ESTIMATION OF EXCESS LIFETIME CANCER RISK (ELCR) FROM NATURALLY OCCURING RADIOACTIVE MATERIALS IN MILL TAILING SAMPLES OF MAIGANGA MINING SITE, GOMBE STATE, NIGERIA
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ABSTRACT 

	Aims: 
Mining activities have shown to give rise to so much waste (tailings) which may have poisonous elements and lethal to man and the entire ecosystem. Consequently, it affects his health negatively during and after production. This study estimated the excess lifetime cancer risk (ELCR) due to naturally occurring radioactive materials in mill tailing samples of Maiganga mining site, North-Eastern Nigeria.

Study design: 
This study was designed to assess the presence of naturally occurring radioactive materials (NORMs) and to estimate the excess lifetime cancer risk (ELCR) in mill tailing samples of Maiganga mining site.

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

Methodology: 
A total of ten (10) samples were systematically collected within the mine sites.  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 findings revealed that, the activity concentrations of 40K range from 182 .79 Bqkg-1 to 389.37 Bqkg-1   with 218 Bqkg-1 as the mean value while 226Ra and 232Th were below the limit of detection. The analysis of radiation risk parameters (Radium equivalent, absorbed dose, annual effective dose equivalent, annual gonadal dose equivalent, external and internal hazard indices and excess lifetime cancer risk) were found to be: 141.86 Bqkg-1, 65.86 nGyh-1, 0.08mSvy-1, 446.55 µSvy-1, 0.38, 0.52 and  respectively. 
Conclusion: 
The study concludes that Maiganga mining site is radiologically safe for both workers and the general public. Finally, the study recommends continuous radiological screening of the mining site to keep the potential radiation hazards as low as reasonably achievable (ALARA).
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1. INTRODUCTION 

Coal mining generates substantial quantities of waste that are often toxic and harmful to aquatic life, vegetation, and human health, with adverse effects persisting both during and after extraction (Reference [1]). Mining activities contribute significantly to environmental degradation, ecosystem disruption, and contamination of surrounding areas. During these operations, considerable amounts of topsoil are removed, resulting in the production of large volumes of mine tailings, which often exhibit elevated levels of radioactivity.
These tailings are frequently disposed of on the surface near mining sites, where they are continuously subjected to physical, chemical and biological processes that can mobilise and concentrate naturally occurring radionuclides in the environment. This accumulation can lead to increased radiation exposure to nearby populations (Reference [2]). The impact of mining on the biophysical environment is considerable: while some effects can be quantitatively assessed, others are difficult to estimate. Many published studies emphasise the socio-economic benefits of mining, such as employment generation and business development, often overlooking its severe environmental consequences (Reference [3]).
Naturally occurring radionuclides, such as those from the decay series of uranium-238 (²³⁸U) and thorium-232 (²³²Th), radioactive potassium-40 (⁴⁰K), as well as cosmic radiation, have existed in the Earth since its formation and are widely distributed throughout the crust and atmosphere. In undisturbed natural environments, these radionuclides and their decay products are generally considered radiologically stable (Reference [4]). Their mobilisation through mining activities, however, can significantly alter this stability, posing environmental and public health risks.
In the study area, open surface mining was utilized. This involves large production of mine tailings (waste) gathered around the mine. The dispositions of the tailings are associated with the discharge of radioactive materials into the environment which gradually gets accumulated [4]. Consequently, coal workers and the environ are eventually exposed externally to the radiations from the easily accessible tailings used essentially for farming or residential purposes; and may significantly amount to additional exposure dangers [5]. Therefore, it is paramount to measure the natural radioactivity and assess the radiological hazard indices of mill tailing samples of the study area.  Extensive coal exploration is ongoing at the study area and elevated levels of radiations may lead to cancer risk and numerous health complications, hence the need to constantly assess the mine. 
The findings of this study are expected to contribute significantly to the existing body of knowledge on natural radioactivity in Nigeria, providing valuable reference data for future radiological investigations and supporting adherence to safety protocols in both mining and agricultural operations. The generated data will assist regulatory authorities in developing a comprehensive radiological framework aimed at safeguarding human health and ensuring environmental protection. Furthermore, the outcomes of this study will inform policymakers and relevant regulatory agencies in the formulation of sustainable mitigation strategies for managing environmental contamination and conserving ecosystems.
Specifically, the study quantified the concentrations of selected radionuclides—²²⁶Ra, ²³²Th, and ⁴⁰K—in mill tailings samples collected from within the Maiganga coal mine. It also evaluated the absorbed dose rate to assess immediate radiation exposure risks, and calculated the annual effective dose equivalent to estimate potential long-term hazards. Additionally, the study determined external and internal hazard indices to evaluate possible health risks, radium equivalent activity to represent the overall radiological burden, and the excess lifetime cancer risk, providing a comprehensive assessment of both acute and chronic radiological threats associated with mine tailings.

2. material and methods 

The study was carried out over a period of two-years in Maiganga mining site, North-Eastern Nigeria between November 2024 and October 2025. Maiganga, a local community in Akko local government area of Gombe state, North-Eastern Nigeria, is situated between latitude 100 02' to 100 05' to longitude 110 06 to 110 08' with a land area of about 20129.47 Acres (48.16 km2) as shown in Figure 1. It shares boarder to the south with Billiri and to the west, with Kumo town, situated on longitude 9°59'19.65"N and 9°59'3.03"N, latitude 11° 8'31.29"E and 11° 9'44.63” [3]. Maiganga lies within Gombe sandstone, adjacent to and above the Pindiga formation. The Maiganga mining activities started in October, 2007 and are carried out by Ashaka Cement, a company owned by a France-based, Lafarge [6].

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


2.1 Collection and laboratory analysis of samples  
The materials used include: Mill tailing samples, ED – XRF, Global Positioning System (GPS) hand trowel, polythene bags with zip lock, containers, pen and papers and weighing balance. The samples of mill tailings 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 mill tailing was scraped off at each sampling location to remove any possibility of contamination from anthropogenic activities.  About 200 g 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 achieve even-sampling in order to obtain representative samples across the locations.
The mill tailings samples collected from the Maiganga mining site were initially prepared by open-air drying for a period of seven (7) days at a temperature of 25 °C to remove any residual moisture. The stony tailings were subsequently crushed into fine powder using a mortar and pestle, and sieved through a wire mesh with 0.5 mm openings to obtain uniform particle sizes. The processed samples were then packaged in appropriately labelled high-density polythene bags to facilitate identification and to contain any potential radioactive gases. Approximately 200 g of each sample was sealed in the bags and stored for a period of 30 days prior to analysis, allowing sufficient time for secular equilibrium to be established between ²²⁶Ra, ²³²Th, and their short-lived decay products (offspring) before transport to the laboratory for measurement [4,7].
[bookmark: _GoBack]Quantitative elemental analysis of the samples was performed using an Energy Dispersive X-ray Fluorescence (ED-XRF) spectrometer (Rigaku NEX DE) equipped with a fifteen-place sample changer and spin function operating in a slow and steady rotation mode. Measurements were conducted under a helium (He) atmosphere using a palladium (Pd) X-ray tube operated at 60 kV and 10 µA, with a 10 mm beam spot size. The detector system comprised a silicon (Si) drift detector with a Peltier cooling circuit. Standardless calibration was applied through the Fundamental Parameters (FP) method using Rigaku RPF-SQX software, enabling the quantification of elements in samples with unknown composition. The software automatically estimated elemental concentrations and applied appropriate corrections. Concentrations of the radionuclides were determined across a range from low parts-per-million (ppm) to percentage weight, and these data were subsequently employed to calculate radiation doses and associated hazard indices.


2.1.1 Radiation Parameters and Hazard Indices 
In order to assess the radiation exposure to workers and public in the Maiganga coal mining site some radiation parameters are put up to estimate possible exposure and inferred risks associated. The followings are the parameters considered

2.1.1.1 Absorbed Dose Rate (D) 
The quantified levels of activity for 226Ra, 232Th, and 40K were transformed 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 presented in equation (1) below.
	)                                        	(1)
the radionuclide concentration (𝐵𝑞/k𝑔) for 226Ra, 232Th, and 40K in soil and mill tailings samples [8].

2.1.1.2 Annual Effective Dose Equivalent (AEDE):
The AEDE was 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 [5][8].  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 [6]. As such AEDE was calculated using equation 2 [8].
	                                 	(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 presented by Shams et al. [9] was used to calculate AGDE using conversion factors for the respective isotopes. 
	                                            	(3)

2.1.1.4 Radium Equivalent Activity (Raeq):
This serves as a commonly used risk indicator. UNSCEAR [8] defined 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 External Hazard Indices:
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 mill tailing samples as shown in equation (5) [8].
	                                            	(5)                                                                                      
Where ARa, ATh and AK are the activity concentrations of 226Ra, 232Th and 40K [4][8][10].

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 [4][11]. Equation (8) as presented by Taskin et al [11] was used to calculate the excess lifetime cancer risk (ELCR) taking into 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.
	                      					(6)

3. results and discussion


3.1 Results

3.1.1 Discussion of results

The results of activity concentrations in parts-per million (ppm) for radium and thorium and percentage weight (%wt.) for potassium obtained from mill tailing samples of Maiganga mining site are presented on table 1 in which 226Ra and 232Th were below the limit of detection while 40K has 0.584 %wt. and 1.244 %wt. respectively as the minimum and maximum values with 0.845 %wt. as the mean.

Table 1: Activity Concentrations of Radionuclides (ppm and wt.%) in tailing samples from Maiganga mining site
	S/N
	Sample I.D.
	    Coordinates
	 226Ra (ppm)         
	232Th (ppm)      
	40K (wt.)

	1
	MMS 1
	90 98’62’’N, 110 15’18’’E
	    BLD               
	BLD
	1.244

	2
	MMS 2
	90 98’60’’N, 110 15’16’’E
	    BLD                     
	BLD
	0.874

	3
	MMS 3
	90 98’63’’N, 110 15’17’’E
	    BLD
	BLD
	0.824

	4
	MMS 4
	90 98’65’’N, 110 15’15’’E
	    BLD                      
	BLD
	0.754

	5
	MMS 5
	90 97’88’’N, 110 16’20’’E
	    BLD
	BLD
	0.584

	6
	MMS 6
	90 96’98’’N, 110 16’18’’E
	    BLD                      
	BLD
	1.124

	7
	MMS 7
	90 96’80’’N, 110 17’22’’E
	    BLD
	BLD
	0.614

	8
	MMS 8
	90 98’58’’N, 110 15’16’’E
	    BLD
	BLD
	0.864

	9
	MMS 9
	90 97’67’’N, 110 16’21’’E
	    BLD
	BLD
	0.164

	10
	MMS 10
	90 95’79’’N, 110 15’19’’E
	    BLD
	BLD
	0.954

	       
	
	Minimum
	
	
	0.584

	
	
	Maximum
	                         
	
	1.244

	
	
	Mean
	
	
	0.845


* BLD =Below Limit of Detection, PPM = Parts-per million and %wt. = Percentage weight.



    Table 2: Activity Concentrations of the Radionuclides (Bqkg-1) in tailing samples from Maiganga mining site
	S/N
	Sample I.D.
	    Coordinates
	226Ra (Bqkg-1)       
	232Th (Bqkg-1)  
	40K (Bqkg-1)

	1
	MMS 1
	90 98’62’’N, 110 15’18’’E
	    BLD               
	BLD
	389.37

	2
	MMS 2
	90 98’60’’N, 110 15’16’’E
	    BLD                     
	BLD
	273.56

	3
	MMS 3
	90 98’63’’N, 110 15’17’’E
	    BLD
	BLD
	257.91

	4
	MMS 4
	90 98’65’’N, 110 15’15’’E
	    BLD                      
	BLD
	236.01

	5
	MMS 5
	90 97’88’’N, 110 16’20’’E
	    BLD
	BLD
	182.79

	6
	MMS 6
	90 96’98’’N, 110 16’18’’E
	    BLD                      
	BLD
	351.82

	7
	MMS 7
	90 96’80’’N, 110 17’22’’E
	    BLD
	BLD
	192.18

	8
	MMS 8
	90 98’58’’N, 110 15’16’’E
	    BLD
	BLD
	370.43

	9
	MMS 9
	90 97’67’’N, 110 16’21’’E
	    BLD
	BLD
	192.18

	10
	MMS 10
	90 95’79’’N, 110 15’19’’E
	    BLD
	BLD
	298.6

	
	
	Mean                
	· 
	- 
	218.22

	       
	
	Minimum
	· 
	-
	182.79

	
	
	Maximum
	       -                  
	-
	389.37

	
	
	Global Standard
	35
	30
	400




Table 3: Radiation Doses (Raeq, D, AEDE and AGDE) in tailing samples from Maiganga mining site
	S/N
	Sample I.D.
	Raeq (Bqkg-1)
	D (nGyh-1)
	AEDE (mSvy-1) 
	AGDE (µSvy-1)

	1
	MMS 1
	151.48
	71.10
	0.0872
	485.76

	2
	MMS 2
	142.56
	66.24
	0.0812
	449.40

	3
	MMS 3
	141.36
	65.58
	0.0804
	444.48

	4
	MMS 4
	139.67
	64.66
	0.0793
	437.61

	5
	MMS 5
	135.57
	62.43
	0.0766
	420.90

	6
	MMS 6
	148.59
	69.53
	0.0853
	473.97

	7
	MMS 7
	136.30
	62.82
	0.0770
	423.84

	8
	MMS 8
	142.32
	66.11
	0.0811
	448.42

	9
	MMS 9
	136.30
	62.82
	0.0770
	423.84

	10
	MMS 10
	144.49
	67.30
	0.0825
	457.26

	
	Mean
	141.86
	65.86
	0.0808
	446.55

	
	Minimum
	136.30
	62.43
	0.0766
	420.90

	
	Maximum
	151.48
	71.10
	0.0872
	485.76

	
	 Global Standard  
	370.00
	84.00
	1.0000
	300.00


*Default LLDs applied per NNRA 2023 S4.3.2(c) for conservative risk assessment.
Table 3 is for the radiation doses (Raeq, D, AEDE and AGDE) for the mill tailing samples of the study area. The respective values obtained were: 151.48 to 136.30, 62.43 to 71.10, 0.0766 to 0.0872 and 420.90 to 485.76; and 141.86 Bqkg-1, 65.86 nGyh-1, 0.0808 mSvy-1 and 446.55 µSvy-1 as their respective means. All values were within the safety limit except AEDE with a mean value of 446.55 µSvy-1.

Table 4: Radiation Hazard Indices ( and ELCR) from Tailing samples of Maiganga site

	S/N
	Sample I.D.
	Hex
	ELCR (x 10-3)

	1
	MMS 1
	0.0810
	0.3052

	2
	MMS 2
	0.0569
	0.2843

	3
	MMS 3
	0.0536
	0.2815

	4
	MMS 4
	0.0491
	0.2775

	5
	MMS 5
	0.0380
	0.2680

	6
	MMS 6
	0.0731
	0.2985

	7
	MMS 7
	0.0400
	0.2696

	8
	MMS 8
	0.0770
	0.2838

	9
	MMS 9
	0.0400
	0.2696

	10
	MMS 10
	0.0621
	0.2889

	
	Mean
	0.0571
	0.2827

	
	Minimum
	0.0380
	0.2680

	
	Maximum
	0.0810
	0.3052

	
	 Global Standard  
	1.0000
	0.2900


*Default LLDs applied per NNRA 2023 S4.3.2(c) for conservative risk assessment.
While table 4 present the radiation hazard indices (and ELCR). Minimum and maximum values range from 0.0380 to 0.0810 and 0.2680 to 0.3052. Their mean values were 0.0571 and 0.2827.

3.1 Discussion of Activity Concentrations 
The activity concentrations from mill tailings samples of the study area in parts per million and percentage weight; and Bqkg-1 were presented in tables 1 and 2 respectively. 
[bookmark: _Hlk205388843]The results of activity concentrations in parts-per million (ppm) for radium and thorium and percentage weight (%wt.) for potassium obtained from mill tailing samples of Maiganga mining site are presented on table 1 (226Ra and 232Th were below limit of detection while 40K has 0.584 %wt. and 1.244 %wt. respectively as the minimum and maximum values with 0.845 %wt. as the mean). While in table 2 above, the values of the activity concentrations of the mill tailing samples of Maiganga mining site in Bqkg-1 were obtained. Both radium and thorium were below the limit of detection (BDL) while potassium values range from 182.79 to 389.37 with 218 Bqkg-1 as the mean value. All the values obtained did not exceed the safety limit of 400 Bqkg-1 set as the global standard. The values of potassium in sample were between 182.79 to 389.37 with 218 Bqkg-1 as the mean. These values of potassium obtained did not exceed the reference levels established by UNSCEAR [8]. There was no wide disparity between the results at the various sampling points and this may be due to similarity in the geological and topographical formation of the study area which have been influenced by mining activities. The results obtained were higher than the findings of Khandaker et al. [5] who recorded a mean value of 70.44 Bqkg-1 but lower than the findings of Davou and Mangset [13], Laniyan and Adewumi [15], Manyoba et al [16] whose values were found as 5901 Bqkg-1, 570.65 Bqkg-1, & 2013.97±35.87 Bqkg-1 respectively as the mean value of potassium, and which are far above the safety limit of 400 Bqkg-1set by UNSCEAR [8]. Radium and thorium concentrations in the samples were below the instrument minimum limit of detection which were similar to the reports of Omale et al [17] and Isaac et al.,[18].

3.1.1 Discussion of Radiation Doses (Raeq, D, AEDE and AGDE)
[bookmark: _Hlk202819623][bookmark: _Hlk205391293]Table 3 presented the calculated radiation doses of 141.86 Bqkg-1, 65.86 nGyh-1, 0.08 mSvy-1 and 446.55 µSvy-1 as the mean of Raeq, D, AEDE and AGDE respectively. AGDE exceeded the global safety limit of 300 µSvy-1. High values indicate potential genetic and reproductive health risk. Khandaker et al. [5] recorded 42.67 Bqkg-1, 19.14 nGyh-1, 0.02 mSvy-1 and 132.97 µSvy-1 respectively (values were within the safety limit) for the radiation dose parameters. However, Davou and Mangset [14] found higher values that were far above the safety limit. These values were: 25896.16 Bqkg-1 and 86250.95mSvy-1 and 13877mSvy-1 and 76348.49 µSvy-1 (outdoor and indoor) respectively for the dose parameters. Similarly, Manyoba et al [16] obtained 890 Bqkg-1 and 403.54 nGyh-1 as the value of Raeq and D respectively as against 370 Bqkg-1 and 84 nGyh-1 set out by UNSCEAR as the safety limit.
3.1.1.1 Discussion of Radiation Hazard Indices (Hext and ELCR)
In table 4 radiation hazard indices (Hext and ELCR) respectively were presented. The mean values were 0.0571 and  respectively. All the results presented in the table 4 above, were within the safety limit. These findings are in agreement with the results obtained by Khandaker et al. [5] who found 0.02 and  respectively as Hext and ELCR but completely differs with the results of Davou and Mangset [14] (2015) who obtained the following results: 25896.16 Bqkg-1, 86250.95 μSvyr-1(outdoor) and 13877.58 μSvyr-1, 76348.49 Svyr-, 70.20 Svyr-1, 71.98 Svyr-1 and . Moreso, Manyoba et al [16] recorded 4.1 as the external hazard indices while Mwinanzi et al [19] obtained 0.39 as excess lifetime cancer risk in a similar study as against 0.29 which was set out by UNSCEAR as the safety limit for excess lifetime cancer risk.


4. Conclusion

Excess lifetime cancer risk (ELCR) from naturally radionuclides in mill tailing samples of Maiganga mining site was estimated using Energy Dispersive X-ray Fluorescence (ED-XRF) technique. The activity concentrations of the measured radionuclides and the radiation doses (, , , ,   ) with the exception of AGDE, were below the safety limit set by UNSCEAR for both human and environmental protection. Furthermore, the results have proven that, there is no likelihood of cancer development. Hence, the study recommends continuous radiological screening of the mining site annually to keep the potential radiation hazards as low as reasonably achievable (ALARA). Coal waste (tailings) should be stored in lined ponds to prevent leaching of radionuclides into groundwater and strict compliance measures should be enforced to all the mining industries so as to keep the environment radiologically safe. 
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