DETERMINATION OF GROSS ALPHA AND
BETA ACTIVITIES IN DRINKING WATER

IN FASKARI L.G.A OF KATSINA STATE
|
!
BY |
o ' Abubakar Haruna

-ADM. NO; 1410310019

]

= [ ! |

' NOVEMEER, 2018




DETERMINATION OF GROSS ALPHA AND BETA
ACTIVITIES IN DRINKING WATER IN FASKARI L.G.A OF
KATSINA STATE

Abubakar Haruna
(1410310019)

Project Submitted in Partial Fulfilment for the Degree of
BACHELOR OF SCIENCE
PHYSICS

FEDERAL UNIVERSITY, GUSAU,

November, 2018




DECLARATION

I, Abubakar Haruna, so hereby declare that this entire project report is my project ;
experience written to the best of my knowledge. It has not been submitted anywhere
clse before for the award of a Bachelor of Science degree. All information derived
from published and unpublished sources as well as other authors have been duly
acknowledged in the text.

Hel? 95 - ll—J ok

Abubakar Haruna Date




\
CERTIFICATION
This is to certify that this report is an original work undertaken by Haruna Abubakar
(1410310019) under supervision and has been reported in accordance with the

regulations of Federal University Gusau, Zamfara State and is approved for its
contribution to knowledge.

Dr. Lawal Sa’ad
(Head of Department) 1gn & Date

Mr. Maduka Nosike C. ( é 2 (o=l —-”deg |
(Supervisor) ign & Date A

[%5 g-ﬁ'gﬁd‘«?@% ﬁ,(.,é—ﬂjr%f%&?’ :

JISigh & Date

Pes

B LhacuL T of scrence

£ A el
pProf A.O Musa /.;((\f { 1(\‘\ !/w/"jb.i'?/(//kgw

{External Fxaminer) Sign & Date

iii




DEDICATION

This research work is dedicated to my late parent and also my uncle for his support
throughout my academic career.

November, 2018




ACKNOWLEDGMENT

1 xyuuld like to thank my Supervisor Mr. Maduka Nosike.C for his guiding throughout
thls_ wm_-k. and for granting me the opportunity to conduct research within the
radioactivity at Faskari L.G.A Of Katsina State.

1 also have gratitude for the valuable advice and collaboration received from Late Dr.
Zakari and HOD Physics Dr. Lawal Sa’ad. I would also like to thank Mal. Isah
Abdulmuminu.

1 will always remember all the friends and colleagues I happened to meet during this
exciting 4-year period, whether in F.U.G or CERT ABU Zaria, it's been fantastic to
meet you all: Lawal Isah, Muhammad Umar, Abdulkadir Shuaibu, Ofodile Daniel
Chinedu, Abodunde Abayomi Ojo, Hamida Haruna, Muhammad ayagi, Ibrahim A.
khamisu ...hope I am not forgetting anyone....

However, it wouldn’t have been possible, hadn’t been for the unconditional support
and patience received from my family: Oscar and family, my parents and my brother!
Also my closest friends, thanks for not asking about my thesis!

Finally, I would like to thank the funding support received from the Head of Nuclear
Science and Technology Section of the centre for energy research and training
Ahmadu bello university Zaria, Prof.GI Balugu for his keen interest and
encouragement on how to go about this work. T also wish to express my sincere
gratitude to my supervisor Mal. Ahmed Rufa’i staff of Nuclear Science and
Technology Section CERT ABU Zaria, whale members of Nuclear Science and
Technology Section of CERT ABU and to all other sections of the centre.




ABSTRACT
Five water samples were drawn at random from locally dug well, river, dam and
_borehole in Faskari Local Government Area of Katsina State (Northern Nigeria) in
two litters of each, 10ml of concentrated nitric acid were added for preservation and
evaporated in a beaker and transferred into a plancet till often residue, The samples
counted for gross alpha and beta activity with proportional counter. The counter was
characterized for background, plateau and detection-limit. From the characterization
results, it was discovered that the counter showed low background, good plateau and
low detection limit of the samples. It shows that the counts taken from channel were
reproducible for the channel and for mode of counting. The overall result showed that
the alpha activity in water is secure while for beta activity, is only one area which is
Tukusha has (1.603) Bq/l, that the activity is higher than the practical screening level
of radioactivity in drinking water of 0.5 Bq/m" for alpha and 1.0 Bqg/m”® for beta as
recommended by CEC-FAD and World Health Organisation (WHO).
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CHAPTER ONE

1.0 Introduction
1.1 Radioactivity in Water

Water is a necessity to man and his environment; it existed long before man came into
existence. Man uses water for the following purposes: irrigation, power generation
and domestic activities. Sources of water are rain and ground waters as found in
rivers, dams, lakes, and streams. Human activities and natural‘ phenomena constanily
pollute the sources of water and affect water quality. Water pollution arises as a result
of waste sewage disposal into the environment and rivers by industries, hospitals and
use of materials such as fertilizers by farmers. These disposed materials often contain
radionuclides. Another form of water pollution as a result of Naturally Occurring
Radioactive Materials (NORM) that emits alpha, beta and gamma radiation. These
usually have element in uranium and thorium series whose radioactive gaseous
daughter (radon and thoron) in particular cause an appreciable airborne particulate
activity and contribute to the radioactivity of rain and ground waters. This also affects
drinking water. Drinking water from deep wells is expected to contain a higher
concentration of radioactive elements compared to surface water. Flowing water may
encounter igneous and sedimentary rocks, shelves, and phosphate rocks rich in
daughters of uranium and thorium series in its course. Furthermore, man-made alpha
emitters, such as plutonium, and americium could be transported into springs or wells
there upon enhancing the activity level of the water. Radioactivity in drinking water is

an important mode of transfer of radionuclides from the environment to man. The
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most important natural radionuclides in drinking water are ftritium, potassium-40,
radium, radon and their decay products,- which are in essence bets and gamma
emitters. Therefore, there is the need to determine the concentration of alpha, beta,

and gamma emitting radionuclides in water.

Radioactivity in drinking water is an important mode of transfer of radionuclides from
environment to man. The most important natural radionuclides in drinking water are
tritium, potassium-40, radium, radon and gamma emitters. Therefore, measuring the
radioactivity in drinking water is of great interest in environment studies. A gross
alpha test is the first step to determining the level of radioactivity in drinking water.
This test serves as a preliminary screening device and determine whether additional is
advisable (WHO 2006). Gross alpha is more of concern than gross beta for natural
radioactivity in water as it refers to the radioactivity of Th, U, Ra as well as Rn and
daughters (USEPA, 1997). If the gross alpha and gross beta are Jess than 0.5 and
1.0Bg/L respectively, it can be assumed that the Total Indicative Dose (TID) is less
than the parametric indicator value 0.1mSv/year and no further radiological
investigation is needed. If the gross alpha activities exceed 0.5Bg/L or gross beta
activity exceeds 1.0Bg/L, analysis for specific radionuclides is required (WHO, 2003).
Parts of Katsina State and environs, like many other parts in the country, due to
portable water scarcily, people normally collect water from wells, Rivers and
poreholes (deep and shallow). The public water boards are generally ir\effecltive in
supplying portable drinking water; therefore most of the populations rely on untreated
ground water sources (borehole, rivers and well) for domestic and industrial purposes.
The ground water collested from dug wells and boreholes samples are not entirely free

from radioactive pollutants which are hazardous to human health.
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Therefore, there is need to determine the concentration of gross alpha and gross beta
particles in wells and boreholes water from these areas, assess the radiological health
risks due to consumption of water from wells, rivers and boreholes sources on the area
because communities from all parts of the country and beyond are involved. i'his
research help in understanding a quantitative detection of gross alpha and beta
radicactivity which is important for a quick survey of both natural and man-made
radioactivity in dug-wells and boreholes water in the study area. Radioi:tivil_;y in
drinking water is one of the major ways in which radionuclides from the environment
gets into the human body, which might consequently lead to radiation-induced
disorder (USEPA, 2010). There is evidence from both human and animal sﬁxdies that
radiation exposure at lower to moderate doses, may increase the long term incidence
of cancer and that the rate of genetic malformations may increase by radiation
exposure (Otton, 1994). It is therefore important to determine the amount of
radioactivity in drinking water for every arca where people reside, so as to guard

against its deleterious effects (WHO, 2006).
1.2 Statement of Research Problems.

Inflow of waste-water from industries and rainwater flowing over farmland into thé
rivers and other water bodies constitute a source of pollution to drinking water ina
paﬂicular area. Polluiion may constitute heavy elements, as well as radioactive
elements whose existence could prove to be hazardous to health. Data on radioactivity
in drinking water is therefore important in determining quality and the health impact
such water could have on the populance. In the Faskari Local Government Area, there
is yet no established data on the radioactivity level in drinking water sources. Most of

the rural inhabitants of this area depend on water from wells, rivers, and boreholes for

page 3 of 25




drinking, household activities and irrigation. It may be possible that the water they use
contain excess of Naturally Occurring Radioactive elements. Many farmers plant their
crops close to the riverside and most of them ﬁ]ake: use of fertilizers on their
farmlands. As rain falls, it washes some of this fertilizer into the underground water.
The fertilizers contain phosphates, which has a radioactive compound k-40, a beta and
gamma ray emitter other elements. This actually can enhance the amount of
radioactivity in drinking water and its contribution has not be investigated, The Centre
for Energy Research and Training, Zaria has acquired a proportional counter, which
has been characterized and put it into use. Therefore, the aim of this research is to usel
it to develop data that will benefit the health of the people of Faskari L.G.A of Katsina

State.
1.3 Theory
1.3.1 Radioactivity

For any element there is limited number of neutrons within the nucleus for it to remain
stable. Any deviation from this number will result in an unstable atom. An unstable
atom can become more stable by emitting energy in the form of radiation. Such atoms
are said to be radioactive and the process is called radioactivity. Natural radioactive
was discovered by Henr! becquerel in 1896, He fund that a photographic plate gets
blackened, where place near double sulphates of potassium and Uranium. Further

observations in this respect led Becquerel to the conclusion that uranium emitted

special kind of rays and such rays were called Becquerel rays and such rays were

called Becquerel rays. Pierve and marrie curie found that the radiation from

pitchblende was found times stronger than that emitting from uranium, This led to an

intensive search for the source of stronger radiation. Finally, in (1898) they succeeded
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in discovering two new substances, which they named 'polonium (#'%4Po) and radium

210
( 34Ra).
The spontaneous transformation of an element into another with the emission of some

particle (or particles) o electromagmatic radiation is called natural radioactivity.

The substances capable for emitting radiations are called radioactive substances. Asa
rule, radioactivity is displayed by the heavy nuclei occurring at the end of the petiodic

table beyond lead.

Apart from naturally oceurring sadioactive substance, the radioactivity can also be
induced by artificial means through nuclear transmutation. The phenomenon of
artificial radioactivity was discovered by joliof and curie, when then they bombarded
aluminium with alpha particles abtained from polonium. They found that even when
the source of alpha particles was removed, the aluminium pieces continued moving
off some type of radiation. Also, it was found that the rate of emission of the radiation
was found to decrease exponentially as is the case with natural radioactivity. Hence,

the phenomenon was termed as artificial radioactivity. The nuclear transformation as

follows: -

30 1
pe R Rl D il

The isotope 0, p is unstable and radioactive. It decays as fallows:

30 s 0
30151;) e e 14501 + -0 o ATRERRRROE L SR

The half-life period of radioactive phosphorus is found to be 2.2 minutes (132

seconds). Soon, other scientists started investigations and found that not only the alpha

patticles but other projectiles like protor, deuterons and neutrons can include artificial
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radioactivity. Further intense discoveries revealed that X-rays and gamma ralys from
radioactive substances) belong to electromagnetic radiations of some velocity and
slightly different wavelengths. They are jonizing radiation, which can discharge a
charged electroscope. -Alpha and Beta particles -are also -ionizing radiations. The
essential difference between X-rays gamma rays is origin. Whereas gamma [ays result
from charges in the nucleus, X-rays are emitted when atomic electrons undergo a

change in orbit (Steven and Ann, 2002).
132 Radioactive Decay Law

Rutherford and soddy studied the phenomenon of radioactivity in details and

formulated the following laws, knnown as the law as of radioactive decay:

1. Radioactivity is a sponfancous phenomencon and one cannot predict, whena =

particular “atom ina given radioactive, sample will undergo disintegration”.
2. When a radioactive a heavy atom disintegrates, either an alpha particle

(nucleus of helium) ora beta particle (electron) is emitted.

The new atom SO formed (called daughter atom) may emit a gamma ray photon, in
case the nucleus is left in excited state on emitting the alpha or beta particles). Further,
both alpha and beta particles are never emitted simultaneously. 1t may also be pointed

out that a radioactive atom can never emit more than one alpha particle or a beta
particle ata time.

3. The number of atoms disintegrating per second of a radioactive sample at any

time is directly proportional to the number of atoms present at that time, The

rate of disintegration of the sample cannot be altered by changing the external

page 6 0f 26




factors, such as pressure, temperature, €.L.¢ it is known as radioactivive decay

law,

Consider that a radioactive sample contains Ny atoms initially (¢ = 0). As the time
elapses, the atoms of the sample decrease due 10 disintegration. Suppose that after
fime t, the number of the atoms reduce to N and after time t +.dt, the number of atoms
further decrease to N-Dn. Obviously, in the time interval between t and t + dt ie

equal to dt, the number of atoms decrease by N-(N-dN) i.e. dN.

Therefore, rate of disintegration of atoms at time tis:

According to radioactive decay law:

dN
dt

Where the constant of proportiona!ily p is called decay constant of the radioactive
sample. I is also known as disintegration constant of transformation constant. The

negative sign shows that N decrease a5 time, t increases.

an _
== pdt

Solving equation by integration and taking natural log will result in equation

N= Npe oot R )
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Where N is the number of atoms of the radionuclide at time t = 0. Equation is the

radioactive decay law.
1.3.3 Half Life (T'?)

Different radionuclides are transformed at different rates, and each radionuclide has it
own characteristic transformation rate. Thus the time required for any given
radionuclide to decrease to one-half of its original quantity-is-called half-life (T'?) of
the radionuclide (cember, 1996). The half-life of a radionuclide is a measure of the

speed with which it undergo radioactive transformation. From equation (1.2), at half-

life, N=Np2and 1 = T2 50 that the equation transformation to

1.3.4 Activity of Radioactive Substance

The activity of a radioactive substance may be defined as the rate at which the nuclei
of its atoms in the sample disintegrate. 1f a radioactive sample contains N atoins at any

time t, then its activity at time tis defined as

an

The negative sign shows that with the passage of time, the activity of the radioactive

substance decreases. I

Since according to the radioactive decay law,
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2.0 Tiiteeature He el

Researches had been carriéd:o i

1.0Bg/L for beta recommend by WHO. Onoja (2004) d Xin

activities in well water in Zaria area of Kaduna State. The result

mean value of 75.53 Bqm3 (or 0.075 BqL") for P activity. Taji.;d

out a similar work in the Gwammaja area of Kano Metropolitan City

shows a geometric mean value of 0.05 Bqm3 for § activity. Habila ;
survey of gross beta (adioactivity in wells and boreholes from Jos cit

shows that the range of B activity varied from 0.25 to 9.64‘.}3:1/17),,\&311

mean of 1.56 Ba/L (Habila, 2008). :
The aim of this rescarch is to determine the gross radioactivity concentration | .
area. This study will also ascertain the safety of drinking water m well, -ﬂvq’ damand k&

borehole water SOUTCes from the study area.
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CHAPTER THREE

3.0 Materials ang Methods

The method used for the sampling is stratified random sampling.(-Williams,- 1977‘_)All
the collected water sample where evaporated in order to obtain their \-v_mficrus :reﬁiduas-.
The sampling procedures include the following: The sample container was rinsed
three times with the water being collected to minimize contamination ﬁ‘om thér i
original content of the sample container. The amount collected was such that an air |
space of about 1% of container capacity was created for thermal expansion v-viis left, - :

The water samples were immediately acidified with 10m! of nitric acid per 2 liters of

sample collected to reduce PH and to minimize the absorption of radioactivity into the

walls of the containers (ISO, 1992) and the samples were tightly covered and kep

the laboratory for analysis.

For the purpose of analysis, an Acetone (a cleansing agent) was used to wash the
equipment needed for the Sample preparation. About 500ml of the sampled water was
measured and transferred to a beaker. The sample was evaporated ca:efuuy on a
Binatone temperature adjustable hot plate. The evaporation was done at the
temperature less than 100°C for eight hours until the volume was reduced to about
100m] and allowed to cool. The concentrated solution was transferred to a weighed
Crucible. The beaker was carefully washed with a minimum amount of water and the.

hings transferred to the Crucible. The sample was heated again to dryness and
washin

d btained. The Crucible and residue were weighed and by subtraction, the mass
residue 0 ¢

£ the ignited residue was obtained. The residue was dispersed evenly over the
{mg) of the 1
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planchet with minimum required weight of 0.0770 after m@igg the weight of planchet
by slurring with a few drops of ethanol and allowet_i. it to stick t(}‘get;_lei;, all thi; was
done by using analytical weighing balance. The planchet was weighed a_g.a.in to ensure
that no residue has been lost. This procedure was repeated for all the samples. The
actual vq|u111e of the residue was been calculated by converting the .fﬂ'ltal' sﬂmr

evaporated volume of water of the beaker into ml by weight of residue (g) multiply by

Required Weight (g).

sample volume = % SRW i s s GRS

where
1= volume of water sample evaporated in litres
M= residue mass in {(mg) from V
R|‘v = Required Weight (g)

Where the sample preparation efficiency was derived by taking the weight of the
empty planchet W and the weight of the planchet plus sample after evaporation o
100ml, Wpss. The difference between Wass and Wpg gives the weight _t_Jf the resi_due.
The ratio of the difference between the weights of the re-sidue to 0.0770g as specified

by 1SO multiplied by 100 gives the sample efficiency as shown in equation (10).

o WBASWE 000 eeesesiei st it 32
Sample Efficiency = 7o o7700 %100%... G:2)

whetre

Wy =Empty planche.

Wais=EMpPY planchet plus sample.
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The gross alpha/beta counting equipment used in this work s the MPC-2000-DP l'm.&!
ki ' s
background alphafbeta detestor. The alpha standards were Py whose half life is
24110years, while the beta standards were *°Sr whose half life is 28years. Their
respective activities were calculated at the time of the calibration souxcam to
determine efficiency in the proportional counter and are presented in OWEI: m
The equipment is a non-gas proportional counter with an ultra-thin window. Fm'ﬁn‘: e
gross alpha/beta counting, the desired weight of 0.0770g of residue on the plamh |
was transferred to the sample carrier of MPC-2000-DP model detector. i’]atea:u test
from proportional counter was run with the manufacturers calibration standards (mﬂ.li _j
and %°Sr) whose activities ranges from 133.29 to 185.51Bq and 92.31 to 103.68Bq,
respectively in all the three operating modes, This test was run for 1800s for five:

cycles.

The carrier was then placed on the sample drawer and closed. Counting was done
automatically according to the selected count mode when the appropriate sample

information was entered (The detector was operated in alpha and beta modes to obtain

the count rates of alpha and beta in counts per minutes respectively). For gross alpha

counting, the high yoltage was set at 1600V and samples were counted for 5 cycles of

2700s per cycle. While the high voltage for gross beta counting was set at 1700V and

i Jy mode. The resulis were displayed as
ted for 5 cycles in beta on
samples were coun
t: count rate 45min (count/min), activity and standard deviation. The results
raw count; ¢0
CPM) were repeated three times each for all
i w counts, count rate (
were displayed as r&

obtained respectively.
the average value was
the samples and

n Becquerel’s per Litre was calculated using equation

The activity concentration © i

3)-
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3.1 Sampling Location Map
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r the Eva poration of Water .

- Weight T Weight [ Wergnt Actual [ Required
of i volume Weight
empty residue ® -

1| Boreholes | 500ml + 300mTr 95. :
i 500ml+ 500ml i

082 0187 [do770

2 B/ kwata 500ml+500ml+ 75.94 1.37 0.112 0.0770
500ml+ 500ml

3 | U/Bara’u | 500ml + 500mis 95.19 [9579 106 o.om

500ml+ 500ml

Dam 500ml + 400ml+ | 95.13 m-

Tukusha | 500ml 17591
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Table 3.2: Count Ta

(s [Sample 1
BGK
2 Tos
1 Boreholes [g5—
_—__—_\_—‘—'—ﬁ
2 B/ kwata [35
|
SRS
3 U/Bara’y [75
oS
4 Dam B
LTUkusha —“

The concentration of gross alpha and beta particles in water by using proportional
counter is as shown in Table 3.2. the table depicts that borehole | has the most alpha
CPM and that of Tukusha has the most beta CPM. This means that they have high

concentration of alpha and beta radioactivity respectively.
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Table 3

S/NO SAMPLE Concentration (Bqm)

ID :
T—_*MTW
T——WW 6

7. Ww (2084 £227) o
15 |[Ukamu @S oiimae (3.845 £ 1.00) X 107"

The alpha and beta radioactivity’s water samples is as shown in Table 3.3. It can be
deduced from the table that Borehole 1 has the highest alpha actjvity, having the valﬁé- ¢
of 7.07+3.98x 107 Bg/l, where Dam has the lowest alpha activity value of 6.39+0.12 x i
10° Bg/l. Through all the values of alpha activities are below the recommended value
set by WHO which is 0.5 Blg/l. While for beta activity, the lowest value is fm@

(B/kwata) which is (2.051 # 3.79) x 10!, and the highest value is from (Tukusha)

which is thjs may aftributed to the geological formation of the area and industrial
h as chemicals that may contain beta emifting elernems used in fertilizer
wastes, suc ; .
i i d streams located in the area. With the
i i i hed into the river an

industries which are was

0.79) * 10 Bg/l, it is inferred that beta activity is higher than the
-value of (1.603 = U. 2

ity i inki f 1.0 B /m’ for beta as
ical ing level of radioactivity in drinking water o q .
practical screen .
L tion.
is ot fit for consump
O and therefore 15
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Figure 3.7

Propor[ioﬂal




asmgsment and ¢
5 pal'l.s&n U} result a bﬁf h .l
Qmy Chart WRS dfﬂwﬂ Ufﬂ[phﬁ a"i! b(tm

the WH

@ ‘he dlfr .
{ {=l ater Sﬂmplb& ! u’l S g’rap iti (
rent \Ni w ﬂl [ hS. iS Bﬂslbi fo %ﬂllﬁm W 'iﬂl
ar £ Ffsampl S
O staﬂ ¥ 1 lly ! g
dard 10 ver es activ valy ki
I 'S are wi ﬂ’l n 18] ulﬂlﬂty hmlf

; | 0.08 ;
i
0.07 — s
i bl
0.06 P
I e By {
= 1005 ) A
=2 L \
@ ¥ |
£ 004 Famy l
v i
9 ey i
i 3 003 Pl i
8 | } : = |
o ) E % {
@ 002 Ene
i o ke
<T I3 i
0.01 i 4
e i
0 \ 1

Boreholel  Tukusha B/kwata Dam . Ufbard'u

Figure 3.4: A bar chart showing the various in alpha activities on test watcr sample-

The results as seen in Figure 3.4 is in agreement with {able 3.3. Bore hole | has the

highest alpha activity, while Dam has the lowest alpha activity.
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Figure 3.5: A bar chart showing the variations in beta activities on test water samples,
It is observed from figure 3.5 that all samples except that of Tukusha have beta
activity values below the recommended value of 1.0Bg/l by WHO. So therefore
whoever that consumes water from Tukusha area is at risk of contaminating diseases

which could lead to death.
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a beaker and transferred into a plancet till often residue. The samples counted for

gross a and B activity with proportional counter. The counter was characterized for
background, plateau and detection-limit. From the characterization results, it was
discovered that the counter showed low background, good plateau and low detection
limit of the samples. It shows that the counts taken from channel were reproducible

for the channel and for mode of counting. The result discovered that the alpha activity

in water is safe while for beta activity, is only one area which is Tukusha has (1.603)

3
By/l, that the activity is higher than the recommended value of 0.5 Bg/m’ for alpha

and 1.0 Bg/m’® for beta given by CEC-FAD and World Health Organisation (WHO).
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5.3 Recommendations

The factors that determine the safety before consumption of water is very ne
CEsst

because the cytoplasm which is the b

asic substance of the cell is made up of 80%

water and modern research as also revealed that most organisms consist of 50% to
90% water and that every living entity requires water for its existence. This method of
checking water for gross alpha and beta activity concentration is necessary. Hence,

this method is necessary for developing countries, where human activities are not

regulated and environmental release of radionuclides are likely to affect drinking

water. Establishment of monitoring programs to ensure water treatment, is necessary.

rried out routi h
The sampling and analysis for radionuclides should be carried out routinely enough to

is wi to check disease
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