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Abstract: The aim of this study is to estimate the activity concentrations and radiological assessment of soils around high-

tension cables, Transmission company of Nigeria, Osogbo, Nigeria. Surface and control soils were obtained around the high-

tension cables and from areas far away from the sampling points, respectively. Their radioactivity levels were determined using 

gamma ray spectrometer. The results showed that the mean activity of the identified radionuclides, 
40

K, 
238

U and 
232

Th are 

223.59±11.98, 15.39±1.95 and 4.54±0.28 Bq/kg respectively, in the studied soils while the control soils exhibited activity 

concentrations of 
40

K, 
238

U and 
232

Th, as 6.22±0.34, 11.58±1.55 and 0.50±0.03 Bq/kg respectively. The radiological indices, 

ADR (absorbed dose rate), AED (annual effective dose equivalent), Hin (internal hazard index), Hex (external hazard index), 

AGDE (annual gonadal dose equivalent), Iγr (representative gamma index) and Raeq (radium equivalent) have values of 19.65 

nGy/hr, 0.17 mSv/yr, 0.14 Bq/kg, 0.10 Bq/kg, 140.77 µsvy
-1

, 0.30 and 39.64 respectively. These results revealed that the 

studied soils exhibited low gamma radiation. Long-term exposure to these radionuclides could pose health threats and is 

therefore discouraged. 

Keywords: Activity Concentration, Gamma Ray Spectrometer, High-tension Cable, Powerline, Radiation,  

Transmission Company 

 

1. Introduction 

Since inception, man has always been exposed to radiation 

from naturally occurring radionuclides with long half-lives, 

such as 
40

K, 
238

U, and 
232

Th. As a result of their radioactivity, 

those radionuclides cause natural radiation [1]. These 

radionuclides are termed primordial radionuclides such as 

uranium 
238

U, thorium 
232

Th, and non-decay series of 

potassium 
40

K [2]. Natural background radiation, which is 

equivalent to 2.4 mSv per person, has been known to makes 

up approximately 80% of the total radiation dose a person is 

exposed in a year [3]. Estimated exposure to natural radiation 

from naturally occurring radionuclides has become 

environmental concern to the public and national authorities 

due to its deleterious effect on humans. The levels of these 

doses have been observed to increase due to some certain 

anthropogenic activities thereby enhancing the natural 

background radiation. 

Many industrial and human activities have contributed 

significantly to elevated levels of radionuclides in surface 

and subsurface soils when compared to those contributed 

from geogenic or natural processes [4]. 

Man-made terrestrial components are majorly due to the 

deposition of radioactive fallout, x-ray photography and 

radiation emission from high tension cables among others. 

Soil is acting both as a source of radiation exposure to 

humans and also as a medium of migration for the transfer of 

radionuclides to groundwater and biological systems [5]. Soil 
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is one of the major sources of radiation exposure to a 

population via the transfer of radionuclides into the 

environment [6]. The knowledge of radionuclides 

distribution in soil plays an important role in radiation 

protection because they are not uniformly distributed in soil. 

Pollution implication of radionuclides even at extremely 

low concentration could result in long-term cumulative 

health effects and this has been a major cause of concern all 

over the world. This concern has increase by their persistence 

in the soil and their tendency to bioaccumulate, move along 

the food chain and water cycle, and also poison soil 

microorganisms [7]. However, high exposure level may be 

harmful for people residing in regions where these human 

activities are pronounced. Radionuclides are carried to the 

soil by rain during rock disintegration. Radiation can cause 

sterility, making reproduction impossible. Excessive 

exposure to ionizing radiations has been known to cause 

various long-term health hazard like cancer, mental disorder, 

genetic mutation, etc., to workers and the general public [8]. 

It can also cause mutations in developing embryos, which are 

usually detrimental or even fatal [9]. 

The aim of this study is to determine natural (
226

Ra, 
232

Th, 
40

K) radioactivity levels in soil collected from different 

points around the vicinity of high-tension cables electricity 

distribution center in Osogbo, Nigeria. Also, the average 

radium equivalent activity (Raeq), representative level index 

(Iγr), the external hazard index (Hex), the total absorbed dose 

rate (ADR) and the annual effective dose equivalent (AED) 

were calculated and compared with the results in literature. 

2. Materials and Methods 

2.1. Study Area, Sampling, Sample Storage and 

Preparation 

The study area (Figure 1) is within Osogbo, the capital of 

Osun State. Osogbo is a city in South-Western Nigeria 

located on latitude 7°78’27”N and longitude 4°54’18” E. The 

city is situated within the tropic rainforest zone in Nigeria. 

 

Figure 1. Map of the Study Area showing the Sampling Locations. 

Surface soil samples were collected from eight (8) 

different areas in and around Transmission Company of 

Nigeria (TCN), Osogbo, Nigeria while the two control soil 

samples were taken from areas where there are little or no 

anthropogenic activities within the locality. 

The samples were collected by scooping the soil samples 

into airtight containers labeled according to the name of the 

area from which the samples were collected and transported 

into the laboratory for analysis. 

The surface soil samples were air-dried; rocks and pebbles 

were removed before pulverization using a mortar and pestle. 

The pulverized soil samples were then passed through a 500 

µm filter sieve to achieve uniform particle size. Sample 

grinding continued until at least 90% of the original sample 
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passed through the sieve before radioactivity determination. 

The dried homogenized samples were then weighed and 

transferred into uncontaminated empty cylindrical plastic 

containers of uniform sizes wrapped with a masking tape. 

The samples were weighed and stored for a minimum period 

of 30 days to allow daughter products to come into 

radioactive secular equilibrium with their parents 
226

Ra and 
232

Th. 

The counting of radioactivity was carried out using a lead 

shield 76 mm by 76 mm NaI (Tl) detector crystal (model 802 

series, Canberra Inc) coupled to a Canberra series 10plus 

multichannel analyzer (MCA) (model 1104) through a 

preamplifier. 

2.2. Experimental Method for γ-spectroscopy 

Natural radioactivity concentrations of each sample 

collected were calculated by counting approximately 10 

hours using NaI (Tl) scintillation detector based on a gamma 

spectrometer system. The gamma spectrometer consists of a 

Canberra 7.6 cm by 7.6 cm NaI (TI) detector coupled with a 

Canberra series 10 plus Multichannel Analyzer (MCA) 

through a preamplifier base. At the base and side surfaces of 

the detector, 5 cm thick lead layers were used to minimize 

the contribution of the surrounding radiation. The energy 

calibration and the relative efficiency calibration of the 

gamma spectrometer were determined with standard 

calibration material (IAEA-375). Activity concentrations, 

corresponding prominent photo peaks observed in the spectra 

of the samples at various energies were identified as those of 

the radionuclides in the natural decay series of 
238

U and 
232

Th, and the non-series 
40

K. 

2.3. Gamma Radiation Parameters 

2.3.1. Evaluation of Radium Equivalent (Raeq) 

Radium equivalent activity (Raeq) is a commonly utilized 

hazard marker as it evaluates and predicts exposure to 

radiation to living organisms in terms of radiation dose. 

Radium equivalent activity is indexes that represent the 

specific activity of 
40

K, 
232

Th and 
226

Ra by a single quantity 

which takes into consideration the hazard of radiation 

associated with them. 

The equation is given in Bqkg
-1

, the Raeq expression is 

below: 

Raeq=0.077AK + ARa + 1.43ATh                       (1) 

This is an assumption that 4810 Bqkg
-1

 of 
40

K, 
259

Bqkg
-1

 of 
232

Th and 
370

Bqkg
-1

 of 
226

Ra (
238

U) produce the same gamma 

dose. 

2.3.2. Absorbed Dose Rate (ADR) 

This measures the exposure to human body in order to 

determine the amount of radiological hazards. The absorbed 

dose rate at 1m above the ground (in nGyh
-1

 by Bqkg
-1

) was 

calculated using the expression: 

ADR=0.462 CRa + 0.604 CTh + 0.0417 CK (nGyh
-1

)   (2) 

where CRa, CTh and CK are the activity concentrations (Bqkg
-1
) 

for 
226

Ra, 
232

Th and 
40

K in soil samples, respectively. 

2.3.3. Annual Effective Dose Equivalent (AED) 

The mean annual evaluated effective dose equivalent 

(AED) taken by a person was figured out employing a 

transformation factor of 7×10
-1

 SvGy
-1

, which was used to 

transform the absorbed dose rate to humankind effective dose 

equivalent with an outdoor occupancy of 20%. 

AED (outdoor) (µSv/y)=ADR (nGy h
-1

) × 0.7 Sv Gy
-1

 × 8760 

hours × 0.2 × 10
-3

                               (3) 

2.3.4. Internal and External Hazard Index 

The internal exposure to 
222

Rn and its hazardous progenies 

to the respiratory organs is controlled by the internal hazard 

index (Hin), [3] as described below: 

Hin=(ARa/185 + ATh/259 + AK/4810) ≤ 1          (4) 

The ARa is replaced by AU in the calculations. It may be 

noted that 
238

U is replaced by the decay product 
226

Ra, 

although there may be disequilibrium between 
238

U and 
226

Ra. It is given as 1.03 by [3]. The factors which determine 

the exposure rate of an individual are the concentration of 

radionuclides in the nuts and the time spent outdoors [10]. A 

widely used hazard index reflecting external exposure called 

the external hazard index Hex is defined as follows: 

Hex=(ARa/370 + ATh/259 + AK/4810) ≤ 1 [3]      (5) 

2.3.5. Annual Gonadal Dose Equivalent (AGDE) 

The gonads, the active bone marrow and the bone surface 

cells are considered as the organs of interest [3]. Therefore, 

the Annual Gonadal Dose Equivalent (AGDE) for the 

residents of the study area due to specific activities of 
226

Ra, 
232

Th and 
40

K is calculated using the following relation: 

AGDE (µSvy
-1

)=3.09 ARa + 4.18 ATh + 0.314 AK [11]  (6) 

2.3.6. Representative Gamma Level Index (Iγr) 

The representative gamma radiation level index, Iγr, is 

generally used to estimate the level of toxicity of 

radionuclides in the human body when there is exposure to a 

level of external annual effective doses of gamma radiations 

decayed from radioactive isotopes in soils. This additional 

hazard index also called radioactivity level index was 

calculated by using the formula below [12]: 

Iγr=ARa/150 Bqkg
-1

 + ATh/100 Bqkg
-1

 + AK/1500 Bqkg
-1

  (7) 

The value of Iγr must be below 1 (unity) to keep the 

radiation hazard insignificant. 

3. Results and Discussion 

3.1. Activity Concentration 

The activity concentrations 
40

K, 
226

Ra and 
232

Th expressed 

in Bq/kg for soil samples obtained from high tension power 

line area, Osogbo are presented in Table 1 while those of the 
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control samples are presented in Table 2. The samples 

showed that 
40

K has the highest activity value compared to 

the other radionuclides in the study area. The average activity 

concentration of the radionuclides in the soil samples was in 

the order 
40

K > 
226

Ra > 
232

Th. The values of 
40

K ranged from 

34.40 Bq/Kg to 527.53 Bq/Kg with an average of 223.59 

Bq/Kg while the values of 
226

Ra ranged from 3.36 to 25.20 

Bq/Kg with an average of 15.39 Bq/Kg and the values of 
232

Th ranged from 0.01 to 13.33 Bq/Kg with an average of 

4.54 Bq/Kg for all the samples. For the control soil samples, 

the mean activity concentrations of 
40

K, 
232

Th and 
238

U are 

6.22±0.34 Bq/Kg, 0.50±0.05 Bq/Kg, and 11.50±0.01 Bq/Kg 

respectively. 

Generally, high values of 
40

K were observed in the soil 

samples used for this study. This observed high content of 
40

K in the soil samples may be as a result of geological 

formation underlying the study area. The mean value of 
40

K 

estimated was relatively higher than that 370 Bq/Kg reported 

by [3] and with other similar work carried out by [13] in a 

mechanic workshop in Akure, Nigeria. However, the 

estimated mean value for 
40

K were observed to be above 100 

Bq/kg. It was also observed that the mean activity 

concentrations of the radionuclides in the soil samples around 

the high tension cables are higher than that of the control 

soils. This suggests contributions of anthropogenic activities 

within the area as a result of radiation emission which may 

have increased level of radionuclides in the soils. 

Table 1. Activity concentrations of the identified radionuclides in the soil around high tension cables (Bq/Kg). 

SAMPLES 40K 238U 232Th 

A1 71.53±3.91 25.20±3.13 13.33±0.81 

A2 241.69±12.97 3.36±0.49 2.42±0.15 

B1 216.91±11.65 19.64±2.35 2.13±0.13 

B2 34.40±1.87 20.88±2.68 0.93±0.06 

B3 361.79±19.43 15.68±2.00 1.28±0.08 

B4 62.20±3.37 9.88±1.40 8.04±0.49 

C1 527.53±28.04 11.20±1.42 8.19±0.50 

C2 272.70±14.62 17.30±2.12 0.01±0.00 

MEAN±SD 223.59±11.98 15.39±1.95 4.54±0.28 

Table 2. Activity concentrations of the identified radionuclides in the soils around high tension cables (Bq/kg). 

SAMPLE 40K 238U 232Th 

CONTROL 1 BDL 15.08±1.91 0.50±0.03 

CONTROL 2 6.22±0.34 8.08±1.19 BDL 

Mean±SD 6.22±0.34 11.58±1.55 0.50±0.03 

 

3.2. Radiological Assessment of the Soil Samples 

The radiological assessment of the soils around high-

tension cables in terms of the absorbed dose rate, annual 

effective dose equivalent, internal hazard index, external 

hazard index, annual gonadal dose equivalent, representative 

level index and radium equivalent is presented in Table 3. 

The mean absorbed dose rate of the soils is 19.65 nGy/hr. 

The absorbed dose rate value is less than the population 

weighted average absorbed dose rate (60 nGy/hr) in outdoor 

air from terrestrial gamma radiation [3] and that of the 

worldwide average of 55 nGy/hr [14]. The mean annual 

effective dose equivalent is 0.17 mSv/yr which is also lower 

than the range for individual countries (0.3 - 0.6 mSv/yr 

range) [15; 3]. World permissive annual dose limit is 1.0 

mSv/yr [16]. The annual dose rate of the radionuclides in the 

soils around high-tension cables is below the world 

permissive annual dose limit. This indicates that the exposure 

to the soils (via inhalation, ingestion or dermal contact) may 

not lead to respiratory diseases such as asthma and cancer or 

external diseases such as erythema, skin cancer and cataracts. 

The internal hazard index is 0.14 Bq/Kg while the external 

hazard index is 0.10 Bq/Kg on the average. The values of the 

indices (Hex, Hin) must be higher than 1.0 for the radiation 

hazard to be significant [17]. The internal hazard and external 

hazard indices of the investigated soils in this study are both 

less than 1 and so, the radiation hazard is insignificant. The 

mean annual gonadal dose equivalent of the radionuclides is 

140.77 µSvy
-1

. This value is less than the world average of 

300 µSvy
-1

 [3]. The mean representative gamma index value 

of the studied soils is 0.30. This value is less than unity and 

this suggests that the soils exhibit low gamma radiation. The 

estimated mean value of the Raeq in this present study is 

39.64 Bq/kg. This value is lower than the world average of 

370 Bq/kg [3]. Sequel upon the radiological assessments 

obtained for the studied soils, the soils around the high-

tension cables exhibited low gamma radiation. 

Table 3. Radiological Assessment of the Soils Around High-Tension Cables. 

Samples ADR (nGy/hr) AED (mSv/yr) Hin (Bq/Kg) Hex (Bq/kg) AGDE (µsvy-1) Iγr Raeq 

A1 22.67 0.19 0.20 0.13 156.04 0.34 49.76 

A2 13.09 0.11 0.07 0.06 96.38 0.20 25.43 

B1 19.40 0.17 0.15 0.10 137.70 0.29 39.38 

B2 11.64 0.10 0.12 0.06 79.20 0.17 24.85 

B3 23.10 0.20 0.16 0.12 167.40 0.35 45.36 
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Samples ADR (nGy/hr) AED (mSv/yr) Hin (Bq/Kg) Hex (Bq/kg) AGDE (µsvy-1) Iγr Raeq 

B4 12.01 0.10 0.09 0.07 83.66 0.18 26.16 

C1 32.11 0.28 0.20 0.17 234.48 0.50 63.53 

C2 19.37 0.16 0.15 0.10 139.12 0.29 38.31 

Mean 19.65 0.17 0.14 0.10 140.77 0.30 39.64 

ADR=Absorbed dose rate, AED=Annual Effective Dose equivalent, Hin=Internal Hazard Index, Hex=External Hazard Index. AGDE=Annual Gonadal Dose 

Equivalent. Iγr=Representative Level Index and Raeq=Radium equivalent. 

3.3. Comparison of the Radiological Assessment with 

Similar Studies 

The comparison of the radiological assessment obtained 

for the soils under study with similar studies is presented in 

Table 4. The mean absorbed dose rate, the annual effective 

dose equivalent, the internal hazard index, the external 

hazard index, the annual gonadal dose equivalent, the 

representative gamma level index and the radium equivalent 

observed in this study are all less than those reported by [13] 

in Measurement of radioactivity levels of oil-contaminated 

soils around mechanic workshops for environmental impact 

assessment, and by [18] in Measurement of radioactivity 

levels in oil impacted soils around petroleum products 

retailing stations. The relatively higher values of the 

radiological parameters in these studies could be attributed to 

the spills emanating from the hydrocarbon products used and 

sold by the mechanic workshops and petroleum products 

retailing stations respectively. 

Table 4. Comparison of Radiological Assessments with Similar Studies. 

Parameters This study [13] [18] 

ADR (nGy/hr) 19.65 63.93 62.43 

AED (mSv/yr) 0.17 0.55 0.55 

Hin (Bq/Kg) 0.14 0.72 0.67 

Hex (Bq/kg) 0.10 0.37 0.38 

AGDE (µsvy-1) 140.77 428.22 440.18 

Iγr 0.30 0.92 1.22 

Raeq 39.64 137.38 140.67 

4. Conclusion 

The radioactivity concentrations of 
40

K, 
238

U and 
232

Th in 

surface soils samples around high-tension cables, powerline 

area, Osogbo as investigated using gamma ray spectrometer 

showed that there are low level activities in the studied 

locations. The average activity concentrations of 
40

K, 
238

U 

and 
232

Th are 223.59±11.98, 15.39±1.95 and 4.54±0.28 

Bq/kg respectively. There was consistency in the pattern 

observed for the radiological assessment of the soils. The 

results obtained in the present study showed radiological 

indices values below the recommended limit proposed by 

UNSCEAR and other relevant organizations worldwide. 

Though, the study showed that the health burden due to 

gamma radiation from soils on the inhabitant of the area of 

study is generally low. However, exposure to these 

radionuclides on a long-term basis could pose serious health 

risks to humans. It is therefore strongly recommended that 

power holding companies and transmission stations be 

relocated or constructed in areas far away from residential 

areas. The results obtained from this study could serve as 

reference for future radiological assessment. Continuous 

monitoring of the radiological assessment of this area for 

long-term effects of radiation should also be carried out. 
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