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Abstract: A study of the - radioactivity in drinking water from boreholes and well water from Jos city center 

Plateau State, Nigeria were selected using a stratified random sampling has been carried out. Forty (40) water 

samples were analyzed by MPC 2000 DP (Monitor Proportional Counter) detector. The result shows that the 

range of alpha activity range from 0.740  0.03Bq/l – 0.051 0.04 Bq/l, with a geometric mean of 0.27245 
0.01855 Bq/l for Boreholes water samples and 0.90  0.013Bq/l – 0.0212 0.011Bq/l with a geometric mean of 

0.316005 0.01935Bq/l  for well water. While the range of beta activity varied between 5.0352  0.02 Bq/l – 0.081

 0.02 Bq/l, with a geometric mean of 1.28614  0.0186 Bq/l and 2.09  0.03Bq/l – 0.036 0.01 Bq/l, with a 

geometric mean of  0.52165  0.0184Bq/l for Boreholes water and well water samples respectively. The study 

results reveal that; the groundwater in the study area, most of the data points, and all average measurement 

outcomes turned out to be inside the allowed values given by organizations like WHO, USEPA, and UNSCEAR 

even though some of the individual parameters showed slightly over the world average desired values. The annual 

effective doses of alpha radionuclide ranged from 0.002mSv to 0.151mSv with a mean value of 0.055 mSv and beta 

radionuclide ranges from 0.017mSv to 0.620 mSv with a mean value of 0.260 mSv for boreholes water.  The annual 

effective doses of alpha radionuclide ranged from 0.004mSv to 0.164mSv with a mean value 0.067mSv and beta 

radionuclide ranges from 0.010 mSv to 0.427 mSv with a mean value of 0.107 for the well water. Thus, the values 

obtained when compared with their corresponding world permissible values were found to be below the standard 

limits. The results from models that have been detected and put in the evaluation refer that the water of Jos city 

center is safe to drink. 

Keywords: Determination, Gross Alpha, Gross Beta, Radioactivity, Geometric mean, Borehole water, Well water. 

I.    INTRODUCTION 

Clean and plentiful water provides the foundation for prosperous communities in an environment [1]. Water is one of the 

most important natural resources and demand for it is on the increase. Skillful management of water bodies is therefore 

required if they are to be used for diverse purposes. Even though much of the water supplies for domestic, crop irrigation, 

transport recreation, sport, commercial fisheries, industrial supply, and power generation, etc., [2] come from surface 

streams, borehole's, lakes, and wells, a large part of the world still depends on groundwater on wells and springs [3]. We 

rely on clean water to survive, yet right now we are heading towards a water crisis. Dirty water is the world‟s biggest 

health risk and continues to threaten both quality of life and public health in developing countries like Nigeria. The United 

Nations considers fundamental human rights and an essential step toward improving living standards throughout the 

world. Water-poor communities are typically poor economies, and their residents are trapped in a cycle of poverty. 

Exposure to ionizing radiation can lead to several cancers and can cause death in extremely high doses of radiation can 

[4]. 
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In Nigeria and other countries, most rural and many suburban areas depend on hand-dug wells for their water supply. The 

presence of radionuclides such as alpha and beta particles in drinking water presents several health hazards, especially 

when these radionuclides are deposited in the human body, through drinking water. However, human activities such as 

mining, milling, manufacture of fertilizers, drilling, transportation, processing and burning of fossil fuels, etc., have raised 

naturally occurring radioactive material concentrations in the environment and contaminated surface and sub-surface 

groundwater when found in high concentrations [5]. Comprising about 70% of the earth‟s surface, water is undoubtedly 

the most precious natural resource that exists on our planet earth. Without the seemingly invaluable compound comprising 

of hydrogen and oxygen, life on earth will be non-existent: it is essential for everything on earth to grow and prosper. 95% 

of all fresh water on earth is groundwater [6]. Groundwater is found in natural rock formations. These formations, called 

aquifers, are a vital natural source with many uses. Generally, sources of water supply in Nigeria are from upland surface 

water or groundwater from boreholes and hand-dug wells. The earth‟s crust contains naturally occurring radioactive 

materials (terrestrial radioactivity), which increase with depth and of most concern are the uranium series, thorium series, 

and their progeny (radon and thoron) [7], [8]. As a result of this, drinking water from deep wells and boreholes is likely to 

contain a higher concentration of radioactive elements than surface water. Groundwater pollution is much more difficult 

to abate than surface water pollution because groundwater can move great distances through unseen aquifers [9]. It is 

therefore important to determine the amount of radioactivity in drinking water for every area where people live, to guard 

against its health hazards. 

In Nigeria, monitoring of radioactivity content of drinking water in terms of alpha, beta, and gamma at the various 

waterworks has not been instituted as a routine practice; due to ignorance and lack of capacity in terms of techniques, 

facilities, and human resources. It is however well known that radioactivity could contribute to the deleterious health 

effects amongst people living in Nigeria and Jos in particular. Measurement of radioactivity from mining waste on the 

plateau of Jos has indicated high levels of activity and the regulatory authority; Nigeria Nuclear Regulatory Agency 

(NNRA), recently organized a workshop on the challenges of mine waste management. This work is a major contribution 

to the determination of the possible health effects of radioactivity in this region and helps in efforts to eliminate them.  In 

developed countries, radioactivity measurement is always part of their water quality determination. However, in Nigeria, 

this is not the case, as not much work has been done in this area. To the best of our knowledge, not much work has been 

done on this subject on the Jos plateau, even though, some few studies have been conducted elsewhere in the country [10] 

- [12]. This study aims to evaluate gross alpha and beta radioactivity of groundwater in Jos-city center Plateau State, 

North-Central Nigeria as a useful guide for the improvement of the health and wellbeing of the citizens. 

II.   LITERATURE REVIEW 

Water pollution occurs when a body of water is adversely affected due to the addition of a large number of substances 

(materials) to the water. When it is unfit for its intended use, water is considered polluted [6]. Water is typically referred 

to as polluted when it is impaired by anthropogenic contaminants and either does not support human use (like serving as 

drinking water) or undergoes a marked shift in its ability to support its constituent biotic communities [9]. Two types of 

water pollutants exist; point source and non-point source. A point source of pollution occurs when harmful substances are 

emitted directly into a body of water; e.g. Oil spill best illustrates the point source of water pollution. Non-point source 

pollution delivers pollutants indirectly through environmental changes; e.g. When fertilizer from a field is carried into a 

stream by rain, in the form of run-off which in turn affects aquatic life. Other forms of water pollution exist in the form of 

radioactive contaminants and heat. There are two sources of radioactive contaminants in drinking water. The first is the 

naturally occurring radionuclides that are contained in the soil and rocks that water moves through. The second source of 

radioactive contaminants comes from man-made sources   The problems associated with water pollution can disrupt life 

on our planet to a great extent. This work is concerned with examining the pollution of underground water by radioactive 

elements present in the soil. Gross alpha particle activity is a measure of the total amount of radioactivity in a water 

sample attributed to the radioactive element [13]. Activity in water is expressed in units of Pico-Curies per liter, where 

1pCi/l is equal to 2.2 radioactive disintegrations per minute per liter of water [13]. The biological effects resulting from 

exposure to ionizing radiation are classified into stochastic and deterministic (non-stochastic) effects. Most biological 

effects fall into the deterministic effect category [14]. Several radioactive components may be released into the 

environment, and hence into drinking water supplies, from human activities and man-made sources. Monitoring for 

radioactive materials is therefore of primary importance for humans, organisms, and for environmental protection, but 
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rapid and accurate methods for the assay of radioactivity are essential [15]. When outdoors, humans are exposed to 

natural terrestrial radiation that originates predominantly from the upper 30 cm of the soil [16]. Humans are also exposed 

to contamination of the food chain which occurs as a result of direct deposition of radionuclides on plant leaves, root 

uptake from contaminated soil, sediment, or water [17], and direct ingestion of contaminated water [18].                                                                                                                

Recently, a great interest arose towards the natural radioactivity concentration in drinking water around the world due to 

the great danger it presents. Some work has been done on the measurement of radioactivity in water in Nigeria [19] - [28], 

[10], [29], [30], [18], [31] - [34]. This present study assesses the specific Gross Alpha and Beta activities and examines 

some of the radiation hazard indices of these naturally occurring radionuclides (226 Ra, 232nd, and 40K) in groundwater 

samples from the Jos-city center. The values reported in this study constitute a baseline for radioactivity in the study area 

as no such study has been carried out before. The worldwide per capita effective dose from diagnostic medical 

examination 2000 was 0.4 mSv/yr (typical range is 0.04-1.0 mSv/yr depending on the level of health care) [35]. Uranium 

level in drinking water is reported by many authors to range from 2.5-105Bq/m
3
 (Slovenia), 20-600Bq/m

3
 (France), 12-

25kBq/m
3
 (USSR), and 250-2000kBq/m

3
 (Finland) [36]. WHO guidelines assume an intake of total radioactive materials 

from the consumption of 2 liters of water per day. Consequently, the recommended reference level of committed effective 

dose is 0.1mSv/yr from consumption of drinking water during a year for any individual, independent of age [36]. The 

maximum acceptable equivalent dose from man-made radionuclides was set at 0.04mSv/yr [37]. 

III.    MATERIALS AND METHODS 

3.1 Description of Study Area 

This will be carried out in the Jos city center; covering an area of 42 square kilometers, with an average altitude of 1280 

meters above sea level, with its highest point at 2010 meters. It is located at 9
0
 56

′
00

″ 
(9.93

0
) N, 8

0
 53

′
00

″ 
(8.88

0
) E. The 

city has an average population density of about 500 people per square kilometer as shown in Figure 1. 

 

Fig. 1: Map of the-Study Area 
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3.2 Materials 

The equipment used for the gross alpha and beta radioactivity measurement in groundwater samples included: MPC 2000 

DP (Monitor Proportional Counter), Electric hot plates, Beakers (Pyrex), 2L plastic containers, drying oven, drying lamp, 

graduated cylinders, measuring cylinders of capacity 1000cm
3
, Porcelain dish of capacity 50ml, Stainless steel Counting 

Planchette (3 cm), Analytical balance, Gloves, Plastic containers, Masking tape, Blur forceps and Concentrated trioxo 

nitrate(v) acid (nitric acid). 

3.3 Sampling and Samples Preparation 

3.3.1 Sample selection 

Twenty water samples each were collected from different locations using the stratified random sampling technique [38]. 

This technique was more important than others in this work because it ensured that all sources were adequately 

represented in the sampled population. The area under survey is the Jos city center and environs. It is mapped and divided 

into grids. Each area was square kilometers. Two compounds were selected within the grid by a simple random process. 

The samples were prepared and analyzed at the Center for Energy Research and Training, Ahmadu Bello University, 

Zaria, Nigeria. 

3.3.2 Sample procedure 

The raw data collection (field) was carried out in March/April and it lasted for about two weeks. The month of March was 

chosen because it represents the peak of the dry season in the study area. This is the time when water quality 

determination is critical. Groundwater (Boreholes and well) samples were collected from the Jos city Center. Twenty (20) 

of each groundwater sample from borehole and well water was collected in two-liter capacity, sterilized plastic bottles. 

With about 1% air space left for thermal expansion. Containers were rinsed twice with the samples being collected to 

reduce contamination by the original content of the sample container. All the samples were prepared by evaporation, at 

low temperatures. They were evaporated slowly at 70 C to near dryness (approximately 2-3 ml). Then each sample was 

transferred quantitatively to an aluminum planchette and dried until precipitation occurred. Each sample precipitation on 

the planet was directly applied to counting systems. The results were obtained by measurements of the radioactivity level 

of all water samples were analyzed [39] at the Center for Energy Research and Training, Ahmadu Bello University, Zaria, 

Nigeria. The international standards organization, procedure [40] for the measurement of gross alpha and gross beta 

activity in water was employed in this analysis. This method provides a screening technique to measure the gross alpha 

and beta radioactivity in water samples. The water samples collected were preserved by the ISO standard (20 ml of 50% 

V/V of HNO3 per liter of water). The purpose of this was to minimize the loss of radioactive material from the solution 

due to absorption by the walls of the container and to avoid the growth of micro-organisms. The samples were air-tight 

and were taken to the laboratory and held for about one month to reach secular equilibrium before radiometric analysis 

[41]. Certain volume (100 ml) VA of each of the samples was filtered in the filtration unit with a suction pump using a 

cellulose membrane filter of 47 mm in diameter with an effective pore size of 0.45μm. The filtrate was transferred to a 

porcelain evaporating dish of mass XB  in grams and evaporated to dryness in a hot plate. The mass of the evaporating 

dish and the dried residue XC  was obtained. The difference between the former and the later weighing gave the mass of 

the residue XBXC  (g). For each sample, the total dissolved solid TDS was calculated in mg/l using the formula 

[40]. 

TDS  = 
VA

XBXC 
 × 

610                                                                          (1) 

The value of the TDS for each sample was used to calculate the volume of sample VP which when evaporated will give a 

mass of residue corresponding to 0.1A mg, where A is the area of the planchette. 

PV    =    
TDS

A1.0
  ×

610                                                                                 (2) 
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The calculated volume PV  of each sample was measured and evaporated into a beaker to about 50 ml volume using a 

Binatone regulated temperature hot plate and then transferred to a clean dry petri dish. Few drops of acetone sample were 

added to act as a binder to prevent the precipitation of the source of the radionuclides in the sample. The planchette and 

residue were weighed and the difference between the weight of the empty planchette and the weight of the planchette and 

residue is about 0.077g according to the ISO (manufacturer) standard that approximately 0.1A mg of the residue should 

be transferred to the planchette. Efficiency in sample preparation was obtained from the relationship: 

 

    
0.077A

planchet  tod tranferreresidue ofWeight 
 × 100  %         (3) 

 

3.4 Background measurement 

Counting  

The gross alpha counting equipment used in this work was a Eurysis System Low Background multiple channel (eight) 

alpha and beta detector. The equipment is a gas flow proportional counter with a 450μg/cm
3
 thick window of a diameter 

of 60mm. It allows simultaneous counting on eight 300mm or 55mm diameter samples. Alpha ( ) and beta (  ) activity 

measurement on compound sources can be selective, sequential, or simultaneous. The procedure involves entering the 

present time, the number of cycles, and the operational voltage. Also, the sampling efficiency, background measurements, 

and plateau tests were carried out using standard methods [40]. The principles of the counting system are depicted in 

Figure 2. 

 

Fig. 2: Block diagram of the proportional gas counter [42] 

077)-(0  residue  Mass

SampleWeight  
  Efficiency  Sample                                                   (4) 

Gross alpha counting 

For gross alpha counting, selective measurement was adopted. The high voltage of 1650V was used, and samples were 

counted for 5 cycles of 2700 sec per cycle. The alpha count rates, as well as alpha radioactivity concentration per liter for 

each groundwater sample, were calculated using Equations 5 and 6 [40]. 
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TimeCount 

60Count x    )(  Raw
  ) (  RateCount  


                                                             (5) 

 
V x C x 2.22

1000A x 
  (pCi/L) Alpha                                                                                  (6)                                                                                                                                                                       

where: A  = net alpha count rate (gross alpha count rate minus the background count rate) at the alpha voltage plateau C

= alpha efficiency factor, read from the graph of efficiency versus mg of water solids 2 per cm of planchette area, 

(cpm/dpm) V  = volume of sample aliquot, (ml) 2.22 = conversion factor from dpm/pCi 

Gross Beta Counting 

The counting equipment used for this study is the portable single-channel gas-free proportional counter (MPC2000B-DP) 

detector. The results were displayed as raw counts and count rate (cpm). The raw counts (cpm) were repeated three times 

each for all the twenty samples and the mean values were used in calculating the gross beta activity. The high voltage for 

gross beta counting was set at 1700 volts and samples were counted for three cycles of 3600 secs per cycle in beta only 

mode. The counting system incorporates interference from high-energy cosmic radiation into the measuring environment 

and was calibrated following the ISO calibration standard procedure [40]. We obtained the gross beta sample count rate 

and the beta radioactivity concentration per liter for each groundwater sample were calculated using the following 

equation (7 and 8) 

 
TimeCount 

60count x  )(  Raw
  ) (  rateCount  


                                                (7)                                               

 
V x  xD2.22

1000  x AE)-(B
  (pCi/L) Beta                                                               (8) 

where: A = net alpha count rate (gross alpha count rate minus the background count rate) at the alpha voltage plateau, B  

= net beta count rate (gross count rate minus the background count rate at the beta voltage plateau) D  = beta efficiency 

factor, read from the graph of efficiency versus mg of water solids per cm of planchette area, (cpm/dpm), E  = alpha 

amplification factor, read from the graph of the ratio of alpha counted at the beta voltage/alpha counted at the alpha 

voltage vs sample density thickness, V  = volume of sample aliquot, (ml), 2.22 = conversion factor from dpm/pCi 

3.5 Radiation Dose Estimation in Water Samples 

The radionuclide, when ingested, may reach the intestines where it can be absorbed into the body fluids thereby tending to 

reach all the delicate internal organs. Due to the effects of radionuclide on our body, it is necessary to quantify the 

effective dose of alpha and beta due to intake of groundwater to ascertain the contributed doses by the major alpha and 

beta emitters. The annual effective dose equivalents from the consumption of drinking water over one year were evaluated 

by [43] as 

   DWE = WA x DWI x GWI                                                                                    (9)  

Where DWE  is the annual effective dose equivalent from consumption of drinking water (mSv/yr), WA  is the activity 

concentration of radionuclides in the ingested water (Bq/L), DWI  is the consumption rate of water (L/year). According to 

[43], the dose was estimated by considering a consumption rate is 730 L/year for adults. The dose conversion factors GWI  

(mSv/Bq) for adults is 2.8x10
-4

, [35] [4]. 
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IV.    RESULTS AND DISCUSSION 

The results obtained are presented in Table 1 and Table 2, showing the locations of Boreholes and well water that were 

studied.  

Table 1: Laboratory Results for the Gross Alpha and Gross Beta Measurements for Boreholes water 

S/N Sample ID  ( Bq/L)   (Bq/L) 

1 B01 0.060 0.02 0.85 0.01 

2 B02 0.37 0.01 0.91 0.02 

3 B03 0.53 0.03 1.0176 0.03 

4 B04 0.130 0.01 2.0470 0.02 

5 B05 0.41 0.02 0.109 0.01 

6 B06 0.50 0.03 3.0330 0.01 

7 B07 0.230 0.01 5.0352 0.02 

8 B08 0.34 0.01 4.85 0.03 

9 B09 0.085 0.02 0.967 0.02 

10 B10 0.35 0.03 1.376 0.02 

11 B11 0.66 0.01 0.483 0.011 

12 B12 0.260 0.01 0.433 0.01 

13 B13 0.165 0.01 0.337 0.02 

14 B14 0.075 0.02 0.480 0.03 

15 B15 0.74 0.03 0.560 0.011 

16 B16 0.051 0.04 2.061 0.03 

17 B17 0.07 0.011 0.081 0.02 

18 B18 0.33 0.01 0.285 0.02 

19 B19 0.042 0.02 0.396 0.01 

20 B20 0.051 0.021 0.412 0.02 

Note:   = Alpha,  = Beta, Bq/l; Becquerel per liter, Bn = Boreholes, where n = 1, 2, …. 

Table 2: Laboratory Results for the Gross Alpha and Gross Beta Measurements for well water 

S/N Sample ID  ( Bq/L)   (Bq/L) 

1 W01 0.0212 0.011 0.235 0.02 

2 W02 0.0309 0.03 0.046 0.02 

3 W03 0.40 0.02 0.180 0.02 

4 W04 0.040 0.02 0.325 0.02 

5 W05 0.141 0.031 0.171 0.03 

6 W06 0.216 0.012 0.76 0.011 

7 W07 0.43 0.02 0.45 0.002 

8 W08 0.251 0.03 0.38 0.022 

9 W09 0.120 0.02 1.103 0.02 

10 W10 0.35 0.01 0.062 0.02 

11 W11 0.56 0.02 1.011 0.03 

12 W12 0.9 0.013 0.32 0.04 

13 W13 0.614 0.02 2.091 0.03 

14 W14 0.102 0.02 0.82 0.013 

15 W15 0.80 0.02 0.44 0.02 

16 W16 0.39 0.01 0.20 0.02 
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17 W17 0.23 0.02 0.036 0.01 

18 W18 0.26 0.03 0.27 0.01 

19 W19 0.426 0.02 1.0130 0.03 

20 W20 0.245 0.010 0.52 0.002 

Note:  = Alpha,  = Beta, Bq/l; Becquerel per liter, Wn = well water, where n = 1, 2, …. 

The distribution of the alpha activity and beta activity concentrations for the boreholes water and well water is represented 

as a bar chart in Figures 3 -  6 respectively. 

 

Fig. 3. Bar Chart of the Distribution pattern of Alpha Activity in Boreholes water from the Jos city center. 

 

Fig. 4. Bar Chart of the Distribution pattern of Beta Activity in Boreholes water from the Jos city center. 
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Fig. 5. Bar Chart of the Distribution pattern of Alpha Activity in well water from the Jos city center. 

 

Fig. 6. Bar Chart of the Distribution pattern of Beta Activity in well water from the Jos city center. 
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4 B04 0.130 0.01 0.5 0.55 0.5 Less than WHO, USEPA and UNSCEAR standard 

5 B05 0.41 0.02 0.5 0.55 0.5 Less than WHO, USEPA and UNSCEAR standard 

6 B06 0.50 0.03 0.5 0.55 0.5 Equal to WHO, UNSCEAR and less than USEPA 
standard 

7 B07 0.230 0.01 0.5 0.55 0.5 Less than WHO, USEPA and UNSCEAR standard 

8 B08 0.34 0.01 0.5 0.55 0.5 Less than WHO, USEPA and UNSCEAR standard 

9 B09 0.085 0.02 0.5 0.55 0.5 Less than WHO, USEPA and UNSCEAR standard 

10 B10 0.035 0.03 0.5 0.55 0.5 Less than WHO, USEPA and UNSCEAR standard 

11 B11 0.361 0.01 0.5 0.55 0.5 Less than WHO, USEPA and UNSCEAR standard 

12 B12 0.260 0.01 0.5 0.55 0.5 Less than WHO, USEPA and UNSCEAR standard 

13 B13 0.165 0.01 0.5 0.55 0.5 Less than WHO, USEPA and UNSCEAR standard 

14 B14 0.075 0.02 0.5 0.55 0.5 Less  than WHO, USEPA and UNSCEAR standard 

15 B15 0.74 0.03 0.5 0.55 0.5 Greater  than WHO, USEPA and UNSCEAR 

standard 

16 B16 0.051 0.04 0.5 0.55 0.5 Less than WHO, USEPA and UNSCEAR standard 

17 B17 0.07 0.011 0.5 0.55 0.5 Less than WHO, USEPA and UNSCEAR standard 

18 B18 0.0113 0.01 0.5 0.55 0.5 Less than WHO, USEPA and UNSCEAR standard 

19 B19 0.042 0.02 0.5 0.5 0.5 Less than WHO, USEPA and UNSCEAR standard 

20 B20 0.051 0.021 0.5 0.55 0.5 Less than WHO, USEPA, and UNSCEAR standard 

Note:   = Alpha, Bq/l; Becquerel per liter, Bn = Boreholes, where n = 1, 2, …. 

Table 4: Comparison of Measured Gross Beta Activity in Jos city center with WHO, USEPA, and UNSCEAR 

Standards and with Results Obtained from Boreholes water 

S/N Sample ID  (Bq/L) WHO USEPA UNSCEAR Remarks 

1 B01 0.85 0.01 1.0 1.85 0.5 Less than WHO, USEPA and UNSCEAR standard 

2 B02 0.91 0.02 1.0 1.85 0.5 Less than WHO, USEPA and UNSCEAR standard 

3 B03 1.0176 0.03 1.0 1.85 0.5 Less than WHO, USEPA and UNSCEAR standard 

4 B04 2.0470 0.02 1.0 1.85 0.5 Greater than WHO, USEPA and UNSCEAR 

standard 

5 B05 0.0109 0.01 1.0 1.85 0.5 Less than WHO, USEPA and UNSCEAR standard 

6 B06 3.0330 0.01 1.0 1.85 0.5 Greater than WHO, USEPA and UNSCEAR 

standard 

7 B07 0.0352 0.02 1.0 1.85 0.5 Less than WHO, USEPA and UNSCEAR standard 

8 B08 4.85 0.03 1.0 1.85 0.5 Greater than WHO, USEPA and UNSCEAR 

standard 

9 B09 0.967 0.02 1.0 1.85 0.5 Less than WHO, USEPA and greater than 

UNSCEAR  standard 

10 B10 1.376 0.02 1.0 1.85 0.5 Less than USEPA and greater than WHO, 

UNSCEAR standard 

11 B11 0.483 0.011 1.0 1.85 0.5 Less than WHO, USEPA and UNSCEAR standard 

12 B12 0.433 0.01 1.0 1.85 0.5 Less than WHO, USEPA and UNSCEAR standard 

13 B13 0.337 0.02 1.0 1.85 0.5 Less than WHO, USEPA and UNSCEAR standard 

14 B14 0.482 0.03 1.0 1.85 0.5 Less than WHO, USEPA and UNSCEAR standard 

15 B15 0.513 0.011 1.0 1.85 0.5 Less than WHO, USEPA and UNSCEAR standard 

16 B16 2.061 0.03 1.0 1.85 0.5 Greater than WHO, USEPA and UNSCEAR 

standard 

17 B17 0.087 0.02 1.0 1.85 0.5 Less than WHO, USEPA and UNSCEAR standard 

18 B18 0.287 0.02 1.0 1.85 0.5 Less than WHO, USEPA and UNSCEAR standard 

19 B19 0.396 0.01 1.0 1.85 0.5 Less than WHO, USEPA and UNSCEAR standard 

20 B20 0.0412 0.02 1.0 01.85 0.5 Less than WHO, USEPA, and UNSCEAR standard 

Note:   = Beta, Bq/l; Becquerel per liter, Bn = Boreholes, and, where n = 1, 2, …. 
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Table 5: Comparison of Measured Gross Alpha Activity in Jos city center with WHO, USEPA, and UNSCEAR 

Standards and with Results Obtained from well water 

S/N Sample 

ID 

  

( Bq/L) 

WHO USEPA UNSCEAR Remarks 

1 W01 0.0212 0.011 0.5 0.55 0.5 Less than WHO, USEPA and UNSCEAR standard 

2 W02 0.0309 0.03 0.5 0.55 0.5 Less than WHO, USEPA and UNSCEAR standard 

3 W03 0.40 0.02 0.5 0.55 0.5 Less than WHO, USEPA and UNSCEAR standard 

4 W04 0.040 0.02 0.5 0.55 0.5 Less than WHO, USEPA and UNSCEAR standard 

5 W05 0.141 0.031 0.5 0.55 0.5 Less than WHO, USEPA and UNSCEAR standard 

26 W06 0.216 0.012 0.5 0.55 0.5 Less than WHO, USEPA and UNSCEAR standard 

7 W07 0.43 0.02 0.5 0.55 0.5 Less than WHO, USEPA and UNSCEAR standard 

8 W08 0.251 0.03 0.5 0.55 0.5 Less than WHO, USEPA and UNSCEAR standard 

9 W09 0.120 0.02 0.5 0.55 0.5 Less than WHO, USEPA and UNSCEAR standard 

10 W10 0.015 0.01 0.5 0.55 0.5 Less than WHO, USEPA and UNSCEAR standard 

11 W11 0.016 0.02 0.5 0.55 0.5 Less than WHO, USEPA and UNSCEAR standard 

12 W12 0.09 0.013 0.5 0.55 0.5 Less than WHO, USEPA and UNSCEAR standard 

13 W13 0.014 0.02 0.5 0.55 0.5 Less than WHO, USEPA and UNSCEAR standard 

14 W14 0.102 0.02 0.5 0.55 0.5 Less than WHO, USEPA and UNSCEAR standard 

15 W15 0.80 0.02 0.5 0.55 0.5 Less than WHO, USEPA and UNSCEAR standard 

16 W16 0.39 0.01 0.5 0.55 0.5 Less than WHO, USEPA and UNSCEAR standard 

17 W17 0.23 0.02 0.5 0.55 0.5 Less than WHO, USEPA and UNSCEAR standard 

18 W18 0.26 0.03 0.5 0.55 0.5 Less than WHO, USEPA and UNSCEAR standard 

19 W19 0.426 0.02 0.5 0.55 0.5 Less than WHO, USEPA and UNSCEAR standard 

20 W20 0.245 0.010 0.5 0.55 0.5 Less than WHO, USEPA, and UNSCEAR standard 

Note:   = Alpha, Bq/l; Becquerel per liter, and Wn =  well water, where n = 1, 2, …. 

Table 6: Comparison of Measured Gross Beta Activity in Jos city center with WHO, USEPA, and UNSCEAR 

Standards and with Results Obtained from well water 

S/N Sample ID  (Bq/L) WHO USEPA UNSCEAR Remarks 

1 W01 0.235 0.02 1.0 1.85 0.5 Less than WHO, USEPA and UNSCEAR standard 

2 W02 0.46 0.02 1.0 1.85 0.5 Less than WHO, USEPA and UNSCEAR standard 

3 W03 0.180 0.02 1.0 1.85 0.5 Less than WHO, USEPA and UNSCEAR standard 

4 W04 0.325 0.02 1.0 1.85 0.5 Less than WHO, USEPA and UNSCEAR standard 

5 W05 0.171 0.03 1.0 1.85 0.5 Less than WHO, USEPA and UNSCEAR standard 

6 W06 0.76 0.011 1.0 1.85 0.5 Less than WHO, USEPA and  greater than UNSCEAR 

standard 
7 W07 0.45 0.002 1.0 1.85 0.5 Less than WHO, USEPA and UNSCEAR standard 

8 W08 0.38 0.022 1.0 1.85 0.5 Less than WHO, USEPA and UNSCEAR standard 

9 W09 1.103 0.02 1.0 1.85 0.5 Less than USEPA and greater than WHO, UNSCEAR 

standard 

10 W10 0.062 0.02 1.0 1.85 0.5 Less than WHO, USEPA and UNSCEAR standard 

11 W11 1.011 0.03 1.0 1.85 0.5 Less than WHO, USEPA and UNSCEAR standard 

12 W12 0.32 0.04 1.0 1.85 0.5 Less than WHO, USEPA and UNSCEAR standard 

13 W13 2..09 0.03 1.0 1.85 0.5 Greater than WHO, USEPA and UNSCEAR standard 

14 W14 0.82 0.013 1.0 1.85 0.5 Less than WHO, USEPA and UNSCEAR standard 

15 W35 0.44 0.02 1.0 1.85 0.5 Less than WHO, USEPA and UNSCEAR standard 

16 W16 0.20 0.02 1.0 1.85 0.5 Less than WHO, USEPA and UNSCEAR standard 

17 W17 0.036 0.01 1.0 1.85 0.5 Less than WHO, USEPA and UNSCEAR standard 

18 W18 0.27 0.01 1.0 1.85 0.5 Less than WHO, USEPA and UNSCEAR standard 

19 W19 1.0130 0.03 1.0 1.85 0.5 Less than WHO, USEPA and UNSCEAR standard 

20 W20 0.52 0.002 1.0 1.85 0.5 Less than WHO, USEPA, and UNSCEAR standard 

Note:    = Beta, Bq/l; Becquerel per liter, Wn = well water, where n = 1, 2, …. 
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The average annual effective dose due to drinking the water that contains specific activities of radionuclides emitters of 

alpha and beta particles was determined by computing the mean individual annual committed effective doses as shown in 

Table 7 and Table 8 

Table 7: Concentration of radionuclide and the hazard indices in Boreholes water 

S/N Samples ID Effective equivalent dose to
radionuclides (mSv) 

Effective equivalent dose to 

 radionuclides(mSv) 

Total effective 

equivalent 

dose(mSv) 

1 B01 0.002 0.174 0.176 

2 B02 0.076 0.186 0.262 

3 B03 0.110 0.21 0.32 

4 B04 0.027 0.418 0.445 

5 B05 0.084 0.022 0.106 

6 B06 0.102 0.620 0.722 

7 B07 0.047 1.029 1.076 

8 B08 0.069 0.991 1.060 

9 B09 0.017 0.198 0.215 

10 B10 0.072 0.281 0.358 

11 B11 0.135 0.098 0.233 

12 B12 0.053 0.089 0.142 

13 B13 0.034 0.069 0.103 

14 B14 0.015 0.098 0.113 

15 B15 0.151 0.114 0.265 

16 B16 0.010 0.423 0.433 

17 B17 0.014 0.017 0.031 

18 B18 0.067 0.058 0.125 

19 B19 0.009 0.081 0.090 

20 B20 0.010 0.044 0.054 

 Average 0.055 0.260 0.316 

Table 8: Concentration of radionuclide and the hazard indices in well water 

S/N Samples ID Effective equivalent dose to
radionuclides(mSv) 

Effective equivalent dose to 

 radionuclides(mSv 

Total effective 

equivalent 

dose(mSv) 

1 W01 0.004 0.048 0.052 

2 W02 0.006 0.010 0.016 

3 W03 0.082 0.037 0.119 

4 W04 0.008 0.066 0.074 

5 W05 0.029 

 

0.035 0.064 

6 W06 0.044 0.155 0.199 

7 W07 0.088 0.092 0.18 

8 W08 0.051 0.078 0.129 

9 W09 0.025 0.225 0.28 

10 W10 0.072 0.013 0.085 

11 W11 0.114 0.207 0.321 

12 W12 0.184 0.065 0.249 

13 W13 0.126 0.427 0.553 

14 W14 0.021 0.168 0.189 

15 W15 0.164 0.090 0.254 

16 W16 0.080 0.041 0.121 

17 W17 0.047 0.007 0.054 

18 W18 0.053 0.055 0.100 

19 W19 0.087 0.207 0.294 

20 W20 0.050 0.106 0.156 

 Average 0.067 0.107 0.174 
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Fig. 7. The relationship between the annual effective dose Alpha and sample ID Boreholes water 

 

Fig. 8. The relationship between the annual effective dose Beta and sample ID Boreholes water 
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Fig. 9. The relationship between the annual effective dose Alpha and sample ID Well water 

 

Fig. 10. The relationship between the annual effective dose Beta and sample ID Well water 

The evaluation of radiation hazard indices of groundwater in Jos city center has been conducted. The effective doses 

attributed to gross alpha and beta activities are shown in Tables 7-8 with the range of 0.002–0.151 mSv and 0.017–0.620 

mSv, for boreholes water and 0.004–0.164 mSv and 0.010–0.427 mSv for hand-dug well water respectively. The values 

obtained when compared with the various world permissible values were found to be below the standards for such 

environment and drink water from this area will pose no significant health threat to human lives and the environment is 

said to radiologically hazard safe. 

V.    CONCLUSION 
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Tables 3- 6 respectively. The radiological impact of these samples, distinct units of activities were calculated to compare 

with the world‟s standards. Based on the calculations, it can be observed that the values are below the worldwide accepted 

per capita effective dose of 410  Sv/yr of one-year intake of drinkable water. 
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