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ABSTRACT
Natural radioactivity was measured in twenty samples of well water collected from
hand dug wells and drilled wells (boreholes) from Ogun State, Southwestern
Nigeria with a view to provide baseline data on radioactivity level in the area, and
also to estimate the resulting annual effective dose to the inhabitant as a result of
drinkmg from these well waters.
Using high-resolution gamma spectrometry technique the activity concentrations
of the following radionuclides: 'K, “"*Bi, "*Pb, “"Ra and “Ac were found to be
having a mean activity concentration of 2.98+1.90, 2.21+0.18, 2104053 |
4.47x1.13 and 0.62+0.24 Bg | ’ respectively.
The total annual effective dose due to the ingestion of the natural radionuclides of
K, *"*Bi, *"Pb, ®"Ra and “*Ac for ages 2-7, 12-17, and =17yrs were estimated to
be 0.82, 3.89, and 0.89 mSv ¥ = respectively. These values are found to be above
0.1 mSvy ' of WHO recommended limit for radiological safe drinking water,

X



CHAPTER ONE
INTRODUCTION

1.1 Introduction

Water existed long before man came into existence and is as important to life as the
air breathe by humans, because 1t 15 indispensable. Man uses water for drinking, laundry,
cooking (and for other domestic activities), irrigation, power generanon etc.

Hence, monitoring of natural radioactivity in walter is an important parameter for
public health studies because 1t allows the assessment of population exposure to radiation
by the consumption of water,

The occurrence of radionuchdes in drinking water cause health hazards in drinking
water owing to human internal exposure from the decay of radionuchdes absorbed mto the
body through ingestion. An average radiation dose of 0.29 mSv yr ' is received worldwide
via ingestion of natural radionuclides of U — and *“Th —series and “"K during habitual

consumption of food and water (UNSCEAR, 2000).

1.2 Sources of drinking water

Sources of drinking water ncludes;

1} Drilled wells — Drilled wells draw water from deep below the ground surface and are
the source of dninking water for many household and communities.

2} Dug wells — Dug wells draw water from shallow water tables. They are more
vulnerable to surface water contamination than drilled wells. However, a properly
constructed dug well in a good location can produce high quality water.

3} Lakes and Rivers — These are surface water found m rnivers, streams, lakes and
ponds. Their water is not safe for dnnking unless it is treated.

4)  Springs — These are waters that flow from rocks,



In summary, water found in lakes, nivers, streams e.t.c., 15 considered as surface
water while water found in wells {either dnlled or dug) 1s known as ground water.
Ground water is any water found below the water table in the earth crust,
However, all water irrespective of its sources contains radionuchides that dissolve mto the
water as a result of the interaction of water with the earth crust (contamming pnmordial

radionuclides) during the circulation of water across the terrestrial crust.

1.3 RADIOACTIVITY IN WATER

All radionuchdes dissolved in water are colorless, odorless and tasteless and thus
cannot be detected by our senses, unlike many water pollutants that may impart
undesirable colors, odors and tastes to water.

Although much is known about the geochemistry of radionuclides m water, it 15 still
very difficult to predict the radionuchides content in a particular ground water supply
because of strong influence of local geological and hydro geclogical conditions.

Much of what 1s known about the distribution of radionuchdes in water has been
derived from analysis of water from public water supply svstems, which supply slightly
more than 80 percent of the population in the United States (Solley et al. 1983).

However, it 15 difficult to develop site-specific mformation about the occurrence and
activities of radionuchdes in specific aguifers (water body) because a public water supply
comprises of a blend of water from numerous ground and surface water sources. Relatively
little is known of the concentrations of radionuclides in private water supplies, which rely
heavily on ground water and supply more than 20 percent of the total ground water used

for human consumption

In recent years, estimates have appeared in scientific literature about the effects of
radionuclides in groundwater on human health. (Reid et al. 1985). These estimates and the

growing body of scientific knowledge of the distribution and levels of radionuchdes in



ground water have stimulated a review of the adequacy of standards and regulations for

radionuchdes in dnnking water.

1.4 GEOCHEMISTRY OF RADIONUCLIDES

Radionuchides are found as trace elements i most rocks and soils and are formed
principally by the radicactive decay of “*U and " Th, which are long-lived parent
elements of the decay series that bear therr mames. The parent elements produce
intermediate radioactive daughter elements with shorter half-lives.

Decay occurs by the emission of an alpba particle (a nucleus of the helium atom) or
a beta particle (an electron) and gamma rays from the nucleus of the decaying element. The
geochemical behavior of a daughter element in well water may be quite different from that
of the parent element. However, the parent may govern the occurrence and distribution of
the daughter clement.

The most common radionuclides in well water are: “—Rn, “"Ra and U of the ="
decay series, and 2Ra of the **Th decay series. Other radionuchdes of these two decay
series and all 1sotopes of the “*U decay series generally are not present in significant
amounts i well water because most are highly immobile and many have very short half-
lrves that preclude the buildup of large concentrations.

The occurrence and distnbution of radionuchides m well water 15 controlled
primarily by the local geology and geochemistry, For daughter radionuclides to be present
in large concentration, the parent radionuclides must be present in the rock materal
composing the aquifer. Each radicactive decay product has its own umique chemical
characteristics, solubility, mobility and half-life, which can be very different from those of
the parent. For this reason, parent and daughter radonuchdes i ground water are not
usually found together m similar amounts (Gilkeson et al. 1983): neither do they decay at

similar rates or produce the same level of radioactivity.
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Therefore, a high concentration of one radionuchide in well water at a specific sile
does not necessarily imply that similar concentrations of other radionuclides in the same
decay series are present.

The movement of many radionuchides 1s very dependent upon the radionuclides
solubility m water. Uranium, which is most soluble in bicarbonate-rich oxidizing {Oxygen-
rich) well water with low total dissolve-solids content, is easily dissolved and transported
by oxidizing well water, thus, n can be transported to arcas far from its original
emplacement (Langmuir et al. 1978). Solubility of uranium tends to be enhanced by
association with carbonate, phosphate, and fluoride tons or with organic compounds,
especially humid substances (Turner-Peterson, 1980). Uranium 15 less mobile m reducing
groundwater and it tends to be absorbed very strongly onto humid substances in the aquifer
(Tanner, 1964). Conversely, radium is most mobile in chlonde-rich reducimg water with
high total dissolve-solids content (Tanner, 1964),

Field measurements of dissolved oxygen concentration and oxidation-reduction
potential in parts of New Jersey have shown that where the ground water 1s reducing,
elevated levels of radium 226 are associated with high levels of gross alpha activity caused

by dissolved uranium (Szabo and Zapecza, 1987).

1.5 The objectives of this work

The objectives of this work are as follows;

|. To measure the activity concentration ot gamma-emitting radionuclides present in
drilled and dug well water samples from Ogun State with a view to establishing base
line data which can be used to evaluate their future changes and for setting of
standards for radicactivity in drimking water in Ogun State.

2. To determine the annual effective dose due to the consumption of well water from
the study area with a view to estimating the committed effective dose over a life

time of 50 years.



CHAPTER TWO
LITERATURE REVIEW

2.1  Characteristics of Radiation and lts sources

Radiation 15 defined as energy transmitted either m the form of waves
(electromagnetic radiation) or in the form of charged or uncharged particles.

Radiation is categorized into two main groups:
% Jomzing radiation and
< Non-ionizing radiation.

Non-ionizing radiation is radiation that 1s not capable of iomzing the medium or
material through which it passes. Examples mcludes; ultraviolet radiation, microwaves or
low-frequency electromagnetic radiation.

lomizing radiation can be directly iomzing or mndirectly 1onizing

Directly ionizing radiations includes charged particles such as nepatrons, positrons,
protons, and other heavy ions. This radiation can 1ontze the medium or matenal through
which it passes promptly: the omzaton takes place immediately after the pnmary
nteraction,

Indirectly iomzing radiation on the other hand may ionize only by means of
secondary created charged particles such as electrons or recoil nucler and other charged
particles. Indirectly ionizing radiation encompasses any uncharged particles, such as
neutrons and photons (x-rays, both characteristic and bremsstrahlung, gamma radiation,

annihilabion radiation).

2.2  Radiation Sources

Radiation sources can be divided into two groups namely;
. Matural radiation sources

. Man-made (artificial) radiation sources

5



Matural radiation sources include all naturally occurmng radionuchdes, These
radionuclides are classified into terrestrial and cosmogenic radionuchde.

Terrestrial radionuclides- these are radionuchdes, which are believed to have been
present when the earth was formed some 4.3 x 10"yrs ago. They arc known as primordial
radionuclides.

Cosmogenic radionuclides — These are radionuclides produced by the interactions of
cosmic rays with air (e.g. 'Be, '*C, N and others).

Man—made/Artificial radiation sources: These are artificially produced radionuchdes
which comprise of radiation from generating devices (e.g. X-ray tubes), nuclear reactors,
nuclear weapons and a variety of sources based on some nuclear reactions (e.g. neutron

generators using D=T, -1 reactions e.lec).

2.3  Radiation Exposure
All persons in the world are exposed to radiation from natural and man-made

{artthicial) sources, One hundred years apo natural sources were the only sources of
radiation exposure. Even today, these sources deliver a larger collective dose to mankind
than do all man-made sources combmed (UNSCEAR, 1993).

Natural radiation includes cosmic radiation, external radiation from radionuclides n
the earth’s crust and internal radiation from radionuchides taken into the body by mgestion
or mhalation. Natural exposures depend maimnly on geographical location, local geology
and on some human activities, The dose rate from cosmic radiation 15 related primanly 1o
altitude, while external terrestrial radiations depend on the local geological conditions and
miternal exposure 15 due to the inhalation and mgestion of naturally occurming radionuchides
present m air, water and food stuffs. Somenmes, this exposure may be much higher than
the average or normally expected exposures, Such elevated radiation levels are usually
caused by the so-called enhanced natural sources onginating from some human activities.

For example, air travel at high altitudes and the redistnbution of radionuchdes on the



ground due to mining, building and other similar activities that can lead to increasing
exposures. Elevated radon and gamma exposures in dwellings are primanly caused by
enhanced concentrations of naturally occurrmg radionuchdes in buillding maternials and soil.
The exposure from radon depends also on other factors such as the design and the

ventilation of houses.

A variety of man-made exposures are the result of the production and use of radionuclides,
the testing of nuclear weapons in the atmosphere, the generation of energy by nuclear
reactors, and numerous application of radioactive sources and also in some consumer
product (for example, smoke detectors, long-hved self-luminizing matenals hike
wristwatches, static eliminators e.t.c). In carrying out these activities, not only do the
persons mvolved in such operations receive some doses directly but the population at large
15 also affected.

With the exception of exposures to patients undergomg medical exammations or
treatments and exposure from severe radiation accidents, individual exposures from man-
made radiation sources are usually neghgible. Nevertheless, collective doses to large

population may be serious enough to warrant attention,

2.3.1 Natural Radiation Exposure

The United Natons Scientific Committee on the Effects of Atomic Radiation
(UNSCEAR) assessment of the worldwide annual effective dose from natural sources of
1onizing radiation in areas of normal background is estimated to be 2.4 mSv (UNSCEAR,
1993). This result 1s shown in Table 2.1.



Table 2.1: Annual effective doses to adults from natural radiation sources
(UNSCEAR, 1993)

|- Annual effective dose (mSv)

| Component of exposure In areas with normal | Inareas with elevated |
background background |
Cosmic ray 0.38 2.0
Cosmogenic radionuchdes 0.01 0.01
Terrestnal radiation:
External exposure - (.46 4.3
Internal exposure { No Radon) 0.23 0.6

Internal exposure from Radun‘

and its decay products:

Inhalation of *Rn =i 1.2 10
| Inhalation of © Rn 0.07 0.1
i Ingestion of ““Rn 0.005 0.1
Total R 17 3

One-third of the total annual effective dose comes from external exposure to cosmic
radiation and terrestrial radionuclides while two-thirds are due to internal exposure. More
than half (1.3 mSv) of the total 15 due to exposure to radon and especially to its short half-
hfe decay products.

The effective dose due to external terrestrnial gamma radiation 1s about 0.46 mSv,

Exposures to terrestrial radionuclide are mainly from 'K and radionuchides of “*U
and ““Th series. These radionuclides deliver both external and internal doses. Internal
exposures are caused by the ingestion of radionuclides in food and water as well as from

inhalation, primarily of radon gas and its decay products. The annual exposure from

&



ingested “"K is relatively constant at 0.17 mSv, since this chemical element is

homeostatically controlled in the body (Fujita et al. 1996). Radionuclhides from the “*U and
““Th series cause annual internal exposures of 0,052 mSv from ingestion, mainly of “""Pb,
*"py, and about 0.01 mSy from their inhalation (not including radon). Altogether, the
internal exposure due to terrestrial radionuclides (excluding radon) is estimated to be about

0.23mSv as shown in Table 2.1.

14 Terrestrial Radionuclides |
The natural radionuclides characterized as pnmordial are responsible for more than

T0% of the average effective dose to humans from all radiations (UNSCEAR, 1993)
Primordial radionuclides can be classified into two categories,

a, Singly occurring radionuclides, and

b. Radionuclides belonging to decay chains or series
2.4.1 Singly occurring radionuclides

There are more than 20 long-lived primordial radionuchdes that were present when the
garth was created and which stull exist as smgly occurnng or 1solated radionuchdes not
belongmg to any of the decay series (Kathren, 1984). In terms of doses, only two of these
natural radionuclides, namely '"K and "Rb, contribute significantly to population
EXpOsUre.

The radionuclide *°K is present in natural potassium with an abundance of about
0.018% and has a half-life of 1.28 x 10” yrs (ICRP, 1976). It
decays by electron capture (about 11%) and beta particle emission (about 89%). Electron
capture leads to an excited state of " Ar which returns to ground state by the emission of an
energetic gamma photon. The charactenstic of this photon 13 often used as reference
energy for the calibration of detectors in the gamma spectrometry of environmental

samples where natural potassium is practically always presents (Sabol and Weng , [993),



Potassium 15 widely distnibuted i nature with concentration ranging from about 0.1%
for limestone, 1% for sandstones to as much as 3.5% for gramites ( Exsenbud, 1987}

In human body, potassium 1s located m the muscle. Its concentration decreases with age
and 1s usually greater in men than women (Lan and Weng, 1989)

The second singly occurring primordial radionuclide is “'Rb. It has less contribution to
human exposure. The concentration of * Rb in the human body is about 15 Bq kg ' (ICRP,
1976). The radionuclide *'Rb has a half-life of 4.7 x 10" yrs; it is a pure beta ermitter and it

emit in each decay one beta particle of maximum energy 273 keV.

1.4.2 Radionuclides belonging to decay chains or series

There are three natural radioactive series or chains of consecutive parent and
daughter nuclei, beginning and ending among elements with atomic numbers higher than
8l. The members of these series undergo alpha and beta decay. In all cases theiwr final
product 15 a stable 1sotope of lead. Of the three series, namely the uramum senes (stating
with 7*U and ending with ““Pb), the thorium series (beginning with *“Th and ending with
“"Pb). and the actinium or U serics ( beginming with 31 and ending with ey, the first
two contribute appreciably to population exposure.

The uramum typically found m nature 15 composed of four 1sotopes with mass numbers
230, 234, 235 and 238. The parent radionuclide ~°U makes up 99.28% of natural uranium
and is normally in equilibrium with its great granddaughter **'U, whose content in natural
uranum 15 0.0058%. Because uranmum 15 present mn soils and fertithzers, it 15 also present in
food and water and so inevitably also in the human body.

The radionuclide “Ra and its decay products from uranium series are responsible for a
major portion of the exposure receved mtemally and externally by humans from natural
radiation sources. The half-life of “*Ra is 1622yrs it is an alpha emitter. Radium is present
in rocks, soils, buillding matenals and water as well as in human tissues m various
concentrations.

10



The average content of ““Th in soils is approximately the same as the content of *"U
(on average about 25 Bq kg''), while its presence in air as 'R is half that of “"U (about
0.5 uBg m™). (Eisenbud, 1987),

Due to weathering and leaching effects the decay products of U and ““Th are not
expected to be mn radicactive equilibnium with the head of the sernes. The ranges of the
activity concentration of ~ U and ““Th series members can vary with their depth and

profile in soil and rocks (Fisenne, 1993),

15 Internal Exposure
Internal exposure anses basically from the mgestion and imhalation of three mam
types of natural radionuchides: “'K., long-lived uranium and thorium series radionuclides,

and radon and 1its short-hved decay products. Others have been discussed above with the

exception of radon.

16 Radon

Radon is found in nature in three isotope formations; ““Rn, “'Rn and “"Rn. The
most important of them is ““Rn, the immediate decay product of “"Ra, a member of the
uranium decay series. The half-life of ~ Rn is 3.8 days. — Rn is formed in the thorium
decay series from the decay of ~'Ra. It half-life is 56 s; this limits the distance it can reach
before decay,
““Rn can be found in air but its concentration is very low, so that it does not present any
radiological hazards. *'*Rn is a member of the actinium series.
However, the production of both ~“Rn and ~ Rn depends on the activity concentrations of

i 2R . % . . .
Ra and " Ra in the earth’s crust. Thus, trace concentrations of radium of various levels

are present in soil. rock, water and building materials (Porstendorfer, 1993).

I



1.7  Health implication of radioactivity in water

Radioactive substances ermit radiation of different types such as alpha particles, beta
particles and gamma rays. The intake of radioactivity into the body results 1o internal
contamination. Inhalation or ingestion of radioactive matenals brings the radiation from
them in contact with the body tissues and organs. Fast rephication tissues suffer most from
damage. Alpha particles, which are essentially helium nuclei deposit a lot of energy at
short distances and concentrate their damage. Alpha particles are therefore, the most
dangerous specie of radiation in drinking water. Beta particles are simply high-energy
electrons. They can travel a longer distance in matter before depositing their energy, thus
they deposit their energies thinly over a larger area of the body.

When radioactive elements like banum, calcium or other similar nuchdes like
strontium and radium are mgested, they concentrate in the bone. For example, the effect of
ingested radium on radium watch dial painters in the early part of the last century was
reported to have caused bone and head carcinomas in them (Fisenne, 1993). A small
number of leukemia was also found i workers that ngested radioactive substances.

Uranium 15 known to have deleterious or chemotoxic effect on the kidney. In
estimating the risk due to uranium in drinking water, the crucial questions are how much
ingested uramium goes to the bone and how much goes to the kidney, what are their
respective consequences? (Wrenn et al.  1990).

The International Commussion on Radiological Protection (ICRP) estimates that the
blood stream from the gastrointestinal tract absorbs an average of 5% of ingested uranium,
It also sugpests that the value could possibly be as high as 20% as had been shown by
I[CRP (Cothern et al. 1983). Radicactivity m drinking water was estimated for
gastrointestinal absorption to be 1.4% { Wrenn and Sighn 1987). In preliminary results from
experiments that used fasting human subjects, a value of between 0.5% - 1.0% was
suggested (Crawford, 1990). In view of these results, both the 1.4% and 5% estimated are

reasonable average level to use in nsk calculations,

12



Although, with large uncertainty, work related to the ingestion of radon suggest that
number of fatal cancers from radon ingested from drinking water may be equal to a
significant fraction of the tatal lung cancers (Corriea et al. 1987},

Radon is the radionuclide that represents the largest risk of all the radionuclides m
drinking water, The two diseases of principal concern are stomach cancer from ingestion of
radon and lung cancer from inhalation of radon daughters (Crawford, 1990). For ingestion,
there is a smaller risk of other cancer due to some fraction tract to circulating systemic
blood.

There is no direct evidence that the ingestion of radon via dnnking water produces
any effects in human and experimental animals. Therefore, estimation of any health nisk
from the ingestion of radon must be based on indirect evidence, derived from the studies
that demonstrate an association between radiation exposure and stomach cancer (Milla,

1994)),

29 Removal of radionuclides from well water

Conventional water-treatment methods can remove as much as 95% of the
radionuchides present in well water. Each radionuchde has its own specific treatment
method(s) that will remove 1t with the greatest efficiency. If several different radvonuchdes
are present in the water, no single treatment method will remove all of them, and multiple
treatment techniques may have to be applied. Therefore, 1t 15 essental to wdentify the
radionuclide(s) present before selecting the specific water-treatment methods.

Conventional water treatment methods that remove the most abundant naturally

occurning radionuchdes (uranium, radium and radon) from well water are listed in Table

2.2

13



Table 2.2: Conventional water-treatment methods (Reid et al. 1985)

Radionuclide Water treatment method |
! Radon Cranular activated carbon
! Agration
Radium lon-exchange water softener A

Radium selective complexor

Barium co-precipitation

Manganese coated filters

Radwm and Uranium Reverse osmosis or Electro dialysis

Lime softening

Uranium Coagulation

Anion exchange

Activated alumina columns

However, some of these water treatment methods are unrehable, expensive, require
operational expertise and suitable only for treating large volumes of water, Additional
information including detailed methods of operation, companson of operational expenses
and details about potential problems are reported by Brinck et al. (1978) Hahn, (1984,
Reid et al. (1985), Menetrez and Watson ( 1983), and Lowry and Lowry, (1987).

2,10 Review of previous work

In Nigena, Ajayr and Owolabi (2007) measured natural radioactivity in drimking
water in private wells i Akure, Southwestern Nigeria using high-purity germanium
(HPGe) co-axial detectors (Canberra, GC2018-7500) coupled to Canberra Multichannel
Analyser system. The measured activity concentrations ranged from 0.37 to 26.86, 0.20 10

60.06 and 0.35 to 29.01 Bq I~ for “"Ra, Ra and “K, respectively. Total effective doses



from the intake of these radionuclides in the waters ranged from 0.02 to 76.84, 0.02 to
38.80 and 0.05 10 481.60 mSv y ' for age group <1, 2-7 and ~17 v, respectively.

Awodugba and Tehokossa. (2008) assessed the radionuclide concentrations in water
supply from boreholes in Ogbomoso land, Western Nigeria by gamma ray spectrometry
with a high-purity germanium (HPGe) detector connected to a multi channel analyzer. All
the water samples from these bore-holes were found to contain acceptable levels of
radionuclides with mean activity valuesof 398 026, 11.00 £2.58_ and 17.73 £+ 5.04 Bg |
for K. *Th, and “™U, respectively. The mean absorbed dose rate for all the area was
0.123 mSv yr" which is very low when compared to the recommended limit of 1 mSy yr”
for bore-hole water.

Tehokossa et al. { 1999) measured the radioactivity in the community water supplies
of Ife-Central and [fe-East Local Government areas of Osun State and the average specific
activity concentrations of ~"Ra, ““Ra and "'K obtained were: 8.67+4 28, 2.31+1.48, and
G%.9946.23 Bq | respectively for well water: and 12.45£3.39. 3.02+0.64 and 97 46+6.23
Bq | ' respectively for borehole ‘;'lufﬂtl'.:l'; 12.41£1.37, 2474009 and 85.06+17.27 Bg I'' for
tap water; 10.40+1.70, 2.70+1.30 and 72.6029.10 Bq I"' for dam water

Onoja (2004) surveyed the gross alpha and beta radioactivity in well water from
Zaria area. In her result, the gross alpha activity was 0.58 - 43.19 Bq m™~ and 3.58 - 622 Bq
m™ for gross beta. The geometric mean values are 6.32 and 75.5 Bq m™ for gross alpha and
gross beta respectively. Her values were found to be lower than the screening level
recommended by the WHO (1993) for good water quality, which are 10 Bq m™ for alpha
and 100 Bq m™ for beta activity.

Al-Masn and Blackburmn { 1995) worked on application of cerenkov radiation for the
assay of ““Ra in natural water. The first count rate he obtained was due to “Ac (the
daughter of “Pra), *Bi and "'Pb (the daughter of “¥Rpa), and the second count rate was
due to “"Ac and the buildup of “"Ra activity.
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Fatima et al. (2006) measured natural radioactivity in bottled drinking water of
Pakistan using gamma spectrometry techmique. Mean concentrations of 2%Ra, “Th, YK
were 113423, 52404 and 14094306 mBq I" respectively, The annual cumulative
effective doses due to all three natural radionuchdes for different age groups of 1-5yrs, 5-
10yrs, 10-15yrs and adults (= 18yrs) were estimated to be 4.0, 3.4, 3.1 and 4.1 Sv y!
respectively.

Belloni et al. (1995) worked on optimization and comparison of three different
methods for the determination of “~Rn in water. In the first method, ““Rn was extracted
from water by degasification, It was counted using a Lucas cell for 10 mmn. In the second
method, ““Rn was extracted directly from the water and counted in a liguid scintillation
counter for one hour. In the third method, water was sampled using a marmelh beaker and
after four hours the water was counted for gamma activity using Nal(Tl) scintillator. The
results obtamed by all the three methods agreed with the first method having detection
limit of 20 mBq |”, the second method having 200 mBq I" and the third method having
.75 Bq .

Surbeck (1993) detected natural radionuchdes in drinking water. This analysis
produced the presence of “"Ra, "Po and ‘Ra, which were obtained from an 80 m]
sample of dninking water. This was exposed to radium adsorbing discs for 20 hrs and the
discs were measured by alpha-particle spectrometry using a Si-surface barrier a-detector,
The result also showed that the detection limit for these three radionuclides were 20 mBqg I
' The radionuclides **U, ***U and *""Po were also measured using liquid scintillation a-
spectrometer with a/pf discnimination and energy resolution of 200-300 keV. The detection
limit was 100 mBq I'', In evaporating drinking water, ““Ra, *"'Po and “*Ra were measured
using “*"Au line. “**Th and *'Ra were measured using *"“Pb line. Also, ™ was measured
using " Th line. All measurements were made using well type HPGe detector with
detection limits of 100, 30, 30, 10, 10 and 50 mBq 1" for ®"Ra, *'"Po, “*Ra, “"Th, *'Ra

and “*1 respectively.



Alvarado. et al (1995) worked on rapid determination of radium 1sotopes by alpha
spectrometry. His analysis showed the presence of “*Ra and ~"Ra with the detection limits
of 0.3 and 0.2 mBq respectively. The relative error for the determination of 3.45 mBq 1 of
**Ra was 0.9%.

Cevik et al. (2005), in their study of natural radioactivity in tap waters of Eastern

black sea region of Turkey using gamma ray spectroscopy, showed that the natural

a W E a 3 .
radioactivity concentrations of "'Pb. 2'Bi, ®*Ra, "'Cs and

K in tap waters of the Eastern
Black sea Region were generally low with mean specific activities of 6.73, 6.00, 19.16,
168.57 and 5.45 mBq I' ' respectively. ~"Rn was also determined using liquid scintillation
counting and the measured specific activity was 10.82 Bq I"|. The estimated effective
doses due to ingestion of *'*Pb, *"*Bi, **Ra, ""Cs, “K and **Rn were 6.878x107 uSv v
for *"*Pb, 4.800x10™ pSv y"' for *''Bi, 3.916 pSv v for “Ra, 0.763 pSv v for "'K, 0.052
uSv vy for “'Cs and 5.848 pSvy”' for “Rn.

Zoha et al. (2004) measured the activity of uramum sotopes in public drinking
water in Poland by alpha-spectroscopy. Activity concentration of U, U and **U were
determined in tap water from municipal water pipes that drew their supply from surface
water or ground water in vanious locations in Poland. Average activity concentrations of
B, 7*U and *°U in tap water from surface water were 9.6+7.1, 12.849.7 and 0.4140.31
Bq m™ respectively, whereas from ground water they were 4.536.0, 5.746.9 and 0.19+0.27
Bg m™ respectively.
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CHAPTER THREE
EXPERIMENTAL

31 The Study area

The study area for this research work is Ogun State in Southwestern Nigeria. The
state covers total land area of about 16.409.26 knv with a population of 3,728,098 people
(2008 population census). Ogun State lies within the tropics on latitude of 7.14"N and
longitude of 3.13"E and its climate follows the tropical pattern, with rainy season starting

in April and ending im November, followed by the dry season

Three cities were selected in the State where water samples were collected at
thfferent locations and depths, These cities of choice are widely spread out to ensure that
every region of the state was covered, and also to ensure a wide coverage for the
measurement of the level of radionuclides contaminations of well water in the State, simce
the locations are characterized by different geology and topography. These cities are

Abeokuta, ljebu-Ode and Idiroko.
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Figure 3.1: Map of Ogun State
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31 SAMPLE COLLECTION

A total of 20 well (dnlled and dug) water samples were collected directly from the
three cities. The water samples were collected directly from the dug wells using a manual
procedure, which involved the dipping of a clean container firmly tied to a rope long
enough to reach the water level in the well. In some cases, surface or subsurface electnic
pumps were connected to the well whereby water from the well can be pumped directly
into overhead water reservoirs, which have been connected to a network of pipes that carry
water mto the residences. For such a water pumping system, the water taps were first
turned on at full capacity for several muinutes to purge the plumbing system of any water
which mmght have been there for some time. The taps were turned down to a low rate to
reduce turbulence and thus, reduce radon loss. After the water samples were collected as
mentioned above, they were then transferred to 2-litres plastic contamers. The boreholes
{drilled wells) were connected to electric pumping systems, which were connected to a
network of pipes and taps. Its water sampling was as described above for electrically

pumped dug well water.

3.3 SAMPLE PREPARATION

The 2-1 plastic containers were thoroughly washed with pure water and rinsed with
hydrochlone (HCl) acid before use to avoid contamnation of water samples. Later, all the
water samples collected were acidified with 11M of HCI at the rate of 10 ml per lire of
sample as soon as possible after collection to avoid adsorption of radionuchdes onto the
walls of the contamers as documented by the International Atomic Energy Agency ([AEA,
1989). The containers were firmly sealed for at least four weeks to ensure that no loss of
radon occurs thereby ensuring a state of secular equilibrium to be reached between parent

isotopes and their respective progenies.



34 SAMPLE ANALYSIS
3.4.1 Chemical Parameter Analysis of Water Samples

The pH of each of the water samples was measured usimg Microprocessor pH meter
ipH 211, Hanna Instruments} with combined electrodes, The calibration of the nstrument
was carried out wusing 4, 7 and 9 buffer standard solutions. Metals of sodium (Na),
magnesinm  (Mg), potassium (K) and calcium (Ca) were analyzed by usmg Atomic
Absorption  Spectrometer {AAS) model 200 flame techmiques. For chlonde and
bicarbonate, titrimetric method was used while nitrate and sulfate was analyzed using
ultraviolet/visible spectrophotometer. Values of chemical parameters measured in the 20

well water samples are given in Table 4.1.

3.4.2 Gamma ray Spectrometric Analysis of Water Samples

Gamma spectrometry measurements were carried out with co-axial type, high purity
permanium { HPGe) detector (Canberra Industries Inc.) with about 50% relative counting
efficiency and energy resolution of 2.4 keV at 1.33 MeV gamma rays of “'Co. The system
was set up to cover about 2 MeV photon energy ranges over 4k channels. The detectors
were properly shielded in lead castles to mimimize the background radiabion count. The
detector was cahbrated using the LabSOCS calibration software model 5574 that requires
no reference standard sources for accurate efficiency calibration because the sofiware
works over a wide range of geometrics. After secular equilibrum, each sample was
counted for 86400 s to achieve minimum counting error. To determine the background
radiation level, an empty Marinelli beaker was counted at the same time as the samples
under identical geometry., Spectral analyses were performed using the Genie 2k
spectrometry software, version 2.1 {Canberra Industries Inc). A library of radionuclides,
which contammed the energy of the charactenstic gamma peaks for each radionuchde
analysed and their comresponding emission probabilities, was built from the data supphed
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i the soltware. Specific activity of each radionuclhide in water were expressed in Bq | " and
corrected for the ime elapsed smee the samples were collected from the wells.

All analyses were done within 60 d after sampling. All wells were analysed for "'K,
“Bi, ““Pb. “"Ra and ~" Ac. The detection limit (DL) of the measurement system., which is
needed to calculate the lowest detectable activity concentration of radionuchdes n a
sample, was obtained by using the relation
DL= |.648, . { Turhan, 2008)

enPylmVas
where DL = detection limit (Bg | )
oy = square root of the number of count for the background spectrum
zp = efficiency (in cps Bq | 3y of the HPGe detector used for measurement
P, = emission probability of the gamma decay
lm, = measurement time (i seconds ) and
Vus = volume of water sample (in litres).
The lowest detectable activity concentration values obtained for K. 1B, **ph, “*Ra and
“*ac at 95% confidence level for a measurement period of 86400 s and a sample volume
of 0.5 | were 0.05, 0.01, 0.02, 0.02 and 0.01Bq | “ respectively. These are the lowest values
that could be for the radionuchdes. Activity concentration values below these numbers are
taken as not detectable (ND) by the detector system used in this work. The measured
specific activity concentration of each radionuclide present in the well water samples

collected 15 as shown in Table 4.2,
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Figure 3.2: Example of characteristic gamma peaks of *"Bi, *"'Pb, **Ra
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Figure 33: Typical Gamma peaks of drilled and dug well waters of Ogun State.
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3.4.3 Evaluation of the annual effective dose and committed effective dose

The annual effective dose to an individual due to imake of natral radionuchdes of
K, *¥Bi, *"*Pb, “*Ra and **Ac from drinking drilled and dug well waters of Ogun State is
estimated using the followmng relationship.
Dy = Cr .Ir .Ep {Alam et al. 1999)
Where D, = annual effective dose to an individual due to the ingestion of

radionuclides (Sv v™').

Cg = activity concentration of radionuclides in the ingested dnnking
water (Bg 1)
IrF = annual intake of drinking water (L v™")

4]
=
I

- ingested dose conversion factor for radionuclide (Sv Bq™)
(For this study, Cy values are shown in Table 4.3; I in Table 4.10 and Ep in
Table 4.9)
The total effective dose D (Sv v') to an individual is estimated by summing contributions
from 'K, *"*Bi, *'*Pb, *"Ra and ** Ac present in the well water samples i.c
D=ECi1i
The committed effective dose Cy4, which is a measure of the total effective dose received
over a life time of 50 y following the ingestion of radionuclides is calculated using
Cs=50xD,
where D is the total effective dose.
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CHAPTER FOUR

RESULTS AND DISCUSSIONS

The results obtamed so far were based on the measurement of natural radicactivity
of the twenty (20) well water samples collected from different wells (drilled and dug)

within Ogun State, The results are discussed below.

i1  Results of the chemical parameters of well water samples

The results of the analysis are shown in Table 4.1, The pH ranged from 7.4 in Ake to
79 in Kenta. Sodium (Na) has the lowest concentration value of 30.5 mg 1" in Oyingbo
and the highest value of 95.6 mg 1" in Totoro. Magnesium (Mg) concentration value
ranged from 63.6 mg I in Kenta to 104.9 mg 1" in Alapara. Potassium (K) value ranged
from 69.6 mg 1! in Molipa to 101.4 mg I in Kenta. Calcium has the lowest concentration
value of 48.6 mg 1" in Ibara and the highest value of 81.2 mg "' in Penpe. Ibara is the least
rich in chloride (42.6 mg I'') while Flega is most rich in chloride (276.4 mg 1), Ibara and
Alapara sulfate contents are same and the least (50.8 mg 1"} while Elekute 1s maost rich
sulfate (78.4 mg I'"). Similarly, Oymgbo, Ibara and Alagbon have same nitrate content and
the least (15.0 mg I"') while Molipa is most rich in nitrate (31.6 mg 1), Bicarbonate
concentration ranged from 1.0 mg I in Ibara to 2.7 mg I in Oyingbo. Conclusively, Ihara

has the least value m Chlonde, Sulfate, Nitrate and Bicarbonate content.
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Table 4.1: Chemical Parameters (mg I”') of Well Water Samples

SN | Locations pH | Na My K Ca |[CI 50,7 | NO,; | OOy
1 AbeckutaRd. | 7.5 | 745 |904 |783 |684 |1562 |540 |196 |19
2 Awujale 771551 [863 |941 [507 [1349 [584 [176 |17
3 Fidipote 7.7 | 904 |967 | 1008 |713 |1065 |584 |303 |18
4 Ita Osun 78 (750 [752 (911 |[743 [z414 [S516 (230 [18
5 Molipa 75 |68 |71E |696 |678 |1065 |520 [316 |3
6 |Oyingbo  [7.7[505 [854 [g&1.9 |[722 [1775 [740 [150 [27
7 Sabo 75|94 |797 |805 |661 | 1420 |e64 [303 |-
8 Ake 74 657 [973 [952 [609 [1207 [584 [223 [13
g Ibara 77 (755 |803 |914 [486 [426 |508 150 |10 |
i | Elega 76 |763 [982 |[BOT7 |594 (2764 |604 |196 |2
11 | Laye 76 |705 |71.8 | 1005 |752 |1704 |[520 |[250 |20 |
12 | Ita Oshin 78 |66.1 (808 858 |705 [1136 [e60 [186 |16
13 [ Kenta 79619 [636 [1014 [556 (923 [512 [180 |25
14 | Totoro 7.7 |956 | 1020 |89.1 |S89 |782 |[S516 |216 |12
(15 | lsaga 75 700 |91,7 | 794 |683 |1420 |40 |233 |22 |
16 | Alaghon 77548 [879 [900 [795 [1136 [664 [150 |13
17 | Sabo 76| 627 |950 |763 |BOG6 |1136 |3584 |216 |16
18 | Penpe 77843 [768 [709 [812 [1278 [544 [220 |14
19 | Elekute 77| 700 [921 |905 |719 [1349 |784 |176 |15
20 | Alapara 76826 [1049 [779 |655 [923 [308 |[186 |12
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Figure 4.1: Graph showing the chemical parameters (mg ') in drilled and dug well
waters of Ogun State
Figure 4.1 shows that the well water samples from Ogun State are very rich in
chloride (C1) and the concentration vary from one location to the other. This could
be atiributed to geological distribution of minerals that vary from one location to the
other.
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4.1  Activity concentrations of radionuclides in drilled and dug well water samples

from Ogun State

The result of the activity concentration measurements are shown m Table 4.2, The
radionuclides of non-series “'K: *"'Bi, *"*Pb and *"Ra (of 7"U decay series), and e
(daughter of Ra belonging to 2Th decay series) were detected in all the samples with
the exception of the sample from ljaive where ®Y, ""Ru, "*'I, "Ce and "It were detected
and the decay series of ~"U and ~~Th was not detected. Also, "'Cs was detected in all the
samples. The presence of ™Y, "Ru, "'I, "™Ce and "™Ir in Jjaiye sample and '¥'Cs implies
that the wells are also contammated with artificial radionuclides which may occur from
surface runoffs and other pollution sources such as quarrying activities especially where
the subsurface geology permits rapid downward movement of water sources from the

surface or where well water sources are tapped near the surface.



Table 4.2: Activity concentrations of radionuclides in well waters of Ogun State Southwestern Nigeria
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ND = Not Detected
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Table 4.3; Activity Concentrations (Bq 1) of *"K, **Bi, *"Pb, ®*Ra and **Ac in the

well water samples

| Locations K Wi Tipp, TRa e
| Abeokuta Rd. 3.2820.10 061008 0 482034 388117 0.72+0.16
Awujale 312620094 | 0802028 | 0.97:050 779722 0.2040.48
E_Fldjpnte 3.53+1.93 0 5020 09 0.8040.12 3262030 0724049 |
Ita Osun 303048 | 0522019 | 0632002 469+110 0794039
Molipa 3.00+332 | 14:055 | 038009 3792061 (59014
Oyingbo 2485315 0365025 | 0362016 3081 17 0.58+0.11
Saboij |. 745182 | 0232008 | 0272005 2 89062 0.42:0232
“Ake 4695017 | 0882067 1332138 74551 13 1.17£0.40
Thara I.76£1.25 0.2440.10 0.27+0.10 3144164 037£0.03 |
Elega 2.05£1.07 0.31£0.17 (0,320 .04 3.49:0.14 0504019
Harve 380£529 | ND ND ND ND
Ita Osin 2854063  |066£022 | 0642028 41820 18 0.580.12
Kenta 1.9742 75 0.24+0.12 0.27+0.11 291+1.09 03420 07
Totora F. 714005 Gal4020 31144623 55541 .08 0752010
Alaghon | 321408] 0.61+0.10 0.82:+0.08 7058211 0700 60
Alapara 2 800 60 0.45+0.02 0954015 5.00+2 10 | 059xD38 |
Elekute 3312400 | 0442035 | 0.46x0.16 448034 0.60+0.02
lsaga 2004176 | 0284002 | 0354023 31514014 047001
Penpe 218661 0.28+0 01 032+002 3444006 0.48+0.03
Baboab | | 3454115 | 0482012 | 0572023 5 730,02 1024034
Minimum 1. 742182 | 0232008 | 0.2720.05 18920 62 0.20+0.48
Masximum 4692017 11440 55 31 144623 7794722 1.17+0 40
Averpoe 2,981,580 221018 2104653 4.47£1.13 0.62+0.24

ND = Not Detected
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The activity concentrations of 'K, *"*Bi, *"*Pb, “*Ra and "™ Ac ranged from 1.74+1.82 to
4.69+0.17, 0.23+0.08 to 1.1440.55, 0.27+0.05 to 31.1426.23, 2 894062 10 7.79+7.22 and
0.20+0.48 to 1.17:0.40 Bq I”
2.21+0.18,2.10£0.53, 4.47+1.13 and 0.62+0.24 Bq I’ respectively. Activily concentrations

respectively. While the mean values are; 2.98+1.90,

of: **Bi. *"Pb. 7"Ra and 7" Ac were not detected abave background level in ljaive sample.
The table shows that “"Ra has the highest mean activity concentration value (4.47+1.13 Bq
Iy, while ““*Ac had the least value (0.62+0.24 Bq I').

226

Table 4.4: Comparison of measured activity concentrations (Bq I"') of ~"Ra in well waters

of Ogun State with other counines,

Country i Ra
Min Max

USA 4x107 1.8 x 107
China 2x 107 0.12
Finland lx 107 49
France Tx 10~ 0.7
Germany il | .8
Italy 2x10" r2
Romania Tx10™ 0.021 |
Switzerland 0 15
Spain 2x 107 !
UK 0 0.18
Nigeria (This study) | 289 7.79

[Drata for other countries was obtamed from UNSCEAR 2000 report.
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Table 4.4 shows that the activity concentration of = Ra (7.79 Bg 1"') in the measured
well waters of Ogun State 1s higher than that reported by other countries with the exception

of Finland with a maximum activity concentration of 49 Bg 1.
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Figure 4.2: Bar chart showing the measured activity concentrations (Bq 1) of i
g, Mpp, Ra and *Ac in drilled and dug well waters of Ogun State.
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Figure 4.2 show that “**Ra had the highest activity concentration in all the samples with the
exception of the sample from Totoro (where *"*Pb had the highest value) and ljaive where
MBI, *'Ph, *"Ra and “** Ac were not detected. The high level of “"Ra i the measured well
water samples is attributable to the high level of chloride (C1') content in the samples

(Table 4.1), since radium 15 most rich in Cl-nich reducing ground water ( Tanner, 1964),

Table 4.5:  Activity concentrations ( Bq "'y of K. *"*Bi, *"“'Pb,"*Ra and Ac in

Abeokuta well water samples

Locations | Type of well | “K Th; “'ph “*Ra ae |
Ake Drilled 460=017 | 088067 | 133£138 | 745113 | LIT£040 |
HI_I':@{;__ J grillad o 1. 76k1 25 0244010 E:E?i:fﬁ..lﬂ . _’:E.dctl.ﬁ-i 037003

Elega | Dug 205107 0314017 032+004 | 34940.14 | 0.50£0.19
' Ijnive Dug 3894529 ND ND ' ND ND

Iltaosin | Dug 2.85+0.63 0.66:022 | 0.64£028 | 4184018 | 0.5820.12

Kenta Dug 1 97£2.75 0244012 0274011 2911 08 | 0342007

Totoro Dug 371005 0414020 31144623 | 555+1.08 | 0.75+0.10

Mean 7991 60 0394025 |485+136 | 3.82+088 |053+0.15

214

Table 4.5 shows that

samples while “"*Pb (4.8541.36Bq I"') has the highest activity concentration. However,

Bi (0.39 + 0,25 Bq I'') has the least value in Abeokuta well water

radionuchides belonging to the decay seres of 2% (381, 2Y'pb, and ™Ra) and " Th (2 A0
was not detected in the sample from Ljaive rather ™Y, "'Ru, "'1, ""Ce and ""Ir were
detected in it, The high content of “"'Ph in Abeokuta may be due to the presence of
uranium-bearing minerals in the granite rock underlying the area (Oshin and Rahaman,

1985).
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Table 4.6:  Activity concentrations (Bq I'") of 'K, *"*Bi, *"*Pb, **Ra and **Ac in ljebu
Ode well water samples
"Location Typeof | °K Hgi | Tpp *Ra Fac
Well
Abeokuta Rd | Drilled | 3.28+0.10 | 0.61+008 | 0485034 |388+1.17 |0.72+0.16
Awujale 3264094 | 0804028 | 097059 | 7794722 | 0.20+0.48
Fidipote 2 31534193 |DS0009 | 080012 | 3264030 |0 724049
Tta Osun = 1034048 | 0524019 | 0.63+002 |469+1.10 | 0.79£0.39
Mn]ipa 3003 32 | 11440535 038009 3.79+0.61 0.5920.14
"Oyingbo 2484315 | 0364025 | 036+0.16 |3.98+1.17 | 058011
Sabo 5 174+1 82 |0.23£008 | 0272005 | 2892062 | 042+022
Mean 2904173 | 0.50+0.20 0.56+0.20 4.33+1.56 0.53740 31

The activity concentrations of K, *"'Bi, *'*Pb, **Ra and ™*Acranged from 1,74+1.82 to
3.53£193, 0.2320.08 1o 1.14£0.55, 0.27+0.05 to 0.97+0.59, 2.89+0.62 to 7,79+7.22 and
0.20+£0.48 to 0.79+0.39 Bq I respectively in Table 4.6. Hence, “"Ra (4.33+1.56 Bq I'') has
the highest activity while *"*Pb (0.56+0.20 Bq 1"} has the least activity.
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Table 4.7:  Activity concentrations {Bq I'') of K, *"Bi, **Pb."Ra and " Acin
Idiroko well water samples
Locations | Type of | K Ui Epp "'Ra [ A
| Well 1
| Alagbon Dug 3214081 | 06140.10 0820 08 7.05£2.11 | 070060
Alapara D 280:060 | 045:002 | 0.95%0.15 5.002.10 0,500 38
Elekute i 3315400 | 0444035 0460 16 4 480 34 0.60£0.02
FIsaga = 2.00%1.76 0284002 0354023 3514014 0.4T£0.07
Penpe = 2182661 | 0282001 | 0322002 3,440 06 0 480 03
Sabo o 345£115 |0482012 | 0572033 5 730,02 1.022034
Mean 2832249 |042£010 | 0.5720.15 4,860 80 0642023

Table 4.7 shows that “"'Bi (0.4240.10 Bq 1) has the least activity while *"Ra (4.86+0,80

Bq I''} has the hi ghest activity. The varying activity concentrations of *"Bi, “"'Pb and “*Ra

(all belonging to * U decay series) in Idiroko imply that parent and daughter radionuclides

in well water are not usually found together in similar amounts { Gilkeson et al. 1983).
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Figure 4.3: Bar Chart showing the activity concentrations (Bq 1) of 'K, *"'Bi, *"*Pb,
***Ra and **Ac in the three selected cities

Figure 4.3 show that Abeokuta has the highest activity concentration of YK while Idiroko
has the least value. Also, Abeokuta has the highest value of *"*Pb while Ijebu Ode and
Idiroko have the same concentrations. The concentration of *''Bi is highest in Ijebu Ode
and least in Abeokuta. Idiroko has the highest activity concentrations of = Ra and ~ Ac
while Abeokuta has the least values of “°Ra and **Ac. In summary, Abeokuta is most rich
in “’K and ***Pb; Idiroko is most rich in “*Ra and “®Ac while ljebu Ode is most rich in
*"Bi, Thus, a high concentration of one radionuclide in well water at a specific site does
not necessarily imply that similar concentrations of other radionuclides in the same decay

series are present (Gilkeson et al. 1983),
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4.3  Specifications of the wells

All the wells samples have cyhindrical shape, Hence,

- 2
Volume of water in well = tr'h

Where,m = 3.142

r = radius of ring for dug well or radius of hole for drlled well

h = height of water in the well
Inner diameter of ring = 0.78m
={0.39m

= (.15m

Inner radius of ring
Diameter of hole = 15cm

Radius of hole = (.07 5m

Table 4.8: Specifications of wells

Locations | Typeof | Depth of well Level of Volume of
Well {m) wiater in the | water in the
well (m) well (m”)
ljebu Ode | Dnlled 48.0-54.0 12.0 0.21
Abeokuta 27.0-330 12.0 0.21
 |Dug  [45-144 36 1.72
Idiroko 9.0 - 150 33 133

Table 4.8 shows that Abeokuta dug wells have the largest volume of water, followed
by ldiroko dug wells while ljebu Ode and Abeokuta drilled wells have the same volume of

water,

Conclusively, dug wells are sawd to have larger volume of water than dnlled wells, this 15

due to the fact that the radms of dug wells are greater than that of dnlled well.

38




Table 4.9: Dose Conversion Factor Ep, for members of the public (IAEA, 1996).

Category Radionuelides Dose Conversion Factor Ep (Sv Bg™)
Ages (2-T)y | Ages (12-17) y | Ages (>17y)
Natural U RO x 107 i 6.7x 107 4.5 % 107
Uranium “"Ra 6.2x 107 1L5x 10" 28x 107
series g, 36x10° [ 14xI0" [1x 10"
“Ph 52x 1077 20x10™ 14x 10"
NATURAL | ““Th 35x 107 25x 107 23x107
Thorium = 34 % 10" 53x 107 [69x 107
| series = 1.4 x 107 530" [43x10™
Other A Z1x10% 76x 107 62x 10"
' radionuclide

Table 4.10: Annual water consumption values, Iy (IAEA, 1996)

Age group (v) Water consumption (| ¥ "y
0-1 200
12 : 260
s = = ——any
7-12 350
¥R 600
=17 730




Table 4.11: Annual effective dose due to the intake of natural radionuclides (uSv v of
K, *MBi, 7'Pb, "*Ra and ®*Ac for ages (2-T) y.

Locations I K T Eph TeRa Hac Total dose
Abeokuta Bd, l 206 A3 Qo] 0TS T2 AELZ 1762 (i3 T T4 T9EZ 1R N
Sowijale 20.54£5.92 QO 03 | 0, ]S 1448 S 34292 {0, Ok 1 Lt Bk | 34 14
Fidapuote 7124£12.16 | 0G0 | 0124002 | (06, 30255 80 OAHD2T | 6290746820
Tt Chsuin 1909302 | 0062002 | 0002000 | 872.34+20460 03320 16 | RO 924207 80
Maolipa 1892092 | 0122006 | 0062001 | 704.94£113.46 (252006 | 7243721351 |
Chingho 1562£19K5 | O042003 | DOGHI0Z | 74028421762 024:005 | 75624223757 |
Sabon OOGEI1 47 | 022001 | DOAHID] | 537 54£11532 O TREDOT | 548 Tdx] 36 00
Ake I055E107 | OI0H007 | 021#022 | 1385 T2I0.08 | 049017 | (4164522117
Thara TI09E7 89 | DOBE00] | 004002 | S8 04230504 O16HI0] | 595 362305 0%
Ebepa 12914674 (030,02 (150 0] G a2 0 021108 Gh2 34532 19
Taive 245123393 | - : n - 7451433 33
lin Osm 17 ek 3 47 CTTH2 b TR0 TITAREIT 48 (0, 24:H1 005 HOZ Al 92
kenti 124441733 (h A0 00] (£ (12 S 1 ek 2003 T4 (L 141103 550 4200, TT
Tolorg 2337032 00002 i Bl 97 DO 30k 2D H 032400 1Rl 403k |40 24
Mlaghon 200 2225100 T 0h ] %2000 1311 303592 40 (L2591 25 1333 [ 6393105
Mlapara 20085E25200 | 0050 (0 ik | 520412 D30 (R0 (2540, 16 HSHGTEING HE
Flckuie 26l ] 0 | (05D R HOTE002 ]33 2HH0T 24 (2500 Ha4 S0HERE 51
lssign 13 T3 04 003+ ) {0 5 k) 652 Bk 260 Ok (0000 663 743717
Penpe 127344 .22 DOFHI00 | 005000 IR 16 (. 200 A3 E5ES2RE
Saboah 201742725 (LEHIO]L {1 Gkl () Il.'?'!'n,"i.‘}ﬁ:l-_'[ﬁ {1430, 14 L0779 2843 02
“Average IR25E1196 | OO5E002 | O3ZE00K | 80177420665 032009 | R21 93221949
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Table 4.12:  Annual effective dose due to the intake of natural radionuclides (uSv y ') of K,
gL 2Ph, PRa and **Ac for ages (12-17) v.
Locations K g bk "Ra ac Total dose
| Abcokutn Rd. | 14960136 | 005001 | 006004 T497 001053 .00 02305 | 3507 J0E]053 56
TAwupale A NT24.29 | U002 | 0 12007 TOU] A (0 | O |5 | 7006 (246502 53
Fudipote 1610880 | 0042001 | 0100 2934 (027000 0234016 | 29504727898
Tta Osum VIRIEZ 19 | DORE000 | DORRO00 | 4221 0090 00 254012 | 423509299033
“Molipa 13081514 | DO52001 | 500 TAL T 0549 (0 D10 4 | 3425024504 24
Owingha | 113121436 | 003002 | 0042002 | 35K200:105300 | 018003 | 3593 562106743
Sabui) TORRIN | 00ZHI | 00300 2601 (X558 () DI30.07 | 26090 14566 39
Ak 213960 TR | DOTEO06 | (1T BI05 0101700 | 03720 13 | 67269101514
| Tbara HO3+5.70 | 002001 0L30.0] TR2E LA TG00 DIZHI01 | 2834 20148173
Elega GISLAEE | DURHODT | D04 T04 ] O£ 26,140 O 6006 | 3150.58+13093
Taive 17 142012 |- R 3 = 1774234 12
Its Ukain 13002 87 | 060,02 im0 05 IO 000 |62 0 (L1800 | 3775324004 9%
bocmila Husz|254 | 0024000 (R340 (4] e inaas] 0 (Ll (2 | 2628 144993 58
Tesures 602023 | 0032002 | 3.742075 A905 057200 24200 | 5015 93£973 08
Alnghon T4 60 | DS 0] | 00000l | 63ASOOSIESS00 | 0225009 | 636000190290
_'.'T':l.lllpﬁl'ﬂ b2 TTES T LIRESESNEN T LR ETH T o ERTARE AT BT 1), | ad) 12 EETERREA L xR -]
Fickute IS0 24 | Q04:103 | D0z A2 (030600 0.1920.12 | 4047 3832430
g GIZEROT | O02HN0 | oo F159. 0T 62 00 O 15NN | FI6RIIZT006
Fenpe SO4EIH 04 | DO2HIING | 0040 00 K LS () E NI E R E
Sabaah 15732524 | G0 0) | OG7H01 S157 (R ) (32HE 1T | 5173 1622339
Avernge 1T 272864 | (UMHETD] | D25H1 06 IRTUASEIO0LT0 | OLIREHI07 | 3893 20101049
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Table 4.13:  Annual effective dose due to the intake of natural radionuclides (pSv y™') of 'K,
g, Tpb, ®'Ra and **Ac for ages >17y.

Locations ™ Mg Hephy T e Total dose

Abeokuln Bd | 17 2844045 05403 0] (050 3 TIOTE23915 0,231 115 B0 68239 60

Swupnle 14,7544 25 LG 02 [0 06 1592 IR4TATSIT | O (kdb 15 16477 258 | 480125

Fidipesle E5UEH T4 008001 0LOE0.0] Gl 32532 02340015 GHEZ 6727023

Ttn Osan T3 712217 | 004002 | O0GEI00 | 958, 645224 6 0255012 | 91270522715

hdolipo [3.58£15.03 (010 O LR ESERN] | TT4 68124 .68 O] e THE 58413980
Oyvingbe | 112251426 | QA=002  | 004002 | BI3 51223905 008003 | 82498025348
Haliowj T 748 24 (2 H 0] (.0 SO0 T2H126.73 0 | 3007 S0E Gl 35 06
Ak ZIZFHETT | QATR005 | 0144114 | (52278230097 | D37H0L13 | 154450235206
l_ll:rru’n T IES.00 (0240 10 LNEREZIET] fd 1 RIEIZ5 2D 0L 244 800 B4 W3 40 91
Elega 9280 84 0240101 (0300 TI3 3028 62 0,1 740 6 T2 HG233 53

Taive 7622394 | - " . . 17612154
MOsan | 129022R5 | O05E002 | O07H03 | RS54 393679 O 18004 | 8675063973
Koenla HU2L2 45 (E24010] QL0310 S0 222 RO (L1 140012 A BEE235.20
?T{ﬁm- Ty, Tl 23 (R 02 ERECEINE 1134424230 75 O 2410003 1154666221 67
Alagbea 1453367 | 0054001 | 008000 | 144102643138 | 0228019 | 1455 H435.16
Alapan 1 207E T {0 0, bk 0 P2 N 20 24 k19 |2 PRS2 DN
Flekure 140808 [0 ) Ofdadis (3150 0 D157 15050 LR C SRR LI ITLERT HO
lstga 0 (1547 97 D000 | 004002 | TIT 4453862 15000 | 7267023661
engse FRT229.93 (L2 RIH) (030 Ty TOR 1412 26 0,1 3000 TIRI =12, 19
-Hri.'muh 156)+520 LAREE BT ey 32 FIT1 204 .00 032011 | TET 244943
Averape 132818 57 LEREEE S0 i (K2 E20h, 065 BEL 22T oM ARE. SR o U235 7%
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4.4  Annual effective dose results

The results of the calculated age-dependent annual effective dose are summarized in Table
4.11,4.12 and 4.13 for ages 2-7, 12-17 and =17y respectively. The results show that “*Ra
contmbuted the highest value to the annual effective doses for the three age groups. It
contributed 801.77+206.65 (97.5% of total dose); 3879.45+1001.70 (99.6% of total dose)
and 881.07+227.08 (98.5% of total dose) for ages 2-7, 12-17 and =17y respectively. The

high value of *"Ra is due to its conversion factor (Table 4.9) and also to its high activity

concentrations in the measured well water samples ( Table 4.3)
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Table 4.14: Total annual effective dose (mSy ¥™') for ages: 2-7, 12-17 and =17y

o

Locations Ciey Ages (2-T) ¥ Ages (12-17) ¥ Ages>1Ty
Abeokoty Kd. [pebu Chdee e 351 HE]|
Awigjake ¥ ) 7.03 L.61
Fidipoie - 063 305 o8
Ita Osun - 0.8 424 047
Malipa L 343 079
{hangbo = 076 359 (r82
Sabos) = 055 261 60
Ake Mheokuta 1.42 6,73 1.54
[hara “ L) 243 3]
Flega " 0es 345 1oaz
1ty ¥ 01 AT 002
[tn {520 r {30 3o Lk 1)
K = 1155 203 LN
Totore |05 502 115
Alaghon Idirekioy |33 6.4 |46
Alapurn e (195 451 [0
Elalute (185 405 (.93
Isnga G (67 17 0.73
Penpe B (65 ERY 07l
Sabonh - | s 5.17 l.19
Avirape (E2 180 (8%
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Figure 4.4: Bar chart showing the total annual effective doses (mSy y') for ages; 2-7, 12-17 and =17y

The bar chart of Figure 4.4 shows that the age group 12-17y has the highest total annual effective doses while
age group =17y has the least doses. Also, Table 4.14 shows that the total annual effective doses for the three
age groups with mean values 0,82, 3.89 and 0.89 mSy }r" exceeded the 0.1 mSv y" limit set by the WHO in all

samples except lLjaive.



Table 4.15: Committed effective dose (Sv) for ages; 2-7, 12-17 and =17y

Locations City Ages (2-T) yrs Ages (12-1T)y Ages >17y
Mheokuty Hd. Ipebu (e (T 0176 0041
Awunle " a4 11352 D081
Fidipols -' 0032 {148 T}
lta Oz 2 [ E 0212 0 0
Molip . 0036 0,172 0040
Cvingha = 3s NET o |
Sabony 3 [T 0131 00
Akc Abeokuta o7l 0337 0077
I " LT 0,142 (H33
| Flega " U133 1158 036
e o 001 0] 0001
Tta Csan . a0 189 0043
Keila " 0028 0132 0.030
Totars " AR 251 18158
Alaghon lilireka L [(ETE: 0073
Alapara £ i 020 0052
Fhekuie : 0iM3 203 (a7
— o (34 U159 0,037
Penpe - TIEE) {0156 00G6
Sabouh T 54 0250 0 60
Average RIS 0195 0.3
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The commitied effective dose for the three age groups 15 shown m Table 4.15, It ranged from
D001 1o 0.074 Sv, 0.001 to 0.352 Sv and 0.001 o 0077 Sv for ages 2-7, 12- 17 and =17y
respectively, with a mean of 0.041, 0,195 and (0.045 Sv for ages 2-7, 12-17 and =17y respectively,
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CHAPTER FIVE

CONCLUSIONS AND RECOMMENDATIONS

51 CONCLUSIONS

Natural radicactivity was measured in the drilled and dug well water of Ogun State
using gamma ray spectroscopy. Natural occurring radionuclides of *'K (non-decay series),
*Bi, 'Pb and “Ra of the *®U decay series and “"Ac of the "Th decay series were
detected in all samples except [jaiye.

The mean activity concentration of ~ Ra with a mean value 4.47 Bq I’ exceeded the
values recommended by WHO (1993) current guidelines and United States Environmental
Protection Agency (USEPA) (USEPA, 2000) which are: 1Bq I' and 0.185Bq I
respectively.

The total dose due to the ingestion of natural radionuclides of K. 21g;. *ph P Rga
and “"Ac for ages 2-Tyrs, 12-17yrs and adults are found to be above 0.1mSv y"' of WHO
recommended limit for radiological safe drinking water in all samples except Ijaive.

This study also established the high activity concentration of * 'Pb in Totoro,
Abeokuta.

52 RECOMMENDATIONS

It 15 recommended that all drinking waters (bottled and sachet inclusive) in
Nigeria should be tested for radiclogical safety before drinking because research had
shown that all water sources contains radionuclides (Zapecza and Szabo, 1986) and these

radionuclides no matter how minute in drinking water when ingested, are harmful
(UNSCEAR, 2000).
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It was also suggested that these wells should be treated to remove radium to reduce
the chances of people drinking from these wells from being prone to cancer and other
radiation-induced diseases. It 15 also necessary to survey sources of dnnking water in other

states of the federation.
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