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Abstract: The major source of potable water 

in Damaturu is underground water especially 

boreholes and artesian wells which may 

contain radioactive substances. The presence 

of radioactivity in water may pose severe 

health risk to consumers. In light of this, the 

gross alpha and beta activity concentration of 

15 borehole water samples from Damaturu 

were analysed using the gasless channel 

MPC 2000B-DP proportional counter. The 

highest concentration of alpha activity was 

recorded for samples from Gwange with 

LmBq78.226.50  . This was also found to 

have the highest activity concentration 

LmBq26.587.79  for beta activity. The 

lowest alpha activity concentration was 

obtained in New Abbari with 

LmBq19.179.0  and the lowest beta activity 

concentration was obtained in Waziri 

Ibrahim LmBq05.324.10  . The mean alpha 

and beta activity concentrations in the study 

area are LmBq74.176.15  and 

LmBq09.411.35  , respectively. All the 

samples analysed are below the LBq5.0  and 

LBq0.1  screening level set by the WHO 

(2011)  for alpha and beta activity 

concentration, respectively. The annual 

gonadal equivalent dose (AGED) and 

committed effective dose (CED) were 

calculated for the samples and it was found 

that all the samples were within the yrmSv1

limit set by the ICRP for members of the 

public. Therefore, the level of radioactivity in 

the water samples may not pose a significant 

health risk. It is recommended that this study 

be expanded to analyse all potable water 

sources in the study area using an improved 

method of analysis. 
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1.0  Introduction 

Water is essential for the sustenance of life by 

plant and animals (Ebele, 2006). In 

developing nations, major sources of water in 

the rural areas are rain and groundwater. The 

groundwater sources may include surface 

groundwater like rivers, oceans, etc. and deep 

groundwater like wells and boreholes. 

Research evidences have shown that most 

ground water are contaminated and the levels 

of contamination varies within locations 

(National Research Council, 1977) 

Commonly investigated water contaminants 

include physicochemical variables, 

organoleptic parameters, heavy metals, 

emergent contaminants and few others. Less 

attention is paid to possible hazards from 

radioactive elements, which have higher toxic 

mailto:yakubudm98@gmail.com
mailto:htleabba@gmail.com
mailto:sgimba1992@gmail.com


Communication in Physical Sciences, 2022, 8(2): 178-186 180 

 

 

impacts than most contaminants (Saleh and 

Eskander, 2010). 

Radioactive radiation consists of numerous 

particles of various origins and energies such 

as alpha, beta, neutron, etc. and 

electromagnetic rays such as gamma 

radiation with intensity of exposure varying 

inversely with height above sea level 

(UNSCEAR, 1993). The radiation may be 

natural (such as those from the sun) or 

artificial (such as radiation from radioactive 

fall-out, nuclear power plants, radiology units 

of hospitals, mining, etc.) (Martin et al., 

2019). 

However, radioactivity in water is mostly 

from the natural sources, specifically 

terrestrial radiation. This is because water, as 

a universal solvent, dissolves many 

substances when it flows some of which 

contains the naturally occurring radioactive 

materials (NORMs). When human beings 

ingest such water they are exposed to 

radiation which can cause somatic effect that 

result to mutations and genetic effect that 

damage radiosensitive organs of the body and 

can even lead to death (Abba et al., 2013). 

The process of measuring radioactivity in 

water involves identifying the concentration 

of individual radionuclides which is time-

consuming, expensive and the concentration 

is low in most cases. Therefore, such detailed 

analysis is not justified for routine 

monitoring. A more pragmatic way is to 

screen the water for total radioactivity from 

alpha and beta radiations without regard to 

the individual radionuclides (WHO, 2011). 
 

2.0 Materials and Method 

2.1 The Study area 
 

The area under survey is Damaturu, the State 

Capital of Yobe State with a land area of 

2,366 sq. km and a population of 124,500, as 

per the 2017 estimate (National Population 

Commission, 2017), most of whom rely on 

borehole as the source of potable water 

(Usman, 2019). It is situated between latitude 

11.65830N to 11.78330N and longitude 

11.90000E to 12.03000E (Fig.1) The 

topography of the town is plain with open 

valleys having an average depression 

between 45 to 75 m and separated from the 

Benue valley by Biu plateau.  Damaturu is not 

drained by any river and the inhabitants 

depend mainly on underground water which 

are accessed through drilling of boreholes and 

artesian wells (Usman, 2019).

 

 
Fig.  1: Map of the study area showing the sampling points 

 

2.2 Sample collection and preparation 
 

Fifteen (15) borehole water samples were 

collected in a 2L plastic containers using a 

GPS device to record the geo-coordinates of  

 

the sampling points as shown in Figure 1 

above. The samples were prepared by 

evaporating to dryness and analysed for gross 

alpha and beta activities using the MPC 
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2000B-DP (PIC) gas free proportional 

counter at the Health Physics and Radiation 

Biophysics Section (HPRBS) of the Centre 

for Energy Research and Training (CERT), 

Zaria.  

The operating voltage for the detector was 

chosen to be 1300V to protect the 

photomultiplier tube (Dauda, 2017). The 

detector was calibrated using Pu239  at 4  

steradian for alpha activity and Sr90 at 2
steradian for beta activity with activities 

ranging from Bq3.133 to Bq8.185 and 

Bq1.105 to Bq7.117 for alpha and beta, 

respectively (Dauda, 2017). The detection 

efficiencies for alpha and beta detection are 

%95.87 and %06.42 respectively. The 

background was determined by counting 

clean empty planchets for the same duration 

the samples were counted. The average 

background for the alpha and beta activities 

are cpm40.0 and cpm35.0 ,respectively. The 

minimum detectable activity (MDA) is 

expressed as (Calin and Radulescu, 2012).: 

ff

b

Et

R
MDA



+
=

65.471.2
  (1) 

where MDA is the minimum detectable 

activity; t  the sample and background count 

time; bR  is counting rate of the background; 

ffE  is counting efficiency. 

2.3 Counting 

The equipment used in this work is the MPC 

2000B-DP, a gasless single channel manual 

loading desktop proportional counter with 

ftft 169  dimension equipped with ZnS

detector. The measurement of alpha and beta 

activities can be done individually or 

simultaneously. The detector is automated 

and the procedure involves entering the pre-

set time and selecting the counting mode. The 

result is displayed as raw counts or count per 

minute (cpm). For this study, the counting 

mode was set to count for alpha and beta 

activity separately for 30 minutes. The 

counting was done twice due to the 

probabilistic nature of radioactivity. The 

alpha and beta activity concentration of the 

samples were then calculated in LBq  using 

the formula: 

60

1

..),(
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


=

VSESE

cpmNet
Activity

ff 


   (2) 

where bRcpmrawcpmNet −= ; ffE is the 

detector efficiency; ES. is the sample 

efficiency; VS. is the sample volume which is 

the actual volume of sample water that 

yielded the required weight of residue 

counted; the value 1/60 is the time conversion 

factor. 

2.4 Annual gonadal equivalent dose 

(AGED) 
 

The annual gonadal equivalent dose measures 

the threat to gonads from particular ionising 

radiation. The AGED for members of the 

public is calculated using (Seydou & 

Abdullahi, 2016): 

  
TR WW

AEDE
AGED


=  (3) 

where AEDE is the annual effective dose 

equivalent; )120(  forandforWR is 

radiation weighing factor; 

)08.0( gonadsforWT = is the tissue 

weighing factor. The AGED gives the genetic 

significance of yearly dose received by the 

reproductive organs of the population of the 

study area (Ravisankar et al., 2014). 
 

 

2.5 Committed effective dose (CED) 
 

The committed effective dose (CED) 

represents the cumulative amount of radiation 

dose the body will be exposed to due to intake 

of radioactive material (Ministry of the 

Environment, 2013). The radioactive 

materials may reach the gastrointestinal tract 

and be absorbed into the body thereby 

irradiating tissues and organs. The CED is 

calculated using the relation (International 

Atomic Energy Agency, 2010): 

( ) ( ) yrLDCFAEavg 730)( = 

 (for adult)   (4) 

( ) ( ) yrLDCFAEavg 183)( = 

 (for infant)   (5) 

where )( avgE is average committed 

effective dose per year for α or β; ( )A  is 

the gross alpha or beta activity concentration 
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of the sample water; yrL730 and yrL183  is 

the volume of water consumed in a year by 

adults and infants, respectively, assuming 

dayL2 and dayL5.0 for adults and infants 

respectively (Environmental Protection 

Agency, 2005); and according to Avwiri, 

Osimobi, & Ononugbo (2016) ( )DCF is 

the dose conversion factor which is given  as 

BqSv4108.2 − for Ra226 which is the main 

contributor to gross alpha activity and 

BqSv4109.6 − for Pb210 and Ra226 , the 

main contributors to gross beta activity 

(Gortir et al., 2011).,. 
 

3.0 Result and Discussion 

3.1 Gross alpha and beta 

concentrationThe potable water samples 

collected from the boreholes in Damaturu 

were analysed for gross alpha and beta 

activity using the MPC  

2000B-DP detector. The mean activities 

obtained were LmBq74.176.15  and 

LmBq26.587.79  for gross alpha and beta 

radiations, respectively. Table 1 shows the 

alpha and beta activity concentrations in the 

sampled waters. From the Table it is clear that 

the gross beta activity is generally higher than 

the gross alpha activity with the exception of 

New Abbari where the gross beta is below the 

detection limit (DL) of the detector. 
 

Fig. 2 shows that the gross alpha and beta 

activity concentrations for all the samples are 

far lower than LBq5.0  and LBq1  

respectively. These are the recommended 

levels set by WHO in 2011. 

 
 

Table 1: Gross alpha and beta activity concentrations of the water samples 
 

S/No. Sample ID Alpha Activity 

( )LmBq  

Beta Activity 

( )LmBq  

Geo-coordinates 

 

1 Abbatoir 79.163.12   36.341.15   11.725690N, 11.913020E 

2 Ajari 43.275.17   80.463.35   11.756430N, 11.956820E 

3 FEDPODAM 20.210.23   11.451.30   11.746820N, 11.98000E 

4 Gwange 78.226.50   26.587.79   11.747130N, 11.964860E 

5 Maisandari BDL  09.416.28   11.738230N, 12.01291 0E 

6 Nasarawa 67.268.26   47.566.67   11.735700N, 11.952890E 

7 Nayinawa BDL  50.524.33   11.746540N, 11.943590E 

8 New Abbari 19.179.0   BDL  11.717130N, 11.951080E 

9 Nyanya 97.159.19   27.353.22   11.711930N, 11.966020E 

10 W. Ibrahim BDL  05.324.10   11.758170N, 11.996010E 

11 Kasaisa 91.325.20   96.779.54   11.663680N, 11.973750E 

12 Sabon Pegi 65.189.12   63.392.48   11.749280N, 11.978220E 

13 YSUMC 18.196.13   29.255.25   11.681870N, 11.947360E 

14 YSUTH 12.328.28   28.684.62   11.736390N, 11.921940E 

15 Zanna Zakariya 17.126.8   24.223.12   11.783240N, 11.944460E 

Mean  74.176.15   09.411.35    

MDA  Bq31057.3 −  Bq31021.7 −   
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Fig.  2: Comparison of the Alpha and Beta Activity Concentrations with the WHO 

(2011) Standard. 
 

3.2 Annual gonadal equivalent dose 
 

The AGED due to gross alpha and beta 

activity is calculated using equation (3) and 

presented in Table 2. 

From the results presented in Table 2, it is 

evident that the AGED for all the samples 

were below the yrmSv1 limit set by ICRP  

for members of the public (ICRP, 1990). 

2.3 Committed effective dose 
 

The CED due to ingestion of the water 

samples for both adults and infants in the 

study area is calculated from the gross alpha 

and beta activity using equations (4) and (5) 

and presented in Table 3. 

 

 

Table 2: Annual gonadal equivalent dose for the samples in the study. 

 

S/No. Sample ID Alpha AGED 

( )yrmSv  

Beta AGED 

( )yrmSv  

1 Abbatoir 7102575.8 −  5100150.2 −  

2 Ajari 6101605.1 −  5106590.4 −  

3 FEDPODAM 6105103.1 −  5109895.3 −  

4 Gwange 6102860.3 −  4100444.1 −  

5 Maisandari BDL  
5106822.3 −  

6 Nasarawa 6108751.1 −  5108472.8 −  

7 Nayinawa BDL  5103464.4 −  

8 New Abbari 8101650.5 −  BDL  

9 Nyanya 6102808.1 −  5109460.2 −  

10 W. Ibrahim BDL  
5103390.1 −  

11 Kasaisa 6103239.1 −  5101643.7 −  

12 Sabon Pegi 7104274.8 −  5103968.6 −  

13 YSUMC 7101270.9 −  5102101.3 −  

14 YSUTH 6108489.1 −  5102169.8 −  

15 Zanna Zakariya 7104004.5 −  5105992.1 −  
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Table 3: Committed effective dose for adults and infants in the study area 
 

S/No. Sample ID Alpha CED 

( )yrmSv  

Beta CED 

( )yrmSv  

Adult Infants Adult Infants 

1 Abbatoir 31058.2 −  31065.0 −  31076.7 −  31095.1 −  

2 Ajari 31063.3 −  31091.0 −  31095.17 −  31050.4 −  

3 FEDPODAM 31072.4 −  31018.1 −  31037.15 −  31085.3 −  

4 Gwange 31027.10 −  31058.2 −  31023.40 −  31009.10 −  

5 Maisandari BDL  31018.14 −  31056.3 −  

6 Nasarawa 31086.5 −  31047.1 −  31008.34 −  31054.8 −  

7 Nayinawa BDL  31074.16 −  31020.4 −  

8 New Abbari 31016.0 −  41040.0 −  BDL  

9 Nyanya 3100.4 −  3100.1 −  31035.11 −  31084.2 −  

10 W. Ibrahim BDL  31016.5 −  31029.1 −  

11 Kasaisa 31014.4 −  31004.1 −  3106.27 −  31092.6 −  

12 Sabon Pegi 31063.2 −  31066.0 −  31064.24 −  31018.6 −  

13 YSUMC 31085.2 −  31072.0 −  31037.12 −  31010.3 −  

14 YSUTH 31078.5 −  31045.1 −  31065.31 −  31093.7 −  

15 Zanna Zakariya 31069.1 −  31042.0 −  31016.6 −  31054.1 −  

Mean  31003.4 −  31001.1 −  31095.18 −  31075.4 −  

From the results in Table 3, the CED for 

adults ranges from yrmSv31027.10 − to 

yrmSv31016.0 − with a mean value of 

yrmSv31003.4 − for alpha radiation while 

for beta radiation, CED ranges from

yrmSv31023.40 −  to yrmSv31016.5 −  with 

a mean value of yrmSv31095.18 − . On the 

other hand, the CED for infants ranges from 

yrmSv31058.2 −  to yrmSv41040.0 −  with a 

mean value of yrmSv31001.1 − for alpha 

radiation while for beta radiation, the CED 

ranges from yrmSv31009.10 −  to 

yrmSv31029.1 − with a mean value of 

yrmSv31075.4 − . The highest CED due to 

alpha activity is recorded at Gwange and the 

lowest value is recorded at New Abbari. The 

highest CED due to beta activity is also 

recorded at Gwange while the lowest value is 

recorded at W. Ibrahim. However, none of the 

samples exceed the recommended dose level 

of yrmSv1 . 
 

4.0 Conclusion 
 

The gross alpha and beta activity 

concentration in borehole water sample from 

Damaturu was measured using the MPC 

2000B-DP detector. It was found that the 

gross alpha and beta activity concentrations 

were below the screening level recommended 
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by WHO (2011). The AGED and the CED 

due to the gross alpha and beta activities were 

also calculated and were found to be far lower 

than the limit set by ICRP. This implies that 

the borehole water from the study area is safe 

for drinking and domestic use. However, it is 

recommended that further study and analysis 

should be carried out to include all boreholes 

and other sources of water in the study area 

using an improved method of analysis. 
 

5.0 References 
 

Abba, H. T., Abdulsalam, H., & Adeyemo, D. 

J. (2013). Measurement of Gross Alpha 

an Gross Beta Radioactivty of River 

Yobe, Northeastern Nigeria. Journal of 

Physical Sciences and Environmental 

Safety, 3(1), 1-8. 

Avwiri, G., Osimobi, J., & Ononugbo, C. 

(2016). Gross Alpha and Gross Beta 

Activity Concentrations Research and 

Committed Effective Dose due to Intake 

of water in Solid Mineral Producing 

Areas of Enugu State, Nigeria. 

International Journal of Physics and 

Applications, 8(1), 33-43. 

Calin, M. R., Druker, A. E., & Radulescu, I. 

(2012). The Calculation of the Detection 

Efficiency in the Calibration of Gross 

Alpha-Beta Systems. Journal of 

Radioanalytical and Nuclear Chemistry, 

295, 283-288. doi:10.1007/s10967-012-

1848-1 

Dauda, D. (2017). Optimisation of Gasless 

Gross Alpha and Beta Proportional 

Counter Detetctor. Undergraduate 

project, Federal University of 

Technology, Minna., Minna. 

Ebele, J. N. (2006). Measurement of Gross 

Alpha and Beta Radioactivity. Masters 

thesis, Ahmadu Bello University, Zaria. 

Environmental Protection Agency. (2005). 

Gross Alpha and Gross Beta 

Radioactivity in Drinking Water. United 

States. 

Gortir, F. K., Keser, R., Akcay, N., As, N., & 

Dizman, S. (2011). Annual Effective 

Dose and Concentration Levels of Gross 

Alpha and Beta in Turkish Market Tea. 

Iran Journal of Radiation Research, 

10(2), 67-72. 

ICRP. (1990). ICRP Publication 60. 

International Commission on 

Radiological Protection. Oxford: 

Pergamon Press. 

International Atomic Energy Agency. (2010). 

Radiation Biology: A Handbook for 

Teachers and Students. Vienna, Austria: 

Applied Radiation Biology and 

Radiotherapy Section IAEA. 

Martin, A., Harbison, S., Beach, K., & Cole, 

P. (2019). An Introduction to Radiation 

Protection (7th ed.). Boca Raton, Florida: 

CRC Press. 

Ministry of the Environment. (2013). 

Committed Effective Dose. Retrieved 

January 20, 2022, from Ministry of 

Environment Government of Japan: 

https://www.env.gov.jp/en/chemi/rhm/ba

sic-info/1st/02-04-11.html 

National Population Commission. (2017). 

National Population Estimate.  

National Research Council. (1977). Drinking 

Water and Health (Vol. 1). Washington 

D.C., United States: National Academy 

Press. Retrieved from 

http://www.nap.edu/catalog/1780.html 

Saleh, H. M., & Eskander, S. B. (2020). 

Toxicity and Remediation of Radioactive 

Pollutants. Journal of Nuclear Energy 

Science and Power Generation 

Technology, 9(3), 1-12. 

doi:10.37532/jnpgt.2020.9(3).197 

Seydou, H., & Abdullahi, S. (2016). 

Radiation Hazard Indices due to Intake of 

Radionuclides in Drinking Water in 

Gombe, Nigeria. IOSR Journal of Applied 

Physics, 8(4), 67-73. 

UNSCEAR. (1993). Sources and Effects of 

Ionizing Radiation. United Nations 

Scientific Committee on the Effect of 

Atomic Radiation, Report to General 

Assembly with Scientific Annexes. New 

York: United Nations. 

Usman, H. (2019). Environmental Condition 

and Incidence of Cholera in Damaturu, 

Yobe State. Masters thesis, University of 

Maiduguri, Maiduguri. 



Communication in Physical Sciences, 2022, 8(2): 178-186 186 

 

 

World Health Organisation (WHO). (2011). 

Guidelines for Drinking Water Quality. 

Geneva: World Health Organisation. 
 

Consent for publication 

Not Applicable 
 

Availability of data and materials 

The publisher has the right to make the data 

public 

Competing interests 

There are no competing interests 

Funding 

There is no source of external funding 

Authors' contributions 

Writing and data collection:  

Yakubu Mohammed 

Mustapha Suleiman Gimba 

Proofreading: 

Habu Tela Abba 


