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ABSTRACT 

This study examines the levels of natural radionuclides in soil samples from the 

Kwakwachi irrigation canal, assessing potential radiological risks to the local 

population. Using gamma spectrometry at the Centre for Energy Research and 

Training, Ahmadu Bello University, Zaria, we analyzed randomly collected soil 

samples for radionuclide content. Results showed that potassium-40 activity 

ranged from 28.43 to 85.01 Bq/kg, radium-226 from 12.70 to 31.12 Bq/kg, and 

thorium-232 from 21.78 to 45.22 Bq/kg. The mean concentrations for these 

radionuclides were all below their respective global averages (400 Bq/kg for 

40K, 35 Bq/kg for 226Ra, and 30 Bq/kg for 232Th). Calculated indices—

including radium equivalent, external and internal hazard indices, and gamma 

index—were also within internationally recommended safety limits. The 

average absorbed gamma dose rate was 55.20 nGy/h, below the global mean of 

60 nGy/h. However, the annual effective dose for soil samples slightly exceeded 

the worldwide average of 0.07 mSv/y. 

 
 

INTRODUCTION 

 

Radiological dose assessments estimate the amount of 

radiation energy individuals may absorb from 

environmental sources, helping to gauge potential health 

impacts. Exposure can be external (from sources outside 

the body, primarily gamma radiation) or internal (from 

inhaled or ingested radioactive materials, including alpha, 

beta, and gamma emitters) (Smith, 2011). Human 

activities along the Kwakwachi stream, such as the 

release of hazardous chemicals, have raised concerns 

about environmental contamination. This research aimed 

at measuring the activity concentrations of potassium-40, 

uranium-238, and thorium-232 in soil using gamma 

spectrometry, evaluate associated radiological hazards, 

and estimate absorbed and effective dose rates for both 

soil and crops. 

This work establishes a baseline for environmental 

radioactivity, informs policy, guides safe waste 

management, and raises awareness among local residents 

about radiation risks. 

 

 

 

 

 

 

 

 

 

 

 

MATERIALS AND METHODS 

 

Description of the Study Area  

The research was conducted in Kano Metropolis, 

northwest Nigeria, located between latitudes 12°682’N 

and 12°028’N and longitudes 8°257’E and 8°203’E. 

Kano is the third largest city in Nigeria, with a population 

of over 2.8 million (Ayilaet al., 2014).  It is a commercial 

hub, with urban agriculture relying heavily on wastewater 

irrigation. The study covered 10 sites within Kano 

municipal and Fagge local government areas, each with 

over 15 years of existence.  
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Fig.1: Kano Map Showing research areas 

Sample Collection 

Soil samples were taken in April 2024 from a 10 km 

section of the canal. At each of the 10 designated points, 

soil was collected from a depth of 20 cm and sealed in 

labeled polythene bags. GPS devices ensured accurate 

location recording. Samples were then transported to the 

Centre for Energy Research and Training (CERT) at 

Ahmadu Bello University for analysis. 

 

RESULTS AND DISCUSSION 

Table 1: The Geographic location of sample points using 

GPS Reader 

Description Sample code Geographical 

Location 

Jakara Police 

Station 

𝑃1 N12.658° 

E8.515° 

Jakara market 𝑃2 N12.682° 

E8.349° 

Abattoir A 𝑃3 N12.125° 

E8.564v 

Abattoir B 𝑃4 N12.028° 

E8.448° 

Kwakwachi 

Central A 

𝑃5 N12.148° 

E8.372° 

Kwakwachi 

Central B 

𝑃6 N12.320° 

E8.554° 

Zangero Road A 𝑃7 N12.194° 

E8.555° 

Zangero Road B 𝑃8 N12.138° 

E8.205° 

Katsina Road A 𝑃9 N12.590° 

E8.203° 

Katsina Road B 𝑃10 N12.509° 

E8.587° 

 

Soil samples were collected from 10 sites using an Auger 

at a depth of 20 𝐶𝑀. For analysis, the samples were 

delivered to the environmental laboratory within Ahmadu 

University Centre for Energy, Research and Training 

(CERT) in Zaria, Nigeria, after being secured in labeled, 

airtight plastic containers. 

 

Sample Preparation for Gamma ray Spectrometry  

Collected soils were air-dried, ground to a fine powder, 

homogenized, and packed into cylindrical plastic 

containers (7 cm height, 6 cm diameter) for measurement. 

Containers were sealed with petroleum jelly, candle wax, 

and masking tape to prevent radon loss, then stored for at 

least 30 days to reach equilibrium between 226Ra and its 

decay products before gamma counting (Olomoet al., 

1994 and Innocent et al., 2014). The NaI(Tl) detector at 

CERT was used, with energy calibration and background 

correction performed according to standard protocols 

Table1: indicated the spectra energy windows used in the 

analysis and table 3 also indicated the energy calibration 

for quantitative spectra analysis both obtained from 

CERT, Zaria. 

 

Table2: Spectra energy windows used in the analysis 

(obtained from CERT, Zaria) 

 

Isotopes Gamma energy 

(KeV) 

Energy window 

(KeV) 

K-40 1460.00 1380 – 1550 

Ra-226 1764.00 1620 – 1820 

Th-232 2614.50 2480 – 2820 

 

Table3: Energy calibration for quantitative spectra 

analysis (obtained from CERT, Zaria) 

Isotope Calibration 

factor 𝑐𝑝𝑠/
𝐵𝑞 − 𝑘𝑔−4 ×
10−4 

Conversion 

factor 

Detection 

limit 𝐵𝑞/
𝑘𝑔 

40K 6.43 10−4 14.54 
226Ra 8.63 10−4 3.84 
232Th 8.77 10−4 9.08 

 

 Laboratory Background Measurement 

The results of the net count rates obtained from the system 

included that contributed by the natural radionuclide in 

the laboratory. Therefore, to obtain that due to the 

samples alone, the laboratory background was measured 

and later subtracted from the net counts rates obtained 

from the system. The laboratory background 

measurement was made by counting an empty detector 

without any sample for 29000s. From the spectrum 

obtained, only the naturally occurring radionuclides 

produced observable measurement.  

 

Method of Measurement and Data Interpretation  

Each sample was counted for 29,000 seconds using a 

calibrated detector setup. Activity concentrations for 

226Ra, 232Th, and 40K were determined using their 

characteristic gamma lines (214Bi at 1764 keV, 208Tl at 
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2614 keV, and 40K at 1460 keV, respectively). 

Calibration factors derived from previous studies were 

applied to convert raw counts to Bq/kg. The extended 

counting time was chosen to ensure a sufficient number 

of counts in the photo peak providing acceptable 

statistical accuracy, data acquisition and gamma spectra 

analysis were performed using a computer based MCA 

system with the maestro II software (kugbere et. al., 

2025). Activity concentrations for 226Ra, 232Th, and 

40K were determined using their characteristic gamma 

lines (214Bi at 1764 keV, 208Tl at 2614 keV, and 40K at 

1460 keV, respectively). Calibration factors derived from 

previous studies were applied to convert raw counts to 

Bq/kg. The measured counts per second (cps) were 

converted to standard units using a calibration factor 

(CFk, CFRaand CFTh) derived by (Boyang., et al, 2024) to 

determine the activity levels of the radionuclide. The 

calibration factors and their corresponding values are 

listed below: 

𝐶𝐹𝐾 =
𝑐𝑝𝑠( K40

)

𝐵𝑞( K40
)/𝐾𝑔

= 6.431 × 10−4𝑐𝑝𝑠
/𝐵𝑞𝑘𝑔−1  … … . . (1𝑎) 

𝐶𝐹𝑅𝑎 =
𝑐𝑝𝑠( Ra226

)

𝐵𝑞( Ra226
)/𝐾𝑔

= 8.632 × 10−4𝑐𝑝𝑠
/𝐵𝑞𝑘𝑔−1  … … . . (1𝑏) 

𝐶𝐹𝑇ℎ =
𝑐𝑝𝑠( Th232

)

𝐵𝑞( Th232
)/𝐾𝑔

= 8.768 × 10−4𝑐𝑝𝑠
/𝐵𝑞𝑘𝑔−1  … … … (1𝑐) 

 

Dose Assessment and Radiological Effects 

In this paper, the radiological parameters including 

activity, radium equivalent activity, and radiation 

exposure indices, were calculated to assess the potential 

health risks associated with radiation exposure.   

 Activity   

Activity levels for 40K, 226Ra, and 232Th were 

calculated for each sample  (Ibeanu, 1999; Innocent et al., 

2014): 

𝐴𝑐 =
𝑁𝐶

𝐿𝑡
𝜎−1                                                       (2)  

Where Lt is the lifetime of counting, Ncis 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 assembly used at 

CERT Zaria. All the raw data obtained from the detector 

will be converted to conventional units using the 

calibration factors to determine the activity 

concentrations of 40K, 226Ra and 232Th, respectively.    

 Radium Equivalent Activity   

Radium equivalent (Raeq) was computed to represent the 

combined gamma output from 40K, 226Ra, and 232Th, 

ensuring comparability to safety thresholds (should not 

exceed 370 Bq/kg) (OECD, 1979),  

𝑅𝑎𝑒𝑞 = 𝐴𝑅𝑎 + 1.43𝐴𝑇ℎ + 0.077𝐴𝑘                                      (3)   

Where ARa ,ATh   and  Ak  are the activity of 226Ra,232Th 

and 40K, respectively. Equation 3 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 (Siak et al., 2009; Innocent et al., 2014).    

 External Hazard Index   

The External radiation hazard index (Hex) is a commonly 

utilized measure that indicates the level of external 

exposure to gamma radiation. This index was calculated 

using the formula provided byUNSCEAR (2000):   

𝐻𝑒𝑥 =  
𝐴𝑅𝑎

370
+ 

𝐴𝑇ℎ

259 
+ 

𝐴𝑘

4810
                                               (4) 

 

Internal Hazard Index   

External and internal hazard indices (Hex, Hin) and gamma 

index were calculated to evaluate potential exposure 

risks. All indices were below the recommended limit of 1 

UNSCEAR (2000):  

𝐻𝑖𝑛 =
𝐴𝑅𝑎

185
+ 

𝐴𝑇ℎ

259 
+  

𝐴𝑘

4810
                                              (5)                                                           

Gamma Level Index 

The formula by UNSCEAR (2000) was used in 

calculating gamma index  

𝐼 =
𝐴𝑅𝑎

300
+ 

𝐴𝑇ℎ

200 
+  

𝐴𝑘

3000
                                            (6)                                                        

According to UNSCEAR (2000), radiation exposure is 

considered safe if the external hazard indexHex, internal 

hazard index𝐻𝑖𝑛 , and gamma index I are all below 1. 

Absorbed Dose Rates     

Absorbed dose rates were calculated using UNSCEAR 

(2000) coefficients.  

𝐷 = 0.041𝐴𝐾 + 0.462𝐴𝑅𝑎 + 0.604𝐴𝑇ℎ                      (7) 

Where AK, ARa 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. 

Annual Effective Dose  

The annual effective dose was estimated using a 

conversion factor of 0.7 Sv/Gy and an outdoor occupancy 

factor of 0.2 as recommended by UNSCEAR (2000), 

using a specific formula.  

𝐸𝑑 = 𝐷(𝑛𝐺𝑦. ℎ𝑟−1) ×  8760(ℎ𝑟. 𝑦−1) × 0.2 ×
(0.7 × 103𝑚𝑆𝑣) ×  (109𝑛𝐺𝑦)-1                                  (8) 

Where 𝐸𝑑 is the annual effective dose rate in (  𝑚𝑆𝑣. 𝑦−1) 

(Harb et al., 2010).   

 

Gamma Spectroscopy Analysis 

The results obtained for Activity concentration for the 

soil samples (table 4) are presented. Also, the calculated 

value for the following Radium equivalent, external 

index, internal index, gamma index, absorbed dose rate 

and annual effective dose using Gamma Spectrometry are  
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presented.and annual effective dose using Gamma Spectrometry are presented.  

   

Activity 

Table below displays the results of the activity level of the Naturally Occurring Radionuclides (40K 226Ra, 232Th,) in 

Soil samples as determined by using gamma ray spectrometry and were expressed in Bq/kg. 

 

 

 

 

Figure 2: Activity concentrations of  40K 226Ra, 232Th in Soil Sample 

Radium equivalent, external index, internal index and gamma index 
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Table 4: 
 

Activity concentration of soil samples 
  

Sample ID 
 

K-40 (Bq/kg) 
 

Ra-226 (Bq/kg) 
 

Th-232 (Bq/kg) 

JPS 
 

41.8834 ± 3.8637 
 

16.7863 ± 2.2977 
 

36.7617 ± 2.7530 

JMK 
 

65.3188 ± 4.9300 
 

28.9273 ± 2.2139  
 

25.596 3± 2.1197 

ABA 
 

28.4292 ± 3.5303   
 

16.1793 ± 1.6381 
 

45.2223 ± 3.8928 

ABB 
 

72.5661 ± 4.3390 
 

26.4863 ± 2.6761 
 

24.6134 ± 2.2576   

KCA 
 

85.0078 ± 4.8833 
 

12.7039 ± 1.1364 
 

26.3044 ± 2.6344 

KCB 
 

83.0699 ± 3.6594 
 

28.4836 ± 2.7792 
 

17.8905 ± 1.4941 

ZKA 
 

71.4930 ± 3.5769 
 

31.1203 ± 2.1807 
 

19.9737± 1.6168 

ZRB 
 

64.0855 ± 4.0193 
 

18.2994 ± 1.8575 
 

21.7787 ± 1.6110 

KAA 
 

95.2431 ± 5.5054 
 

16.9845 ± 1.6601 
 

26.2371 ± 2.2748 

KRB 
 

79.6909 ± 3.7860 
 

21.6126 ± 2.1976 
 

25.2818 ± 2.0273 

Range 
 

28.4292 - 95.2431 
 

12.4836 – 31.1203 
 

17.8905 – 45.2223 

Average 
 

68.3788 
 

21.7583 
 

26.9559 

World range 
 

140 – 850 
 

17 – 60 
 

11 – 64 

World average 

(UNSCEAR,2000) 

 
400 

 
35 

 
30 
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Below is the table of Radium equivalent, external index, internal index and gamma index.  

Table 5: Radium equivalent, external index, internal index and gamma index for Soil Samples 

Sample ID Ra(eq) (Bq/kg)               Hex  Hin                 I 

JPS 72.5806  0.1728  0.2414  0.2537 

JMK 70.3600   0.1906  0.2688  0.2462 

ABA 82.9763   0.2242  0.2679  0.2095 

ABB 67.2711   0.1817  0.2533  0.2355 

KCA 56.8648   0.1536  0.1879  0.2089 

KCB 60.6195   0.1633  0.2463  0.2121 

ZKA 65.1877  0.1761  0.2602  0.2275 

ZRB 54.3775  0.1468  0.1963  0.1915 

KAA  61.8373  0.1670  0.2129  0.1895 

KAB 63.9013  0.1758  0.2309  0.1829 

Range 

54.3775 – 

82.9763  0.1468 - 02242  

0.1879 - 

0.2688  

0.1829 - 

0.2537 

Average 65.5973  0.1585  0.2366  0.1948 

World 

average(UNSCEAR,2000) < 370  < 1  < 1  < 1 

 

The absorbed dose rate and annual effective dose 

The absorbed gamma dose rates to gamma radiation in air 

at the ground surface for the uniform distribution of the 

Naturally Occurring Radionuclides (40K 226Ra, 232Th), and 

Annual effective dose were calculated in Table 6 

  

Table 6: The absorbed dose rate and annual effective dose for Soil samples 

Sample ID D ( nGy/h ) 
 

                AEDE (mSv/y) 
 

JPS 59.2319 
 

0.07264 
  

JMK 59.9945 
 

0.07357 
  

ABA 66.9036 
 

0.08201 
  

ABB 57.2475 
 

0.07021 
  

KCA 47.4231 
 

0.05816 
  

KCB 52.5878 
 

0.06448 
  

ZKA 56.4255 
 

0.06918 
  

ZRB 45.9992 
 

0.06541 
  

KAA 52.1060 
 

0.06390 
  

KAB 54.0768 
 

0.06631 
  

Range 47.4231 – 66.9036 
 

                   0.05816 - 0.08201 
  

Average 55.1995 
 

0.06859 
  

World 

average(UNSCE

AR,2000) 

60.0000 
 

1.0000 
  

 

The computed gamma dose rates ranging from 47.4231 to 

66.9036(nGy/h) with all samples exhibiting values below 

this range except for ABA, which registered 

66.2319(nGy/h). The meangamma dose rate for the soil  

 

 

 

sample was 55.15995 (nGy/h) slightly less than the55.6 

(nGy/h), reported by Ademola(2021) and the values 

noted by (Innocent et al., 2014) with 59.70 (nGy/h), 

(Sivakumaret al., 2014) with 32.91(nGy/h). Additionally, 
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this average is lower than the global recommended 

average of 60 (nGy/h) (UNSCEAR, 2000) aspresented in 

Table 6 and illustrated in figure 3. These differencescould 

be contributed to variations in cosmic ray levels at 

different sites, differences in activities, and the 

geochemical characteristic of the studied locations. 

Additionally, the annual effective dose rate, presented 

column 3, varied between 0.05816 to 0.08201 (mSv/y) 

with an average of 0.06859 (mSv/y) in the samples, this 

average is higher than that reported by (Usikaluet al., 

2014), which is 0.05 (mSv/y), and notably exceeds the 

global average of   0.07 (mSv/y) (UNSCEAR, 2000). 

 

Figure 3: Absorbed dose rate and annual effective dose of the soil samples 

 

Table 4.7 Average Activity concentration in some 

ountries 

 

Country 40K(Bq/kg) 226Ra(Bq/kg) 232Th(Bq/kg) 

Algeria 41.00 27.00 422.00 

Autralia 51.00 48.10 114.70 

Austria 26.70 14.20 210.00 

Bangladash 61.00 80.00 1133.00 

Brazil 61.70 58.50 564.00 

China 51.70 32.00 207.70 

Egypt 35.00 19.00 93.00 

Finland  40.20 19.90 251.00 

Ghana 35.94 25.44 251.00 

Greece 92.00 31.00 310.00 

Italy 46.00 42.00 316.00 

Japan 36.00 21.00 139.00 

Malaysia 81.40 59.20 203.50 

Netherlands 27.00 19.00 230.00 

Norway 29.60 18.50 259.00 

Pakistan 26.10 28.70 272.90 

Turkey 41.00 26.00 267.00 

Nigeria 44.65 13.07 227.18 

Nigeria (present work) 68.38 21.76 26.98 

World Average 410.00 32.00 45.00 

(Ernest, 2016). 
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The current study compares the average activity 

concentration of potassium with finding from other 

researchers across various countries, as shown in 40K, 

226Ra and 232Thin this present work with studies  

 

 

Figure4: Comparing Radionuclides level in some 

countries 

 

This study evaluated the Natural Occurring Radioactive 

Materials (NORMs) in soil.  Soil samples were collected, 

purified, and analyzed using gamma ray spectroscopy to 

detect radionuclides, and the results were then assessed to 

determine their levels. The average concentration of the 

results indicates the average activity concentration of 40K 

in soil samples is 68.4978 𝐵𝑞/𝐾𝑔, which are below the 

global average value of 400 𝐵𝑞/𝐾𝑔,The average 

concentration of 226Ra in soil samples is 21.7583 𝐵𝑞/
𝐾𝑔which is below the global average value of 35 𝐵𝑞/
𝐾𝑔,furthermore, The average concentration of 232Th in 

soil samples is 26.9559 𝐵𝑞/𝐾𝑔which is below the global 

average value of 30 𝐵𝑞/𝐾𝑔. However ,Soil analysis 

revealed mean values of 54.3775 𝐵𝑞/𝐾𝑔,  radium 

equivalent ,  0.159 external index , 0.137 internal index, 

and 0.195 gamma level index for radiation hazard indices.  

The average dose rate of the absorbed gamma, which is 

below the 60 global recommended value. The average 

annual effective dose is 0.06859 (mSv/y) for soil samples 

which are lower than the world average of 0.07 (mSv/y) 

for all the samples type (UNSCEAR, 2000). 

 

CONCLUSION 

The radiological assessment of soils in the Kwakwachi 

canal area indicates that natural radionuclide 

concentrations and associated radiation doses are 

generally below international safety standards. However, 

continued monitoring is recommended to track any  

 

changes due to ongoing human activity and 

environmental factors. 

 

In accordance with the research conclusions, the 

following recommendations are suggested:  

1. Exposure radiations from40K, 232Th and 

absorbed gamma dose rates can be reduced by 

eliminating time spend at the sites. 

2. Monitor Radionuclides building in soil is 

essential. 

3. Farmers should be advised against planting 

crops in areas surrounding these sites  
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