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Abstract 
 The health hazards of non-ionizing radiation from telecommunication mast on 

the exposed community were assessed in terms of electric field strength and 

magnetic field strength as a function of distance. The measurements were done in 

two telecommunication mast networks at two different locations in the Mubi North 

local government area of Adamawa State. The measured values were used to 

calculate power density to assess the hazard of radiation. Certain directions were 

found to be safer than other directions. The result shows that the power density 

for the two telecommunication mast stations selected for the study was within the 

range of 0.290588W/m2 to 2.4804W/m2 respectively. These values are quite lower 

than the limit given by the International Commission of Non-ionizing Radiation 

Protection (ICNIRP) which is 4.5 W/m2. This study is therefore establishing that 

there is no implication of exposure to mast radiation and also recommends that 

minimizing them will go a long way to improve healthy living.  
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Introduction 
Telecommunication is a major driver of 

the socio-economic development of cities 

all over the world. Indeed, many cities in 

the developing countries of the world are 

currently expanding their 

telecommunication infrastructure, 

especially in the area of the Global 

System of Mobile Telecommunication 

(GSM). Installation of 

Telecommunication involves the 

construction of a mast by the telecom 

operators. Alleman (1989) describes a 
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mast to be a free-standing structure which supports antennas at a height where they 

can transmit and receive waves. Just like any other city in the world, Nigeria also is 

becoming a global village due to great advancements in telecommunication. A 

breakthrough is the wireless telephone system especially the Global System of Mobile 

Communication (GSM) which currently use low-intensity, pulsed microwave 

radiation (Hyland, 2000). Radiation can be described as energy that comes from a 

source and travels through space and may be able to penetrate various materials. Light, 

radio and microwave are types of radiation that are termed non-ionizing.  There is also 

a counterpart of non-ionizing radiation called ionizing radiation. Whereas ionizing 

radiation is produced by unstable atoms. Unstable atoms have an excess of energy or 

mass or both. Radiation can also be produced by high-voltage devices (e.g, x-ray 

machines). Atoms with unstable nuclei are said to be radioactive. To reach stability, 

these atoms give off; emit the excess energy or mass. These emissions are called 

radiation. These kinds of radiation are electromagnetic (like light) and particulate (i.e, 

mass given off with the energy of motion). Gamma radiation and x-rays are an example 

of electromagnetic radiation. Beta and alpha radiations are examples of particulate 

radiation (Health physics society, 2016).  

In Nigeria, researchers have shown that indiscriminate locations of mast affect the 

health of people. For example, Onifade et al (2011) in the study of Ibadan report that 

indiscriminate location of masts in Egbeda Local Government Area (LGA) of Oyo 

State causes partial deafness, affects television/radio reception even the diesel from 

generating set also pollutes the underground water around the mast location which can, 

as a result, lead to typhoid, dysentery and diarrhoea among others. 

There are a lot of literally works and reports on long-term exposure to non-ionizing 

radiation which revealed that exposure may affect a specific part of a body like the 

eyes (Hyland, 2000), and brain (Leif, 2003; Sahar and Jabir, 2013), testes and pregnant 

women (Person, 1997 and Thomas et al., 2002). 

Some groups opined and believed that the non-ionizing radiation from GSM mast is 

inimical to health. That is, living near the mast for a long period can cause several 

diseases such as cancer, persistent headaches, destroy reproductive organs and damage 

brain (Dariusz et al, 2002; Santini et al., 2003; Lennart et al., 2007; Akintola et al., 

2009; Shangchen et al., 2009). In contrast, some groups like International Commission 

on Non-Ionizing Radiation (ICNIRP), and Mobile Manufacturer Forum (MMF) which 

manufactures ME and GSM operators across the globe insist that radiation from GSM 

mast does not have sufficient energy to cause a discernible effect on the human body 

(Shalangwa, 2010; Mamilus and Anthoney, 2012). Many people whose houses are 

situated near telecommunication masts may be ignorant of this debate, hence there is 

a need to determine the potential hazards to offer recommendations 
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THEORETICAL FRAMEWORK 

Ndatuwong and John (2020) defined Electromagnetic radiation as radiation that 

consists of waves of electric and magnetic energy moving together (i.e., radiating) 

through space at the speed of light. The region in which an effect of electric force from 

an electric charge can be effective is referred to as an electric field (E), whereas a 

magnetic field (E) is produced as a result of the motion of an electric charge. The unit 

of an electric field, E, is expressed in volt per meter (V/m), while the magnetic field 

can be expressed in magnetic flux density (B), Tesla (T), Magnetic field strength (H), 

and Ampere per meter (A/m). The two quantities are related by the expression.  

𝐵=𝜇𝐻      …………………………………………………………………………… (1)  

Where μ is the constant of proportionality (the magnetic permeability); in vacuum and 

air, as well as in non-magnetic (including biological) materials, μ has the value 4π 

×10-7H/m. Thus, in describing a magnetic field for protection purposes, only one of 

the quantities B or H needs to be specified. 

These fields, at radio and microwave levels, are considered to be components of 

Electromagnetic waves and also the intensity of these fields at a given location can be 

readily expressed in terms of a power unit relative to the area (power density) in watts 

per square meter (W/m2). In the far-field region, the plane-wave model is a good 

approximation of electromagnetic field propagation. Hence, the power density (S), in 

this region is related to the electric field (E) and magnetic field (H) by the expression; 

𝑆=𝐸𝑟𝑚𝑠𝐻𝑟𝑚𝑠     …………………………………………………………………….(2)  

𝐸𝑟𝑚𝑠 is the root mean square (RMS) electric field strength in V/m  

𝐻𝑟𝑚𝑠 is the root mean square (RMS) magnetic field strength in A/m  

𝐸𝑟𝑚𝑠 =
𝐸

√2
 ……………………………………………………..……… …………(3) 

 

𝐻𝑟𝑚𝑠 =
𝐻

√2
  …………………………………………………...…………………..(4) 

 

Concept of telecommunication mast and Radiation Hazards 

Telecommunication masts or towers are tall structures designed to support antennas or 

aerials. They are also among the tallest man-made structures. These masts or towers 

make use of electromagnetic radiation in the transmission of this signal. The erection 

of these masts has created lots of problems between families and friends, tenants and 

landlords due to the huge amount of money accrued to leasing or selling of land to 

telecommunication companies for installation of the mast at the detriment of their 

health and needed the luxury of space for the proper ventilation due to them. It has 

been mentioned that we are now living within a microwave oven (Ugwu., 2014). more 

also, A mast is a ground-based or rooftop structure that supports antennas at a height 

where they can satisfactorily send or receive radio waves. Typical masts are of a steel 
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lattice or tubular steel construction. Masts themselves play no part in the transmission 

of mobile telecommunications. However, the terms "mast" and "tower" are often used 

interchangeably (LaPorta and Edmund,1952). Point-to-point communication is 

achieved by using a GSM mast usually installed in residential areas. These antennas 

are mounted on a mast roughly above the ground level; they are mostly circular and 

are made to radiate power density when transmitting signals (Danladi et al, 2016).  

Radiation is all around us called background radiation [United States Nuclear 

Regulatory Commission (UNNRC), 2020]. Radiation is the transfer of energy through 

space from an emitting source. It simply means the emission of energy as particles or 

waves. The most popular usage of the term generally refers to electromagnetic 

radiation (EMR), which covers a spectrum that ranges from low-frequency radio 

waves upward through high frequency gamma waves. The Sievert, which is expressed 

in units of energy per unit of mass, or joules per kilogram, is the most popular modern 

unit for measuring radiation. It expresses the absorbed dose of radiation, corrected for 

how harmful that particular type of radiation is to human tissue. The rem (an acronym 

for Roentgen equivalent man) is just a smaller portion of the Sievert. One Sievert is 

equal to one hundred rems. 

There are four basic types of radiation: Alpha, beta, gamma and x-ray, and neutron 

particles (UNNRC, 2000). All of these types of radiation are caused by the activity of 

unstable atoms. Of the four types of radiation, gamma radiation and x-rays are an 

example of electromagnetic radiation while beta and alpha radiations are examples of 

particulate radiation (Health society, 2016).  

 

METHOD 

The area of the study, the Mubi metropolis, has been adequately described by (M. A. 

et al., 2014). The preliminary survey had shown that telecom masts, which are easily 

sighted by the aid of their towering heights, are erected in densely populated areas of 

the Mubi metropolis closer to residential houses and within basic educational premises 

than in the relatively sparsely populated rural communities with fewer number of 

schools. Therefore, the study, which aimed at investigating some environmental 

pollution health effects of the radiation from the antennae of telecom masts located 

near residential and basic educational premises, had to concentrate on the metropolis, 

where masts are erected at closer distances to residential houses and basic school’s 

premises than in rural communities. Residences and basic educational facilities were 

targeted because they harbour children and parents/guardians (adults) and pupils and 

staff (adults) respectively, who may experience health crises as a result of the 

environmental pollution arising from electromagnetic radiations from the antennae of 

telecom masts located close to their homes and/or schools. Five residences with 

telecom mast less than 10 metres away and five basic schools harbouring telecom mast 
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within less than 10 metres radius were purposively selected for further investigations. 

Five households and five basic schools without masts nearby were identified to serve 

as a control. The consent for involvement in the study was obtained from the parents 

and teachers of the twenty selected residences and basic schools. 

 

DATA COLLECTION 

Measuring tape and Electromagnetic Radiation Tester are the basic instruments used 

in the data collection. The radiation tester was turned on and suspended in the air at a 

distance of five millimetres (5mm) above the ground surface; this was done to avoid 

any form of contamination and interference from the ground surface at 0m away from 

the Mast and reading was taken at all four sides (side A, B, C & D) of the mast. Also, 

the same procedure is repeated for different distances that are 10m, 20m, 30m 40m 

and 50m from the mast for all four sides of the mast. 

For each of these two masts, the measurement was taken at 0, 10m, 20m, 30m, 40m 

and 50m for the radius of the mast. 

 

 

 Side A 

 

 

  

 

    Side C Side D 

 Side B 

                                               

                                                         Side B 

 

 

Therefore, the readings obtained are used with the aid of equations 1-4 to assess the 

power density emitted by telecommunication masts for a radius of variable distances 

within the study area  

 

RESULTS 

Results in Table 4.1a and table 4.1b show the power density emitted by 

telecommunication masts for a radius of variable distances situated in Lokuwa GRA 

and Sabonlayi Mubi's north local government area. Also, table 4.2a and table 4.2b 

show the average power density emitted by each of the masts, and table 4.3 shows the 

average power densities for both selected masts. The power density was obtained using 

equations 1 and 2 of both masts’ measurements. Therefore, the bar graph of each table 
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is also plotted and explained. Generally, the study revealed that the Sabonlayi mast 

has the highest power density at side B which is the backside of the mast at 0m of 

about 4.57w/m²  while the Lokuwa mast has the lowest power density at side C which 

is the right-hand side of the mast at 20m of about 0.1628w/m² while for the averages 

in table 4.2a and table 4.2b shows that Sabonlayi has the highest average power density 

at 0m of about 2.4804W/m2 while the Lokuwa masts have the lowest average power 

density at 40m of about 0.290588W/m2. From observations, the values of the average 

power density obtained from the two masts within the Mubi north local government 

area are lower than the recommended (4.5w/m²) by the international commission on 

non-ionizing radiation protection (ICNIRP). The exposure level ranges from 

0.290588W/m² to 2.4804W/m² of average power density from the two selected masts 

respectively 

 

Table: 4.1a Average power density calculated from Sabonlayi 

Telecommunication mast 

S/NO. Distance 

(m) 

𝑆𝑆𝐴(W/𝑚2) 𝑆𝑆𝐵 

(W/𝑚2) 

𝑆𝑆𝐶 

(W/𝑚2) 

𝑆𝑆𝐷 

(W/𝑚2) 

𝑆𝐴𝑉𝐺 

(W/𝑚2) 

1 0.0 0.40698 4.57 3.2446 1.700 2.4804 

2 10.0 0.325698 1.3455 0.968898 1.700 1.0850 

3 20.0 0.8568 1.2169 0.8568 1.900 1.2076 

4 30.0 0.9996 1.4055 0.6852 2.160 1.3141 

5 40.0 1.12098 1.1629 0.8568 2.117 1.3144 

6 50.0 0.7754 1.2247 1.600 2.070 1.4175 

 

Table 4.2a; show that the power densities from the four sides of the mast i.e side A, 

side B, side C and side D situated in Sabonlayi are tabulated and the average power 

density is computed.  

The results show that as the distance away from the mast increases the power density 

decreases for a radius of various distances. Nevertheless, the power density at side A 

is slightly greater than the power density at side B. Hence, the power densities at both 

side A and side B of the telecommunication mast situated in the Lokuwa area of Mubi 

north local government is less than the safety power density provided by the 

international commission on non-ionizing radiation protection given as 

4.5W/m2.however, the electric field at the side A at the distance 0, 20m, 30m, 40m are 

the same while at 10m and 50m varies while the magnetic field strength H varies with 

distance. Also, on side B the electricity at 10-50m is the same only at 0m differs while 

the magnetic field strength varies within the short term. However, the power density 

at side C and side D of the telecommunication mast is almost the same and does not 
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exceed the provided power density given by the ICNIRP. Therefore, the electric field 

at side C at the distances 10m, 20m, and 40m are the same and at 0, 30m, and 50m 

distance varies. Hence, the magnetic field strength H varies with distance. On side D, 

the electric field at the distance 0, 10m, 20m and 50m are the same but at 30m and 

40m are stronger than the distance mentioned also the magnetic field strength H 

changes with distance. Therefore, observation shows that the power density from the 

mast for a radius at variable distances is slightly equal.   

 

Table: 4.1b Average power density calculated from Lokuwa Telecommunication 

mast 

S/NO. Distance 

(m) 

𝑆𝑆𝐴 

(W/𝑚2) 

𝑆𝑆𝐵 

(W/𝑚2) 

𝑆𝑆𝐶 

(W/𝑚2) 

𝑆𝑆𝐷 

(W/𝑚2) 

𝑆𝐴𝑉𝐺 

(W/𝑚2) 

1 0.0 0.81396 0.2743 1.61999 0.6857 0.84849 

2 10.0 0.65094 0.39797 0.2657 1.1424 0.6143 

3 20.0 0.6852 0.45899 0.1628 0.6114 0.479596 

4 30.0 0.5143 0.39797 0.2743 0.4586 0.4113 

5 40.0 0.16285 0.2448 0.449 0.3057 0.290588 

6 50.0 0.5143 0.2285 0.6114 0.4586 0.4532 

Table 4.1b; shows that the power densities from four sides of the mast i.e side A, side 

B, side C and side D situated in the Lokuwa area of Mubi north local government are 

tabulated and the average power density is computed. 

The result shows that as the distance away from the mast increases the power density 

decreases but in scattered form. However, the power density at side A is less than the 

power density at side B and it does not exceed the safety power density provided by 

ICNIRP given as 4.5W/m2. The electric field at the distance of 0, 20m, 30m, and 40m 

on side A of the mast is equal and strong but at the distance, 10m and 50m are less. 

Hence, the magnetic field strength changes concerning distance. While at the side B 

the electric field at the distance 10m-50m is equal but less than that at 0m and the 

magnetic field strength changes concerning distance also at the side B at 0m the power 

density exceeded the safety power density stated by ICNIRP given as 4.5W/m2. Also, 

the power density at side C is greater than the power density at side D, but the power 

density at side D is in ascending order. Therefore, both power densities at side C and 

side D does not exceed the safety power density provided by ICNIRP given as 

4.5W/m2. The electric field inside C at the distance of 50m is high than 0m followed 

by 10, 20, and 40m with the less at 30m while the magnetic field strength changes in 

the short term. On side D the electric field at the distances 0,10m, 20m and 50m are 

equal but less than that at the distance 30m and 40m and the magnetic field strength 

changes within a short term. 
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Tab. 4.3 Average power densities for both selected masts 

S/NO. Distance (m) 𝑆𝐴𝑉𝐺𝐿 (W/𝑚2) 𝑆𝐴𝑉𝐺𝑆 (W/𝑚2) 

1 0.0 0.84849 2.4804 

2 10.0 0.6143 1.0850 

3 20.0 0.479596 1.2076 

4 30.0 0.4113 1.3141 

5 40.0 0.290588 1.3144 

6 50.0 0.4532 1.4175 

 

Table 4.2 shows the average power densities from Lokuwa telecommunication mast 

and average power density from Sabonlayi telecommunication mast at variable 

distances. Therefore, a bar graph for the average power densities from two selected 

masts against distance is plotted below. 

 

 
Fig. 4.1 Bar graph of average power density from Sabonlayi mast 

fig 4.1 is the bar graph showing the rising and falling of average power density at 

variable distances from telecommunication masts situated at Sabonlayi Mubi north 

local government area. 
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Fig. 4.2 Bar chart of average power density from Lokuwa mast 

Fig 4.2 is also the bar graph showing the rising and falling of average power density 

at variable distances from the selected telecommunication mast situated in the Lokuwa 

Mubi local government area. 

 

 
Fig. 4.3 The bar graph of average power densities from the two selected masts 

Fig 4.3 is the bar graph showing the rising and falling of average power densities at 

variable distances from two selected telecommunication masts situated in the Lokuwa 
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and Sabonlayi Mubi north local government area. Thus, the power density generated 

by the mast in Sabonlayi Mubi north local government is greater than that of the 

Lokuwa mast. Nevertheless, it does not exceed the safety power density provided by 

ICNIRP.  

In general, the results of the measured average power density S for the two selected 

telecommunication masts situated in Lokuwa and Sabonlayi of the Mubi north local 

government area investigated are shown in table 4.2a and table 4.2b. It was observed 

that the Sabonlayi telecommunication mast of table 4.2a was found to have the highest 

values of average power density at variable distances while the average power density 

of table 4.2b which is of the Lokuwa mast has the lowest power density. Also, 

significant fluctuation in data collection during measurement was observed. 

The measured power densities, however, deviated as shown in figures 4.1 and figure 

4.2. this deviation could result from either of the following; obstruction constituted by 

immobile structures placed or erected within the line of sight of measurement, wave 

interference from other sources of electromagnetic radiation around reference 

telecommunication mast such as radio, TV antennas, receivers e.t.c also wave 

interference from other telecommunication mast cluster around a reference mast. 

In addition, it was observed that telecommunication masts are Omnidirectional 

antennas. Hence, the provided safety power density by the international commission 

on non-ionizing radiation protection is given at the level of about 4.5 W/m2. Therefore, 

the power densities from the selected masts are not harmful. 

. 

CONCLUSIONS 

The electromagnetic radiation emitted by the telecommunication mast was measured 

in terms of electric field strength and magnetic field strength as a function of distance. 

The measurements were done in two telecommunication mast stations belonging to 

the same GSM network (MTN) operators in the study locations. The measured values 

were used to calculate power density to assess the hazard of radiation. Certain 

directions were found to be safer than the other direction. Results show that the power 

density for the two telecommunication mast stations selected for the study is within 

the range of 0.290588W/m2– 2.4804W/m2 respectively. These values are quite lower 

than the limit by International Commission on Non–ionizing Radiation Protection 

(ICNIRP) which is 4.5 W/m2.  This demonstrates that there is no significant hazard of 

radiation emitted by the mast for the residents that stay in the vicinity of the selected 

telecommunication mast stations for the various mobile service provider of the area. 

 

RECOMMENDATION 

Installation of Base Station Antennas within the premises of schools and hospitals may 

be avoided to the extent possible because children and patients are more susceptible 

to EMF. 
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The base station antennas should be at least 3 meters away from the nearby building 

and antennas should not directly face the building. 
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