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Excess Lifetime Cancer Risk Assessment from Ionising Radiation Around Omoku and Obrikom, River State, Nigeria 
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ABSTRACT 

	The excess lifetime cancer risks (ECLR) describe the potential carcinogenic effects, calculated based on the probability of cancer-induced incidence in a population. This is a result of exposure to radiation or the intake of harmful chemical substances for a lifetime. This study assessed excess lifetime cancer risk from ionising radiation around Omoku and Obrikom, River State, Nigeria. Excess lifetime cancer risk for Obrikom and Omoku communities has been computed from Background ionising radiation using GQ GMC 300E Plus. The background ionising radiation levels obtained from Obrikom community vary from 0.01 to 0.014mR/hr with an overall average of 0.108±0.0014mR/hr. Also, the background ionising radiation from Omoku community varies from 0.006 to 0.013 mR/h with an overall average of 0.0099±0.0023mR/hr. The annual effective dose rate varies from 0.11 to 0.19mSv/y with an overall average of 0.145±0.0272. Also, from Omoku community's values range from 0.08 to 0.17mSv/y, with an overall average of 0.131±0.03 are lower than the recommended safe limits by (ICRP, 2000). The Average background ionising radiation varied from 0.009 to 0.013mR/hr with a mean value of 0.0107±0.00142mR/hr and 0.007 to 0.013mR/hr with a mean value of 0.0107±0.00617mR/hr within Rukpokwu and Aluu sample locations, respectively. The annual effective dose rate (AEDR) for the sample sites varied from 0.12 to 0.17 mSv/yr and 0.09 to 0.18 mSv/yr, with mean values of 0.140±0.06 mSv/yr and 0.142±0.08 mSv/yr for both Rukpokwu and Aluu sample locations. Also, the Annual absorbed dose from Obrikom community varies from 78.3nGy/hr to 121.8nGy/hr with an overall average of 93.96±16.81nGy/hr. For the Omoku community, the average annual absorbed dose varied from 52.2nGy/hr to 113.1nGy/hr with an overall average of 86.13[image: ]6.54nGy/hr.  The Excess lifetime cancer risk from the Obrikom community varies from 0.37 to 0.65x10-3 with an overall average of 0.50±0.089. The Excess lifetime cancer risk for the Omoku community varied from 0.28 to 0.61x10-3 with an overall average of 0.46±0.04x10-3. These values are higher than the recommended safe limits by (ICRP, 2000). These results indicate that people within these locations may be exposed to Cancer due to background ionising radiation. However, there is presently no indication of people suffering from Cancer among the populace of the sample locations. 
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1.0 INTRODUCTION 

Background ionising radiation can be described as the naturally occurring radiation in an environment which is capable of ionising any living cell it may come in contact with on its path. People face the hazard of exposure to varying degrees of ionising radiation from various sources, which may be rocks, soil, terrestrial bodies or radioactive materials (Ononugbo and Komolafe, 2016). “Humans are unavoidably exposed to background ionising radiation from both natural and man-made sources” (UNSCEAR,2000). It is estimated that “natural radionuclides of terrestrial and cosmogenic sources account for about 85% of a person’s annual total radiation dosage” (UNSCEAR,2000; Bbelivernmis,2010). “The current recommendations of the ICRP consider radiation-related stochastic effects to be cancer in the exposed individual and hereditary disease in the subsequently conceived offspring (and their descendants) of the exposed individual” (Wakeford & Hauptmann, 2022). All life on earth, be it humans, animals or plants, is subjected to radiation exposure as a result of the presence of both natural and man-made radiation sources. (Essen, et al., 2017). Ionising radiation, even at low dosages, can induce carcinogenic effects and genetic disorders. Due to the probabilistic and presumptive nature that any exposure to ionising radiation may have some hazardous health impact, these effects are known as stochastic effects (UNSCEAR, 2000). Despite its carcinogenic effects on humans, ionising radiation has some good applications (Wain, 2024). They are used in medicine for diagnostic purposes, in industries and in agriculture and in laboratories for research (Orlunta A. N. and Sokari, S.A., 2023).   Some of these radiations may be man-made, such as medical imaging, X-ray diagnostic centres, radiotherapy equipment, security screening equipment and smoke detectors (Ononugbo and Komolafe, 2016). Others are naturally occurring and are described as Background Ionising Radiation (BIR) (Olagbaju et al, 2021). The naturally occurring radiations can be detected in various geological formations such as soils, rocks, plants, water and air (Taskin et al, 2009). “The greater amount of natural background radiation is mainly from rock disintegration through a natural process. They are transported to the soil by run-off from the rain” (Taskin et al, 2009), making soil radioactivity one of the main determinants of natural background radiation. Some activities, such as mining, milling, and dredging, greatly increase the background ionising radiation in our environment (Ononugbo and Komolafe, 2016). “It is essential to comprehend the effects of radon and its by-products on health. The natural ambient radiation level that originates from the ground, air, water, food, or building materials can be used to calculate the dosage limits of public exposure” (Abdulkareem et al., 2024).  
“The Niger Delta region of Nigeria is a focal point globally because of its abundant oil and gas resources. Issues of environmental degradation and pollution through oil spillage, gas flaring, oil exploration, prospecting and exploitation, along with auxiliary technological and industrial activities, are of concern in the region” (Chukwuocha and Enyinna 2016). “The River State region of Nigeria also has similar issues because of its oil and gas reserves. Risk of exposure to radiation from radioactive substances is sometimes ignored with attendant grave health consequences, as some associate such risks only with atomic bombs and nuclear power plants. But as it has now been proved, man in his everyday experience is immersed in dangerous ionising radiation occurring naturally in the everyday human environment. A contribution to this is radiation originating from sources beyond the Earth's atmosphere and known as cosmic radiation. Cosmic radiation consists of gamma rays and such particles as ionised nuclei and high-energy protons” (Oyeyinka et al., 2018).
Oil exploration and production activities in Obrikom community, ONELGA, River State, Nigeria, has raised concerns about environmental pollution and radiation exposure risks to nearby communities and residents living in Obrikom. Obrikom communities have experienced oil spillage and other environmental pollution issues, which may have impacted BIR levels around Obrikom and Omoku communities.
1.1 Area of the Study
This study was carried out within Obrikom and Omoku oil and gas plants in Onelga Rivers state, Nigeria. Omoku is a town in Rivers State, Nigeria, with a population of about 32,000 and covers a total land mass of about 52 square kilometres. It is located in the Northern part of the state, near the boundary with Delta State and Imo State, with its geographical coordinates, latitude 5o 20’ 37.97’’N and longitude 6o 39’ 24.62’’E.  Also, Obrikom community has a population of about 100,000 people, which shares boundaries with several towns and communities such as Ebocha to the southwest, Omoku to the southeast, Okwuzi situated to the west and Aggah to the east, with its geographical coordinates, on latitude 5.3525oN and longitude 6.6463o. The area is home to oil and gas production, which significantly influences its economy and population dynamics. 
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Figure 1: Map of the Study Area Showing Rukpokwu and Aluu Community respectively

2.0 materials and methods 

(1) A radiation alert monitor 300 model was used to measure the Background ionizing radiation (BIR) at the selected sample location.
(2)A Global Positioning System was used to record the geographical coordinates of the selected sample location.
(3) A Measuring Tape was used for the measurement of the distances between one sample point and the other.
2.1 Methods of Analysis
The radiation level measurement was carried out at 20 sampling points in Obrikom community and Omoku community, respectively. During the measurements, the radiation alert monitor 300 GMC Giger Muller Counter, a handheld meter, was raised to about 50cm above the ground level during the field measurement. The maximum value of a sound level displayed by the meter was always recorded. At each sample point, a total of three measurements were taken 2.0 m apart with their corresponding geographical coordinates, and the average values were recorded.
2.2 Health Effect Parameters
2.2.1 Computed Annual Absorbed Dose from Ionising Radiation Concentration
“Absorbed dose is a term used to describe the potential biochemical changes in specific tissues in the human body. In other words, absorbed dose rate due to radiation is the magnitude of energy delivered in a tissue from exposure to ionising radiation within a specified period. The absorbed dose rate describes the intensity of energy delivered to a specific organ in the human body within a specific time” (ICRP, 1993). “The annual absorbed dose rate received by a population is calculated based on the indoor occupancy factor, used in calculating the annual absorbed dose rate due to radon”, based on the report of (UNSCEAR, 2000; ICRP, 1993) is given as                    
                                                                                         
                        Mean value =	………………………………………… (2.1)
	                                      
Where n= Numbers of Readings 
           xi= Total number of readings (average)

2.2.2 Computed Annual Effective Dose Rate from Ionising Radiation Concentration
In general terms, the effective dose equivalent measures the probable biochemical changes in specific tissues in the body. It is calculated in mSvy-1. This value is dependent on three factors, which are:
a) The absorbed dose to all organs in the body.
b) The relative damage due to the level of radiation.
c) The sensitivities of individual organs to radiation.
The annual effective dose rate (AEDR) is calculated by applying a tissue and radiation weighting factor (ICRP, 1991). The equation is given by,               
                      AEDE (mSvy-1)= DRn. WR. WT.......................................................................................(2.2)
Where,
           WR= Radiation Weighting Factor for Alpha Particles (20)
           WT= Tissue Weighting Factor for the Lung (0.12)

2.2.3 Computed Excess Life Cancer Risk from Ionising Radiation Concentration. 
[bookmark: _GoBack]The excess life cancer risks (ECLR) describes the potential Carcinogenic effects, calculated based on the probability of cancer-induced incidence in a population. This is a result of exposure to radiation or the intake of harmful chemical substances for a lifetime. In other words, the ELCR indicates the chances of contracting a cancer from the exposure from radiation or toxic chemical substances for a specific lifetime. According to (ICRP) the excess lifetime is calculated from the equation
ECLR= AEDE× (DL) × (RF).........................................................(3.3)
Where,
DL = Average Duration of Life (70 years)
RF = Risk Factor 0.05×10-5

2.2.4   Statistical Analysis
The data were analysed with MS-Word, 2019, for plotting of bar charts, SPSS-20, for computing mean and standard deviation, and Surfer-21 for plotting of contour maps.

3.0 results and discussion

Tables 1 and 3 show the geographical coordinates of the sample locations with their corresponding background ionising radiation levels for each sample location in Obrikom and Omoku. Tables 2 and 4 are the result of the average background ionising radiation levels and their computed health effect parameters in Obrikom and Omoku communities. Figures 2 and 4 are the contour maps of Obrikom and Omoku communities. Figures 3 and 5 are the surface maps of Obrikom and Omoku communities. Figures 5, 6, 7, 8 and 9 are the statistical analysis of background ionising radiation and the health risk parameters of Obrikom and Omoku communities, respectively. 
The Average background ionising radiation varied from 0.009 to 0.013mR/hr with a mean value of 0.0107±0.00142mR/hr and 0.007 to 0.013mR/hr with a mean value of 0.0107±0.00617mR/hr within Rukpokwu and Aluu sample locations, respectively. These values are lower than the safe limit by (ICRP, 2000), therefore people living around the sample population may not be exposed to the danger associated with the health effects due to ionising radiation. A previous work by Ononugbo and Oduware (2017) on the baseline study of the Terrestrial outdoor gamma dose rate of 10 selected markets in Port Harcourt ranged from 0.011 to 0.017 mR/hr. These values agree with the radiation levels obtained in this work.
 The Annual absorbed dose varied from 75.4 to 113 nGy/hr with a mean value of 91.64 nG/hr and 58.0 nGy/hr-116.0 nGy/hr and an overall average value of 92.51±4.99 nG/hr at both Rukpokwu and Aluu sample locations. These values are higher than the ICRP safe limit of 59.0 nG/hr (ICRP, 2000) and agree with Ahmet et al (2007) work on the measurement of outdoor gamma using a plastic scintillator, having a mean absorbed dose of 60.9 nG/hr.
[bookmark: _Hlk201007396]The annual effective dose rate (AEDR) for the sample sites varied from 0.12 to 0.17 mSv/yr and 0.09 to 0.18 mSv/yr, with mean values of 0.140±0.06 mSv/yr and 0.142±0.08 mSv/yr for both Rukpokwu and Aluu sample locations. These values are lower than the world average of 1.0 mSv/yr. The values obtained indicate that people within the population may not be exposed to the health effects due to ionising radiation. Similarly, the excess lifetime cancer risk for respective sample locations Rukpokwu and Aluu ranged from (0.40 to 0.61) x10-3 and (0.31 to 0.62) x10-3 with mean values of (0.19±0.062) x10-3 and (0.49±0.03) x10-3 having an overall average of 0.55±0.0×10-3. These values agree with those of (Hyacieth et al, 2022), and are all higher than the acceptable safe limits of 0.29×10ˉ³ by the ICRP 2000. 

The Excess lifetime cancer risk from background ionising radiation for Rukpokwu and Aluu communities has been computed using the relevant physics equations.  The computed average values are found to be slightly higher than the world average of 0.29×10-3. Also, other health effects parameters, such as the annual absorbed dose, annual effective dose rate, are found to be only slightly higher than the world averages of 59.0 nGy/hr and 1.0 mSv/yr, respectively. However, the measured background ionising radiation levels were found to be lower than the world average of 0.013 mR/hr. Although the residents of these environs may likely not face noticeable effects of the health hazards due to ionising radiation, as indicated by the results, sustained exposure to BIR heightens their vulnerability to induced cancer and other cell mutation-related infirmities. Therefore, due to the oil exploration activities of the sites, periodic assessments of BIR levels, further research and effective monitoring in these locations are advised.


	Table 1: Measurement of Radiation Ionisation Radiation level of Ten Locations in Obrikom Community

	S/N
	Geographical Coordinates
	1st
Rd
(mR/h)
	2nd
Rd
(mR/h)
	3rd
Rd
(mR/h)
	Average
Value
(mR/h)

	
	Latitude(N)
	Longitude (E)
	
	
	
	

	OBRI-1
	5°23’33.353”
	6°39’54.050”
	0.014
	0.018
	0.010
	0.014

	OBRI-2
	5°18’32.536”
	6°39’51.779”
	0.018
	0.012
	0.011
	0.014

	OBRI-3
	5°27’1.8400”
	6°41’42.212”
	0.009
	0.008
	0.008
	0.008

	OBRI-4
	5°27’9.5650”
	6°41’27.848”
	0.008
	0.014
	0.010
	0.011

	OBRI-5
	5°21’51.080”
	6°39’36.464”
	0.010
	0.008
	0.012
	0.010

	OBRI-6
	5°21’38.333”
	6°39’35.478”
	0.010
	0.006
	0.013
	0.010

	OBRI-7
	5°21’24.833”
	6°39’37.879”
	0.011
	0.014
	0.007
	0.011

	OBRI-8
	5°21’6.7070”
	6°39’27.288”
	0.007
	0.015
	0.010
	0.011

	OBRI-9
	5°20’53.416”
	6°39’15.872”
	0.010
	0.012
	0.007
	0.010

	OBRI-10
	5°20’41.539”
	6°39’15.926”
	0.012
	0.010
	0.006
	0.009

	Average 0.0108±0.0014
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Figure 2: Contour Map of Radiation Ionisation Radiation Level of Obrikom Community
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Figure 3: Surface Map of Radiation Ionisation Radiation Level of Obrikom Community
	Table 2: Radiological Parameters of Obrikom Community

	S/N
CODE
	Average Radiation Level
(mR/h)
	Absorbed dose
(nGy/hr)
	AEDR
 (mSv/y)
	ELCR x 10¯³

	OBRI-1
	0.014
	121.8
	0.19
	0.65

	OBRI-2
	0.014
	121.8
	0.19
	0.65

	OBRI-3
	0.008
	69.6
	0.11
	0.37

	OBRI-4
	0.011
	95.7
	0.15
	0.51

	OBRI-5
	0.01
	87.0
	0.13
	0.47

	OBRI-6
	0.01
	87.0
	0.13
	0.47

	OBRI-7
	0.011
	95.7
	0.15
	0.51

	OBRI-8
	0.011
	95.7
	0.15
	0.51

	OBRI-9
	0.01
	87.0
	0.13
	0.47

	OBRI-10
	0.009
	78.3
	0.12
	0.42

	 Mean
	0.0108±0.0014
	93.96±16.81
	0.145±0.027
	0.50±0.089

	Acceptable limits
	0.013
	89.0
	1.0
	0.29




	Table 3: Measurement of Radiation Ionisation Radiation level of Ten Locations in Omoku Community 

	S/N
	GeographicalCoordinates
	1st
Rd
(mR/h)
	2nd
Rd
(mR/h)
	3rd
Rd
(mR/h)
	Average
Value
(mR/h)

	
	Latitude(N)
	Longitude (E)
	
	
	
	

	OMOK-1
	5°20’41.539”
	6°39’15.926”
	0.01
	0.013
	0.013
	0.012

	OMOK-2
	5°20’26.909”
	6°39’26.010”
	0.015
	0.007
	0.014
	0.012

	OMOK-3
	5°20’21.120”
	6°39’20.891”
	0.009
	0.012
	0.008
	0.010

	OMOK-4
	5°20’25.130”
	6°39’15.390”
	0.008
	0.012
	0.011
	0.010

	OMOK-5
	5°20’6.5980”
	6°38’26.250”
	0.01
	0.013
	0.009
	0.011

	OMOK-6
	5°20’5.0060”
	6°38’22.042”
	0.011
	0.007
	0.009
	0.009

	OMOK-7
	5°19’58.656”
	6°38’32.341”
	0.012
	0.015
	0.013
	0.013

	OMOK-8
	5°20’10.597”
	6°38’25.069”
	0.013
	0.008
	0.009
	0.010

	OMOK-9
	5°20’9.1180”
	6°38’12.444”
	0.006
	0.005
	0.006
	0.006

	OMOK-10
	5°20’54.686”
	6°39’29.275”
	0.008
	0.011
	0.007
	0.006

	Average        0.0107 ± 0.0142
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Figure 4: Contour map of Background ionization Radiation Level of Omoku Community
[image: ]
	Table 5: Radiological Parameters of Omoku Community 

	S/N
CODE
	Average Radiation Level
(mR/h)
	Absorbed dose
(nGy/hr)
	AEDR
 (mSv/y)
	ELCR x 10¯³

	OMOK-1
	0.012
	104.4
	0.16
	0.56

	OMOK-2
	0.012
	104.4
	0.16
	0.56

	OMOK-3
	0.010
	87.0
	0.13
	0.47

	OMOK-4
	0.010
	87.0
	0.13
	0.47

	OMOK-5
	0.011
	95.7
	0.15
	0.51

	OMOK-6
	0.009
	78.3
	0.12
	0.42

	OMOK-7
	0.013
	113.1
	0.17
	0.61

	OMOK-8
	0.010
	87.0
	0.13
	0.47

	OMOK-9
	0.006
	52.2
	0.08
	0.28

	OMOK-10
	0.006
	52.2
	0.08
	0.28

	 Mean
	0.0099±0.0023
	86.13±6.54
	0.131±0.03
	0.46±0.04

	Acceptable limits
	0.013
	89.0
	1.0
	0.29


Figure 5: Surface Map of Radiation Ionization Radiation Level of Omoku Community

	Table 4: Average Background Ionizing and Radiological Parameters of Obrikom and Omoku communities.

	[bookmark: _Hlk148220983]Location
	Average Radiation level 
(mR/h)
	Absorbed dose
(nGy/hr)
	AEDR
 (mSv/y)
	ELCR x 10¯³

	OBRI
	0.0108
	93.96
	0.145
	0.50

	OMOK
	0.0099
	86.13
	0.131
	0.46

	Mean
	0.0104±0.0006
	90.04±5.53
	0.138±0.01
	0.48±0.03

	Acceptable limit
	0.013
	89.0
	1.0
	0.29
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Figure 6: Comparison of the Background Ionisation Radiation Level of Obrikom and Omoku communities with the world average. (UNSCEAR, 2000)




















Figure 7: Comparison of the Absorbed Dose of Obrikom and Omoku communities with the world average. (UNSCEAR, 2000)
















Figure 8: Comparison of Annual Effective Dose of Obrikom and Omoku community with the world average. (ICRP, 2000)




















Figure 9: Comparison of ELCR of Obrikom and Omoku community with the world average value. (UNSCEAR, 2000)

The measured average background ionizing radiation in Obrikom varied from 0.01mR/hr to 0.014mR/hr with an overall average of 0.108[image: ]0.0014mR/hr and ranged from 0.006mR/hr to 0.013 mR/hr with an overall average of 0.0099[image: ]0.0023 mR/h These values obtained within the two locations were found to be higher than the acceptable limits of 0.013mR/hr by Internationally Commission on Radiological Protection (ICRP, 2000). These higher radiation levels in the sample locations could be attributed to the fact that within the Gas plant, there could be radiation sources associated with the exploitation of the gas resources. Also, in an earlier work carried out by Uzo A. (2024), the measured average background ionising radiation varied from 0.011mR/h to 0.015mR/h. These values are slightly higher than the measured values in this work and are also higher than the safe limits by the international Commission on Radiological Protection (ICRP, 2000). This result indicates that the people living within the location may be exposed to the effects of ionising radiation. However, there is presently no indication of any health hazard associated with the effects of ionising radiation. It is therefore advised that a routine monitoring of the research location be carried out.
The calculated Annual absorbed dose in Obrikom ranged from 78.3 nGy/hr to 121.8 nGy/hr with an overall average of 93.96[image: ]16.81nGy/hr. While the annual absorbed dose in the Omoku sample location ranges from 52.2nGy/hr to 113.1nGy/hr, with an overall average 86.13[image: ]6.54nGy/hr. These values of Annual absorbed dose within the two locations are slightly higher than the safe limits of 89.0 nG/hr by the International Commission on Radiological Protection (ICRP, 2000). In an earlier work carried out by Gbowee C. and Onougbo C. P. (2023), the calculated average annual absorbed dose was 185.39 nGy/hr. This value was higher than the measured values in this work and is also higher than the safe limit by the International Commission on Radiological Protection (ICRP, 2000). These results indicate that the people working around the sample locations may be exposed to a higher absorbed dose from background ionising radiation due to prolonged activities at the Gas plant.
The computed annual effective dose rate for Obrikom ranged from 0.1mSv/yr to 0.19mSv/y with an overall average of 0.145[image: ]0.0272. Also, the computed annual effective dose rate Omoku sample location ranged from 0.08 mSv/yr to 0.17mSv/y with an overall average of 0.131[image: ]0.03 mSv/yr. These values obtained for annual effective dose rate are all lower than the safe limits by the International Commission on Radiological Protection (ICRP 2000). In an earlier work carried out by Hyacieth C. et al (2022), the calculated average annual effective dose rate obtained was 0.8060[image: ]0.56mSv/y. These values are found to be lower than the computed values in this work and are also lower than the safe limit of 1.0 mSv/yr by the International Commission on Radiological Protection (ICRP 2000).
The calculated Excess lifetime cancer risk for Obrikom ranged from 0.37x10-3 to 0.65x10-3 with an overall average of (0.50[image: ]0.089) x10-3. While the calculated excess lifetime cancer risk for the Omoku sample location varied from 0.28x10-3 to 0.61x10-3 with an overall average of (0.46[image: ]0.04) x10-3. The obtained values for both Obrikom and Omoku sample locations are all higher than the safe limits of 0.029×10-3 by the International Commission on Radiological Protection (ICRP 2000). An earlier work was carried out by Antonella M. and Christopher L. (2021), the calculated Excess lifetime cancer risk ranged from 1.01x10-3 to 1.10x10-3. These values are higher than the values in this work and are also higher than the safe limit by the International Commission on Radiological Protection (ICRP, 2000). The results indicate that the people living within the locations may be at risk due to exposure to ionising radiation. However, there is presently no indication health hazard due to exposure to ionising radiation. However, a routine monitoring of the locations may be carried out.  
5.0 Conclusion
The Excess lifetime cancer risk from background ionising radiation around the oil wells and gas plants for both Obrikom and Omoku sample locations has been computed. The results obtained indicate that the measured average radiation levels were higher than the world average of 0.013 mR/hr. Also, the computed average Excess lifetime cancer risk was higher than the world average of 0.029×10-3. These results indicate that the people living and working within the sample locations may be exposed to the health hazards due to ionising radiation.   
Recommendation

Based on this study, the following recommendations were made:
(1) Regular monitoring of the areas should be carried out to know the ionising radiation levels within the area.
(2) People working and living around the sample locations should be properly educated to know the health effects of ionising radiation.
(3) A post-environmental impact assessment of the sample area should be conducted to suggest some mitigating measures.
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Exposure Rate	OBRI	OMOK	1.0800000000000001E-2	9.9000000000000008E-3	UNSCEAR Standard	OBRI	OMOK	1.3299999999999999E-2	1.3299999999999999E-2	



Absorbed Dose	OBRI	OMOK	93.96	86.13	UNSCEAR Standard	OBRI	OMOK	89	89	



AEDR	OBRI	OMOK	0.14499999999999999	0.13100000000000001	ICRP Standard	OBRI	OMOK	1	1	



ELCR	OBRI	OMOK	0.5	0.46	World Average	OBRI	OMOK	0.28999999999999998	0.28999999999999998	
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