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Abstract 
nvestigations were carried out to determine the presence of natural radionuclides in some selected 

dumpsites and evaluate the hazards these may have on the people living around the locations in Kano 

metropolis, Nigeria. Gamma-ray spectrometry with [NaI(Tl)] detector (Canberra, model 727) at the 

Centre for Energy Research and Training, Ahmadu Bello University Zaria, Nigeria, was used to determine the 

concentrations of radionuclides in the soil samples randomly collected from study area. The results show 

that activities of 40K ranges from 242.15 to 697.51 Bq/kg, 226Ra ranges from 12.75 to 57.24 Bq/kg and that of 
232Th ranges from 20.57 to 128.51 Bq/kg in all the analyzed samples. However, the results show that, the 

average value of 453.19Bq/kg of the activity concentration of 40K found in this study has exceeded the world 

average value of 400Bq/kg, and there was a higher activity concentration of232Th at all the dumpsites. The 

average values for radium equivalent, external index, internal index and gamma level index were 148.4Bq/kg, 

0.401, 0.460 and 0.544 respectively in all the samples are lower than the suggested maximal admissible value 

of 370Bq/kg, 1,1 and 1 respectively. The average value of the absorbed gamma dose rates to gamma radiations 

is 67.84(nGy/h) for the samples, which was higher than the recommended world average value of 60 (nGy/h). 

However, the average annual effective dose was 0.028 (mSv/y) in the samples, and were lower than the world 

average 0.07 (mSv/y).  
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Introduction 

A radiological dose assessment calculates the amount of radiation energy that might be absorbed by a 

potentially exposed individual as a result of specific exposure (Smith, 2011). External doses occur when the 

body is exposed to radioactive materials outside the body; this is primarily concerned with gamma radiation 

while the internal doses occur from exposure to radioactive materials taken into the body by inhalation or 
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ingestion. This is concerned with alpha, beta and gamma radiation (Smith, 2011).Radiation is often 

categorized as either ionizing or non-ionizing depending on the energy of the radiated particle. In ionizing 

radiation the energy is more than 10eV, enough to ionize atom and molecules and break chemical bonds. 

Ionizing radiation breaks important bimolecular structure such as DNA, thereby damaging or killing the 

affected cell, or in the worst case causes cancer (Hoong, 2003). Human beings are continuously exposed to 

ionizing radiation that stem from both natural and man-made sources (Ademolaet al., 2014). The main 

constituents of natural radiation are cosmic ray and gamma ray emitters in soil, building materials, water, 

food and air. Natural background radiation, which is equivalent to 2.4 𝑚𝑆𝑣 per year, makes up approximately 

80% of human exposure in a year (Ademola et al., 2014). 

 

The rapid expansion of unorganized urban, industrial development coupled with   inadequate waste 

management causes significant alterations in the physical environment and increase accumulation of 

municipal waste (Njagi, 2013). In line with the above statement, the increase use of the environment and its 

resources without regulation manifested in among others, the discharge of untreated industrial waste in 

liquid, solid or gas emissions which leads to serious harm to humans, living organisms and plants all over the 

world (Njagi, 2013). Indeed, one of the major problems the African countries are facing is solid, liquid and 

toxic waste management.  Human activities, industrialization and population increment in most cities in 

Nigeria, results in generating huge quantity of waste that is not properly managed in developing countries. 

Additionally, dumpsites constitute health hazard to even passer –by and those living near the dumps. This is 

due to the obnoxious smell oozing from the activities of micro-organisms on the organic wastes. Toxic and 

hazardous waste when burnt with other solid wastes like asbestos fibers may introduce potential carcinogenic 

fiber to the smoke plume (Oyelola et al., 2009 and Njagi, 2013). 

 

At dumpsites there are possibilities for radiation to be emitted due to the presence of radioactive waste in the 

landfills as well as naturally occurring radionuclides in the soil. The radioactive contamination of soil, water 

and air can be transferred to human through the soil via plants (40K) or through inhalation (222Rn and 220Rn). 

These radionuclides even at low concentrations can have potential impacts on the environmental quality and 

human health and may pose a long term risk (Ademola et al., 2015).  

 

The waste management in urban areas is a growing concern, as the consequences of adequate collection and 

disposal impact on the ecosystems of cities, contribute to the degradation of the urban environment and pose 

a health hazard to urban populations at large. Most affected are those living adjacent the dumpsites due to the 

potential of the waste to pollute water, food sources, air, land and vegetation (UN-HABITAT, 

2008).Incapability of Governmental authorities to curtail large quantities of the generated solid waste has 

resulted to uncontrolled and unmonitored disposal of waste in open dumpsite with the consequences of 

contamination and subsequent pollution of the environment by radionuclides. 

 

The aim of the research is to examine the radiological safety assessment in soil samples from some waste 

dumpsites in Kano metropolis. Based on the above, the following specific objectives are to; 

i. determine the activity concentration of the natural radionuclides present in the soil samples from 

waste dumpsite. 

ii. ascertain the absorbed dose rates and the effective dose from the exposure to the natural 

radionuclides. 
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Materials and Methods 

The Study Area 

The study location is Kano metropolis in northwest, Nigeria. It is situated between latitudes 11o 25’ N to 

12o47’ N and longitude 8o 22’ E to 8o39’ E east and 472m above sea level.Kano metropolis is bordered by 

Madobi and Tofa Local Government Areas (LGAs) to the South West, Gezawa LGA to the East, Dawakin 

Kudu LGA to the South East, and Minjibir LGA on the North East. Kano metropolis is the third largest town 

in Nigeria after Lagos and Ibadan. It has a population of 2,826307 people ( Ayila et al.,2014). This study was 

conducted in four local government areas of Kano State viz: Kano municipal, Kumbotso, Nassarawa and 

Tarauni in 5 different dumpsites located within the metropolis. These dumpsites have been in existence for 

over 15 years, and they are; 'Yantagwaye ( YT ) Sharada Phase II (Industrial dumpsite) bounded at latitude; N 

11º 57' 3'' and longitude; E 8º 29' 59'' with an average elevation of 472.2m above sea level, 'Yankusa ( YK ) 

Kumbotso (Industrial dumpsite) bounded at latitude; N 11º 54' 28'' and longitude; E 8º 28' 28'' with an average 

elevation of 439.4m above sea level, 'Yanlemo ( YL ) Na’ibawa (Rotten fruits dumpsite) bounded at latitude; N 

11º 54' 50'' and longitude; E 8º 33' 8'' with an average elevation of 473.5m above sea level, Ranji ( RJ ) Tudun 

Murtala (Industrial dumpsite) bounded at latitude; N 12º 1' 26'' and longitude; E 8º 34' 10'' with an average 

elevation of 466.3m above the sea level and GyadiGyadi ( GG ) Court Road (domestic dumpsite) bounded at 

latitude; N 11º 58' 0'' and longitude; E 8º 32' 34'' with an elevation of 470.3m above the sea level. 

 

Sample Collection 

The soil samples were randomly collected at a depth of about 20 – 30cm and 50 – 60cm using auger from each 

dumpsite. The soil samples were packed in plastic containers, properly sealed and labeled for easy 

identification. It was transported to the environmental laboratory at Centre for Energy, Research and Training 

(CERT), Ahmadu Bello University, Zaria, Nigeria, for analysis. 

 

Sample Preparation  

Each of the soil samples collected were dried and crushed to a fine powder with the use of pulverizer. 

Thereafter, the samples homogenized and packed to fill the cylindrical plastic containers of height 7 cm by 6 

cm diameter to fit adequately into the lead shield housing the counting detector. This satisfies the selected 

optimal sample container height for the NaI(Tl) analytical instrument (Innocent et al.,  2014). The samples 

were carefully sealed using petroleum jelly, candle wax and masking tape in order to prevent trapped radon 

gas from escape. The sealed samples were kept for a minimum period of 30 days to allow for 226Ra and its 

short- lived progenies to reach secular radioactive equilibrium prior to gamma counting (Innocent et al., 2014). 

 

Experimental Set-up 

NaI(Tl) gamma ray spectrometry detector (Canberra, model 727) was used for this analysis. The detector 

consists of a 7.62 cm by 7.62 cm NaI (Tl) crystal optically coupled to a photomultiplier tube (PMT). The 

detector is housed in a 6cm thick lead shield and lined with cadmium and copper sheets in order to assist in 

the reduction of background radiation effect, while the inner shield absorbs the lead fluorescent x-rays and 

scattered photons (Umar et al., 2012).  

 

Sample Counting 

Each one of the samples was mounted on the surface detector and counted for 29000s in reproducible sample 

detector geometry after the calibration of the system.  The high counting time was to ensure reasonable counts 

in the photo peaks that would give an acceptable statistical accuracy. The data acquisition and analysis of 

gamma spectra was made possible by a computer based MCA system with maestro II program. The 

assessment of the activity concentration of 226Ra, 232Th and 40K were done using 1764keV γ-line of 214Bi, 

2614keV γ-line of 208Tl and 1460keV γ-line of 40K respectively. The net peak count rate (cps) for the 
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radionuclide in any sample was obtained by subtracting net peak count rate of the radionuclide from that of 

the sample. 

 

Dose Assessment and Radiological Effects 

Activity Concentrations  

 

The activity concentrations for the natural radionuclides in the measured samples were computed using the 

relation (Innocent et al.,2014): 

 

                                         𝐴𝑐   =   
𝑁𝑐

𝐿𝑡
𝜎−1                                                                      (1) 

where Lt is the lifetime of counting, Nc is the net count rate, 𝜎  is a conversion factor which is constant for each 

radionuclide at constant geometry and is a characteristic of efficiency of the NaI(Tl) detector (Innocent et 

al.,2014). All the raw data obtained from the detector are converted to conventional units using the calibration 

factors to determine the activity concentrations of 40K, 226Ra and 232Th, respectively.    

 

Radium Equivalent Activity 

The significance of 40K, 226Ra and 232Th concentrations, with respect to radiation exposure is expressed in 

terms of radium equivalent activity (Raeq), which can be evaluated using Equation 2 (Innocent et al., 2014). 

According to (OECD, 1979), the maximum value of Raeq must be less than 370 Bq.kg–1 for the radiological 

effect to be considered negligible.   

                                                    Raeq=ARa+1.43ATh+0.077Ak                                                (2) 

 

Where ARa ,ATh   and  Ak  are the activity concentrations of 226Ra,232Th and 40K, respectively. Equation 2 is 

based on the estimation that 1 Bq.kg–1 of 226Ra, 0.7 Bq.kg–1 of 232Th and 13 Bq.kg–1 of 40K generate the same 

gamma-ray dose rate (Siaket al., 2009; Innocent et al., 2014). 

 

External Hazard Index  

External radiation hazard index (Hex) is a widely used hazard index which reflects the external exposure level 

due to gamma radiation. It was estimated from the relation (UNSCEAR, 2000):   

                                                    Hex=
𝐴𝑅𝑎

370
+ 

𝐴𝑇ℎ

259 
+  

𝐴𝑘

4810
                                                         (3) 

 

Internal Hazard Index 

In addition to Hex, the internal exposure to radiation was quantified by the internal hazard index (Hin ) as 

defined by (UNSCEAR, 2000): 

 

                                                   Hin=
𝐴𝑅𝑎

185
+  

𝐴𝑇ℎ

259 
+ 

𝐴𝑘

4810
                                                           (4)   

 

 

Gamma Level Index 

The representative level of gamma index is (I) was calculated using the following equation (UNSCEAR, 2000):   

                                                   I = 
𝐴𝑅𝑎

300
+ 

𝐴𝑇ℎ

200 
+  

𝐴𝑘

3000
                                                            (5)  

 

According to UNSCEAR (2000), for radiological effects to be considered negligible, the values of each of Hex, 

Hin and I must be less than 1. 
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Absorbed Dose Rates    

The external absorbed dose rates were calculated using equation (6) below 

 

                                                     D = 0.0417𝐴𝑘 +  0.462𝐴𝑈  + 0.604𝐴𝑇ℎ                            (6) 

 

Where AK, AU and ATh are the activity concentrations of 40K, 238U and 232Th respectively in Bq.kg-1 and D is the 

value of the absorbed dose rate (UNSCEAR, 2000). 

 

 

Annual Effective Dose  

To estimate the annual effective dose, the conversion coefficient (0.7Sv/Gy) and outdoor occupancy factor 

(0.2) as proposed by (UNSCEAR, 2000) were used. Therefore, the annual effective dose was calculated from 

the relation  

 

 𝐸𝑑 = 𝐷(𝑛𝐺𝑦. ℎ𝑟−1)× 8760(ℎ𝑟. 𝑦−1)×0.2×(0.7𝑥103𝑚𝑆𝑣)× (109𝑛𝐺𝑦)-1                  (7) 

 

where 𝐸𝑑  is the annual effective dose rate in (  𝑚𝑆𝑣. 𝑦−1) (Harb et al., 2010). 

 

Results and Discussion 

 

Table1 shows the results of the activity concentrations of the Naturally Occurring Radionuclides (40K 226Ra, 
232Th,) from samples determined by using gamma ray spectrometry and were expressed in Bq/kg. 

Table 1: 

 

Activity concentrations of the samples 

  

Sample ID 

 

K-40 (Bq/kg) 

 

Ra-226 (Bq/kg) 

 

Th-232 (Bq/kg) 

YK1(20-30cm depth)  334.37 ± 3.84 

 

30.24 ± 3.13 

 

35.12 ± 0.82 

YK2(50-60cm depth) 

 

242.15 ± 3.89 

 

21.09 ± 3.16  

 

26.68 ± 0.91 

YL1(20-30cm depth) 

 

655.37 ± 5.29   

 

57.24 ± 4.63 

 

55.87 ± 0.79 

YL2(50-60cm depth) 

 

599.53 ± 3.27 

 

23.41 ± 2.55 

 

51.08 ± 1.25   

GG1(20-30cm depth) 

 

356.77 ± 3.58 

 

12.75 ± 2.09 

 

128.51 ± 1.03 

GG2(50-60cm depth) 

 

325.19 ± 3.73 

 

20.39 ± 4.98 

 

63.97 ± 0.91 

RJ1(20-30cm depth) 

 

697.51 ± 7.31 

 

21.55 ± 3.94 

 

85.86 ± 0.79 

RJ2(50-60cm depth) 

 

558.48 ± 5.75 

 

22.02 ± 3.01 

 

63.39 ± 1.71 

YT1(20-30cm depth) 

 

416.95 ± 3.73 

 

17.15 ± 4.06 

 

87.79 ± 0.84 

YT2(50-60cm depth) 

 

345.57 ± 6.53 

 

24.33 ± 1.85 

 

20.57 ± 2.05 

Range 

 

242.15 - 697.51 

 

12.75 - 57.24 

 

20.57 - 128.51 

Average 

 

453.19 

 

25.02 

 

61.89 

World range 

 

140 - 850 

 

17 - 60 

 

11 – 64 

World average 

 

400 

 

35 

 

    30 

 

Results show that activities of 40K ranges from 242.15 to 697.51 Bq/kg, that of226Ra ranges from 12.75 to 57.24 

Bq/kg while the activity concentration for 232Th ranges from 20.57 to 128.51 Bq/kg respectively. Results also 

show a gradual decrease in activity concentration of radionuclides with depth (readings obtained with 

samples at 20-30 cm depth were higher than those obtained with samples at 50-60 cm depth in all the five 

dumpsites) as shown in Table 1. The average value of 453.19 Bq/kg of 40K found in this study has exceeded 

the average values obtained by (Usikalu et al., 2014) with 46.91Bq/kg, (Sivakumar et al., 2014) with 328.68 
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Bq/kg and the world average value of 400Bq/kg (UNSCEAR, 2000). This could be attributed to industrial 

activities and deposition of particular matter into the soil such as fertilizer, building materials e.t.c (Faanu, 

2011).  However, the results revealed that, the highest activity concentration of 226Ra that was found in YL1 

(20-30cm depth) with 57.24 ± 4.63Bq/kg, could be attributed to the waste and rotten fruits deposited around 

the dumpsites and also might be as results of prolific use of various pesticides, organochlorine and 

orgonorphospheste fertilizer to boost crop yield (Butu and Iguisi, 2013). Though, the concentrations of 226Ra 

values are within the world range 17- 60 Bq/kg (UNSCEAR, 2000), and the average value 25.02 Bq/kg of 226Ra 

found is higher compared to the individual average values obtained by (Ademola et al., 2015) with 23.0 

Bq/kq, (Usikalu et al., 2014) with 1.67 Bq/kg and (Sivakumar et al., 2014) with 3.8 Bq/kg, and both are lower 

compared to the world average value of 35 Bq/kg (UNSCEAR, 2000). Also from Table 1, the highest activity 

concentrations of 232Th found in the samples exceeded the average values obtained by (Ademola et al., 2015) 

with 33.6 Bq/kg, (Sivakumar et al., 2014) with 26 Bq/kg and the world average of 30 Bq/kg (UNSEAR, 2000). 

This could be due to geological settings of the area, transportation of materials containing 232Th to the 

sampling sites and presence of some radioactive minerals that contribute the abundance of232Th such as 

monazite, zirocon and thorianite (Okeyede and Akanni, 2009; Innocent et al., 2014). 

The values of radium equivalent calculated for all the soil samples are presented in column 2 of Table 2, and 

ranges from 77.89 to 223.99Bq/kg with an average value of 148.4Bq/kg in the samples. These values are 

smaller than that of suggested maximal admissible value of 370Bq/kg (UNSCEAR, 2000).  

 

Table 2:  Radium equivalent, external index, internal index and  gamma index 

Sample ID Ra(eq) (Bq/kg) 

 

                Hex 

 

Hin 

 

                  I 

YK1(20-30cm depth) 106.21 ± 4.60 

 

0.287 

 

0.369 

 

0.388 

YK2(50-60cm depth) 77.89  ± 4.76 

 

0.210 

 

0.267 

 

0.284 

YL1(20-30cm depth) 187.59 ±  6.17 

 

0.507 

 

0.661 

 

0.689 

YL2(50-60cm depth) 142.62 ±  4.59 

 

0.385 

 

0.448 

 

0.533 

GG1(20-30cm depth) 223.99 ± 3.84 

 

0.605 

 

0.639 

 

0.804 

GG2(50-60cm depth) 136.91 ± 6.57 

 

0.370 

 

0.425 

 

0.496 

RJ1(20-30cm depth) 198.04 ± 5.63 

 

0.534 

 

0.593 

 

0.734 

RJ2(50-60cm depth) 155.67 ± 5.90 

 

0.421 

 

0.480 

 

0.577 

YT1(20-30cm depth) 174.79 ±  5.55 

 

0.472 

 

0.518 

 

0.635 

YT2(50-60cm depth) 80.35 ± 5.28 

 

0.217 

 

0.283 

 

0.299 

Range  77.89 - 223.99 

 

  0.210 - 0.605 

 

  0.267 - 0.661 

 

  0.284 - 0.804 

Average       148.41 

 

          0.401 

 

0.468 

 

0.544 

World average       < 370 

 

            <1 

 

             < 1 

 

             < 1 

 

The values of external index, internal index and gamma level index ranges from 0.210 to 0.605, 0.267 to 0.661 

and 0.284 to 0.804 respectively with average values of 0.401, 0.468 and 0.544 respectively as calculated in Table 

2. These must be less than unity in order to keep the radiation hazard to be insignificant. Thus, the values of 

radiological hazard indices are within the safety limit (UNSCEAR, 2000). 

The absorbed gamma dose rates to gamma radiation in air at 1m above the ground surface for the uniform 

distribution of the Naturally Occurring Radionuclides (40K 226Ra, 232Th,) and Annual effective dose were 

calculated in Table 3. 
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Table 3:  The  absorbed dose rate and annual effective dose 

       Sample ID 
 

             D ( nGy/h ) 

 

Ed mean (mSv/y) 

 
          YK1 

(20-30cm 

depth)            49.13 ±  2.10 

 

0.020 

  
            YK2 

(50-60cm 

depth)            35.96 ±  2.17 

 

0.015 

  
             YL1 

(20-30cm 

depth)            87.52 ±  2.84 

 

0.036 

  
            YL2 

(50-60cm 

depth)            66.67 ±  2.07 

 

0.027 

  
            GG1 

(20-30cm 

depth)            98.39 ± 1.74 

 

0.040 

  
            GG2 

(50-60cm 

depth)            61.62 ± 3.01 

 

0.025 

  
            RJ1 

(20-30cm 

depth)            90.90 ± 2.60 

 

0.037 

  
            RJ2 

(50-60cm 

depth)            71.75 ± 2.66 

 

0.029 

  
            YT1 

(20-30cm 

depth)            78.33 ± 2.54 

 

0.032 

  
            YT2 

(50-60cm 

depth)            38.08 ± 2.37 

 

0.016 

  

    Range 

 

         35.96 - 98.39 

 

0.015 - 0.040 

     Average                 67.84 

 

0.028 

    World 

average 

 

                 60 

 

0.07 

   

The estimated gamma dose rates ranged from 35.96 to 98.39(nGy/h) and were higher in all samples except 

YK1 (20-30cm depth), YK2 (50-60cm depth) and YT2 (50-60cm depth) with values 49.13 ± 2.10 Bq/kg, 35.96 ± 

2.17Bq/kg and 38.08 ± 2.37Bq/kg respectively. The average value of 67.84 (nGy/h) for the samples, is higher 

than the results found by (Ademola et al., 2015) with 55.6 (nGy/h), (Innocent et al., 2014) with 59.70 (nGy/h), 

(Sivakumar et al., 2014) with 32.91(nGy/h) and the recommended world average value of 60 (nGy/h) 

(UNSCEAR, 2000). The difference arising from these could be attributed to the concentration of cosmic rays, 

influence of the different activities and geochemical state of the sites (Faanu, 2011). Furthermore, the annual 

effective dose was estimated in column 3 of (Table 3), ranged from 0.015 to 0.040 (mSv/y) with an average 

value of 0.028 (mSv/y) in the samples, which is lower than the results obtained by (Usikalu et al., 2014) with 

0.05 (mSv/y), (Innocent et al., 2014) with 0.073 (mSv/y), and the world average 0.07 (mSv/y) (UNSCEAR, 

2000). 

 

Conclusion 

The results show that, the average value of 453.19Bq/kg of the activity concentration of 40K found in this 

study exceed the world average value of 400Bq/kg (UNSCEAR, 2000), and there is a higher activity 

concentration of232Th at all dumpsites. The average values for radium equivalence, external index, internal 

index and gamma level index are 148.4Bq/kg, 0.401, 0.460 and 0.544 respectively in all the samples and are 

lower than the suggested maximal admissible value of 370Bq/kg, 1,1 and 1 respectively. The average value of 

the absorbed gamma dose rates to gamma radiation is 67.84(nGy/h) which is higher than the recommended 

world average value of 60 (nGy/h) (UNSCEAR, 2000). However, the average annual effective dose is 0.028 

(mSv/y) in the samples, and is lower than the world average 0.07 (mSv/y) (UNSCEAR, 2000). 
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