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Abstract

The use of ionizing radiation (X-rays) in diagnostic radiography could be hazardous and cause
somatic and genetic damage. Adherence to radiation safety and radiation protection practices
could mitigate such risks. The aim of the study was to assess the shielding adequacy of selected
radiological facilities to ascertain radiation in Ibadan Metropolis. Radiation survey meters were
used to obtain the instantaneous dose rates (IDR) in the study area. The data were analysed, the

estimated annual doses ( ) calculated, and compared with the NCRP standard.

Radiation dose rates of ranges (0.14 pySv/hr —2.75 pSv/hr),(0.19 pySv/hr — 1.28 uSv/hr),
(0.23 pSv/hr — 3.01 pSv/hr ),(0.09 uSv/hr — 0.19 pSv/hr ),(0.27 uySv/hr — 7.51 pSv/hr),
(0.11pSv/hr =99 pSv/hr),(41uSv/hr —18.45mSv/hr), (0.25uSv/hr —3.56mSv/hr), (1.10 puSv/
hr —45.2uSv/hr) and (0.14pSv/hr —42 pSv/hr) were respectively obtained in each of the ten
radiological facilities considered. The results showed that the level of radiation safety for the
personnel was low and the radiation safety guidelines were compromised. Application of
shielding devices such as lead lining for protection was completely neglected in centres F, G and
H. Findings from this study indicate that both the personnel working at the evaluated diagnostic
centres and the people living close to the centres are exposed to radiation and are therefore at
high risk of radiation-induced damage. Regular monitoring of diagnostic centres in the Ibadan
metropolis to ensure continuous compliance with safety and protection practices is highly

recommended.

Keywords: lonizing radiation; radiological facilities; instantaneous dose rates; dosimeters.

Word Count: 227



Table of Contents

Content Page
Title Page i
Certification il
Dedication iii
Abstract v
Table of Contents vi
List of Tables Xi
List of Figures xii

Chapter One: Introduction

1.1 Background to the Study 1
1.2 Statement of the Problem 4
1.3 Aim and Objectives of the Study 5
1.4 Justification 5
1.5  Significance of the Study 5
1.6 Scope of the Study 6
1.7  Limitation of the Study 6
1.8  Operational Definition of Terms 6

Endnotes 8

Chapter Two: Literature Review

2.1 Radiation 10

Vi



2.2

23

24

2.5

2.6

2.6.1

2.6.2

2.7

2.8

2.8.1

2.8.2

2.9

2.9.1

29.2

293

294

2.10

2.10.1

2.10.2

2.10.3

2.11.

2.12

2.13

Radiation in Medicine
Design Layout and Shielding for X-ray Facilities
Radiation Shielding
Radiation Sources
Ionizing and Non lonizing Radiation
Ionizing radiation (IR)
Non Ionizing Radiation (NIR)
Biological Effect of Non- Ionizing Radiation (NIR).
Interaction of Radiation with Matter
Interaction with Heavy Charged Particles with Matter
Compton Scattering
Radiation Exposure
Occupational Exposure
Public Exposure
Exposure from Cosmic Radiation
Exposure from Terrestrial Radiation
The Radiation and Radioactive Decays
Alpha (o) Decay
Beta () Decay
Gamma (y) Decay
Radionuclide Production
Biological Effect of lonizing Radiation

Stochastic and Non Stochastic Effects

Vi

11

11

13

14

15

15

17

17

18

18

19

19

20

21

21

22

23

24

25

26

28

28

29



2.13.1

2.13.2

2.14

2.14.1

2.14.2

2.15

2.16

2.17

2.17.1

2.17.3

2.17.4

2.17.5

2.17.6

2.17.7

2.17.8

2.17.9

Deterministic (Non-Stochastic)
Delayed Effect

Genetic Effects of lonizing Radiation
Effect on Offspring

Radiation Effects on Animals and Plants
Radiation Safety

Precautionary Measures of Radiation Protection
Dosimetry

Radiation Dose Limit

Activity, A

Exposure, E

Dose

Dose Rate

Equivalent Dose (Hr)

Effective Dose

Collective Effective Dose

2.17.10 Committed Equivalent dose

2.18

2.19

2.20

2.21

2.22

2.22.1

Maximum Permissible Dose of lonizing Radiation.

Activity of A Radionuclide
Half Life of a Radionuclide
Secular Equilibrium
Radiation Detection

Gamma Scintillating Detectors

viii

30

31

33

35

37

37

38

39

39

41

41

41

41

41

42

42

43

43

44

45

45

45

45



2222

2223

2224

2.22.5

2.22.6

2.22.7

2228

2229

2.22.10

2.22.11

2.22.12

2.22.13

2.22.14

2.23

The Nal Multi-Channel Analyzer
Radiation Instruments

Handheld Survey Meter

Geiger — Muller (GM) Detector

Nal Scintillation Detector

Radiation Isotope Identification Device
Ionization Chamber

Neutron REM Meter, with Proportional Counter
Radon Detectors

Proportional Counter

Multichannel Analyzer System
Radiation Monitoring

Regulatory Authority

Existing Knowledge in Diagnostic Facilities in Nigeria

Endnotes

Chapter Three: Methodology

3.1

3.2

3.2.1

3.3.2.

33

3.4

3.5

Research Design
Research Instrument
RadTRACE Survey Meter
The Thermo RADEYE G-10 Personal Dose Rate Monitor
Data Collection

Annual Personnel Dose Estimation

Description of the Study Area

46

47

47

48

48

48

48

49

49

50

51

51

52

53

59

67

69

69

70

73

73

74



Endnote 93

Chapter Four: Results and Discussion of Findings

4.1 Results 94
4.2 Discussion of Findings 129
Endnotes 136

Chapter Five: Conclusion

5.1 Summary of Findings 137
5.2 Conclusion 138
53 Recommendations 139
54  Contribution to Knowledge 140
5.5 Suggested Area for Further Study 140
Bibliography 141
Appendix 149
Bio-data 150

The University Compliance Certification 153



List of Tables

Table Title Page
2.1 Dose limit of different parts of the body 44

4.1 Center A data 95

4.2 Center B data 98

4.3 Center C data 101
4.4 Center D data 104
4.5 Center E data 107
4.6 Center F data 110
4.7 Center G data 113
4.8 Center H data 116
4.9 Center I data 119

4.10 Center J data 122

Xi



List of Figures

Figure Title Page
3.1 RadTRACE radiation survey meter 71
3.2 Thermo RADEYE G-10 Survey Meter 72
33 Design layout of diagnostics center A 75
34 Design layout of diagnostics center B 76
3.5 Design layout of diagnostics center C 77
3.6 Design layout of diagnostics center D 78
3.7 Design layout of diagnostics center E 79
3.8: Design layout of diagnostics center F 80
3.9 Picture from Centre F showing the dummy object before exposure 81
3.10 Picture from Centre G show the dummy object before exposure 82
3.11 Picture from Centre G, showing the wooden door without any lead lining 83
3.12 Picture from Centre H, with the chalk indication 84
3.13 Picture from Centre H, no sign of radiation protection was seen 85
3.14 Picture from Centre H, showing the back window covered with carton 86
3.15 Picture from Centre D, showing the X- ray machine 87
3.16 Picture from Centre E, during a lumbosacral procedure 88
3.17 Picture from Centre E, showing the CT in a well shielded room 89
3.18 Picture from Centre H showing the curtain used for demarcate the waiting area from

the X-ray room 90

Xii



3.19

3.20

4.1

4.2

4.3

4.4

4.5

4.6
4.7
4.8

4.9

4.10
4.11
4.12

4.13

4.14

4.15

4.16

4.17
4.18

4.19

4.20

4.21

Picture of door indictor in facility J

Picture of door with well lead lining in facility E

Annual effective dose at different locations in the study area A
Radiological facility A Radiation Dose rate at different locations
Annual effective dose at different locations in the study area B
Radiological facility A Radiation Dose rate at different locations
Annual effective dose at different locations in the study area

Dose rate at different locations in the study area C
Annual effective dose at different locations in the study area D

Dose rate at different locations in the study area D
Annual effective dose at different locations in the study area E

Dose rate at different locations in the study area E
Annual effective dose at different locations in the study area F

Radiological facility F Radiation Dose rate at different locations
Annual effective dose at different locations in the study area G
Radiological facility G Radiation Dose rate at different locations
Annual effective dose at different locations in the study area H
Radiological facility H Radiation Dose rate at different locations

Annual effective dose at different locations in the study area I

Radiological Facility I Radiation Dose Rate
Annual effective dose at different locations in the study area J

Radiological Facility J Radiation Dose Rate

Comparison of this study background Dose rate of Facility A-J with NCRP

background limit standard.

xiii

91

92

96

97

99

100

102

103
105
106

108

109
111
112

114

115

117

118

120
121

122

123

125



4.22 Comparison of this study reception area dose rate of Facility A-J with NCRP limit

standard. 126

4.23 Comparison of this study ADR of Facility A-J with NCRP safety limit 127
4.24 Comparison of this study room dimension of Facility A-J with NCRP standard

128

4.21 Map showing the Study Location 149

Xiv



