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ABSTRACT

Radioactivity exposure level from some mining sites in Wurno LGA, Sokoto have been determined in this paper. The inhabitant’s exposure rates
were found through in-situ radiation measurement and liquid scintillation counting of water samples. An invented equation for sampling was used to
spot out points. Measurement was done with Digilert-50 at Gonadal height from 15 points. Three closed points were averaged to 5 points between;
Kandam, Gyalgyal, Burmawan Masaka, Dinbiso and Giyawa mining sites respectively. Water samples were collected for Hidex 300 liquid
scintillation counting of gross alpha and beta radioactivity. The mean in-situ radiation results were 0.206, 0.317, 0.108, 0.335 and 0.230 4,Sv for the
sample points. Annual effective dose and cancer risk were found in range of 0.32542 - 0.411125 ,,Syhr—* and 5.01x107 - 1.56x10" respectively.
These values were found significantly higher than the WHO and ICRP levels. Dangers from ransacking the major rocks that harbors these nuclides
may be more prominent. These trends should be curtailed by authorities to avert future menace of environmental and health maladies.

Keywords: Radioactivity, Hidex, Mining sites, Domestic water, Liquid scintillation counters.

1. Introduction

Numerous studies are ongoing for gross alpha and beta radioactivity in domestic water samples worldwide [1]. The
commitment is part of a demand to ensure water safety consumption. Consumption of contaminated water is a
growing danger, especially in Africa. This is also anticipated in Sokoto (lullemeden) basin, Nigeria [2]. Findings
are on increase to report radionuclides presence in domestic water in mining communities [1]. This article is an
excerpt from a large scale finding from health and environmental concern of radiological impacts of mining sites in
the Sokoto basin [3]. The basin is famous for mining of Gold, Diamond, Limestone, Kaolin, Gypsum, Phosphate,

Tantalite, Iron-ore with promising potentials for Hydrocarbons [4].

Efforts on gross alpha/beta radioactivity in water are also increasing [5]. World health organization is firming up
effort to ascertaining water qualities in rural community [6]. Environmentally, three forms of radionuclides often
pose dangers to human health viz: cosmogonic radionuclides (*H, ‘Be, *°B, *C, *Cl and *Si, ?Na, **SS and *P),
primordial Radionuclides (“°K, ¥'Rb, Vv, *Nd, #*®*U, ?*U, **Th) and anthropogenic radionuclides (**'Cs, *Sr,
83r, 1, *Tc, #Pu, *'Am, *zn, **Mn, *Fe) [7]. These radionuclides have been implicated for contaminating
food and ultimately water [8]. Over 80% of human exposure comes from these primordial origins. As such,
resources have been streamlined into ascertaining the level of their contamination [3]. Hence, effort is required to

unveil major alpha/beta emitting radionuclides in water samples [9].

The dangers are often high in biological systems through ingestion, inhalation and percolation. Life supporting
molecules (DNA of cells) are destroyed through linear energy transfer of the ionizing radiation [9]. Lethal attack
arising from reactive radicals may lead to either partial or utter damage of DNA. Bichi 2006 [10] asserts that

unrepaired or ill-repaired occurrence may annihilate cells or lead to abnormal cell growth. Scanty data on gross
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alpha/beta radioactivity from mining and processing of minerals could signal grave radiological impacts in both
urban and rural dwellings [11]. Most mining communities in Sokoto (lullemeden) basin are populated [4]. This is
a vacuum that this research intends to address at completion. Hidex 300 SL liquid scintillation counting was found
to enables triple-to-double coincidence ratio counting (TDCR) of water samples without dependency on external

standard source [12].
2. Materials and Methods

In-situ background ionizing radiation (BIR) was conducted with a Digilert-50 hand held radiation measuring

instrument through the use of an invented equation (1) below [3].

s :%(Nk) (1)

Where, 2 is the sum of the questionnaires distributed, S, is the number of sample points, o is the sum of the

sample points and Nk is the sum of all the Questionnaires. The validity of this model equation (1), was ensured for

its innovation. A stratified random sampling by proportion was used to collect the samples. Mutually exclusive and
collectively exhaustiveness logics according to Singh and Audu, [13] were noted to improve the representativeness
of the sample and to reducing sampling error and biasness. This paper is a concise aspect of a completed PhD work
where equation (1) was innovated and used for collecting questionnaires (survey), soil, water and vegetation

samples from Kebbi, Sokoto and Zamfara state. Here, only one LGA (Wurno) from Sokoto state is reported [4].
3. The Study Area

Sampling was conducted from 15 mining sites and averaged to 5 sample points in Wurno LGA, Sokoto state. This
includes; Kandam, Gyalgyal, Burmawan Masaka, Dinbisu and Giyawa. Figure 1 presents the Map of Wurno LGA
with indications of the sample points. Wurno is geographically located on Latitude 13 17' 03" and Longitude 5 25'
39". It is an enclave of Tullemeden basin which covers an area of about 500,000 km” across some West African
countries including Nigeria [4]. 60,000 km® equivalent to 10.7% of total Iullemeden basin in West Africa occurred
in Nigeria with dynamic and important geological features mostly sedimentary phosphates [14]. Mining in
Iullemeden basin is embraced for its positive contributions in form of increased income, local employment
opportunities, provision and maintenance of domestic facilities. Hence, the notion of gross alpha and beta
radioactivity are not familiar with the need and importance of mining for its varied and relative benefits from the

populace.
3.1 Sample Collection

A total of fifteen water samples were collected on the basis of stratified random sampling by proportion. The
sample points were unbiasedly ascertained with the use of equation (1) as earlier discussed. Base on the mutually
exclusive and collectively exhaustive features, it established the geological homogeneity for parts of the basin.
Three samples from closely adjacent points were homogenized to further mimic the cost of procurements and to

enhance the empirical underlying principle of equation (1).
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Map of Sokoto State
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Fig.1. lllustrations of Maps showing the study area and the sample points

It was also found cost effective in addressing logistic burden from Nigeria to Pakistan (CASP, GCU, Lahore) for

analysis. Table 1 below presents a glimpse of the distribution of the samples after homogenization [3].
A. In-situ BIR Measurement

A hand-held radiation survey meter Digilert 50 with built in Halogen-quenched Geiger-Mueller tube and an
effective diameter of 1.75” (45 mm), Mica window density of 1.5 - 2.0 mg/cm2 was employed for the in-situ
measurement. The instrument has a gamma sensitivity of approximately 7.5 CPS/mR/hr referenced to ®°Co and has

smallest detectable level for *°I at 0.02 xCi at each contact. The accuracy over the entire operating range was +

15%. Also, alpha, beta, gamma and X-rays detection is within the temperature range of -10° to +50 °C which is
equivalent to 14° to 122° F. Reading was taken by 15 counts to increase accuracy and mimic any error. The
average values of the measured BIR were calculated from the recorded values which were subsequently converted

to a unified value base on the stratifications by averaging to five sample points.

The measured BIR values were used to calculate for the absorbed doses using occupancy factors of 20%. The
effective doses were evaluated based on the equivalent doses obtained. This was considered for the fact that BIR
emanating from radionuclides decay and cosmic radiation influence may varies slightly in time. Annual effective

dose was determined by equation 2:
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Where, E,. is the annual effective dose received by the individual exposure in the respective sample points.

D s Is the mean absorbed dose rates in the air at the sample points, t , is the time spent converter from hour to
year (8760 h), J;_is the occupancy factor (it is a function of time spent at sample points (0.2)), C,, isconversion

factor from D ., toE, ., (recommended by UNSCEAR) [15]. Also, the life time cancer risk to any individual was

dose

determined from equation 3 [16].
Ciire = DmAbs =< Al xR, (3)

Using the absorbed dose rate ( Dm/-\bs) with the average life expectancy ( Al,, ) of 65 for average Nigerians and a

conversion risk factor of 5.82x107

Table 1. Water sample collection and other measurement performed during sampling

§no S/Code Location Elevation  Mineral Town/Village

|. WURGs, NI3"08.606’E005°20.712° 813 meters Gypsum  Kandam
. WURgs: NI3Y06.790°E005° 21871 820 meters Limestone  Gyalggal
WUR: NIIP06.728°E00521.851" 838 meters Phosphate  B/Masaka
. WURsory NI3'19.840°E005° 29.445" 986 meters  Gypsum Dinbisu
WURsws NI13"26.768°E005° 41.250° 1125 meters Gypsum  Giyawa

-2

oo W

4. Experimental Procedures

Hidex 300 SL, liquid scintillation counting of gross alpha and beta activity concentrations was used in this study. It
was operated on a PC Windows based Mikrowin SL software. The counting efficiency is 70 to 100 % of *H/*C. Its
designs include detection of radioactivity from alpha-emitters, actinides: Th, U, Pu, Am, Cm, alpha and
beta-emitters from the U and Th decay series: *’Ra, *°Ra, *°Pb, *°Po. It has a capacity of loading 40 glass vials in
its sample wells for counting at a time [3]. The experimental procedure for gross alpha/beta determination in water
sample is; organic matter deactivation, filtration, instrument calibration, sample measurement and experimental

observations.
(1) Organic Matter Deactivation

Sample preparation was initiated by weighing of empty glass vial and thereby recording its weight. The vials were
filled up to %(22ml) of their total volume. The weight of the vial plus the weight of the sample were then
reweighed and noted. They were then passed under a UV light with a peak emission of wavelengths between 225
nm to 235 Nnm for about 30x10°sec. in order to deactivate the inherent organic matter retention in the
samples. This was particularly performed so as to allow the organic matter to remain undecomposed and without
being dissolved in order to achieve higher degrees of immiscibility with the water sample. Each of the glass vials

were then removed from the set up in order to allow the content settles at room temperature for an hour. The
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weights of all the empty glass vials were then subtracted from the weight of the glasses vial plus the sample. And
the weights were therefor established in order to determine any reduction of the content in the glass vials. This
procedure was repeated for all the samples brought into the laboratory for measurement as earlier outlined in the

synopsis of the study.
(2) Filtrations

The samples were allowed to settle under normal room temperature for an hour. The sample in the glass vials
which were in the state of mixture were then poured through a filter funnel into a dark flask to enable the separation
of particles in solid or near solid state from the liquid sample. 1M of HNO3;was prepared with a deionized water to
wash the empty glass vials. They were allowed to settle in the flask for an additional 600s until no organic solids

were visible in the samples.

(3) Calibration

A self-normalization and calibration standards containing 14C, H and **°Ra source of 1 BAL™ were ensured for

calibration. The source was added to the sample in LSC vials and mixed with the sample until the final volume of
the sample was 20ml. The counting efficiency and the optimal condition for the alpha/beta separation was
obtained by observing the 30-day equilibration period storage in a dark cupboard. A dark effect was attained within
the first 2 — 3 quarters of the storage duration in the dark cupboard. Chemiluminescence influence was curtailed
for the samples concentration in the LSC cocktail which could potentially result to emission of light due to
chemical reaction between the water sample and the cocktail leading to false pulse reading (DPM). The energy
range (ROI) between 0 — 600 was set for the channel number between 0 — 20 count per channel for alpha and beta
counting efficiencies. The background count rate and the counting efficiency were used to determine the Minimum

Detectable Activity (MDA).
(4) Sample Measurement

All the glass vials were gauged at 20ml in volume of the sample (water) before the counting procedure. The
samples were place inside the Hidex 300 SL rack for LSC measurement. The samples were counted in
quadruplicate for 6000 secs. The scintillate (light) emitted when responding to the irradiation was recorded as the
amount of radioactivity in the samples. In each of the sample count, the first rounds of the measurement were
discarded in order to reduce errors that may arise from influence of rigorous shacking (Kinetic influence) of
handling the samples prior measurement. The samples were measured in the LSC operation of moving the samples
racks from the staging tray into the detection chamber. Since the counting was performed in quadruplicate, the

average count of the samples was obtained from the three measurements.
(5) Observation

The observations of alpha and beta emitting radionuclides are known to produce different shapes at the PMT’s
anode and were separated by pulse discriminator. They were separated based on their distinguishable features from

one another. This was handled in an automatic electronic pulse discriminator in the Hidex 300 SL. There were two
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major pulse components observed: These pulses were noticed to occur at different proportions. The alpha pulses
were found longer than the beta pulses. The liquid scintillation and the nuclides were combined in the cocktail
initially in order to optimize the counting efficiency of alpha and beta radioactivity. This was in a bid to allow
incident radiation deposited in the solvent molecules which thereby transfers the energy to the flour (solute)
molecules. The kinetic theory observations in this procedure were that, part of the kinetic energy of the ionizing
radiation (gross alpha/beta) were transferred to the cocktail and were converted to signals which were detected by
electronic component of the system. Photons were produced from the fast exponential decay of excited singlet

states. This was observed to take a minimum of 50 nsec. and maximum of 70 nsec.

The outputs resulted to a longer lifetime that produced the delayed component of the pulse. For alpha particle, it
was observed that higher ionization caused a greater proportion of excited molecules to be in triplet state and
hence, alpha pulse took longer duration of time. This longer duration of alpha pulses was the basis of alpha/beta
separation by pulse shape discrimination. The pulse shape produced at the PMT anode of the Hidex 300 SL was
averaged out using a storage oscilloscope that was set in order to take the average of the incident signal to produce
an average pulse shape. But the photons were not of paramount interest in this experiment, therefore, a pulse shape
discrimination electronic was used to effectively ensure a gamma-rays background rejection and isolation of
fission events. This was found to enable the enhancement and optimization of Figure of Merit (FOM), which is a
gualitative representation of the statistical quality of the data (results) to be obtained from LSC analysis. The

background readings were observed to be 0.03+£0.01 and 0.20+0.01 cpm for alpha and beta activity concentrations.
As long as the chamber has the capacity of handling the sizes in the designated instrument, the gross alpha and beta
radioactivity could be manually established by calculations using equations 3 and 4 according to Nisti et al. [17].

Ax1000 (4)

Ci/L) = —2x1000
a(PCI/ D) = exv

Where: A is the net alpha count rate (gross alpha count rate minus the background count rate) at, the alpha voltage
plateau of 1000, C is the alpha efficiency factor from graph of efficiency (cpm/dpm), V is the volume of sample
aliquot in ml., 2.22 is the conversion factor from Dpm/pCi.

B <1000 (5)

APC/ L) = o v

Where: B is the net beta count rate (gross count rate minus the background count rate at the beta voltage plateau of
1000), D is the beta efficiency factor from the graph of efficiency (cpm/dpm), V is the volume of sample aliquot in

ml., 2.22 is the conversion factor from Dpm/pCi but, 1Ci = 3.7 <10 Bq For conversion from Curie to Becquerel.

5. Results

Table 2 presents the averages of measured absorbed dose rates in air and other calculated parameters for the
evaluation of individual exposure levels in Wurno LGA. Also, figures 2 a & b illustrates the respective trends of
the measured and calculated parameters for the exposure to radioactivity by individual inhabitants. The activity

concentrations of primordial radionuclides present at any given place are believed to be responsible, hence the
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results offer a glimpse of the levels of gross alpha/beta radioactivity. The average amount of BIR dose measured
from Dinbiso appeared highest while Burmawan Masaka is the lowest on the table. This may be due to variations
in the components that may account for the BIR at any given place like the concentration of primordial

radionuclide and contribution from cosmic rays. These values are significantly above 0.1 xSvhr™ recommended
by [16], that was set as the threshold value. The respective annual effective dose received by the inhabitants of
these localities also ranged from 0.132542 4Svhr™ to 0.411125. This is to say that, the level of exposure at the sites

in Dinbiso is significantly high compare to the remaining values of calculated annual effective dose in the air [18].

Table 2. Presentation of results from Calculations

S/n  Sample Measured BIR  Annual Effective  Cancer Risk
Points (uSv)
Dose ( zsvi)
1. Kandam 0.206 0.252811 9,56x10™
2.  Gyalgyal 0.317 0.389035 1.47x10*
3. Burmawan Masaka 0.108 0.132542 5.01x10-!
4. Dinbiso 0.335 0.411125 1.56x10!
5.  Giyawa 0.23 0.282265 1.07x10!
ﬂ Measured BIR b
04 World Treshold
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Fig.2(a,b). llustrative charts of BIR Measured and calculated annual effective doses for sample points, Wurno
LGA, Sokoto Nigeria

The life time cancer risk values were found in the range of 5.01x10" and 1.56x10" which are all significantly
higher than the world mean value of 3.44x10" respectively according to Muneer et al. [19]. The results of the life
time cancer risk indicate higher chances of cancers in a life time above global threshold. These results precede
others that could be reported from Wurno and its environs and hence, more findings are suggested to dig deeper
into this aspect. Also, the safety of the inhabitants of these localities is at stake if other anthropogenic factors are
unabated as they could further lead to multiple and elevated impacts of radioactivity in the localities. In a similar

trend, the results of the gross alpha/beta radioactivity from five sample points covered for Wurno LGA, Sokoto
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state are illustrated in figure 3 below. the data obtained from these results of five samples are plotted in form of
scattered plots of figure 3. The values were in the range of 0.02 to 1.026 Bqgl™ and 2.082 to 8.087 Bgl™ with mean
values of 0.4466 and 4.9948 BqI™ for the gross alpha and beta activity respectively. The gross alpha and beta

activity analysis from the water samples could be observed with significant variations owing to the facts that the
differences in solubility of some lithological components, structures and mineralogical composition of particular
place responsible factors for the variation. It could be observed that the level of alpha radioactivity is fairly lower
than that of beta radioactivity in the water samples. This may account the higher concentrations of beta emitting

radionuclides in these localities like *’K due to prominence of phosphate rocks in the basin. The mean values

(0.4466 and 4.9948 Bq|71 for ¢ and f) could be observed with significant elevation above the threshold of 0.1

Bq|7l and 1.0 Bqlf1 recommended by WHO [6]. The data revealed that the highest « activity was found in

Kandam and Dinbiso respectively.
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Fig.3. The gross alpha and beta activity in water samples from Wurno LGA

Measured Gross Alpha and Beta Activity ( Bgi™ )

Location Gross Alpha Gross Beta Source

Min Max Mean Min Max Mean
China 0.00e 020 - 0.067 032 - Miao er al., 2013
Turkey 0.08 038 0192 012 347 058  Turhanetal 2013
Malacca, Malaysia  2.08 369 - 6.01 17.1 - Nik et al. 2011
Delta State 0006 002 - 0.M6 013 - Ogundare & Adekoya 2015
Abuja 0.01 0.0z - 0.01 007 - Umar ef al. 2012
Bimin Gwari - - 18.13 - - 102 Muhammad et af., 2014
Dutsin-Ma, Katsina 0.44 28.8 Baba-Kutigi e al., 2016
Wumo, Sokoto St. 0.02 103 045 208 807 500  Thisstudy

While the highest g activity concentrations were in Burmawan Masaka and also Dinbiso sample points. These

trends may be due to the dispersed materials from the mining sites as a result of the primordial radionuclides
unearthed from the mines. On the scale of comparison of the data in this article with other reported studies, table 3
shows the overview of radioactivity levels reported from drinking water that may be used for other domestic

purposes.
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6. Conclusions

The mean annual effective dose to the public due to background ionizing radiation were found to be 0.252811,
0.389035, 0.132542, 0.411125 and 0.282265 from Kandam, Gyalgyal, Burmawan Masaka, Dinbiso and Giyawa
with the aid of Digilert-50 radiation measuring instrument. These are some of the major mining sites for Gypsum,
Limestone, Phosphate, Kaolin etc. Comparison of this data with those of international committee for radiation
protection has enabled us to determine that these values are significantly higher than the world recommended

thresholds for BIR exposure.

Hence, the results obtained from this study stands as a baseline data for useful assessment on the radiation
exposure level. Also, the gross alpha and beta radioactivity in the domestic water samples in the mining
communities from Wurno LGA have been determined. While the level of radioactivity measured could pose no
immediate danger but a risk of subsequent accumulation of individual dose exposure from internal irradiation.
This study has established baseline data combining in-situ radioactivity measurement with gross alpha and beta
activity concentrations in the mining communities of Wurno LGA of Sokoto state, Nigeria. This may be a
reference assessment of possible radioactivity variations in the future.
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