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Abstract 
 

In this study, the concentrations of radon and heavy metals in groundwater samples were measured with a view to assessing their 
possible effects on human health. A Rad7 radon detector was used to analyze for radon concentration, while an Atomic 
Absorption Spectrometer (AAS) was used to measure the concentration of heavy metals of the water samples.  The results 
showed that the radon concentration ranged between 1.11 to 18.77 Bq/L, and 2.07 to 23.67Bq/L for well and borehole water 
samples respectively. Furthermore, about 30% of borehole water   samples, and 36% of well water samples had concentrations 
greater than the USEPA maximum contaminant level of 11.1Bq/L The average concentration value of all the samples was 
10.46Bq/L which is greater than the world average prescribed by WHO, but less than the USEPA MCL The results for the heavy 
metals indicated that concentrations of iron and chromium for all the samples were above the WHO MCL. The concentration of 
Cu was in the range of 0.004- 0.032mg/L; Mn ranged between 0.049 to 0.091mg/L; Cr ranged between 0.827 to 1.214mg/L; 
while Fe was in the range of 0.70 to 1.595mg/L. However, in most of locations Cd, Pb, Ni, and Zn were not detected in the 
samples analyzed. 
Keywords: Radon, Groundwater, Heavy Metals, RAD7, Maximum Contaminant Level 

 
1.0 INTRODUCTION 

In determining good quality drinking water, besides the significant physicochemical parameters, radon ( P

222
PRn) has 

been identified as the most important isotope of radiological concern (ICRP, 1993). Infact exposure to radon and its 

progeny has been recognized as the principal source of exposure to ionizing radiation in the developed countries 

(WHO, 2001). Several studies in different countries over the years have led to a consensus of several globally 

recognized bodies like the International Commission on Radiological Protection (ICRP), the United Nations 

Scientific Committee on the Effects of Atomic Radiation (UNSCEAR), the International Atomic Energy Agency 

(IAEA), the National Council on Radiation Protection (NCRP) and the United States Environmental Protection 

Agency (USEPA) on recognizing P

222
PRn as a significant risk factor for lung cancer (Irlinger, 2014). 

All groundwater contain radon, whose mother nuclide is radium ( P

226
PRa); a progeny of uranium ( P

238
PU) decay. Hence, 

radon originates from the radioactive decay of naturally occurring uranium and radium deposits which are  picked 

up by groundwater passing through rocks and soil, and then enters water supplies when this water circulates into a 
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well. Radon is a noble radioactive gas with a half-life of 3.8 days whose concentration varies from one place to 

another (Somlaiet al., 2007; Gruber et al., 2009). 

In view of the health effects of radon due to public exposure, it is necessary to determine  its concentration in 

drinking water in order to compare with the maximum contaminant level (MCL) adopted by various regulatory 

bodies such as USEPA, WHO and UNSCEAR. 

Materials such as gravel, sand and bedrocks inside the earth may contain heavy metals which are absorbed and 

dissolved by water that are taken from different sources for domestic and other uses (Duruibe et al., 2007). 

Generally, heavy metals are released into the environment through natural processes and anthropogenic activities. 

For example, electroplating, metal smelting and other chemical and manufacturing processes are sources of 

anthropogenic heavy metals in water. Also poorly treated domestic, industrial and agricultural wastewater contain 

high concentration of heavy metals which are often discharged into the environment. Some heavy metals, such as 

mercury and lead, may also enter the atmosphere due to traffic pollution and industrial activities, which when 

deposited in soils can enter water along with the surface run-off (CIA, 2016). 

Hence, various sources of drinking water such as surface waters, groundwater and sea water are likely to be polluted 

by heavy metals (Bryan and Langston, 1992; Duruibeet al., 2007).An important characteristic of heavy metals is 

their ability to contaminate groundwater due to their toxicity even at low concentration. Examples are Cd, Cr, Ni, Pb 

and As (Marcovecchioet al., 2007).Studies have reported various chronic and sub chronic effects from exposure to 

heavy metals (USEPA, 2015). 

Owing to rapid urbanization, rise in population and lack of government prioritization of the water and sanitation 

sector, water supplyto the population in most parts of Nigeria is inadequate in both quality and quantity (WHO, 

2006). Thus, most people rely on boreholes and wells in the urban centres for their drinking water supplies. 

Amongst the numerous contaminants that are found in various water sources are salts and metals, naturally 

occurring radioactive( arising from oil and gas production or mining activities), and man-made radioactive 

materials. Also, organic chemicals which are by-products of industrial processes can also get into water sources and 

contaminate them (USEPA, 2015). 

A study conducted within industrial areas in Kaduna metropolis reported high levels of some heavy metals 

exceeding the permissible limits recommended by WHO and Nigerian standard on drinking water quality- NSDWQ 

(Imam et al., 2018). Jimoh et al., (2017) in their work, reported heavy pollution of underground water by Cr, Cu, 

Cd, Pb and Ni within the vicinity of workshops in Old Panteka market, Kaduna. As  most parts of Kaduna 

metropolis and environs have not been surveyed for radon and heavy metals, both of which are classified as human 

carcinogens (IARC, 2016), the present work is therefore important and has the following objectives:-  

1. To determine the radon concentration in the borehole and hand dug well water samples and to compare these 

values with the permissible limits of regulatory bodies such as USEPA and WHO. 

2. To determine the concentrations of  selected heavy metals in borehole and well water samples from selected 

locations in the study area, and to correlate the results obtained to permissible limits prescribed by the WHO, so 

as to ascertain the level of their contamination. 

3. To generate data that may be useful for future radiological evaluation in the study area. 
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1.1 The Study Area 

Kaduna metropolis is the state capital of Kaduna state, and is made up of Kaduna North, Kaduna South, Chikun, and 

Igabi LGAs. It is geographically located between latitudes 10°36'33.55'' and longitudes7°25'46.21''East. It has a total 

land area of 131 square kilometres, and a population of760,084(NPC, 2006).Kaduna state is bordered by Zamfara, 

Katsina and Kano states to the North, Bauchi and Plateau states to the East, Nassarawa state to the South; and Niger 

state and Abuja (FCT) to the West. River Kaduna which is a tributary of the Niger River flows roughly east to west 

and divides the city roughly into Kaduna South and Kaduna North. Kaduna and environs belongs to the tropical 

savannah climate with a mean temperature of 29℃. 

Kaduna lies within the North Central Nigerian basement complex which is made up of mostly migmatite, granite 

gneiss, undifferentiated schists and porphyritic granite (Wright et al., 1987). The area is part of the extensive but 

gently undulating peneplain, capped at high elevation by patches of laterised terraces of iron oxides, broken up 

concretion, ironstones and some quartz. At Anguwan Dosa and Malali residential areas, within Kaduna metropolis, 

young granite igneous rock formation and quarry activities have been identified (Oyeyemiet al., 2014).The area is 

also characterized by spectacular exposure of well-defined migmatites around Kudendan, Kakau, Sabon-Tash, 

Kabala east and west of the metropolis. The crystalline rocks in the area are associated with the presence of 

structures like fractures, fissures veins, joints and other structural deformations. This may have bearings on water 

accumulation and recharge in the water- bearing aquifers in the area (Ogezi, 1992). 
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2.0 MATERIALS AND METHODS 

 
2.1 Sample Collection 

A total of 22 groundwater samples, comprising of 11from wells and 11 fromboreholes  were collected from Chikun 

(11 in Nos.) Kaduna North (6 in Nos.) and Kaduna South (5 in Nos.)Local Government Areas (LGAs). For the 

radon analysis, samples were collected in a 1.5L polythene bottles previously rinsed with distilled water, and 

deliberate effort was made to prevent bubbling of the water in order not to allow escape of dissolved radon in the 

water. Water samples from boreholes were collected directly from their main supply (after purging for 10 minutes to 

ensure sample quality) or from taps on storage tanks connected directly to the boreholes. While the water samples 

from hand dug wells were fully filled into air tight clean polythene bottles to avoid degassing during sample 

collection. 
 
2.2 Measurement of Radon Concentration  

The water samples were assayed using a well calibrated active electronic radon detector (RAD7) connected to a 

RADHR2RO accessory (Durridge, 2013). The RAD7 detector was connected to a bubbling kit, enabling it to degas 

radon from a water sample into the air in a closed loop in order to measure the radon concentration. Within the 

closed loop is a dessicant which dries the air before entering the detector for the radon measurement. The RAD7, 

which is capable of accurately measuring radon concentration in a water sample within 20 minutes, uses alpha 

spectrometry technique. The time of measurement is very short compared to the 3.8 days half-life of the radon, 

thereby rendering RAD7 superior to other detectors for radon in water measurement (Oni et al., 2014). 

 

2.3 Calculation of the Annual Effective Dose 

As radon gas makes the greatest contribution to natural radiation exposure to the population, and as its inhalation (of 

short lived decay products) accounts for about 50% of the effective equivalent dose to humans, it is therefore 

important to calculate the annual effective dose due to intake of radon. The annual effective dose to an individual 

consumer due to the intake of radon from drinking water is evaluated using the relationship as defined by Alamet 

al.,( 1999): 

Dw = Cw CRwDCw ……………………………………………………………………………… Eq. (1) 

Where: DRw Ris the annual effective dose (SvyP

-1
P) due to the consumption of water. 

CRwR is the concentration of P

222
PRn in the ingested  water (BqLP

-1
P) 

CRWRR is the annual intake of drinking water (LyP

-1
P) 

DRcwR is the  ingested dose conversion factor for P

222
PRn (SvBqLP

-1
P) (Somashekar and Ravikumar, 2010). For this 

calculation, a dose conversion factor of 5 × 10−9SvBq−1 (UNSCEAR, 1993) was used.  

CRRwR for an adult (age > 18 years) was taken to be 730L of water annually. 
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2.4 Sample Preparation and Analysis for Heavy Metals  

2.4.1 Water Sampling and Analysis 

Water samples were collected from 5 boreholes and 5 hand-dug wells  from the same locations where some samples 

for radon measurements were also taken. The sampling bottles were pre-soaked overnight with 10 % Hcl and rinsed 

with distilled water, and also rinsed with the water to be examined before sample collection. Preservation was done 

by adding 2 drops of concentrated HNOR3R to each water sample before storage below 4℃, which was so maintained 

until the analysis was done so that the dissolved metals were kept in ionic form to enable their detection by the 

Atomic Absorption Spectrometry (AAS) at the Chemistry Department A.B.U, Zaria. The metals analyzed were Pb, 

Cu, Cd, Cr, Ni, Zn, Fe and Mn. The locations of the sampling points were taken using a portable Global Positioning 

System (G.P.S) device,Vartian AA650FS model.  

3.0 RESULTS AND DISCUSSION 

The radon concentration of the all the water samples measured ranged between 1.11 Bq/L and 23.67Bq/L, with a 

mean value of 10.46Bq/L, which is slightly less than the USEPA MCL of 11.1 Bq/L (USEPA). Whereas. For water 

samples from boreholes, the radon concentration values ranged between 2.07 and 23.67Bq/L with an average of 

10.16Bq/L. Similarly, for well water samples, the radon concentrations ranged between 1.11 and 18.77Bq/L, with a 

mean of 10.76Bq/L. Furthermore, 30% of the borehole water samples had P

222
PRn concentrations greater than the 

USEPA MCL, and roughly 36% of the well water samples had their P

222
PRn concentrations above the USEPA MCL. 

And irrespective of the sources 36% had P

222
PRn concentrations greater than the USEPA MCL even though a borehole 

sample (KN8) had the highest concentration. However, greater number of well water samples had higher values 

of P

222
PRn concentrations than boreholes. It is worthy of note that the mean P

222
PRn concentrations for all the samples, 

the meanP

222
PRn concentration for borehole samples as well as that of the well water samples are all greater than the 

world average value of 10Bq/L. The results from this study are in agreement with similar studies carried out in 

Kaduna metropolis and environs (Garba and Hussaini, 2018, Njinga et al., 2018 and Kalip et al., 2018). Though 

many studies have indicated that most boreholes do have higher P

222
PRn concentrations than wells, this is not quite 

reflected in this study. This may be attributed to the variability of radon in the geological space. Consequently, radon 

concentration in groundwater may vary with time due to factors such as dilution by recharge. Also seasonal changes 

may cause P

222
PRn concentrations to be high or low owing to factors responsible for enrichment of radon in 

groundwater SpatialvariationsinP

222
PRconcentrations are generally related to changes in geology, soil type and 

structural controls such as; planes, faults, fractures, folds and lineaments (Alharbiet al., 2015). 

 
The annual effective dose to an individual due to ingestion of radon from the water samples ranged between 

0.004mSv/y to 0.09mSv/y, and a mean value of 0.04mSv/y. However, none of the samples had an AED value of 

upto 0.1mSv/y and 1mSv/y, which correspond to the recommended limits by WHO (2003), and UNSCEAR (2008) 

for members of the public respectively. 
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Table 1: Measurements of P

222
PRn Concentration in Groundwater Samples in Kaduna and Environs 

S/n Site name  Site code  Source of 
water  

Coordinates Mean 
Radon 
Conc. 
(Bq/L) 

Annual 
Effective Dose 
(AED) (µSv/y) 

1 Samari St. U/Barde KS 1 (Kaduna 
South) 

Well 10°25’55.46”N 
07°27’7.47”E 

1.11 4.05 

2 College Road U/Barde KS 2 (Kaduna 
South) 

Borehole  10°26’35.32”N 
07°27’12.41”E 

9.34 34.09 

3 U/Sunday, Maraba 
Hotel 

KS 3 (Kaduna 
South) 

Borehole  10°27’21.37”N 
07°26’43.93”E 

3.28 11.97 

4 Narayi High Cost, near 
Post office Road  

KS 4 (Kaduna 
South) 

Borehole  10°27’24.43”N 
07°27’10.22”E 

10.34 37.74 

5 Mahuta, near LEA 
Primary School 

KS 5 (Kaduna 
South) 

Borehole  10°26’45.77”N 
07°29’35.43”E 

5.54 20.22 

6 Kamazou, Fadama Area KS 6 (Kaduna 
South) 

Well 10°27’17.96”N 
07°29’15.61”E 

8.67 31.65 

7 Karji,Yakowa Road KS 7 (Kaduna 
South) 

Well 10°29’12.85”N 
07°28’12.80”E 

17.02  62.12 

8 U/Rimi GRA, Ohinoyi 
Road 

KN 8 (Kaduna 
North) 

Borehole  10°31’42.43”N 
07°27’28.44”E 

23.67 86.40 

9 Malali GRA, Fed. 
Training Centre  

KN 9 (Kaduna 
North) 

Well 10°32’41.89”N 
07°27’34.40”E 

6.80 24.82 

10 Kwaru, Badarawa KN 10 (Kaduna 
North) 

Well 10°33’53.83”N 
07°27’56.18”E 

10.76 39.27 

11 U/Dosa College Road KN 11 (Kaduna 
North) 

Well 10°34’10.80”N 
07°27’26.36”E 

9.18 33.51 

12 General Hospital Kawo KN 12 (Kaduna 
North) 

Borehole 10°34’54.25”N 
07°26’51.4”E 

14.71 53.69 

13 Farin Gida Mando, 
Near Mechanic Village 

KN 13 (Kaduna 
North) 

Well 10°34’36.86”N 
07°25’10.79”E 

7.7 1 28.14 

14 Kaduna Polytechnic 
Qtrs staff school 

KN 14 (Kaduna 
North) 

Well 10°31’38.31”N 
07°25’25.95”E 

18.77 68.51 

15 Yusufu Dansoho Hosp., 
Tudun Wada 

KN 15 (Kaduna 
North) 

Borehole  10°31’5.67”N 
07°25’0.95”E 

22.75 83.04 

16 Juji, Tasha Near 
Eastern Bye-Pass 

KN 16 (Kaduna 
North) 

Borehole  10°24’9.17”N 
07°27’24.76”E 

2.07 7.56 

17 Federal Housing, 
Gonin-Gora 

KN 17 (Kaduna 
North) 

Well 10°25’3.49”N 
07°24’16.96”E 

12.81 46.76 

18 Kurmin Gwari, Church 
Road 

KN 18 (Kaduna 
North) 

Well 10°27’32.89”N 
07°24’51.94”E 

18.3 1 66.83 

19 U/Mission, Overhead 
Tank 

KN 19 (Kaduna 
North) 

Borehole  10°28’25.52”N 
07°24’25.73”E 

6.37 23.25 

20 Nasarawa, Near 
Western By-Pass 

KN 20 (Kaduna 
North) 

Borehole  10°28’22.72”N 
07°23’4.75”E 

5.40 19.71 

21 Kudendan, Near River 
Side 

KN 21 (Kaduna 
North) 

Well  10°28’51.85”N 
07°23’1.77”E 

7.27 26.54 

22 U/Muazu, Kinkino 
Area 

KN 22 (Kaduna 
North) 

Borehole  10°30’5.77”N 
07°23’59.10”E 

8.28 30.22 

The results for the AAS analysis for heavy metals(Cu, Cr, Mn, Fe, Zn, Pb, Cd and Ni), for the ten (10) different 

locations, for both hand dug wells and bore holes as shown in figure 1below, and which are compared with World 

Health Organization  WHO (2011)  MPL for drinking water, are discussed below: 
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In location L1 (Samari street, U/Barde, Sabon Tasha), the concentration of Chromium’s concentration was0.848 

mg/L andIron, 0.723 mg/L were observed to be above the MPL of WHO (2011) for drinking water. This could be 

attributed to the farming activities in the area. Though Chromium is an essential micronutrient for animals and 

plants, long term exposure can cause kidney, liver, circulatory and nerve tissue damages. Iron is the fourth most 

abundant element by mass in the earth’s crust and prolonged consumption of drinking water with high concentration 

of iron may lead to liver disease called haermosiderosis (Rajappaet al., 2010). Copper was 0.032 mg/L 

andManganese 0.057mg/L were within the MPL. In (L1)Chromium had the highest concentration and Copper the 

lowest concentration amongst the heavy metals. Zinc, Lead, Cadmium and Nickel were not detected. 
 

The concentration of Manganese was 0.049 mg/L,which was found to be within the MPL of WHO (2011) for 

drinking water. Iron was 1.246 mg/L and Chromium 1.132 mg/L were above the MPL for drinking water in 

Kudendan (location L2) due tothe river in the area resulting to irrigation farming involving application of fertilizer 

especially manure is carried out. High concentration of these metals can lead to kidney, liver, and haermosiderosis 

(Bhaskaret al., 2010). The results showed that Zinc, Lead, Copper, Nickel and Cadmium were not detected. 

The concentration of Copper and Manganese were found to be 0.006 mg/L and 0.091 mg/L respectively, which are 

within the MPL of WHO (2011) for drinking water. 
 

The concentration of Chromium was 0.922 mg/L and Iron, 0.867 mg/L concentrationwere above the MPL in 

Fadama Area Kamazou (location L3).  This could attribute to the farming activitiesin the area as well as iron being 

one of the most abundant element in the earth’s crust. However, Lead, Cadmium, Zinc and Nickel were not detected. 

The concentrations of Iron was 1.320 mg/L and Chromium 0.862 mg/L were found to be above the maximum 

permissible limit of WHO (2011) for drinking water whileLead, Cadmium, Zinc and Nickle were not detected. 

Chromium and Manganese whose concentrations were 0.013 mg/L and 0.081 mg/L respectively were within the 

MPL in Federal Housing, Gonin Gora (location L4). 

In Kwaru, Badarawa (location L5) the result showed that Chromium was 0.953 mg/L and Iron 0.701 mg/L were 

above the MPL WHO (2011) for drinking water The high concentration of these metals could be from municipal 

waste dumps as well as possible anthropogenic sources such as a burning fuel. Manganese, 0.037 mg/L was within 

the MPL,while Copper, Zinc, Lead, Nickel, and Cadmium were not detected. 

The concentration of Manganese was 0.051 mg/L, and Copper 0.006 mg/L were within the MPL, WHO (2011) for 

drinking water, while Iron was 0.839 mg/L and Chromium 1.214 mg/L are above the MPLfor L6-New Mechanic 

Garage Farin Gida, Mando. This may be due to the activities of Mechanic workshops around the area. Nickel, 

Cadmium, Zinc and Lead were not detected.  
 

For location L7,the concentration of Iron was 1.595 mg/L, and Chromium 1.098 mg/L were above the maximum 

permissible limit WHO (2011) for drinking water and the high concentration of the metals could attributed to 

industrial activitiesin the area.While Zinc 0.003 mg/L and Manganese 0.075 mg/L are within the permissible limit in 

Nasarawa Road, U/Mission location. Copper, Lead, Cadmium and Nickel were not detected. 

In Ohinoyi Road U/Rimi GRA.( location L8) the result showed that Chromium was 0.994 mg/L and Iron 0.972 

mg/L were found to be above the maximum permissible limit WHO (2011) for drinking water, and the high 
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concentration of these metals could be from municipal waste dumps as well as possible anthropogenic sources such 

as a burning fuel . However, Copper 0.013 mg/L and Manganese 0.068 mg/L were within the limit. But Nickel, 

Cadmium, Lead and Zinc were not detected. 

For location L9,the concentration of Copper was 0.004 mg/L and Manganese 0.056 mg/L were within the maximum 

permissible limit WHO (2011) for drinking water. While, Chromium 0.827 mg/L, Iron 0.771 mg/L and Zinc 0.303 

mg/L are above the MPL, possibly due to the farming activities in the area  its proximity to stream water. However, 

Cadmium, Lead and Nickel were not detected.  
 

The concentration of Chromium was 1.052 mg/L, and Iron 0.910 mg/L were found to be above the  WHO (2011) 

MPL for drinking water and the high concentration of these metals could be from municipal waste dumps as well as 

possible anthropogenic sources such as  burning fuel. Manganese 0.058 mg/L, was within the MPL, while Lead, 

Cadmium, Zinc, Copper and Nickel were not detected in Dantsoho General Hospital Tudun Wada (locationL10). 

This work was compared to similar studies conducted in selected locations in Kaduna metropolis by Imam et al., 

(2018) and Jimoh et al., (2017). It was observed that metals like; Zn, Pb, Ni, and Cd, which were not detected in this 

study in most locations were in contrast found in appreciable amounts in their studies. This can be attributed to the 

fact that while the study by Imam et al., was undertaken in industrial areas of Kaduna metropolis associated with 

discharge of industrial wastes into the environment; Jimoh et al., carried out theirs in Panteka old market of the 

metropolis, where a lot of metal processing are conducted and the wastes dispersed into the surroundings. 

 

Figure 2: Concentration of Heavy Metals in mg/L from ten (10) Different Locations 
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L1W= Samari Street U/Barde Sabon Tasha, L2W=Kudenda,L3W= Fadama Area Kamazou, L4W= Federal Housing 
Gonin Gora, L5W= KwaruBadarawaL6W= New Mechanic Garage Farin Gida Mando, L7BH= Nasarawa Road 
U/Mission, L8BH= Ohinoyi Road U/Rimi GRA,L9BH= Marabah Hotel U/Sunday and L10BH= Dantsoho General 
Hospital Tudun Wada 

 

Table 2: World Health Organization WHO (2011) Standards  

Elements WHO (2011) Maximum Permissible limit (mg/L) 

Copper 2.00 

Cadmium 0.03 

Chromium 0.05 

Nickle 0.02 

Lead 0.40 

Manganese 0.40 

Iron 0.30 

Zinc 3 

 

 

3.1 Conclusion 

Water samples from boreholes and wells in Kaduna metropolis and environs were analyzed using a RAD7 radon 

detector.The results obtained in this study indicate that the P

222
PRn concentration ranged between 2.07 and 23.67Bq/L, 

and 1.11 and 18.77Bq/L for borehole andhand dug well water samples, respectively.Mean concentrations were 

10.16Bq/L for boreholes and 10.76Bq/L for wells. While the average values are below the MCL of 11.1Bq/L set by 

USEPA, but were slightly greater than the 10Bq/L WHO world average. However, several incident values from 

wells and boreholes exceeded the USEPA MCL, while the annual effective doses of all samples were within the 

recommended limits. Therefore, from the point of view of radiological protection, there is need to take some 

precaution due to the hazard posed by radon exposure to the public, by boiling all drinking water from ground water 

sources. It is alsorecommended that extensive survey for radon be conducted to cover vast portions the country as  

this will facilitate the generation of sufficient data for policy formation on radon and its health effects. The results 

from the heavy metal concentration analysis shows that chromium and iron were above the WHO (2011) 

permissible limit for drinking waterfrom all the locations analyzed, which indicates that when this water is 

consumed it will have negative health impact on humans  beings.However, some metals were not detected, which 

may be attributable to inherent limitation of the AAS device employed for the analysis. 
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