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Abstract: The emergence of Non-Ionizing Radiation (NIR) has stimulated the growth and advancement of 

technological civilization. NIR is ubiquitous; it has helped improve all fields and even deepened democratic 
processes through the transfer of data and electronic transmission of results etc. A breathtaking part of NIR is 

its recent application in the treatment of adverse health effects through radiofrequency ablation, phototherapy, 

etc. as summarized in Table 1. The benefits of NIR are enormous, however, technological civilization has not 
come without a cost; some of the adverse health effects associated with NIR include skin cancers, sleep 
disorders, photo-aging, etc. as summarized in Table 2. Therefore, with the rapid and sporadic increase in the 

sources of NIR from Natural and Artificial sources including fossil fuel burning, Starlink technology, mobile 
phones, mobile base antennas, etc., background radiation is expected to rise beyond the exposure limit leading 

to health illnesses. Intrinsically, there is a dare need to marry concerns that evolve with this growth. Hence, 

this review article aims to congregate the health hazards associated with NIR and the state-of-the-art 

applications of NIR in medicine and the health sector in Nigeria being a developing country. Part of our 

recommendations is that the government at all levels should set up enforcement agencies and policies to drive 

strict adherence to NIR as provided by ICNIRP; frequent-periodic assessments of background radiation in 

public places should be carried out due to the increasing sources. In addition, further research is needed to 

ascertain the health hazard from emerging sources of NIR like Starlink technology and to substantiate findings 
of non-thermal effects. 

Keywords: non-ionizing radiation; electromagnetic radiation; health; UV solar radiation; Nigeria 

 

1. Introduction 

All wireless technology relies on NIR. We interact and now depend on Non-ionizing 

electromagnetic radiation (NI EMR) for a quantum of applications. NI EMR (Figure 1) is a part of the 

electromagnetic spectrum that does not include X-ray and Gamma radiations with frequency and 

wavelength ranging from 0 – 30 PHz and 1 nm - 103 m respectively. It has not enough energy to knock 

off electrons from an atom (Hanson et al., 2019). As technological civilization keeps widening through 
the expansion of digital tools, telecommunication devices and other anthropogenic activities, the 

sources of Non-Ionizing Radiation (NIR) which keep increasing sporadically would have a 

tremendous impact on human health whether positively or negatively. The latter would include the 
thermal and non-thermal effects while the former would include, the recent applications of NIR in 
solving health-related cases for instance in the diagnosis and treatment of cancers aside from the 

other aged-long applications in electronics and wireless devices. Lemarchand (2009) describes 
technological civilization as the technical capability to communicate, generate or produce any kind 

of technological activities. 

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and 
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting 
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Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 May 2023                   doi:10.20944/preprints202305.0232.v1

©  2023 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202305.0232.v1
http://creativecommons.org/licenses/by/4.0/


 2 

 

Aside from these sources of NIR; mobile devices, radio sets, Bluetooth devices, laptops, 

televisions, satellite antennas, radiofrequency antennae, power-lines transmission, microwave 

appliances, and all wireless devices resulting from technological civilization, ozone depletion and 

global warming – the increase in the earth’s temperature due to anthropogenic activities have also 

played a significant influence in the increase of background radiation, through the amount of NIR 
particularly solar UV and infrared radiation reaching the earth’s surface. Solar UV is one of the 

leading causes of skin cancers and other related health effects (WHO, 2022). 
The very fact that the International Commission on Non-Ionising Radiation Protection (ICNIRP) 

recommends exposure limits and guidelines to protect humans exposed to radiofrequency radiation 

and other NIR is proof of the global acceptability and acknowledgement of the significant threat to 
human health NIR poses. This review article aims to highlight the current application of NIR in 

medicine; the health hazards associated with overexposure to NIR, and the impact of NIR in Nigeria 

as a developing nation. 

We started by looking at the brief history of NIR, their descriptions, and the technological 

civilization impact of NIR in Nigeria. This study also covers the collective dose of NIR in Nigeria; 

casualties from NIR with mathematical equations associated with NIR. Finally, we examined the 

Regulators governing the use of NIR with recommendations. 

2. Historical Context of Non-Ionizing Radiation 

In the year 1800, physicists beginning with William Herschel expounded light, from the 

knowledge of the brightness of the day or the rising of the sun but rather as the spectrum of energies 

called electromagnetic radiation (EMR), (David, 2007). EMR is the transfer of energy in the form of 
oscillating electric and magnetic fields. The graphical representation indicating the wavelengths, 

frequency and or energies of ionizing radiation (X-rays and Gamma radiation) and Non-ionizing 

radiation (Radio waves, Microwaves, Infrared, Visible light, Ultraviolet radiation) is called the 

electromagnetic spectrum. The discoveries of these Non-ionizing radiations (NIR) started with 

Herschel’s analysis of the measure of various effects that each colour of the visible light would have 
on the thermometer – there he discovered that beyond the visible light, at the red colour of the 

spectrum of light, the thermometer recorded an increased in temperature and he called that light 

infrared light. He used the glass prism to separate the constituent colours from the sun. Following 

Herschel’s discoveries, Johann Wilhelm Ritter discovered that there was light beyond the violet end 
of the spectrum, which has stronger chemical action on silver chloride and he called it Ultraviolet 

light (Mahmoud et al., 2008; NASA, 2013). 
Heinrich Hertz in 1887 demonstrated the existence of wavelength longer than infrared light as 

predicted in 1867 by James Clerk Maxwell and that led to the discovery of radio waves and a similar 
experiment led to the discovery of microwaves (David, 2007). The discoveries of NIR brought about 
the needed acceleration for technological civilization and had a measurable influence on 
globalization, digitalization and democracy. NIR is composed of oscillating electric and magnetic 

fields and has less energy than ionizing radiation. It cannot knock off an electron from atoms or 

molecules but it can excite these atoms or molecules causing them to vibrate faster. Myriad of research 

has shown that despite its widespread use, they are growing concerns regarding the potential health 

impacts of NIR exposure, particularly in developing countries such as Nigeria and Africa including 

cataracts of the eye, thermal injury, altered behavioural patterns, decreased endurance, and 
radiofrequency burns from touching ungrounded metal objects in a strong electric field (Bernhardt, 

1992) etc. However, they are very beneficial when appropriately directed. Figure 1 represent NI EMR 

spectrum in different wavelength bands and colour. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 May 2023                   doi:10.20944/preprints202305.0232.v1

https://doi.org/10.20944/preprints202305.0232.v1


 3 

 

 

Figure 1. Non-ionizing Electromagnetic spectrum. 

3. Descriptions and Applications of Non-Ionizing Radiation 

Apart from the wavelengths and frequency differentiating each NIR, another way to categorize 
NIR is their penetration power which is observed in their applications and health hazards. As seen 

in Figure 1.0, the higher the frequency, the shorter the wavelength and the greater the health hazards. 

Ultraviolet radiation is more hazardous to man compared to the other NIR, however, the attenuation 
of radiation on material or tissues depends on the duration of the exposure, proximity of the source 

and the energy imparted. This section examines each NIR, its health applications, and the associated 

hazard. 

• Radiofrequency Radiation (RFR) 

RFR is the transfer of energy in the form of electric and magnetic fields by radio waves 
(ARPANSA, n.d). When a field impacts a material, it interacts with the atoms and molecules in that 
material, for a biological tissue that is exposed to RFR, the tissue can reflect away the power while 
some of it is absorbed. The absorbed electric field produces an induced current that could affect the 
body in different ways (ICNIRP 2020). RFR interactions with biological tissues can be of great benefit 
as well as threats to healthy living. 

For instance, in the area of biological hazards, Otitoloju et al., (2010); Zha et al., (2019) found that 
long-term exposure to RFR (from cellphones, radar transmitters, Wi-Fi, and proximity to GSM base 

station) affects the potency of the spermatozoa and the male reproductive organs, that indirectly 
increase the risk of infertility. An Animal bioassay experiment conducted in Nigeria by Oyewopo et 

al. (2016) showed that chronic exposure to RFR on cell phones can produce defective testicular 
function associated with increased oxidative stress and decreased gonadotropic hormonal profile. 

In this experiment, it was observed that Rats of 0.2kg and 0.18kg exposed to RFR from cell 

phones of dual-band EGSM900/1,800 MHz for a duration of 2 hr/day and 3 hrs/days for 28 days 
showed a significant decrease in sperm count. The increased risks of glioma associated with cell 
phones led to the classification of RFR as possibly carcinogenic to humans by the WHO/International 
Agency for Research on Cancer (2011) pending further evidence. However, ICNIRP (2020) holds that 
nerve stimulation, changes in the permeability of cell membranes and effects due to temperature are 
the only substantiated adverse health effect caused by RF EMR. 

On the other hand, the use of RFR which cuts across every sector is now finding expression in 
medicine through the treatment of cancers and other chronic health problems using Radiofrequency 

ablation (RFA). RFA is a technique that uses radio waves to destroy abnormal or dysfunctional tissue 

(Michaud et al., 2021). The process involves targeting the tumour, with converted thermal energy 
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from radio waves using a thin needle-like probe, through the skin which heats the tumour and then 

destroys the cancer cells. RFA is used to treat thyroid tumours (Haris et al., 2021), liver tumours 
(Vanagas et al., 2010; Fang et. al., 2022) chronic headaches, back and leg pain (Abd-Elsayed et. al., 

2019), Fibroid (Baxter B., et. al., 2022), esthetic dermatology, skin ageing face and Neck rejuvenation 
(Gentile et al., 2017; Bonjorno et al., 2020) etc. 
• Microwaves 

Microwave radiation (MR) is absorbed at the molecular level and manifests as changes in the 

vibrational energy of the molecules or heat (Banik et al., 2003). Just like RFR, there are used in 
households, industries, food processing, sterilisation, communications, treatments of cancer and 

microbial infections via ablation therapy, biosensor diagnostics, skin diseases, cardiovascular disease, 

and respiratory sickness (Banik et al., 2003; Zhi et al., 2017; Gartshore et al., 2021). Microwave ablation 
is another method of killing growth, tumours or tissue in the body with thermos energy. Instead of 

incision, ablation uses heat to kill growth. Several health implications like sleep disorders, 

physiological effects, and learning/memory impairments, have been associated with MR (Banik et al., 

2003; Zhi et al., 2017). 
• Infrared Radiation 

All surfaces including living and non-living things that have a temperature above 0 k (- 273.150 

Celsius) emit Infrared radiation (IR), and can absorb IR radiation when exposed to it from both 

natural sources including solar radiation and fire; and artificial sources including heating devices, 
infrared lamps and infrared saunas (Schieke et al., 2003; ICNIRP, 2013; Craig, 2014). ISO 20473 
standard for sub-division classifies IR into three bands: Near-Infrared (NIR, 0.78–3.0 µm), Mid-

Infrared (MIR, 3.0–50.0 µm) and Far-Infrared (FIR, 50.0–1000.0 µm). The human body absorbs FIR as 

radiant energy and emits the same energy at high temperatures. There are several applications to IR 

in medicine such as fatigue of rheumatoid arthritis, ankylosing spondylitis, potentiate photodynamic 

therapy, and treat ophthalmic, neurological, and psychiatric disorders (Tsai et al., 2017). IR can be 
detected using night vision goggles or infrared cameras. Infrared radiation is used to reveal objects 

in the universe that cannot be seen in visible light (NASA, 2010). 
• Visible Light 

Visible light (VL) is the section of EMR visible to the human eye. Humans are exposed to these 

radiations through sunlight, light-emitting diodes (LEDs) and electronic devices. Studies have shown 
that VL radiation and IR can penetrate the skin and directly or indirectly lead to various biologic 

effects such as Photoaging (Mahmoud et al., 2008; Pourang et. al., 2022; Huang & Chien 2020; Sklar et. 

al., 2012) – a process whereby the skin changes epidermal thickness, simply put premature skin 

changes due to chronic sun exposure (Huang & Chien 2020); and erythema (Mahmoud et al., 2008; 
Sklar et. al., 2012; Guan et al., 2021; Pourang et al., 2022). 
• Ultraviolet Radiation 

The primary natural source of UV radiation is the sun – what is referred to as solar UV (Gallagher 

et al., 2010), while artificial sources of UVR include: applications in medicine, industry, cosmetic and 
disinfection purposes, optically filtered xenon arc lamps or fluorescent lamps and ozone depletion 
due to manmade activities (WHO, 2022). The effect of UV radiation varies in their wavelengths, and 
therefore, it is subdivided into three bands; UVA (315 – 400nm), UVB (280 – 315nm), and UVC (100 – 

280nm) (WHO 1994; Diffey, 2002; Gallagher et al., 2010).  Among the subdivisions, UVB and UVA 
are much associated with sunburn and skin cancer, whereas UVB has very negligible adverse effects 
since it gets filtered by the atmosphere before reaching the earth’s surface. It is worthy of note that 

UV solar radiation is also associated with vitamin D, which some recent studies according to 

Gallagher et al. (2010) suggest may potentially reduce the risk of colon, prostate and breast cancers 
but excessive exposure to it causes sunburn, skin ageing, skin cancer and skin depression (Tertsea et 

al., 2013). Solar UVR accounts for approximately 93% of skin cancers and about half of lip cancers 
(Gallagher et al., 2010). Several factors influence the amount of UVR reaching the earth’s surface, 

including climate change, ozone depletion, Sun elevation, latitude, altitude, and cloud cover (Diffey, 
2002; Narayanan et al., 2010; WHO, 2022). 
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In summary, All NIR have their merits and demerits and all can be applied to solving health 

challenges. Their advantages come when they are intentionally applied to solving problems (table 1) 

while overexposure to these radiations can be very detrimental to human health (table 2.0). 
Anthropogenic activities and technological civilisation are key factors leading to overexposure and 

increasing background radiation. Table 1.0 summarise the applications of NIR in medicine. 

Table 1. This shows the summary of various health applications of each NIR. 

Radiation Medical Application(s) Source(s) 

Radio Radiofrequency Ablation Haris et al., (2021); Vanagas et 

al., (2010); Fang et al., (2022) 

Microwaves Microwave Ablation 

Microwave thermotherapy 

Carrafiello et al., (2008); 

Vrba & Lapes, (2004); Vrba,  
(2005) 

Infrared Photostimulation and photobiomodulation effects 

Thermal Imaging 

Woan therapy 

Tsai & Hamblin, (2017); 

Ring, (2012); Xu et al., (2019); 

Miyata & Tei, (2010); Tsa et al., 

(2017) 

Visible light Phototherapy Vreman et al., (2014) 

Ultraviolet Healing of wounds 

Source of Vitamin D 

For decontamination, inactivating viruses, bacteria and fungi. 

Gupta et al., (2013); 

 

Panov & Borisova-Papancheva, 

(2015) 

4. Technological Civilization and the Impact of NIR in Nigeria 

Manmade activities directly or indirectly affect ozone depletion leading to the abundance of UV 
radiations; similarly, technological civilization has increased the number of NIR sources capable of 

influencing background radiations. The larger the population size, the more sources of NIR are used, 

most commonly mobile phones. Nigeria, as a developing nation, is popularly called the giant of 

Africa, it is bounded to the north by Niger, to the south by the Gulf of Guinea of the Atlantic Ocean, 

to the east by Chad and Cameroon and to the west by Benin as shown in Figure 2 (Nations Online 

Project, n.d.). Nigeria is known to be the most populous black nation in the world, with about 219 
million people. By the year 2050, it is estimated to become the third most populous country in the 

world after China and India with a population size of about 377,000 million people (Sasu, 2022). The 
growing population size of Nigeria has attracted developers, manufacturers and developed nations 
including China, and America to African markets, particularly Nigeria. The oil boom in the 1970s 
would have been their usual attraction (Onuoha and Elegbede, 2018). 
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Figure 2. Map of Nigeria (www.historians.org). 

A study conducted in Nigeria by Aweda et al., (2009) shows that some mobile phones emit power 

above ICNIRP recommended value and radiofrequency masts are situated near residential buildings, 

offices, schools and hospitals thereby increasing exposure levels. As of 2021, Nigeria recorded 195.4 
million and 40 million active mobile phone subscribers and smartphone owners respectively 

according to Nigerian Communication Commission (NCC) with a projection of 140 million 
smartphone owners by 2025 (Taylor, 2023). In January 2023, Space X announced the launch of Starlink 
in Nigeria which is the first in Africa. Starlink uses high-frequency NI EMR in the transmission of 

data from Starlink satellites to dishy MCFlatface (Figure 3) and vice versa making it possible to stream 

HD videos, online gaming, or other high-data-rate activities simultaneously. Starlink uses millions of 

interconnected satellites, much closer to the earth, (orbiting at 550km) to provide high-speed, low-

latency broadband internet across the globe (starlink.com). There is currently no research carried out 

to ascertain Starlink’s effect on biological tissues. 
No doubt, the influx of all these high-tech and other sources emitting NIR has developed Nigeria 

tremendously. One could imagine a country or continent without access to information, 

communication, or seamless transmission of data. For example, in 2022, as a step to deepen 
democracy and curb rigging of elections and snatching of election materials including ballot boxes, 

the Independent National Electoral Commission (INEC) introduced the use of Bimodal Voter 

Accreditation System (BVAS) machines, which paved the way for electronic transmission of results 

in electioneering. Starlink communication and the development of 5G will increase the speed of 

transmission and curb network challenges attributed to BVAS machines and electronic transmission 

of results if deployed. 
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Figure 3. Starlink Antenna or dishy MCFlatface (starlink.com). 

Despite the continuous use of NIR in other sectors, one major setback in Nigeria and most 

African nations are in the application of NIR in the diagnosis and treatment of diseases or illnesses. 

It is observed that Radiofrequency ablation and microwave ablation are not well-known applications 

in most Nigerian and African health facilities possible reasons could be that the operations are 

recently developed; inadequacy of funds and infrastructure; and limited personnel with knowledge 

of ablations physics and clinical applications. Current research in radiation physics is being tailored 

to this area to uncover its other applications, benefits and effects. Some people opt for NIR treatment 

for most adverse health effects, including cancer, turmoil and other growths in the body instead of 
an incision. 

Those applications of NIR found in Nigeria and sub-Saharan African health facilities such as 

Magnetic Resonance Imaging (MIR), a non-invasive imaging technique that uses radio waves and 

magnetic fields to diagnose and produce highly detailed pictures of the internal structure of the body 
and Phototherapy, use to treat a plethora of dermatology related illnesses are reported to be relatively 

low to the population size (Ademola, 2003; Ogbole et al. 2013). 

5. Health Impact Assessments of Non-Ionizing Radiations 

Although the benefits of NIR are quite fascinating, it can also be cataclysmic and detrimental to 
the body (table 2.0) if not regulated and carefully administered to their limits. In this section, we 
provided an overview of the various types of health hazards associated with NIR exposure, including 

thermal and non-thermal effects. We also discussed the collective dose of NIR in Nigeria and Africa 

and its impacts on human populations. Through the examination of practical examples, we assessed 

the magnitude of casualties and the need for mitigation measures to reduce the health impacts of NIR 

exposure to biological systems. By highlighting the health risks of NIR, this section aims to provide 

a comprehensive overview of this important public health issue and to inform policymakers, public 

health practitioners and the general public. 

5.1. Types of health hazards from NIR 

The health hazards associated with non-ionizing radiation can be broadly categorized into two 

groups: thermal effects and non-thermal effects. 
• Thermal Effects: 

The thermal effects of NIR occur when exposure to it increases body temperature, leading to a 

thermal injury (Ng, 2003). Examples of thermal effects include burns and cataracts, which can occur 
as a result of exposure to high levels of microwave radiation, such as from industrial microwave 

equipment (Zamanian and Hardiman, 2005). 
• Non-Thermal Effects: 
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The non-thermal effects of NIR are not directly caused by an increase in temperature, but rather 
by the biological interactions of non-ionizing radiation with the human body (Omer, 2021). Examples 
of non-thermal effects include DNA damage, genetic mutations, and neurological effects, which can 
occur as a result of exposure to low-frequency electromagnetic field(s) generated by electrical 
appliances and devices, such as power lines and cell phones (Hardell and Sage, 2008). 

It is worthwhile to note that the evidence for the health effects of non-thermal exposure is still 

not clear, therefore we recommend further research is needed to fully understand the potential risks 

associated with these effects. 

Table 2. This shows the various health hazards associated with each NIR. 

Radiation Health Hazard(s) Source(s) 

Radio The potency of the spermatozoa (risk of infertility) 

 

 

Nerve stimulation, changes in the permeability of cell membranes 

Otitoloju et al., (2010); Oyewopo 
et al., (2016); Zha et al., (2019) 

ICNIRP, (2020) 

Microwaves Sleep disorders, physiological effects, and learning and memory 

impairments 

Banik et al., (2003); Zhi et al., 

(2017). 

Infrared Premature skin-aging/photo-aging Schieke et al., (2003); Cho et al., 

(2009) 

Visible light Photoaging 

 

Erythema 

Huang & Chien 2020; Sklar et. 

al., 2012 

(Mahmoud et al., 2008; Sklar et. 
al., 2012; Guan et al., 2021; 
Pourang et al., 2022). 

 

Ultraviolet Skin Cancers (In 2020 1.5 million cases of skin cancers were 

diagnosed and 120000 skin cancer-associated deaths were 

reported), DNA damage, and suppression of the immune system. 

WHO, (2022); Gallagher et al., 

(2010) 

6. Collective dose of NIR in Nigeria/Africa 

In Nigeria and many African countries, exposure to NIR has increased rapidly in recent years 

due to the widespread adoption of communication technologies and other NIR-emitting devices. The 
collective dose of NIR refers to the total amount of NIR absorbed by a population over a specific 
period, which can be influenced by various factors such as the number of people exposed, the 
duration of exposure, and the strength of the NIR source (Ding et al., 2019). 

For example, in Nigeria, the widespread use of mobile phones and other wireless devices has 

led to a significant increase in the collective dose of RF radiation. Studies have found that the average 
Nigerian was exposed to a daily dose of RF radiation equivalent to 678 µW/m2, which is significantly 
higher than the recommended safety limit set by the International Commission on Non-Ionizing 

Radiation Protection (ICNIRP). (Oyeyemi et al., 2017; Ogundele et al., 2019) 
Another example is the use of microwave ovens, which emit NIR in the form of microwave 

radiation. In many African households, these appliances are widely used for cooking, resulting in a 

significant increase in the collective dose of microwave radiation (Rodriguez-Amaya, 1997). While 
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microwave radiation is generally considered safe, prolonged exposure at high levels can cause health 

concerns such as thermal injury and oxidative stress (Hardell and Sage, 2008). 
In summary, the collective dose of NIR in Nigeria and Africa is increasing due to the widespread 

adoption of NIR-emitting technologies. It is important to consider the potential health impacts of this 

exposure and take appropriate measures to minimize exposure and reduce the collective dose. 

7. Casualties of NIR Nigeria 

While the impact of NIR on human health is still a topic of ongoing research, several studies 

have found associations between NIR exposure and various health outcomes. In Nigeria, some of the 

reported casualties of NIR include increased risk of cancer, fertility problems, and neurological effects 
such as headaches and sleep disturbances (Samarth et al., 2002; Imam-Tamim et al., 2016). 

For instance, a study conducted in Nigeria by Popoola et al. (2021) found that occupational 
exposure to NIR from high-voltage power lines was associated with an increased risk of childhood 

leukaemia. This highlights the importance of considering the potential health impacts of NIR 

exposure, particularly for vulnerable populations such as children. 

Another example is the use of mobile phones, which emit RF radiation. In Nigeria, there have 

been reports of individuals experiencing headaches, fatigue, and sleep disturbances after prolonged 

use of mobile phones (Maduka et al., 2021). While further research is needed to confirm a causal 
relationship, these symptoms raise concerns about the potential health impact of RF radiation 

exposure. 

In summary, the casualties of NIR in Nigeria include an increased risk of cancer, fertility 

problems, and neurological effects. It is important to continue researching to fully understand the 
impact of NIR on human health and to take appropriate measures to minimize exposure and reduce 

the associated health risks. 

8. Mathematical equations 

Apart from the famous Maxwell’s equations, other equations from recent literature relate to NIR. 

One example is the SAR equation, which is commonly used to calculate the specific absorption rate 
(SAR) in Jkg-1s-1 or wkg-1 of RF radiation in the human body. The SAR equation is given as follows: 𝑆𝑆𝑆𝑆𝑆𝑆 =  

𝑃𝑃𝜌𝜌𝜌𝜌       -- 1 

where p is the power absorbed by the body, ρ is the tissue density, and v is the volume of tissue 

in which the power is absorbed. The SAR equation is used to calculate the amount of RF radiation 

absorbed by a given tissue and is an important consideration for determining the safety of RF-

emitting devices such as mobile phones and Wi-Fi routers. 

Another example is the inverse-square law, which is commonly used to describe the behaviour 

of NIR in candela or m-2 in a given environment. The inverse-square law states that the intensity I of 

NIR decreases inversely proportional to the square of the distance X from the source (Nguyen, 2023). 
The inverse-square law is given as follows: 𝐼𝐼 =  

1𝑋𝑋2         -- 2 

This equation is important for understanding how the strength of NIR decreases with increasing 

distance from the source, which is important for evaluating the potential health impacts of NIR 

exposure. 

In summary, several equations from recent literature relate to NIR and are important for 

understanding the behaviour of NIR in a given environment. These equations provide a 

mathematical framework for evaluating the potential health impacts of NIR exposure and making 

informed decisions about the responsible use of NIR-emitting technologies. 

9. NIR REGULATORY BODIES 
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Nations all over the world on recognising the subtle yet existing influence of NIR have instituted 
regulatory and monitory bodies tasked with observing and investigating likely public, occupation 

and medical vulnerabilities in the occurrence and use of NIR. These national organisations are 

responsible for creating a NIR framework which controls NIR in all three dominant scenarios of 

exposure namely; public, medical and occupational exposure (ICNIRP, 2020). In structuring a robust 
NIR framework, the regulatory bodies ensure the proper implementation of the framework for the 

protection, certify that organisations capable of creating NIR risks maintain responsibility for care 

and safety, ensure the integration of efficient risk management systems (RMS) into the overall 
management system for companies likely to have NIR risks. The organizations also certify the correct 

and appropriate information concerning NIR levels, exposure, instruction and training for risk-

exposed individuals and make other useful guidelines accessible and available (Tinker et al., 2022). 
Regardless of each nation having an authoritative body ensuring compliance with the national 

laws on safety and exposure concerning NIR, ICNIRP enjoys worldwide acclaim (Buchner & Rivasi, 
2020). This is because ICNIRP advises the European Commission and has strong ties with 

organisations and are also involved in NIR exposure reduction and protection in many nations 

(Buchner & Rivasi, 2020). The ICNIRP’s influence is seen in the European Commission’s and WHO’s 
dependence on exposure guidance and safety advice. 

10. Exposure Limit to Radiation 

The exposure limits of NIR differ according to national regulatory bodies. However, the 
classification of the NIR based on their frequency is a deciding factor in the protective measures 

required by the safety statutes for operating under such conditions or environments emitting NIR 
(Tinker et al., 2022). The inability for such specified exposure limits is because a plethora of NIR 
sources exists all around us; both natural and artificial. The natural sources include solar radiation, 
lightning storms and the earth’s EMF (McColl et al., 2015). Whereas the artificial sources are largely 
wireless communications and power lines. The artificial sources extend to daily used devices and 
equipment such as microwaves, mobile phones and WIFI networks (Tinker et al., 2022). Additionally, 
NIR is used in the healthcare sector for MRI scans and ultrasound testing. 

Fundamentally, results have shown the most influencing factors on human exposure limit to 

NIR are dependent on; the interaction of the varying types of NIR interacting with the human body 

and the absorption properties of the human tissue. For instance, strong static magnetic fields over 2-

4 T can induce vertigo and nausea and affect heart rate and blood circulation (Tinker et al., 2022).  
Therefore, exposure to NIR must be by the protection principles of the NIR Framework. These 

principles are Limitation, Justification and Optimisation. The most important of these principles is 
the limitation, which demands that exposure to any individual to NIR sources other than medical 

exposure must not exceed the appropriate limits (Modenese & Gobba, 2020). 
Studies on NIR exposure in the occupational category of healthcare have revealed that nurses 

working in the Magnetic Resonance Imaging (MRI) unit have signs of dizziness/vertigo, headaches 
and sleep disorders (Wilen & deVocht, 2011). Exposure control is poor because necessary information 

on exposure levels used in places like hospitals and how they can be adjusted are not made available. 

Such data absence requires a more in-depth study on exposure levels and limitations. The exposure 

limit may be covered on paper by the national legislation, but data analysing some hospital NRI 

exposure reveals that it often exceeded the stipulated limit. This substantiates the inadequacy of 

practical guidance and conscientiousness by monitoring bodies in observing and mitigating possible 

NIR risks (Mild, Lundstrom & Wilen, 2019). 

11. Conclusion and recommendations 

i. We see a population “suffering and smiling” due to the subtle effects that accompany the benefits 

of NIR if safety precautions are not strictly adhered to. Hence, the government should develop 

policies and set up local enforcement agencies to monitor and drive strict adherence to NIR as 

provided by ICNIRP. 
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ii. Going by the technological civilization, more sources of NIR are expected. Because of this, the 

public should expect rising background radiation and an increase in collective dose. Therefore, 

background radiation in living areas should be measured frequently and periodically. 

iii. Some of the applications of NIR in treatment and diagnosis are alien in Nigeria medical practices 

and even the ones that are in use are not sufficient for the growing population. Applications of 

NIR in treatments are growing techniques in healthcare delivery especially in oncology and 

radiography. People now prefer the use of radiofrequency, microwave ablation, MRI, 

Phototherapy etc. to an incision in treatments and also because they function on low energy than 

ionizing radiation. 

iv. Non-thermal effects associated with NIR are still a trending topic for debate, hence further 

research is to fully understand the potential risks associated with these effects. Concerning the 

influx of high-tech sources of NIR like Starlink, research should be carried out to ascertain their 

level of health risks and or health hazards. 

v. A basic understanding of radiation protection in terms of distancing from the source; proximity 

to exposure and shielding in the use of sunglasses, face caps and clothing be taught in high 

schools and at all levels. 

vi. Furthermore, the gospel of going green and reducing the burning of fossil fuels and deforestation 

to build our ozone layers and minimize the amount of EMR reaching us should be intensified at 

all levels of education. 
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