose
a health risk to those exposed to them. Proper
protective measures and safety procedures are
crucial to minimize the risk of contact with these
harmful factors.

PHYSICAL CARCINOGENIC FACTORS

Physical carcinogenic factors encompass a wide
range of phenomena, such as different types of
electromagnetic radiation, extreme temperatures
(both low and high), mechanical injuries, and solid

or gel-like materials that are insoluble or poorly
soluble, which can cause cancers. However, both
the physical properties and carcinogenic effects of
these factors were often oversimplified during the
process of identifying carcinogenic factors. The
focus was mainly on their physical and mechani-
cal aspects, rather than their chemical properties
of action, which distinguishes them from chemical
carcinogenic factors [24].

lonizing radiation

Radiation is a stream of particles (photons, elec-
trons, neutrons, alpha particles, and others) emit-
ted by material systems (e.g., molecules, atoms,
atomic nuclei). There are different types of radia-
tion, creating an electromagnetic spectrum based
on energy levels. lonizing radiation can be prelimi-
narily divided into: ionizing and non-ionizing [27].

lonizing radiation can be defined as radiation
carrying enough energy to directly or indirectly
ionize atoms and particles of the medium through
which it passes. The energy transferred to the at-
oms of the medium is so large that it causes the
breaking of chemical bonds in previously stable
atoms, leading to their ionization. This phenome-
non has wide applications, ranging from medicine
to industry, but it also has potential health and en-
vironmental consequences. lonizing radiation has
been a part of human existence since the begin-
ning. Every day, we absorb radiation that reaches
us from space as well as from rocks or soil. This is
natural radiation. In addition to natural sources of
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ionizing radiation, there are also artificial sources.
lonizing radiation produced by humans arises as a
result of changes occurring within atomic nuclei.
These changes are accompanied by alterations
in the energy of the nuclei, and often also in the
number of nucleons. Isotopes of elements with
an improper number of neutrons are particularly
susceptible to this. Artificial sources of ionizing
radiation include medical equipment (X-ray ma-
chines, cobalt bombs), nuclear power plants (re-
actors), and research devices, such as particle ac-
celerators. Artificial radioactive isotopes, which
are sources of a, 3, and y radiation, are commonly
used in medicine, industry, and science. lonizing
radiation poses a health risk to humans and other
organisms. The greatest risk is cellular damage at
the molecular level, which can lead to mutations
and even the development of cancers. High doses
of radiation can lead to acute radiation sickness,
and in extreme cases - death. Long-term expo-
sure to radiation, even in low doses, can result in
health problems many years later [27].

The primary legal act regarding safety and ra-
diological protection in Poland is the Atomic Law
of November 29, 2000 [1]. The Act regulates is-
sues related to the use of nuclear energy and the
handling of radioactive materials. It also covers
environmental protection and the protection of
human life and health from the dangers posed by
ionizing radiation. For example, the Act specifies
the dose limits for ionizing radiation for workers.
The dose limit, expressed as an effective dose, is
set at 20 mSv per calendar year.

Data from 2018-2019 indicate that the main
source of ionizing radiation exposure for military
personnel are devices used in medical diagnostics
and radiotherapy (X-ray examinations, computed to-
mography, nuclear medicine, radiotherapy, etc.) [15].

Nevertheless, it is important to remember
that ionizing radiation plays a significant role in
the military due to its properties. It is used in ad-
vanced defense technologies that provide a stra-
tegic advantage. lonizing radiation can originate
from nuclear bombs, precision devices for detect-
ing hazardous materials, as well as depleted urani-
um munitions, which effectively penetrate armor.
Additionally, the use of radiation in detection de-
vices, such as X-ray scanners or neutron detectors,
helps prevent threats, such as controlling cargo in
military ports.

CANCER-CAUSING PROCESSES

Another important group of factors that can
lead to the development of cancers are the so-

called carcinogenic processes. These are tech-
nological processes in which chemical agents,
their mixtures, or substances with carcinogenic
or mutagenic effects are released. Annex 1 of
the regulation [20] lists particularly hazardous
technological processes in which there is an in-
creased risk of exposure to carcinogenic or muta-
genic agents. Examples of such processes include,
among others: the production of auramine, work
involving exposure to polycyclic aromatic hydro-
carbons present in soot, tars, and carbon residues,
as well as exposure to dust, fumes, and aerosols
produced during nickel refining. Particular atten-
tion should be paid to work involving exposure to
wood dust and crystalline silica, as well as work
related to exposure to exhaust gases emitted by
diesel engines [20].

Exhaust Gases Emitted from Diesel
Engines

The exhaust gases emitted from diesel engines
are a mixture of combustion products of diesel
fuel, with the exact composition depending on
the engine type, operating conditions, additives,
emission control systems, and the fuel composi-
tion itself. Diesel engines vary in terms of rota-
tional speed, load, fuel composition, and emission
control systems. Depending on these conditions,
diesel engines can emit up to 200 times more
particulate mass than typical gasoline engines
equipped with a catalytic converter. Diesel en-
gine exhaust gases consist of a non-polar frac-
tion (57%), a moderately polar fraction (9%), and
a polar fraction (32%). The inorganic fraction of
particulate emissions is mainly composed of small
particles of elemental carbon (soot) with a diam-
eter ranging from 0.01 to 0.08 um. Organic and
elemental carbon account for about 80% of the
total particulate mass. This carbon is chemically
pure and can serve as a carrier for hydrocarbons,
especially aromatic ones (including carcinogenic
compounds). The remaining 20% consists of sul-
fates (mainly sulfuric acid) and metals (lead, plati-
num, aluminum, calcium, and barium) originating
from engine wear products [26]. Occupational
exposure to chemicals and particulate matter pre-
sent in exhaust gases from diesel engines affects
those who operate or maintain equipment fitted
with such engines. Prolonged exposure to com-
bustion products and exhaust gases can lead to
numerous serious health problems.

Diesel engine exhaust gases are very complex
mixtures, and no single component serves as a
universal exposure indicator. Typically, measure-
ments of particulate matter or elemental carbon
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are used because both parameters are significant-
ly higher in diesel fuel combustion emissions than
in other combustion products [3]. According to
the regulation [20], the highest permissible con-
centration of diesel engine exhaust gases, meas-
ured as elemental carbon, is 0.05 mg/m3.

In the military environment, the primary sources
of diesel engine exhaust gases are combat, trans-
port, and heavy equipment vehicles. Armored
vehicles, such as tanks and armored personnel
carriers, generate large amounts of exhaust gases
during training exercises and combat operations.
Diesel engines also power logistical vehicles, in-
cluding transport trucks used to carry soldiers and
supplies. Another source of emissions is power
generators, which are used to provide electricity
in field military bases, often operating for extend-
ed periods. Engineering equipment, such as exca-
vators, bulldozers, and loaders, also emits exhaust
gases during infrastructure construction in field
conditions. Additionally, transport equipment at
military airports, such as baggage vehicles and
refueling tankers, also runs on diesel engines,
increasing exposure for aviation personnel. The
maintenance and repair of military equipment is
another source of exposure to exhaust emissions,
especially for mechanics and technical staff. In en-
closed spaces, such as garages or hangars, the lack
of proper ventilation exacerbates the risk of expo-
sure to harmful exhaust gases [13,28].

Crystalline Dust and Wood Dust
During every technological process, by-prod-

ucts are generated. One such by-product is dust,
which can form during combustion, abrasion, or
crushing of solid substances such as inorganic
minerals, organic materials, and metals. If inhaled,
dust particles can be harmful to human health.
The Regulation of the Minister of Family, Labor,
and Social Policy of June 12,2018 [20] on the maxi-
mum allowable concentrations and intensities of
harmful factors in the work environment classi-
fies different types of dust and fibers that may be
present during technological processes. It catego-
rizes them based on particle size and their impact
on human health as:

- total dust, which consists of all airborne parti-
cles present in a defined volume of air,

- respirable dust, which consists of particles
passing through a pre-selector with perme-
ability defined according to particle size, de-
scribed by a log-normal probability function,
with an aerodynamic diameter of approxi-
mately 3.5 microns and a geometric standard
deviation of about 1.5 microns,

- respirable fibers, which are fibers longer than
5 microns, with a maximum diameter of 3 mi-
crons, and a length-to-diameter ratio greater
than 3 [20].

According to the above regulation, the maxi-
mum allowable concentration for the respirable
fraction of crystalline silica is 0.1 mg/m3 [20].

Quartz, the most common crystalline poly-
morphic form of silica, is present in large quanti-
ties in most types of rocks, particularly granite,
sandstone, and quartzite, as well as in sand and
soil. Materials containing crystalline silica are not
hazardous until they are disturbed. Drilling, cut-
ting concrete, bricks, tiles, and sandstone-com-
mon materials on construction sites across various
industries-generate crystalline dust. Exposure to
silica dust can lead to severe respiratory diseases,
such as silicosis and chronic obstructive pulmo-
nary disease (COPD), while also increasing the risk
of lung cancer [17].

When crystalline silica is inhaled, lung tissue
forms nodules and fibrosis around the particles.
The accumulation of silica dust in the lungs pre-
vents immune cells from effectively removing it,
leading to prolonged inflammation. This persistent
inflammation can damage lung cell DNA, and in
some individuals, it may contribute to the develop-
ment of lung cancer. The latency period for silica-
related cancers ranges from 10 to 20 years [17].

Wood dust is another harmful by-product of
woodworking and wood-based panel processing.
In particular, dust from hardwood species (such as
oak and beech) has carcinogenic properties, in-
creasing the risk of respiratory tract cancers [17].

The properties of wood dust vary depending
on the type of wood, the tools used, and the ma-
chining technique. These differences arise from
density, hardness, specific gravity, and chemical
composition of different wood species. Beyond
their physical properties, wood dust may also
contain secondary substances, such as terpenes,
phenolic compounds, flavonoids, and nitrog-
enous compounds, which affect its toxicity and
potential health hazards. The type of woodwork-
ing process significantly affects particle size. For
example, sawing generally produces larger parti-
cles compared to sanding, which generates finer
dust. Additionally, wood density influences par-
ticle size—lower-density woods produce smaller
particles during machining. To assess particle size,
the aerodynamic diameter concept is used. This
refers to the diameter of a sphere with a density
of 1 g/cm® whose settling velocity in air matches
that of the measured dust particle. Wood dust is
classified into four groups based on particle size:
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very coarse (with an aerodynamic diameter great-
er than 10 um), coarse (from 2.5 to 10 um), fine
(from 0.1 to 2.5 um), and ultrafine or nanoparticles
(below 0.1 um). Most wood dust particles emitted
during wood processing have an aerodynamic di-
ameter greater than 10 um, meaning they fall into
the “coarse” or “very coarse” categories [7].

From a legal perspective, wood dust is not clas-
sified as a hazardous substance under the Euro-
pean CLP Regulation (European Parliament and
Council Regulation No. 1272/2008) [6]. Since it is
a byproduct of wood processing, it is not directly
regulated under hazardous chemical substance
laws. However, wood dust present in the work-
place has been recognized as potentially carcino-
genic or mutagenic. Jobs involving exposure to
wood dust are included in the list of technological
processes with an increased health risk, where car-
cinogenic or mutagenic agents are released [21].
Regulations on maximum allowable concentra-
tions and intensities of harmful factors in the work
environment have set a permissible exposure limit
of 2 mg/m?® for all types of wood dust, with an of-
ficial designation as a carcinogenic substance [19].

Both crystalline silica dust and wood dust pose
additional risks in enclosed or poorly ventilated
spaces, such as workshops, garages, bunkers, or
storage rooms. In such conditions, without appro-
priate personal protective equipment, especially
respirators with filters, the risk of inhaling harmful
dust increases significantly. Furthermore, in car-
pentry and construction work, exposure to both
types of dust often overlaps, further increasing
health risks.

In the military environment, exposure to crys-
talline silica dust and wood dust is primarily associ-
ated with engineering, construction, and carpen-
try work. Studies conducted in Poland between
2018 and 2019 indicated that the most common
technological process in the military environment
involved exposure to hardwood dust [15].

CONCLUSIONS

Exposure to carcinogenic substances in the
military environment poses a significant health
challenge, particularly due to the diversity and in-
tensity of exposure factors. Military personnel are
regularly exposed to harmful chemical substances
such as benzene, formaldehyde, and polycyclic ar-
omatic hydrocarbons, which are present in fuels,
petroleum products, and explosives. Additional
risks include ionizing radiation and carcinogenic
dust generated in technological processes and
material processing. Long-term exposure to these

factors can lead to severe health consequences,
including an increased risk of cancer and chronic
respiratory diseases.

Effectively addressing these threats requires a
comprehensive approach that includes preven-
tion, monitoring, and personnel education. Key
countermeasures include: implementing personal
protective equipment, regularly monitoring expo-
sure levels, training personnel on potential haz-
ards and safety practices, and strictly controlling
technological processes that may release carcino-
genic substances. At the same time, a long-term
goal should be the development and implemen-
tation of modern technologies and alternative
materials that minimize the risk of contact with
carcinogenic substances. Through international
cooperation and the exchange of best practices, it
is essential to establish consistent health protec-
tion standards in the military environment. Such
an integrated approach can significantly reduce
health risks associated with military service and
improve the quality of life for military personnel,
both during and after their service.

Proposed mandatory preventive
measures:

1) Engineering controls such as local ventilation
systems in workshops, hangars, and storage
areas. Air filtration (e.g., HEPA filters, carbon ad-
sorbents) and monitoring of particulate matter
(PM), volatile organic compounds (VOCs), and
carcinogenic substances (benzene, formalde-
hyde, PAHs) will help reduce exposure. Closed
operational systems, automation of technologi-
cal processes, as well as isolation of worksta-
tions (e.g., decontamination booths), will sig-
nificantly limit contact with harmful factors.
Personal protective equipment (PPE), includ-
ing the use of carbon and HEPA filter masks
tailored to the type of exposure, chemical-
resistant gloves, and protective clothing with
hydrophobic and barrier properties. Regular
decontamination of clothing and protective
equipment, as well as the implementation of
air and clothing cleaning systems after duty,
will reduce the risk of secondary exposure.

3) In addition to regular screening exams adapted
to the type of exposure, it is also advisable to
include tests for specific lung cancer markers,
such as CYFRA 21-1. Creating a centralized da-
tabase of screening results will facilitate long-
term analysis of health trends and the imple-
mentation of effective preventive measures.
Replacing carcinogenic substances with safer
alternatives. In the military, efforts should be
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made to use fuels with reduced PAH content requires a multifaceted approach that combines
and low-emission technologies. Biodegrad- control, the use of personal protective measures,
able lubricants and oils, non-toxic explosives, medical supervision, and ongoing research. By im-
and modernization of cutting and welding plementing these actions, it is possible to signifi-
methods (e.g., using lasers and ultrasound) will  cantly reduce health risks associated with military
help reduce the emission of heavy metals and service and improve the overall quality of life for
carcinogenic dust. military personnel.
In summary, effective counteraction to the issue

of exposure to carcinogenic factors in the military
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