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ABSTRACT 
The presence of naturally occurring radioactive materials (NORM) in the environment 
makes  background radiation  inevitably present everywhere in the environment. Their 
contribution gives the largest contribution to the total radiation dose received by 
humans. A survey was therefore carried out to determine baseline outdoor gamma dose 
rate in Katsina metropolis, Northern Nigeria. RDS-120 Universal Survey Meters capable of 
measuring gamma dose rate of 0.05µSv/h to 10Sv/h dose were used. The meters were 
calibrated at the Secondary Standards Dosimetry Laboratory, National Institute for 
Radiation Protection and Research, Ibadan, Nigeria. The results showed a total absorbed 
dose rate ranging from 0.0833 ±0.0135 µSv/h to 0.1092 ±0.0102 µSv/h with an average of 
0.0949±0.0020 µSv/h. Annual effective dose rates were also calculated and found to be in 
the range of 33.39±2.44 μSv/y to 85.07±2.96 μSv/y with an average value of 59.23±2.70 
µSv/y. These values were found to be within the acceptable limits. The absorbed gamma 
dose rate resulting from the natural nuclides present in the area therefore indicates that 
the area is radiologically safe. 
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1. INTRODUCTION 
Natural background radiation is inevitably 
present everywhere in the environment and 
gives the largest contribution to the total 
radiation dose received by humans. The 
presence of radioactive materials in trace 
quantities in our environment may pose a 
number of health hazards, especially when 
the energy associated with these 
radionuclides is deposited in the human 
body. Radionuclides in the environment emit 
particles (alpha and beta) and photons (gamma) 
some of which are capable of depositing substantial 
amount of energy within small distance of travel, a 
property making them capable of creating highly 
reactive species as by-products of water molecules.  
These species are created in stages when 
ionizing radiation interacts with water molecules 
as outlined in equations 1.1 to 1.4 (Bichiet al., 
2013). 
(i) Initial Physical Stage. 
This stage lasts for about 10-18 second in 
which energy is deposited to a water 

molecule. This causes ionization as:  
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The positive and negative ions produced in 
the initial stage undergo further reaction in 
the next stage: 
(ii) Physico-Chemical Stage. 
This stage lasts for about 10-6 second and the 
positive ion previously produced in the initial 
stage undergoes dissociation as: 
           ���
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The negative ion (electron) attaches itself to 
a neutral water molecule to form a complex 
which then dissociates as: 
                         ��� + �

�
→ ���

�    (1.3)  
 

   ���
�   H + O                          (1.4) 

 
Continuous exposure to low radiation emission 
due to trace accumulations may increase the 
long-term incidence of cancer (Abo, et al2008; 
Amrani & Cherouati, 1999; Collman,et al 
(1991). A Study suggested that there is no safe 
radiation dose.  
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Accumulation of radionuclides in the body 
overtime may lead to several types of cancers 
(Auvinen, et al., 2005). The potential 
adverse effect from the effects of 
radionuclides in the environment requires a 
standard to be set in order to protect the 
members of public from radiation exposure 
above permissible levels. Gamma radiation 
may lead to a number of interactions with the 
surrounding biomolecules in human systems. 
The photons may interact with critical areas 
of the cell thereby causing direct damage 
more frequently, resulting in the formation of 
free and highly reactive species that may in 
turn react with other molecules within the 
sub-cellular organelles. This may result in 
deactivation of chemical mechanisms or lead 
to interaction with genetic material.  At low 
doses, the damage may be repairable but at 
high doses, the probability of repair is low 
because the cells have less time to recover. 
Many studies have shown that radiation 
exposure at low to moderate doses may be 
responsible for increase in the long-term 
incidence of cancer.  
Animal studies in particular suggest that the 
rate of genetic malformations may be 
increased by radiation exposure (WHO, 

1988). Health effects due to radiation 
exposure are known to be significant only if 
the concentrations of radionuclides are above 
certain thresholds (mCi/L). These  health 
effects may include among other effects, 
reduction in blood cell counts and in very 
severe cases, death occurs at very high doses 
of exposure of the whole body or large part 
of the body (Briner, 2010). Ionizing radiation 
exposure to living cells causes damage to 
chromosomes by production of gene 
mutations, involving alterations in the 
elementary units of heredity which are 
localized within the chromosome or in other 
instances brings about induction of 
chromosome aberrations’. This is done by 
causing changes in the structure (structural 
aberrations) or number (numerical 
aberrations) due to loss of the chromosomes. 
These two scenarios of gene mutation and 
chromosome aberration that may occur 
simultaneously, may lead to defects in cells 
and consequently on the whole organism. The 
United Nations Scientific Committee on the 
Effects of Atomic Radiation (UNSCEAR, 2000) 
has estimated that the global average annual 
human exposure to natural sources is 2.4 mSv 
(seeTable 1)below.  

 
Table 1: Average Radiation Dose from Natural Sources (UNSCEAR, 2000a). 

Source Worldwide average annual 
effective dose (mSv) 

Typical range (mSv) 

Cosmic rays 0.4 0.3-1.0 
 

Terrestrial gamma rays 0.5 0.3-0.6 
 

Internal exposure 
Inhalation (mainly radon) 

 

1.2 0.2-10 
 

Ingestion (food and drinking water) 
 

0.3 0.2-0.8 

Total  2.4 1-10 
 
Effective dose is an important concept used 
as a tool to enable the radiation doses from 
different radionuclides to be estimated. It is 
based on the risks of radiation induced health 
effects and the use of the International 
Commission on Radiological Protection (ICRP) 
metabolic model that provides relevant 
conversion factors to calculate effective 
doses from the total activity concentrations 
of radionuclides measured. The dose arising 
from the intake of 1 Bq (by ingestion) of 
radioisotope in a particular chemical form 

can be estimated using a dose conversion 
factor (DCF). Data for age-related dose 
conversion factors for ingestion of 
radionuclides has been published by the 
International Commission on Radiological 
Protection (ICRP, 1996)(UNSCEAR, 2000a). 
Table 1 shows the conversion factors or dose 
per unit intake (Sv/Bq), for naturally 
occurring radionuclides or those arising from 
human activities that could be found in water 
supplies.  
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Estimates of the radiation induced health 
effects associated with intake of 
radionuclides in the body are proportional to 
the total dose delivered by the radionuclides 
while resident in the various organs. 
Radiation doses ingested are obtained by 
measuring radionuclide activities in 
environmental samples (Bq l−1) and 
multiplying these by the volume of water 
consumed over a period of time (litre y−1). A 
dose conversion factor (Sv Bq−1) can then be 
applied to give an estimate of ingestion dose. 
This survey presents the level of natural 
radiation level due to gamma emitting 
radionuclides in the study area. 
Subsequently, an estimate was obtained of 
the Committed Effective Dose Rate as a 
result of gamma emitting radionuclides in the 
area. This helps in ascertaining the 
radiological safety of the area. Similarly, the 

results present the baseline data in terms of 
gamma dose rate levels of the area. 

 
2.  MATERIALS AND METHODS 
A Global Positioning System (GPS) was used 
to locate the coordinate positions (latitude 
and longitude) of measurement points as well 
as the elevation (the height above or below 
sea level) of the positions. Two RADOS 
Universal Survey Meters Model RD-1 shown in 
Figure 2 were used to measure the gamma 
dose rate levels in the area. The equipment 
is capable of measuring gamma radiation 
range of 50 keV to 3 MeV, a gamma dose rate 
ranging from 0.05µSv/h to 10Sv/h. The 
meters were calibrated at the Secondary 
Standards Dosimetry Laboratory, National 
Institute for Radiation Protection and 
Research, Ibadan, Nigeria.

  
 

 
 
Fig. 2: Universal RADOS Universal Survey Meter. 
 
In order to have a good representative 
sampling of the entire environment, 
stratified random sampling method was used. 
The study area was divided into 12 grids, in 
each grid, 2 different points were sampled 
out and from each point and 6 readings were 
taken using the two meters (three reading 
from each meter). 
The committed effective dose equivalent 
rate was determined using(1) 
HEext= KextTexpɳζDext    (1.5) 
Where; 
Kext= 0.7 Sv/Gy is the conversion factor from 
absorbed Dose Rate in air to effective dose 
equivalent 
ζis occupancy factor of 0.2 for outdoor and 
0.8 for indoor 

Texpis total exposure period of 8,760h in a y 
Dextis the measured dose rate µSv/h 
ɳ is the efficiency of the dose rate meter 
3. STUDY AREA 
Figure 1 shows the sketch map of the study 
area, which is a semi-arid area located in the 
extreme northern part of Nigeria. It has an 
approximate population of 318,132 with an 
area of approximately 3,370 km2. It is 
located between the latitudes 13o22´ & 
11o08´ N, and the longitudes 9o20´ & 6o52´ 
E. About 66 % of the district is covered by 
desert and the main land is predominantly 
used for agriculture. The climate is hot and 
dry for most of the years; it has an average 
temperature 27oC.  
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Fig. 1: Map of Katsina Metropolis (Source: Geog. Dept., UMYU  
 
4. RESULTS AND DISCUSSION 
The results of the measurements of dose 
rates in terms of natural gamma activity 
concentration in Katsina metropolis is 
presented in Table 3. Subsequently, the 
estimated annual committed effective dose 
resulting from its direct exposure is 
presented in Table 4.  The world annual 
natural radioactivity level, including external 
exposure, consumption of food and water 
containing natural radionuclides, and 
inhalation of radon with its daughter 
products, amounts on average to 2.4 mSv, 

with a range from 1 to 10 mSv(UNSCEAR, 
2000b). The UNSCEAR report also indicated 
that the average worldwide exposure to 
natural sources in foods and drinking water  
is 0.29 mSv y-1 (about 0.17 mSv y-1 from 40K 
and about 0.12 mSv y-1 from Uranium and 
Thorium) (UNSCEAR, 2000b). The 
international recommendation of annual dose 
limit for controlled exposures of the general 
public, above the annual natural radiation 
background is 1 mSv(WHO, 1988; Wrixon, 
2008).  
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For prolonged exposure situations in case of 
all environmental radioactive sources, 
including natural and human-made sources, 
the ICRP recently recommended a generic 

intervention level of annual dose of 10 mSv 
as the level below which intervention is 
unjustified, taking into account radiological, 
economic and social factors (Wrixon, 2008). 

 

Table 2: Geographical Description of the Study Area 
S/N 

Location 

Elevation (ft) Geographical Coordinate 
 

A B North East 
1. Dutsin Safe  1709 1703 13°00.178´ 7°35.018´ 
2. Rafukka 1663 1647 13°00.010´ 7°35.204´ 
3. KofarSauri 1642 1666 13°00.397´ 7°36.438´ 
4. KofarGuga 1677 1676 12°59.814´ 7°35.347´ 
5. KofarBai 1674 1678 12°59.562´ 7°36.037´ 
6. KofarDurbi 1659 1648 12°59.717´ 7°36.766´ 
7. KofarYandaka 1675 1673 12°58.999´ 7°35.230´ 
8. Marusa 1658 1677 12°59.322´ 7°36.728´ 
9.  Lay Out          1727 1683 12°58.175´ 7°35.611´ 
10. Dutsinma Road 1756 1738 12°58.141´ 7°35.972´ 
11. S/Unguwa 1709 1720 12°58.076´ 7°37.217´ 
12. K/Kaura 1689 1708 12°58.351´ 7°36.970´ 

 

Table 3: Calculated Dose Rate from the Measured Dose Rate 
S/N Location Location A  

Average Dose Rate 
(µSv/h) 

Location B 
Average Dose Rate 
(µSv/h) 

Average Dose 
Rate 
(µSv/h) 

 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

Dutsin Safe  
Rafukka 
KofarSauri 
KofarGuga 
KofarBai 
KofarDurbi 
KofarYandaka 
Marusa 
Lay Out          
Dutsinma Road 
S/Unguwa 
K/Kaura 

0.09 
0.09 
0.08 
0.09 
0.14 
0.10 
0.07 
0.11 
0.10 
0.10 
0.10 
0.10 

0.09 
0.08 
0.09 
0.90 
0.80 
0.12 
0.10 
0.09 
0.10 
0.09 
0.10 
0.12 

0.09 
0.085 
0.085 
0.09 
0.47 
0.11 
0.085 
0.10 
0.10 
0.095 
0.10 
0.11 

 
Table 4: Committed Effective Dose Rate in the Study Area 
S/N 
 

Location Absorbed Dose Rate 
(µSv/h) 

Annual Effective Dose Rate 
(µSv/Year) 

1 Dutsin Safe  0.09±0.00 71.74±0.00 
2 Rafukka 0.085±0.01 67.76±7.97 
3 KofarSauri 0.085±0.01 67.76±7.97 
4 KofarGuga 0.09±0.00 71.74±0.00 
5 KofarBai 0.47±0.16 374.65±127.55 
6 KofarDurbi 0.11±0.01 87.69±7.97 
7 KofarYandaka 0.085±0.02 67.76±15.94 
8 Marusa 0.10±0.01 79.72±7.97 
9  Lay Out          0.10±0.00 79.72±0.00 
10 Dutsinma Road 0.095±0.01 75.73±7.97 
11 S/Unguwa 0.10±0.00 79.72±0.00 
12 K/Kaura 0.11±0.01 87.69±7.97 
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From tables 1 to 4, the assessment of gamma 
dose rate in Katsina metropolis indicated that 
the total absorbed dose rate calculated from 
the area ranges from 0.085 ±0.01 µSv/h to 
0.47 ±0.16 µSv/h with an average of 
0.16±0.09µSv/h and the committed effective 
dose rates were also estimated to vary from 
67.76±7.97 μSv/y to 374.65±127.55 μSv/y 
with an average value of 100.97±15.94 µSv/y. 
These values were found to be within an 
established RDL (UNSCEAR, 2000). 
 
CONCLUSION 
The results of this study provides a baseline 
data of the gamma dose rate and 
subsequently its health effects in terms of 

committed effective dose in Katsina, a semi 
arid region in northern Nigeria. Despite the 
fact that the gamma dose rates and 
subsequent committed effective doses in the 
area are substantially higher than those in 
other  populations, the dose rates still 
remain low when compared with generic 
intervention level. The magnitude of risk 
expected in our study is therefore small. 
Radionuclides screening as well as the use of 
best available technologies (BAT) is strongly 
recommended to ascertain the extent of all 
radioactive material deposits in the area. 
This is to totally safeguard the inhabitants of 
the area from unwanted radiation exposure 
over lifetime. 
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