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ABSTRACT 

The background Ionizing Radiation levels measurements were carried out using Digilert 200 and 

Inspector 1000 monitoring instruments  that was well calibrated as well as Geological Positioning 

System (Garmin GPS MAP 76S) across the entire study areas of selected Nembe Oil and Gas fields and 

the host communities of Bayelsa State, Nigeria. The mean values of the exposure rate of selected Oil 

and Gas fields and the host Communities range from 0.025±0.002mRh-1 to 0.026±0.003mRh-1 across 

the entire study Area. The mean exposure rate of Nembe Oil and Gas fields and their host communities 

were higher than the recommended safe value of 0.013 mRh-1.The estimated mean values of radiation 

absorbed dose rates are 225.8 nGyh-1 and 217.5 nGyh-1 for all fields and host communities respectively. 

The results shows that the absorbed dose rates in all locations are higher than recommended world 

permissible average value of 89.0 nGyh-1. The estimated mean values of AEDE were 0.35 mSvy-1 and 

0.33 mSvy-1 which are lower than the global world average of 1.0mSvy-1 for outdoor environment and 

may not cause any immediate radiation effects. The contour map showed a r e a s  o f  high radiation 

level that are sparsely distributed. 

Keywords: Nembe, Radiation, Digilert-200, Absorbed dose, AEDE oil and gas fields, Communities 

 
1. INTRODUCTION 

Radiation plays a vital role in our everyday lives and the earth‘s environment contains Natural Occurring 

Radioactive Materials (NORMs) which are widely spread and exist in different geological formations 

such as water, rocks, and air. The Environment in which we live contains building, food, grasses and 

phantoms of elements around us that are radioactive as radionuclides. Interestingly, while in their natural 

state, they can be regarded as radioactive although they are considered as background level, they remain 

harmless to humans and living things until there is an environmental effect resulting from the cause of 

man-made activities involving radionuclides. (Avwiri et al. 2007) 

The distribution of radiation sources around the world and doses to the public has been presented by 

United Nations Scientific Committee on the Effect of Atomic Radiation (UNSCEAR, 2000). All humans 

are constantly exposed to a significant fraction of natural background radiation. The inheritance of 

radiological consequence posed by the Oil and Gas exploration, exploitation, mining and processing of 

petroleum activities across the Niger-Delta region of Nigeria has been quite heavy for the past forty (40) 

years. (Ononugbo et al. 2011) 

The natural ionizing radiation exposure to humans has been altered by oil and gas activities which 

includes exploitation, exploration and drilling operations that releases radionuclide brought to the surface 

environment, phosphate fertilizer processing, fossil fuel combustion, thereby enhancing natural radiation 

International Journal of Innovative Environmental Studies Research 9(2):33-43, April-June, 2021         

 © SEAHI PUBLICATIONS, 2021    www.seahipaj.org                 ISSN: 2354-2918 

mailto:bennimifa@yahoo.com1
mailto:gregory.avwiri@uniport.edu.ng2
mailto:onochinyere@yahoo.co.uk3
http://www.seahipaj.org/


34 

 

exposures to workers and members of the public. The workers which are likely to be exposed include 

onshore and offshore oil field workers in Niger Delta region and other workers involved in mineral 

processing in underground mining areas (Agbalagba et al. 2010). The impact of radiation may be 

insignificant in a situation where radiation dose or dose rate are within acceptable limits. However, no one 

have completely understood the effects of low level radiation in an environment (ICRP 1990). The 

ALARA (As Low as Reasonable Achievable) principle is used to guide in the practice of radiation 

protection so that humans are not overexpose to ionizing radiation beyond the limit set. (Ramli et al. 

2014). 

Oil and gas industry in the Niger Delta region of Nigeria is a multi-disciplinary industry that involves 

various sectors such as production, marketing, downstream, exploration, drilling, construction and 

upstream etc. Most of these sectors widely used ionizing radiation sources and radiation generating 

equipment. The application where radioactive materials or sources are used in oil and gas industries both 

onshore and offshore environment includes well logging, non-destructive testing (NDT) in industrial 

radiography, use of radiotracers, extraction of other natural hydrocarbon, mapping and evaluation of 

geological formations. Nuclear well logging tools measure the interactions between radiation emitted 

from logging tools and the formation, as well as naturally occurring radiation (Arogunjo et al. 2004). 

Several studies have shown that assessment of ionizing radiation can results in deterministic or stochastic 

health effect such as cancer , eye cataracts, mental imbalance in children of mothers exposed to radiations 

during pregnancy period and genetic disorder. Oil and Gas workers may suffer direct exposure to 

radioactive dust inhalation and gamma radiation. The workers may inhale radon gas which can increase 

the risk of lung cancer (Agbalagba et al. 2016)  

Ovuomarie-kevin et al. 2018) studied the terrestrial radiation levels around oil spill sites in Rivers and 

Bayelsa, Niger-Delta region of Nigeria and reported an average value range of 12.00±0.10 to 22.00± 2.10 

µRh-1 in the oil field and 9.00±1.00 to 11.00±0.50 µRh-1 in the surrounding communities. It was 

concluded that BIR levels in the area exceeded normal background levels compared to world standard. 

Also Ebong and Alagoa (1992) carry out studies on the background radiation pattern of the Pre- and Post 

– Industrial pattern of a fertilizer plant and reported an increase in the background radiation. Akpabio et 

al. (2005) studied the terrestrial radiation levels in Ikot-Ekpene, south Nigeria, and reported that the 

radioactivity levels in the area are generally low. Further study on the impact of oil and gas exploitation 

on the environmental radioactivity levels of Ogba/ Eegbema/Ndoni area of Nigeria, also revealed a mean 

site radiation level range of 0.014±0.001 to 0.018±0.001 mRh-1 while the mean host community radiation 

levels range from 0.014 ±0.001 to 0.017±0.001 mRh-1. The result showed that 71.7% of the sampling 

point exceeded the normal background radiation levels of 0.013 mRh-1 (Ononugbo et al. 2011). Osimobi 

et al. (2015) carry out monitoring of background ionizing radiation level in some solid mineral mining 

sites in Enugu state, Nigeria, and reported a 38.5 % elevation above the normal background ionizing 

radiation level.  

In another study carry out on the terrestrial radiation around oil and gas facilities in Ughelli region of 

Nigeria, Avwiri et al. (2007) reported average exposure value ranging from 12.00 ± 0.1 μRh−1 (5.33 ± 

0.35 μSv/wk) to 22.00 ± 2.1μRh−1 (9.79 ± 0.16 μSv/wk) in the oil field and 09.00 ± 1.0 to 11.00 ± 0.5 

μRh−1 in the host communities, which is an indication of elevation above the normal background radiation 

level compared to world standard. This work shall carryout the evaluation of Background ionizing 

radiation levels in the environment of Nembe clusters oil and gas areas , estimate the absorbed dose rate 

to the workers and those living around the study area (host communities), and annual effective dose 

equivalent (AEDE). 

 

2. MATERIALS AND METHODS 

2.1 Study area 

Nembe is one of the eight Local Government Areas of Bayelsa State in the Niger Delta region. Nembe 

lies between latitudes 4 degree 32 minutes 22 seconds N and 6 degree 24 minutes 59 seconds. The study 

areas covers some selected sites in Nembe and its environment with massive mining /exploration of Oil 
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and Gas installations such as the Oil and Gas flow-stations and numerous Oil wells. Exploration and 

exploitation of oil and gas in Nembe environment of Niger Delta region of Nigeria has being quite heavy 

since oil was first struck in commercial quantities in 1956 at Oloibiri, Bayelsa State. When seismic 

surveys and exploration /drilling activities started in Nembe environment, the use of harmful materials 

like dynamites, radioactive sources, devices that emits ionizing radiation and explosive have cause and 

altered the people’s livelihood and contribute to disrupt the natural balance of the regions earth crust 

(Awosika 2008). The impact of oil and gas exploration have dire consequence on the rural development 

which has triggered a chain of event that led to both political and economic marginalization of Nembe 

people of the region. There are four (4) flow-stations namely Nembe Creek 1 flow-station (NC1FS), 

Nembe Creek 2 flow-station (NC2FS), Nembe Creek 3 flow-station (NC3FS) and Nembe Creek 4 flow-

station (NC4FS) and about two hundred and fifty (250) oil wells scattered and spread across the area with 

networks of pipelines connected to each of the flow-stations. Almost about fifty (50) years of oil and gas 

production in the region which has contributed hundreds of billions of dollars as revenue to Nigerian 

economy, the people have remain in abject poverty without basic amenities such as water, electricity and 

employment opportunities from the oil firms (kadafa, 2012). The gradual degradation of the environment 

is now become worrisome that most host communities or villages in Nembe region lives with gas stacks 

that flare gas twenty-four hours daily. This scenario have cause a lot of environmental effects  and health 

risks or hazard that are associated with oil and gas exploration and exploitation activity which lead to oil 

spillage, uncontrolled well blowout, pipeline rupture or storage tank failure and exposure to ionizing 

radiation (Okonta et al.2001. Fig.1 shows some selected sites in Nembe Oil and Gas fields and its 

surroundings communities 

 

Fig1. Map showing the study areas of Nembe oil and gas fields and communities 
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2.2 Materials  

Materials used are well calibrated survey meters (Digilert-200 and Inspector 1000 Nuclear Radiation 

Monitors) and the global positioning system (GPS). The Digilert-200 and Inspector 1000 ( S.E 

International Incorporated, Summer town, United states of America (USA)) are both functional Survey 

meters containing a Geiger Muller tube with capacity to detect alpha, Beta, Gamma and X-rays which 

was used within the temperature range of -10oC to 50oC to measure the field natural radiation level. 

Sampling points are determined in latitudes and longitudes with a Geo-reference device (Geographical 

Positioning Systems (GPS) [Garmin GPS MAP 76S] at different locations across the study areas for 

mapping.  In a Geiger Muller instruments, each time radiation passes through the tube, it generates a pulse 

current and causes ionization and each pulse is electronically detected and registered as a count. The 

National Institute of Radiation Protection and Research, University of Ibadan calibrated the two survey 

instruments using Cs-137 source of specific energy which was set to measured exposures in micro Sievert 

per hour (µSvhr-1) and milli Roentgen per hour (mRhr-1) (knoll,2010). A total of ten (10) communities 

statistically located were used for this study. Twenty-one (21) producing oil wells located within the area 

were studied. These oil wells belong to two major oil exploration company in the Niger Delta and are 

linked by networks of pipelines to the flow-stations.  

The commencement of background ionizing radiation measurement was taken between the interval hours 

of 1300 and 1600 hours each day, since the exposure rate meter has a maximum environmental response 

to radiation within these hours. Since the number of counts that will be detected by the Digilert-200 varies 

from minute to minute due to natural fluctuation of radioactivity. The measurement of radiation exposures 

were determined by using the radiological health parameters such as equivalent dose, absorbed dose rate, 

annual effective dose equivalent (AEDE) and excess lifetime cancer risk (ELCR). (Agbalagba et al. 

2012). 

3. Radiological Health Parameters 

3.1 Absorbed Dose Rate 

This can be defined as the energy imparted to matter (human body) from any type of radiation for a given 

period. The rates of exposure can be converted to absorbed dose rate by using the conversion factor as 

stated in equation 1 (Ademola, and Onyema, 2014) 

     (1) 

3.2 Annual Effect Dose Equivalent (AEDE) 

The measurement of radionuclides in the environment can be estimated by the average outdoor 

conversion coefficient from absorbed dose rate in the air to the average annual effective dose equivalent 

(AEDE) received by adult. The UNSCEAR 2000 and UNSCEAR 1993 established conversion factor 

values estimated to be 0.7SvGy-1 for gamma ray exposure in environment, the occupancy factor outdoor 

is about 0.25. The AEDE was calculated using equation 2 (Jibiri, 2001): 

 

AEDE (outdoor) (mSvy-1) =absorbed dose (nGyh-1) x 8760 x              (2) 
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4. RESULTS  

The results of the radiation exposure rates of Nembe Oil and Gas fields and the host communities are 

presented in Tables 1-2, Figures 2-4 show comparison of radiation exposure rate with ICRP, 2003 

Standard and Comparison of average absorbed dose rate with UNSCEAR 2000. 

 

Table 1. The Measured Background Ionizing Radiation of Nembe Oil and Gas fields 
 
Location   Geographical   Average Absorbed AEDE 

Position   Exposure dose rate (mSvy-1) 

S/n       (mRh-1) (nGyh-1) 

1 Well 16 

 

04o25916N 

06o19203E 

0.028±0.001 

 

243.6 

 

0.373 

 

2 Well 7 

 

04o25995N 

06o19145E 

0.022±0.004 

 

191.4 

 

0.293 

 

3 Well 27 

 

04o25948N 

06o18933E 

0.019±0.001 

 

165.3 

 

0.253 

 

4 Well 19 

 

04o26249N 

06o19041E 

0.039±0.005 

 

339.3  

 

0.520 

 

5 Well 13 

 

04o26360N 

06o19079E 

0.042±0.002 

 

365.4 

 

0.560 

 

6 Well 10 

 

04o26369N 

06o19182E 

0.024±0.002 

 

208.8 

 

0.320 

 

7 Well 12 

 

04o26319N 

06o18807E 

0.023±0.002 

 

200.1 

 

0.308 

 

8 Well 74/8 

 

04o26725N 

06o18893E 

0.029±0.005 

 

252.3 

 

0.387 

 

9 Well 5 

 

04o26754N 

06o19254E 

0.028±0.003 

 

243.6 

 

0.373 

 

10 Well 34 

 

04o26691N 

06o19679N 

0.015±0.001 

 

130.5 

 

0.200 

 

11 NC2FS 

 

04o27207N 

06o19388E 

0.026±0.002 

 

226.2 

 

0.347 

 

12 Well 64 

 

04o26672N 

06o20035E 

0.02±0.002 

 

174 

 

0.267 

 

13 Well 50 

 

04o27057N 

06o20017E 

0.028±0.002 

 

243.6 

 

0.373 

 

14 Well 20 

 

04o27106N 

06o19704E 

0.027±0.003 

 

234.9 

 

0.360 

 

15 W49/51/39 

 

04o26954N 

06o20582E 

0.029±0.005 

 

252.3 

 

0.387 

 

16 Well 61 

 

04o26871N 

06o21278E 

0.014±0.002 

 

121.8 

 

0.187 

 

17 Well 28 

 

04o26902N 

06o21020E 

0.023±0.005 

 

200.1 

 

0.307 

 

18 Well 41 

 

04o26792N 

06o21813E 

0.019±0.002 

 

165.3 

 

0.253 

 

19 NC4FS 

 

04o26418N 

06o21869E 

0.039±0.005 

 

339.3 

 

0.520 

 

20 Well 22 

 

04o26519N 

06o19660E 

0.025±0.003 

 

217.5 

 

0.333 

 

21 NC1FS 

 

04o26116N 

06o19320E 

0.023±0.002 

 

200.1 

 

0.307 

 

 
Mean  0.026±0.003 225.8 0.346 
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Table 2. The Measured Background Ionizing Radiation of Selected Nembe Oil and Gas Communities 

 
Nembe 

 

Geographical Average Absorbed AEDE   

S/n Communities Position Exposure dose rate (mSvy1)   

    
(mRh-1) (nGyh-1) 

 

  

 

1 N. Creek Village 

 

04o25927N 

06o19281E 

0.02±0.005 

 

174 

 

0.267 

 

2 Okokokiri 

 

04o34388N 

06o18772E 

0.035±0.002 

 

304.5 

 

0.467 

 

3 Edwinkiri 

 

04o31056N 

06o21046E 

0.017±0.001 

 

147.9 

 

147.9 

 

4 N.city water front 

 

04o31815N 

06o23807E 

0.02±0.002 

 

174 

 

0.267 

 

5 Etieama 

 

04o33693N 

06o22288E 

0.032±0.002 

 

278.4 

 

278.4 

 

6 Ekese-Tubo 

 

04o32952N 

06o23182E 

0.035±0.002 

 

304.5 

 

0.467 

 

7 N. City New LGA 

House  

04o32803N 

06o23781E 

0.033±0.002 

 

287.1 

 

0.440 

 

8 N. City Market Area 

 

04o31944N 

06o23474E 

0.024±0.002 

 

208.8 

 

0.320 

 

9 N. city center 

 

04o32326N 

06o23605E 

0.02±0.002 

 

174 

 

0.267 

 

10 N.city stadium 

 

04o31957N 

06o23823E 

0.014±0.002 

 

121.8 

 

0.187 

 

 Mean  0.025±0.002 217.5 0.333 
 

 

 

Fig 2. Comparison of measured BIR Levels of Nembe Oil and Gas fields with  ICRP Standard 

Esendu et al.…..  Int. J.  Innovative Environ. Studies Res. 9(2):33-43, 2021  



39 

 

 

Fig 3. Comparison of Measured BIR levels of Nembe Oil and Gas Communities with ICRP Standard 

 

 

Fig 4. Comparison of Average Absorbed Dose Rate of Nembe Oil and Gas fields / Host Communities with 

UNSCEAR, 2000. 
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4.2 DISCUSSIONS 

The results of the measured background ionizing radiation (BIR) exposure levels of the entire study areas 

of Nembe Oil and Gas Fields and the host communities were determined and the estimated radiation 

hazard indices were presented in tables 1 and 2. The average gamma radiation exposure levels ranges 

from 0.014 to 0.042mRh-1 for Nembe Oil and Gas fields and 0.014 to 0.035 mRh-1 for host Communities. 

The mean value of radiation exposure rate was highest at Nembe Oil and Gas fields areas (0.026±0.003) 

mRh-1 while the mean value obtained in host Communities areas was 0.025±0.002 mRh-1. The sample 

location points were the highest BIR exposure rate value 0.042mRh-1 was recorded at Well 13 while the 

lowest value 0.014mRh-1.was recorded at Well 61 in Nembe Oil and Gas fields. The high values of BIR 

obtained in the study areas can be attributed to the heavy exploration, crude oil spillages and drilling 

operational activities that took place in the area and TENORM effects due to radioactive contamination 

(Ononugbo, 2011). Figure 2-3 show the comparison of the measured BIR values of sample location with 

ICRP, 2003 standard which both show significant elevation of radiation exposure levels in the study area. 

The overall BIR exposure level measured revealed that the study area has been contaminated due to 

radiological impact associated with exploration/drilling activities, ill-maintained and pipeline sabotage 

(Elena, 2004). The results of BIR exposure rate values obtained in this studied area  is higher than the 

reported value in the oil and gas installations environment of the oil rich Niger delta region of Nigeria by 

(Arogunjo 2004; Agbalagba et al. 2009; Agbalagba and Meindinyo 2010). Also, the values obtained in 

this studied area is higher than exposure rate values 0.018 ± 0.004 mRh−1 obtained in the study of 

terrestrial Background Ionizing Radiation (BIR) levels of Bunker and Okpara mining site environment in 

Enugu state reported by (Agbalagba, 2016). 

The gamma radiation absorbed dose rates for the entire study area is presented in Table 1-2 above. The 

estimated radiation absorbed dose rates in Nembe Oil and Gas field’s ranges from 121.8 – 365.4 nGyh-

1with mean value of 225.8 nGyh-1. The estimated radiation absorbed dose rates in host Communities 

ranges from 121.8 – 304.5 nGyh-1 with mean value of 217.5 nGyh-1. The results shows that the absorbed 

dose rates in all locations of Oil and Gas fields and Host communities are higher than recommended 

world permissible average value of 89.0 nGyh-1 (Rafiqe, 2013). The absorbed dose rates obtained in the 

studied areas is higher than previously reported at Bayelsa Oil spill sites by (Ovuomarie-kevin, 2018). 

Also these values are higher than previous studies obtained in Warri by Agbalagba, 2017, in Jhelum 

valley (81.61 nGyh-1) for Muzaffarabad and 102.70 nGyh-1 for Poonch in turkey (Rafiqe, 2013).  The 

higher absorbed dose rates obtained could be due to accumulation of drilling radioactive waste materials 

(TENORM) as a result of Oil and Gas activities, exploration /drilling operations in the area and it is 

obvious that the entire study area are contaminated by radioactive materials (Kadafa, 2012). Fig 4. Show 

Comparison of average absorbed dose rate of Nembe Oil and Gas fields / host communities with 

UNSCEAR, 2000.  

The mean values of Annual Effective Dose Equivalent (AEDE) of the entire study areas of Oil and Gas 

fields and Host Communities ranges from 0.19 mSvy-1 to 0.56 mSvy-1 and 0.19 mSvy-1to 0.47 mSvy-1 

(Table 1-2). It was deduced that the mean values of AEDE appears to be 0.35 mSvy-1 and 0.33 mSvy-1 

which are higher than previously reported values of 0.19, 0.15 and 0.20 mSvy-1 (Agbalagba, 2017). Also 

these values were higher than the values obtained at Bayelsa State Oil spill areas by (Ovuomarie-kevin, 

2018) and (Eshiemomoh, 2021). However, the AEDE of the study areas of Oil and Gas fields and Host 

Communities are lower than the global world average of 1.0mSvy-1 for outdoor environment (Table 

1&2). The ICRP stated that the reference levels used is between 1mSvy-1and 20 mSvy-1in the area of 

radiation safety and optimization of protection to restrict individual exposure to radiation dose. This 

means that the mean AEDE of the entire study areas of Oil and Gas fields and the host Communities are 

lower than ICRP reference levels and may not cause acute radiation effects. The workers and members 

of the public might likely to have long term adverse health challenges due to accumulated effect (ICRP, 

2003). 
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The BIR levels of the entire study areas were plotted with environmental contouring software (Surfer-8) 

to show spatial distribution. The contour map show the concentration and clusters of Oil wells in the 

southern parts while the host communities are sparsely and densely distributed. 
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Fig 5. Shows the Contour Map of Oil and Gas fields and Communities 

 

5. CONCLUSION 

The background Ionizing Radiation levels measurements were carried out using two monitoring 

instruments  that was well calibrated and Geological Positioning System (Garmin GPS MAP 76S) 

across the entire study areas of Nembe Oil and Gas fields and the host communities. The following 

conclusions were deduce from the study: 

1) The study revealed that the radiation exposure rates across the Oil and Gas fields and host 

Communities shows high radiation levels compared to ICRP permissible limits of 0.013 mRh-1 

for normal background radiation. 
2) The results shows that the absorbed dose rates in all locations of Oil and Gas fields and Host 

communities are higher than recommended world permissible average value of 89.0 nGyh-1 

3) The estimated mean value of AEDE of the study areas of Oil and Gas fields and Host 

Communities are lower than the global world average of 1.0mSvy-1 for outdoor environment 

and similar to values recorded from other Oil and Gas environment. 
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