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ASSESSMENT OF EXCESS LIFETIME CANCER RISK FROM NATURALLY OCCURING RADIOACTIVE MATERIALS IN SOIL SAMPLES OF MAIGANGA MINING SITE, NORTH-EASTERN, NIGERIA
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ABSTRACT 
	Aims: The activities of coal mining exploration in Maiganga leads to environmental and health concerns due to the presence of naturally occurring radionuclides. The potential health risks associated with exposure to natural radionuclides in soil require thorough and constant investigation. The study evaluated the activity concentrations of some selected radionuclides and assessed excess lifetime cancer risk (ELCR) in soil samples of Maiganga mining site.
Study design:  
This study was designed to evaluated the activity concentrations of some selected radionuclides and assessed excess lifetime cancer risk (ELCR) in soil samples

Place and Duration of Study: 
Maiganga mining site, North-Eastern Nigeria between November 2024 and October 2025 

Methodology: 
[bookmark: _GoBack]A total of ten (10) soil samples were systematically collected within the mine site.  Using energy dispersive x-ray fluorescence (ED-XRF) spectroscopic technique, the activity concentrations of some selected radionuclides (226Ra, 232Th and 40K) were determined. 

Results: The results showed that, the activity concentrations of 40K range from 11.27 Bqkg-1 to 411.28 Bqkg-1 with 241.01 Bqkg-1 as the mean value while 226Ra and 232Th were below the limit of detection. The analysis of radiation risk parameters (Raeq, D, AEDE, AGDE, Hex, Hin and ELCR) were found to be: 43.51 Bqkg-1, 21.43 nGyh-1, 0.03 mSvy-1, 151.03 µSvy-1, 0.12, 0.14 and  respectively.

Conclusion: The study concludes that, the study area is radiologically safe for both workers and the general public. Continuous radiological assessment of the mining site is recommended to keep the potential radiation hazards as low as reasonably achievable (ALARA).
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1. INTRODUCTION 

Coal mining has continued to raise meaningful environmental and health concerns due to the presence of naturally occurring radionuclides and their concentrations may be increased by the mining activities, potentially increasing the risks to the exposed populations [1]. Naturally occurring radionuclides are components of the earth’s crust, contributing significantly to the background environmental radiation levels which are essentially from 238U, 232Th and 40K decay series, mostly found in geological materials such as soils, rocks among other sources [2]. 
 Their presence in the environment is majorly the repercussion of geological activities such as mining, weathering, erosion and radioactive decay while the radionuclides can occur naturally, anthropogenic processes can significantly enhance their concentrations or levels in the environment [2]. Man’s environment is confronted with numerous radiations as a result of mining activities, thereby constituting environmental pollutions which in turn affect man’s health negatively due to the predispositions of these radionuclides especially at levels above the prescribed safety limit, hence necessitating researches in the mining sites [3]. The risk of radiation exposure to the human environment is enhanced by mining and processing minerals, which concentrate naturally occurring radiation levels above background values [3]. 
Soil serves as one of the cardinal cisterns of natural radionuclides because it poses radiation hazards not only to the population but equally facilitate the movement of the radionuclides into the environment, hence it is regarded as a principal indicator of radiological contamination [4][5]. Despite the economic benefits of coal mining, the potential health risks associated with exposure to natural radionuclides in soil require thorough and constant investigation because recent findings have proven that, long-term exposure to enhanced levels of natural radioactivity may contribute to increased cancer risk among exposed populations [6][7].
In areas with elevated radionuclides concentrations such as mining environment, long-term exposure has been linked with numerous health effects. These include both carcinogenic conditions such as lung cancer and non-carcinogenic conditions including respiratory disorders, genetic mutations and born deformities [6].  In the study area, surface mining technique is utilized where large quantity of soils and tailings are produced, accumulates around the mine and are constantly dispensed into the surroundings, thereby posing more risk to the mine workers and the inhabitants [3], hence the justification for the study.	
 The study will benefit the policy formulation makers and various regulatory agencies in developing sustainable mitigation measures in managing the environment to reduce contamination and conserve the ecosystem. Data from this study will help regulatory agencies to develop comprehensive radiological framework for human protection and environmental safety.  Also, it will add to the body of information on natural radioactivity in Nigeria and could serve as baseline for other radiological studies.
The study seeks to evaluate the concentrations of some selected radionuclides (226Ra, 232Th and 40K) in soil samples collected from within Maiganga mine. It evaluated absorbed dose rate to ascertain instant radiation exposure danger and the annual effective dose equivalent to determine the long-term threat. The study also identified external and internal hazard indices which assessed possible health risk, and radium equivalent to measure the overall radioactive concentrations as well as excess lifetime cancer risk.


2. material and methods 

Maiganga is a community in Nigeria's Gombe State, located in the Akko Local Government Area. Maiganga covers approximately 20,129.47 acres which signals 48.16 Km2, it is bordered to the south by Billiri and west by Kumo, with geological positioning in the Gombe sandstone, specifically situated on the Pindiga formation. It situated at approximately latitudes 10°02'–10°05'N and longitudes 11°06'–11°08'E [8] as shown in Figure 1..

[image: ]
Figure 1. Map of the study area.



2.1 Collection and laboratory analysis of samples 

The materials used in include: soil samples, ED – XRF, Global Positioning System (GPS) Hand Trowel, Polythene Bags with Zip Lock, Containers, Pen and Papers and Weighing Balance (Kerro BL0001). 

The soil samples were carefully collected with the aid of a hand trowel from different points which satisfactorily represented the entire samples dumped around the mining site. The coordinates of each sampling point were recorded. The top layer of the soil was scraped off at each sampling location to remove any possibility of contamination from anthropogenic activities.  About 200g samples were collected at a depth of about 15-20 cm with the aid of a plastic hand trowel to hinder the introduction of any major, minor, or trace elements from a metallic trowel into the field samples.

The sampling technique used for the research was the random method; in order to improve the statistical sensitivity of the samples. The mining site was intentionally (purposefully) stratified into different or multiple sections to attain even sampling in order to obtain representative samples across the locations.

The soil samples collected from Maiganga mining site were prepared via a process of open air drying for a period of seven (7) days at a temperature of 250 C to eliminates all moisture that may be present in the samples collected. The stony soil samples were crushed into fine powder using pestle and mortar, sieved with a wire mesh with holes of 0.5mm thickness to get uniform sample sizes, packaged in a properly labeled polythene bag for easy identification. About 200g of soil samples were packed in high-density polythene bags to encase any probable radioactive gases. The samples then underwent a 30-days storage period prior to the analysis, to attain secular equilibrium between 226Ra, 232Th, and their short-lived decay products (offspring) before transporting it for the analysis [9] Ibrahim and El-Yakub, 2024). The analysis of the samples was carried out using ED- XRF (Rigaku NEX DE) spectrometer equipped with a fifteen-place sample changer with spin function using slow and steady spinning mode. The measurements were carried out under helium (He) atmosphere using a palladium (Pd) X-ray tube at a voltage of 60 kV and current 10µA with 10 mm beam spot size, and silicon (Si) drift detector comprised of Peltier electronic circuit cooling system. Standardless calibration was employed using Fundamental Parameters (FP) methods software (Rigaku RPF-SQX) to allow for elemental quantification of completely unknown. The software automatically estimates elemental concentration and provides appropriate corrections and the concentrations of the radionuclides were measured from low part-per million to percentage weight.

2.1.1 Radiation Parameters and Hazard Indices 

To evaluate the radiation exposure for both workers and the general public at the Maiganga coal mining site, specific parameters were established to estimate potential risks. The following parameters were analyzed: 

2.1.1.1 Absorbed Dose Rate (D)

The quantified levels of activity for 226Ra, 232Th, and 40K were transformations into doses that made use of the factors of transformation 0.462, 0.604, and 0.0417 respectively. These coefficients were employed in the computation of the overall dose rate D, () as depicted in equation (1) as depicted below.
	)                                            (1)
the radionuclide concentration (𝐵𝑞/𝐾𝑔) for 226Ra, 232Th, and 40K in soil samples as reported by UNSCEAR [10].

2.1.1.2	Estimation of the Annual Effective Dose Equivalent (AEDE)

The AEDE can be evaluated using the conversion factors of 0.70 SvGy-1, which transform absorbed dose rate in the air to effective dose and the outdoor occupancy factor of 0.2, with the presumption that, an individual has spent mean of 80% of his time indoor [10][3]. UNSCEAR reports suggested outdoor occupancy factor of 0.2 and conversion coefficient from absorbed radiation in air to effective dose of 0.7 Sv/Gy received by humans must be put into cognizance when estimating the annual effective dose rates [9]. As such AEDE could be calculated using equation 2 [10].
)                                                       (2)

2.1.1.3	Annual Gonadal Dose Equivalent (AGDE)

The AGDE calculates the impact of 226Ra, 232Th, and 40K activities on organs like gonads, bone marrow and bone cells (in other words, it evaluates the dose received by reproductive organs such as gonads, bones marrow and bone cells). Equation 3, as developed by Shams et al [11] was used to calculate AGDE using conversion factors for the respective isotopes. 
	                                               (3)

2.1.1.4	Assessment of Radium Equivalent Activity (Raeq)

This serves as a commonly used risk indicator. UNSCEAR [10] define radium equivalent (Raeq) mathematically as:  
	                                                                (4)
Where indicates the activity concentrations of 226Ra, 232Th and 40K respectively. The assumption applies specifically to external hazard caused by gamma rays in building materials. For safe used, less than  is recommended as the maximum Raeq value.
 
2.1.1.5	Assessment of Hazard Indices (External and Internal)

Two indices (Hin and Hex) are aimed at restricting radiation exposure to a limit of equivalent. These two indices are indicators of external and internal hazards. The external hazard index ( ) is obtained from the same expression of Raeq with the assumption that, its maximum value corresponds to the upper limit of  . It represents the hazard incurred as a result of external exposure from 226Ra, 232Th and 40K in soil samples as shown in equation (5) below [10].
	                                                 (5)
In a like manner, the risks due to respiratory organs from internal exposure due to radon and its short-lived progeny (daughter nuclei) could be quantified in terms of internal hazard index. 
	                                           	(6)                                                                                       
Where ARa, ATh and AK are the activity concentrations of 226Ra, 232Th and 40K according to UNSCEAR and Orgun et al [10][12].

2.1.1.6	Excess Lifetime Cancer Risk (ELCR) 

Excess Lifetime Cancer Risk (ELCR) is the likelihood of cancer development due to radiation exposure over a lifetime [13].  Equation (7) as modified by Taskin et al [14] was used to calculate the excess lifetime Cancer Risk (ELCR) taking to cognizance: the annual effective dose equivalent, life expectancy (LE) or duration of life (DL) and risk factor (RF). For children, its 50 years and 70 years for adults, and the low dose background radiation risk factor of 5%(0.05Sv-1) for public exposure which was believed to cause stochastic effect.
	𝐸𝐿𝐶𝑅 = 𝐴𝐸𝐷𝐸 × 𝐿𝐸 × 𝑅𝐹                                                           			(7)


3. results and discussion

The results of activity concentrations in parts-per million (ppm) for radium and thorium and percentage weight (%wt.) for potassium obtained from soil samples of Maiganga mining site are presented on table 1 in which 226Ra and 232Th were below the limit of detection while 40K has 0.036 %wt. and 1.314 %wt. respectively as the minimum and maximum values with 0.797 %wt. as the mean. Table 2 presented the activity concentrations in Bqkg-1of the three radionuclides. The activity concentrations of potassium ranges from 11.27 Bqkg-1 to 411 Bqkg-1, with a mean value of 241.01 Bqkg-1. Only one (411 Bqkg-1) out of the 10 samples was above the global standard, implying that the other nine (9) samples were all below the global standard. Radium and thorium were below the limit of detection in all the ten (10) samples.
Table 1: Activity concentrations of radionuclides (ppm and wt.%) in soil samples taken from Maiganga

S/N   Sample I.D.             Coordinates	            226Ra (ppm)    232Th (ppm)       40K (wt.)	
1.	MSS 1	        90 98’ 17’’N, 110 15’39’’E            BLD	         BLD	  0.784
2.	MSS 2	        90 98’ 62’’N, 110 15’36’’E            BLD	         BLD	  0.874                                                                                                                                 3.	MSS 3	        90 98’ 60’’N, 110 15’33’’E            BLD	         BLD	  0.834
4.	MSS 4	        90 97’61’’N, 110 15’30’’E	       BLD	         BLD            0.864 
5.	MSS 5	        90 97’89’’N, 110 15’28’’E	       BLD	         BLD	  0.584
6.	MSS 6	        90 96’90’’N, 110 15’29’’E             BLD	         BLD            1.204
7.	MSS 7	        90 96’86’’N, 110 14’98’’E             BLD	         BLD            1.314
8.	MSS 8	        90 95’90’’N, 110 14’96’’E	       BLD	         BLD	  0.624
9	MSS 9	        90 94’98’’N, 110 14’94’’E	       BLD	         BLD	  0.036
10.	MSS10         90 94’96’’N, 110 14’93’’E	       BLD	         BLD            0.924
       	            Minimum			       -                           -                  0.036
	            Maximum	                         	       -                           -	       	  1.314
		Mean                                                  -                           -                 0.797
* BLD =Below Limit of Detection, PPM = Parts-per million and %wt. = Percentage weight.



Table 2. Activity concentrations of the radionuclides (Bqkg-1)) in soil samples taken from Maiganga

S/N    Sample I.D.	Coordinates	           226Ra (Bqkg-1) 	232Th (Bqkg-1)  40K(Bqkg-1)
1.	MSS 1	    90 98’ 17’’N, 110 15’39’’E          BLD		 BLD		245.39	
2.	MSS 2	    90 98’ 62’’N, 110 15’36’’E	 BLD		 BLD		273.56
3.	MSS 3	    90 98’ 60’’N, 110 15’33’’E	 BLD		 BLD		261.04
4.	MSS 4	    90 97’61’’N, 110 15’30’’E	 BLD		 BLD		270.43 
5.	MSS 5	    90 97’89’’N, 110 15’28’’E	 BLD		 BLD		182.79
6.	MSS 6	    90 96’90’’N, 110 15’29’’E           BLD		 BLD                  376.85
7.	MSS 7	    90 96’86’’N, 110 14’98’’E           BLD		 BLD		411.28
8.	MSS 8	    90 95’90’’N, 110 14’96’’E	 BLD		 BLD	             195.31
9	MSS 9	    90 94’98’’N, 110 14’94’’E	 BLD		 BLD	             11.27
10.	MSS 10    90 94’96’’N, 110 14’93’’E	 BLD		 BLD		 289.21
       	            Minimum			 -                            -                    11.27
		Maximum	                           -                            -                    411.28
		Mean                                            -                            -                    241.01
	            Global Standard                          35                         30                    400


Table 3 is the presentation of the values of radiation doses (radium equivalent, absorbed dose rate, annual effective dose equivalent and annual gonadal effective dose) of the studied area. Raeq values range from 23.43 to 55.97 Bqkg-1 with the mean value of 43.51 Bqkg-1, all values were within the safety limit. For the absorbed dose rate, D, the least and the highest or maximum values were 10.48 and 28.22 nGyh-1   respectively while the mean value was 21.43 nGyh-1. All the values obtained did not exceed the global standard of 84 nGyh-1 while AGDE has 69.16 and 201.84 with 151.03µSvy-1as the mean (all values were within the safety limit).




Table 3. Radiation doses (Raeq, D, AEDE and AGDE) for soil samples of Maiganga 

S/N      Sample I.D.  Raeq (Bqkg-1)     D (nGyh-1)        AEDE (mSvy-1)       AGDE (µSvy-1)     
1. MSS 1          43.20           	21.26           	0.03          	149.75
2. MSS 2          45.36           	22.44           	0.03          	158.60
3. MSS 3          44.40           	21.91           	0.03          	154.67
4. MSS 4          45.12           	22.30           	0.03          	157.62
5. MSS 5          38.37           	18.63           	0.02           	130.10
6. MSS 6          53.32           	26.78           	0.03           	191.03
7. MSS 7          55.97           	28.22           	0.03           	201.84
8. MSS 8          39.34           	19.15           	0.02            	134.03
9. MSS 9          23.43            	10.48          	0.01            	69.16
10. MSS 10        46.57           	23.10          	0.03           	163.51
             Minimum     23.43           	10.48           	0.01            	69.16
          	Maximum     55.97           	28.22           	0.03           	201.84
          	Mean            43.51           	21.43           	0.03            	151.03
  Global Standard      370   		84   		1    		300                                   
*Default LLDs applied per NNRA 2023 S4.3.2(c) for conservative risk assessment [15].

Table 4. Radiation Hazard Indices (,  and ELCR) for soil samples of Maiganga

S/N 	Sample I.D.	            		               ELCR 
1. MSS 1	                   0.12	         	0.14              0.11
2. MSS 2                     0.12	         		0.15              0.11
3. MSS 3	                   0.12	         	0.15              0.11
4. MSS 4	                   0.12	         	0.15              0.11
5. MSS 5	                   0.10	         	0.13              0.07
6. MSS 6	                   0.14	         	0.17              0.11
7. MSS 7	                   0.15	         	0.18              0.11
8. MSS 8	                   0.11	         	0.13              0.07
9. MSS 9	                   0.06           		0.09              0.04
10. MSS 10                   0.13           		0.15              0.11
      Minimum	                   0.06           		0.09	        0.04
      Maximum          	      0.15           		0.18              0.11
      Mean     	      	      0.12           		0.14              0.10
      Global Standard           1.00   		1.00              0.29                                
        *Default LLDs applied per NNRA 2023 S4.3.2(c) for conservative risk assessment [15].
Table 4 above, depict the values of radiation hazard indices (, , and ELCR respectively). Their minimum and maximum values for the radiation hazard indices range from 0.06 to 0.15, 0.09 to 0.18, 0.04 to 0.11 while the mean values range from 0.12, 0.14 and 0.10 respectively. The values obtained were all within the global safety limit set by UNSCEAR, 2000[10] as shown on the table above.


3.1 Activity Concentration Discussion 

The activity concentration of potassium varied from 11.27 Bqkg-1 to 411.28 Bqkg-1 with the mean value of 241.01 Bqkg-1 as depicted in tables 3.2. The result also revealed that sample point 7 (411.28 Bqkg-1) was above the United Nations Scientific Committee on the Effect of Atomic Radiation (UNSCEAR) global standard (400 Bqkg-1). While radium and thorium were below the limit of detection, similar results were obtained by Omale et al [16] and Isaac et al [17] respectively. 
Gyuk et al. [18] in his studies on radionuclides (Ra-226, Th-232 and K-40) using NaI detector, reported higher concentration of potassium (459.56 Bqkg-1) but contrary to the result obtained by Sowole and Aliyu [19], Abubakar et al. [8] and Ibrahim and El-Yakub [9] who in their different researches on determination of activity concentrations of radionuclides recorded the following values of potassium:153.47±10.34 Bqkg−1, 105.99 and 243.33 Bqkg−1 and 287.95 Bqkg−1 respectively which were below the reference values set by UNSCEAR [10].

3.1.1 Discussion of Radiation Doses

In table 3, Raeq values range from 23.43 Bqkg-1 to 55.97 Bqkg-1 with the mean value of 43.51 Bqkg-1 (below the global standard of 370 Bqkg-1). This result is similar with the one obtained by Ibrahim and El-Yakub [9] who reported 214.090 Bqkg-1. The absorbed dose rate (D) obtained in the present study had a mean value of 21.43 nGyh-1, but differ with the result got by Shehu et al. [20] who recorded 310 nGyh-1(above the reference levels). For the Annual Gonadal Dose Equivalent (AGDE), a mean value of 151.03 µSvy-1 was found while the global standard is 300µSvy-1. Similar results (lower than the upper threshold values) were reported by Ononuga and Avwiri, and Uzorka et al. [21][22]. However, Abubakar et al [8] found the value of AGDE in Zone 2 of the Maiganga mining site to be 425.63±77.01µSvy-1 which was beyond the reference levels set by UNSCEAR [10]. 

3.1.1.1 Discussion of Radiation Hazard Indices
 
The hazard indices (,  and ELCR) from the soil samples of the study area revealed 0.12, 0.14, and 0.10  as their respective mean, implying that, all the values obtained were all within the safety limit. This result as shown in table 4 corroborates with the findings of Sowole and Ehindero [23] which were 0.066, 0.077 and  obtained as the external hazard indices, internal hazard indices and excess lifetime cancer risk.  Furthermore, Ibrahim and El-Yakub [9] obtained 0.32 as the mean of external hazard indices () but their was slightly higher than the results in the present study and above the safety limit was recorded (. In another research by Abubakar et al. [8] recorded 0.26±0.15, 0.38±0.23 and 0.16±0.07 as values found in zone 1 while 0.36±0.07, 0.55±0.12 and 1.23±0.05 was found in zone 2 of Maiganga as the value for ,  and ELCR respectively, the values were higher than the present study for  and  , and slightly lower in ELCR values for the two zones. The values were within the safety limit except the ELCR of zone 2 which was above the safety limit). Similarly, Sowole and Kayode [19] obtained ELCR of the results for present study were less than the value reported by Sowole and Kayode [19].


4. Conclusion

The result of the current study shows that the activity concentrations of the natural radionuclides in soil samples, radiation risks parameters and the excess lifetime cancer risk estimated, proved that Maiganga mining site is radiologically safe for both workers and the general public, and does not pose any cancer risk. Finally, continuous radiological screening of the study area is hereby recommended to keep the possible radiation hazards as low as reasonably achievable (ALARA).
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