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ABSTRACT

Background: The increasing fear on the radiological status of water sourced from proximity to salt
water lakes in Ohaozara LGA, Ebonyi State, Nigeria has necessitated the need to evaluate the
potential radiological risk contributions to the populace consuming the various drinking water
sources.

Objectives: The study measured the radiological risk associated with gross alpha and beta activity
concentrations in borehole water, Asu river, Atta stream and sachet water samples to evaluate if
they are safe for drinking by the populace.

Methods: The study employed experimental research design to address the statement of the
problem and achieve the aim and objectives of the study. Samples of water were collected from
various sources in proximity to the salt lakes, prepared and counted for gross alpha and beta
activity concentrations using a low background MPC 2000DP proportional counter. Appropriate
mathematical modelling/equations were used to obtain reliable data sets.
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Results: Gross alpha activity concentrations of water samples (except Atta stream) were lower
than World Health Organization, (WHO) reference limit of 0.5 Bq L™, whereas for gross beta
activity concentrations, water samples (except Uburu sachet water) exceeded the WHO reference
limit of 1.0 Bq L. Weak but positive linear correlation (p = 0.44) was found between gross beta
and gross alpha activity concentrations. Cancer risks and hereditary effects were calculated.
Conclusion: The obtained values of the mean annual effective dose due to ingestion of water
showed that gross beta activity concentrations in various water samples were more responsible for
ingestion radiation dose contributions since water samples (except Ugwulangwu borehole water
and Uburu sachet water) exceeded the ICRP reference limit of 0.1 mSv y~1. Preliminary study has
been provided which advised that water samples should be consumed with caution.

Keywords: Gross alpha; gross beta; activity concentrations; annual effective dose; water.

1. INTRODUCTION

Gross alpha activity concentration in water
describes the total activity of alpha emitters
including **°Ra once the radon **’Rn gases have
been eliminated, while gross beta activity
concentration is the total activity of the entire
beta emitters including *H, “Cc [1]. Among 28y
and ?"°Po alpha emitters and “°K and #'°Po beta
emitters, 226Ra with the half-life of 1600 years
and ?®Ra with the half-life of 5.8 years are the
predominant alpha and beta emitting radioactive
element in water resources [2,3]. As alpha and
beta particles interact with living cells primarily by
ionization or excitation processes, they lose their
energies to the cells on impact which may lead to
the formation of chemical species and could alter
the chromosomes since the particles carry
energies. Exposure to ionizing radiation/particles
at low doses for a long time may result in
delayed deterministic effects, stochastic effects
and genetic effects [4]. Some of the ionizing
radiation sicknesses include skin burn, infertility,
leukaemia, cataracts, and new cases of cancer.

Concern for gross alpha and beta status of water
resources in different countries of the world has
led to increased investigations to have and
compare data and also create awareness for
members of the public and radiation protection
and measurements agencies/organization. [5], in
Saudi Arabia, established that gross alpha
activity concentrations of samples of drinking
water were below the WHO reference limit 0.5
Bq L™! whereas gross beta values of two water
samples exceeded the WHO reference limit of
1.0 Bq L™t. Few other studies were carried out in
Guilan, Iran [6]; South Serbia [7]; South —
eastern Arabian [8] and Central Anatolia Region
of Turkey [9]. Some of the studies carried out in
Nigeria were in rocky areas of Dutse town, North
— west Nigeria [10]; mining area of Plateau State

[11]; steel processing companies in Delta State
[12] and oil-producing area of Niger Delta Region
[13].

Drinking water sourced from surface and ground
water within the salt water lakes may be rich in
radioactivity concentrations that could present
radiological risk to human health. Relatively high
level of gross beta activity in locally processed
salt brands at Okposi Okwu and Uburu town had
been established [14]. Interestingly, [15] reported
that fracture in the bedrock formation influences
saline water intrusion into fresh water aquifer of
the study areas. Heavy metal concentrations
including lead, copper and cadmium were
reported in Okposi Okwu and Uburu salt water
lakes [16]. However, studies on radiological
contamination due to alpha and beta activity
concentrations of the major drinking water
resources in the study locations is either
relatively scarce or not available, hence, the
need for this study; to evaluate the potential
gross alpha and beta activity concentrations,
annual effective doses, lifetime fatality cancer
risks and lifetime hereditary effects of water
resources within the salt water lakes which could
serve as preliminary and baseline report, subject
to further investigations.

2. MATERIALS AND METHODS
2.1 Study Locations

The study locations are Okposi Okwu and Uburu
salt lake water towns, Ohaozara LGA, Ebonyi
State, Nigeria where salt water intrusion into the
ground water aquifer has been reported [15,17,
18]. [15,19] had earlier reported on the geology
and geophysical study of the study locations.
Figs. 1 and 2 show coordinates of the study
locations.
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Fig. 1. Coordinates of Okposi Okwu Salt Lake in Ohaozara LGA, Ebonyi State Nigeria
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Fig. 2. Coordinates of Uburu Salt Lake in Ohaozara LGA, Ebonyi State Nigeria

2.2 Sample Collection and Preparation

A total of twenty — one (21) water samples were
collected for the gross alpha and beta analyses
These comprise of three (3) water samples each
from borehole water from Okposi Okwu, borehole
water from Uburu, borehole water from

Ugwulangwu, Asu river, Atta stream and sachet
water.

Five hundred milliliters (500 ml) of each water
sample was acidified with 1 ml of concentrated
trioxonitrate (V) acid (HNO;), transferred into 600
ml beaker, heated to sub — boiling on electric hot



plates to near dryness and thereafter the water
samples of about 50 ml in the 600 ml beaker
were transferred to an evaporating dish and few
drops of vinyl acetate were added to the samples
to act as a binder to prevent the residue formed
from scattering during counting. Using a spatula,
0.077 g of the dried residue was transferred to a
stainless sterilized planchet and both weighed.
The planchet containing the residue was placed
in a sample carrier which was thereafter placed
in a sample drawer of the counting instrument
and then slide into of the counter detector for
gross alpha and gross beta counting.

2.3 The Proportional Counter for Gross
Alpha and Beta Activity
Concentrations

A low background counting system of MPC
2000DP proportional counter available in Center
for Energy Research and Training (CERT),
Ahmadu Bello University Zaria, Nigeria was used
for gross alpha and beta counting. The
equipment is a single sample counting system
with  manual loading for counting which
incorporates an anticoincident guard counter that
eliminates interference from high energy cosmic
rays into the measuring environment. The
chamber has a 4 lead shied and guard detector
and the inside dimensions are 0.48 x 0.28 x
0.105 m® with stainless steel linings to prevent
part of ambient gamma rays from entering the
measuring environment. The set up for the
counter includes ZnS scintillation  dual
phosphorus detector; high voltage supply for the
detector; signal processing modules; preamplifier
and amplifier; counter; displayer module;
operation and display control board equipped
with LCD display. The system was connected to
a microprocessor (PC) to process downloaded
data.

2.4 Determination of Gross Alpha and
Beta Activity Concentrations

The high voltage was set at 1650 V to 1700 V
and samples were counted for 25 cycle of 180
seconds per cycle and the results display as raw
count rate (in count per minutes). Data were
acquired for alpha and beta mode and alpha and
beta count rate. These rates were obtained using
equations 1 and 2 and thereafter the activity
concentrations were calculated using the
equations 3 and 4.

Alpha/beta («) count rate = Raw alpha (@)count. 1)

Count time
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Raw beta (B) count
Count time

Beta (8) count rate =

(2)

Alpha activity
BqLt=

Sample count Rate (cpm)— background count rate (cpm)

@)

Sample ef ficiency X detector ef ficincyx sample Volumex60

Beta activity
BqLt=

Sample count Rate (cpm)— background count rate (cpm)

(4)

Sample efficiency x detector ef ficincyx sample VolumeXx60

2.5 Determination of Annual Effective

Dose (AED) in Drinking Water

In order to evaluate the potential health hazards
associated with ingestion of drinking water to the
populace the annual effective dose for adult age
group due to gross alpha and beta activity
concentrations in the water samples were
determined using equation 5.

Emean (asp) = Ac (ajpy X EDCFoyp X AWCR  (5)
Where Eyeqn (a/p) is the mean annual effective
dose for gross alpha and beta activity
concentrations in water samples, Ac /g is the
gross alpha or beta activity concentrations in
water samples, EDCF,; is the effective dose
conversion factor (mSv Bq™!) for alpha or beta
ingestion for adult age group (> 17 years)
obtained from [20,21]. An estimate of 730 liters
per year (730 Ly~!) was considered as the
annual water consumption rate (AWCR) for adult
age group. The [22,23] and [24] publications for
dose conversion factors of 2.80 X 10™*mSv Bq~*
for **Ra (an alpha emitter) and 6.90 x
10-4 mSv Byg—1for “°Po and **°Ra (beta emitter)
were used in the estimation.

2.6 Life Time Fatality Cancer Risk and
Life Time Hereditary Effects to an
Adult Member of the Public

Life time fatality cancer risk ( LFCR ) was
determined using equation 6 [25].
LTFCR = TAED X CRF x 70 (6)
Where TAED represents the total annual
effective dose (mSvy~!), CRF represents the

cancer risk factor (5.5x1072) recommended by
ICRP for an adult member of the public.

Lifetime hereditary effect was determined using
equation 7 [25].



LTHE = TAED x HEF x 70 years (7)
Where TAED represents the total mean annual
effective dose in mSvy~! and HEF represents
the hereditary effect factor or coefficient, 0.2 x
1072 [24].

3. RESULTS

Tables 1 and 2 show the results of radiological
indices due to gross alpha and gross beta activity
concentrations of water resources from the
studied locations. Fig. 3 shows the regression
plot between gross beta against gross alpha
activity concentrations for the 21 water samples.

4. DISCUSSION
4.1 Mean Gross Alpha Activity
Concentrations and Associated
Radiological Indices in  Water
Resources from the Sampled
Locations

As observed from Table 1, water samples from
Atta stream (Atta ST) recorded the highest mean
alpha activity concentration 0.924+0.146 Bq L™!
while the lowest concentration 0.011+0.004
Bq L' was recorded for Uburu sachet water
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samples (UBU SA). The order of Uburu borehole
> Ugwulangwu borehole > Okposi Okwu
borehole water samples were established for
borehole water resources investigated in the
study locations. Mean gross alpha activity
concentrations for the 21 water samples were
calculated as 0.1924+0.326 BqgL™! with
coefficient of variation (CV) of 1.697. Water
samples (except for Atta stream) were found
lower than [23] reference limit of 0.5 Bq L™
which was in agreement with the results obtained
in drinking water of Saudi Arabia [5]. Similar
report was found in Gulian in Iran [6], where the
mean gross alpha activity concentrations did not
exceed the WHO reference limit. Furthermore,
results of borehole samples, Atta stream and Asu
river determined values were relatively higher
than those obtained for drinkable water recorded
around steel processing facilities located in Udu
Local Government Area of Delta State [12]. In
addition, the mean gross alpha activity
concentrations of borehole water samples of
Uburu somewhat agreed with 0.192 Bq Lt
reported by [9] at Turkey. Moreover, though, the
result obtained in this work for Asu river samples
agreed positively with 0.085 Bq L™! established
in borehole water of Duste town in North Western
Nigeria [10]; however, the values for borehole
water samples (except that of Uburu) differ.

locations
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Fig. 3. Regression plot of gross beta activity concentrations against gross alpha activity
concentrations in water samples (Coefficient of correlation, p = 0.44)
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Table 1. Radiological indices associated with gross alpha activity concentrations of Water samples within Uburu and Okposi Okwu salt lakes

Sample codes Number of Minimum Maximum MeanxSTDV gross alpha activity AED, Adult LTFCR, LTHE,
samples value value concentrations (Bq L™1) (mSv y 1) (1073) (107°)
OKP BH 3 0.00151 0.05260 0.026+0.026 0.001 0.004 0.014
UBUBH 3 0.00858 0.45690 0.182+0.241 0.009 0.035 0.126
ASU RV 3 0.6810 0.9420 0.084+0.014 0.004 0.015 0.056
Atta ST 3 0.72500 1.05900 0.924+0.176 0.045 0.173 0.630
OKP SA 3 0.04510 0.14571 0.084+0.054 0.004 0.035 0.126
UBU SA 3 0.00802 0.01502 0.011+0.004 0.001 0.004 0.014
UGWU BH 3 0.00124 0.0821 0.034+0.043 0.002 0.008 0.028
[23] 0.5
[24] 0.1

STDV: Standard deviation, Bq L™: Becquerel per Liter, UBU SA: Uburu Sachet Water, OKP SA: Okposi Okwu Sachet Water, UBU BH: Uburu Borehole Water, OKP BH:
Okposi Okwu Borehole Water, UGWU BH: Ugwulangwu Borehole Water, Atta ST: Atta Stream water, ASU RV: Asu river water

Table 2. Radiological indices associated with gross beta activity concentrations of Water samples within Uburu and Okposi Okwu salt lakes

Sample Number of  Minimum Maximum Mean*STDV gross beta Mean sum of gross AEDg Adult  LTFCRg LTHEg
codes samples value value activity concentrations alpha and beta activity (mSv y™1) (1073) (10°5)
(Bq L) concentrations (Bq L™1)
OKP BH 3 7.494 32.750 18.418+12.968 18.444+0.026 0.361 1.390 5.054
UBU BH 3 5.419 50.830 21.446+25.482 21.628125.406 0.420 1.617 5.880
ASU RV 3 12.240 19.440 20.100+8.133 20.184+8.208 0.394 1.517 5.516
Atta ST 3 22.630 38.150 29.640+7.868 30.564+7.863 0.581 2.237 8.134
OKP SA 3 5.215 8.623 7.441+£1.929 7.52241.965 0.146 0.562 2.044
UBU SA 3 0.429 1.065 0.763+0.319 0.774+0.322 0.015 0.058 0.210
UGWU BH 3 2.095 3.126 2.745+0.566 2.778+0.591 0.050 0.193 0.700
[23] 1.0
[24] 0.1




Mean annual effective dose (AED,) due to gross
alpha activity concentrations in water samples
was highest for Atta stream samples which
recorded 0.045 mSvy~! and lowest for Uburu
sachet water and Okposi Okwu borehole water
samples which recorded 0.001 mSvy~! and
0.01 mSv y~! respectively as observed in Table
1. Corresponding results were obtained for
lifetime fatality cancer risk due to alpha activity
concentrations (LTFCR,) and lifetime hereditary
effects ( LTHE, ) due to alpha activity
concentrations. These results revealed that the
greatest radiological risk due to alpha activity
concentrations is associated with Atta stream
samples among other water samples
investigated.

The result of annual committed effective dose
(except for Atta stream samples), compare well
with [12] who reported similar results of 0.0068
mSvy~t, 0.0026 mSvy~!, 0.0053 mSvy~?!,
0.0073 mSv y~! respectively at Aladja, Ovwian,
DSC Town, and Warri in Delta State, Nigeria.
However, the present results differ with the study
carried out in water samples from mining area of
Plateau State where [11] reported higher annual
effective dose than the ICRP reference limit of
0.1 mSvy~l. Furthermore, both sachet water
samples sold at Okposi Okwu and Uburu were
found having annual effective dose due alpha
activity concentrations lower than the sachet
water samples sold in Birnin Kebbi, Kebbi State
Nigeria [26].

Beta
and

Indices in
from the

4.2 Mean Gross
Concentrations
Radiological
Resources
Locations

Activity
Associated
Water
Sampled

As observed from Table 2, the highest mean
beta activity concentrations of 29.640+7.868
Bq L™! was recorded in water samples from Atta
stream (Atta ST) while the lowest mean of
0.763+£0.319 Bq L™! was recorded in  Uburu
sachet water samples (UBU SA). The order of
Uburu borehole > Okposi Okwu borehole >
Ugwulangwu borehole water samples was
observed for borehole water resources examined
in the study locations. Mean gross beta activity
concentrations for the 21 water samples were
calculated as 14.364+14.150 BqL™! with
coefficient of variation (CV) of 0.985 while the
mean sum of gross alpha and beta activity
concentrations for the 21 water samples were
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calculated as 14.557+14.296 BqlL™!
coefficient of variation (CV) of 0.982.

with

Water samples (except for Uburu sachet water)
were found higher than [24] reference limit of 1.0
Bq L™ which fairly correspond with the study
carried out in Saudi Arabia [5] where only two
samples exceeded the [23] reference limit. In
addition, the results of the present study were
found higher than the results reported in drinking
water of Guilan, Iran where all water samples
were below the reference limit [6]; higher than
the results recorded for drinkable water around
steel processing facilities in Udu Local
Government Area of Delta State, Nigeria [12] and
0.579Bq L™* reported in ground water samples in
Nevsehir Province of Central Antolia Region of
Turkey [9]. Interestingly, gross beta activity
concentrations of Okposi Okwu borehole water
(OKP BH) agreed favourably with 18.60 Bq L™*
established in borehole water of Duste town in
North Western Nigeria [10].

The highest mean annual effective dose (AEDg)
due to gross beta activity concentrations was
found in Atta stream samples which recorded
0.581 mSv y~! while the lowest was found in
Uburu sachet water which recorded 0.015
mSvy~!. Likewise results were obtained for
lifetime fatality cancer risk due to beta activity
concentrations (LTFCRg) and lifetime hereditary
effects ( LTHE; ) due to beta activity
concentrations. These results revealed that the
greatest radiological risk due to beta activity
concentrations is associated with Atta stream
samples while the least was found in Uburu
sachet water samples.

The mean results of annual committed effective
dose calculated for Okposo Okwu and Uburu
borehole water samples, Asu river, Atta stream
samples were found higher than the results
obtained at Aladja, Ovwian, DSC Town, and
Warri in Delta State, Nigeria which recorded
0.061 mSvy~1, 0.063 mSvy~!, 0.038 mSvy~?
and 0.023 mSvy~! [12]. However, agreed the
study carried out in water samples from mining
area of Plateau State where [11] reported higher
annual effective dose than the ICRP reference
limit of 0.1 mSv y~'. Furthermore, both sachet
water samples sold at Okposi Okwu and Uburu
were found having annual effective dose due
beta activity concentrations lower than the sachet
water samples sold in Birnin Kebbi, Kebbi State
Nigeria [26].



4.3 Statistical Analyses

Positive but weak correlation (correlation
coefficient, p = 0.44) was deduced from the
scatter plots between gross beta and gross alpha
activity concentrations. The implication is that
contributions of radionuclides were from different
alpha and beta emitting radionuclides sources in
the environment. This result was in good
agreement with p = 0.23 between gross alpha
and beta activity concentrations in borehole
water from Duste Town, North — west Nigeria
[10]. The CV value for gross alpha (1.697) was
higher than gross beta (0.985) activity
concentrations for the 21 water samples which
revealed more widely dispersed distribution of
data sets obtained for gross alpha than gross
beta activity concentrations.

Skewness and  kurtosis statistics were
determined using SPSS software package
version 21. Skewness statistic measures the

symmetry or asymmetry of a distribution, while
kurtosis is a measure of whether the data sets
have heavy — tailed (outliers) or light — tailed
relative to a normal distribution and nothing
about the peak of the distribution. Positive
skewness (2.018) and Kurtosis (2.859) were
deduced for gross alpha activity concentrations.
Likewise, Positive skewness (1.163) and Kurtosis
(0.641) were deduced for gross beta activity
concentrations. Similar positive results for
skewness and kurtosis distribution were also
deduced for the sum of gross alpha and beta
activity concentrations. The positive skewness is
an indication that right tail is longer than the left
and the bulk of the data is at the left while
positive kurtosis with a value less than 3 implies
a platykurtic distribution, which signifies that the
distribution produces fewer and less outliers than
the normal distribution.

4.4 General Discussion

Variation in measuring equipments and
calibrations, human activities, possible
contamination from the environment, local

lithology as well as of rock — water interaction
could be responsible for variation in the results of
the study locations with some result reported in
the literature. It appears that surface and ground
water samples are contaminated due to elevated
concentrations of beta emitting radionuclides in
the environment. This could be traceable to
saline water movement into the aquifer of the
study locations. Saline water intrusion occurs
naturally to some degree in most coastal aquifers
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owing to hydraulic connection between ground
water and sea water [27,28]. Salt water has
higher dissolved salts and minerals than
freshwater, therefore, is denser than fresh water.
As a result of its higher hydraulic head than fresh
water, it could push beneath the fresh water
sources leading to contamination and other
consequences of health risk if the water is not
treated before consumption.

5. CONCLUSION

This study is carried out to determine if water
resources were contaminated by alpha and beta
emitting radionuclides/radioisotopes. Results
showed variations in gross alpha and activity
concentrations among different water samples
investigated. The annual effective dose
calculated for beta activity concentrations
showed that water samples should be consumed
with cautions since majority exceeded the WHO
reference limit. Furthermore, results of lifetime
fatality cancer risk and lifetime hereditary effects
showed that sampled water from Atta stream has
higher potential probability to cause cancer and
hereditary effects among others.  Preliminary
and baseline study has been established. This
study, therefore, advise that water samples
should be treated for radionuclides, among other
possibly contaminations, before consumption.

CONSENT

It is not applicable.
ETHICAL APPROVAL
It is not applicable.
ACKNOWLEDGEMENT

We wish to acknowledge Dr. ENYINNA Paschal
I. from Department of Physics, Faculty of
Science, University of Port Harcourt, Rivers
State, Nigeria for his technical contributions
towards the success of this study.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Ferdous MJ, Rahman MM, Begum A.
Gross alpha and gross beta activities of



10.

11.

tap water samples from different locations
of Dhaka City, Sri Lanka. Journal of
Physics. 2012;13(1):01-08.

Biswas S, Ferdious J, Bagum A, Ferdious
N. Study of gross alpha and gross beta in
environmental samples. Journal of Science
Research. 2015;7(1-2):35-44.

Onoja RA, Akpa TC. Gross alpha and beta
radioactivity in drinking water from some
towns in North — Western Nigeria. Nigerian
Journal of Physics. 2008;20(1):44—48.
Farai IP. Physics in radiation application
and safety for national technological
advancement. A Plenary Lecture delivered
at the 37" Annual Conference of the
Nigerian Institute of Physics at Oduduwa
University, Ipetumodu, 27 — 31 October,
2014;23.

Rafat AM. Gross alpha and beta activities
and trace elements levels in drinking water
of Saudi Arabia. Advances in Applied
Science Research. 2017;8(1):62—69.
Akbar A, Fatemeh M. Gross alpha and
beta exposure assessment due to intake of
drinking water in Guilan, Iran. Journal of
Radioanalytical and Nuclear Chemistry.
2017;34(2):1075-1081.

Sarap NB, Jan kovic MM, lodorovic DJ,
Nikolic JD. Kovacevic MS. Environmental
radioactivity in southern Serbia at locations
where depleted uranium was used. Arh
Hig. Rada Toksikol. 2014;64:189-197.
Murad A, Zhou XD, Alshamsi PYi.D,
Aldahan A, Hou XL, Yu ZB. Natural
radioactivity in ground water from the south
— Eastern Arabian Peninsula and
environmental implications. Environ. Monit.
Asses. DOI. 10.1007/S10661 — 014 — 3846
— Y Springer International Publishing
Switzerland; 2014.

Turhan S, Ozgitak E, Taskin H, Varinlioglu
A. Determination of natural radioactivity by
gross alpha and beta measurements in
ground water samples. Water Research.
2013;47:3103-3108.

Shittu A, Chifu EN, Suleiman AB, Hafeez
YH. Heavy metals and drinking water
collected from local wells and boreholes of
Dutse Town, North west Nigeria. Journal of
Environmental Polluton and Human
Health. 2016;4(1):1-8.

Mangset WE, Solomon AO, Christopher
DL, Ike EE, Onoja RA, Mallam SP. Gross
alpha and beta activity concentrations in
surface water supplies from Mining areas
of Plateau State, Nigeria and estimation of
infants and adults annual committed

Nwaka et al.; IJTDH, 30(1): 1-10, 2018; Article no.lJTDH.39066

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

effective dose. Physical Science
International Journal. 2015;5(4):241-254.
Ogundare FO, Adekoya OIl. Gross alpha
and beta radioactivity in surface soil and
drinking water around a steel processing
facility. Journal of Radiation Research and
Applied Sciences. 2015;8(3):411-417.
Agbalagba EO, Awvwiri GO, Chad -
Umoren Y. Gross alpha and beta activity
concentration and estimation of adult and
infant dose intake in surface and ground
water of ten oil fields environment in
Western Niger Delta of Nigeria. Journal of
Appl. Sci. Eviron. Manag. 2013;17(2):267-
277.

Nwaka BU, Enyinna PI. Gross alpha and
beta activity concentrations in locally
processed salt from Ebonyi State, Nigeria.
Physical Science International Journal.
2016;12 (4):1-12.

Egboka BCE, Akpan AE, Okoye EI, Okolo,
MC, Okeke HC. Geophysical delineation of
sub surface fracture associated with
Okposi — Uburu salt lake, Southeastern,
Nigeria. International Research Journal of
Environmental Sciences. 2015;4(2):1-6.
Okoyeh EIl, Egboka BCE. Evaluation of
hydrochemical parameters of Okposi and
Uburu salt lakes, Nigeria. International
Journal of Scientific and Engineering
Research. 2013;4(6):2882-2889.

Tijani MN. Hydrochemical and stable
isotope composition of saline groundwater
in the Benue Trough, Nigeria. Applied
groundwater studies in Africa, IAH selected
papers. 2008;351-357.

Tijani  MN, Uma KO. Geological,
geophysical and hydrochemical studies of
the Okpoma brine field, Lower Benue
Trough, south — eastern Nigeria. Journal of
Min. and Geol. 1998;34(1):55-68.

Fatoye FB, Ibitomi MA, Omada JI. Lead —
zinc — barites mineralization in Benue
Trough, Nigeria: Their geology, occurrence
and economic prospective. Advances in
Applied Science Research. 2014;5(2):86—
92.

UNSCEAR. United Nations Scientific
Committee on the Effects of Atomic
Radiation. Sources, Effects and Risks of
lonizing Radiation. Report to General
Assembly with Scientific Annexes, United
Nations, New York; 2000.

UNSCEAR. United Nations Scientific
Committee on the Effects of Atomic
Radiation. Sources, Effects and Risks of
lonizing Radiation. Report to General



22.

23.

24.

25.

Assembly Scientific Annexes A and B,
United Nations, New York; 2012.

WHO. Guidelines for Drinking Water
Quality, Third (3rd) Edition. World Health
Organization, Geneva; 2004.

WHO. Guidelines for Drinking Water
Quality, Fourth (4th) Edition. World Health
Organisation Library Cataloguing in
Publication Data NLM classification WA
675, Geneva; 2011.

ICRP. Annals of the ICRP, International
Commission on Radiological Protection
Publication 119, Compendium of Dose
Coefficient based on ICRP Publication 60,
2012.

Ajayi, OS, Adebayo OC, Akinnawo OO.
Natural radioactivity in drinking water from

Nwaka et al.; IJTDH, 30(1): 1-10, 2018; Article no.lJTDH.39066

26.

27.

28.

different sources in some parts of Ondo
State, Southwestern Nigeria. Journal of
Scientific Research and Studies. 2017;
4(1):13-21.

Baba — Kutigi AN, Basiru YA, Sa’ idu, A,
Sanusi R, Sanusi A. Analyses of gross
alpha and gross beta radioactivity in
sachet water hawked in Birnin Kebbi
Kebbi State. International Journal of
Science and Advanced Technology.
2012;2(6):11-16.

Wilfried B. Hydrogeology: An introduction.
Cambridge University Press, 3™ Edition.
2008;2-3.

Fetter CW. Applied hydrogeology, 2™
edition, Merrill Publishing Co, USA.
2007;4-7.

© 2018 Nwaka et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sciencedomain.org/review-history/23884

10



