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Abstract

The thermal behavior of biological tissues and the radio frequency (RF) radiation emissions from well-known
smartphone models are both examined in this work. The study of the thermal dynamics of human facial tissues is
conducted using computational simulations and theoretical models, taking various characteristics such as density,
specific heat capacity, and thermal diffusivity. The complex thermal dynamics are explained by the contour plots
that illustrate the temperature differences throughout the face, which range from 37.0 to 39.277 degrees Celsius.
Additionally, the study evaluates the specific absorption rate (SAR) values (W/kg) of radiofrequency radiation
emissions from smartphones, such as the Samsung Galaxy S20, Google Pixel 5, OnePlus 8 Pro, Huawei P40 Pro,
and Samsung Galaxy A series (A70, A71, A72, and A73). The Samsung Galaxy A series has the lowest SAR values,
ranging from 1.20 to 1.26 W/kg, while the iPhone 12 has the highest SAR of 1.23 W/kg. When compared to other
models, the iPhone 12 has higher sound output levels; the Samsung Galaxy A series has the lowest sound output
levels. These results underline the significance of additional research into their possible health consequences by
providing insights into the thermal dynamics in biological tissues as well as the exposure to radiofrequency radiation
from cell phones.

Keywords: thermal behavior, biological tissues, smartphone radiation, specific absorption rate (SAR), sound output,
health impacts.

Introduction

The widespread usage of mobile phones has revolutionized social contact, communication, and
information access in recent decades, making them an essential component of daily life everywhere. But
as people rely more and more on mobile devices, worries about their possible consequences on health
have grown. This is especially true when it comes to exposure to radio frequency (RF) radiation that these
gadgets emit. Because millions of people frequently use mobile phones near their bodies, there is a
growing body of research and public interest in learning more about the potential health effects of
radiofrequency radiation ICNIRP, (2020).

Mobile phones release radiofrequency radiation (RF radiation), a type of electromagnetic radiation,
to enable wireless communication FCC, (2021). Depending on the technology and network standards that
the devices are using, these emissions are made up of electromagnetic waves with frequencies that can
range from several gigahertz to hundreds of megahertz Hardell, et al. (2013). Even though radiofrequency
radiation is non-ionizing and usually regarded as harmless at low power levels, extended exposure to high
power levels of radiation has been linked to possible health hazards, necessitating a thorough examination
and evaluation.
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The main worry about radiofrequency radiation from cell phones is that it can enter human body
tissues and cause thermal reactions that raise body temperatures. Furthermore, mounting data points to the
possibility that radiofrequency radiation may affect biological systems in ways other than thermal ones,
such as changes to gene expression, oxidative stress pathways, and cellular metabolism. Concerns have
been raised regarding these impacts' possible connections to harmful health outcomes, including cancer,
neurological conditions, problems with reproduction, and other physiological disruptions.

The biological and health impacts of radiofrequency radiation have been the subject of several
investigations; yet, the scientific data is still unclear, with different findings and interpretations across
different research studies Khurana, et al. (2009). Additionally, based on the information at hand,
regulatory organizations and expert groups have set safety recommendations and exposure limits to
safeguard the public's health while promoting the ongoing usage and advancement of wireless
technologies.

Within this framework, the current investigation attempts to measure the amounts of radiofrequency
radiation released by cell phones and analyze any possible health risks Khurana, et al. (2009). Through a
complete review of the literature, analysis of exposure statistics, and consideration of current regulations,
this study aims to present a clear picture of the advantages and disadvantages of using mobile phones. The
study's conclusions will ultimately aid in the creation of policies, public awareness campaigns, and well-
informed decision-making about the responsible use of mobile devices in the linked world of today.
Statement of the problem

People are exposed to more radio frequency (RF) radiation as a result of the increasing usage of
mobile phones, which has raised worries about possible health repercussions. There are still concerns
concerning the long-term effects of radiofrequency radiation on human health, especially when it comes
to close-quarters and continuous exposure from using a mobile phone, even though it is non-ionizing and
generally regarded as safe at low power levels.

The biological effects of radiofrequency radiation have been the subject of numerous research, and
the results point to possible hazards related to extended exposure. According to certain research (Khurana
et al., 2009; Hardell et al., 2013; Pall, 2018), there is a connection between exposure to radiofrequency
radiation and unfavorable health consequences, such as an increased risk of some malignancies,
neurological conditions, and reproductive abnormalities. Other research, however, has produced
contradictory findings; other studies have not been able to link exposure to radiofrequency radiation with
health hazards (ICNIRP, 2020; FCC, 2021).

Even with the corpus of current literature, there are still several significant knowledge gaps and
ambiguities that call for additional research:

Variability in Exposure Levels: Depending on elements such as device kind, closeness to the body,
and usage habits, there is a significant variation in the amount of radiofrequency radiation that is exposed.
Accurate risk assessment requires knowledge of the magnitude of exposure variability and how it affects
health outcomes.

Biological Mechanisms: Little is known about the underlying biological mechanisms that
radiofrequency radiation uses to interact with human tissues and cells. Developing focused intervention
techniques and forecasting and evaluating possible health consequences depend on elucidating these
mechanisms.

Regulatory Standards and Guidelines: In light of new research findings, it is possible that the
current regulatory standards and guidelines for radiofrequency radiation exposure may not sufficiently
account for potential dangers, as they are based on scant data. To provide sufficient protection of public
health, these criteria need to be reviewed and updated by the most recent scientific findings.

Mobile or cellular phones are now integral part of modern telecommunications. In many countries,
over half the population uses mobile phones and the market is growing rapidly. In 2022, including both
smart and feature phones, the current number of mobile phone users is 7.26 billion, which makes 91.00%
of people in the world cell phone owners.
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Public Perception and Awareness: The public's perception and awareness of the possible health
dangers related to radiofrequency radiation and mobile phone usage are still not uniform, despite
continuous discussions and disputes around these topics. To reduce potential health concerns and enable
people to make educated decisions about using mobile phones, effective communication and education
initiatives are required. It requires a multidisciplinary strategy to address these issues, combining
knowledge from public health, biochemistry, epidemiology, and physics. This research aims to contribute
to the development of evidence-based policies, guidelines, and interventions to promote safer mobile
phone usage practices and protect public health by methodically examining the complexities surrounding
RF radiation from mobile phones and its implications for human health.

Mobile phones use low-powered radiofrequency transmitters, operating at frequencies between 450
and 2700 MHz with peak powers in the range of 0.1 to 2 watts. They communicate by transmitting radio
waves through a network of fixed antennas called base stations. Radiofrequency waves are
electromagnetic fields, and unlike ionizing radiation such as X-rays or gamma rays, they can neither
break chemical bonds nor cause ionization in the human body. The handset only transmits power when it
is turned on. The power transmission falls off rapidly with increasing distance from the handset. The
COVID-19 pandemic has slowed progress on the UN Sustainable Development Goals (SDGs) around the
world, with the pandemic exacerbating existing social and economic inequalities. With lockdown
restrictions and social distancing measures, people have relied on mobile networks to stay connected and
access life-enhancing services.

Results and Discussion

As a result, mobile adoption has continued to increase during the pandemic, despite sluggish
economic growth and the negative effects on consumer incomes. According to World Economic Forum,
mentioned that the mobile industry is now in explosive growth worldwide with an ever-growing demand
for data traffic. In 2017, mobile phone users were 4.77 billion, and expected to reach about 5 billion in
2019. In 2022, the number of global smartphone users is estimated at 6.6 billion, marking a 4.9 percent
annual increase.

Table 1.The first eleven countries of the world by the number of Mobile phones

Country Populations Smartphone phone penetration Smartphone user
China 1.44B 59.9% 865.04 M
India 1.39B 43.59 606.57 M
USA 331 M 90.6% 300 M
Brazil 213 M 108% 230 M
Russia 146 M 68.5% 100 M
Indonesia 276 M 72.4% 200 M
Japan 126 M 71.4% 90 M
Mexico 129 69.8% 90 M
Germany 84 M 83.35 70
United Kingdom 68 M 88.2% 60 M

Table 1 shows the list of the first 10 countries in the world by the number of mobile phone numbers
in use. As shown in Table 1, the number of smartphone users across the world increases abruptly from
year to year which was mentioned in different research findings.

In 2017, the number of mobile phone users was 4.77 billion, and expected to reach about 5 billion in
2019. The number of smartphone users reached 5.22 billion by the end of 2020, which represents 66% of
the world's population. 2020 brought in an additional 93 million users, a 1.8% increased from 2019's
year-end total. In 2022, the number of global smartphone users was estimated at 6.6 billion, marking a 4.9
percent annual increase.

Human beings are capable of viewing the EM wave through their eyes in the frequency range of
405- 790 THz and hearing the sound waves in the frequency range of 20Hz -20kHz. There is also the
presence of frequencies that are not viewable and heard by human beings. The EM spectrum is generally
classified as a non-ionizing and ionizing region. The ionizing spectrum lies in the high-frequency region.
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A smartphone is a cellular telephone with an integrated computer and other features not originally
associated with telephones such as an operating system, web browsing, and the ability to run software
applications. Smartphones can be used by individuals in both a consumer and a business context, and are
now almost integral to everyday modern life. Smartphones are the preferred device for reading the news,
taking photos, social networking, watching short videos, making video calls, doing online banking, and
using mobile payments. Smartphones also become the hub used to control other devices and keep track of
calorie intake or health stats.

Smartphones and other mobile devices emit tiny amounts of radiofrequency (RF) radiation. Humans
can absorb this radiation when the smartphone is being used or is lying dormant anywhere near their
bodies. The parameter used to measure phone radiation emissions is the Specific Absorption Rate (SAR).
It is the unit of measurement that represents the quantity of electromagnetic energy absorbed by the body
when using a mobile device.

SAR == )
where SAR is the specific absorption rate, E is the energy, and t is the time
SAR values are calculated at the ear (speaking on the phone) and at the body (kept in your pocket)
in watts per kg. The Council of the European Union has set radiation standards for cell phones at 2 watts

per kilogram, measured over the 10 grams of tissue that absorbs the most signal.

Table 2. SAR Values for Different Smartphone Models

Model Date of production Type SAR [W/kg]
iPhone-12 2020 Flagship 1.23
Samsung Galaxy S20 2020 Flagship 1.15

Google Pixel 5 2020 Flagship 13

OnePlus 8 2020 Flagship 1.18
Huawei p40 2020 Flagship 1.25
Samsung Galaxy A70 2019 Mid-range 1.2
Samsung Galaxy A71 2020 Mid-range 1.22
Samsung A72 2021 Mid-range 1.24
Samsung A73 2022 Mid-range 1.26

Flagship smartphones such as the Huawei P40 Pro, OnePlus 8 Pro, Google Pixel 5, Samsung
Galaxy S20, and iPhone 12 are the latest examples of technological innovation at its best. As indicated in
Table 2, these 2020 releases are attractive to customers looking for the best possible performance and
aesthetics because of their cutting-edge features and elegant designs. They are flagship products that
showcase the newest advancements in mobile technology, notwithstanding their differences.

On the other hand, mid-range smartphones that strike a balance between performance and price,
such as the Samsung Galaxy A70, A71, A72, and A73, target a wider market. These models, which range
in production dates from 2019 to 2022, provide competitive features at more affordable price points. Mid-
range smartphones have strong value propositions, even though they are not as innovative as their
flagship counterparts. This appeals to users on a tight budget who want dependable performance without
going over budget.

Between these differences is the SAR, a vital measure of how quickly the human body absorbs
radiofrequency electromagnetic fields from smartphones. Watts per kilogram (W/kg), or surface area
ratio, (SAR) values change between models due to variations in RF emissions and design factors. While
there are variations in market positioning and release dates, all cell phones follow regulatory SAR
limitations to guarantee user safety and adherence to standards.

In conclusion, there is a wide range of models available in the smartphone market, from flagship
devices that feature cutting-edge technology to mid-range devices that are reasonably priced without
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sacrificing functionality. Although these models vary in release dates, functionality, and target markets,
all of them emphasize user safety by adhering to SAR laws.

SAR Exposure for One Hour of Continuous Smartphone Use
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Figure 1. SAR exposure when we use smartphones continuously for one hour

It is clear by comparing the specific absorption rates (SAR) of different smartphone models that
each one absorbs radiofrequency electromagnetic fields at different levels when it is close to the human
body shown in Figure 1. The Huawei P40 Pro, which has a comparable SAR value of 1.25 W/kg, and the
iPhone 12, both positioned as flagship devices, have SAR values of 1.23 W/kg. On the other hand, mid-
range models like the Samsung Galaxy A70 and A71 have marginally lower SAR values (1.20 W/kg and
1.22 Wi/kg, respectively), which is indicative of their emphasis on striking a balance between price and
performance. Among the models discussed, the Google Pixel 5 has the highest SAR value of 1.30 W/kg,
indicating a possible increase in radiofrequency absorption. At 1.18 W/kg, the OnePlus 8 Pro trails
closely behind, displaying a competitive SAR rating in the top class. It's interesting to note that the
Samsung Galaxy S20, A72, and A73 exhibit SAR values in a limited range, emphasizing the
radiofrequency absorption uniformity between Galaxy series iterations. All things considered, being
aware of SAR values help users make wise choices about using smartphones and possible exposure to
radiofrequency electromagnetic fields shown in Figure 1.

Since specific absorption rates (SAR) indicate the rate at which the body absorbs radiofrequency
electromagnetic fields (RF-EMF) released by smartphones and other wireless devices, they have
important consequences for human health. Elevated SAR readings could suggest heightened exposure to
radiofrequency electromagnetic fields (RF-EMF), hence posing health risks. Numerous studies have
revealed links between long-term exposure to RF-EMF and a range of health outcomes, including but not
limited to an increased risk of brain tumors, neurological diseases, and reproductive problems, even
though scientific study on the health effects of RF-EMF exposure is still ongoing

For example, Bortkiewicz et al. (2012) found evidence of negative impacts on well-being, sleep
quality, and cognitive skills in people exposed to RF-EMF from mobile phones in their systematic review.
Furthermore, based on scant data indicating a connection between RF-EMF exposure and gliomas, a
particular kind of brain tumor, the International Agency for Research on Cancer (IARC) has categorized
RF-EMF as "possibly carcinogenic to humans” (IARC, 2013). To mitigate potential health concerns
connected with RF-EMF exposure, it is imperative to understand and regulate SAR values. This
highlights the significance of more research as well as preventative steps to safeguard the public's health.

The International Commission on Non-lonizing Radiation Protection (ICNIRP), the International
Committee on Electromagnetic Safety (ICES), and the World Health Organization Electromagnetic Fields
Project (WHO EMF-Project) assure users that there is no proven health risk and that the present safety
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standards on the radiation emitted by mobile phones protect all users CNIRP, (1998); WHO, (2006);
Shahbaz, et al. (2012); Shahbaz, et al (2014).

Nature has all the frequency and the required frequency with limited power is absorbed or accepted
by the human being. Man-made frequencies with large power affect the health of human beings. Since the
invention of electricity and electromagnetic induction, antennas have been used for the transfer of
messages from the source to the destination. The data in the form of analog or digital are modulated to a
higher frequency so that they can be sent for a long distance. Using the antenna at the receiver side the
electromagnetic fields are converted back to the electrical signal. Nowadays, RF pollution is high as the
number of mobile users is increasing day by day. In addition to the power of the EM wave, the distance of
the user from the transmitter also decides the effect and is classified as near field and far field. The
electric field induces the charges and the magnetic field induces the electric current whose magnitude
depends on the strength field, and the frequency of the field.

The effect of RF-EMF on the human living environment has attracted the attention of researchers to
epidemiology studies. A large number of studies have been performed over the last two decades to assess
whether mobile phones pose a potential health risk. To date, no adverse health effects have been
established as being caused by mobile phone use. Moreover, various studies were designed to determine
the effects of mobile phone radiation on DNA damage, chromosome aberration, cell cycle distribution,
cell proliferation, cell survival, stress response, and gene expression as endpoints of observation Shahbaz,
et al (2014); Tashaima, et al (2006); Leszczynski and Xu, (2010).

Several studies have investigated the biological interaction between the human body and exposure
to this radiation. The evidence indicates that the absorption of EMF radiation by the human body is linked
with detrimental health impacts, including Global System for Mobile Communications or GSM is the
world's most popular standard for mobile telephone systems. GSM is a cellular network, which means
that mobile phones connect to it by searching for cells in the immediate vicinity. Code division multiple
access (CDMA) is a channel access method used by various radio communication technologies. It is used
for data communication in that it allows several transmitters to send information simultaneously over a
single communication channel. It allows users to share a band of frequencies. CDMA employs spread-
spectrum technology and a special coding scheme where each transmitter is assigned a code to allow
multiple users to be multiplexed over the same physical channel.

GSM networks operate has different carrier frequency ranges. The GSM networks operate in the
900 MHz or 1800 MHz bands. Where these bands were already allocated, the 850 MHz and 1900 MHz
bands are used instead. Regardless of the frequency selected by an operator; it is divided into time slots
for individual phones to use. The transmission power in the handset is limited to a maximum of 6 to 7
mill Watts. Table 2 shows the specifications of GSM and CDMA mobile phone technologies, their power
level, and their mode of transmission.

There are two different mobile phone technologies: GSM (Global System for Mobile
Communications) and CDMA (Code Division Multiple Access). Each has unique requirements regarding
transmission mode, power level, and frequency.

In Europe, Asia, and Africa, as well as in the Americas, GSM frequency works between the 900
MHz and 1800 MHz bands and between the 850 MHz and 1900 MHz bands. There are several channels
created from these frequency bands, and each one may handle data and voice communications.

Depending on the particular regulatory requirements of the area, the power levels utilized in GSM
networks typically range from 0.8 watts (23 dBm) to 2 watts (33 dBm) for portable devices.

The GSM divides each channel into time slots using the Time Division Several Access (TDMA)
technologies, which permits several users to share a single frequency band. Using GSM, voice and data
can be transmitted and received simultaneously since each user is given a specific time slot inside a
channel.

The 800 MHz and 1900 MHz bands are where CDMA operates, and it uses the whole spectrum for
transmission. As opposed to GSM, which creates channels inside the spectrum, CDMA distributes the
signal throughout the whole bandwidth, enabling numerous users to communicate at once.
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In comparison to GSM, CDMA devices usually have lower power levels; for handheld handsets,
this ranges from 0.1 watts (20 dBm) to 1 watts (30 dBm).

Through the use of a spread spectrum approach, the mode of transmission in CDMA enables several
users to broadcast concurrently over the same frequency range by encoding each user's signal with a
unique code. Compared to GSM, this method allows CDMA networks to achieve improved spectral
efficiency and better interference resistance.

Therefore, there are differences between GSM and CDMA mobile phone technology in terms of
frequency ranges, power outputs, and transmission methods. TDMA, which uses divided frequency
channels, is used by GSM, whereas CDMA uses a spread spectrum with full bandwidth transmission.
These variations lead to unique network features and voice and data transmission performance
capabilities.

The impact of various smartphone models' sound emission levels (measured in decibels). We may
apply a straightforward mathematical model that takes into account variables like speaker efficiency,
power output, and distance from the sound source. The relationship between these variables can be
represented mathematically in the following way: D is the distance (in meters) between the smartphone
speaker and the listener, E is the efficiency of the smartphone speaker (unitless), and W is the smartphone

speaker's power output. The sound output volume can be stated as
P.E
L =0 xlogso (35m0m) 3)
The reference power level (measured in watts) that corresponds to the human hearing threshold is
10 "2, whereas the sound propagation area is represented by 47D?.

Sound Output Level for Different Smartphone Models at Various Distances
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Figure 4. The sound intensity level produced by different types of smartphones

It is clear from the results shown in Figure 4 that each smartphone model's sound output intensity
(in dB) differs at various distances from the sound source. The relative sound production level of each
smartphone model at different distances is indicated by the model's position on the graph (Zhang et al.,
2017). The iPhone 12's curve is notably positioned farther from the origin than the Samsung Galaxy
AT73's curve, indicating that the former generates sound at higher volumes than the latter (Gupta et al.,
2020). The curves for the remaining smartphone models also lie in the middle of these two extremes.

Higher sound production levels may be more likely to expose people to noise-induced hearing loss
(NIHL) and other detrimental consequences on their capacity to hear, from a health standpoint (Basner et
al., 2014). Long-term exposure to loud noises, particularly up close, might permanently harm the sensitive
inner ear structures, impair hearing, or cause other auditory problems (Joo et al., 2017). As a result,
people who use cell phones with greater sound output levels—especially those who use them close
together—may be more susceptible to hearing-related problems than people who use smartphones with
lower sound output levels.



Belay Sitotaw Goshu/EJAS Journal of Science and Technology 1 (2024) 34 — 47 41

Mathematical model of heat propagation from mobile to human body

The phenomenon known as thermal effects which is caused by localized heating in tissues close to
the phone's antenna can be caused by radiofrequency radiation from mobile phones. The extended use of
a mobile phone near the head may result in a slight rise in body temperature in the surrounding tissues,
including the brain. Since greater temperatures can cause dehydration or alter tissue hydration levels, they
may have an impact on the water concentration in the tissues. It's crucial to remember that there is still
much to learn about the scope of these changes and any potential health effects.

The relationship between RF exposure, tissue heating, and physiological responses can be better
understood through mathematical modeling. However, it's crucial to remember that there is currently
insufficient data to draw firm conclusions about the long-term health effects of RF radiation from
smartphones. To establish suitable standards for safe smartphone, use and get a deeper understanding of
the potential hazards, more study is required, including epidemiological studies and experimental
investigations Lee, (2018).

In the model's mathematical statement, let's indicate the subsequent parameters: A is the surface
area (in m2) of the elliptical area of the human body that is used to hold the mobile phone. P is the mobile
phone's power output (measured in watts). D is the distance (in meters) between the smartphone and the
ear. Th is the body's starting temperature (in degrees Celsius). Tp is the smartphone's temperature (in
degrees Celsius). p is the water's density, expressed in kg/m2 and presumed to remain constant. C is the
water's specific heat capacity, expressed in J/kg-°C and assumed to be constant. € is the bodily tissue's
presumed constant emissivity, and t is the time (measured in seconds). These parameters allow the
following formulation of the model's mathematical expression:

The surface area of the human face is given by

A:T[XLmXLmaj (2)
Rate of Heat Transfer from Phone to Body
Q =exax AT —Ty) (3)
Change in Temperature Over Time:
T (4)
dt pPXVXC

where V is the body tissue's volume, which is thought to be proportionate to A.

The aforementioned mathematical formulas delineate the fundamental constituents of the model,
encompassing the computation of surface area, the transport of heat from the mobile phone to the body,
and the evolution of body tissue temperature with time. Through numerical or analytical solutions to these
equations, we can replicate the variations in body temperature that result from regular usage of mobile
phones. Furthermore, the model can be improved and adjusted to include more specific physiological
aspects and increase accuracy.
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Temperature Changes in Human Body due to Mobile Phone Use
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Figure 5. The impacts of mobile phones on the temperature of the human body

The simulation’s findings show that when exposed to radio frequency (RF) radiation from a cell
phone, the upper portion of the human body's temperature rises with time. The model accurately
represents the cumulative effect of heat transmission from the phone to the body tissues by including the
time step index in the temperature update expression. In particular, following continuous exposure to RF
radiation, the upper body region's temperature increases from its initial value of 37.0°C to 38.25°C.

This result emphasizes how crucial it is to take into account the time-dependent aspect of heat
transfer processes when figuring out how using a mobile phone affects human physiology thermally.
Furthermore, it's critical to recognize the psychological effects of excessive mobile phone use, which
include elevated stress levels, anxiety, and disturbed sleep patterns, in addition to physiological alterations
(Dhir et al., 2020; Elhai et al., 2020). The negative effects of prolonged mobile phone use on one's general
health may be further exacerbated by these psychological variables. In addition to boosting confidence in
the model's predictive powers, more validation of the model against empirical data and clinical
observations would advance our understanding of the complex effects of mobile phone use on human
health Narayanan, et al. (2019).

Short Effects

The short-term effects of radiofrequency (RF) radiation exposure from mobile phones, which has
been shown to raise body temperature, might include discomfort and acute physiological reactions.
Among the potential short-term impacts are:

Sensory Perception: During phone conversations, people may feel hot or warm in the body parts
closest to the phone, like the face or ear.

Discomfort: If the rise in body temperature is visible or lasts for a long time, it may cause feelings
of unease or discomfort.

Vasodilation: In reaction to heat, blood vessels close to the skin's surface may enlarge, causing
flushing or redness in the afflicted areas.

Increased perspiration: In response to high temperatures, the body may produce more perspiration,
which may exacerbate feelings of stickiness or wetness.

Potential for Thermal Injury: Although it is less likely to happen in normal mobile phone use
settings, extended exposure to high temperatures from RF radiation may in severe cases raise the risk of
thermal injury or heat-related health disorders.
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The short-term consequences of mobile phone use are usually modest and temporary, and infrequent
or moderate use may not have a substantial negative influence on an individual. However, sensitive
people or those with underlying medical issues can be more prone to pain or other symptoms. It's critical
to weigh the long-term advantages and necessity of cell phone use in daily life against any potential short-
term effects. To fully comprehend the immediate and long-term
Long Term effects

Research and discussion about the long-term effects of extended exposure to radio frequency (RF)
radiation from mobile phones are still underway. Although there is currently little solid data connecting
cell phone use to any particular long-term health effects, epidemiological studies and experimental
researches have identified several possible concerns. The following are a few long-term effects that have
been proposed or looked into:

Cancer Risk: The risk of cancer, especially brain tumors like gliomas and auditory neuromas, is one
of the most researched possible long-term health impacts. Although some research has linked prolonged
usage of a cell phone to a higher risk of cancer, the findings are still conflicting and unclear.

Neurological Effects: Research on the potential neurological consequences of prolonged mobile
phone use, such as adjustments to memory, attention, and cognitive function, is still under progress.
While there is ongoing discussion regarding the clinical importance of these findings, certain researchers
have revealed links between the usage of mobile phones and changes in brain activity.

Reproductive Health: There have been worries expressed over the possible effects of radiofrequency
radiation on the development of the fetus during pregnancy and on men's sperm quality. The evidence
supporting these effects is still conflicting and equivocal, though Imtiaz El-Jarrah, et al (2022).

Electromagnetic Hypersensitivity (EHS): Some people claim that electromagnetic waves, notably
those from mobile phones, have caused symptoms like headaches, exhaustion, and sleep difficulties.
Nonetheless, there is scant scientific proof for both the presence of EHS and its link to radiofrequency
radiation.

Cardiovascular Health: New research raises the possibility of a connection between using a cell phone
while driving and consequences related to heart health, such as variations in blood pressure and heart rate
variability Lee, et al (2015). To fully understand the nature and importance of these relationships, further
studies need to be conducted.

It's crucial to remember that the data currently available on the long-term health impacts of cell
phone use is inconsistent and even contradictory. Certain studies indicate possible hazards, but other
research finds no meaningful correlations. Furthermore, it is difficult to determine the precise effects on
long-term health due to the quick advancement of mobile phone technology and shifts in usage habits.

To inform public health policy and encourage safe and responsible mobile phone usage, it is
imperative that ongoing study and monitoring of potential health impacts be conducted, given the broad
and expanding use of mobile phones worldwide. To further lessen the possibility of being exposed to RF
radiation, people might limit their use of mobile phones and use hands-free devices Jones, et al. (2018.
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Temperature Distribution on Human Face
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Figure 6. The temperature affects the face of humans

The temperature distribution on the human face, which ranges from 37.0 to 39.277 degrees Celsius,
is depicted in the contour plot shown in Figure 6. This temperature range represents the thermal dynamics
of the tissue being studied, which are impacted by many variables such as external heat sources and
metabolic activities. The plot's color gradient, which changes from red to yellow, graphically depicts the
temperature variation throughout the face. Yellow represents warmer temperatures, whereas varying hues
of red indicate colder conditions Smith, et al. (2020).

The thermal characteristics of the tissue and the active heat-generating mechanisms are responsible
for the temperature variations that have been observed by Smith, et al. (2020).

The rate at which temperature changes spread throughout the tissue is determined by factors like
density, specific heat capacity, and thermal diffusivity. The overall thermal dynamics are also influenced
by external factors, such as physiological processes and ambient conditions Li, et al. (2019); Miyakoshi,
(2013).

This graphic representation can help us better comprehend the mechanisms underlying heat
transmission in biological systems and provide insightful information about the tissue's thermal behavior.
Researchers can evaluate potential thermal effects on human health by evaluating the effects of different
stimuli on tissue heating and cooling dynamics through the analysis of temperature distributions across
time.

Conclusions and Recommendations
Conclusions

Our study, which focuses specifically on the human face, offers important insights into the thermal
behavior of biological tissues after thorough analysis and simulation. Using computer modeling methods,
we have examined the temperature distribution in the tissue over time, taking into account parameters like
density, specific heat capacity, and thermal diffusivity. The temperature variance throughout the face,
which ranges from 37.0 to 39.277 degrees Celsius, is depicted in the contour map produced by our
simulations. This visual aid provides important insights into the mechanisms of heat transmission in
biological systems while highlighting the tissue's thermal dynamics.

We have illustrated the importance of comprehending temperature changes in biological tissues and
their possible effects on human health through our investigation. The observed temperature variations,
which are impacted by both internal and external variables, advance our knowledge of the tissue's thermal
energy distribution. Our results highlight the significance of taking into account thermal impacts in a
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variety of situations, including determining the influence of outside heat sources or analyzing thermal
reactions to biological functions.

Our result paves the way for further investigations into the domains of biomedical engineering and
thermal biology. To further our understanding of thermal dynamics in biological systems, future research
might examine more intricate tissue geometries, improve modeling methods, and include more
physiological data. We can more effectively handle issues with heat transport, thermal regulation, and the
possible negative effects of thermal exposure on health by expanding our understanding in this field.

To sum up, our research adds to the expanding corpus of knowledge on thermal biology and lays the
groundwork for additional investigations that will clarify the complex interactions between thermal
energy and biological tissues. We will be able to better understand the intricacies of thermal events in
living things and their wider consequences for human health and welfare via interdisciplinary cooperation
and ongoing research.

Recommendations

We provide the following suggestions for further researches and scholarly investigation in light of
our theoretical modeling methodology and the findings from our investigation:

Validation using Experimental Data: We offer a foundation for comprehending thermal dynamics in
biological tissues through our theoretical modeling technique. We suggest performing controlled
experiments to detect temperature distributions in real human tissues to corroborate our results and
improve the validity of our model. Through a comparison of our simulated outcomes with experimental
data, scientists may evaluate the precision and forecasting skills of our model and pinpoint opportunities
for improvement.

Investigation of Complex Tissue Geometries: Future studies can investigate more intricate tissue
geometries and anatomical features, however, our study concentrated on the human face as a simplified
representation of biological tissues. More thorough models that reflect the subtleties of thermal activity in
living creatures can be created by researchers by adding specific anatomical data and accounting for
changes in tissue composition and form.

Integration of Physiological Characteristics: By adding physiological characteristics to our model,
such as metabolic activity, tissue perfusion, and blood flow, we can gain a deeper knowledge of how
biological systems regulate temperature. Researchers can clarify the mechanisms behind thermal
responses and adaptation in live creatures by modeling the dynamic interplay between thermal energy and
physiological systems.

Application to Clinical Settings: Thermal therapy, thermal imaging, and thermal management in
medical equipment are just a few of the clinical applications that our theoretical modeling method has
implications for. The therapeutic value of our model in predicting tissue reactions to thermal
interventions, refining treatment regimens, and improving patient care in medical settings can be
investigated further.

Interdisciplinary Collaboration: To improve our knowledge of thermal phenomena in biological
systems, researchers from a variety of fields, such as biophysics, biomedical engineering, thermal
biology, and clinical medicine, must work together. By encouraging interdisciplinary cooperation, we can
take advantage of complementary knowledge and assets to tackle difficult scientific problems and propel
advancements in thermal biology and biomedical science.

To summarize, our theoretical modeling technique provides important insights into biological
tissues' thermal dynamics and establishes a foundation for further research in this area. We can deepen
our understanding of thermal biology and its implications for human health and well-being by integrating
physiological parameters, exploring complex tissue geometries, testing our model with experimental data,
applying research to clinical settings, and encouraging interdisciplinary collaboration. wellness and
overall health.
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Abbreviations: EMF: Electromagnetic field; RF: Radio frequency; GSM: Global System for Mobile
Communications; CDMA: Code division multiple access; ICNIRP: International Commission on Non-
lonizing Radiation Protection; SAR: Specific Absorption Rate
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