e

AIIH(IIHI.E AJASIN UNIVERSITY 3%
P.M.B. 001 AKUNGBA AKOKO, \\
" ONDO STATE, NIGERIA

EFFECTS OF AERATION ON RADGN CONCENTRATION IN
GROUNDWATER SAMPLES




EFFECTS OF AERATION ON RADON CONCEN TRATION IN
GROUNDWATER SAMPLES

BY
AMANESI ABDULFATAI

MATRIC NO: 159403005

A M.Se DISSERTATION SUBMITTED TO THE
DEPARTMENT OF PHYSICS AND ELECTRONICS,
ADEKUNLE AJASIN UNIVERSITY AKUN GBA-AKOKO

ONDO STATE.

IN PARTIAL F ULFILMENT OF THE REQUIREMENT FOR

THE AWARD OF MASTER OF SCIENCE (M.Se) IN PHYSICS

AND ELECTRONICS




DECLARATION

I, AMANESI Abdulfatai with matriculation number:159403005 hereby declare that this work i
titled “EFFECTS OF AERATION ON RADON CONCENTRATION IN GROUNDWATER
SAMPLES” is an original research written by me under the supervision of Dr. E. O. Oniya, of

the Department of Physics and Electronics Adekunle Ajasin University Akungba-Akoko Ondo
State.

15 2902

Student’s Signature Date -




CERTIFICATION -

This research titled “EFFECTS OF AERATION ON RADON CONCENTRATION IN
GROUN.DWATE_R SAMPLES.” by AMANESI Abdulfatai meets the requirement governing the
award of the degree of Master of Science (M. Sc.) in Department of Physics and Electronics
Adekunle Ajasin University Akungba-Akoko Ondo State and is approved for its contribution to -

knowledge and literary presentation,

=

Dr. E. O. Oniya 4 706 } C?’Q‘DCL]

Supervisor Date

Prof, D.D. Abalingin oF ) 09 } 2y
ate

Head of Department

Dr. EB. Faweya
External Examiner Date




DEDICATION

This research is dedicated to Almighty Allah for His grace and mercy and to my parents for
always believing and supporting me all through the program.




ACKNOWLEDGEMENT

Firstly I wish to register my profound gratitude to Almighty Allah for His grace upon my life

which has made this research in particular and my program in general a success.

I would like to express my deep and sincere gratitude to my research supervisor, Dr. E.O Oniya
for giving me the opportunity to carry out this research and providing invaluable guidance
throughout this research, His dynamism, vision, sincerity and motivation have deeply inspired

me. He taught me the methodology to carry out the research and to present the research works as

, clearly as possible. It was a great privilege and honour to work and study under his guidanee. I

am extremely grateful for what he has offered me.

I am extremely grateful to my parents for their love, prayers, cares and sacrifices for educating -

and preparing me for my future, pray they live to reap the fruit of their labour.

[ am very much thankful to my siblings for their love, understanding, prayers and continued
support throughout this program. Also, I want to express my sincere thanks to my uncles and

aunties for supporting me in their different ways and valuable prayers.

Special thanks to my HOD Prof D.D Abajingin and the entire lecturers of Physics and
Electronics Department for their teachings and advices which have been very instrumental in
shaping my academics. Also to Mr. Ahmed of Geography and Planning Science Department for

producing most of the maps used in this research.

In their lilliputian way, Mallam Ado Garba of the Centre for Energy Research and T Taining and °
Dr. Nura Getse of Physics Department both from Ahmadu Bello University, Zaria also merit

warm thanks for contributing positively towards the success of this research.




1 specially appreciate my senior colleague Mr. Omodele Olubi for his role as an elder brother,

extra per of eyes and all-round assistance rendered 1o me during my program, may God bless

him richly.

Finally, I say a very big thank you to my coursemates for making the program a worthwhile .

experience; we shall all continue to soar by the grace of God.

Thank you and God bless you all.




TABLE OF CONTENTS

CONTENTS PAGE
TITTLE PAGE ' i
DECLARATION ii
CERTIFICATION iii
DEDICATION iv
ACKNOWLEDGEMENT v
TABLE OF CONTENTS vii
LIST OF TABLES . X
LIST OF FIGURES xi
LIST OF ACRONYMS AND UNITS _xii
ABSTRACT Xiii

CHAPTER ONE: INTRODUCTION

1.1 Background of study 1
1.2 Statement of Problem 3
1.3 Scope and Limitation g
1.4 Aim and Objectives - 5 SN S 4
1.5 Justification ) n
1.6 Operational Definition of terms 6

CHAPTER TWO: LITERATURE REVIEW

2.1 Review of Previous Works 8

2.2 Aeration ' 17

vii




2.2.1 Natural aeration

18

2.3 Radon-222 18
2.4 Sources Radon 19
2.4.1 Water 19
2.,4.2 Boil 24
2.5 Health Effects of radon i
2.6 Radon Guidelines for Drinking Water 25
CHAPTER THREE: MATERIALS AND METHOD

3.1 Study Area 28
3.1.1 Geology of the Study Area 28
3.2 Materials and Reagents 30
3.3 Liquid Scintillation Counter 30 ]
3.4 Methed 2l
3.4.1 Sample Collection LA
3.4.2 Sample Preparation 38
3.4.3 Sample Analysis 38
CHAPTER FOUR: RESULTS AND DISCUSSIONS

4.1 Results - 42
4.2 Discussions 42
4.2.1 Radon Concentration Values for Samples Capped Immediately after Collection 42
4.2.2 Radon Concentration Values for Samples Capped 24 Hours after Collection 42
4.2.3 Radon Concentrations Values for Samples Capped 72 Hours after Collection 44
4.2 .4 Analysis of Radon-222 in Hand-Pump Samples 44
4.2.5 Analysis of Radon-222 in Open Well Water Samples 46
4,2.6 Mean Radon Concentration 49
4.3 Annual Effective Dose : 49
4.3.1 Annual Effective Dose of Category A Samples 49

viii




4.3.2 Annual Bffective Dose of Category B Samples

53

4.3.3 Annual Effective Dose of Category C Samples

55

4.4 Mean Annual Effective Dose

37

4.4.1 Mean Annual Effective Dose Category A Samples

57

4.4.2 Mean Annual Effective Dose Category B Samples

60

4.4.3 Mean Annual Effective Dose Category C Samples

60

CHAPTER FIVE;: SUMMARY, CONCLUSION AND RECOMMENDATION

5.1 Summary

64

5.2 Conclusion

66

5.3 Contributions to knowledge

5.4 Recommendation

67

67

REFRENCES

69




LIST OF TABLES

TABLES » PAGE

2.1; Half-life of the natural Isotopes of radon -

2.2: International Radon guidance and parametric values in drinkingwater 26

3.1: Showing Communities and Number of Samples Collected 33

4.1: Results of Radon concentration (Bq/L) for the three different

Categoties 43
4.2: Radon-222 concentration in Hand-Pump Samples 45
4.3: Radon-222 concentration in Open Well Samples 47

4.4 Comparing Radon-222 concentration in ground water samples to USEPA MCL,___ 51

4.5: Annual Effective Doses (AED) for the three different categories _ 82




LIST OF FIGURES
FIGURES
2.1 Block Diagram of Uranium-238 Decay Series

20

2.2 Block Diagram of Uranium-235 Decay Series

21

2.3 Block Diagram of Thorium-232 Decay Series

22

3.1 Map of Akoko Area Showing Akoko South West

29

3.2 Schematic Diagrams Illustrating the Principle of LSC

32

3.3 One of the Open Wells from Which Sample Was Collected
3.4 One of the Hand-Pump from Which Sample Was Collected

3.5 Vials in Counting Rack

34

36

3.6 Counted Samples in Secondary Containment

36

3.7 Some Samples that wete Exposed

37

3.8 Liquid Seintillation Counter Analyzer

40

3.9 Printer Attached to LSC

41

4.1 Radon-222 Concentration for Hand-Pump Samples

48

4.2 Radon-222 Concentration for Open Well Water Samples
4.3 Mean Radon-222 Concentration for the Two Water Samples

4.4 Annual Effective Doses for Category A Samples

4.5 Annual Effective Doses for Category B Samples

4.6 Annual Effective Doses for Category C Samples

4.7 Mean Annual Effective Doses for Category A Samples

48
50
54
56
58
59

4.8 Mean Annual Effective Doses for Category B Samples

4.9 Mean Annual Effective Doses for Category C Samples

61
63

Xi

PAGE




LIST OF ACRONYMS AND UNITS

AED: Annual Effective Dose

BEIR: National Academy of Biological Effect of lonizing Radiation
Ba/L: Becquerel per Litre

CERT: Centre for Enerpy Research and Training

CNSC: Canadian National Safety Commission

E-DWD: European Drinking Water Directives

TAEA: International Atomic Energy Agency

ICRP: International Commission on Radiation Protection

LSA: Liquid Scintillation Analyzer

LGA: Local Government Area

MCL: Maximum Contamination Level

ml: Millilitre

mSv: MilliSievert

NORM: Natural Occurring Radioactive Material

PMT: Photomultiplier Tube

UNSCEAR: Uﬁited Nations Scientific Committee on the Effect of Atomic Radiation

USEPA: United States Environmental Protection Agency

i




ABSTRACT
Pipe borne water is not readily available in many localities in Nigeria, leading to an increase in
the number of people depending on groundwater such as boreholes and well water as their main
source of water supply. Radon is one of the major sources of radiological contamination in
groundwater and the largest contributor of the total radiation received by the general public from
natural radicactive sources. Radon is the second largest cause of lung cancer. There are
possibilities of reduction of radon concentration in water when aerated, Thus the effect of
aeration on radon concentration in groundwater that is consumed by the general public in some
communities in Akoko South West Local Government Area, Ondo State Nigeria was
investigated. i
A total of fifty-one groundwater samples collected from different locations within Akoko South-
West Local Government Area, Ondo State were investigated. These were divided into thtee
different categories. Category A was capped immediately at the source while categories B and C
were exposed for twenty-four hours (24hrs) and seventy-two hours (72hrs) respectively, Each -
category comprised of seventeen (17) samples. The different times of exposure of water samples
in the three categories were to observe the effect of natural aeration on radon-222 concentration.
The radon concentrations in all the samples were analyzed using Liquid Scintillation Counter
(LSC) method.
The concentrations of Radon in category A ranged from 12.61Bq/L to 57.508¢q/L and 10.30Bg/L.
to 41.89Bq/L with mean values of 28.018q/L and 25.34Bq/L for Boreholes and wells
respectively. For category B, the concentraticn ranged from 8.50Bg/L to 37.94Bg/L and
6.75Bq/L to 24.39Bg/L with corresponding mean values of 20.18Bq/L and 14.82Bg/L for
Bereholes and wells respectively and for category C for boreholes and wells the concentration
ranged from 3.67Bq/L to 18.33Bq/L and 3.22Bq/L to 10.61Bg/L with mean values of 9.33Bq/L
and 7.07Bq/L respectively. Activity concentrations of Radon-222 were observed to be highest in
category A and lowest in category C. The results were compared with the maximum contaminant
level (MCL) of 11.1Bg/L set by United States Environment Protection Agency and it was
observed that 94.1% of category A, 64.7% of category B and 17.6% of category C of the samples
exceeded the value. The resulis obtained showed that aeration reduces radon concentration in
water. :
It is thereby recommended that water should be fetched in bowls and kept for three to four days
before consumption so as to keep the exposure due to ingestion of Radon-222 as low as
reasonably achievable.
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CHAPTER ONE

INTRODUCTION
1.1 Background
Water is a transpr;lrcnt, tasteless, odourless and nearly colourless chemical substance that is the
main constituent of earth’s streams, lakes, oceans and the fluids of most living organisms.
About 70% of the earth’s surface is water-covered, Ninety-seven percent (97%) water exist in
oceans that are not suitable for drinking. Only 3% is freshwater wherein 2.97% of it is comprised
by glaciers and ice caps and the remaining 0.3% is available as surface and ground water for :
human use (Muller and Michael, 2017). Water is one of the most abundant substances on earth
and is a principal constituent of all living things. Water that is fit for human consumption is
called drinking or portable water. Water that is not potable may be made potable by filtration,
distillation or by a range of other methods. Water that is not fit for drinking but not harmful for
humans when used for other activities like swimming and bathing is called safe water. Safe

drinking water is the basic need for good health and it is also a basic right of humans.

Freshwater is already a limiting resource in many parts of the world. In the next century, it will

bécomc even more limited due to increased population, urbanization and climate change
(Jackson et al., 2001). Water is used in other various aspects of daily lives that include power

generation, agriculture and domestic and industrial activities. Water quality is one of the most
important parameters of environmental studies due to the possibility of pollution (Garba et al.,
2008). Water pollution occurs when harmful substances often chemigcal, microbiological or
radiological contaminate a stream, river, lake, ocean, aquifer or other body of water, degrading

water quality and rendering it toxic to humans or the environment. These Justify why is therefore




important to ensure water to be used is free from chemical, microbiological and radiological

contaminations,

Radiological water contaminants are particularly undesitable radioactive substances that have
entered a water supply. They are known as radionuclides. Typical naturally occurring
radionuclides found in drinking water include isotopes of radium, uranium and radon among

others (Altikulac et al. 2015).

The radionuclides such as radon-222, rad'1un.1—226 and radium-228 most commonly oceurring in
natural waters (lake, spring and groundwater) present a risk to human health (Akar et al., 2012).
The major means by which the naturally occurring radioactive materials enter the human body
are through two main pathways: by inhalation of radioactive gas like radon and ingestion of
primordial radionuclides as well as their progenies (Oniya, 2014). The occurrence of
radionuclides in drinking water gives rise to internal exposure, directly via the decay of
radionuclides taken into the body through ingestion and inhalation; also indirectly when they are
incorparated as part of the food chain. Raden-222 is an alpha-emitting noble gas that is found in
various concentrations in soil, air and in different types of water as a result of migration from
rocks and soil in contact with the water (USEPA, 2012). Much attention has been given to the .
dissolved radon concentration in air and hovx‘f geologic formations (including faults) qualitatively
impact the variability of dissolved radon with little attention given to radon concentration in
water. The composition of geological formations is known to critically affect radon
concentrations in water sources near th;se formations, although when water is transported from
t‘hc source to the consumers,' natural aeration is likely: to reduce radon concentrations
(D’ Alessandro and Vita, 2003). Waters originating from granite formations of cratonic areas

have been identified as having the highest concentrations of radon and other radionuclides in the

2




=0,

uranium and thorium series, also ground water circulating in active volcanic areas display high
radon content (Virk and Singh, 1993). The measurement of radioactivity in drinking water

allows one to determine the exposure of the population to radiation from the habitual

consumption of water.

The treatment of radon rich water by suitable mitigating techniques is necessary for cases of
water containing an elevated level of radon; since there is a shred of increasing evidence
correlating ingestion of radon rich water and the potential for induction of internal cancers
(Jastaniah et al, 2014). The radon removal from water by different treatment processes, such as
Granular Activated Carbon (GAC) adsorption, and various forms of asration was described

(Kinner, et, al 1990).

1.2. Statement of the problem

Several environmental problems are threatening the inhabitants of Akoko South West Local

Government Area and one of these problems is the groundwater quality. Most of the previous .
studies done on the quality of groundwater were focused on the chemical, physical, and

microbiological analysis; but not much on natural radiation analysis has been done, The number

of people who depend on gr.oundwater such as boreholes and well water as their main source of
water supply is increasing. This is because the government water supply is not reliable. These

sources of water do not undergo a quality examination with respect to natural radiation, which is

the leading cause of lung and stomach cancer, There is therefore the need to investig:lite the

quality of groundwater water with regards to t}_le natural rédia‘tion contamination, compare it to

nterpational standards.




1.3 Scope and limitation

This work focuses on the analysis of activity concentrations of Radon-222 in water sources from
Akoko region of Ondo State using Liquid Scintillation technique and also to study the effect of
aeration on radon concentration in the water samples. Estimation of the corresponding annual
effective doses due to ingestion of Radon-222 in water for adults, children and infants were to be
covered. The source of water involved was groundwater (open wells and Boreholes) which was
collected from the following communities within the region: Akungba-Akoko, Oka-Akoko, Oba-
Akako, Ayegunle-Akoko, Iwaro Oka-Akoko, Supare-Akoko and Etioro. The result is expected
to provide the activity concentrations of Radon-222 which would be used to estimate the annual
effective doses from water consumption. The major limitation of this research was the lack of
laboratories that are well equipped for carrying out analyses on natural radionuclides, thereby
prompting the transfer of samples to other locations hence increasing the cost of analysis due to

additional cost of transportation.

1.4. Aim and objectives
The aim of this research is to investigate the effects of aeration on the concentration of Radon-
222 in groundwater samples in Akoko-South West Local Government Area, Ondo State of

Nigeria using Liquid Seintillation Counter.
The objectives of this research are to:

» Measure the activity concentrations of Radon-222 in water samples collected from
selected sources in Akoko-South West Local Government Area, of Ondo State of

Nigeria.




* Estimate the annual effective doses due to intake of Radon-222 from the measured "
samples for Adults, Children and Infants.
.

Study the effect of agration on radon concentration in the water samples.

* Compare the result with intervention levels of relevant international organizations.

L.5. Justification

The problem of Radon-222 is still an issue of concern in the current scientific world, It is well
known that Radon-222 and its progenies contribute more than 50% of the total effective dose
from natural sources (Alghamdi et al,, 201 9). It has been reported that a disease of major concern
associated with radon is lung cancer from inhalation (Messier and Serre 2017),Radon-222 is the
second most frequent cause of lung cancer and number one among non-smokers (USEPA 2018).
Research has shown that these diseases could be a result of both chronic and acute dose
exposure. USEPA has also estimated that 15,000-25,000 people died of Radon-222 ipduced
cancer per annum in USA (USEPA, 2019). Virk and Singh (1993) recorded that certain rocks
including granites, light-coloured voleanic rocks, sedimentary rocks containing phesphate and
metamorphic rocks have higher average Uranium contents. In Nigeria, most areas lack
established data on the :;clivity concentration of Radon-222. Akoko South-West Local
Government of Ondo State is one of such areas where inhabitants rely heavily on untreated
surface and groundwater sources for drinking. Since its geology reveals that the area is enriched
in granite an investigation into radon levels in surface and groundwater sources becomes’
necessary. This'research seeks to address the problem of lack of baseline data and information on :
the activity concentration of Radorll-222 in this region of the Ondo State and also determine the

effect of aeration on the coneentration of radon,




1.6. Operational Definition of Terms

Alpha Particle (@): A positively charged particle consisting of two protons and two

neutrons that are emitted l;;y the nuclei of some radioactive elements as they decay.

* Beta particle (B): it is a high-energy, high-speed electron or positron emitted by the
radioactive decay of an atomic nucleus durin g the process of beta decay.

* Gamma rays (y): Penetrating electromagneﬂc radiation emitted by an atomic nucleus
during radioactive decay examples includes a high-energy, short wavelength fo?‘m of
ionizing radiation.

*  Becquerel: the ST unit of activity of a radioactive substance. (1Bq = 27pCi).

s Activity: The number of nuclear disintegrations in a radioactive material per unit time (it
is used as a measure of the amount of radionuclide present in the material).

* Dose: A general term used to refer to the amount of energy absorbed by tissue from
ionizing radiation

* Effective Dose: A measure of the dose to a tissue or organ designed to reflect the amount
of harm caused to the tissue or organ,

*  Sievert: The unit of effective dose, It i equal to 1 joule/kilogram (symbol Sv),

* Radon: A chemical element with symbol the Rn and atomic number 86. Radon is a

colourless, odourless, tasteless, naturally oceurring, radioactive noble gas that is formed ,

from the decay of Radium,




Aecration: it is the process by which air is circulated through, mixed with or dissolved in a

liquid or substance,

Groundwater: it is the Water present beneath the earth’s soil in pore space and fractures of

rock formations.

Cancer:-it is a disease caused by an uncontrolled division of abnormal cells in a part of -

the body.

Water contamination: it is the presence of g chemical, biological or radiological

substance in water in an amount that is dangerous to health.




CHAPTER TWO

LITERATURE REVIEW

2.1 Review of previous works

This chapter takes a review of what other researchers have done on the determination of radon
concentration level in groundwater, mitigating techniques for the treatment of radon gas in water

and also a brief allusion to some relevant basic concepts of the subject matter of study.

Jastaniah et al. (2014) evaluated a suitsble technique for the treatment of drinking water that was :
artificially enriched with radon in laboratory by placing a radium rich granite stone (pitchblende)
in a closed container filled with tap water for several days to allow radon concentration to
approach its highest possible level. Experiments were desig;ned to investigate the effectiveness of
removal of radon by diffused bubble aeration ‘method at room temperature, The results showed
that this method becomes more efficient at higher air-to-water ratios. Better aeration depends on
the length of travel of bubbles through the water depth. This method is practical and has low
capital cost. The removal of radon from artificially enriched water can be practically achieved by

diffused bubble aeration method to greater than 98%.

Mafra et al. (2011) in their work presented the results of the study of radon concentration -
reduction in well water using the aeration process developed at the Laboratory of Applied
Nuclear Physics of the Federal University of Technology (UTFPR). The water samples were
collected from a well at Pinheirinho region of Curitiba in 2011, The experimental setup was
based on the Radon Monitor (Alp}}aGUARD).- The radon concentration was analyzed using the

software DataBEXPERT by Genitron Instruments, taking into account the volume of water

sample, its temperature, atmospheric pressure and the total volume of the air in the vessels,

8




Initial concentration of radon in water samples was 28.67 Bg/L. which was higher than the
maximurm concentration recommended by USEPA. The mitigation was performed by means of
diffusion aeration of water samples of 15L, during the time interval of 24 hours following a
period of 4 days, The efficiency of aeration mitigation was controlled by comparing the activity
of radon in aerated water with reference water samples that were not aerated. Obtained results
show a very satisfactory decrease of radon activity in water samples even after few hours of

intense aeration,

Zhuo et al. (2001) used radon bubbler and a-Scintillation to measure the activity concentration of
groundwater at Fujian, China and found that the concentration is between (20-40) Bg/L which is

above the Maximum Contamination Level (MCL) set by USEPA.

Badhan ef al. (2010) measured radon concentration in groundwater using RAD7. Their results
showed concentrations to vary from (2560-7750) Bqgm™2 with no correlation observed between

PH of water and Radon concentrations.

Zaini et al. (2011) used Gamma Spectrometry Technique and investigated the activity
concentration of radon iﬁ water and found the concentration of radon to range from 0.29 Bg/L to
1.41 Bgq/L which are lower than the Maximum Contamination Level (MCL) set by USEPA.
Abdulsattar ef af. (2015) used a solid-state nuclear track detector type CR to measure the
concentration of Radon-222 and found the values to be within the range of (0.311-7.433) Bg/L

which are within the recommended limits sets by United State Environmental Protection Agency

(USEPA) and World Health Organization.




Sudhir et al. (2016) measured radon concentrations using RAD7 an clectronic Radon detector
and found the values to range from 0.5 to 22 BgfL which is within recommended level of (4-40)

Bq/L set by UNSCEAR, (2000).

In 2012, a research was carried out in the Kassena Nankana District of the Upper East region in °
Ghana, (Asumadu-Sakyi et al., 2012). The research focused on the levels and potential effect of
radon gas in groundwater. Dissolved Radon-222 in sampled groundwater was analyzed by using
High Purity Germanium (HPGe) Detector and Nuclear Track Detector (N.T.D) techniques. The
radon concentrations obtained ranged from 7.86 x 10™°to 8.18x 107°Bq/l with a mean of
4.38x 10~° Bq/l using the Gamma Spectrometry (G.S) while that of N.T.D. ranged from 5.40 to
6.74 B/l with a mean of 19,54 Bq/l. It was revealed that the estimated annual effective dose by
inhalation ranged from 6.05 to 40.66msv™! with a mean value of 21.91msv* using the N.T.D,
while that of Gamma Spectrometry, rangcdl from 1:39% 10~*msv~! 1o 2:45x% 103msy ™"
Also, the estimated annual effective dose by ingestion ranged from 1:71X 107510 1:32x

10~*psvy ™1 with a mean value of 1:60% 10™*°usvy ™ respectively.

Przylibski et al. (2004) carried out a research on Radon concentration in groundwater of the -
Polish part of the Sudety Mountain (SW Poland). The method adopted in the research was the
PicoRad method, based on the liquid-Scintillation counter Packard-Canberra TRI CARB 1900
TR, for the determinations. It was discovered that the concentration of radon 222 ranged between
0.2 and 1645 Bq/dm 3. It was concluded that the obtained results only allowed speaking about
typical or the most frequent values of radon concentration-in the groundwater of the Polish part
of the Sudety. The results of the research madé it possible to declare that the Sudetes as a whole
were an anomalous area when it comes to the occu:reﬁce of high radon concentration in the

groundwater of Poland,
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Garba et al. (2013) investigated groundwater samples from various locations of Zaria and
environs for their Radon-222 concentrations by liquid scintillation counter. The concentration of
Radon-222 in open well water was found to vary in the range (0.77-28.37) Bq/L and (2.32-
48.80) Bq/L for borehole, with a geometric mean of 12.43 and 11.16Bg/L for borehole and well
sources respectively. The results showed that Radon-222 concentration in borehole sources is
higher than that of well water sources and were both greater than the maximum concentration

limit (MCL) of 11.1Bq/L set by USEPA,

Njinga, et al. (2015), carried out a research on radioactivity analysis in underground drinking
Wwater sources in Niger State University of Nigeria The activity concentration of gross alpha and
gross beta particles in four samples of borehole drinking water consumed in Ibrahim Badamasi
Babangida University (IBBU), Lapai, Niger State-Nigeria was measured, using a portable single
channel gas filled proportional counter (MPC2000B-DP) detector. This study focused on cancer
related problems and the bio-data of the environment was discussed as well as the radiological
effect of the water on consumers. Higher concentration of alpha and beta were abserved in
Hostel block A (DD) with values of 0.085+ 0.024 and 11.22940.901BqL ™%, respectively.
However, lower concentration of alpha and beta particles were observed in the Faculty of
Management Science (AA) with values of 0.006+ 0.005 and 0.001+0.276BqL™?, respectively. .
Out of the four sampling sites studied, only tlie Faculty of Management Science fall below the
guideline levels of gross alpha (0.5BqL™%) and gross beta (1.0BgL™?) in drinking water, ‘
established by the World Health Organization. These results show that, consumption of
groundwater from the other three major borehole sources, may pose significant radiological

health hazards to the population.
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Oni et al. (2016) investigated a total of 64 water samples from Ado-Ekiti using calibrated active
electronic detector RAD7 connected to RAD H,0 accessory and found that 53% of the results

were above 11.1 Bg/L MCL suggested by USEPA.

Ademola and Oyeleke (2017) using a liquid S(I;intillation counter investigated the concentrations
of Radon-222 in 84 water samples in the city of Ibadan and found the values to range from 2.18
to 76.75 Bq/L. The corresponding annual effective doses were also found to range from 0.036 to

1.261 mSvly, 0.071 to 2.521mSv/y and 0.042 to 1.471 mSw/y for adult, children and infants

respectively.

Kendall and Smith (2002) discussed the doses from radon and from its shert-lived . decay
products to a number of organs, tissues and the fetus. The aim was to put all these doses into
context rather than concentrating only on the largest contributions. There is also a brief
discussion of the evidence from epidemiclogy on the risks of exposure to radon and its decay
products. As is well known, under normal circumstances the greatest hazard is to the respiratory
tract from inhalation of radon decay products. Radon decay products may also give substantial
doses to the skin. Undér some circumstances it seems likely that ingested radon could give

significant doses to the stomach.

Binesh et al. (2010). In their research collected drinking water samples from various places in
Mashhad city which has about 4 million population. The radon concentration was measured by
PRASSI system three times for each sample. Results show that about 75% of water samples have ;
tadon concentration gathered than 10 Bg/L which advised EPA as a normal level. According to
measurements data, the arithmetic' mean of radon concentration for all samples was 16238 =

9.322 Bq/L. Similarly, the annual effective dose in stomach and lung per person has been

12




evaluated in this research, Acoording to the advice of WHO and EU Couneil, just 2 samples

induced the total annyal effective dose greater.than 0.1 mSvly,

Ali et al. (2010) collected Different samples of water, indoor air and soil gas from Islamabad and
Murree. They analyzed for the estimation of mean effective dose through radon concentrations
by using RAD-7, a solid-state detector, The variation of radon concentration in water, indoor air
and soil gas in Islamabad region ranges from 25.90- 158.40 kBqm=2 , 43.26-97.04 Bqm™2 and
17.34-72.52 kBqm~3, having mean vajues 88.63 kBqm™ , 70.67 Bqm™? and 45.08 kBqm™?
respectively. It ranges from 1.64— 10,20 kBgqm™3 , 18.48-42 08 Bgm ™ and 0.61-3.89 kBgm™3
with mean values 4.38 kBqm=3 | 23,63 Bgqm™? and 1.70 kBqm~? respectively in Murree and its
surroundings. The total mean annual effective doses from water and indoor air of Islamabad and
Murree regions are 2.023 and 0.733 m3vly, respectively. These doses are within the

recommended limits of the world organizations.

Ravikumar and Somashekar (2014) determined the distribution of radon in ground and surface
water samples in Sankey Tank and Mallathahalli Take areas using Durridge RAD-7 analyzer :
with RAD H,0 accessory: The radiation dose received by an individual falling under different
age groups depending upon their average annual water consumption rate was attempted. The
mean radon activity in surface water of Sankey Tank and Mallathahall; Lake was 7.24 & 1,48 and
11.43 + 1.1] Bq/L, respectively. The average radon activities ranged from 11.6 = 1.7 to 3812+
2.0 Bg/L and 1,50 = 0.83 to 18.9 + 1.59 Bq/L, respectively, in 12 groundwater samples each
around Sankey Tank and Mallathahalli Lake areas. Majority of the measured grounldwater
samples showed mean radon values above the EPA’s maximum contaminant level of 11,1 Bg/L
and only 66.67 % of samples in Sankey Tank area showed radon above the WHO and EU’s

reference level of 100 Bg/ L. The overall radiation dose due to radon emanating from water in
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the study area was increasing with an increase in age and water consumption rates, but
significantly lower than UNSCEAR and WHO recommended limit of 1 mSv/year except for few ]
groundwater samples in Sankey Tank area (i.e., 0.92, 0.99 and 1.39 mSv/year). The radiation

dose rate teceived by bronchial epithelium via inhalation was very high compared to that by

stomach walls via ingestion.

Caridi and Belmusto (2018) reported experimental results obtained, with different diagnostics
setups, for radon activity concentration measurement in underground water for human use. An
overview is given about the performance >of different measurement techniques, based on
experimental data. The following parameters are compared and discussed: counting efficiency,
minimum detectable activity, measurement uncertainty, background, sample volume and
treatment, The estimated average value for radon-specific activity in underground water was
compared with that one derived from different legislations and directives/guidelines and it was
used, with the dose conversion factor for Radon-222, to estimate the annual effective dose, for

adult members of public of the investigated region, due to the groundwater radon ingestion.

Kalip et al. (2018). The variation in the concentration of radon in groundwater sources
comprising of boreholes and wells in Kaduna metropolis and environs were determined b}‘! using
Tri-carb LSA 1000 liquid scintillation counter. The radiation dose received by individuals within
different age groups categorized under; infants, children and adults, depending on their average
annual water consumption rates (ACRs) were also estimated. The mean radon activity in 16
boreholes and 18 well water samples were 1.8/Bg/L and 0.57 Bg/L respectively; while the
av.erage radon activities ranged from 0.85 to 2.57 Bg/L and 0.35 to 0.85Bg/L respectively with .
all values far below the United States Environmental Protection Agency MCL of 11.1 Bg/L. All

the estimated annual committed effective dose (ACED) for all samples were observed to increase
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with radon concentration, age and ACRs, but were significantly lower than the United Nation

Scientific Committee on Effect of Atomic.

Faweya, et al. (2018) investigated radon concentration in water and heavy metals concentrations
in sediment samples from historical cold ard warm springs -at Ikogosi using Durridge RAD-7
analyzer with RAD H,0 accessory and atomic absorption spectrophotometer. The mean activity
concentration of radon in water samples ranged from 0.07 to 0.36 with overall mean value 0.20
Bg/L, 35-210 with an overall mean value 75.9Bg/L and 11.7-140.0 with an overall mean 79.4 ;
Ba/L for bottled, cold and warm water samples respectively. The calculated total effective dose
values were below 100 HSv/y recommended by WHO. The result of clemental analysis showed
that the mean values of metals concentrations were Pb (2.9-11.8 mg/kg), Cu (3.8-12.8 mg/kg),
Fe (945.0-2010.0 mg/kg), Cd (0.6-1.7 mgrkg) and Ni (0.3-2.6 mg/kg). The results revealed
values not higher than recommended permissible limit and background values. The pollution
load index revealed that the overall contamination of metals indicated no significant pollution in

all the studied samples.

Aruwa et al. (2017) Studied groundwater samples from selected boreholes and wells in Idah and
determined the concentration of radon using the Liquid Scintillation Counter (LSC). The average
concentration of radon obtained was 14.09+1.10 Bq/L for boreholes and 13.45+1.00 Bq/L for -
well waters. The overall average coneentration of 13.7741.05 Bq/L was recorded. The results
obtained in this work wete compared with the maximum contamination level (MCL) of 11.1
BgL -1 set by USEPA and it was observed that 80% of the samples exceeded these values. The
avlerage annual effective dose Hy ingestion of 0.051mSv/y was recorded for boreholes and

0.049mSv/y for well water samples. All values of effective dose were helow the ICRP

recommended intervention level of 3- 10mSv/y.
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Akinnagbe et al. (2018) investigated radon concentration in groundwater in Tjero, Ekiti State,
using the RAD7/RAD H,O driven alpha spectrometry technique. The results were used to
estimate the annual effective committed doses in order to establish possible radiological health
hazards and 1o suggest necessary safety measures. The minimum and maximum radon
concentrations in the samples were 0.168 Bg/L and 78.509 Bg/L from stream and borehole
samples, respectively. 45% of the samples radon concentration exceeded 11.1 Bg/L, the
maximum permissible limit. It was observed that none of the samples has radon concentration
value up to 100 Bq/L, which is recommended by the European Union 1o be the upper bound
value, above which remedial action is required. None of the samples had an annual effective
dose higher than the maximum permissible limit of 0.2 nSv/y if consumed by children and 0.1
mSv/y if consumed by adults. The relatively high levels of radon indicate a certain level of
health risk. Though the effective dose seemed low, effects of prolonged exposure (o radiation are

still possible

Oni and Adagunodo (2019) investigated the level of radon in drinking water in Ogbomoso using

an active electronic device RAD 7. produced by Durridge Company USA. The radon

concentrations within the study area vary from 0.60 to 2.64 Bg/I., with the mean value of 1.86
Bg/L. The committed annual cffective doses due to ingestion vary from 6.25 % 10~3t0 1.93 x
0= mSv/y, with mean values of 0,02 mSv/y. The radon concentrations in water samples of
Ogbomoso are lower than the threshold as set by both United States Environmental and

Protection Ageney, and European Commission of 11 and 100 Bq/L respectively.




2.2, Aeration

Aeration is the process by which air is circulated through, mixed or dissolved in a liquid or ;
substance. Any procedure by which oxygen is added to water can be considered a type of water
aeration, This being the only criterion, there are a variety of ways to aerate water. This fall into
two broad areas namely surface aeration and subsurface aeration. Aeration water treatment is
effective for the management of dissolved gases such as radon, carbon dioxide, some taste and
odour problems such as methane, and hydrogen sulfide, as well as volatile organic compounds,
like MTBE or industrial solvents. It is also effective in precipitating dissolved iron and
manganese Aeration raises the pH of water. Aeration is not effective for the removal of heavy

metals, or pathogenic (disease-causing) organisms like bacteria and viruses.

Aeration is an in-line point-of-entry process that reduces the concentration of volatile organic
compounds. Aeration also removes dissolved gases such as hydrogen sulfide, methane, and
radon. Aeration oxidizes dissolved iron, although the resulting iron particles can foul the packing

material in some aeration devices.

Two types of treatment processes have been widely used to remove radon from water supplies by
aeration technique namely diffused bubble aeration system and packed lower aeration system.
The stimulated water aeration is considered by USEPA as the best available method for removal
of radon from water. The physical factors that have to be considered for evaluation of its

efficiency are: the time interval of water aeration, the intensity of air flow, the quantity of water,

its surface area, the temperature of water, atmospheric pressure (Drago 1998). As it was

estimated by USEPA(2018) this mitigation method can reduce by 99% the concentration level of .




radon in water and according to (Alabdula’aly and Maghrawy 2011) this method can reach the

efficiency above 97%,

2.2.1. Natural Aeration

This is a type of both sub-surface and surface aeration. It can occur through sub-surface équatic
plant. Through the natural process of photosynthesis, water plant releases oxygen into the water.
Surface aeration occurs when Oxygen is driven into the water when wind disturbs the surface of

water bodies. It can also occur through the movement of water caused by an incoming stream,

waterfall or even a strong flood.
2.3. Radon-222

Radon is a chemical clement with the symbol Rn and atomic number 86. It was the fifth
radioactive element to be discovered and it was discovered in 1900 by Fredrich E. Dorn in Halle,
Germany. He described it as radium emanation because it arose from the element radium, which
he was working with, Jt 15 a naturally occurring radioactive inert gas with half-life of 3.82 days
which is a member of the Uranium-238 decay series (Somlai, 2007). It is a colourless, odourless,
tasteless and chemically non-reactive gas formed from the radioactive decay specifically of
Radium-226, a decay product of Uranium-238 (USEPA, 1999). Low concentration of Uranium
and its decay products occur widely in the earth’s crust and thus Radon-222 is continually being
generated. Radon-222 emits alpha particle during its decay to Polonium. The exposure of human
beings to Radon is dual, which is through inhalation of radon released into the ambient air and
thf-ough ingestion when water is used for drinking. Radon-222 activity concentration in water is
due to the decay of Radium-226 associated with the rock and soil. The radon gas percolates

through the soil and rock and dissolves in the water, Therefore, the concentration of Radon in
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water is higher than one would expect (Xinwei, 2006). Normally, the activity sI:oncentratiOH of
radon in groundwater is higher than that in surface water. This is because radon is 2 gas and
when water that contains radon is exposed to the air the radon tends to be released into the air.
However surface water polluted with Natural Occurring Radioactive Materials (NORM) from
human activities such as mining and fertilizer production-is prone to high activity concentration
of radon, People who are exposed to radon in drinking water may have an increased risk of
getting cancer over the course of their lifetime (UNSCEAR, 2018). Uranium-238 and Thorium-
232 are the major contributors of Radon in nature. Figures 2:1 to 2.3 show the Uranium decay

and thorium decay series.

Radon in general occurs as three natural isotopes derived from three different radioactive decay

chains commencing with Uranium-238, Thorium-232 and Uranium-235 as shown in Table 2.1.
2.6. Sources of Radon
2.6.1 Water

Surface and underground water contain radionuclides as natural components in various .
concentrations depending on their origin. Radon is released into the water as a result of natural
processes like decay of its parent nuclide Radium-226 and predominantly dissolution from the
surrounding geological environment, (Rocks and soil). (Moreno et al. 2014. Fonollosa er al.
2016). A portion of the radon released through radioactive decay moves through air or water
sedimentary rocks containing Phosphate and metamorphic rocks are recorded to have higher
Uranium contents (Virk and Singh, 1993). Radon gas is released into the atmosphere from the

ground through its diffusion in the pore spaces in the soils and it significantly contributes to
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Figure 2.1: Block diagram of Uranium-238 decay series
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Figure 2.2: Block diagram of Uranium-235 decay series
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Table 2.1: Half-life's of three natural Tsotopes of Radon

Tsofopes | m Halflife Decay Chain
Radon222 | Radon 3.82 da;)s Uranium-238
Radon220 | Thoron 54.5 Seconds Therium-232
‘Radon-219 | Actinon 3.92 Seconds | Uranium-235

===l et e
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filled pores in the soj )
p oil to the soj| surface and enters the ajy Wwhile some remain below the surface

and dissolves in groundwater (USEPA, 1999). The solubility of radon is commonly expressed by
the partitioning coefficient of Radon-222 between pure solvent and ajr (Schubert et af, 2007).
Groundwater from wells and boreholes usually contain higher radon concentrations than surface
water, because surface water i ©Xposed to the air and since radon is a gas it tends to escape into
the air. Also, the concentration of Radium-226 in the aquifer matrix is the basis for the high
activity concentration of radop in groundwater (Vinson ef al; 2009). The exposure of people to

radon in water is dual, which are, by inhalation of the radon released into the ambient air when

water is used for domestic activities and by ingestion when water is used for drinking

(Abdalsattar and Rajaa, 2015).
2.6.2 Soil

Soil is ariother source of radon. It is the uppermost layer of the earth in which plant grows, It is
formed typically from the weathering of rocks. Radon in soil is mainly from rocks containing
some level of Uranium-238, where the decay of Radium-226 from Uranium-238 decay gives
Radon-222. Certain types of rocks, including granites, dark Shale, light-coloured volcanic rocks,
elevated indoor radon gas concentration through the same mechanism including conveetion via

cracks and openings, diffusion from the soil via pore space in building materials and emanation

from building materials (Lee et al 2019).

2.7 Health Effects of Radon

The adverse health effects which depend on the level of exposure to radon are caused primarily
by damage due to alpha patticles. There is no immediate symptom to radon exposure but long

term exposure to radon with high aetivity concentration has been linked to cancer of the lungs
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Messier and Ser: )
(l re 2017), Stomach cancer is linked with a very high radon level in drinking

water (Raquel ez af,, 2017),

Lung cancer from i ion i
= nhalation js the most common health effect of radon, aerosol or smoke are

adily deposited i i
readily deposited in the dirways of the lung, while lodged there, the progeny emit ionizing

radiation i : :
radiation in form of alpha particje which can damage the bronchial epithelial cells and cause

cancer (Turner et al, 2012).
2.8 Radon guidelines for drinking water

In order to protect the health of citizens from radiation in drinking water, different radon levels
are introduced by different international organizations. Water intended for human consumption
the Euratom Drinking Water Directive (E-DWD) establishes parametric values (E-DWD, 2013),
World Health Organization (WHO) uses guidance level (WHO, 2008) while in the United States
maximum contamination levels are introduced (USEPA2018). The established guidance levels
and parametric values based on whether that value poses a risk to human health from a radiation
protection point of view or not ( that is if further remediation action is needed or not). However,
the action level is not a boundary between safe and unsafe, but rather a level at which the action

on the reduction of radon level will be justified. Table 2.2 shows some of these guidelines from |

different countries.
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W

Recommendation
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= |
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_ |

500
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EURATOM, 2013
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(E-DWD) MS National law

Finland (E-DWD) 1000 EURATOM, 2013
MS National law
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Maximum Contaminant
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alternative higher UéEPA (2018)

MCL

et e o R

26

in Drinking Water




The 24 member stateg are: Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech Republic,
Denmark, Estonia, France, Germany Greece, Hungary, Italy, Latvia, Lithuania, Luxembourg,
Malta, Netherlands, Poland, Romania, Slovakia, Slovenia, Sweden and United Kingdom.
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CHAPTER THREE

MATERIALS AND METHOD

3.1 Study Area

The sample collection points fall withiy Akoko South West Local Government Area. Tt is located
in the northern senatorial district of Ondo State southwestern Nigeria as depicted in Figures 3.1
and 3.2. 1t lies between latitude720' N’ and 7°30'N and longitude 5°30'E and 5°50'E, Akoko
South West L.G.A has a land size of about 226km?, with a population of about 229,486 as at

2006 national census. The people are predominantly farmers, civil servants and traders.

3.1.1 Geology of the Study Area

Ondo state has two distinet geological regions. First is the region of sedimentary rocks in the
south and Precambrian basement complex rocks in the north. It is also composed of lowlands and
rugged hills with granitic outcrops in several places. [n general, the land rises from the coastal
part of ilaje/eseodo (less than fifteen meters above sea level) in the south, to the rugged hills of

the north eastern portion in Akoko area.

Akoko South West L.G.A. is basically underlain by the Precambrian rock of southern Nigeria.

The most predominant rock type in the area is migmatite and granite/granite gneiss. (Falowo et

al, 2017) The basement rock exposures are however as lowland outcrop in few places within the

local ent area particularly where the basement is shallow and erosional activities are
government '

active (Mohammed et al 2012).
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3.2 Materials and Reagents

he list of materia] 2l S :
i S and reagents used ip this research are stated below as described by the

Americar Socfety for Testing and Magorigs (ASTM, 1999)

Il Disposable hypodermic Sytinge (20ml, 10ml capacities)
I Surgical gloves,
[ Seintillation vials (20m| capacity) with polyethylene inner seal cap liners,

IV.  Detergent.

V. Scintillation cocktail.

VL. Distilled water.

VI Masking tape
VIIL  Marker

IX.  Indelible ink and Masking tape. !

X.  Liquid Scintil]étion Counter (Packard Tri-Card LSA 1000TR).

XL Global Positioning System (GPS).

XIl. A piece of clean cloth
3.3 Liquid Scintillation Counter.

Liquid Scintillation Counter (LSC) is a device that measures ionizing radiation, predominantly
alpha and beta from radioactive substances. It can measure gamma radiation but with reduced
Efiﬁciency. In Liquid sdmillatic;n Counters, energy from emitted radiation is absorbed by a
Séintillat or (a material that gives photons of light in response to incident radiation) and re-emit as

Phok Th itted light photons are detected by a sensitive photomultiplier tube (PMT)
otons, € emitte
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attached to electrical ampf; i
plifiers angd converted to electrical energy for analysis, In this way, each

sevisBIon POSUISS i lse £ light o5 shovn in Figure 3.2
re

3.4 Method
3.4.1 Sample collection

total of 51 : - )
& samples were collected for analysis from the selected groundwater (Boreholes and

open wells) sources at different locations in Akungba-Akcko, Oka-Akoko, Oba- AkOkO,
Ayegunle-Akoko, Iwaro Oka-Akoko, Supare-Akoko and Etioro. Figures 3.5 and 3 6 are
representatives of open wells and hand-pump from which water samples were sourced from.
During sampling, a global positioning system was used to mark the geographical locations, on
the earth surface, of the sample collection points. Samples were collected using plastic vials of
30mL. Hand-pumps were pumped and allowed to flow for at least two minutes before samples
were collected in order to ensure that fresh samples were obtained. Water samples from open
wells were first collected with bailers and then transferred into vials (Figures 3.7 and 3.8). Each
collected sample was broperly labeled and the time of sample collection was noted and recorded.
The samples at all the locations were collected in three different categories labeled A, B and C.
Category A were capped immediately at the source while category B and C were left open for
aeration for twenty-four hours (24hrs) and seventy-two hours (72hrs) respectively (Fig{zrc 3.9) '

before capping. The essence of those various levels of aerations in samples B and C is to observe

the effect of natural aeration on the concentration of tadon-222 gas with respect to the various

degrees of exposure to the open air. Three (3) samples each was collected from seventeen (17)
S 0 ;

i —one (51) samples as shown in Table 3.1.
sample collection points makinga total of fifty-one (51) samp
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Figure 3.2: Schematic Diagram illustrating the principle of Liquid Scintillation Counter.
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Figure 3.6: Counted Samples in Secondary Containment
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Figure 3.7: §
gure 3.7: Some samples that were exposed
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3.4.2 Sample preparation

10 ml of each sample wg )
§ added into a vig| containing 10 ml of insta-gel based cocktail

scintillator) using a h: . .
( & & iypodermic syringe. The vials were tightly capped and shaken vigorously
for three (3) minutes to :

extract radon-222 in the water phase into the organic scintillator (Forte et

al., 2006). In 3 simila;
© manner, a blank sample for the background was prepared using distilled

ter that h i ;
AL as been kept in a glass bottle for at least 21 days. The prepared samples were allowed

tand i
o stand undisturbed for at least three 3) hol_lrs each in order for Radon-222 and its alpha decay

products attain equilibrium before counting,

3.4.3 Sample Analysis

The prepared samples and the blank were each analyzed using the Liquid Scintillation Counter
(Tri-Card LSA 1000) at the Center for Energy Research and Training (CERT), Ahmadu Bello
University Zaria, Kaduna State, Nigeria. The Liquid Scintillation Analyzer (Tri-carb- LSA 1000)

is shown in Figure 3.8. The printer attached to the Liquid Scintillation Analyzer is shown in

Figure 3.9.

Radiation emitted from the samples transferred energy to the organic scintillator which in turn

emits light photons. This way each emission ;esult is a pulse of light in form of a digit.

The activity concentration of Radon-222 was caleulated from the samples and background ’

results obtained using equation 3.1: ( Joseph et al 2018)

= 100X(SC—BC)expAt i Al
CRH(BCIL 1) = 60%CFXD 5
Where-_
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qL Ollcentiatmu of Rad(:n er lifre.
CR (B ) C 222 in BquUGI'EI li
n p 1

§C= Sample Count (Count Per min),
BC = Background Count (Count per min)

t=Time elapsed between sampling tq Counting (minutes)
= Decay constant (1,2¢ ><10‘4m£n‘1}

CF = Calibration factor (13.37 Bg~1)

D = Fraction of Radon-222 in the cocktail in a 22 ml total capacity vial for 10ml of sample, 10

mi of cocktail and 2 mi of air,

The corresponding annual effective doses (mSviy) due to ingestion of Radon-222 in water

samples were also caleulated taking into account the dose coefficient in (Sv/Bq), the annual
water consumption (L/Y) and the activity concentration of Radon-222 obtained from equation 3.1

using the equation 3.2.
Where:
EmS/y) = Caa x D x 1L e

Cpn= Concentration of Radon-222(BqL™%),

I= Annual water consumption of 2 litres, 1.5litres and 0.7 litres per day that is 730L/Y, 547.51/Y .

and 255 51/, for adults, children and infants respectively (Malakootian and Nejhad, 2017).

4 ~85/Bq, 7x107%Sv/Bq) for adults, children and infants
D= Dose coefficient (10-Sv/Bq, 2X10 .

"espectively. (UNSCEAR, 2000).
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CHAPTER poyg

RESULTS AND DISCUSSIONS

The activity concentration of Radon-222 of the fify
€11 Y-

; : one (51) water samples collected at different |
Jocations 1n Akoko South West Local Goy,
ernm

ent Area of Ondo State as well as the
corresponding annual effective doses dye to ingest
I

on of radon in water for the three categories
of people were discussed.

4.1 Results

Radon concentration and Annug| Effective Dose measyred in samples for categories A, B and C

as described in Chapter 3 are respectively presémcd in Tables 4.1 to 4.3,

4.2 Discussions

4.2.1. Radon concentrations values for samples capped immediately affer collection

The mean values of Radon-222 concentrations wers found to be 28.01 and 25.34 Bq/L for hand-
Pumps and open wells respectively with overall mean value of 26.91Bq/L as shown in Table 4.1.

These results have shown that 94.10% and mean value of Radon-222 concentrations were above

the USEPA MCL of 11.1 Bg/L.
42.2. Radon concentrations values for samples capped 24 hours after collection

o rireas values of Radon-222 concentrations were found to ‘be 20.18 and 14.82 Bg/L for hand-

Pumps angd olls respectively with overall mean value of 17.97Bq/L as shown in Table 4.1,
open w

Thee G = that 64.7% and the mean value of Radon-222 concentrations were
€ results have shown i
%ove the UsEPA MCL of 1.1 Ba/L
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(6N [SAMPLE" [LATITUDE | LONGITtDE
mw RADON
CONC |coNC |coNc
(Ba/L) | (Bq) | (Bq/L)
T | Akungba 1 WT—WEA‘ SalvhS
e 5044‘, 2" 12044 [13.13  [494
14.0280" | 1452 |97 4.07
3 | Akungba3 | 7°2829 596gn S%4413.974" | 1261 | 850 3.67
4 | Akungbad | 7°28'34.9608" | 504419 goggn 1030|675 322
3° | Avegunle | 72457.4308" | su3067168% |2742 | 1840 |47
6 | Etioro 7°2622.056" | 5°4324.960" | 1495 | 1006 | 8.9
7 | Iwarol 7726'57.1812" | 5°44'56.0508" | 1530 | 1033 | 547
8 Iwaro 2 7°26'58.7472" | 5°44'54.1428" | 15.59 11.01 5.50
9 |Obal 7°22'12.252" | 5°43'38.8632" [21.80 | 1639 | 7.83
10 | Oba2 7°22721.9432" | 5°43'19.442" | 2150 | 1557 | 7.89
Il | Oba3 7°22'45.3288" | 5°43'34.1868" | 3878 | 18.15 | 10.61
12 | Okal 7°27'18.414" | 5°48'50.0328" | 3371 | 1669 | 7.47
13 | Oka2 792724.4548" | 5°48'7.5168" | 4180 [2439 [ 9.37
14 | Oka3 702712.3228" | 5°47'38.0868" |31.95  |24.82 | 10.69
|15 | Suparel | 7°26'46.5070" | 5°4125.098" |27.98 2622 | 13.44
16 |Supare2 | 7°2716.0992" | 5°412661" | 5750 3794 | 18.33
17 |Supare3 | 7°27'19.9332" | 5°4212:2652" | 5125 3748 | 16.69
L——L/@ 26.91 17.97 | 840
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424, Analysis of Radon-223 i, hand-pup;, samp|
€s.

sult of th i . :
The resu ¢ analysis of radop concentrations for the ten (10) hand-pump water samples *
collected at different locationg Akoko South-West Local Government Area as present in Table

42 revealed that the concentrations of Radon-222 varied from 12.6] Bg/L to 57.50 Bq/L, witha -

mean value of 28.01B4/L for the category A samples. The concentrations of Radon-222 varied

from 8.504 Bq/L to 37.944 Bq/L with a mean value of 20,18 Bq/L for the category B samples
and the concentrations of Radon-222 varied from 3.672 Bg/L to 18.326B8¢/L with a mean value

of9.33Bg/Lfor the category C samples.

The maximum concentration was obtained from Supare-Akoko while the minimum
toncentration was found at Akungba-Akoko as shown in Table 4.2 and Figure 4.1 All the values
tbtained from category A samples were found to be above maximum contaminant levels while .
0% of category B were above the maximum contamination level and only 30% of category C

semp] b the maximum contamination level of 11.1 Bg/L set by United State
€s were above the

; 8
Eﬂvlronmemal Protection Ageney (USEPA, 2l




gampf“

|

hand-i’“mp 2
| Hand-pumnp 3

|Hﬂﬂd"pump 4

‘ Hand-pump 5

‘Hand-PUmP 6
‘Hand-pumlj 7

‘ Hand-pump 8

‘ Hand-pump 9

|‘ Hand-pump 10

W‘ : Radon-222 concentration in hang

Location

RnCgong R
nCone

Ba) (Bq/r) (BqL)
of category A

WW“ i of category ¢

Akungba 2 14,52 9.71

Akungba 3 12,61 8.50

Ayegunle | 27.49 18.40

Etioro 14.95

Oba 2

Oka 3

Supare ]

Supare 2

Supare 3

PUMD a5 1e

|Mean values




l.?ai Analysis of radon in Open Well Water
Sampleg

he result of the analysig ¢ radon ¢qp,
cg

Mirationg '
Of the seyep (7) open well water samples

wilected at different locationg from Akokg g
0 So

Uth-Wegy Lo
. ] i
L o “al Government Area g presented in

Centratjoy of Radop

¢ ~222 varied from 10,308 /L to *
4188 Bq/L with a meap, Valye of 2534 Bq/ ed from g/Lto

: L for Category A samples. The concentrations of
Radon-222 varied from 6,75 B/l to 24 98 '

/L with 4 mean value of 14.82Rg/1, for category B

nd th i
smples a € concentrations of Radon~22,2 varied from 3,274 Ba/L to 10.613Bq/L with a

mean value of 7.07Bg/L for category C samp|eg.

The maximum concentration wag obtained from Oka-Akoko while the minimum concentration

was found at Akungba-Akoko as shown in Table 4.3, Al the values obtained from category A
samples were found to be above maximum contaminant levels while 70% of category B were
thove the maximum contamination level and only 30% of category C samples were above the

maximum contamination level of 11.1 Bgq/L set by United State Environmenta] Protection

Agency (USEPA, 201 8)
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Figure 4.1: Radon-222 Concentrations for Hand-pump Water Samples.
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436, Mean Radon Concem,.an.o“s

d, The Mmegn
Concentraf,
loulated and plotted ag shown Figure 4 4 01 of each of the water types was

gemples from borehole haye the |

highest :

. Mean Concentration of Radon-222 compared 1o that of
| water in the three category

wel FEoties, Al the mean Values eXceeded the maximum contaminant

13, Annual Effective Doses (AED)

431 Annual Effective Doses (AED) of Category A samples

The ferresponding Annual Effective Doses due to intake of Radon-222 from borehole water .

¥mples collected were estimated for the samples and found to range from (0.09 to 0.42) mSwviy,

01410 0.63) mSv/y and (0.23 to 1.03) mSvly as shown in Table 4.7 with corresponding mean

Hles of 0.21, 0.31 and 0.50mSv/y for adults, children and infants respectively. While the

dmds M an 3

CATinlen
Hlimateq annual effective doses due ingestion of Radon-222 from Well water samples were
d (0.18 to 0.75) mSvly with

: 0.11 to 0.46) mSv/y an
#0910 ran 0.31) mSviy, (

ge from (0.08 to

8 d 0.45 mSv/y for adults, children and infants
and 0.

C(]n"“ﬂ'pondin mean values of 0.19, 0.28,

g

88.2% of the estimated Annual Effective doses for adults
r?pec{j\,ely. These results showed that 85.

mSuly for intake of radionuclide in water

i ; ] of 0.1
e ghoye the recommended reference 1eve
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Figure 4.3: Mean Radon-222 Concentrations for the two Water Types
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0.15
0,11
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0.11
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0.16
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2004) whije 100% of e

-222 from borehole water

samples were estimated ang found to range fiom (0-06 t0 0.28) msyyy, (0.09 t0 0.42) mSwry and

{0.15 t0 0.68) mSu/y as shown in Table 4.7 with corresponding mean

values of 0.15, 0.22 and
036 mSv/y for adults, children and infants respectively. While the estimated annual effective
doses due ingestion of Radon-222 from Well water samples were found to range from (0.05 to
0.18) mSwry, (0.07 to 0.27) mSv/yand (0.15 to 0.68) mSv/y with corresponding mean values of
011, 0.16, and 0.26 mSv/y for aduits, children and infants respectively. These results showed
tat 57.8% of the estimated Annual Effective dose for adults were above the recommended
ference eyel of 0.1 mSv/y for intake of radionuclide in water set by World Health

Otganizati (WHO, 2004) while 88.2% of the estimated Annual Effective dose for children
ion : :

Wete above the recommended reference level of 0.1 mSwly for intake of radionuclide in water

estimated Annual Effective

s

s t——
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Figure 4.4: Annual Effective Doses (AED) of category A samples.




ﬂ“s’ ot infants were aboye the reco
m

L1TmSvly for adults, children and infants respectively. While the estimated annual effective
doses due ingestion of Radon-222 from Well water samples were found to range from (0,02 to
008) mSwiy, (0.04 to 0.12) mSw/y and (0.06 10 0.19) mSvly with corresponding mean values of
005, 0.08, and 0.13 mSv/y for adults, children and infants respectively. These resulis showed
et 11.8% of the estimated Annual Effective dose for adults were above the recommended
tference [evel of 0.1 msSv/y for intake of radionuclide in water set by World Health
Orgaﬂization (WHO, 2004) while 29.4% of the estimated Annual Effective dose for children
Wete ahgy ¢ the recommended reference level.of 0.1 mSv/y for intake of radionuclide in water

f the estimated Annual Effective
e 04) and 58.8% o
by World Health Organization (WHO, 20

f 0.1 mSvly for intake of
ose gy £ bove the recommended reference level o y :
O Infants were a
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Figure 4.5: Annual Effective Doses (AED) of Category B samples.
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It was also noticed thay there vy 2 red " -043"51’%’@%’1111‘%%%‘@ 5
u

Ction in the annug] i i o)
effecti ‘
compared to those of category A anq g = ective doses in category C

is (e -
. reduction {g associated to the reduction in Radon-
222 concentration due tq deration

44, Mean Annual Effectiy, Dose

4.4.1. Mean Annual Effective Dose of category A samples

The mean Annual Effective Doses due to ingestion of Radon-222 from the groundwater sources

were calculated for the three (3) categories Ofi:)eople and found to be 0.21, 0.31 and 0.50 mSvly |

,0.28, and 0.45 mSv/y and an
overall mean of both borehole and well to be 0.20, 0.29 and 0.48 mSuv/fy for adults, children and
infants respectively. All the mean annual effective doses were found to be above World Health
Ol'ganization recommended reference level of 0.1 mSv/y for ingestion of radionuclide in water
(WHO, 2004). These results revealed that for the same water sample, infants receive
significantly higher doses hence have higher risk to cancer compared to children and adulis as

ilustrated in Figure 4.7 with higher values of the mean annual effective doses for the various

tategories of people coming from water sources.
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due ingestion of Radon-227 : -
due ing ‘ On-222 in we) Waler samples were found to be 0.11, 0.16, ang g 26 mSvfy

and an overall mean of by, borehole ang -

the same water sample,
infants receive significantly higher doses hence have higher risk to cancer compared to children
and adults as illustrated in Figure 4.8 with higher values of the mean annual effective doses for

the various categoties of people coming from water sources.

44.3. Mean Annual Effective Dose of Category C

The mean Annual Effective Doses due to ingestion of Raden-222 from the groundwater sources
. 0.17mSv/y
Were calculated for the three (3) categories of people and found to be 0.07, 0.10 and 0.17mSwry

ater for adults children a 1d infant resp: i hile mean annual ef ective dose
| i infant rt GCUVG])‘. W m
I bo, hQ]e water fi | I

be 0.05, 0.08, and 0.13mSv/y
g jngect; Radon-222 in well water samples were found to be 0 | y
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Figure 4.8: Mean Annual Effective Dose for category B samples,
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SUMMARY’ USION, CONTRIBUTIONS TO KNowLEDG
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QiCOMMENDATIONS
5] Summary

Three (3) samples each was collected from seventeen (17) sample collection points

meking a total of fifty-one (51) samples from Akoko South West Local Governmont
Area of Ondo State and were analyzed for radon concentration for three categories of

samples using liquid scintillation counter at the Centre for Energy Research and

Training (CERT) Ahmadu Bello University Zaria, Nigeria. Radon concentrations
obtained from this analysis ranged within 10.30Bg/L to 57.50Bq/L for category A
samples, 6.75Bq/L to 37.94Bq/L for category B samples and 3.22B¢/L to 18.33B4/L

for category C samples. The highest radon activity concentration was recorded from a

borehole water sample at Supare-Akoko and the lowest radon activity concentration

was recorded from a well water sample at Akungba-Akoko. Borehole water samples

mean radon concentration of 28.01B4/L, 20.18Bg/L and 9.33Bg/L while

recorded a

1l water samples recorded a mean radon concentration of 25.34Bg/L, 14.828q/L and
well water

7.07 Bg/Lfor the three categories of samples.

b oticed that 94.1% of the recorded values of Radon-222 concentration in
It has been n :

es obtained for category A samples were found to be

this study as well as the mean valul

ited i | Protection Agency Maximum
' by United States Environmenta
above the 11.1Bg/L set
(e . tion Level (MCL) (USEPA, 2018). It was also noticed that 64.7% of the
ontamination d

recotded values of radon concentration in this study as well as the mean values
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. he a(egory
. B sal lees were f()u“d to bB abOVe [he 11 ]Bq b
F r Ci /L setb ”Illfe{l

cavi tal P ion A ! ,
gaies gamronmenta’ Frotection Agency Maximum Contamination Level (MCL), 0
. Only
corded
(1% of the recorded values of Ragon.)7) concentration in this study obtained f
¢ or

aregory C samples were found to be ahoye the ILIBg/L set by United States

Environmcmal Protection Agency Maximum Contamination Level (MCL). These

figher values of Radon-222 concentrations in water which could be linked to the

geology of the area (rocks and soil type), pose a threat to the health of the inhabitants
of the study area indicating that such water is not fit for consumption from radiation

point of view. However, the inhabitants of such areas are advised to fetch and keep

water for about three to four days so as to allow for degassing of radon as noticed from
the category C or to boil the water if they must use it for consumption so as to degas

radon thereby keeping the concentration of Radon-222 in the water as low as

reasonably achievable.

The corresponding mean annual effective doses estimated for the three (3) categories of

people were found to be.0.21, 0.31 and 0.50 mSv/y in borehole water for adults,
ple " o

hild d infant respeotivcly. While those due to ingestion of Radon-222 well water
children an

28, and 0,45 mSv/y for adults, children and infants
samples were found to be 0.19, 0 I

1l the mean annual effective doses were found to
i ry A samples. A
respectively for catcgo
izatl ded reference level of 0.1 mSuly
Jth Organization the recommen
be above World Hea

£ radionuclide in water set by World Health Organization (WHO, 2004).
for intake Of Ti

i ffective doses estimated for the three (3)
: ding mean annual €
Also the correspon

15. 0.22 and 0,36 mSu/y in borehole water for
i le were found to be 0.15,

categoties of peop

dults. children and infant respectively. While those due to ingestion of Radon-222
adults, chi p :
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1 mSvly for intake of radionuclide in water set by World Health Organization

4) and : ;
HO, 2004) and the corresponding mean annyal effective doses estimated for the
fhree (3) categories of people were found to be 0.07, 0.10 and 0.17 mSv/y in-bn'reﬁme

water for adults, children and infant respectively. While those due to ingestion of

Radon-222 well water samples were found to be 0.05, 0.08 and 0.13 mSw/y for adults,

children and infants respectively for categery C samples. Only the mean annual

effective doses for infants for borehole, well and overall were found to be above Warld

Health Organization the recommended reference level of 0.1 mSwly for intake of

radionuclide in water set by World Health Organization (WHO, 2004).

5.2 Conclusion

Results obtained from the measurement of the activity concentrations of Radon-222 in

s of Akoko South West Local Government

water samples collected at different location

Area of Ondo State revealed that 94.1% of the category A samples recorded values of

radon coneentrations as well as the mean values which were above the MCL of 11.1

Bq/L set by United States Environmental Protection Agency (USEPA, 2018). These.

anificantly high values of radon concentration can be ascribed to the nature of the
signi VRS

water Sources |



n which most of the estimated annual effective doses were foun

ference level of 0.1 mSv/y set by World Health Organization (WHO, 2004) fo
kg of radionuclide in water. The results obtained from category C sam;iles showed
that only 17.6% of the radon concentrations were above the world average Maximum
- Contamination Level (MCL) of 11.1 Bq/L set by United States Environmental
Protection Agency (USEPA, 2018). Hence pointing to the fact that aeration can be used

asa mitigating technique in the reduction of radon in drinking water.

5.3 Contributions to knowledge
This research has provided;

(i) Information on the level of Radon-222 in drinking water from the various sources

that were selected (groundwater).

(i) E,stimatidn of the annual effective dose received and related health risks due to
ii

the consumption of water containing levels of Radon-222.

Information on the effects of acration on groundwater.

(i)

5.4 Reco mmendations:.
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