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Abstract
In Nigeria, groundwater is the most widely utilized source of freshwater for consumption and
other domestic uses, as well as for irrigational purposes but its quality still remains a major issue.
This study was undertakeio evaluate radon in groundwater, its emanation/exhalation from
rocks, associated radiological hazards and present the hydrochemical status of the groundwater,
around Mika uranium mineralization, Northeastern, Nigeria. Previous study of the problem of
natual radioactivity in drinking water from wells drilled in rock types rich in uranium has shown
tendency to have high radon concentrations. RatféRr{) was widely reported as contributing
the largest component of human exposures to natural radiation isrithe second major cause
of lung cancer, after cigarette smoking. Seventeen (17) groundwater samples and fifteen (15)
rock samples were collected. Radon in groundwater and exhalation from rock measurements
were carrieebut using the DURRIDGE RAD?7 elecinic radon detector. Radium, thorium and
potassium concentrations were determined using the 76x76mm Nal (TI) detector, optically
coupled to a photomultiplier (PMT) and chemical properties of the groundwater was determined
using Atomic Absorption Spectronmgt (AAS), Flame photometry and Titrimetric methods.
Radon concentrations in groundwater vary from 2350 to 46,200°B¢jth an average of 29,400
Bgmi® against the U.S.EPA maximum contaminant level (MCL) of 11.1 Bg/l (11,100°Bém
States without moniting policy and enhanced indoor air policy. Radon exhalation from rock
ranged from 39.7 to 262 Bghwith an average of 137 BginThe emanation coefficient ranged
between 0.7 to 5.1 with an average of 2.17 and an exhalation rate range of between.833 to 4
mBgkg’h?, an average of 2.52 mBqklg’. The potential dose due to degassing of radon from
groundwater, show an annual absorbed dose range of 37.06 to 728.48witB\vgn average of
463.59 mSvy, an annual effective dose range of 88.94 to 1746135y" with an average of

1112.62 mSvy and annual dose due to ingestiorf3Rn ranged from 0.05 to 0.92 mSywith



an average of 0.59 mSvyvhich is within ICRP recommended reference level of 1 riSuyt

far above WHO recommended level of 0.1 m&viRadium, thorium and potassium activity
concentrations ranged from 15.33 to 63.38 Biflag average of 35.72 Bqkyy 41.51 to 333.64
Bgkg® (an average of 161.86 Bgkgand 161.73 to 2166.56 Bgkgan average of 1153.25
Bgkg?), respectively. The repmd world average fof*Ra, ?**Th and“*’K is 35, 30 and 400
Bgkg®, respectively. Dose rates due to gamma radiation from combined contributions from
?2Ra,%?Th and*%K, ranged from 79.50 to 270 nGyhwith an average of 164.02 nGYythigher

than the wrld median value of 60 NGy Annual effective dose ranged from 0.24 to 0.83
mSvy" with an average of 0.50 mSVvyRadium equivalent of the rock samples ranged from
163.97 to 603.46 Bgkwith an average value of 355.99 Bdkghis value is lower thathe

world accepted upper limit of 370 BqgkgExternal hazard index ranged from 0.44 to 1.63 with

an average value of 0.96, close to the world accepted upper limit of 1 (unity). The water types
identified are; HC@Na (82%), NaSO, (12%) and C&Ll (6%). Bas e d on Wil co
classification, with respect to percent sodium (%Na), 11.8% of the groundwater samples were
considered good for irrigation, 52.9% were permissible, 29.4% were doubtful while 5.9% were

unsuitable for irrigation purposes.

Vi
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"Chapter One

INTRODUCTION
1.5 Background of study
Water and its management will continue to be a major issue with definite and profound impact
on our lives and that of our planet (Herschy, 1999). It is the most important natural resources
without whichlife would be norexistent (Adebo and Adetoyinbo, 2009). Availability of safe
and reliable sources of water is an essentiar@qeisite for sustainable development. Deserts
are not habitable because of lack of water (Asoeyal, 2007).
Freshwater qality and availability remain one of the most critical environmental and
sustainability issues of the tweniiyst century (UNEP, 2002). Of all sources of freshwater on
the earth, groundwater constitutes oegorirces90% o
(Boswinkel, 2000). Hence, the need to constantly evaluate the quality of groundwater most
especially in areas where the interaction between the geology and groundwater pose an eminent
health risk to human settlements.
When the earth was formedbjllions of years ago, there were probably many radioactive
elements included in the mix of material that became the earth. Three, of jrtexessurvived
to this day, namely; uranim®35, uraniun238 and thoriuri232. Each has a hdife measured
in billions of years, and each stands at the @d@ natural adioactive decay chain (Durridge
RAD7 manual 2014).
Uranium exists as three isotopé3U, U and?*U. The first two isotopes have their own
decay series while the third one is an intermediapeluct of*®U decay serie@Fig.1). Uranium
238 is not abundant but occurs as a trace element in most rocks (average concentration in earth
crust is 2 ppm (Mason and Moore, 1984)). As shown in Fig®, has a halife of 4.5 billion

years, which give a continuous radium and radon production. Wi&n decays, the scalled



ishlirted radon daught e R P, A Bi ahdé'Panenetal atoma e s e a

with metallic properties that adsorbdast and other particles in the air.

238-Uranium Decay Series 232-Thorium Decay Series 235-Uranium Decay Series
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Fig.1: Uraniumdecay seriefelements.geoscienceworld.org).

In reducing environments, uranium occurs as U(IV), and is practically immobile due to the
extreme insolubilities of uraniniteUQ,) and coffinite (USiQ). Under these conditions, the
uranium concemation in wateris less than I8M, but wnder oxidizingcondition ion form
complexes €.g., UQ(HPQ,),*, UG,%", UOy(COs),> or UO,(COs)s™) that are highly stable
(Langmuir, 1978 Molinari and Snodgrass, 1990). The uranyl ion g&fand its complexes
have a highsolubility; under certain environmental conditions uranium can be transported long
distance in groundwater. Between pH 5 and pH, 8f&nyl minerals limit the uranium
concentration to~10°M (Langmuir, 1978), but concentrations are often lowdranium is

reducedby either organic material, i.e. carbonaceous or bituminous shalegibes (Molinari



and Snodgrass, 1990), reduced Ry (producing Fe oxides), reduced by sulphide (Gabelman,
1977) or adsdred onto mineral surfaces or organic mat®&rosphate rocks are also enriched in
uranium, due to epreciftation of U withC&* (Molinari and Snodgrass, 1990). The uranium
concentration in natural waters is primarily controlled by sorpti@ngmuir, 1978; Wanty, et

al., 1991).Langmuir, (1978) ugd enrichment factor$\] sorberd[U] solution) t0 describe the strength

of adsorption. These were as high as 1.1%18.7x10 for adsorptioronto amorphous Fe oxides,
and quite low for adsorption onto clay mineralsi (25). Uranium sorption can be inhibd by
carbonate complexation of the uranyl ion (Ametsal, 1983.

In igneous rocks, uranium concentration increasis degree of differentiation, very low U
concentrations occur in ultrabasics (0.04d@m) and higher in granites (2 15 ppm) and
pegmaites (Rogers and Adam, 1969)ranium does not easily fit inthe lattice of rockforming
minerals; a major share is depositsdseparate minerals or at graoundariegluring cooling of
magma. This is the explanation forethigh uranium concentratisrin pegmatites, which are
formed from residual hydrothermal solutions (Edsfeldt, 2001).

Radon is a radioactive noble gas which is formed through decay of radium. It occurs as three
different isotopes in natur&*Rn, *°Rn and®?’Rn.%?Rn with a halflife of 3.82 days is the most
important, this is becausether isotopes are very shdisted (**°Rn: 55.6 sec***Rn: 3.96 sec),
and will not be transported very far before they det&Rn is formed through decay &fRa in

the decay chain 6f%U.

Radm gasis produced within the grains in the rocks and soils. Radon atoms that escape from
soil or rock grains into the pore space are said to ema(fte 2). The radon emanation
coefficient is the percentage of the produced radon atoms that escapesrin8pace. Radon
exhalationratedescribes the amount of radon passing through a surface pémen{Edsfeldt,

2001).



Grain @ Start point of recoil
O Terminal point of recoil

Pore water

Inner pore
[ [ (Outer pore)
o
G Q\ j‘

A

B Recoll range
O‘/. i
Qb %%
;&
Ll
E Grain Pore air —
(Outer pore)

Fig 2: lllustration of radon emating from soilor rockgrains into pore spacéadopted from
Edsfeldt, 2001)

Groundwater idavoured as a source of drinking water in many countries. Water coming from
the subsurface is often thought to be cleaner and easier to treat as compared to surface water and
as a result of which many wells have been either dug or drilled. However, bdsdesk of
being contaminated by anthropogenic pollution, groundwater naturally contains several chemical
components, which can lead different kinds of health problems (Skeppstrom and Olofsson,
2007).
If radon and radomaughters are ingested or indhland decay inside the human lungs, the
radiation has the pential to split water molecules and proddiee radicals (e.g. OH). The free
radicals are very reactive and may damage the DNA of the cells in the lungs, thus causing cancer
(Edsfeldt, 2001)When an individual spends time in an atmosphere that contains radon and its
progeny, the part of the body thatceives the highest dose of ionizing radiation is the bronchial
epithelium, although the extra thoracic airways and the skin may also recereeiable doses.
In addition, other organs, including the kidney and the bone marrow, may receive low doses. If
an individual drinks water in which radon is dissolved, the stomachaigitl be exposetb it

(Kendall and Smith2002). Darby, et al., (1995) examined the evidence fancreased radon

4



relatedmortality from @ncer other than lung cancer amghorted that no strong evidence was
found that radon was causing cancers other than lung cancer. However, 206 réported

that further investigations afecusing on this issue.

222Rn wasreported as contributing the largest component of human exposure to natural radiation
(UNSCEAR, 2000) Concentration measurements"Rn and its progeny for the determination

of radiation doses to occupationally exposedividuals andmembers of the public living in
proximity to supervised radiation area atandard practice. The International Commission on
Radiological Protection (ICRP, 1991) recommendations for limitsidaizing radiation from
manmade sources arddInSv.yr, effective dose for occupationally exposed workers and 1
mSv.yr' for members of the public; this does not include medical as a patient or natural
background.

1.2. Justification

An aereradiometric map of part of northeastern NigefMonkin-Sheet 26) showed high
radiometric values indicatingbnormal occurrenseof natural occurrig radioactive materials
(Airborne spectrometry survey map of contours of total count, selected anomalies anadbaiso
zoned (GSN, 1975) A study by Funtua(1992) onthe geology and geochemistigf uranium
minenralization in Mikaand its environgpart of Sieet 216)reported high anomalouganium
concentrationin rocksand identified Mikaas the main uranium mineradidarea Arabi, (2012)
conducted a study atme radioativity and chemistry of groundwater from uranium mineralized
areas around @rundein which hewas able to delineate areas with higlanium amplitudes

(>4 prh™) within the Upper Bnue.Mika and environs are paof the delineated areas.

Skeppstrom and Bffson, (2007) presented an overview of the problem of natural radioactivity
in drinking water from drilled wells in Sweden. The report indicated that in some areas of

Sweden where municipal water is not available, wells are drilled in bedrock to exatactfor



drinking purposes and other uses. It revealed that groundwater from wells drilled in rock types
rich in uranium (e.g. granites) has shown tendency to have both high radon and uranium
concentrations. However, high concentrations of radon excetdirigwedish regulatory limit of

100 Bq/ | have also been reported in bedrock
ppm). This might indicate the possible movement of the water from (e.g. pegmatite) at several
meters depth, which often goes undetected on geological maps.

Claims of high uranium anmaly proved byradiometric survey, Funtug1992) andArabi,
(2012)within the study areaaside the economicrdensions to which mighie beneficiato the

host communities, human lives are at rike to decay tendencies of uranjurasultirg to
daughter products (e.g. Rad@aB2 and its progeny which might negatively affect human
existencen the areaHence, the need to study and evaluate the general groundwater quality with
respet to radon gasthe health hazards it poseand as well, ottr groundwater evaluation
parameterswithin Mika Uranium mineralized area and enviroffis report will establish
baseline datacreate awareness aimlp the government 4arder to be proactive so de
forestall future endemic outbreak of lung cancomach canceand otherradon gaselated
ailmens which may endangetives and weltbeing ofthe inhabitantsin communities under

study

1.3. Aim and Objectivesof Study

The aim of this work is to studyne hydrochemistry ojroundwatemwith emphasis on ragiogas

and radon exhalation/emanation from rocks around Mika and environs. The objectives are as
follows;

1. To evaluate the groundwatésr radonr222 concentration



2. To determine the exhalation rates as well as the emanation coefficéntslon222
from rocks surroundinghe communitiesvherethe groundwater wasvaluated.

3. To establish a relationshiff any) betweergroundwater wateffow directionandradon
concentration

4. To calculate and evaluate various radiation doses due to naturally occurring
radionucides(**?Rn, **Ra,***Th and*K).

5. To present a general hydrochemical study of the groundwater with emphas&j@n m
cations andanions, so that the quality of the groundwafier drinking and other
domestic uses as well as faiigational purposesanbe established

1.4. Study Area

1.4.1 Location, Extent and Accessibility

The study was conducteaad Mika and environs, undefing and Yorro Local Government Areas
of Taraba State, Nigeridhe study area is part dfonkin Sheet 216and part of Dong Iseet 195

It lies betweenlatitudes 0848 to 094N and longitudes 1°B0° to 11°48E. It is located within
the northern part of the Adamawa massif aoders an area @bout 100&n.

It can be acessed through intriaterstateroads of Jalingoi Zing road and MayeBelwai Zing
road respectively. Footpaths andnpaural road networks also lintke study arefrom nearby

communitiegFig. 3).



r
g T mTo - 1iggoe 550 550 A
o

River/Stream

«/ | Main Road
/| Minor Road

00N

Kayaras

_." | Footpath

.,’ Localities

450 | Contour

580N

Pasun’ )
« Dilla }l’ agaji

">~ Dig nzaih i, .

EE NIGERIA

Pangishawa 2 -
E °Paj$ Kabo . Dibobo

ePantilabu .
Zanzara } yaja -kaw
oladi’'») ® o .

« Dinkanka
AL

L]
nlonkwo

8°540'N

Dankwa * Mwanze
Bajadakue

# o Lonloye Kumon

Kwazan SN
”\ \ N
Kodin Yaka

'R %;@
&

B % %% @ A

] ® Digunzan Kassa
M eDinya
Donkun Tukue )
N s>ampu ®* Danzinna

1°360°E WIB0E 1°3h0E 1ah0E SBOE  Kiometers 11°4D0'E 1a50E 1wakoE 1ab0E
35 175 35

8520'N

8500

Fig 3: Topographic map of the study area
1.4.2 Relief and Drainage
The relief configuration of the study area can be categorizedwt zones, highlandsountain
range and lowlandgig. 4). The highlands occupy the southern region stretctiongm west to
south in chains of mountainith elewation ranging froml8001 2400 meters highforming the
Adamawa massifanges. The lowlanadhich occupés about 60% of the region forrmostof the
humansettlementsThe area is drained bdyiver Kuniniand smaller tributaries that make up the

watersheds within the study area.
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Fig 4: Digital Elevation Map fothe study area.
1.4.3 Climate and Vegetation
The climate othe area is typically &ropical climate marked by dry and rainy seasons. The mean
annual rainfall of the area ranges from 819761mm. It is spread over sevemonths(April to
Octobe}. The onset bthe rains is April, with low amount but increases gradually reaching a
maximum n August, the amount droggadually with cessation in Octob@Ray and Yusuf,
2011) Mean monthly temperature ranges betweeC2025°C while the relative humidity is
loweg (26%) in Marchand reaches 98% in Augu§ruonye, 2014)The study area is within the
savannah grassland belt, particularly in the guinea Sakasohregion, characterized by

scattered, deciduous tall trees with broad leaves and tall g{&dstes1)



Plate I: Photograph showingall trees and grasses with broad leavékin the study areéaken
during the dry seasdn

1.4.4 People and Landuse

Mika and environspredomirartly accommodates the Mumuye ethnic tribe in TaratateS
Their uniquetribal marks and a large openiog the ear, mostly seen on elderly women, makes
them stanebut from othetribes within and outside the&e Other tribes like the tHani, mostly
engaged in cattle rearingre foundsettled around the ¥Mmuye communitiesMumuye people
are predominantly farmers, producing crops like yam, cassava, maizbeans They also
engage in civil servigepublic service small scale livestock, hunting agell as petty trading.
Bush burning is a common practice during the dry aeasostly for hunting purposes$e.g),
Bush rats andsquirrels),even though, this practice affedtse environment negatively as it

increases the rate of erosion during the raggson.
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1.5Radioactivity

Radioactivity is the emission of radiation origimat from a nuclear reaction or as a result of the
spontaneous decay of unstable atomic nuclei. The term radioactive decay refers to the process
whereby unstable atomic nuclei decay with the loss of energy by the emission of elementary
particles (e.g., alghparticles, beta particles, neutrons, and garfnmpBaotons) directly from the

nucleus or the atomic electron shells (e.g., Auger electrons aag photons) within which the
nucleus resides (L6Annungiata, 2012).

Radioactivity was discovered in the 1896 Hye n r i Becquerel (L6OANNuUunNgi
the beginning of 1896, on the very day that news reached Paris of the discovergysf Menri

Becquerel thought of carrying out research to see whether or not natural phosphorescent
materials emitted sinal rays. He placed samples of uranium sulphate on to photographic plate,
which were enclosed in black paper or aluminium sheet to protect the plates from exposure to
light. After developing the photographic plates, he discovered that the uranium salsl eayis

that could pass through the black paper and even a metal sheet or thin glass positioned between
the uranium salts and the photographic plates. Becquerel reported his findings to the French
Academy of Sciences in February and March of 1896 (Beetjuk396a, b). At first, he thought

the rays were as a result of phosphorescence, that is, excitation of the crystals by sunlight forcing
the crystals to give off their own rays. However, Henri Becquerel capuédurther tests
demonstrating that the reymanating from the uranium salts were independent of any external
source of the excitation including light, electricity, or heat, and the intensity of the rays did not

di minish appreciably with time (LO6ANnNabelgi at a,
|l ecture on December 11, 1903, he remar ked th

phenomenon of a new order o (Becquerel, 1903) .
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Becquerel provided evidence that all uranium salts emitted the same radiation and that this was a
property of the umaium atom particularly since uranium metal give off much more intense
radiation than the salts of that element. The new radiation produced ionization, and the intensity

of the radioactivity could be measured by this ionization. Not only did these rayacprod
ionization, but he was able to demonstrate that a large portion of these rays, could be deflected

by a magnetic field and were charged particles of the property similar to cathode rays
(LOANnNunNngi at a, 2012) . J. J. T h orays avere alecternso ver e
(Thomson, 1897) and years later, Ernest Rutherford named the electron originating from nuclear
decay as beta particles (Rutherford, 1903).

Foll owing Becquerel s discovery of spontaneou
the mysterious rays emitted by uranium and discovered that not only uranium gave off the
mysterious rays discovered by Becquerel, but thorium did as well. She and her husband (Pierre
Curie) observed that the intensity of the spontaneous rays emitted by uranithariam

increased as the amount of uranium or thorium increased. They concluded that these rays were a
property of the atoms of uranium and thorium; thus, they decided to coin these substances as
Aradioactiveo (LO6Annungi at d suchZXfobtaheods ragsofrbrd ) . T
atoms would now be referred to as Aradioactiywv
Ernest Rutherford in 1899, named two types of
characterized on the basis of their relative penetrative poweiter, that is, alpha radiation

would be more easily absorbed by matter than beta radiation. In harmony with this nomenclature,
Rut herford assigned the term fAigammao rays to
1903). From the previous discovetlyat radium gives out three distinctive types of radiation

(Villard, 1900a, b), Rutherford named and characterized the three types of nuclear radiation on

the basis of their penetrating power in matter as follows;
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The Alpha Particles: These are very eagilabsorbed by thin layers of matter, and

which give rise to the greater portion of the ionization of the gas observed under the
usual experimental conditions. The alpha particle, structurally equivalent to the
nucleus of a helium atom and denoted by thee®rletterU, consists of two protons

and two neutrons. Alpha particles are emitted as decay product of many radionuclides
predominantly of atomic number greater th
Alpha particles are emitted by radionuclide with distinct emsrgfnat range between 4

and 10 MeV; and halfives of the nuclide will vary over a wide range of thim from

10'° years to microseconds. Radionuclides emitting alpha particle of low energy decay
with long halflife, whereas those emitting alpha particleshafh energy have short
hal-l i ves (LO6Annungi at a, 2007) . Al pha part.i
to the two protons present. This permits ionization to occur within a given substance

by the formation of ion pairs due to coulombic attraction ketwa traversing alpha

particle and atomic electrons of the atoms within the material the alpha particle
traverse. The two neutrons of alpha particle give it additional mass, which further
facilitates ionization by coulombic interaction or even directisiolh of the alpha
particle with atomic electrons (L6Annungi
The Beta Patrticles:These consist of negatively charged particles projected with high
velocity, and which are similar in all respect to cathode rays produced in a vacuum

t ube ( LiaaA2012) Betp particles are electrons with greater penetrating power
than alpha particles but owing to a lesser ability to ionize, they are not as damaging to
living cells as are alpha particles (Solomon, 2005).

Beta decay may be defined as any nuctisray process whereby the mass number

(A) of the nucleus remains the same and the atomic number (Z) changes. There are
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three main types of b €)f eanisstbre whacly involvesathee | vy ;
emission of a negative beta particle or negative electron from the nucleus; positron
( B, emission whreby a positive beta particle or positively charged electron is
emitted; and Electron capture (EC), which does not result in the emission of any beta
particle (LO6ANnnungiata, 2012).

Some beta emitters occur in nature, mostly among the heavy elementsicrituen,
thorium and actinium groups, commonly found in association with crystalline rocks.
Thorium, for instance, is a practical constituent of some minerals, notably thorite and
monazite (a mixed rare earth and thorium phosphate). The actinide eleretite
fourteen chemical elements that follow actinium in group 111B of the periodic table, all

of which are radioactive, because their nuclei are so large that they are unstable and
release great amount of energy when they undergo spontaneous fissierall@ethe

heavy elements of the uranium, thorium and actinium groups have an excess of
neutrons and hence decay by the emission of electrons (Solomon, 2005).

Gamma Radiation: The discovery of a highly penetrating radiation that was
nondeviable in an eatnal magnetic field, which is now known as gamma radiation
was discovered by Paul Villard at the Ecole Normal in Paris in 1900. The discovery
was reported to the French Academy of Sciences (Villard, 1900a, b).

Radionuclide decay processes often leavepttoeluct nuclide in an excited energy
state. The product nuclide in such an excited state either falls directly to the ground
state or descends in steps to lower energy state through dissipation of energy as
gamma radiation. A nuclide in an excited enertptesis referred to as a nuclear

isomer, and the transition (or decay) from higher to a lower energy state is referred to

as isomeric transition (L6Annungi at a, 201

14



Gamma radiation undergoes many diverse interactions with matter at different energy

range. Low-energy gamma radiation may be totally absorbed by an atomic electron

that is then emitted. The ejected electron is known as a photoelectron, and the process

is known as the photoelectric effect (Solomon, 2005).

Gamma radiation can also interact wih atomic electron, sharing its energy and

giving rise to the Compton Effect, in which the original gamma radiation is scattered

away with reduced energy and the electron is ejected. This electron is known as a

Compton electron. Gamma radiation of suéidily high energy can also interact with

the electric field of the positively charged nucleus producing an electron and a

positron. This phenomenon is known as pair production (Solomon, 2005).

When a beam of gamma radiation passes through matter, itsitytafter emergence

has diminished, principally as a result of the above three processes. Very high energy

gamma radiation can also cause nuclear disintegration and can eject a nuclear particle

such as a neutron or a proton. Various types of mesons sarbal produced by

gamma radiation of extremely high energy in its interaction with atomic nuclei.

Gamma radiation is emitted as photons, or discrete quanta of energy (Solomon, 2005).
Rut herfordds work in conjunct i orederigk Soddy, ledt me r o u
to the conclusion that one chemical element can transform into other element (Rutherford and
Soddy, 1902). Atoms of a given element can have different numbers of neutrons, and thus
different atomic mass (Rutherford 1913; Bohr 1913).dyathmed the forms of an element with
di fferent atomic masses, the Aisotopeso of tl
alluding to the fact that not only can we consider the radioactive atoms of specific elements as
isotopes, but that many, fifot most of the stable elements may actually consist of a mixture of

isotopes. Therefore, isotopes can simply be put as, nuclides that have the same atomic number
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(2), that is, the same number of protons but they differ in their number of neutrons (N). Thu
they differ in their mass number (A), which is the sum of the number of protons and neutrons in
the nucleus. Because isotopes have the same atomic number, they are nuclides of the same
chemical el ement (LO6ANnnungiata, 2012).

Rutherford and Soddy also dmvered that every radioactive isotope has a specificlifealf
(Rutherford and Soddy, 1902). Half the nuclei in a given quantity of a radioactive isotope will
decay in a specific period of time. E.g., the Hedf of uranium238 is 4.5 billion years, wbh

means that over that immense period of time, half the nuclei in a sample of uz88uwill

decay (in the next 4.5 billion years, half of what is left will decay, leaving one quarter of the
original, and so forth). The isotope produced by the decayrariium themselves promptly
decay in a long chain of radiations. Radium and polonium are links in this chain (Fig.1).

Half-life of a given radioisotope is not affected by temperature, physical or chemical state, or any
other influence of the environment teide the nucleus (except, from nuclear reactions), the
radioactive samples continue to decay at a predictable rate. This makes several types of
radioactive dating feasible (Pullman, 1998).

Radionuclides were first used for therapeutic purposes almosty&@fs following the
observation by Pierre Curie that radium sources brought in contact with the skin produce burns.
Already by 1915, sealed sources of radidB® and radoi222 were in use. By the 1950s
radiotherapy had become much more widespread dueetadhelopment of remote source
handling technigues and availability of reactor produced radionuclides such as6fo@dhgill

and Galy, 2004).

lonizing radiations from radionuclides kill cells by damaging the DNA thereby inhibiting cellular

reproductionThe energy of the radiation (in the form of photons, electrons, heavy patrticles, etc.)
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required to damage DNA should be greater than a few electron volts (eV) corresponding to the
binding energy of the outer electrons (Pullman, 1998).

Radioisotopes haveebn used as tracers. The first to use radioisotope as tracer was George de
Hesevy (a colleague of Rutherford), who used radioisotopes to test his food when he suspected
that the stew his landlady was serving him was made from the previous day leftovenarfPu

1998). Theuseofsoal | ed Atracer o or Atapod techniqgues
t hat radiation can be detected with very hig!
Al abel edd mol ecul es add etdrchemicaleandrphysialrbéhavioraa | | o w
both macrd and microscopic levels without disturbing the carrier material. A common problem

in the oil industry is the detection of leaks. For this purpose, radionuclide tracers can be inserted
into the pipe flow anawill leak where the structure is damaged. If the pipe is not too deeply
buried in the ground, the leak position can be identified from the gamma emission from the
tracer radionuclide from the above soil (Magill and Galy, 2004).

1.5.1 Sources of Radiation

Radioativity and exposure to ionizing radiation may occur naturally or produced artificially.
While radiation may come from naturally occurring radionuclides, the usual method for
artificially produced radioisotope is by the bombardment of stable nuclei walhgeth or
uncharged particles. This can be achieved by the use of nuclear reactors (the primary source of
radioisotopes for biological purposes), by particle accelerators, or by other neutron sources such
as a neutron generator (Solomon, 2005).

1.5.1.1Naturally Occurring Radionuclides

If we take into account the age of the earth, which is 45y#@rs, and the characteristic
property of the radionuclide halife decay, one of the following conditions would have to be

met for a natural radioactive nuclide to ocour earth: (i) the radionuclide would be produced
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continuously on earth or its atmosphere by a natural phenomenon, (ii) the radionuclide would be
very longlived that is, it would have a hdlfi f e of t K gears ordiig a shaiffed O1 0
radionudide would be in equilibrium with the naturally occurring lelinged parent radionuclide
(LOAnNnNnungi ata, 2012).

A number of radionuclides are produced on a continuous basis by the interaction ofregsmic
particles with the nutheeosmogenic idotopes aeeecredted bysthea t ma
interactions of higli energy primary and secondary particles of cosmic radiation with the nuclei

of gaseous molecules of the atmosphere (e.g.ON Ar, etc.), resulting in the fragmentation of

the target nuei or by the capture of thermal neutrons of the cosmic radiation showers with
target nucl ei of the at mosphere (LOAnnungi at
cosmier ay energy (>98%) is dissipated ofcosniche ear
radiation produce nuclear reactions at a much
including the hydrosphere, cryosphere, and | i
cosmogenic radionuclide are produced to a greatereer t i n the earthoés at
of cosmogenic radionuclides aref, ‘Be, 1°Be, *°Al, **CO,, *"Ar, *Ar, etc.

Based on the age of the earth, we can expect that atagmogenic radionuclides with a half

| i f & yeard that were formed durinige formation of the earth and are not in equilibrium

with the parent nuclide in a naturally occurring decay chain, would have decayed to an
undetectable |level (L6Annungiata, 201%2%,. Exam
23, 232Th, %K, (***Rn, ?*°Rn, **®Po,?'Bi), etc., where, the examples in parenthesis are daughter
products of uranium and thorium decay series and have relatively very shdrdsalf

The largest natural source of radiation exposure to humans is radon gas. Whilgasdwas

always been in the environment, its contribution to human radiation exposure has increased in

recent years. Radon's primary pathway is from the earth, through the basements of houses and
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other buildings, and into inside air that people breathdoR&xposures can vary depending on

the soil and rock structure beneath buildings (Solomon, 2005).

1.5.1.2Artificially Produced Sources

Man-made sources of radiation include medical exposures such as diagrests; &s well as

from nuclear medicine involvingiagnostic procedures such as the use of nuclear tracers. Very
small amounts of radioactive materials, called tracers, are put into the blood stream, and their
progress through the body is monitored with a radiation detector. With this, blocked or estricte
blood vessels can be identified. Nuclear medicine also includes treatment of disease. Some
examples are cobalt irradiation for the treatment of cancers, or the injection of radioactive iodine
which concentrates in the thyroid for treatment of Gravesagis (Solomon, 2005).

Radiation is used in the manufacturing of many consumer products. It is used to sterilize
products such as cosmetics and medical supplies. Radioactive materials are also used in other
consumer products such as smoke detectors, wthker @onsumer products that could expose
people to radiation include smoking of cigarettes, burning gas lanterns, using natural gas for
heating and cooking, using phosphate fertilizers, radiation from color television, as well as the
use of cell phones. Bhdose rates from these sources are small and vary considerably (Solomon,
2005).

Other man made sources includes radiation exposures from fallout during international nuclear
weapons testing programs and nuclear power plant accidents. For instance,vilghofe
radiation were created in the atmosphere after the Chernobyl accident in the then Soviet Union
(April, 1986). Very recently radiation problems arising from the use of depleted uranium in war
have been reported and investigations into the healtleavidonmental consequences of this is
continuing (United States Army Environmental Policy Institute, USAEPI 1994; United State

Army Material CommandUSAMC, 2000; United State Defense DepartméiSsDD, 2000).
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1.5.2 Radioactivity Pathways

Radionuclides travel tbugh the environment along the same pathways as other materials. They
travel through the air, in water (both groundwater and surface water), and through the food chain.
Radionuclides may enter the human body by ingestion (eating or drinking), by infiattio
through the skin. Radionuclides can also be released into the air by human activities or created in
the atmosphere by natural processes such as the interaction of cosmic radiation with nitrogen to
produce radioactive Carbdl. Radionuclides in theiracan settle out of the atmosphere if air
currents cannot keep them suspended, and rain or snow can remove them. When these particles
are removed from the atmosphere, they may land in water, on soil, or on the surfaces of living
and nonliving things (Sobmon, 2005).

1.5.3 Radiation Surveys

Radiation survey involves the measurement of natural radiation levels, detection of radiation
contamination, monitoring the effectiveness of shielding arrangements, as well as estimating
radiation exposure to personnel. Thare two main categories of radiation monitoring devices.
They include gas filled detectors and scintillation detectors (Solomon, 2005).

Gas detection instruments are based on the principle that ions are produced when radiation
passes through a géiled chamber. Electrons liberated in the chamber are attracted to the center
electrode (anode) by a positive voltage potential, while positive ions are attracted towards the
walls (cathode) of the chamber. This produces an electrical pulse or current whitiercde
detected and recorded by a scaler or-nag¢er (Handloser, 1959; Price, 1964; Fenyves and
Haiman, 1969; Ouseph, 1975). Gas filled detectors are of three types, namely ionization
chambers, proportional counters, and Geigbtiller detectors. Therpmary difference between

these detectors is the voltage applied to the chamber, and the kind of detector to be used depends

on the intensity and the type of radiation field encountered.
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1.5.3.1lonization Chambers

Gas ionization detectors can be characterizethbyeffects created by different field strengths
between the changg collecting electrodes (Steinhauser and Buchtela, 2012). At low field
strength, many slowly migrating ion pairs still have the opportunity to recombine. This
recombination region is notsad for radioactivity detectors. As more voltage is applied, more
ions and electrons produced by the ionizing radiation collected at the electrode. Finally, field
strength is reached at which now rapidly migrating ions do not have a chance to recombine.
Thus, a saturated region is reached where all the ions produced directly by the radiation event,
the primary ions, are collected at the electrodes. A further increase of field strength cannot attract
more ions because all of them have already been colldotredhambers operate in this region.

The amount of charge collected at the electrodes directly shows the ionization effects of the
incident radiation (Steinhauser and Buchtela, 2012).

1.5.3.2Proportional Counters

If the field strength is increased further, adudhal ionization starts to occur because of the higher
kinetic energy of the migrating primary ions. These primary ions now being accelerated to a
higher energy than the ionization energy of the detector gas, produced secondary ions by impact.
With increagng field strength, a great number of additionally produced ions are accelerated, the
number still being proportional to the number of primary ions (Steinhauser and Buchtela, 2012).
This gas ionization detector region is called proportional region. Inréiggbn, radiation with
different abilities to produce primary ions (alpha, beta, or gamma radiation) can still be
discriminated, or they are registered by fAgroa

the same type but with different energiea be discriminated (Garciaeon, et al, 1984).
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1.5.3.3Geigeri Muller Counters

As the field strength is increased further, excitations of atoms and molecules are observed that,
by the emission of ultraviolet light, can start additional ionization processéasisliregion,
referred to as the GeigéerMuller region, the total number of ions produced is independent of the
number of primary ions and, therefore, also independent of the type and energy of radiation. A
further increase of the field strength causeatinuous discharge (Steinhauser and Buchtela,
2012).

In the Geigeri Miuller region, all primary ionization effects produce the same maximum
response in the detector. Geigeriller counting tubes operate in this region and thus provide

no direct informéon about the type and energy of radiation. Information related to the type and
energy of radiation can be provided only by observing shielding effects related to this radiation.
Alpha particles are stopped by a thin layer of matter, beta particles shmxiamum range in
penetrating a shielding material before they enter the detector, and photons show a somehow
logarithmic decrease in intensity with increasing thickness of the material. In the earlier days of
radiation measurements, such experimentalpsetvere frequently used for rough determination

of radiation type and energy (Chase and Rabinowitz, 1967).

1.5.3.4Scintillation Detectors

Detection of ionizing radiation by scintillation detectors is based on the emission of light as a
result of the interactionfdhe radiation with the detector material (called a scintillator) followed

by collection of light and its conversion into electrical pulses using photomultiplier tubes or
photodiodes. Scintillation detection is one of the oldest techniques in the measurain
radioactivity having had widespread application for the detection of alpha, beta and gamma
radiation in the past (Vajdet al, 2012). At present, most of the applications are related to gross

counting of alpha, beta, and gamma radiation due tayfheally high counting efficiency and
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the low cost of the instrumentation while radiation spectroscopy is limited by the insufficient
energy resolution of the scintillators to allow the identification of the radionuclides in an isotope
mixture. Scintillaton gamma spectrometry was a basic tool until about the 1980s, but it was
gradually replaced by semonductor spectrometry of much better energy resolution (Vejda,

al., 2012).

Scintillation detectors include solid and liquid scintillators as well asgemic and organic
scintillators. For all these different types, the basic process used for detection is fluorescence,
which is the prompt emission of visible radiation (light). The main parts of the scintillation
detector are the scintillator, which caamts the radiation energy to visible light photons, and the
photoelectroni multiplier (PM) tube containing the photocathode, the nailige electrori
multiplying section made of a series of electrormultiplying dinodes and an anode for
collection of he amplified charge situated in a glass vacuum envelope (\&jdh 2012).
1.5.4Radiation Dose

Radiation dose, also referred to as absorbed radiation dose, is the amount of energy deposited in
a given mass of a medi um th\2012).0lheibasic onjs, useddni at i ©
the measurement of radiation dose are discussed as follows;

1.5.4.1Count Rates

The standard unit of radioactivity is the Curie, which is defined as the number of disintegrations
occurring in one gram of radium per second. Raxivas chosen because it was available in
pure form and has a long hdife, 1,600 years. The Curie is equivalent to 3.7 x 1010
disintegrations per second (dps). The Curie is a large unit, so several fractions of this unit are
also used. These include timdllicurie (mC), that is onghousandth of a Curie, or 3.7 X 107 dps,

and the microcurie, that is, omallionth of a Curie, or 3.7 X 104 dps (Solomon, 2005).
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The usual state of a radioisotope is as a mixture with a large amount of the stable isotopes of t
same element. Specific activity therefore, is defined as the amount of radioactivity per given
weight or weight equivalent of a sample. It expresses the relative abundance of a radioisotope in
a sample. Specific activity is often expressed as dps or dpumting rates (counts per minute,
cpm), or curies, mC, or micro C per unit weight (Solomon, 2005).
1.5.4.2The Roentgen (R)
Radiation exposure was historically measured by roentgen (R), which is a measure of the
guantity of radiation deposited in air from thea@nt of charge or ionization produced by the
radiation in air (LOAnnungiata, 2012). By def
1 R = 2.58 x 10 C/kg (of air at STP)
(That is, one roentgen will produce 2.58 X*XDoulombs of ion pairs in one kilogram of air)
The roentgen is a unitf exposure that is mostly historical and seldom used; it still occasionally
appears on some dosi meter reading (L6Annungi a
1.5.4.3The Rad
Of more significance is the measure of absorbed dose, that is, the energy of radiation absorbed
per unit massofaor ber. The original unit of absorbed
the term ARadiation Absorbed Doseo (LO6ANnnungi
with the gray (Gy), which is the Sl unit of absorbed dose. The use of Sl units is rendedrby
the I nternational Commi ssion on Radiation Un
2012). The rad and gray have the following equivalents;
100 rad = 1berg/g = 1 Gy = 1J/kg
1 rad =10 mGy = 100 erg/g

1 mrad = 10 uGy
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As 1 eV = 1.602 x 18°J, gray can be converted to units of electiovplt energy deposited in a
kg of absorber(i.e.)
1 Gy = 6.24 x 1& MeV/kg

1.5.4.4The Rem or Sievert
Anot her formerly common and historical unit
2012). The rem is a measupnf absorbed dose in biological tissue. This unit of measure is
derived from the term firoentgen equivalent fo
was created as a measure of dose of ionizing radiation to body tissue in terms of its estimated
biological effects; its Sl unit is the Sievert (Sv) and;

100 rem =1 Syi.e.) 1 rem = 10 mSyv
The rem or Sievert are referred to as units of equivalent dose, because the dose is measured on
the basis of a weighting factowg), which defines the relative hazls of radiation on the basis
of the types and energies of the radiations by placing all radiation classes on the same dose level
or equivalent (L6Annungi at a, 1987) . The dose
(Gy) and a weighting factor (fmerly known as quality factor, QF) (Solomon, 2005;
L6OAnnungi at a, 2012) . According to Il nternatio
Measurement (1977), gamma raysyays and beta radiation all have a quality factor of 1,
neutrons (10), protons (1(lpha particle (20), and heavy ions (20). This quality factor depends
on the relative biological effectiveness (RBE) of the type of radiation under consideration. The
RBE is the ratio of the absorbed dose of photons of specific energy to the absobed aings
other ionizing radiation required to produce the same biologic effect (Noz and Maguire, 1979).
1.5.5 Maximum Permissible Dose
Over the years, research works in the field of radiation safety have shown that ionizing radiation

is not only dangerous but gl be lethal. For this reason, several international bodies have
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worked on standards in relation to radiation hazards and this has led to the establishment of
maximum permissible limit (MPL). Notably among these regulatory bodies are the National
Academyof Science, National Research Council Advisory Committee on Biological Effect of
lonizing Radiation (BEIR), International Commission on Radiological Protection (ICRP),
National Council on Radiation Protection and Measurement (NCRP), International Commissio
on Radiation Units and Measurements (ICRU), United Nations Scientific Committee on Effect
of Atomic Radiation (UNSCEAR), International Atomic Energy Agency (IAEA) as well as
World Health Organization (WHO) (IAEA, 1996).

In making the maximum permissibteose recommendations, both NCRP and ICRP divide the
population into two groups namely members of the general public, and "radiation workers" who
are exposed to radiation through their occupation. Government standards establish limits for
occupational expase that are greater than those established for the general public. The rationale
is that "radiation workers" presumably accept the increased risk by informed consent as a trade
off in exchange for the benefits of employment. The maximum permissible alogefgeneral

public is set at 1 mSv/yr by NCRP as well as ICRP and 0.1mSv/yr by WHO (ICRP, 1991,

NCRP, 1993; WHO, 2009).
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Chapter Two

LITERATURE REVIEW
2.1 REVIEW OF REGIONAL GEOLOGY AND HYDROGEOLOGY OF NIGERIA
2.1.1Geology
Nigeria is situated within thea African mobile belt and sandwiched between the West African
Craton to the west, the Tuarei€d to the north and the Con@aton to thesouth east (§.
5), which was affected by the Pan African orogeny about BZ0. Opinions are divided
concerning the evolution of the Nigerian Pan Africaerrain The first and most popular opinion
is that the Nigerian Pan African terrain is the result of tectonic processes invewmental
collision between West African crat@amd the Pan African mobile belt (B<e and Dewey, 1972;
Black, etal., 1979; Bertrand and Cap$978; Cabyet al, 1981; Trumpette, 1979). Thiesultant
heat deformation and partial melting of the uppeaintle and lower crust led to the emplacement
of the granites. This interpretation Imsed on the observation of a suture along the eastern
margin of the West Afdan Gaton. The second opinion suggests that the Pan African Orogeny
was more of aggregation of crustal blockgch as island arcs and older continental fragments
than a simplecollision betweentwo entities (the West Africanr@onand the Pan African )
(Wright and Ogezi1977; McCury and Wright, 1977; Hojtet al, 1978) The interpretation is
based on the close association of @dkalinevolcanics, ultramafic and basic reckith the two
major NET SW trending fracturesystems established in the western part of Nigeria. Even
though the former opiniohas been widely accepted, some workers (Black, 1980 and Turner,
1983) have observed that the Pan African granites which extemdgeria and Camertm, a
distance of over 150Km from the suture cannot belated to the same subduction zoflee Pan

African event (600+15Ma) was the latest reactivation that affect the whole region (Turner
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1983; Fitcheset al, 1985) and it cased regional metamorphism and deformation which

imposed a generaly i S foliationtrend and brought abotlie emplacement of granitoids.
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Fig 5: Geological setting of the Pakfrican Belt of Nigeria in West Africa (mafied after Caby
1989; Ajibade andNright 1989; Affatonet al. 1991). Jurassic alkaline granites omitted.
Inset:Southern Hoggar terranes (Liegesigl. 1994).

The basement is usually sdivided into three distinctiviithological units;

A migmatite T gneiss complex which constitute abor0% of the basement complex

(Truswell and Cope, 1963; McCurryl976; Black, 1980) is a polymetamorphic complex
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consisting of gneiss and migmatwéh high grade supracrustal relics of basic and calcareous
schists, mar bl e Q@ldedmegsadit ménteso t @eMan@ur riy ,
generally of loweamphibolites facie grade of metamorphism (Ogezi, 1977).

Schist beltonsisting of low gradésupracrustalmetasediments and metavolcanics and are
largely to thewestern half of the country atthgh some relics of the schist bodies have been
mapped around Jalingo to the northeast (Agunmanu, 2¥bpn the Obudu plateau in the
southeast (Okeke, 1979hese schist belts consist predominantly of pelites andgelites

with psammites, banded mo formation, metaconglomerate metagreywackes and

1¢

met avolcanics termed AYounger metasedi ment s

of metamophism.

Older (Pan African) granites; this suite intrudes both gneiss and metasediments ascgwarms
plutonsand batholiths covering a de spectrum of rock types fromnalites through granite

to diorite, syenite and charckites. Age determinations indicate that they are Pan African

bodies withages ranging from 750 550Ma. The most predominaare the granddrites.

This rocks rangein size from small subcircular crosscutting stocks to large elongated

concordant batholiths bodi¢Salau, 2000).
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Fig 6: Geologic map of Nigeria showing basement and sedimentary tdiveidgied After
Garba, 2008
2.1.2 Hydrogeology

The water resources of Nigeria can be subdividea surface sources (streams and rivers, lakes
and ponds) and undergrousdurces (groundwater§sroundwater existén aquifers within the
sedimentary terrain and alswerburden and fractured aquifeithin the basement terrain.

The Nigeria drainage system is dominated by the RiM&ger and Benue which carry much of
the runoff water from various catchments into the Atlarficeanin the south. SimilarlyLake
Chadprovides the emptying ground for a fewers flowing northeastvards towards jtin the
northern part of the country. The country is endowgda closely knit networked riveand

streams (Offodile, 2014). Theystem can therefore be divided into three groups, the bigger
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group flowing into the Atlantic Ocean through the riverNiger and Benue, the smaller and
shorter rivers, nearer the coastliflewing directly into the ocegrand the slightly longer ones
emptying intoLake Chad, to the north. The drainage pattern is controlled by cbh&imsuntains
and hills marking the norteentralareas dominated by the Jos plateau, the sbutlestern
plateay the Udildah and the Cameroon rangescluding the Adamawa Massif) to the east
(Offodile, 2014).The River Benue whicheportedly contributes upt®0% of thewater of River
Niger, rises fromthe Cameroon mountains in thertheast about 4&km north of Yola (Offodile,
2014).

2.2REVIEW OF PREVIOUS WORK ON RADON

The increasing awareness on the negative effect of radon gas and its daughteepieaten
wide studyof indoor radoras well as groundwater concentrations globally.

Alabdulab a, 1(2914) studied the occurrence of radon in groundwater of Saudi Arabia where
samples were collected from about 1025 wells supplying drinking water to theyibBgef
Saudi Arabia and analgd for radon concentrationssing the Liquid Scintillation counting
methodspecified by USEPA(1978). The report showed thidite weighted radon median value
for the entire country wa.62 BqL™ with a range of 0.01 t67.4 BqL™. The percentage of
samples with radon concentratiequal to or greater than 11BhL™ (USEPAproposed MCL)
was found to be 19.22%. It also reportkdt the range of radon in st wells varied between
0.06 and 67.8gL™ with median value 5.BgL™ and between 0.06 and 408#L™ with median
value 5.34BgL™ for deep wells. However, 50% of the samples analyzed faafbn
concentrations equal to or greater than 4.0 and B@7* for the shallowand deep wells
respectively.

Jalili-Majareshin, et al, (2012), with the aid ofRAD7 radon detector, studied the radon

concentrationin hot springs bthe touristic city of Sarein imorthwest Iranand methods to
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reduce radon in water. The aim was to measure the efficiency of various simple methods to
decrease e concentration of radon in the hsprings of the touristic city of Sarein. The
concentration in water was observed to vary fromBd42i® to 3890Bgmi®. Using250 mL vials
hali-filled with water samples, the reposhowed that when the temperature oé thater
increasedrom 17C to 27C, the radon concentration decreased from 380> to 745Bq>.

Also, the mixing of samplat a speedf 500rpm for 12 mins led to a radon reduction of about
70%. Aeration of thevater sample with 0.2min™ of ambientair resulted ira 90% decrease in
radon concentration in finutes The report showsa strong exponential correlations (39

which verified the effectiveness of the methods employed in reducing dissati@adgas in the
waters.

Likewise, Kozlowska et d., (2001) used aWal ac 1414 MWbnBpguaotdalScUnt
Counter method to determirfé°’Rn in Radonrenriched spring water in thsouth of Poland.
Samples were collected from springs in health resorts in the Shietytainsin Poland The

report showed that half of the studied water samples were radon enriched with an activity
concentration higher than BgL™. It concluded that the method inthacedis very convenient

and elegant for radon activitgeasurements.

Komal, et al, (2010) also usedhe electronic radon meter (RAD#Ap measure radon
concentratiorin groundwateiand assessment of average annual dose in the envirblagiohal
Institute of Technology, Jalandh@MITJ), Punjab, India. Inhe assessment ofdoor radon, the

LRI 115 Typell plastic trackdetectorwasused.The report shows that the radooncentrations

in drinking water varyirom 2560 to 775@qm* with an average value of 5143.88m* while

pH value for the groundwatearies from 6.96 to 7.0 with an average value of 619@ir repot
showedthat there is no correlation between the pH value and radon concentration values for the

groundwater. The calculated indoor radon concentration valuedreany74 to190 Bgm® with
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an average valuef 124.50Bqmi°. The report also shes that the calculated values for the
absorbedloserangel from 1.2 3.24mSv.y*, which is well below the action level

Ghokhale and Leung2010 studied the groundwatéf’Rn concentrations in Antelope creek,
Idaho, USA. Groundwater samples were caéldcfrom eight wells in remote Antelope creek
valley, Idaho. Seven out of eight locations showed that ground#r concentration were
much greater than 11 BL(300 pCi/L), a maximum contaminant level (MCL) proposed by
United States Environmental Rection Agency (USEPA). Rock and soil samples collected near
the sampling wells revealed tha®U contents were between 0.55 to 6.41 ppm. Minerals
collected from different regions of the country with simifdfU contents also showed high
concentratioa Technique usingeographical Information System (GIS) software with available
information also indicated a clear correlation between the rock typeSZ®mlconcentrations in
groundwater. Cancer rates near the study area were also reported to be laigheatitmal
average.

Greeman and Ros€1999 measured emanation coefficients f6fRn and?*°Rn in 68 soil
samples from 12 soil profiles from eastern U.S. These soils varied in soilpggeatmaterial
and location. Average emaian coefficients werd.20 for?*Rn and 0.16 fof*°Rn. Based on
distribution of**Ra among the exchangeable, organicpkiele, sand, silt and cldyactions of
the soils, a multiple regrs®n indicated that the orgaréxchangeable fractiomccurring
mainly as coatingsrograins, d an emanation coefficient f67°Rn of 0.46, and the residual
silt-clay fraction had 0.22. The organic fractiorade the largest sing®ntribution to Rn in soil
gas. Mineral grains had twice tHéRn emanation a&°Rn, implying that abouhalf of the Rn
atoms were emanated ditly to the pore space, and the remaisdegre freed by tracketching

and diffusion over a period of days.
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LeDruillennecg et al.,, (2010 studied the hydrogeological and geochemical contfothe
variations of”?’Rn concentrations in a hard rock aquifer. This was aimed at shamirigsight

into the possible role of fracturematrix exchange. To achieve this, a field study was caoigd

of a fractured aquifer in granite and the method was base¢keoinsitu mease@ment of Rn in
groundwater, aquifetests for the determination of hydraulic characteristics of the acarier
laboratory measurement of Rn exhalation rate from ro&ks&mple crack modethat simulates

the Rn concentration in waters circulating in afuse intersecting a borehole wasotested

Similarly, Kumar,et al, (2003 studied the natural radioactivity and radon exhalation studies of
rock samples from Surda Copper deposits in SingttbBhear zone. The report indicated that

the wide spread urdum mineralization is associated with copper, nickel and other Sulphides in
the Singhbhum Shear zone developed at the northern margin of the Singhbhum craton in the
state of Jharkhandndia. CAN technique using LRL15 type Il plastic track detector waseal

for the measurements. Uranium, thorium and potassium concentrations have been measured
through low level gamma ray spectroscopy, which showsutfatium concentration (activity)

was found to vary from 135.8 to 4607.8 Bg/kg whereas exhalation raie ties range 0.26 to

1.15 Bgrth™. According to the report, a positive correlation has been found between uranium
concentration and radon exhalation rates.

A couple of studies havalsobeen carriegbut by diffeent scholars around Afric&ndam and

Badce, (2007) measured radon gas concentration in two deep gold mines in Ghana; Tarkwa
Goldfields and Prestea Goldfields were reported. Radooentrations measured underground at
Tarkwa werein the range of 56 Bg/frto 268 Bg/ni. Corresponding values for Rtea were 43

Bg/nT to 878 Bg/m. These results represent the first published data on underground radon

concentration in deep gold mines in Ghana. Measurement of the radon gas was done by means of
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the solid state nuclear track technique, with CR9 plastc recording medium for the alpha
particles from radon decay.

Garba (2008) studied the natural radioactivity of groundwater of the Precambrian crystalline
basement rocks amod Zaria north centra) Nigeria and the results werrelated with the
geology. About 180 groundwater samplegere collected from different locations within the
study area for gross alpha and gross B&Ra and**®Ra measurements as well as f61Rn

using a gross alpha, gross beta and a liquid scintillation col##2Rn concenétion in the
groundwater ranges from 5.01 to 0.06 Bqg/l. The values of 5.01, 4.28 and 2.77 Bq/l are from
samples collected from boreholes. Opegll samples have values between 2.95 Bg/l to 0.06
Bq/l.

Arabi, et al., (2013) studied eighteen groundwater skwpcollected from wells in villages
around Zona, an area reported to host uranium mineralization within Peta Gulf syncline,
Northeast Nigeria. These were analyzed for mass/activity concentratié?iRaf **Ra and

232Th. The results obtained were comparer compliance with international guidelines for
radionuclides in drinking watefThe esults showed that activity concentration’8Ra, ?**Ra

and mass concentration 6¥Th ranged from 0.05 to 6Ti/L, 02 to 4.8pCi/L and 0.02 to
1.1Qug/L, respectiely. In conclusion, the report indicated that all radionuclides analyzed fall
within international guideline despite occurrence of uranium mineralization in the study area.
The test method is based on the utilization of solid phase extraction of radiomwiater
samples. The detectiaof the ®Ra is by alpha spectrometry affiRa via?*®Ac by gas flow
proportional beta counter.

Garba,(2013) studied groundwater (well and borehole) samples from various locations of Zaria
and environs including Sabongafiudunwada, Danmagaji, Samaru and Bomo for tféiRn

concentrations using the liquid scintillatimounter. The concentration 6¥Rn in open well
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water was found to vary in the rambéom 0.77 to 28.3Bqg/l and 2.32 to 48.8@q/l for
borehole, with a gometric mean of 12.43 and 11.B%/l for borehole and well sources
respectively. The results showed tA%Rn concetration in borehole sourcesere both greater
than the maximum concentratitimit (MCL) of 11.1Bq/l set byUSEPA.

Nwankwqg (2013), inar e p or t trminatioe af NatuEaeRadioactivity in Groundwater in
Tankel | orin, Nigeriao, an-aayspeceodcofy ® muetewrsne 8Ra s a mp |
and?*®Ra concentrations. The activity concentration values range from 0.81 + 0.08 to 7.4 + 2.2
Bg/l for >®*Ra and from 1.8 + 0.3 6.6 + 2.6Bq/l for “*Ra. The derived Annual Effective Dose
received by the population as a result of the ingestidh’Ba was estimated to range from 0.08

+ 0.01 to 0.12= 0.07mSv/yr, with an average of 0.390.11mSv/yr and®*®Ra range from 0.58

0.32 to 1.42+ 0.70mSv/yr, with an average of 0.910.31 mSv/yr. According to the report, the

mean contribution of botff°Ra and®®Ra activities to the committed effective dose from a year

of consumption of drinking water in tl#udy areas higher than the tolerable level of 1 mSv/yr

to the general public for prolonged exposure as recommended by ICPR, and much more than the
new WHO recommended level of 0.1 mSv/yr for drinking water.

Arabi, et al, (2014 investigated the physd-chemical parameters of groundwater from areas of
high radiometric anomalies in parts of northeastern Nigeria, together with radon and thoron gas
to evaluate their implications on the worth of groundwater from the area for consumption. The
study identifed five water types (BtCaNa-HCO;, Mg-CaCl), with percentage distribution of
45.7%, 22.8%, 14.28%, 14.28% and 2.85% respectively. Radon concentratiori) (Bayiges
between 73k 4.9 to 8430Q 530 with equivalent airborne radon contribution of 2.711%.91

Bqg/nT, effective dose between 0.13 to 15.60 mSv/yr and a working level (WL) range of 0.09 to
4.39. Radon and thoron exhalation from aquifer materials in the area ranged betweed &2.5

150+ 10 Bg/nt and 12+ 4 to 1250+ 38 Bg/ni, respectively. Bsed on the findings, it concluded
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that water typesnd radon isotopes distribution were closely related to the groundwater flow
pattern of the area and also, that most of the water samples (68.75%) will contribute to airborne
radonthat will translate tea dose 2 mSv/ yr standard set for the
portable multi parameter (conductivity, pH, TDS) measurement device was used to determine the
physicechemical parameterswhereas, the RABH,O method wasto determine radon
concentrationgn groundwater

Oni, et al, (2014) collected a total of 11Zamples of groundwater in areas of elevated
background radiation level in some cities and towns in southwestern Nigemzaaadsayed for

2Rn concentration. The measurement wagiedout usiy RAD7 (DurridgeCompany Inc.,

USA). The result revealed a steady trend of variation in the concentratifRof in water
samples from different sources. Highest concentration was found in water from borehole sources.
The concentration of radon in allehwater samples were found to be above the maximum
contaminant level (MCL) presented by the Standard Organization of Nigeria (SONj*Rhe
concentratios from all the watefrom borehole sources were found to be higher than RG/IL

stated by USEPA. Téhreport recommended consideration of possible remedial actions in the
areas where 2.8% of the samples analysed had a concentration aboBx/ll08 MCL

recommended by European Union for measurement that warrant possible remedial actions.
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Chapter Three
MATERIALS AND METHODS;
3.1 INTRODUCTION
The study was carriedut in five stagesand these are
|.  Desk studies
lI.  Fieldwork

[ll.  Laboratory analysis
IV.  Analysis and presentation of results
V.  Thesis writeup

3.1.1 DeskStudies
This involvedcollecting and reviewing ailable relevant literatures such as textbooks, research
journals, equipment manuals, research bulletins, and unpublished research thesis/reports,
geological and topographicaps.

3.1.2 Fieldwork
The fieldwork was carriedut inMika and environs, paionkin Sheet 216 and Dong Sheet 195
(Zing and Yorro local government argafaraba $te. It was conducted between December,
2014 and February, 2015 (dry season perioi)e fieldworkinvolves field observations, water
sampling, water level measurements, as aglock sampling.

3.1.2.1Field Observations
Variations in the rocks of the area with respect to texture and colour was taken note of, and also

deformational structures observed were also captured on still photographs gsimera.
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3.1.2.2Water Sampling/ In-situ Measuremens
Groundwater samples were collectiedm 15 boreholes egjpped with hand pumps andhand
dug wells. The sampling wasarriedout based on sample availability and effort to ensure
uniform spread, so that results may be a fair representation sfutly area
Boreholes were pumped continuously foflestst 5 minutes before sampling and the dungl
wells chosen were in constant use. This is to ensunea t Afreshd water samp
directly from the aquifer.Seventeen(17) groundvater smples were collected from 17
communities/settlements, in accordance with the standard procedure described in the RAD7
manual (for radon measuremts) while, for physicehemical measurements, a detailed
procedure on water sampling as désed in EPA, 200 wasadhered toSample containera(l
litre sampling containeused)were washed with distilled water and rinsed with the sample
before it was collected and sealed to ensure aindgst Physicochemical parameters were
measured#s i t U Uusi ngl & HAE& Ht -mamidater meadurtement devied. 7), to

measure pH, conductivity, TDS, and salinity.

Fig. 7. HACH Modeb uli-parameter Conductivity/pH meter

3.1.2.3Water Level measurement/Thickness of Dry Zone
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Water level measurements were also caroetin-situ to determine depth to water tahledto

be able to predict groundwater flow directiofitiese measurements were taken from a reference
point above the groundn cases where rims were used for hdod well completior( Plate?2),

the entire height of the rim was used as a reference anddgieacted from the total well depth

to get the depth of the well to ground surface which istiile depth of the wellA calibrated
tape with a light metal weight attached to its end (to prevent the tape from saggsgsed to
measure the rest wat@vkl. The rest water level messments were taken from about\88lls

during the period of sampling (dry season).

Plate II: Measuring groundwater level stadaki Openwell
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3.1.2.4Rock Sampling
Rock samplesvere collectedfrom locatons in communities where there is an outcrdp
representhe aquifer material. The rock samples were collected using a geological handher
the properly labeled sample containesre placed in a sampling bag for easy transportation to
the laboratoryThe rock samples were usad hand specimen for grain siescription, gamma
spectrometryanalysis, exhalation rat@seasuremenemanation cdéicient determinatiorma nd 92
radiation dose estimations

3.1.3 INSITU AND LABORATORY ANALYSIS
Radon in groundwater alyais was carriegbut insitu(as provided by EPA, WHO and RAD7
manual) using RAD7 electronic radon detedtieig. 9), because of the degassing tendency of
radon gas, as considerable amount (if not all) will be lost if transporting the sample to the
laborabry was considered. Meanwhileadon analysis on rock sampleRadium ¢*Ra),
Thorium @*2Th) and Potassium %K) activity concentrationin rocks, measuredsing gamma
spectrometry technique agell as major cation and anioanalysis were all carriedut in the
laboratory.

3.1.3.1Radon in Water Analysis
The water samples were collected directly from the source into a clean 1 litre container
previously rinsed with distilled water. During water sample collection, conscious effort was
made to prevent bubbling of éhwater collected into a 25l vial having aseptum cap
(provided by Durridge Compargs part of the RAD7 accessory) so as not to allow escape of
dissolved radon in the water. A total of seventeen @krdundwater sample€l5 from hand
pump boreholes ar@l from handdug wells)werecollected from the study area were assayed in
situ using RAD7, an electronic radon detector connected to alRADaccessoryRAD7 is a

well calibrated, fast and accurate radon detedibe RAD7 detector was used for measuring
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radon in water by connecting it with a bubbling kit which enables it to degas radon from the
water sample into the air in a closed loop. Within the closed loop is a desiccant to dry the air
before entering the detector for radon concentration measureifiemtdetector uses alpha
spectrometry technique. The RAD7 is capable of accurately measuring radon concentration in a
water sample within 20 minutes. The time is very short compared with the 3.8 daire hdHf

radon, thereby making RAD7 superior to mantiger detectors for radazoncentratiorin wate
measurement (Onetal., 2014. Each of the water samples was assayed for 15 minutes (making

3 runs eachand the machine was purged for 5 minutes between one and the next measurement.
Purging of the macheis necessary in order to clear the system of previous radon concentration
before the next sample is counted. The average concentrati6?Rof was measured and
recorded. The most widely supported sample sizes angl 4dd 250ml, as these correspond to

t he RAD Y¥rWat4b and IWa250 protocols(Durridge RAD7 manual, 2014)Large

water samples of up t@.5L may be sampled using the bigtite RAD-H,O kit. Radon
concentration is being calculated using the provided CAPTURE software for WindowsSand O

X (Durridge RAD7 manual, 2014).Typical setup of RAD7 electronic radordetector is

presented in Fig..9

Fig 8 Alpha SpectrometdRAD7 Electronic Radon Detector
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Fig 9 Typical setup of RAD7 electronic radon detector

3.1.4 Radon Exhalation Rate measurement
Radonexhalation rate is defined as the radon activity released into the air per unit timgadrom
mass of the matrix and is measured by enclosing the sample in a closed chamber and monitoring
the buildup of radon concentration in theaofber at regulatime intervals (Petropoulpgt al,
2001 andChen et al,, 2010)
One kilogram (1kg) of eaclock samplevas used for this analysis. Each sample was placed in
the sample chamber and radon emissions from the surface of the rock samples was counted for
24 hours, using the RAD7 electronic cad detector produced by Durridgegompany. The

analysiswasarriedout according to the fABul k Bumdgesi onso
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RAD7 manual (2014). The Bulk Emission sample chamber is an airtight container with two well
separated hose connectors. The t womtheRAB7 conne
gets into the sampl e <c¢hamber Sfiledtair getsout df the is t
sample chamber into the RAD7 radon detector through the radon inlet filter of the RAD7, for
radon concentration counting. This measurement essarclosedloop operation.Fig. 1Q
demonstrates the processes leading to radon exhasaéidimg with emanation from either soil

or rock materiad to transportation and subsequent exhalation to the atmosphere.

Rn exhalation

Soil or residue surface

Rn transport

Rn emanation

Fig 10 Schematic demonstration of Radon emanation, transport and subsequent exhalation
from soil.

The exhalation rate was dembd from the formula ofadon concentration C(t) at timesince the
closing of the chamber builds uas shown below;

Em= CVo
M( T “E” Bl]

Where; o
En = is the mass exhalation rate (Bq-kdp' ).

M =is the total dry mass of the sample (kg)
V =is the effective volume of chambgn®).

C=is the?*’Rn concentration presein the chamér volume(Bg/nt).
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a= is theradioactive decay constant BfRn (H ).

T =is the measrement time (h

3.1.5 Radon Emanation Coefficient Measurement
The emanation coefficient is defined as the fraction of radon atoms generated that escape the
solid phase invhich they are formed and become free to migrate through the bulk medium. This
term has also been referred to as the emanation fractitve @manation power (Ishimaetal.,
2013). The emanation coefficient can generally be evaluated by two methocisiibi@ation of
measurements of radium and radon, and gamma spectrometry undeentdiffenditions
(Ishimori, et al, 2013). The total activity of radon released into the air from the sample material
was evaluated using the RAD7 electronic radon detdctaneasure radon concentration of each
sample, whereas, the total activity of radium in a samopiebe determined by various methods
such as alpha spectrometry, gamma spectrometry, liquid scintillation spectrometry and mass
spectrometry (IAEA, 2010). Fahe purpose of this work, the gamma spectrometry method was
used.

The emanation coefficient was calculated using:

E=VC
MR

Where;
E = the emanation coefficient
V = the effective volume of the sampling device’m
C = the radon concentration (Bgjm
M = thetotal mass of the sample (kg)

R = the radium activity concentration (Bg/kg)
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3.1.6 Sample Preparation for Nal (Tl) Gamma Spectrometry Measurement
Gamma spectrometry measurement was eadout atthe Centre for Energy Research and
Training (CERT), Zaria Kaduna StateNigeria

3.1.6.1Rock SampleCollection
Method and instruments used in the rock sample collection was described earlier in3skction

3.1.6.2Rock Sample Preparation
Each of the rock samples collectedscrushed to fine powder ing apulverizer. Packaging of
the samples into radampermeable cylindrical plastic containers which were selected based on
the space allocation of the detector vessel which measuresn/lfy 7.6 cm in dimension
(geometry) was also carrielit To preveit *’Rn escaping, the packaging in each case was
triple sealed. The sealing process included smearing of the inner rim of each container lid with
Vaselinepetroleumjelly, filling the lid assembly gap with candle wax to block the gaps between
lid and conainer, and tightealing lidcontainer with masking adhesive tape. Radon and its
shortlived progenies were allowed to reach secular radioactive equilibrium by storing the
samples for 30 days prior t@guma spectrometry measurements.

3.1.6.3Evaluation of Radioactvity of Samples
The analysis was carriealt using a 76x76nm Nal (T) detector crystal optically coupled to a
photomultiplier tube (PMT). The assembly has a preamplifier incorporated into it and a 1kilovolt
external source. The detector is enclosed Gt lead shield with cadmium and copper sheets.
This arrangemeris aimed at minimizing the effects of background and scattered radiation.
The data acquiison softwareusedis fiMaestr@ by Carberra Nuclear Prodaus. The samples
were analyzed for a pedoof 29000 seconds peample. The peak are& each energyin the
spectrum was used to compute the activity concentration in each sample by the use of the

following equation;
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C (Bg.kg) = Cn
Ci

Where,
C = Activity concentration of the radionuclides in the sample given in Bgkg

Cn = unt rate (counts per second)
Ciw = Calibrationfactor of the detecting system.
Count per second (cps)N_et Cc_)unt
Live Time
3.1.6.4Calibratio n and Efficiency Determinations
Calibration of the system for energy and effig were done with two calibration point sources,
Cs137 and Ce60. These were done with the amplifier gain that gives 72% energy resolution for
the 66.16Kev of G437 and counted for 30minutes.
3.1.6.5Standards
The standards usdd check for the calibration atlie IAEA gamma spectrometric reference
materials RGK1 for K-40, RGU1 for Ra226 (Bi214) and RTG1 for Th232 (T+208).
3.1.6.6Background
The background counate was done for 29000 seconds.

Tablel: Spectral Energy Windows used in theadysis

Isotope Gamma Energy (Kev) Energy Window (Kev)
R-226 1764.0 16201 1820
Th-232 2614.5 24801 2820
K-40 1460.0 138071 1550

Table2: Energy Calibration for Qantitative Spectral Analysis
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Isotope Calibration Factors Conversion Factor(Bg.kg™) Detection Limit

10° (cps/ppm) 10 (cps/ppm) ppm Ba/kg
K 0.026 6.431 0.032 454.54 14.54
*Ra 10.500 8.632 12.200 0.32 3.84
232Th 3.612 8.768 4.120 2.27 9.08

3.1.7 DoseRatesCalculations

3.1.7.1Radon Dose Calculabn
Radon is soluble in water. Radon in water is due to the radium in the water, surrounding soil or
bedrock.The concentration of radon in groundwater is usually much higher than it usfaces
water (Clavensjo and Akerblori994). Typical values of radh in surface water are around 40
Bgm®, while in groundwater it ranges from 41600kBqni® (UNSCEAR, 1982).
When water is used indoors, the radon in the water outgyassk become airborne (Makofske
and Hlelstein, 1988).0f the aggregate radiation doseceived by human populations, the
dominant portion is associated with inhalation of radon progeny. Taldeows the relative

magnitude of the natural soesof radiation.

Table3: Human Exposure to Radiation (UNSCEAR, 1988)
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Component of Exposue Annual Effective Dose (mSv)

Radon
1.28
Cosmic Rays
0.38
Cosmogenic Radionuclides
0.01
Terrestial Radiation: External Exposure
0.46
Terrestial Radiation: Internal Exposure
0.23
TOTAL
2.40

In order b estimate the annueffective dose rateeceivedby the populationpne has to take into
accountthe conversion cefficient from the absorbed dose atite indoor occupancy factor.
According to tle UNSCEAR (2000)report the committee proposed 9.0 x1thSv/hper Bgin®
to be used as a conversion factor, 0.4 foretpeilibrium factor of ?“Rn indoors and 0.8 for the
indoor occupancyfactor. Occupancy factor 00.5 was assumednd usedas thetime spent
indoors by an average person in gtady areaffr the purpose of this present workalculating
the annuakffective doseto the population, the emtion below wasised (ICRP, 1993). At a
certain radon concentratiorzn Ba/nT, the annual absorbed do$#, is usually expressed in
the unit of mSv fron thefollowing relation below

Dgrn (MSv/yr) = Cra.D.H.F.T
Where;

Crn = the measurediR222 concentration (Bq/f
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F = the R-222 equilibrium factor idoars (0.4),

T = the indoor occupancy time 24 885 = &60 h/y

H =the indoor occupancy factor (,%and

D = thedose conversion factor ¢910° mSv/hr per Bg/r).
The annual #ective doses due to the ingestiohradon(Hig) in waterwere calculated from the
mean activity concentration using the following equation;

Hing (W) = DFgrn X lw X A222rn

Where;

DFrn is the dose conversion factor by ingestiod“dRn inwater by adult members of the
public living in the study area, giveas 10® SvBG' (UNSCEAR, 1993 Aszrnis the activity
concentration of?Rn in water samplesand |, is the daily water consumption rate (L/a),
consideredo be 2L/day (WHQ 2004.

To calculatethe annual equivalenlose andeffective dose, one haso apply a tissue and
radiaion weighting factors accordingo ICRP, 1991. Theequivalentdose isthe radation
weighted absorbed dosd@he radiation weighting (Wk) factor for alpha particke is 20 as
recommended\blCRP (199]).With the effectivedose atissue weighting (W) factoris applied.
Accordingto ICRP, the tissue weightirfgctor forlungis 0.12. Theannualeffective dose isien
calculated according to the equation below

He (mSv/yr) = Dgrn \Wgr.Wr+
Where,

Drn = Annual Absorbed dose

Whr = Radiation Weightindgractorfor Alpha Particles, 20

W+ = Tissue Weighting Factor for the Lung 0.12

3.1.72Dos e Rat eRadiaiane t o 2
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The absorbed dose rate (D) in nGytrom “°K isotope and the radionuclides frofffRa and
232Th was calculated using the formula below;
Dose Rate (nGyht') = 0.460Aa + 0.614Ar, + 0.0418A

Where;

0.460, 0.614 and 0.0418 are the conversion factor (n&ghkg™) for °Ra,?**Th and
“°K respectively, while A, Ar, and A are the radiological concentration (Baigfor ?*Ra,
232Th and*K respectively.

3.1.7.3Annual Effective Dose Rated ue t o 9 Radi ati on
The annual outdoor effective dose rate (JMEt0 a member of the population within the study
area was calculated from the absorbed dose rate (D), taking into account the conversion factor
(CF) of the absorbed dose in air to the cqroesling effective dose, and the occupancy factor
(OFoyy). This is equal to;
DE,out = D X CF X OFyyt

Where;

DE ot UNits are in mSwyt, D units are in nGyhr, CF = 0.740°Sv/Gy (UNSCEAR,
2000) and OF = {, x 24hrs x 365.25days. According to UNSCEAR (2000), humans are
expected to spend 20% of their time outdoors and 80% indoors, this meags thatZ and if;
= 0.8, for the annual outdoor and indoor effective dose rates respectivelyio flaad f,
proposed by UNSCEAR (2000) is not realistic for slettlers in the study ardmecause thegre
mostly farmers, cattle/sheep rearensintersetc., sothey spend much more time outdoors and
less time indos compared to the time proposbg UNSCEAR (2000), therefore, for this
particular work, an average of Iurs was taken (i.e.ofi = 0.5 which means;f = 0.5 to
estimate annual outdoor effective dose rates, assuming that 50% of their time is spent outdoors

and 50% is spent indoors.
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3.1.7.4Radium equivalent (Raeq) Determination
Assessment of radimgical hazards was made by @alhting the radium equivalent activities
index. The radium equivalent activity (Rpis a weghted sum of activities of thé®Ra, >**Th
and“K based on the asmption thaB70 Bqg/kg of Ra259 Bqg/kg of Th and 48 Bg/kg of K
produce the sangammaray dose rate@QJNSCEAR, 2000ps given by the following equatipn
Raeq= Ara + 1.43Am + 0.077A
Where;
Ars Am, and A are the ativity concentration (in Bg/kg) of?®Ra, ?*Th and “K,
respectively
3.1.7.5External Hazard Index (Hey)
The model of the external hazard index.§Hplaces an upper limit to the external gaa
radiation dose fronmaterials tounity, which corresponds toradium equivalent activity 0870
Bg/kg. It is defined

Hex= ARa + At + Ag O 1
370 (Bgkg') 259 (Bgkg') 4810 (Bgkg™)

Where;
Ars Amh and A are the rean activity concentrations 6¥Ra, 2*Th and*K in Bg/kg,
respectively.The value of this index should be less thanyumbit keep the radiation hazard

negligible(Berekta and Mathew, 1985)

3.1.8 Cations andAnionsin Groundwater Analysis
Seventeen (17) groundwater gades were collectedl5 borehole samples and 2 opeell
samples) for major cations and anions analysis. pHal Taissolved Solid (TDS), Conductivity

and Salinityvalues of the groundwater samples were all determined insitg asppH and a
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conductivity meter Three methods of water analysis were ds®r major cations and anions

determinationThese methods incledhe use of Atomic Absornph Spectrometry (AAS)Flame

Photomety and Titrimetric method. The AAS was carriegut at the MuldUser Laboratory,

Ahmadu BelloUniversity, Zaria while, theFlame photometry anditration was carriegbut at

the Department oAgriculture and Exénsion Laboratory, Amadu BelloUniversity, Zaria.
3.1.8.1Methodology And Procedures forAnalysis

3.1.8.1.1 Atomic Absorption Spectrometry; Determination of Ca?* and Mg?":

Quantitative estimation of Calcium (Ca) and Magnesium (Mg) were done by Atomic

Absorption Spectrophotometer (Varian AA240FS fast Sequential ARI)11) using
different cathode langpwith air acetylene flame method. 100 ml of a well mixed acid

preserved water sample was transfeintd a beaker and 5 ml of concentrated nitric acid

(HNO3) was added to the mixture. The beaker was placed on a heater and allowed to

evaporatdo about 5 ml without boiling. This process took about 30 minutes, diluted to

100 ml in a volumetric flask and was reddy analysis. The two elemesf interest (@

and Mg) were assayed using the Varian AA240FS AAS method.

Fig 11: A Varian AA240FS Atomic Absorbtion Spectrometer.
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3.1.8.1.2 Flame photometry; Determination of Na" and K™ lons:
The concentratiaiof sodium and potassn ions in thevater samples wermdetermined
using a flame photometric method (flame photometer model PFP 7, Jennywater
product). Each of the water sample is passed into the flame photometer through the
aspirator tube of the flame photometer and the concentration abrikels then read
when it has attain its highest peak and the peak is finally interpreted and recorded
milligram per litre (mg/l).
3.1.8.1.3 Titrimetric Method :
There are two (2) major phases involved in the analysis of the water samples;
PHASE I: Sedimented watesamples (i.e. Water samples with sediment or water sample
that is dirty or water sample that is muddy in natuvéhen analyzing sth water sample,
concentrated itric acid (HNG;) was added to the water sampleorder to break up the
bonds in the siment. This is because some of the cations and anions to be determined
are present in theapticles of the sediments. Thérit acid would at the end make the
sedimented water to becorlearer water after dissolving the sedimented particles in the
watersamples.
PHASE II: Unsedimented wategsamples (i.e. clean water sample without sediment). In
this casethe wder does not require the procedure of adding nitric. aterefore, all the
parameters to bdeterminedwere carriedout directly with the raw water sample, using
the necessary assigghmethod and procedures.

Determination of Chloride (CI") lons
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Methodology: Silver Nitrate Titrimetric Method.

Reagents: Silver Nitrate solution (AgNg) 0.01N and Potassium chromate
indicator.

Procedure: 20mls of each watelasnple was measured into a Ifi0conicalflask

and immediately, 3 to 4 drops of potassium chromate indicator was then added,
and swiredproperly for a uniform mixture. It was then finally titrated with 0.01N
AgNO;s solution in ordeto obtain the titre value.

Calculations: The actual concentration of the ions in milligram per litre (mg/l)
was then calculated using the formula below;

CI' (mg/l) =10° x N x (ml of AgNO; i B) x Df = 10* x N x (T i B) x Df
A A

Where, N = Normality of AgN@used (0.01N)
B =Blank or Control Reading
ml of AQNO; = Titre Value
Df = Dilution factor
A = Aliquote taken (Volume of water sample used)
Determination of Carbonate (CQ;*) and Bicarbonate (HCOy):
Methodology: Sulphuric Acid (HSOy) 0.02N method
Reagents:Concentrated Sulphuric Acid ¢80,), Phenolphthaleirndicator and
Methyl-orange indicator.
Procedure: 20 ml to 30 ml of the water saple was measured into a 106l
conicalflask.
Test for Carbonate (COs*): Add few drops of the phenolphthalein indicator into

the cornical flask containing each of the water samples and observe for the
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presence of a pink colouration, which signifies thatsGOpresent in the water
sample Finally, titrate to clear the pinkish colouration with 0.02NSBx, the
solution turns colourless and the titre value, recorded. The actual concentration of
the carbonate was determined by calculation using the formioka;be

COs* (mg/l) = 10°* x N x (ml of H,SO, i B) x Df = 10° x N x (T i B) x Df
A A

Where; N = Normality of SO, (0.02N)

B = Blank or Control Reading

Df = Dilution factor

A = Aliquote taken (Volume of water sample used)

ml of H,SO, = Titre value
Test for Bicarbonate (HCOs): Measure 20mto 30mlof the water samplestm
a 100ml cornical flask and immediately add 3 to 4 drops of methyl orange
indicator and swirl for uniform mixture. Finally, titrate with 0.02N3®, and
obtain the titre value. The actual concentration of HG®calculate usingthe
sameformular used for carbonate determination.

Determination of Sulphate (SQ%):

Methodology: Turbidimetric Method (Gelatine and Baé&lxtraction method)
Procedure: 10 ml of the water sample was pipetted into ar@bcornical flask
and 1ml of the gelatin/Bagcl solution was added to the water sample and diluted
to 25ml with distilled water and was allowed to staod about 15 30 minutes.
The concentration of sulphate ($Q was determined calorimetrically, using a
calorimeter at 43@m.

Calculation: The concentration of S® was calculated using the formula below;
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SQZ (ml/l) = Df x G x Abs

Where; Df = Dilution factor 2/olume of distilled water
Aliquot
G = Gradient = 66.67 (Constant factor from,3tandard)

Abs = Cdorimeter Reading
Therefore;

SQ,Z (mg/l) =Volume of Distilled water x Df x G x Abs
Aliquot (Volume of water sample)

3.2Sodium Absorption Ratio (SAR) Determination
The concentrations of sa@mconstituents that contribute to the specific conductance of
groundwater also determine thsuitability of water for irrigation. In particular, large
concentrations of sodium can have a negative effect on soils by causing dispersion and swelling.
Soil dispersion can harden tkeil and decrease infiltration ratas the surface and reduce the
hydraulic conductiity of the @il (Hansonet. al, 1993).The ratio of sodium ions tealcium and
magnesium ions cde used to predict the degree tbieh irrigation water tends tenter into the
cationexchange ractions in soil (U.S. Salinityaboratory Staff, 1954). Thiratio, called the
sodiumadsorption ratio (SAR), is used tetdrmine the sodium hazard forigation waters. As
the SR increases, the sodium hazamdreases; therefore, the sbildy of water for irrigation
decreasesSAR can be determined by thaldbwing formula;

SAR = Na

(Ca + Mq)
2
Richard (1954) classified SAR values as 0 to 10 (Excellent), 10 to 18 (Good), 18 to 26 (Fair)

and > 26 (Poor). All the water samples collected from the study area can be said to be of
excellent quality for irrigationbase& on the calculated SAR values.

3.3 PercentSodium (% Na) Determination
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Irrigation water containing large amouts sodi um i s of special conc:
onthe soil and poses a sodium hazard. Excess sodiwaters produces the undesirabféects

of changing soilproperties and reducing soil permeability. Hence, @hsessment of sodium
concentration is necessary whit®nsidering the suitability for irrigatiorSodium content is

generally expressed in terms of percent wodor soluble sdium percentage and is given by the

formula below;

Na % = Na x 100
(Ca+ Mg + Na + K)

Where the quantities of all cations are expressednilliequivalents per litre (Meg)l The
classification of groundwater was grouped basegercent Sodiuras Excellent (<20 %), Good
(20 t0 40 %), Permissible (40 to 60%), Doubtful (60 &%) and Unsuitabl€> 80%) (Wilcox,
1955).

3.4 Soil Permeability Index (PI) Determination
The soil permeability is affected by long term use of irrigatiortewaSodium, calcium,
magnesium and bicarbonate contehthe solil influence it. Doneefi964)evolvad a criterion
for assessing theuitability of water for irrigéion based on the permeability gxd Accordingly,
waters can be classified undelags |, Class Il and Class 11l orders. Class | and Classiérs
are categorized as godat irrigation with 75% or more maximum permeability. Class lliteva
are unsuitale with 25% ofmaximum permeabilityThe value of Pl can be calculated as follows;

Pl= Na +(HCO2"” x 100
Ca + Mg + Na

3.5 Chloro Alkaline Index (CAI) Determination
Changes in chemical composition of grountbvaalong its flow path can benderstood by

studying the ChloréAlkaline Indices(CAl). Schoeller (1967) has evolved a formula, Chloro
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alkalineindices (CAl) to know the ioexchange between the ground wated its surroundings
during residence oraxelling in theaquifer. The CAl can be measured; as

CAl = [CI"i (Na" + KM)]
Cl

Where, all ionic concentratiorsre expressed in terms of meqg/l. The negative value of CAI
indicates that there is exchange between sodiunpatadsium (Na+ K*) in water with calcium
and magnesium (Ca+ Mg*®) in the rocks by a type of basachange reactions. The positive
value of CAIl epresents the absence of bazehange reactions and existence aationanion

exchange type of reactions (Raju, 2007).
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Chapter Four
RESULTS

4.1 LITHOLOGICAL MAPPING
From the rock samples collected and field observations cawuedduring feldwork, a
lithological mapof the study area was producg@eg 12). The mediurrgrained granit¢Plate 4)
domimated the study aredink colouredvariety of mediumgrained grané as described by
Funtua (1992) wasoticed around the norivestern part othe area wite the greyish coloured
mediumgrained granite dominated the south aadithwestern pastof the areaThe Coarse
grained granites (Plate 3) represented by porphyritic granites dominated parts of the north and
northeastern as well as the sa#btern part of the study area. Extensively sheared zone was

observed and the trending direction was noticed to be along tfieS\E

e

Plate Il : Part of the shear zone that cuts through the potphgranite,within the northeastern

part ofthe study area
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Fig 12 Lithological Map of the Study Area
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Plate IV: Medium-Grained Ganite section of the shear zomgthin the southwestern part of the

study area.
4.2 GROUNDWATER CONFIGURATION
Topographic map of the study area was usedrtalyre the groundwater configuratiomap
while the thickness of dry zone was measureditin. Thegroundwaterflow direction mapis
presented in i§. 13 and the thickness of the dry zones as measured witdilzratedtapeis

presented in Appendix 1.
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4.3 RADON IN GROUNDWATER
A total of seventeenl{) groundwater samples were analyZedradongas concentratiqrl5 of
which were sampled from hammimp boreholes while 2 of the sales were from handug
wells. Radon contour map of the area, radon contour map supersed on the textuieased
Lithologic map of the area and radium distribution contour map sopeysed on the radon
concentration contaumap is presented as figures, 16 and 16 respectively.The results

obtainal from analysis using the RAD7detronic Radorletectao is presented in Table 4 below;
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Table4: Measured Radon and Thoron Concentrati@adculated Radon Annual Absorbed Dose, Annual Effective Dosé&andal effective
dose due Ingestion by Drinking.

Annual Absorbed Annual Effective

SIN Sample ID Coordinates  Location Name 222Rn 220Rn Dose (DRn) Dose (H.) Hing(W) Well Type
(Bg/m®) (Bg/m°) (mSvyr?) (mSvyr) (mSvyr™)
085 9. 35
1 GWO01ZN 11°44 . 90 5_ ZING 18,200 £ 900 142 + 110 286.98 688.71 0.36 Borehole
2 GWO02AB ?.?.?’i 2 g g [ ABUJA 30,100 £ 1100 201 £ 130 474.62 1139.09 0.60 Borehole
3 GWO3MN (])_:8;;3 (J)_ g g : MONKIN 6,740 £ 520 114 + 100 106.28 255.07 0.14 Borehole
4 GWO04KK ?_:SLZi g ?_ (23 E KAKULU 3,540 £ 370 109 + 90 55.82 133.97 0.07 Borehole
5 GWO5KI ?_?Loog g g (E)S ( KAN-IYAKA 2,350 £ 300 65.3+70 37.06 88.94 0.05 Open Well
6 GWO6MK E])_?Loog g 2 é ( MIKA 7,580 = 550 66.9 £ 70 119.52 286.85 0.15 Borehole
7 GWO7WwWY ?.?ng g g é : WURO-YAYA 31,700 £ 1100 76.3 + 80 499.85 1199.64 0.63 Borehole
8 GwWo0o8mz ?.?ng 2 g g MANZALANG 39,900 £ 1200 109 £ 90 629.14 1509.94 0.80 Borehole
9 GWO09KJ (]).?Lig i l. :EZ) ?3 § KWOJI 44,300 + 1300 193 +£120 698.52 1676.45 0.89 Borehole
004 . 11: MARARABAN
10 GW10MY 11°31. 82 | YORRO 42,600 + 1300 450 + 190 671.72 1612.13 0.85 Borehole
11 GW11BK ?.?;g g ?_jé [ BAKINYA 34,100 £ 1200 382+ 170 537.69 1290.46 0.68 Borehole
12 GW12DL ?.?.DOE?J) SZ) i EI). ‘ DILA 38,200 £ 1200 586 = 210 602.34 1445.62 0.76 Borehole
13 GW13KPS ?.?.002 g ; % " KPANTISAWA 46,200 + 1300 322 +160 728.48 1748.35 0.92 Borehole
14 GW14NJ ?.?.002 :431 g g ! NYAJA 45,900 + 1300 510 = 200 723.75 1737.00 0.92 Borehole
15 GW15TP ?.?.002 :é (()) 2 . TAPENLA 41,300 + 1300 348 £ 160 651.22 1562.93 0.83 Open Well
16 GW1eKS ?.?.00?3 2 g é ! KASSA 37,100 £ 1200 203 £ 130 584.99 1403.98 0.74 Borehole
17 GW17BD ?.?.Z?l ]i ?. ?_ “ BODUGA 30,000 £ 1100 213 +130 473.04 1135.30 0.60 Borehole
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4.4RADON EMISSION FROM ROCK MATERIALS

Fifteen (15) rock samples were subjected to radomssionanalysis in order to measure the

radonexhalation rates from the rock material. This was done with the aim of estimating the

amount of radon gas that is been emifted unit mas$lkg) of arock, into groundwater. RAD7

electronic radon detector was used for the anabsiscounting took a ped of 24 hours per

sample Radon concentrationsvere obtained in Bg/nT, from the ACAPTURBE software

computer interface after each rodample anigsis (radon concentration graph of each

groundwater analysis is present in AppendixT3)e results of the sasurenentsobtainedwere

as follows;
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Table5: Radon Exhalation Results Measured on Rock Samples.

222Rn 222Rn

SIN Sample ID Coordinates Sample Location (Bg/m?) (Bgm>h™)
085 8. 121

1 RKO01ZN 11°4 3 . 98¢ ZING 211+8 8.79
085 4. 431

2 RKO2YK 114 2 . 41 ¢  YAKOKO 43.6+4.5 1.82
085 0. 481

3 RKO3MN 114 2 . 16 ¢ MONKIN 138 £ 6 5.75
085 9. 07E€

4 RKO4KK 114 3 . 121 KAKULU 155 + 33.2 6.46
085 9. 354

5 RKO5MK 1137 . 941 MIKA 173 £ 11 7.21
0%00.2 0 6 N

6 RKOBWY 1139 . 50 & WUROYAYA 119 +6 4.96
0P03. 94¢

7 RKO7MZ 11°3 6 . 31 : MANZALANG 39.7+4 1.65
090 3. 8 4 & MARARABAN

8 RKO8MY 1132 . 14 ¢ YORRO 114 + 34.6 4.75
0°00. 51¢

9 RKO9BK 11°3 3. 13 :  BAKINYA 262 +12 10.92
0859 429 ¢

10 RK10DL 113 2 . 18 ¢ DILA 123 +6 5.13
085 6. 551

11 RK11KPS 11°3 1. 0 6 1 KPANTISAWA 216 + 12 9.00
085 3. 384

12 RK12NJ 1134 . 99 ¢ NYAJA 123 +42.7 5.13
085 0. 80 ¢

13 RK13TP 11°3 7. 987  TAPENLA 134 + 37 5.58
084 9. 05¢

14 RK14KS 1138 . 58: KASSA 76 £24.8 3.17
085 1. 614

15 RK15BD 1141 . 2 9 1 BODUGA 122+ 6 5.08

Radon exhalatiorfrom rocks (Table § and radium concentration@able 6)obtained from
gamma spectrometry analysis were used to calculate radon exhaleg®and radon emanation

coefficients(Table 6)for each rock sampde
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Fig.17: Contour Map o’Rn exhalation from rocks

Fig. 18 ’Rn exhalatiormap superimposeah Lithologic map of the study area
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