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 The ever-increasing number of mobile telecommunication base station as a 

result of increasing demand for broadband applications has raised a growing 

concern and worry over the health implications and safety of the radiations 

from these base stations by the resident of Ekiti State and Nigeria in Nigeria. 

Measurement of radio frequency was conducted in this research in order to 

study the electromagnetic field radiation level in Ekiti State Nigeria. 

Investigation was conducted with the four available mobile operators with 

the three sub-frequency band viz 900 MHz, 1800 MHz and 2100 MHz. The 

power density of radio frequency radiation was estimated through 

measurement with the aid of A 3-axis RF radiation strength meter TM-196 

and handheld spectrum analyzer model NA-773, 144/430. The peak and 

average power density was computed using the method of theoretical 

calculation and the safety distance from the antennas were estimated. The 

measured and the calculated values were compared with the international 

commission on non-ionizing radiation protection (ICNIRP) standard for 

public and occupational exposure level. Results show that the radiations from 

the base stations adheres to the standard provided by ICNIRP. 
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1. INTRODUCTION  

The recent advances in mobile communication has led to increased broadband applications [1-4].  

With the increasing broadband applications, the mobile subscribers are demanding for better coverage, fast 

speed of network and improved quality of service. The networks operators have been employing cell splitting 

and erection of new base stations leading to increase mobile base stations in a bid to meet the demand  

of the subscribers. The increasing mobile telecommunications infrastructures has generated worries among 

people over the possible adverse health effects from exposure to radio frequency (RF) electromagnetic 

radiation (EMR) emanating from the mobile base station antennas [5].  

Nigerian communication commission (NCC) is the body charged with the responsibility of 

monitoring the level of radiation from the base station in a bid to enforce compliance to international 

standards on limits of radiations. Fulfilling this function, NCC monitors RF-EMR levels in the towns and 

cities to enforce the exposure limit as set by international commission on non-ionizing radiation protection 

(ICNIRP) [6]. The forces exerted on an electric charge which is known as electric field (E) is expressed in 

Volt per meter (V/m) [6]. This electric field strength is the derived quantity which is measured in V/m unit 

and (W/m2) and used for the reference level [7]. Exposure to RF radiation is classified into general public and 
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occupational exposure [8]. Those professionals that work with microwave equipments and are often exposed 

to multiple RF radiation are those classified as occupational [9], while the public who got exposed to RF 

radiation by the usage are the public exposure. There are however guidelines from the regulating authorities 

to limit the power density of the RF radiations in the public in a bid to avoid the adverse health effect [10].  

The local authority in Ekiti State is finding it very challenging in giving information to the resident 

in Ekiti State about the mobile base station adherence to the guidelines provided by the ICNIRP. Dwellers are 

unaware and unsure about their safety from the multiple radiations from the base stations towers as there  

is no information about their adherence to the standards set by the FCC, IEEEE and the ICNIRP.  

Many presentations on the media about the safety of the dwellers have been made to allay the fears and 

worry of the people.  

Some studies were carried in [11-17] to confirm the radiation level from mobile base stations and 

compared with the standard set by ICNIRP. Most of the locations confirmed that the radiations are within  

the safety level as set by ICNIRP. In [18], measurement was conducted around the base station of some 

mobile stations and also in [19-21], several measurements were conducted in Sweden in a bid to confirm  

the safety from these radiations. However, all these were conducted outside the region of concern and there 

are known information about the adherence of the network operators to the limit set by ICNIRP and such 

nothing can be said about the safety of the dwellers from the RF radiations. In this experiment three locations 

in Ekiti state were selected representing the urban, suburban and rural areas in Ekiti State Nigeria to study  

the RF radiation from the erected base stations. Measurements of E-field strength or power density were 

conducted in Ado-Ekiti; Ifaki-Ekiti, and Iye-Ekiti from base station operation at 900, 1800, and 2100 MHz 

respectively. 

 

 

2. EXPERIMENT SETUP 

Handheld spectrum analyzer model NA-773, 144/430 MHz in fill mode was used to measure  

the frequency. The measurements taken by the spectrum analyzer were recorded with the spectral scans.  

A fixed antenna (Probe) was mounted on the spectrum analyzer and automated mobile measurements were 

made, whilst walking around the GSM base station under survey. A 3-axis RF radiation strength meter  

TM-196 was also used to measure the detailed RF power density values in µW/m2 and mW/m2. Both signal 

data and position information of the base stations were also recorded. For each mobile telecommunication 

operators, measurements were made of all active frequencies at each particular mobile measurement sampled 

location. The frequency considered in this research is between 900 MHz and 2100 MHz with the exposure 

limits listed in [7]. The point levels of measurement were recorded and evaluated against the ICNIRP exposure 

guidelines, which specifies a maximum non-occupational exposure limit of 4.50 W/m2 at GSM 900 frequency 

band, 9.00 W/m2 at GSM 1800 frequency band and 10.00 W/m2 at UMTS 2100 frequency band [7].  

The RF radiation was measured based on the four mobile telecommunication operators which are 

MTN, AIRTEL, GLO and ETISALAT within the coverage areas in the state. Also, the location of each base 

station was taken using a global positioning system (GPS). Thereafter the Peak and Average power density 

were calculated. Electric field strength was recorded at the height of 1.5meter above ground level and with  

the with the dipole antenna in the vertical (X), horizontal perpendicular (Y) and horizontal aligned (Z) 

orientation to the direction of the base station antenna. The combination of the polarized measurement gave 

the power density for each point of measurement. The power density was analyzed to give a total value  

of maximum power density from the base stations. 

 

2.1. Theoretical estimation of peak power density 

Using the Poynting theorem, the power density of the equivalent plane wave for time-harmonic EM 

fields is given [6-7] as: 

 

S=
1

2
Re (𝐸̅×𝐻*. 𝜌)=

|𝐸𝑟𝑚𝑠|2

𝑍𝑜
=Zo |𝐻𝑟𝑚𝑠|2 (1) 

 

where S is the power density in the distance 𝜌 (W/m2), 𝜌 is the distance from the antenna (m), 𝐸̅ is  

the electric field amplitude, 𝐻 is the magnetic field amplitude and Zo is the component of the electric field at  

a large distance from RF antenna. The power density emitted from a collinear antenna (far field) is estimated 

as given by (2), [6]: 

 

S=
𝑃𝑇𝐺

4𝜋𝜌2
 (2) 

 

where PT is the power from the transmitting antenna and G is the antenna gain.  
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The power density for the case of exposure to single BS as in Figure 1 at the exposed position (given by 𝜌, 𝜃, 

and 𝜑) is given as: 

 

S=0.08
𝑃𝑇

𝜌2 10
𝐺

10       [W/m2] (3) 

 

where PT is the transmitting antenna radiated power (W), and G is the gain of the antenna (dB). 

 

 

 
 

Figure 1. Collinear antenna and human exposure in the far field of a base station antenna [15] 

 

 

The peak power density for a certain antenna in a given direction illustrated in Figure 1 can be 

calculated using (4). The highest values of the radiated power from antenna will be in the XO𝜌 plane,  

taking to consideration that the down tilt is 900 when the XO𝜌 plane is perpendicular with the centre (O).  

At the distance “𝜌” (that has an azimuth angle 𝜑 with OX direction), the peak power density can be 

computed using (4) [15, 17, 22-24]. 
 

Speak (𝜌,𝜑)=
𝑊𝑟𝑎𝑑 2

 −(
𝜑

 φ̅3dB
⁄ )

2

 φ̅3dB𝜌𝐿√1 + 2(
𝜌

 𝜌0
)

2
 (4) 

 

where Speak is the peak power density in W/m2, φ̅3dB is the beam-width at 3 dB, 𝑊𝑟𝑎𝑑 =ηPin; where η is  

the antenna efficiency and Pin is the antenna connector input power. 𝜌0 is calculated using (5) [24]. 

 

 𝜌0 =
 φ̅3dB

6
 𝐷𝐴𝐿 (5) 

 

where DA is the broad side directivity of the antenna and L is the height of the antenna. The distance where  

the power density is equal to the ICNIRP limit known as the compliance distance is given as [17]. 

 

𝜌Peak=𝜌(SPeak) ≈ 𝜌0 
2q

 √1 + (4𝑞)24  (6) 

 

where q is calculated using (7): 

 

q=
3 𝑊𝑟𝑎𝑑 2

 −(
𝜑

 φ̅3dB
⁄ )

2

 φ̅3dB𝐿2𝐷𝐴 𝑆𝑃𝑒𝑎𝑘  (7) 

 

The value at φ=00 is the compliance distance for all calculation based on on the band of frequency 

band of operation. For Omni-directional antennas, the peak power density 𝜌0 and q given in (8) and (9) 

respectively. 

 

𝜌0 = 𝐷𝐴𝐿 (8) 

 

q=
𝑊𝑟𝑎𝑑 

π𝐿2𝐷𝐴 𝑆𝑃𝑒𝑎𝑘 (9) 

 

where 𝑊𝑟𝑎𝑑 =ηPin, η is the antenna efficiency, Pin is the antenna connector input power, DA is  

the directivity of the antenna, L is the height of the antenna and 𝑆𝑃𝑒𝑎𝑘  is the peak power density in W/m2. 
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2.2. Theoretical estimation of average power density 

The average power density can be computed as [15]: 
 

𝑆̅ (𝜌,𝜑)=
𝑊𝑟𝑎𝑑 2

 −(
𝜑

 φ̅3dB
⁄ )

2

2 φ̅3dB𝜌𝐿√1 + (
𝜌

 𝜌0
)

2
 (10) 

 

while the compliance distance from Base Station Antenna then can be calculated as: 
 

𝜌̅ = 𝜌(𝑆̅) ≈ 𝜌0
q

 √1 + 𝑞24  (11) 

 

In (10) and (11) can be employed to compute the power density radiation level and the compliance distance 

from the base stations [19, 25, 26]. 

 

 

3. RESULTS AND DISCUSSION 

3.1. Measured values of the power density 

Tables 1, 2, and 3 summarizes the highest exposure levels recorded at each distance considered from 

Ado-Ekiti, Ifaki-Ekiti, and Iye-Ekiti base stations represented in dBm and W/m2 as radiated by each mobile 

phone operator in different frequency bands. It can be observed from Table 1 that at 100 meters, GLO 

network has the highest radiation level of 22.89 mW/m2, while at 20 meters MTN network has the least 

radiation level of 97.02 μW/m2 in all the three categories of cellular frequency bands considered. Table 2 

shows that at 250 meters away from the mast, the AIRTEL network has the highest radiation level  

of 4.03 mW/m2, while at 250 meters GLO network has the least radiation level of 10.39 μW/m2 in all  

the three categories of cellular frequency bands considered. It can be observed from Table 3 that at 20 meters 

away from the mast that AIRTEL network has the highest radiation level of 9.10 mW/m2, while at 250 

meters MTN network has the least radiation level of 8.58 μW/m2 in all the three categories of cellular 

frequency bands. Maximum RF Power density values measured in the 3 locations sampled and the maximum 

exposure limit as stipulated by ICNRIP are are as shown in Table 4 and compared with result from [17].  

The result shows that the exposure limit is within the limit obtainable in Malaysia. 
 

 

Table 1. Maximum RF radiations measured from Ado-Ekiti 
Distance from 

mast (m) 

Frequency range 

(MHz) 

MTN max. level 

(μW/m2) 

GLO max. level 

(μW/m2) 

AIRTEL max. level 

(μW/m2) 

ETISALAT max. level 

(μW/m2) 

5.0 

714-958 9580.00 7560.00 1736.50 388.70 

1500-1853 2610.00 1797.20 1491.90 271.80 

2035-2116 173.30 1189.30 1223.30 308.00 

2.00 

714-958 224.70 6730.00 498.00 220.70 

1500-1853 97.02 5750.00 317.00 178.50 

2035-2116 127.50 6520.00 417.30 745.50 

100.00 
714-958 460.00 22890.00 735.00 27100.0 

1500-1853 282.00 7630.00 471.00 15300.00 

2035-2116 409.00 13160.00 554.30 18800.00 

250.00 

714-958 1775.00 11680.00 813.00 964.30 

1500-1853 1011.00 2680.00 388.30 828.10 

2035-2116 1610. 00 5960.00 583.00 877.10 

 

 

Table 2. Maximum RF radiations measured from Ifaki-Ekiti 
Distance from mast 

(m) 

Frequency range 

(MHz) 

MTN max. level 

(μW/m2) 

GLO max. level 

(μW/m2) 

AIRTEL max. evel 

(μW/m2) 

5.00 

714-958 811.20 423.30 2290.00 

1500-1853 566.20 194.40 2000.00 

2035-2116 741.50 342.00 2220.00 

20.00 

714-958 660.20 423.30 342.30 

1500-1853 228.40 161.10 186.40 

2035-2116 259.30 214.20 208.30 

100.00 

714-958 118.30 248.50 2280.00 

1500-1853 75.30 143.30 1916.60 

2035-2116 82.30 179.20 1945.20 

250.00 

714-958 860.60 75.70 4030.00 

1500-1853 100.70 10.39 1549.30 

2035-2116 747.30 15.60 2180.00 
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Table 3. Maximum RF radiations measured from Iye-Ekiti 
Distance from mast (m) Frequency range (MHz) MTN max. level (μW/m2) AIRTEL max. level (μW/m2) 

5.00 

714-958 858.70 4400.00 

1500-1853 322.90 127.68 

2035-2116 558.20 201.30 

20.00 
714-958 4.85 9100.00 

1500-1853 246.50 67.40 

2035-2116 282.50 133.20 

100.00 
714-958 1037.80 1609.50 

1500-1853 209.30 202.90 

2035-2116 282.05 201.30 

250.00 

714-958 1445.30 150.00 

1500-1853 8.58 24.40 

2035-2116 306.20 99.43 

 

 

Table 4. Maximum RF radiations 

Location Maximum RF (W/m2) 
% Max radiation compared 

with ICNIRP 
(%) Radiation level compared 

with ICNIRP from Malaysia [17] 

Ado (22.89±1.14)×10–3 0.23 0.05-0.82 

Ifaki (4.03±0.20)×10–3 0.04 0.02-0.33 

Iye (9.10±0.46)×10–3 0.2 0.07-0.89 

 

 

3.2. Computed values of the peak and average power density 

Huawei models are employed as the sector BSA in Nigeria. We considered the Huawei BSA model 

AMB452000 with 4 vertical dipoles to calculate the theoretical level of human exposure. The data from  

the manufacturer of these antennas are: frequency of emission 948.21 MHz; the gain, 19.2 dBi; the horizontal 

half power beam width, 𝜑̅3dB=95.00, 1.66 dBi; the horizontal directivity, 18.0 dBi and antenna dimensions  

(H x W x D) 1468 x 349 x 166 (mm).The radiative distance is taken as 𝜌≈5.25 m, and the far field distance 

start from 𝜌≈10.57 m from antenna panel. From (3), and given that 𝜌0=2.56 m, h=50 m above the ground, 

and G=–11.0 dB, Wrad=16.0 W, the theoretical power density Stheor=3.50 W/m2 for a person positioned on the 

ground at (𝜌, θ, 𝜑)=(20 m, 600, 300). This power density level is below the standard limit of ICNIRP.  

For the near field exposure the average and peak power densities is calculated as 𝑆̅=0.2788 W/m2 

and Speak=0.4165 W/m2 respectively for a person at (𝜌, θ, 𝜑)=(5 m, 600, 300)and h′=6.93 m under  

the antenna horizontal plane using (9) and (3). Comparing with the maximum limits of the average power 

densities given in the IEEE standard, which is 𝑆̅max=6.0 W/m2 for uncontrolled conditions (population) and 

𝑆̅max =30.0 W/m2 for controlled conditions (professional) at f=900 MHz. It is obvious that the exposure due 

to this antenna is far below the limit set by ICNIRP and therefore poses no harmful threat to the inhabitant. 

For the peak power density, it is obvious that the computed values is less that the limit set by the ICNIRP 

which is, 𝑆max
𝑝𝑒𝑎𝑘=4.5 W/m2 (population) and 𝑆max

𝑝𝑒𝑎𝑘=22.5 W/m2 (occupational). In term of compliance distances 

based on average (IEEE standard) or peak power densities values (ICNIRP standard), using azimuth direction 

𝜑=300 we got 𝜌̅=6.79 m and 𝜌peak=5.58 m from the Huawei antenna. 

 

3.3. The peak power density compared to the limit of safety distance for occupational and public 

exposure levels 

Table 5 shows the values of Speak /𝜌peak for different sub-frequency band and applications in Ekiti 

State, Nigeria. Figures 2, 3, and 4 shows the plot of the results at various intervals ranging from 0.85 m to 

153.04 m at the three frequencies sub-bands of 900 MHz, 1800 MHz and 2100 MHz. Figure 2 shows  

the compliance distance for 900 MHz application compared to the ICNIRP limits. The compliance distance is 

computed as 1.43 m and 3.75 m for occupational and public exposures respectively. In Figure 3  

the compliance distance is shown for the 1800 MHz application. It can be observed that the compliance 

distance is 1.03 m and 2.61 m for occupational and public exposures respectively. Figure 4 shows  

the compliance distance at 2100 MHz applications. The compliance distance is seen to be 0.92 m and 2.46 m 

for occupational and public exposure respectively. It was discovered that there is no erected residential 

building within this compliance distance. In fact, the compliance distance is still within the perimeter fence of 

the base station considered. 
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Table 5. Values of Speak /𝜌peak for different sub-frequency band in Ekiti State, Nigeria 

S/N Application 
Frequency 

(MHz) 

ICNIRP for public 

(W/m2) 

ICNIRP occupational 

(W/m2) 

𝜌peak for 

public/occupational(m) 

1. GSM 900 900 4.50 22.50 3.71/1.43 

2. GSM 1800 1800 9.00 45.00 2.61/1.03 
3. UMTS 2100 (3G) 2100 10.00 50.00 2.46/0.92 

 

 

 
 

Figure 2. Compliance distance at 900 MH 

 

 

 
 

Figure 3. Compliance distance at 1800 MHz 

 

 

 
 

Figure 4. Compliance distance at 2100 MHz 
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4. CONCLUSION 

There is increase in the usage of mobile phone as a communication medium and information source. 

The increase in the usage has led to increased in the number of mobile base station erection in Ekiti state. The 

increase has led to concern among the dwellers about the possible health effect of the exposure to  

the radio frequency radiations from these base stations as there are no significant information on the compliance 

of the radiation from the base station to the level recommended by the ICNIRP. Measurements were taken 

involving 900 MHz, 1800MHz and 2100MHz operating base stations. The value of the power density 

radiation is obtained to be 0.23% of the maximum exposure level set by ICNIRP at 2100 MHz. At 900 MHz, 

the maximum power density is 0.04% of the limit while at 900 MHz the power density is 0.2% of the safety 

limit of ICNIRP. Results from the measurement confirms that the level of RF radiation is very low and a few 

percentages of the limit set by the ICNIRP. The values of the theoretically computed power density are also 

less than the safety limit. The values of the measured and computed power density are very small compared 

to the international standard limits of (ICNIRP) for the public and occupational standard respectively. 

Therefore, the erected base stations in Ekiti State operating at the 900, 1800, and 2100 MHz frequency band 

poses no threat to the health of the dwellers of Ekiti state. 
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