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INTRODUCTION 

adiations have always been present 

around us. In fact, life has evolved in a 

world containing significant levels of 

ionizing radiations coming from space, the 

ground, and even within our bodies. The doses 

due to natural background radiations vary 

depending on location and habits. Radiations 

occur naturally in the environment as such, it is 

important to monitor the corresponding levels. 

There are growing bodies of scientific evidences 

that radiations’ exposure even at low levels is 

dangerous to human health (Rogers, 2012). These 

evidences are from both human and animal 

studies that radiation exposure at low to 

moderate doses may increase the long-term 

effect of cancer. Animal studies in particular 

suggest that the rate of genetic malformations 

may be increase by radiations’ exposure (IAEA, 

2007). 
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The natural terrestrial gamma radiation dose rate is an important 

contribution to the average total dose received by the world’s 

population. The knowledge of radionuclides distribution and radiation 

levels in the environment is important in assessing the effect of 

radiations’ exposure to human beings. There are two main contributors 

to natural radiations’ exposure: high-energy cosmic ray particles incident 

on the earth’s atmosphere and radioactive nuclides that originated in the 

earth’s crust and are present everywhere (Monica et al., 2016). 

According to the United Nation Scientific Committee on Effects of 

Atomic Radiation 1988, each inhabitant of the earth is exposed to an 

average value of 2.4mSv/yr both from cosmic sources and earth’s crust. 

Other sources of radiation are artificial, resulting from medical 

application, nuclear industry, nuclear bomb explosion and cell phone 

towers. 

GSM(Global System for mobile) base stations in Gombe metropolis have 

been noticed to be located in densely populated residential areas in close 

proximity to educational and health facilities, and some are located side-

by-side there by having a higher tendency of overlap of radiofrequency 

detrimental to health (Husain et al., 2017).  

It has been discovered that radiation exposure (natural and man-made) 

in the vicinity of cell phone towers even at low levels could pose serious 

health challenges and environmental hazards if the situation continues 

unchecked (Alikson, 2017). 

It is believed that there are legitimate health concerns regarding 

radiation exposure in many areas which requires urgent attention to 

ameliorate its threats. Therefore, when an activity raises threats of harm 

to the environment or human health, precautionary measures should be 

taken even if some cause and effect relationship are not fully established 

scientifically(WHO, 2014). That is the reason why this quantitative and 

qualitative determination of the radiations’ exposure level in the vicinity 

of cell phone towers or telecommunication masts with limited 

instruments was carried out. More attention was paid on masts located 

close to residential areas, Offices, Schools and Business premises, where 

children and adults are predominant. 
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The results obtained can serve as baseline data creating awareness 

about the ionizing radiation exposure in the studied area. 

 

MATERIALS AND METHODS 

Study Area 

The study area is Kaltungo Local Government Area of Gombe State. 

Kaltungo is a Local Government Area of Gombe State, Nigeria (Figure1) 

with Kaltungotown as headquarter. Its geographical coordinates are 9° 

48ˈ51ˈˈ North, 11° 18ˈ 32ˈˈ East. It has an area of 881 km² and a population 

of 149,805 at the 2006 census. The postal code of the area is 770. The 

sampling locations are indicated on the map shown below. 

 
Figure1: Map of Kaltungo Local Government Area with sampling 

locations. 

 

Procedure for Data Collection 

Data were collected directly from the measurements taken by the 

instrument (Geiger-Muller counter). Ten (10) data points’ locations of the 

ten masts were measured and recorded with GPS (Global Position 

System) meter in degrees. Two hundred data point were selected from 
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the ten (A to J) masts corresponding to the various distance of 10, 20, 30, 

40 and 50 meters from the four directions (North, East, South and West) 

of the towers. All the measurements (counts for alpha, beta, gamma 

radiation) were taken and values recorded in count per minute. 

 

Data Evaluation 

Mean of radiation level in cpm was used in analyzing the data, hence the 

radiation level in μSv/yr was calculated as: 

 

Annual Absorbed Dose 

The annual absorbed dose was determined using equation 1 below: 

 D =  
X × 8760

150
(μSv/yr)       (1)  

where, D = annual absorbed dose in micro Sievert per year = absorbed 

dose rate      in micro Sievert  per year and X = mean radiation in 

cpm (Ahmad, 2013) 

 

Equivalent Dose  

The equivalent dose (H) for different tissues for the whole body was also 

calculated using  the formula: 

H =  ∑ 𝐷𝑖  × 𝑊𝑖
ni
n=i       (2)

  

where, D = Absorbed dose, and W is the radiation weighting factor. 

 

Annual Effective Dose (AED) 

The basic quantity used to describe public exposure is the effective dose 

and it was developed for protection and for exposure purposes. Since 

doses to the member of the public cannot be measured directly, usually 

these are assessed on the basis of the environmental measurement. In 

this study, the annual effective dose (AED) was calculated  using the 

equation reported by Seydou and Hamza, 2019 as: 

𝐴𝐸𝐷 = 𝑎𝑛𝑛𝑢𝑎𝑙 𝐴𝑏𝑠𝑜𝑟𝑏𝑒𝑑 𝐷𝑜𝑠𝑒 𝐷 ×  𝑇 × 0.7 × 0.02   (3) 

where, T is time in 1year (8760h), the dose conversion factor used is 

0.7Sv/Gy and 0.02 as an outdoor occupancy factor (UNSCEAR, 2007). 
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Excess Lifetime Cancer Risk (ELCR): 

The excess lifetime cancer risk deals with the probability of developing 

cancer over a lifetime at a given exposure level. In this research work, 

excess lifetime cancer risk was calculated using the equation below 

reported by Ibikunle et al., 2018, for gamma radiation: 

𝐸𝐿𝐶𝑅 = 𝐴𝐸𝐷 × 𝐷𝐿 × 𝑅𝐹 × 10−3    (4)  

 

where AED is the annual effective dose, DL is the average duration of life 

estimated at 70 years, and RF is the risk factor which is the fatal cancer 

risk per Sievert. For stochastic effect from low dose background 

radiation, ICRP103 suggested an RF value of 0.057 for the public 

exposure as reported by ICRP, 2007. 

 

RESULTS AND DISCUSSION 

The measured radiation doses in count per minute obtained from the 

vicinity of the cell phone tower locations at various distances (10 m, 20 

m, 30 m, 40 m and 50 m ), are presented in Table1 for alpha, beta and 

gamma radiations respectively. From Table1, alpha radiation had its 

maximum mean 11cpm at distance of 10 m observed in JM (Tula) with 

close value of 9.25 cpm in FM (Kalarin) at same distance of 10 m. The 

average minimum values of alpha 1cpm were observed at various 

locations (ranging from 30 m to 50 m).The average minimum values of 

alpha 1 cpm were observed at various locations at different locations 

ranging from 30 m to 50 m. Observation have shown that alpha radiation 

level was not predominant in the locations. The table also revealed that 

gamma radiation had its maximum mean value of 20 cpm FM (Kalarin) at 

distance of 10 m with the closest value of 18 cpm in DM (Bangyange II) at 

same distance, and went to its minimum at various locations in different 

distances. The values of gamma radiation were higher than that of alpha 

radiation. Gamma radiation level is highly predominant in the area 

compared to beta and alpha radiation. The maximum value of 35 cpm 

was observed in FM (Kalarin) at 10 m distance with minimum value of 3 

cpm in IM (Ture) at distance of 50 m.  

From Table1, at distance of 10 m from the base of the towers, both alpha, 

beta and gamma radiation were high for all the ten mast labeled AM - JM, 
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which shows the closer the distance from the base, the higher the level 

of radiation exposure. However as one, moves further away from the 

towers, the level of radiation decreases. A cross examination of the data 

from the ten cell phone towers AM - JM indicates that gamma radiation is 

higher than beta radiation level and alpha radiation level is the least with 

some distances having zero values in some locations which were far 

away from the base of the cell phone towers. IM (Ture) location showed 

minimal values for both alpha, beta and gamma radiation compared to 

other locations in the area this might to due to the difference geology of 

the location.  

The radiation exposure doses of alpha, beta and gamma in Table 2 were 

obtained through conversion from count per minute to microsievert per 

year using equation (1). It is observed that the alpha radiation has highest 

value of 642.40μSv/yr in JM (Tula) at 10m and a minimum value of 

58.40μSv/yr in each of the locations at distances ranging from 30m to 

50m away from the base of the cell phone towers.  

The highest value for beta radiation levels was observed in FM (Kalarin) 

with 1168.00μSv/yr at 10m and lowest value of 58.40μSv/yr in BM 

(Nasarawo), EM (Termana), GM (Kalorgu), and IM (Ture) at distances of 

50m respectively.  

It is observed that gamma radiation level has its peak value of 

2044.00μSv/yr for FM (Kalarin) at 10m and a lowest value of 204.40μSv/yr 

for EM (Termana) at a distance of 50m.  There was decreasing pattern of 

radiation levels as the distance from the base of the cell phone towers 

increases. Gamma radiation level is predominant in all the locations 

having reasonable values higher than beta and alpha radiations. Hence, 

beta radiation level was higher than alpha radiation which was the least 

values with negligible amount at some distance compared to the 

international standard safe limit of 1mSv/yr.  

The radiation levels were not the same in all the locations. Some 

locations had higher radiation level than others irrespective of the 

distance from the base of the cell phone towers which can be attributed 

to the altitude, terrain of the location, presence of granites in some rocky 

locations where the cell phone towers are sited. 
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The mean values of the three ionizing radiations (alpha, beta and 
gamma) in each of the locations (AM – JM) are presented in Table 3. The 
mean value for alpha radiation level was higher in JM (Tula) with 
245.28μSv/yr and minimum mean value of 60.26μSv/yr was obtained in 
IM (Ture). The peak mean value of beta radiation level in the area was 
found in FM (Kalarin) with 659.92μSv/yr and a minimum mean value of 
181.04μSv/yr while gamma radiation has its highest and lowest value of 
1769.50μSv/yr and 356.24μSv/yr respectively. The variation in the 
radiation levels can be attributed to the terrain, rocky nature and altitude 
of the locations (Ibikunle et al., 2018). 
In Table 4, the computed absorbed dose rates were used to calculate the 
equivalent dose (H) and annual effective dose received by residents 
living close to the locations of interest. The equivalent doses for the 
different radiation (alpha, beta and gamma) were calculated separately 
with the help of their respective weighting factors of 10, 1 and 1.  
It is observed that the equivalent doses of gamma radiation have been 

predominant in the area with 1769.50μSv/yr and 356.24μSv/yr in JM (Tula) 

and IM (Ture) as the highest and lowest values respectively (Figure2). The 

equivalent dose levels of alpha radiation were higher than that of beta 

radiation because of the weighting factor of alpha radiation which is far 

greater than that of beta and gamma radiations (10 against 1), hence 

confirmed its effects when inhaled as reported in literature.  

The highest and lowest values of alpha equivalent dose level were 

obtained in JM (Tula) and IM (Ture) as 2452.80μSv/yr and 602.60μSv/yr 

respectively. For beta radiation, the equivalent dose values of 

659.92μSv/yr and 181.04μSv/yr were obtained in FM (Kalarin) and GM 

(Kalorgu) as the highest and lowest values respectively. 

 

Table 1: Radiation exposure in vicinity of cell phone towers (values 

counts per minute) 

  Coordinate     Counts for radiation type   

Cell 

phoneTower 

(mast) 

Latitude Longitude No of 
Antennas 

Distanc
e(m) 

 

α(mean) 
 

 

β (mean) 
 

 

ϒ(mean) 
 

Am (Ladibin) 9.827

2°N 

11.3201

°E 

6 10 3.6

6 

15.25 29.5 

    
20 1.5 12 24.25     
30 1 9.5 21     
40 0 7 17.5 
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50 0 4.5 11 

Bm(Nasaraw

a) 

9.823
7°N 

11.3167
°E 

5 10 2.75 14 25 

    
20 2 10.5 19     
30 1.5 6.5 14.5     
40 1 3.5 10     
50 1 1 8.5 

Cm(Bagyanje 

I) 

9.822

3°N 

11.3117°

E 

5 10 4 16.5 27 

    
20 1.33 13 22.5     
30 1.33 9.5 19.25     
40 1 5 16     
50 1 3 12.75 

Dm(Bagyanje 

II) 

9.8212
°N 

11.307
2°E 

6 10 5 18 26.5 

    
20 3 11.25 20.25     
30 1.5 8.5 16     
40 1 6.5 13     
50 0 2 7.5 

Em 

(Termana) 

9.8152

°N 

11.307

5°E 

3 10 1.66 11.5 14.75 

    
20 1.33 7 10     
30 1 4.25 8.25     
40 1 2.5 5 

        50 1 1 3.5 

Fm (Kalaring) 9.8144
°N 

11.3125
°E 

9 10 9.2
5 

20 35 

    
20 3 14 30.5     
30 1.33 11.5 23     
40 1 7 19.5     
50 1 4 14 

Gm (Kalorgu) 9.8173
°N 

11.305
0°E 

3 10 2.3
3 

6 13 

    
20 1.33 4.5 11.5     
30 1.33 2.5 9     
40 1 1.5 6.5     
50 1 1 4 

 
Table 1 continued 

  Coordinate 

  

   

  

Counts for radiation 

type  

Cell phone Tower 

(mast) 

Latitud

e 

Longitu

de 

No of 

Antennas 

Distance(

m) 

 

α(mean) 
 

 

β (mean) 
 

 

ϒ (mean) 
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20 1.33 7 22     
30 1.33 5.5 18.5     
40 1 3 15.25     
50 1 2 11.75 

Im (Ture) 9.8239
°N 

11.3176°
E 

3 10 1.66 7 12 

    
20 1.5 4.5 7.5     
30 1 2.25 4.25     
40 1 0.75 3.75     
50 0 0.5 3 

Jm (Tula) 9.8473
°N 

11.4735
°E 

6 10 11 16 32 

    
20 6 11.25 27.5     
30 2 8 25     
40 1 6 23 

        50 1 4 19.25 

 

Table 2: Radiation Exposure Level at Various Distances from the Cell 

phone Towers 

Cell phone         

Tower 

 (Mask) 

Distance 

(m) 

α-Radiation 

(µSv/yr) 

β-Radiation 

(µSv/yr) 

ϒ-Radiation 

(µSv/yr) 

Am (Ladibin) 10 213.7 890.6 1722.8 

  20 87.6 700.8 1416.2 

  30 58.4 554.8 1226.4 

  40 0 408.8 1022 

  50 0 262.8 642.4 

Bm 

(Nasarawa) 

10 160.6 817.6 1460 

  20 116.8 613.2 1109.6 

  30 876 379.6 846.8 

  40 58.4 204.4 584 

  50 58.4 77.7 496.4 

Cm (Baganje 

I) 

10 233.6 936.6 1576.8 

  20 77.7 759.2 1314 

  30 77.7 554.8 1124.2 

  40 58.4 292 934.4 

  50 58.4 175.2 744.6 

Dm (Baganje 

II) 

10 292 1051.2 1547.6 
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  20 175.2 657 1182.6 

  30 87.6 496.4 934.4 

  40 58.4 379.6 759.2 

  50 0 116.8 438 

Em 

(Termana) 

10 96.9 671.6 861.4 

  20 77.7 408.8 584 

  30 58.4 248.2 481.8 

  40 58.4 146 292 

  50 58.4 58.4 204.4 

Fm (Kalaring) 10 540.2 1168 2044 

  20 175.2 817.6 1781.2 

  30 77.7 671.6 1343.2 

  40 58.4 408.8 1138.8 

  50 58.4 233.6 817.6 

Gm (Kalorgu) 10 136.1 350.4 759.2 

  20 77.7 262.8 671.6 

  30 77.7 146 525.6 

  40 58.4 87.6 379.6 

  50 58.4 58.4 233.6 

 

Table 2: continued… 

Cell phone 

Tower (Mast) 

        

 
Distanc

e (m) 

α-Radiation 

(µSv/yr) 

β-Radiation 

(µSv/yr) 

ϒ-Radiation 

(µSv/yr) 

Hm (T. Gari) 10 87.6 613.2 1635.2 

  20 77.7 408.8 1284.8 

  30 77.7 321.2 1080.4 

  40 58.4 175.2 890.6 

  50 58.4 116.8 686.2 

Im (Ture) 10 96.9 408.8 700.8 

  20 87.6 262.8 438 

  30 58.4 146 248.2 

  40 58.4 58.4 219 

  50 0 58.4 175.2 

Jm (Tula) 10 642.4 934.4 1868.8 

  20 350.4 657 1606 
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  30 116.8 467.2 1460 

  40 58.4 350.4 1343.2 

  50 58.4 233.6 1124.2 

 

Table 3: Mean radiation absorbed dose level values for α, β and ϒ at 

different locations 

  Mean Mean Mean 

Location α-Radiation (µSv/yr)  

β-Radiation (µSv/yr) 

ϒ-Radiation (µSv/yr) 

Am (Ladibin) 71.36 563.56 1769.5 

Bm (Nasarawa) 96.36 418.5 899.36 

Cm (BanganjeI) 101.16 543.56 1138.8 

Dm (BanganjeII 122.64 540.2 785.48 

Em (Termana) 69.98 306.6 484.72 

Fm (Kalarin) 181.98 659.92 1424.96 

Gm (Kalorgu) 81.66 181.04 513.92 

Hm  (T-Gari) 72.02 327.04 1115.44 

Im  (Ture) 60.26 186.38 356.24 

Jm  (Tula) 245.28 528.52 1749.08 

 

Table 4: The mean values of equivalent doses for the different 

radiations (Alpha, Beta and Gamma) 

  Mean Mean Mean 

Location α-Radiation 

(µSv/yr) 

β-Radiation 

(µSv/yr) 

ϒ-Radiation 

(µSv/yr) 

Am (Ladibin) 710.36 563.56 1769.5 

Bm 

(Nasarawa) 

960.36 418.5 899.36 

Cm 

(BanganjeI) 

1010.16 543.56 1138.8 

Dm 

(BanganjeII 

1220.64 540.2 785.48 

Em 

(Termana) 

690.98 306.6 484.72 
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Fm (Kalarin) 1810.98 659.92 1424.96 

Gm 

(Kalorgu) 

810.66 181.04 513.92 

Hm  (T-Gari) 720.02 327.04 1115.44 

Im  (Ture) 600.26 186.38 356.24 

Jm  (Tula) 2450.28 528.52 1749.08 

  

 
Figure 2: Comparisons of the mean equivalent radiation doses for the 

various locations. 

 

The annual effective doses for gamma radiation were determined and 

the results are presented in Table5 along with the excess life time risk 

values. The results indicate that the highest effective dose value of 

1769.5μSv/yr is obtained at AM (Ladibin) location and lowest equivalent 

dose value of 365.24μSv/yr in IM (Ture). Most of sampling points’ values 

were found to be below the World average value of 1mSv/yr( or 

1000μSv/yr) as recommended by ICRP (Monica et al.,2016; Seydou and 

Abdullahi, 2016).These values were within the world standard average 

value of 1mSv/yr to 10 mSv/yr as recommended by UNSCEAR (Monica et 

al., 2016).The range of 1 to 10 mSv/yr corresponds to a maximum risk of 

five in ten thousand, and is of the same order of magnitude as the annual 

natural background radiation in various parts of the world. This indicated 
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that the chance of contacting cancer by residents close to the cell phone 

towers, who will spend the rest of their lives in the area, is moderate.  

Excess lifetime cancer risk values obtained, range from 7.06 ×

10−3  𝑡𝑜    1.42 × 10−3 as shown in Table 5 below. The excess lifetime 

cancer risk is higher than the world average of 2.9 x 10-4. The higher ELCR 

values were obtained from the study areas with high rocky geology 

(figure3). Numerous cancer deaths annually reported in Nigeria, most 

especially in the North East has been linked to the high excess lifetime 

cancer risk factor which might be the product of environmental 

radioactivity presence (Ibikunle et al., 2018). 

 

Table 5: Annual effective dose and Excess Lifetime Cancer Risk around 

the Cell phone Towers     for gamma radiation 

Location AED(ϒ) Risk (ELCR) × 𝟏𝟎−𝟑 

Am (Ladibin) 1769.5 7.06 
Bm (Nasarawa) 899.36 3.59 
Cm (BanganjeI) 1138.8 4.54 
Dm (BanganjeII 785.48 3.13 
Em (Termana) 484.72 1.93 
Fm (Kalarin) 1424.96 5.68 
Gm (Kalorgu) 513.92 2.05 
Hm  (T- Gari) 1115.44 4.45 
Im  (Ture) 356.24 1.42 
Jm  (Tula) 1749.08                    6.98 
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Figure 3: comparison of excess life time cancer risk value at different 

locations 

 

CONCLUSION  

The radiation doses obtained were in the following ranges: 245.28 to 

60.26, 659.92 to 181.04 and 1769.50 to 356.24μSv/yr for alpha beta and 

gamma radiations respectively.  Most of the values fall within the 

tolerable ICRP value of 1mSv/yr for the members of public. The excess 

lifetime cancer risk value ranges fro 7.06 × 10−3 𝑡𝑜 1.42 × 10−3  which is 

higher than the world value of 2.9 x 10-4. This discrepancy might be due 

to the rocky geology of the area providing more background radiation in 

the environment. In general the dose values obtained were within the 

tolerable limit, implying less risk to the populace. 

It was observed that at distance of 10 m from the base of the towers, 

both alpha, beta and gamma radiation were high for all the ten mast 

labeled AM - JM, which shows that the closer the distance from the base, 

the higher the level of radiation exposure. However as one, moves 

further away from the towers, the level of radiation decreases. 

Further analysis is necessary in order to determine the level of radiation 

resulting from the emission by naturally occurring radionuclides.  
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