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Abstract

A study of the external background ionizing radiation (BIR) levels in eight solid mineral mining
sites in Enugu State has been carried out using two Digilert radiation monitors Radalart-50 and
Radalart-100. Thirty two readings of four sampling in each point were taken at different solid
mineral sites of the state following standard procedure. The measured BIR levels obtained ranged
from 0.012 mR/hr in Nkpologwu silica mining site to 0.028 mR/hr in clay mining site in Enugu-
Ekulu with an average of 0.018 + 0.004 mR/hr, while the corresponding calculated equivalent
dose rate ranged from 1.0 mSv/yr to 2.35 mSv/yr with a mean value of 1.51 * 0.04 mSv/yr. The
result obtained indicates that the average exposure level of the studied area is 38.5% higher than
the international standard. This suggests the possibility of the presence of radionuclide in the
solid minerals mined in Enugu state. However, the values obtained may not cause immediate
health challenge to miners and those engaging in commercial activities around these mining sites
in Enugu, but may result in long-term health side-effects to residence and miners who put in over
twenty-five years in the job. From the forgoing, it is recommended that control mechanism should
be adopted for the members of the public, residence, commercial traders as well as miners work-
ing in these sites, and to protect the environment.
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1. Introduction
Man is continually exposed to radiation from natural sources with or without his consent; this phenomenon is
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unending and unpredictable. The two main contributors to natural radiation exposures are: high-speed cosmic
ray particles incidents in the earth’s atmosphere and the primordial radionuclides present in the Earth’s crust
which are present everywhere, including the human body [1]. Background or terrestrial radiation is the radiation
of man’s natural environment, consisting of what comes from Cosmic rays, the naturally radioactive elements of
the earth and from within human body [2].

The International Atomic Energy Agency (IAEA) estimate of the dose contribution to the environment shows
that, over 85% of background radiation received by man is derived from natural radionuclides, while the re-
maining 15% is from cosmic rays and nuclear process [3].

Radiation exposure outdoors arising from terrestrial radionuclides is present in trace levels in all soil types.
Radiation emitted by these radionuclides within 15 - 30 cm of the topsoil reaches the earth surface [4], with only
those radionuclides with half-lives comparable to the age of the earth, and their decay products exist in signifi-
cant quantities in these materials.

Terrestrial radiations, which comprise ionizing radiation from rocks, solid minerals and soil, vary significant-
ly depending on geographical locations and geological formation [5] [6]. Solid mineral is a crystalline solid of
inorganic origin formed as a result of geological processes and has a well-defined chemical composition [7].
They constitute rocks that are found in the earth and exist together with the naturally occurring radioisotopes in
the earth crusts. Mining of solid minerals could enhance the exposure of the environment to terrestrial radioiso-
topes.

Some exposure to natural radiation sources is modified by human activities. Examples are: natural radionu-
clides released into the environment in mineral processing and the using phosphate fertilizer processing, fossil
fuel combustion and quarry activity, causing enhanced natural radiation exposures. Some people are exposed to
enhanced levels of natural radiation at their places of work; such workers include underground miners and some
workers are involved in mineral processing [8]. While some persons are exposed to the radiation from these
solid minerals constantly because of their proximity to mining sites, quarry sites, processing factories or its ma-
terial utilization companies.

Radiation has no boundaries; and the injuries and clinical symptoms induced by exposure to ionizing radiation
include: direct chromosomal transformation, indirect free-radical formation, radiation cataractogenesis, cancer
induced, bone necrosis, etc. The practice of protection has ensured that human exposure to radiation is guided by
the ALARA principle (ALARA—As Low As Reasonably Achievable). The estimation of exposure to ionizing
radiation is therefore an important goal of regulatory authorities and radiation protection scientists. In public
health management of radiation emergencies, one of the essential components of integrated assessment is to
quickly and accurately assess and categorize the exposure. Thus knowledge of the background radiation level is
of paramount importance [9].

Enugu state is endowed with solid mineral resources such as salt, clay, kaolinite, gypsum, limestone, galena,
bitumen, dolomite, granite, dolerite, ironstone, silica, glass-sand, etc., some of which are not yet being mined but
are being investigated by Enugu State Ministry of Environment and Solid Mineral Development [10]. With the
dwindling of income from crude oil and the need to improve the revenue base of the state has resulted in mas-
sive mining activities without regards to the associated environmental degradations. Excessive exposure of mine
workers and inhabitants of nearby communities to ionizing radiation could result in health side effects. Back-
ground ionizing radiation (BIR) levels in these areas are not yet established; hence the need to have a proper
documentation of the radiation level so as to provide a base-line data for future research and also estimate the
radiological burden on the miners, populace and environment.

2. Materials and Methods

This study was conducted in October, 2014 around eight selected mine sites which are located at Enugu, South-
east of Nigeria. The study areas lie within longitudes E007°12'58" and E007°36'22", and latitudes N06°01'46"
and N06°45'44.4". Figure 1 shows the map of Enugu state indicating the areas where the mining sites under in-
vestigation are located in the state.

An in-situ measurement was achieved using two Digilert radiation monitors, Radalart-50 and Radalart-100.
The meter’s sensitivity referenced to Cs-137 and its maximum alpha and beta efficiencies are 18% and 33% re-
spectively. It has a halogen-quenched Geiger-Muller detector tube of effective diameter of 45 mm and a mica
window density of 1.5 - 2.0 mg-cm 2 (inspector alert operation manual).
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Figure 1. Map of Nigeria showing the study area, Enugu state.

The readings were taken 10 meters apart from a point chosen at random covering a distance of 100 meters of
the cardinal points (East, West, North and South) from the solid mineral sites and some neighbouring environ-
ment. Also used for the study was a Geographical positioning system (GPS) to locate and map-out the mineral
sites. The tube of the radiation monitoring meter was raised to a standard height of 1.0 m above the ground [11]
[12], with its window first facing the suspected source and then vertically downward while the GPS reading
taken at that spot. Measurements were repeated three times at each site using the two radiation monitoring me-
ters on different days within the two months to take care of any fluctuation in the environmental radiation.
Readings were obtained between the hours of 1300 and 1600 hours, since the radiation meters have the maxi-
mum response to environmental radiation within these hours as recommend by NCRP [13]. The radiation meters
read directly the BIR levels of the environment.
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To estimate the whole body equivalent dose rate over a period of one year, we use the National Council on
Radiation Protection and Measurement recommendations [12] [13].

0.96 x 24 x 365 m
100

1mR-h'= Sv.y* (3)

3. Result and Discussion

The results of the background ionizing radiation (BIR) obtained in this study are presented in Table 1. The val-
ues presented are the mean of the measurements taken from four coordinates of the various solid mineral sites in
the area. From Table 1, the exposure rate (BIR levels and corresponding equivalent dose rate) ranged from
0.015 mR/hr (1.26 mSv/yr) to 0.017 mR/hr (1.43 mSv/yr) with a mean value of 0.016 + 0.005 mR/hr (1.37 +
0.04 mSv/yr) in Ogugu limestone mining site. In Enugu-Ekulu clay mining site, the exposure rate ranged from
0.016 mR/hr (1.35 mSv/yr) to 0.028 mR/hr (2.35 mSv/yr) with a mean value of 0.020 + 0.003 mR/hr (1.64
0.02 mSv/yr), while in Awgu bitumen mining site, the exposure levels ranged from 0.017 mR/hr (1.43 mSv/yr)
to 0.020 mR/hr (1.68 mSv/yr) with a mean value of 0.019 = 0.007 mR/hr (1.56 = 0.05 mSv/yr). The exposure
rate in Awkuke ironstone mining site ranged from 0.015 mR/hr (1.26 mSv/yr) to 0.017 mR/hr (1.43 mSv/yr)
with a mean value of 0.016 + 0.005 mR/hr (1.37 + 0.04 mSv/yr). In Ama-echi silica mining site, the exposure
rate (BIR levels and corresponding equivalent dose rate) ranged from 0.013 mR/hr (1.09 mSv/yr) to 0.022
mR/hr (1.85 mSv/yr) with a mean value of 0.019 £ 0.006 mR/hr (1.64 + 0.09 mSv/yr). The exposure rate ranged
from 0.012 mR/hr (1.00 mSv/yr) to 0.016 mR/hr (1.18 mSv/yr) with a mean value of 0.014 + 0.008 mR/hr (1.16
+ 0.05 mSv/yr) in Uzo Uwani kaoline site, while in Enugu North gypsum site, the exposure rat ranged from
0.012 mR/hr (1.00 mSv/yr) to 0.018 mR/hr (1.51 mSv/yr) with a mean value of 0.017 + 0.002 mR/hr (1.37 =
0.02 mSv/yr). And in Nsude Glass-site, the exposure rate ranges from 0.013 mR/hr (1.09 mSv/yr) to 0.016
mR/hr (1.35 mSv/yr) with a mean value of 0.015 = 0.001 mR/hr (1.2 £ 0.09 mSv/yr).

The overall measured BIR values obtained ranged from 0.012 mR/hr (1.00 mSv/yr) in Nkpologwu Silica
mining site to 0.028 mR/hr in clay mining site in Enugu-Ekulu with an average value of 0.018 + 0.004 mR/hr,
while the corresponding equivalent dose rate ranged from 1.00 mSv/yr to 2.35 mSv/yr with a mean value of 1.51
+ 0.04. The average values obtained in the studied areas indicates that the BIR levels were exceeded in ambient
and normal background radiation level of 0.013 mRh . The estimated specific absorption dose rate obtained in
all the sites measured is well above 1.0 mSv/yr permissible limit for the public but is still within the 5 mSv/yr
recommended for occupational exposure for those working in radioactive environment not more than eight
hours per day. It was observed from the result that out of the 32 sampled points only 2 points which represent
6.25% is below the ambient background radiation levels of 0.013 mR/hr while 30 points representing 93.75%
are above the BIR level. The GIS map in Figure 2 clearly shows all the mineral mining sites/locations where the
ambient BIR level of 0.013 mR/hr is complied with and the areas where it was exceeded, which give the picture
of the BIR level of all the mining sites at a glance which also help to appreciate the radiation distribution pattern.
Table 2 present the summary of the mean BIR levels and the corresponding equivalent dose rate from each of
the sample sites/area. These values obtain from the study were compared with the international standard as
shown in Figure 3 & Figure 4. The values obtained in Figure 3 show a clear departure of the values measured
in these mining sites from ambient background ionizing radiation levels and the values are higher than those ob-
tained in similar solid mineral mining sites in Abia State South-East of Nigeria and the background radiation
level of Offa industrial area of Kwara State [6] [14]. This is a clear indication that the mining environment of
these solid minerals is not totally safe as residential area, but ironically, most of these areas has become a com-
mercial environment where different business are carried out and many reside in this area. This BIR value re-
ported may have some long term side effects on both miners who spends more than eight hour on sites and those
residing in these environment. Figure 4 compared the estimated equivalent dose rate values from the measured
BIR values with International standard, the Figure 4 shows very clearly that the value estimated from these sites
were well above world recommended value of 1.0 mSvy *. The EDR values Obtained ranges from 1.37 + 0.04
mSy " to 1.64 + 0.24 mSy *. This implies that the radiation dose to man is higher than the world permissive limit.
However, these values reported are within the value obtained by Avwiri et al. and Agbalagba and Meindinyo
[15] [16] in the oil and gas drilling environment.

To determine how each of the various solid minerals contribute to the total background ionizing area of
Enugu state, percentage contribution of each of the solid minerals was estimated and the result is as shown in
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BIR at Limestone Site (OGUGU) and Its Environs

Sample Area Location GPS Readings BIR (mR/hr) EDR (mSv/yr)
Agbani-Awgu Rd NO06'13'16.9" E007 29'13.6" 0.015 1.26
Ogugu Site NO06 09'56.7" E007 29'07.3" 0.017 1.43
Ogugu Mrkt NO06 09'59" E00729'11" 0.016 1.35
Ogbaku NO06 12'39" E007'30'10" 0.017 1.43
Mean Value 0.016 + 0.005 1.37+0.04
BIR at Clay Site (Enugu-Ekulu) and Its Environs
Prada Company N0627'59.1" E007 27'17.6" 0.017 1.43
Clay Site N06 09'56.7" E007 29'07.3" 0.028 2.35
Iva Valley NO627'54.5" E007 27'21.7" 0.016 1.35
Awkunanaw NO0627'18" E00736'22" 0.017 1.43
Mean Level 0.020 + 0.003 1.64 +0.02
BIR at Bitumen Site (Awgu) and Its Environs
Uguweme N06 01'46" E007 27'21" 0.019 1.60
Mining Site N06 05'27.5" E007 26'34.5" 0.020 1.68
Mgbidi N06'05'14.6" E007 28'30.5" 0.018 151
Ezeama-Awgu N06 05'18.7" E007 26'38.3" 0.017 1.43
Mean Value 0.019 + 0.007 1.56 + 0.05
BIR at Ironstone Site (Awkuke) and Its Environs
Gariki NO6 19'46" E007 27'21" 0.019 1.60
Mining Site NO622'45.5" E007 27'52.4" 0.022 1.85
Edozie N06 25'32.1" E007 29'23.2" 0.020 1.68
Awkuke Park N0623'18.7" E007 26'38.3" 0.017 1.43
Mean Value 0.020 + 0.006 1.64 +£0.09
BIR at Silica Site (Ama-echi) and Its Environs
Ugwu-aji NO0627'18.2" E007 25'91.5" 0.013 1.09
Mining Site NO0628'08.5" E007 27'03.1" 0.022 1.85
Okiti NO06 26'35.8" E007 28'30.5" 0.023 1.93
Agayiba Street NO6 24'56.2" E007 30'32.3" 0.017 1.43
Mean Value 0.019 + 0.002 1.58+0.19
BIR at Kaoline Site (Uzo Uwani) and Its Environs
Uvuru NO06'45'00.0" E007 12'58" 0.015 1.26
Mining Site NO6 45'44.4" E007 16'17.0" 0.016 1.18
Nkpologwu NO0641'17.1" E007 29'23.2" 0.012 1.00
Uvuru Mrkt. NO06 43'16.5" E007 26'38.3" 0.014 1.18
Mean Value 0.014 £ 0.008 1.16 £0.05
BIR at Gypsum Site (Enugu/N) and Its Environs
Holy/G Park NO06'31'37" E007'30'32" 0.018 151
Mining Site NO6 31'05.5™" E007 26'34.5" 0.021 1.77
Ekulu N0628'13.6" E007 28'30.5" 0.012 1.00
Sub-Way NO06'30'12.7" E007 26'38.3" 0.015 1.18
Mean Value 0.017 £ 0.002 1.37+£0.02
BIR at Glass-Sand Site (Nsude) and Its Environs
Nsude Junction N06 23'22" E007 29'56" 0.013 1.09
Mining Site NO6 24'34.5" E007 28'52.4" 0.018 151
Market NO0625'59.1" E007 23'48.2" 0.014 1.18
Nsude Park N0623'22.0" E007 26'18.4" 0.016 1.35
Mean Value 0.015 + 0.001 1.28 £0.09
OVERALL AVERAGE 0.018 + 0.004 151+0.04
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Figure 2. GIS mapping of BIR levels in some solid mineral producing areas of Enugu state, Nigeria.
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Table 2. Summary of the measured BIR from various mineral sites.

Communities Solid Minerals Mean BIR Levels (mR/hr) Equivalent Dose Rate (mSv/yr)
Ogugu Limestone 0.016 + 0.005 1.37£0.04
Enugu-Ekulu Clay 0.020 + 0.003 1.64+0.24
Awgu Bitumen 0.019 +0.007 1.56 £0.05
Awkuke Ironstone 0.020 £ 0.00 1.64 +0.09
Ama-echi Silica 0.019 + 0.002 1.58 £0.19
Uzo-uwani Kaolin 0.014 +0.008 1.16 £ 0.05
Enugu North Gypsum 0.017 +0.002 1.37+0.17
Nsude Glass-sand 0.015 +0.001 1.28 £0.09
Average 0.018 £ 0.004 1.51+0.04
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Figure 3. Showing comparison of the measured BIR with the international standard of 0.013 mR/hr.

Figure 5. The result indicates that silica, ironstone and clay minerals each contributes about (14%) to the Enugu
environment BIR, with kaolin being the least contributor (10%). As could be seen from the figure above, the
background ionizing radiation measured from the study area is higher that the permissible values. Though the
values obtained may not alarming for occupational miners who spend between 5 - 8 hours in these site but the
value may be detrimental to those residing in these environment and those carrying out commercial activities in
these environment that are face with constant exposure, there is therefore the need to check the exposure of life
to prevent any possible hazards.

4. Conclusion

This study has revealed that the background ionizing radiation of the solid mineral producing areas of Enugu
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Figure 5. Percentage contributions of the various solid mineral to the total background ionizing radiation.

state has been found to be above international standard limit, and hence has been contaminated radiologically.
The average BIR level in the mining sites in Enugu is 0.018 + 0.004 mR/hr, indicating on the average 38.5%
higher than the standard. From the ongoing, it is recommended that control mechanism should be adopted for
the members of the public that approach the area as well as to protect the environment. Continuous or 24 hours
commercial activities in the area and residing within three kilometre radius of these mining sites should be pro-
hibited to avoid long-term accumulative health side-effect, while miners should be provided with Dosimetry to
detect areas or spot with BIR level and to ascertain the dose levels accumulated within a given period for expert

advice.
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