


COMPARATIVE ASSESSMENT OF GROSS ALPHA AND GROSS BETA ACTIVITY CONCENTRATIONS IN SOIL AND SEDIMENT FROM DIFFERENT OIL-SPILL ZONES IN RIVERS STATE, NIGERIA.
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	Aims: 
Oil exploration and frequent spill incidents have created environmental and radiological safety concerns about the mobilization of existing naturally radionuclides in Rivers State. This study is to assess and compare gross alpha and gross beta activity concentrations in soil and sediment samples taken from different oil-spill zones in Rivers State.

Study design: 
The study utilizes comparative design to assess and compare the concentrations of gross alpha and gross beta activity in selected environmental samples from different oil spill zones. 

Place and Duration of Study: 
Four crude oil spill sites were identified and sample of environmental matrices (soil and sediments samples) covers the oil spill areas in Te-oo-goo, Nupene, Bon-ngia and Bolte-kpan in Rivers State between May 2015 to June 2018, in Rivers State, Nigeria. 

Methodology: 
Composite soil and sediment samples were obtained from multiple impacted and control sites, air-dried, homogenized, and analyzed under standard radiometric procedures using Protean Instrument Corporation (PIC) MPC 2000DP detector. Correlations were made among the variables (gross alpha and gross beta) to prove the interdependency or direct relationship in the investigated samples.

Results: 
[bookmark: _Hlk213942337][bookmark: _Hlk213942501]The mean gross alpha and beta activity concentrations in sediment samples ranged from (14.80±2.22 - 52.10±2.59) Bq/kg and (25.60±4.11 - 129.00±4.08) Bq/kg while in soil samples ranged from (49.47±1.59 - 78.07±2.46) Bq/kg and (12.96±3.32 - 156.60±5.02) Bq/kg, respectively, across the sampled locations. The results indicate variations in activity levels among sampling sites, with soil generally exhibiting (78.07±2.46 / 52.10±2.59 Bq/kg for alpha activity) and (156.60±5.02 / 129.00±4.08 Bq/kg for beta activity) concentrations compared to sediments. The results of the gross alpha and gross beta activities in both soil and sediment samples were found to be greater than the gross alpha and beta activity for their control samples which indicates the possibility of mobilization or concentration of both alpha- and beta-emitting radionuclides and some degree of activity elevation in the zones. Correlations were made among the variables (gross alpha and gross beta) to prove the interdependency or direct relationship in the investigated samples and suggests probable radiological impact and migration patterns of radionuclides in oil-polluted zones.

Conclusion: 
The results indicate some degree of disturbance at the oil spill zones. Soil and sediment samples from the oil spill sites may not be harmful to local residents or the general public in and around the area, even though there is little to no radioactive contamination of the soil and sediment
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1. INTRODUCTION

The coastal regions have experienced the existence of natural radioactivity since the earth's formation. Because of natural sources present in the earth and human activity carried out, the earth has gained its radioactive status. The presence of these sources and activities have resulted to man and his surroundings been constantly bombarded by those of natural radionuclides. The Niger Delta states, particularly Rivers and Bayelsa, have been recognized for their major contributions to the Nigerian economy through oil and gas resources. The highlighted states have gas and crude oil deposits in abundant [1]. The development and exploration of oil field in Nigeria's Niger Delta have resulted in a variety of activities involving radioactive materials and radiation generators on a large scale that may agitate the fragile conservations and biophysical systems as well as socioeconomic details of this region. The crude oil is both poisonous and radioactive due to the presence of radionuclides such as Uranium and Thorium [2]. If not handled appropriately, this petroleum (crude oil) can seep into the environment during production, posing a radioactive risk. Oil spills have been identified as a major source of water and land contamination in the Niger Delta region, with the increased frequency linked to industry growth, prevalence of aged oil pipelines, vandalism and equipment failure [3]. Natural sources, which can be found in a variety of geological formations such soil, rocks, sediment, water, vegetation, and air, account for about 96% of the total radiation exposure, with manmade sources accounting for 4% [4]. In regions rich in natural nuclides [5], oil exploration activities may result in increased concentrations of naturally existing radionuclides in the soil, surface water, and groundwater. Due to alpha and beta radiations from radium (Ra-226), uranium (U-238), thorium (Th-232), and potassium (K-40), soil materials and rocks greatly contribute to both indoor and outdoor exposure to environmental radioactivity, increasing the risk to human health [5]. Alpha and beta emitters are conceived to be the most significant natural radionuclides in terms of possible internal radiation exposure to people, especially through food and water consumption [6]. Depending on their chemical characteristics and the uptake mechanism by the roots to plants and animals, radionuclides can be transferred via the food chain from the soil [5]. The existence of uranium in disequilibrium with its daughters is typically the cause of low radioactivity in lakes and sediments. Radionuclides are vitally stored and redistributed in the ocean and sediments [7]. Understanding the different concentrations in soil gives important information for monitoring radioactivity in the environment and acts as a fundamental indication of the dispersion and accumulation of radioactivity in the environment [8]. Due to accumulation and transportation of pollutants like radioactivity and heavy metals within the geographical area [9] or disperse through the air into nearby farms, some particulate wastes from oil exploration sites may find their way into nearby rivers and sediments, which play an important role in aquatic radioecology. In these particular oil exploration zones, it is necessary to evaluate the radiation emitters caused by oil spill in soil and sediment.

2. material and methods

The study was carried out over a four-year period, from 2014 to 2018, in Rivers State, Nigeria. This is within the four years of study reported in previous research. This is to allow for a longer study duration and to enable the collection of more comprehensive data for stronger and more reliable inferences.
[bookmark: _Hlk213934001]Four crude oil spill sites were identified, and soil and sediment samples were collected from each of these areas. The study area is located between latitudes  and , and longitudes  and , in the mid-eastern part of the Niger Delta region of Nigeria as shown in Figure 1 with an inset of Rivers map. Details of the area's geology have been documented in previous studies [10][11].
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Map of Study Area Rivers State

2.1 Collection and laboratory analysis of samples 

The Rivers State communities of Nupene, Teo-oo-goo, Bolte-Kpan and Bon-Ngia were the zones of oil spills where soil and sediment samples were collected. Eight soil samples, eight sediment samples, and two soil and sediment control samples made up the total of 18 samples that were gathered. The samples were air-dried before being sieved through a 2 mm mesh sieve to get rid of any stones or foreign objects in order to get them ready for analysis. After being dried overnight at 80°C in an electric oven to remove any remaining moisture, the samples were ground into a fine powder. The samples were prepared, weighed, and then sealed in Marinelli beakers. Following the guidelines set forth by the International Atomic Energy Agency (IAEA) for gross alpha and beta analyses, they were subsequently kept in desiccators until analysis. A Protean Instrument Corporation (PIC) MPC 2000DP type gas-free proportional counter, situated at the Centre for Energy Research and Training (CERT), Ahmadu Bello University, Zaria, Nigeria, was used to measure the samples' gross alpha and beta activity. 

2.1.1 Gross alpha and beta activity

The activity of each of the samples was calculated as;
                                     	              
where C (,) is the alpha and beta activity (Bq/kg), G ( ,) is the background count of alpha and beta particle, U (,) is the unit coefficient of alpha and beta particle (1.67 x 10-2) conversion factor from cpm to cps (1cps=1Bq), H (,) is the channel efficiency for alpha or beta counting, S (,) is the sample efficiency for alpha or beta counting and V is the sample mass.
Each sample was counted three times to ensure optimal accuracy. The alpha α-only and beta (+α) counting modes were employed for alpha and beta counting, respectively. The count rate of each sample was automatically processed by the computer using certain algorithms that took background counts, alpha and beta particle count rates, and other relevant variables into account. The activity of the samples was computed based on the processed count rates as show below, 
  	
Where A (,) is the count rate (cpm) of alpha and beta particles, B (,) is the raw count of alpha or beta particle, T is the counting time (2700 sec. or 45min.) and the sample efficiency was assessed using the original mass of the sample in powder form and the recovered mass after pellet formation. 
 					            			  
where  is the recovered mass after pellet was formed and  is the initial mass of the sample in powder form.
The instrument was calibrated with sources of Sr-90, a beta source, and Pu-239, an alpha source. Detector efficiency for alpha was 87.95%, beta was 42.06%, while the detection limit for alpha was 0.21 cpm and beta = 0.22 cpm. The background of the detector for alpha was 0.50 cpm and beta = 0.73.


3. results and discussion

3.1 Results

3.1.1 Discussion of results

[bookmark: _Hlk213940853]The results for the mean gross alpha activities in soil and sediments from selected oil spill sites in Rivers State and the corresponding gross beta activities obtained are presented in tables 1-2 and Figs. 2 -5 show the comparison of gross alpha and beta activities in samples with control samples for Te-oo-goo, Nupene, Bolte-kpan and Bon-ngia oil spill sites respectively. 
[bookmark: _Hlk213942370]3.1.1.1 Gross alpha and beta activities
[bookmark: _Hlk213940131]The soil samples from Te-oo-goo have the highest gross alpha and beta activity concentrations 78.07±2.46 Bq/kg and 156.60±5.02 Bq/kg while the lowest concentration 49.47±1.59 Bq/kg and 12.96±3.32 Bq/kg was obtained for Nupene oil spill sites of Rivers State. The results for the mean gross alpha activities in selected oil spill sites in Rivers State were moderately less than those corresponding gross beta activities obtained in some oil spill sites as shown table 1. The mean gross alpha activities in oil spill sites of Rivers States were lower than those of selected oil fields by [1] Ovuomarie-kevin in Bayelsa state (22.00±1.78 Bq/kg - 39.40±1.88 Bq/kg (Imiringi) and 37.86±2.72 Bq/kg - 102.57±3.43 Bq/kg (Otuasega)) and , Anekwue and Meidinyo [12][13]Meidinyo around Imirigin, Otuasega, Ibelebiri, Bayelsa state (530 ± 20 Bq/kg) and Rivers State (152.11 ± 61.67 Bq/kg - 322 ± 121.67 Bq/kg). These results fall within the ranges of 2.4- 120 Bq/kg, 60- 330 Bq/kg, 8- 87 Bq/kg and 53- 960 Bq/kg recorded by [14] Elena (2004) to be typical of soil associated with oil and gas industry.


Table 1. The gross alpha and gross beta activity concentration (Bq/kg) in soil samples 
	Sample Areas
	Gross alpha Concentration (Bq/kg)
	 Gross beta Concentration (Bq/kg)  

	Rivers soil samples 
	
	

	Te-oo-goo Soil
	78.07±2.46
	156.6±5.02

	Nupene Soil                                   
	49.47±1.59
	12.96±3.32

	Bon-Ngia Soil 
	49.55±1.56
	26.82±3.47

	Bolte-Kpan Soil
	54.88±1.62
	70.23±4.18

	Control Soil*                                    
	14.09±1.92
	11.31±3.87




The results of control soil sample for gross alpha and beta activity concentrations are 14.09±1.92 and 11.31.60±3.87 Bq/kg. The results of the activity were found to be greater than the gross alpha and beta activity for the control soil samples, except in Te-oo-goo oil spill sites as shown in (Figure 2 and Figure 3) respectively. This might be due to the quantity of oil spill in this area.


Fig. 2. Comparison of gross alpha activity concentration in soil samples with the control sample in oil spill site in Rivers State

Fig. 3. Comparison of gross beta activity concentration in soil samples with control sample in oil spill site in Rivers State

Table 2. Result of gross alpha and gross beta activity concentration (Bq/Kg) in sediment samples for the study areas
	Sample areas
	Gross alpha concentration (Bq/kg)
	Gross beta concentration (Bq/kg)  

	Rivers sediment samples
	
	

	Nupene  Sed. 1                              
	18.52±1.76
	98.69±3.08

	Nupene Sed. 2
	11.16±2.68
	158.60±5.08

	[bookmark: _Hlk212710806]Nupene Sed. Mean
	14.80±2.22
	[bookmark: _Hlk212711001]129.00±4.08

	Te-oo-goo Sed. 1
	24.36±2.14
	37.84±4.19

	Te-oo-goo Sed. 2
	6.35±2.02
	13.29±4.03

	Te-oo-goo Sed. Mean
	15.40±2.08
	25.60±4.11

	Bonte-Kpan Sed1  
	41.96±1.21
	84.19±2.70

	Bonte-Kpan Sed 2                         
	9.34±1.12
	15.62±2.08

	Bonte-Kpan Sed. Mean
	25.60±1.16
	[bookmark: _Hlk212710953]42.90±2.39

	Bon-Ngia Sed. 1
	3.98±2.25
	43.30±4.80

	Bon-Ngia  Sed. 2                            
	100.20±2.93
	201.00±6.50

	Bon-Ngia Sed. Mean
	52.10±2.59
	122.00±5.65

	Control Sed.*                                   
	1.95±1.10
	19.36±2.58




The results of the gross alpha activities in selected oil spill sites in Rivers State in all sediment samples selected show a corresponding increase in gross beta activities as shown in table 2.
The mean gross alpha and beta activities in sediments around the oil spill sites of Rivers States were lower than those of selected oil and gas fields [15] around Ogba/Ndoni, Rivers State (203.66 ± 6.0 Bq/kg and 7485.92 ± 165.0 Bq/kg). The results in the present study were lower than those reported [16] by Kam and other authors for natural gross alpha and gross beta activity concentrations in the drilling cores in Holocene sediments of the Gulf of Izmir (Eastern Aegean Sea, Turkey) which range from 537 ± 77 to 1800 ± 207 Bq/kg and 993± 60 to 1842± 102 Bq/kg, respectively.


Fig. 4. Comparison of gross alpha activity concentration in sediment samples with the control sample in oil spill site in Rivers State

Fig. 5. Comparison of gross beta activity concentration in sediment samples with the control sample in oil spill site in Rivers State

The results of control sediment sample are 1.95±1.10 and 19.36±2.58 Bq/kg for gross alpha and beta activities, and the result is lower than the gross alpha and beta activities in all the sediment samples from the oil spill study areas as shown in (Figure 4 and Figure 5) respectively. The differences could be from oil exploration activities in these areas and the content of mineral substances. 
3.1.1.2 Correlations of gross alpha and beta activities in samples
The interdependency or direct relationship in the samples were investigated through correlations made among the variables (gross alpha and gross beta) as presented in Figures 6-7. 


[bookmark: _Hlk212713855]Fig. 6. Correlation between gross alpha and beta activities in soil samples of the study areas



Fig. 7. Correlation between gross alpha and beta activities in sediment samples of the study areas

[bookmark: _Hlk212796378][bookmark: _Hlk212796736]Figure 6 displays the linear correlation between gross alpha and beta activities (Bq/kg) in soil samples of the study areas. The plot indicates a clear positive trend which implies the gross alpha activity increases as the gross beta activity increases. With a coefficient of determination (R2) of 0.65, changes in gross alpha activity constitute around 65% of the variance in gross beta activity. This suggests that the two variables have a strong positive linear connection (r ≈ 0.81), revealing that similar radiological or geochemical elements in the polluted soils influence them. The positive correlation might indicate that oil contamination causes the mobilization or concentration of both alpha- and beta-emitting radionuclides. The retention and spread of radionuclides may be impacted by changes in soil physicochemical characteristics brought about by oil spills, including pH, organic matter concentration, and redox conditions. Alpha- and beta-emitting radioactive sources or movement patterns in these soils are probably interrelated based on the observed relationships. Gross alpha and gross beta activities in oil-impacted soils have a strong positive correlation (R2 = 0.65), indicating that similar environmental processes or contamination sources are probably responsible for both forms of radioactivity. This association reveals information on the radiological impact and migration patterns of radionuclides in environments contaminated by oil.
According to the scatter plot of gross alpha and gross beta activities in sediment samples from oil spill sites which clearly displays a positive linear relationship, revealing that in the sediment samples higher gross alpha levels are typically associated to higher gross beta levels. The coefficient of determination (R2 = 0.54) indicates a moderate to strong association between the two measures, with changes in gross alpha activity accounting for approximately 54% of the variance in gross beta activity. With only a few samples displaying elevated values, Figure 7, the majority of the data points are clustered at the lower left section of the figure, suggesting that both alpha and beta activity are typically low across the studied sediments. Given the oil contamination and related changes in sediment composition, this pattern points to a common source or comparable geochemical behavior of alpha- and beta-emitting radionuclides in the sediment matrix.

4. Conclusion

The comparativeness of gross alpha and beta activity concentrations in soil and sediment samples from various oil spill locations have been assessed. The results obtained in the oil spill zones were greater than the results of control samples of gross alpha and beta activity, indicating some degree of disturbance at the oil spill zones. Soil and sediment samples from the oil spill sites may not be harmful to local residents or the general public in and around the area, even though there is little to no radioactive contamination of the soil and sediment as a result of the oil leak being released into the air or deposited on the ground.
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Alpha Concentration (Bq/Kg)	Te-oo-goo	Nupene 	Bon-Ngia 	Bolte-Kpan	78.069999999999993	49.47	49.55	54.879999999999995	Control Soil                                    	Te-oo-goo	Nupene 	Bon-Ngia 	Bolte-Kpan	14.09	14.09	14.09	14.09	Sample areas

Gross alpha concentration in soil samples (Bq/kg)



 Beta Concentration (Bq/kg)  	Te-oo-goo	Nupene	Bon-Ngia 	Bolte-Kpan	156.6	12.96	26.82	70.23	Control Soil (Bq/Kg)                                	Te-oo-goo	Nupene	Bon-Ngia 	Bolte-Kpan	11.3	11.3	11.3	11.3	Sample areas

Gross beta concentration in soil samples (Bq/kg)



Alpha Concentration (Bq/Kg)	NUPENE	TE-OO-GOO	BOLTE-KPAN	BON-NGIA	14.84	15.357000000000006	25.648999999999987	52.091000000000001	Control Sed (Bq/Kg)                                  	NUPENE	TE-OO-GOO	BOLTE-KPAN	BON-NGIA	1.9530000000000001	1.9530000000000001	1.9530000000000001	1.9530000000000001	Sample areas

Gross alpha concentration in sediment samples (Bq/kg)



Beta Concentration (Bq/Kg)	NUPENE	TE-OO-GOO	BOLTE-KPAN	BON-NGIA	128.64499999999998	25.564999999999987	42.876000000000005	122.14999999999999	Control Sed (Bq/Kg)                                 	NUPENE	TE-OO-GOO	BOLTE-KPAN	BON-NGIA	1.9359999999999982	1.9359999999999982	1.9359999999999982	1.9359999999999982	Sample areas

Gross beta concentration in sediment samples (Bq/kg)




78.069999999999993	49.47	49.55	54.88	14.09	156.6	12.96	26.82	70.23	11.31	Gross beta activity concentration (Bq/kg)


Gross alpha activity concentration (Bq/kg)




18.52	11.16	24.36	6.35	41.96	9.34	3.98	100.2	1.95	98.69	158.6	37.840000000000003	13.29	84.19	15.62	43.3	201	19.36	Gross beta activity concentration (Bq/kg)


Gross alpha activity concentration (Bq/kg)
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