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ABSTRACT: This review article examines current scientific understanding of the impact of
low-dose chronic radiation exposure on public health from a preventive medicine perspective.
The main sources of chronic ionizing radiation are analyzed, including natural background
radiation, medical diagnostic procedures, and man-made factors. Particular attention is paid to
the biological effects of low-dose radiation, their role in the formation of somatic and stochastic
effects, and the uncertainties of dose-response relationships. Data from epidemiological studies
reflecting the long-term consequences of long-term exposure to low doses of radiation are
discussed. Preventive aspects of radiation protection are considered, including the principles of
dose optimization, monitoring of radiation factors, and public awareness. It is shown that a
comprehensive preventive approach is key to minimizing radiation risks and maintaining public
health.

Key words: low-dose irradiation, chronic ionizing radiation, radiation risk, public health,
radiation prevention, radiation safety, stochastic effects, background radiation, public health,
preventive medicine.

HHMU3KOAO30BOE XPOHUYECKOE OBJIYYEHUME U 31O0POBBE HACEJIEHUSA:
HNPOPUITAKTUYECKHUE ACIHHEKTbBI

Mupmyxamenos b.b.

Crapmuii npenogasarens, Kadbenpa meaunmnckoii npodunaktuku, ATMU

AHHOTAILIUS: B o030pHOH cTaThe paccMaTpuBalOTCAd COBPEMEHHBbIE Hay4HbIE
IPECTaBICHUS O BIMSHUN HU3KOI030BOTO XPOHUYECKOTO OOIydeHUs Ha 310pPOBhE HACEICHUS C
no3uIMil  mpoduIakTHUecKod MeAunuHbl. [IpoaHanu3upoBaHbl OCHOBHBIE HCTOYHUKU
XPOHUYECKOTO HMOHU3UPYIOMIETO W3IIyYeHHUs, BKIIOYas TMPUPOIHBIA pPaIUAllMOHHBIN (OH,
MEAMIIMHCKUE TUArHOCTHUYECKHE MpOoLeayphl W TeXHOreHHble (akTopel. Ocoboe BHHMMaHUE
yleneHo OwonorudeckuM J¢PQdeKTaM MallbIX 03 OOJMYy4deHHS, UX POJIH B (OPMHUPOBAHHH
COMAaTUYECKUX M CTOXAacTUYECKUX 3(PQPEKTOB, a TaKKe HEOMPEOEIEHHOCTIM 1030-3(PPEKTHBIX
3apucuMocTeil. OOCYXIAlOTCsl JaHHBIC SIUIEMHOJIOTHYECKUX HCCIECAOBAHUHN, OTpajkarolue
OTJIaNIEHHBIE TTOCIEACTBHS JJIMTEIBHOTO BO3/ICHCTBUS HU3KUX /103 paauanuu. PaccmarpuBatorcs
POQUIAKTHICCKUE ACIIeKThl PAJAMAIIMOHHON 3aIIUTHI, BKIIOYAs MPUHIIMITEI ONITHMHU3AINH J103,
MOHHUTOPHUHT paJHAallMOHHBIX (QakTopoB u uHopMupoBaHue HaceneHusd. [lokazano, 4YTO
KOMIUICKCHBIA MPOQPWIAKTHYECKAN TIOIXOJ SBIISICTCS KIIOYCBBIM YCIOBHEM MHHUMHU3AINAN
paZvallMOHHBIX PUCKOB M COXPaHEHUS OOIIECTBEHHOTO 3/I0POBbSI.

KaioueBble ci10Ba: HU3KOI030BOC OOJYUYCHHE, XPOHHMYECCKOS MOHH3HMPYIOIICE U3IyuYCHHE,
paIualMoOHHbI PUCK, 30POBbE HACEICHHsS, paauallMoHHas Npo(UIaKTHKA, paaualiioHHas
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0e30macHOCTh,  croXacTHdeckue  APQPeKTvl,  paauanuoHHbIA  (QoH,  OOIIECTBEHHOE
3JIpaBOOXpaHEHHE, TPOPIIAKTHUCCKAS METUIIHA.

RELEVANCE: Low-dose chronic exposure to ionizing radiation represents a significant
and continuously relevant issue for preventive medicine and public health. Unlike acute radiation
exposure, which is relatively rare and well regulated, chronic low-dose exposure affects large
population groups on a daily basis through natural background radiation, medical diagnostic
procedures, occupational activities, and environmental sources such as radon. According to
international estimates, natural radiation accounts for more than 80% of the annual effective dose
received by the general population, while medical exposure remains the leading controllable
source of additional radiation burden.

Scientific interest in low-dose radiation effects has increased due to accumulating
epidemiological data suggesting potential long-term health consequences even at dose levels
previously considered safe. Chronic exposure is associated with stochastic effects, including
increased cancer risk, as well as possible non-cancer outcomes affecting the cardiovascular,
immune, and nervous systems. These effects are particularly relevant for vulnerable population
groups such as children, pregnant women, and occupationally exposed workers.

The relevance of this review lies in the necessity to systematize current evidence on the
health effects of low-dose chronic irradiation and to analyze preventive strategies aimed at
minimizing radiation risks. From a preventive medicine perspective, understanding dose-
response uncertainties and applying the principles of radiation protection are essential for
developing effective public health policies. Strengthening preventive approaches to radiation
exposure contributes to sustainable health protection and risk reduction at the population level
[1].

MATERIALS AND METHODS: This review was conducted using a narrative-analytical
methodology to synthesize current scientific evidence on low-dose chronic ionizing radiation and
its impact on population health. A systematic literature search was performed using international
scientific databases, including PubMed, Scopus, Web of Science, and Google Scholar. The
search strategy incorporated keywords such as low-dose radiation, chronic exposure, population
health, radiation risk, radiation protection, and preventive medicine.

Peer-reviewed original studies, systematic reviews, meta-analyses, and reports from
international organizations published predominantly over the last 20 years were considered.
Priority was given to epidemiological studies, radiation risk assessments, and publications
addressing preventive and hygienic aspects of radiation exposure. Articles focusing on acute
high-dose exposure without relevance to chronic low-dose effects were excluded.

The selection process included screening of titles and abstracts followed by full-text
evaluation for relevance and methodological quality. Data extraction focused on radiation
sources, dose ranges, health outcomes, and preventive measures. Qualitative comparative
analysis was applied to identify consistent findings, scientific uncertainties, and preventive
implications. The results were structured according to key thematic areas of radiation hygiene
and preventive medicine to ensure coherent interpretation and applicability to public health
practice.

RESULTS AND DISCUSSION: The analysis of contemporary scientific literature
indicates that low-dose chronic ionizing radiation represents one of the most widespread
and underestimated environmental health factors. Unlike accidental or occupational high-
dose exposure, chronic low-dose irradiation affects virtually the entire population throughout life.
According to international assessments, the average annual effective dose to the global
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population is approximately 2.4 mSv, of which more than 80% originates from natural
sources, including cosmic radiation, terrestrial radionuclides, and radon inhalation [1]. Medical
exposure constitutes the most significant controllable component, accounting for 15-20% of
total annual dose in developed healthcare systems [2].

A key result emerging from epidemiological studies is that chronic exposure to low doses
cannot be considered biologically neutral. Although deterministic effects are not observed at
low dose levels, cumulative exposure is associated with stochastic health effects, primarily
malignancies. Large pooled analyses of atomic bomb survivors and medically exposed cohorts
demonstrate that cancer risk increases by approximately 5-7% per Sv, even in dose ranges
below 100 mSv [3]. Importantly, recent studies suggest that no clear dose threshold has been
identified, supporting the continued relevance of conservative radiation protection principles [4].

Natural sources, particularly radon, represent the dominant contributor to chronic low-dose
exposure. Epidemiological evidence indicates that radon exposure is responsible for up to 10—
14% of lung cancer cases worldwide, making it the second leading cause after smoking [5].
Average indoor radon concentrations vary widely, but in certain regions may exceed 200-300
Bg/m?, resulting in annual effective doses comparable to or exceeding those from medical
imaging [6]. These findings highlight the preventive importance of residential radon
monitoring and mitigation, especially in high-risk geographic areas.

Medical radiation exposure has increased substantially over the past three decades due to the
widespread use of diagnostic imaging. Data show that the frequency of computed tomography
(CT) examinations has increased by 300-400% since the 1990s, contributing
disproportionately to collective radiation dose [2,7]. Although individual diagnostic doses
remain within accepted limits, repeated procedures may lead to cumulative annual doses
exceeding 20-30 mSyv in certain patient groups, particularly those with chronic conditions [8].
This raises significant concerns from a preventive medicine perspective, emphasizing the
necessity of dose optimization and justification of medical exposures.

The biological mechanisms underlying low-dose radiation effects remain an area of active
research. Experimental studies demonstrate that low doses can induce DNA damage, oxidative
stress, and genomic instability, even when repair mechanisms are activated [9]. Moreover, non-
targeted effects, such as bystander responses and epigenetic modifications, suggest that cellular
responses to radiation are more complex than previously assumed [10]. These findings
challenge traditional radiobiological assumptions and support the hypothesis that chronic low-
dose exposure may contribute to long-term health risks through indirect pathways.

Population-based studies further indicate that children and pregnant women are
particularly sensitive to low-dose radiation, with relative risk coefficients up to 2—3 times
higher than those observed in adults [3,11]. This increased radiosensitivity underscores the
importance of targeted preventive strategies for vulnerable groups, including stricter dose
constraints and enhanced monitoring. From a public health standpoint, protecting sensitive
populations represents a core objective of radiation prevention policies.

Collectively, these results demonstrate that low-dose chronic radiation exposure
constitutes a significant public health concern, requiring systematic preventive approaches.
While absolute risks at the individual level may be small, the population-attributable risk is
substantial due to widespread exposure, reinforcing the relevance of preventive medicine
frameworks [12]. The evidence reviewed in this section establishes a scientific foundation for the
implementation of preventive strategies aimed at minimizing cumulative radiation dose and
mitigating long-term health consequences.

A central issue in the assessment of low-dose chronic radiation exposure is the
interpretation of dose-response relationships and their implications for preventive practice. The
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linear no-threshold (LNT) model remains the dominant paradigm in radiation protection,
assuming that any incremental dose, regardless of magnitude, carries a proportional increase in
cancer risk [4]. Epidemiological evidence from occupational cohorts and medically exposed
populations supports this assumption, demonstrating statistically significant risk elevations at
cumulative doses as low as 50—100 mSyv [3,6]. These findings reinforce the preventive principle
that no level of chronic exposure can be regarded as entirely risk-free.

Nevertheless, scientific debate persists regarding alternative dose—response models,
including threshold and hormesis hypotheses. Some experimental studies suggest adaptive
cellular responses at very low doses, potentially reducing observable damage [9]. However,
population-level analyses have failed to demonstrate consistent protective effects of low-dose
exposure. On the contrary, pooled cohort studies involving over 600,000 nuclear industry
workers revealed an excess relative risk for solid cancers of 0.47 per Sv, comparable to that
observed in high-dose exposure cohorts [11]. These data highlight that adaptive responses
observed in vitro may not translate into meaningful protection at the population level,
justifying conservative preventive policies.

Beyond oncological outcomes, increasing attention is being directed toward non-cancer
health effects of chronic low-dose radiation. Epidemiological studies report associations
between prolonged low-dose exposure and cardiovascular disease, immune dysfunction, and
cataract formation [7,10]. For example, long-term follow-up of occupationally exposed workers
demonstrated a 15-20% increase in cardiovascular mortality at cumulative doses exceeding
100-200 mSv [8]. Although causality remains under investigation, these findings suggest that
the health impact of low-dose radiation extends beyond cancer risk, broadening the scope of
preventive concern.

From a preventive medicine perspective, risk accumulation over time is a critical
determinant of health outcomes. Even small annual doses, when accumulated over decades,
may reach biologically significant levels. Estimates indicate that an individual exposed to an
additional 1 mSv per year over 50 years accumulates a lifetime dose of 50 mSv, corresponding
to a measurable increase in lifetime cancer risk [5]. At the population level, such exposures
translate into a substantial number of attributable cases, reinforcing the importance of long-term
dose management strategies [12].

Medical exposure remains a particularly relevant area for preventive intervention. Studies
indicate that up to 30% of diagnostic imaging procedures may be partially or wholly
unjustified, contributing unnecessarily to cumulative radiation burden [2,7]. Implementation of
clinical decision support systems and evidence-based imaging guidelines has been shown to
reduce radiation doses by 20-40% without compromising diagnostic accuracy [13]. These
results emphasize that preventive optimization within healthcare systems can yield
immediate and measurable benefits.

Occupational exposure also continues to be a significant source of chronic low-dose
irradiation. Despite regulatory controls, certain worker groups receive annual doses approaching
1020 mSv, particularly in nuclear energy, medical radiology, and aviation sectors [6].
Epidemiological data suggest that rigorous application of dose optimization and monitoring
programs can reduce occupational exposure by up to 50% over time [1]. This demonstrates the
effectiveness of preventive measures when systematically applied.

Environmental and residential exposure, particularly radon inhalation, represents another
major preventive challenge. Evidence shows that radon mitigation interventions can reduce
indoor concentrations by 50-80%, resulting in a proportional decrease in lung cancer risk
[5,14]. Cost-effectiveness analyses indicate that radon control is among the most efficient
radiation prevention strategies, especially in high-exposure regions [12].
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Taken together, these findings confirm that low-dose chronic radiation exposure exerts
measurable health effects through cumulative and multifactorial mechanisms. The
persistence of scientific uncertainties does not diminish the necessity for preventive action;
rather, it strengthens the argument for precautionary approaches. Preventive medicine,
grounded in risk minimization and dose optimization, plays a central role in protecting
population health under conditions of chronic low-dose irradiation.

The preventive dimension of low-dose chronic radiation exposure is fundamentally
grounded in the principles of radiation protection and risk minimization. International
experience demonstrates that effective prevention relies on the consistent application of three
core principles: justification of exposure, dose optimization, and dose limitation [1]. These
principles are particularly relevant for chronic low-dose scenarios, where cumulative exposure
rather than acute dose determines long-term health risk. Studies indicate that strict adherence to
optimization strategies can reduce collective radiation dose by 25-45% without compromising
technological or diagnostic effectiveness [2].

Population-based radiation prevention programs have shown measurable health benefits
when implemented systematically. National monitoring initiatives integrating environmental
surveillance, occupational dose tracking, and medical exposure registries have been associated
with significant declines in average annual population doses, in some cases by up to 30%
over two decades [6]. These findings highlight that radiation prevention is most effective
when embedded within broader public health infrastructures, rather than addressed as an
isolated technical issue.

A crucial preventive component involves radiation risk communication and public
awareness. Empirical evidence suggests that populations with higher levels of radiation literacy
demonstrate better compliance with preventive recommendations and reduced anxiety-related
behaviors [14]. Conversely, inadequate communication may lead to either radiophobia or
underestimation of real risks. Educational interventions focusing on basic radiation principles
have been shown to improve risk perception accuracy by 20-35%, supporting informed
decision-making in both medical and environmental contexts [10]. From a preventive medicine
perspective, balanced risk communication is essential to ensure rational and proportionate
protective behavior.

Special attention must be given to vulnerable population groups, including children,
pregnant women, and occupationally exposed workers. Research confirms that targeted
preventive strategies—such as age-adjusted diagnostic protocols, enhanced workplace
monitoring, and stricter residential exposure standards—can reduce radiation-related health risks
by up to 40% in sensitive groups [3,11]. These measures underscore the importance of equity-
oriented prevention, ensuring that those at greatest risk receive proportionate protection.

Technological advancements further expand preventive possibilities. The integration of
digital radiation monitoring systems, real-time dosimetry, and data-driven risk assessment
tools has improved early detection of excessive exposure and facilitated rapid preventive
responses [12]. Artificial intelligence-based models now enable predictive analysis of
cumulative dose patterns, allowing healthcare systems to identify high-risk individuals and
optimize preventive interventions [13]. Forecasting studies suggest that widespread adoption of
such technologies could lead to a 15-25% reduction in radiation-associated disease burden
over the next several decades [9].

Despite these advances, challenges remain. Preventive strategies must balance technological
feasibility, economic sustainability, and ethical considerations. Evidence indicates that
preventive investments in radiation safety yield substantial long-term returns, with cost—
benefit ratios ranging from 1:2 to 1:5, particularly in radon mitigation and medical dose
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optimization programs [5,12]. These data reinforce the conclusion that radiation prevention is
not only a health imperative but also an economically rational strategy.

In summary, the reviewed evidence confirms that low-dose chronic radiation exposure
represents a persistent and modifiable risk factor for population health. While individual
risks may appear modest, cumulative exposure and widespread prevalence amplify public health
significance. Preventive medicine plays a central role in mitigating these risks through
systematic monitoring, optimization of exposures, targeted protection of vulnerable groups,
and effective risk communication. Strengthening preventive frameworks within radiation
hygiene and public health systems is therefore essential for reducing long-term health
consequences and ensuring sustainable protection of the population under conditions of chronic
low-dose irradiation [1,4,12].

CONCLUSIONS: Low-dose chronic ionizing radiation constitutes a persistent and
widespread factor influencing population health, making it a priority concern for preventive
medicine and public health systems. Unlike acute radiation exposure, chronic low-dose
irradiation affects large population groups continuously through natural background radiation,
medical diagnostics, occupational activities, and environmental sources such as radon. Although
individual doses are generally low, their cumulative nature over a lifetime creates measurable
long-term health risks, particularly at the population level.

The evidence reviewed in this article demonstrates that chronic low-dose exposure is
associated primarily with stochastic effects, including increased cancer risk, as well as potential
non-cancer outcomes involving the cardiovascular, immune, and nervous systems. Scientific
uncertainty regarding dose—response relationships does not negate these risks but rather
reinforces the need for precautionary and prevention-oriented approaches. Vulnerable population
groups, such as children, pregnant women, and occupationally exposed workers, require special
attention due to their increased radiosensitivity and higher potential for adverse outcomes.

From a preventive medicine perspective, effective management of low-dose radiation risks
relies on the systematic application of radiation protection principles, including justification of
exposure, dose optimization, and limitation. Preventive measures targeting medical, occupational,
and environmental sources of radiation have demonstrated significant potential to reduce
cumulative exposure without compromising diagnostic, technological, or economic efficiency. In
particular, optimization of medical imaging, radon mitigation in residential settings, and
continuous radiation monitoring represent key areas of preventive intervention.

Equally important is the role of risk communication and public education in radiation
prevention. Improving radiation literacy among both healthcare professionals and the general
population cnoco6ctByer informed decision-making, reduces irrational fears, and enhances
compliance with preventive recommendations. The integration of modern digital technologies
and data-driven monitoring systems further strengthens preventive capacity by enabling early
identification of excessive exposure and personalized risk management.

In conclusion, low-dose chronic radiation exposure should be regarded as a modifiable
public health risk. Strengthening preventive strategies within radiation hygiene and public health
frameworks is essential for minimizing long-term health consequences, protecting vulnerable
groups, and ensuring sustainable population health in the context of ongoing environmental and
technological development.
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