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Since electromagnetic and optical radiation significantly affect physical and biological systems, their functions
in technological development and environmental interactions are essential. This work addresses the complicated
effects of radiation on materials and living entities at different. Particularly pertinent to physical systems are
advances in energy transfer techniques, changes to material properties, and possible applications in renewable
energy, medical imaging, and telecommunication. Examining biological systems with an eye toward therapeutic
uses and prospective risks takes into consideration effects on cellular architecture, DNA integrity, and metabolic
activities. This work integrates real data with theoretical models to ascertain the impact of radiation on both
living and nonliving entities; it then derives findings on appropriate radiation levels and where regulation is
required. This interdisciplinary method provides the foundation for future developments and policy creation,
thereby laying the whole understanding of radiation's dual position as a technological facilitator and a prospective
environmental hazard. The results show that optical light increases the electrical conductivity of semiconductors,
suggesting potential benefits for photovoltaic systems. Biological damage assessment reveals that higher radiation
doses increase DNA damage and cell death. Safety limits for radiation exposure are established based on exposure
statistics, with 2.5 J/cm? for UV radiation and 0.1 Gy for X-ray radiation.
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Radiation safety.
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1. INTRODUCTION

Visual and electromagnetic radiation influences many
physical and biological systems and penetrates modern

life [1]. Each radiation type has distinct wavelengths,
frequencies, and energies [2]. Healthcare diagnostics,
energy  generation, industrial  processing, and

communications have progressed due to their imaginative
usage [3]. Radiation affects the thermal, mechanical, and
electrical characteristics of materials in physical systems,
developing several technologies [4]. Cell and tissue
architecture, DNA integrity, and physiological activity are
influenced by optical and electromagnetic radiation [5].
Lasers and radiation have revolutionized healthcare, but
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prolonged exposure may damage DNA, and cause cancer,
and other health issues [6, 7]. To demonstrate how
radiation impacts physical system material characteristics
and cell and molecular dynamics [9], the research
compares real data and theoretical models [8]. The study
examines regulatory frameworks, safe exposure levels,
and future research to balance innovation, sustainability,
and safety [10]. This integrative work addresses a gap in
our knowledge of electromagnetic and optical radiation's
effects on physical and biological systems [11]. Radiation
influences material properties, allowing improvements in
communications, healthcare, and renewable energy [12].
The work reveals how radiation affects biological systems'
cellular architecture, DNA integrity, and metabolic
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activities, highlighting therapeutic potential and high-
exposure risks [13]. This work links experimental data
and theoretical models to better understand radiation's
dualistic nature and enable eco-friendly technologies [14].
This finding should secure radiation-based technology's
long-term safety and use in many sectors [15].

1.1 Related Work

Chandrappa et al. (2024) used model-based iterative
reconstruction for artifact reduction to study how optical
and electromagnetic radiation affects Dbiological and
physical objects. Wongkasem (2021) [10] and Georgiou et
al. (2022) [4] also noted the biotoxicity of microwave and
radio frequencies, which may create free radicals and
harm human health. Omer (2021) [5] and Razek (2022) [6]
studied the medicinal uses of non-ionizing radiation,
expanding understanding of its radiobiological effects.
Bertani et al. (2021) [8] found that optical radiation had a
considerable effect on mental health. Erdem et al. (2021)
[2] studied the use of carbon-based nanomaterials in
wearable health monitoring, stressing electromagnetic
sensing device technology. Deng et al. (2024) [14]
suggested nanoscale precise manipulation applications.
Suthaparan (2024) [13] studied optical irradiation to
prevent powdery mildew in  agriculture and
environmental sciences, whereas Zhong et al. (2021) [9]
studied electromagnetic waves' morphophysiological
effects on plants. Khan et al. (2022) [3] reviewed
nanoscale research and nanotechnology applications by
synthesizing and characterizing nanoparticles.
Additionally, Gritsenko (2024) [11] helps us understand
material reactions to radiation by studying optical
radiation interaction with solids. Pandey et al. (2024) [15]
underlined the necessity for electromagnetic applications
in renewable energy systems. Fedorenko et al. (2023) [7]
propose electromagnetic-based robotic-biological explosive
detection systems to improve safety.

2. PROBLEM STATEMENT AND SOLUTION

Modern technology uses extensive optical and
electromagnetic radiation, which has pros and cons.
Telecommunications, medical imaging, energy generation,
and industrial use need these radiations, but their
impacts on physical and biological systems are
complicated. Radiation may affect device longevity and
efficiency by changing material characteristics. DNA
mutations and cell damage may result from extreme
electromagnetic and visual radiation. Optical and
electromagnetic radiation in technology and daily life has
pros and cons. Industries, medical imaging,
communications, and power production need radiation.
Radiation is useful, but its impact on physical and
biological systems generates safety issues. Understanding
how radiation wavelengths interact with materials
improves radiation-based technology and reduces risks.
This research explores electromagnetic and optical
radiation and its effects on living and inanimate things.
Radiation is examined throughout a wide spectrum to
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identify exposure limits, technological advances, and
radiation control techniques.

2.1 Material Property Alteration
Systems

in Physical

The interaction between radiation and materials may
be described, therefore determining the effect of radiation
on the properties of the material. Commonly used for
radiation absorption modeling is the Beer-Lambert law:

I(x) = [je™**

Additional applications of the heat equation include
radiation-induced temperature changes and heat transport:

= qver + 2
ox pc

2.2 Radiation’s Effect on Biological Systems

Simulating radiation-induced damage in biological
systems is possible using LET, which estimates the
amount of energy deposited by radiation in a unit length
of tissue. As a possible link between LET and cell damage
in living organisms, one may consider:

— Etotal
LET

Another important consideration is the LLD50 equation,
which finds the radiation required to kill half of a given
number of cells. This typical model for the dose-response
connection for cellular damage is also rather important:

1
D =Dy(1—e7)

Where, D is the overall radiation dose, while DO is the
level at which cells begin to suffer damage. T is a time
constant that is related to the radiation ex-activity rate; it
also represents the length of the exposure.

2.3 Radiation Safety and Exposure Thresholds

Reasonable radiation exposure limits may be
established by referring to the dose-response curve, which
illustrates the relationship between radiation dosage and
biological reactions, such as cancer risk. Equations for
such a relationship often look like this:

R=1—-e*P

By defining the risk below a certain threshold, we may
establish Dsate or safe exposure limits.

Rsafe <€

2.4 Regulatory Framework for Radiation

Having a regulatory framework that is based on
permissible exposure levels and thresholds is really
crucial. The radiate protection concept, which is often
called the ALARA principle, may be expressed
mathematically as:
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Dexposure = Dsafe X freductian

2.5 Optimizing Technology and Safety

Useful for maximizing radiation-based technology like
medical imaging and energy systems, this equation
balances the input power Pin and output power Pout.

Efficieny = %
in

3. EXPERIMENTAL RESULT

The experimental results of this work aim to quantify
and investigate the effects of optical and electromagnetic
radiation on physical and biological systems. The aim of
the investigations was to assess, using absorption,
damage assessment, and radiation spectrum exposure,
the consequences of radiation contact.

3.1 Material Property Alteration

We investigated, among a variety of materials, the
effects of radiation on electrical conductivity, tensile
strength, and thermal stability. The results showed that
optical light clearly increased the electrical conductivity of
several semiconductors, implying that photovoltaic
systems may gain from these phenomena.

Table 1 — Material Property Alteration

Material Radiation Property
Type Affected
Semiconductors | Optical Light Conductivity
Polymers UV Radiation Tensile Strength
Metals Optical Light Thermal Stability

This was the formula used to measure radiation
absorption I(x) = [he~*. One monitored the temperature
changes using the heat equation.

3.2 Biological Damage Assessment:

The biological tests used in order to evaluate biological
damage exposed human cell cultures to various radiation
doses, including UV and X-ray radiation, therefore
assessing cellular damage. Among these cell kinds are
epithelial and fibroblasts. We measured DNA
fragmentation using comet assays and dead rates using
flow cytometry. The results revealed that raising the dose
raised the degrees of DNA damage and cell death.

Table 2 — Biological Damage Assessment

Radiation Dose (Gy) | DNA Damage | Cell Death
1 10 5

3 30 20

5 60 40

7 80 70

10 95 90
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Material Property Alteration Under Radiation
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Fig. 1 — Material property alteration under radiation

R =1 — e *Prepresents the dose-response link using a
chemical equation wherein R denotes the biological risk
and D the radiation dosage.
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Fig. 2 — Biological damage under radiation

3.3 Radiation Exposure and Safety Thresholds

Safety limits for Radiation Exposure: Safety limits
were established in line with the possible biological
damage based on radiation exposure statistics. We found
the safe exposure limit by analyzing the relationship
between radiation dose and the probability of undesirable
health effects. The findings revealed that 2.5 J/cm? is the
safe limit for UV radiation in humans based on DNA
damage; 0.1 Gy is the approved dose for X-ray radiation;
above which there is little likelihood of major biological
effects. Following equation helped one to determine the
radiation dose and consequent risk:
Dexposure = Dsage X freductionWhere Do is the dosage at
which cell damage is defined.

3.4 Technological Application and Efficiency

Research on radiation-based products, such as solar
panels and medical diagnostic tools, was conducted with
an eye toward technological optimization. The efficiency
of the devices was assessed both before and after
radiation exposure; unlike solar panels, which exhibited a
small efficiency loss. Medical diagnostic devices
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maintained  stable  performance with  minimal
degradation even after extensive usage, showing good
design and shielding. The devices’ efficiency was

calculated Ef ficieny = %.
4. SIMULATION AND IMPLEMENTATION OF
RESEARCH

To reproduce and use the research on the impacts of
electromagnetic and optical radiation on biological and
physical systems, two crucial elements are required:

4.1 Material Property Alteration

We model the effect of radiation on conductivity and
absorption using the Beer-Lambert Law to alter material
properties in a computer simulation.

1(x) = [ye™%

Furthermore, we will make use of a simple model to
account for the variation in conductivity caused by
radiation intensity:

Conductivity = Intial Conductivity x e~%*Radiation Intensity

Material Property Alteraticn Due to Radiation Exposure
1.0f —— Cenductivity Change
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Electrical Conductivity (arbitrary units)
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Radiation Intensity (arbitrary units)

Fig. 3 — Material property alteration due to radiation exposure

A material's electrical conductivity decreases as the
radiation intensity increases, as seen in the graph. This
decrease 1in conductivity highlights the material's
radiation absorption and affects its physical properties; it
is based on an exponential connection.

4.2 Biological Damage

We model biological damage by following the dose-
response relationship, which states that the increase in
damage is proportional to the amount of radiation:

R=1—e%P

To determine the associated risk, we will run this at
many doses. The dose-response relationship, shown by the
second graph, demonstrates how the intensity of radiation
causes an increase in biological damage, such as DNA
fragmentation. The harm to biological systems increases
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with increasing doses; the damage to biological systems
follows an exponential growth pattern. These visuals serve
as a foundation for further investigation into how radiation
affects both physical and biological systems. The results
shown in the simulations and graphs are as follows:

Biological Damage Due to Radiation Exposure

—— DNA Damage {Dose-response}

0.8
0.6
0.4

0.2

Biclogical Damage (Fraction af Cells Damaged)

0.0

Q0 2 4 6 B 10
Radiation Dese (Gy)

Fig. 3 — Biological Damage Due to Radiation Exposure

For many dose and intensity levels, we will create a
table comprising the radiation dosage, conductivity,
biological harm, and radiation intensity. The simulation
turned out as follows:

Table 3 — Outcomes of Conductivity and Biological Damage

Radiation Conductivity Radiation | Biological
Intensity Dose Damage
0.0 1.0000 0.0 0.0000

1.0 0.9048 1.0 0.2592

2.0 0.8187 2.0 0.4512

3.0 0.7408 3.0 0.6113

4.0 0.6703 4.0 0.7335

5.0 0.6065 5.0 0.8320
6.0 0.5498 6.0 0.9097

7.0 0.4999 7.0 0.9719

8.0 0.4561 8.0 1.0169

9.0 0.4186 9.0 1.0456
10.0 0.3864 10.0 1.0592

5. CONCLUSION

The experimental data confirm the theoretical models
and the findings indicate that radiation significantly
influences material and biological systems. The results
underline the need for regulatory systems and acceptable
exposure limits to ensure the safe use of radiation in
technology and medicine. Moreover, these findings
provide vital data for enhancing the performance of
radiation-based technologies and lowering the hazards to
the surroundings and people. The study offers significant
data to help create radiation safety rules and enhance the
design of radiation-sensitive materials and systems.
Radiation exposure alters material characteristics and
damages biological systems, according to studies of optical
and electromagnetic radiation. With rising radiation
intensity, the material property model predicts
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exponentially decreasing electrical conductivity. The
biological damage model, which incorporates DNA
fragmentation, shows an exponential link between

radiation exposure and Dbiological damage. The
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OCKIIbKH €JIGKTPOMATHITHE T4 ONTHYHE BUIIPOMIHIOBAHHS CYTTEBO BILIMBAIOTH HA (PI3WYHI Ta O0l0JIOTTUHL
cHCTeMH, IXHI (PYHKIIl] B TEXHOJIOTIYHOMY PO3BUTKY Ta B3AEMOJIIl 3 HABKOJIMIIIHIM CEPEIOBUIIEM € BaxmIuBuMu. Ls
poboTa poaryisAmae CKJIAMHWM BIUIMB pajiallii HA MaTepiajii Ta KHBI opraHisMu B pisHMX ymoBax. OcobiauBo
AKTYaJIbHUMY 11 (PISUIHUX CHCTEM € JOCATHEHHS B METOaX IIepefadi eHeprii, 3MiHM BJIACTUBOCTEH MaTepiaiB Ta
MOSKJIABI 3aCTOCYBAHHS y BIIHOBJIIOBAHIN €HEPreTHUIll, MeIUJHIN Bidyasniaariii Ta TejlekoMyHikammiax. Jocmmrernss
610JIONIYHMX CHCTEM 3 yPaxyBaHHSIM TEPAIIEBTUYHOIO BUKOPUCTAHHS Ta IIOTEHIIMHUX PU3UKIB BPAXOBY€e BIUIMB HA
KITUHHY apxitexrypy, ImmchHicte JJHK Ta merabomiuny axrtusHicTs. Il pobora iHTerpye peasbHi maHi 3
TEOPETUYHMMU MOJIEJISMHU, 11100 BCTAHOBUTH BILIUB PAJIiallii AK HA KMBI, TAK 1 HA HEKWBI OPraHiaMu; MOTIM BOHA
OTpHMMy€ BHCHOBKH IIOJI0 BIAMOBIHWUX PpIBHIB pamiarii Ta Micib, Je TmoTpioHe peryymoBamusa. 1lei
MUEIUCITUILTIHAPDHUI MeTo | 3a0e3Iedye OCHOBY JIJIT MAWMOyTHIX PO3POOOK Ta CTBOPEHHS TOJITHKH, TUM CAMEAM
3aKJIAAI0YM TIOBHE PO3YyMIHHS IIOABIMHOI TO3WINI pamiarii SK TeXHOJIOTIYHOrO II0CEePeIHWKA Ta ITOTEHITHHOL
eKoJIOTIYHOI Hebearmexku. Pe3ynpraTé MOKa3yoTh, 110 ONTWYHE CBITJIO 30UIBIIYE  eJIeKTPOIIPOBIIHICTD
HAIIBIIPOBITHUKIB, 10 CBIYUTH PO IMOTEHINNHI mepeBaru s doroesmekTpuaaux crctem. OriHKa 010JI0TTYHOTO
TIOITKO/IPKEHHS TOKa3ye, IO BHIMI J03W OIMPOMIHEeHHs 30uthinyoTh mommkomkenus JIHK Tta sarmbess womiTwm.
Besmeuni mesxi paialiiifHOro OIMPOMIHEHHS BCTAHOBJIIOIOTHCS HA OCHOBI CTATHUCTUKM BIUIUBY, 3 2,5 Jw/cm?2 mmsa
yabTpadiosnieroBoro BupominoBautsa Ta 0,1 I'p 11 peHTreHIBCHKOT0 BUIIPOMIHIOBAHHS.

Knrouori caora: Enexrpomarnitae sunpominwoBauus, Omnrnubne sunpominioBauss, ODisuuni cucremw,
Biosnoriuni cucremu, Iimcuicrs JIHK, Pamiamiiina 6esmexa.
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