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Abstract

This study aimed to review and evaluate the status of radiation protection at nuclear medicine
departments in Sudan. Because of the need for such programs to be implemented at these
departments, the present study discussed the basic aspects of radiation protection depending

on international standards, using the radiation isotopes center Khartoum as a sample.

The study is divided into four chapters. The first one is proposal and introduction to the
study. The second chapter covers the literature review for all radiation protection programmes.

The IAEA articles are our source for this.



Chapter three deal with the research methods by evaluate the radiation protection in the
nuclear medicine department in RICK in which we used the simulated inspection using the IAEA
inspection form for this purpose with a consideration of all international recommendations which
are discussed in chapter two of these research in order to use its as a reference for the
evaluation process. Worker questionnaire was also used in this chapter for more accuracy of

evaluation result. Discussion regarding the evaluation results was done in chapter four.

Reviewing the status of radiation protection in nuclear medicine departments in the
country it was observed that there is a need to improve the radiation protection programs. In
order to develop the implementation of radiation protection program in our departments we put

some recommendations at the end of this study.

BSS: International Basic Safety Standards for Protection against lonizing Radiation and for the
Safety of Radiation Sources. Safety Series N0.115, IAEA, Vienna (1996).

BE: Binding Energy

CT: Computed Tomography

DNA: Deoxyribonucleic Acid

EC: Electron Capture

HVL: Half Value Layer

IC: Internal Conversion

ICRP: International Commission on Radiological Protection
ILO: International Labour Office

ISO: International Organization for Standardization
IT: Isomeric Transition

KE: Kinetic Energy

LET: Linear Energy Transfer

MeV: Mega Electron Volt

MRI: Magnetic Resonance Imaging

PET: Positron Emission Tomography

QA: Quality Assurance

QC: Quality Control

RIA: Radionuclide Immune Assay

RICK: Radiation Isotopes Center ( Khartoum)
RPO: Radiation Protection Officer.

SGRDC: Specific Gamma Ray Dose Constant
SI: International System of Units



SPECT: Single Photon Emission Computed Tomography
TLD: Thermo Luminescent Dosimeter

TVL: Tenth Value Layer
WHO: World Health Organization
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Table of Contents

CHAPTER ONE: INTRODUCTION

Introduction to nuclear
(g T=Yo ITel [ 8 1= TN

CHAPTER TWO: LITRITURE REVIW
2.1 BIOLOGICAL EFFECTS OF RADIATION
2.1.1. Radiosensitivity of

2.1.2.1 Deterministic
L) =10 ST

2.1.2.2 Stochastic
LY =1 5

2.2 RADIATION PROTECTION
PROGRAMS. ...

2.2.1. PRINCIPLES OF RADIATION
PROTECTION. ...t

2.2.2. OCCUPATIONAL

11
11
12

13

13
18



PROTECTION. ..ot

2.2.2.1
ReSpONSIbIlItIES. ...

2.2.2.2 Condition of
=) V4 (o= TP

2.2.2.2.1 Special compensators
arrangement......c.coceviiiiiiieneen

2.2.2.2.2 Pregnant
WO e

2.2.2.2.3 Alternative
eMPloyMENt.. ...

V1V 0] =] 5T

2.2.2.3. Classification of

2.2.2.4 Sources of occupational
EXPOSUI. ettt eee et r e et e e e e e eeneans

2.2.2.5 Personal protective equipment and safe handling
of sources.....

2.2.2.6 Dose limitation and
MONIEOMING .t ees

[T Y= 1o T ) o 1

2.2.2.6.2 Individual dose
ASSESSIMCNE. .ttt s

2.2.2.6.3 Personal monitoring

8

18
20
20
21
21
21
21
21
23
24
24
28
28
29
30
30
31
32
33
33
34
35
36
38



2.2.2.6.3.1 Pocket
dOSIiMeters....covii i
2.2.2.6.3.2 Film
0= o T
2.2.2.6.3.3 Thermoluminescent
dosimeters........c.cooeieinnnnl.
2.2.2.6.4 Proper use of Personnel
Dosimeters......ccooviiiiiiiiiiinnnnn.
2.2.2.6.5 Records of personal
MONILONNG. i
2.2.2.6.6 Work place
MONIEOMING. . s

2.2.2.7 Emergency
0] oYt =To 11 1 ¢ = PP

2.2.2.8 Health
SUINV I AN C . e e et e eanneas

2.2.2.9
(RS olo Y o £

2.2.3. MEDICAL EXPOSURE AND
PROTECTION.....coiiiiiiii

2.2.3.1
ReSpPONSIDIIES. ..o

2.2.3.2 Justification of medical
EXPOSUN . tttiet ettt e e

2.2.3.3 Optimization of
EXAMINATI 0N . e e e

2.2.3.4 Guidance level of



ACHIVITY e

2.2.3.5 Examination of children, pregnant woman, and

lactating

2.2.3.6 Optimization of therapeutic medical
EXPOSUME...uvnieneineeneineeneenenn.

treatment........cooo

2.2.3.6.2 The radioactive patient “dose
constraints”.....................

2.2.3.6.4 Emergency
o] e Tal=Te [V 1 ¢ =1 U

2.2.4. PUBLIC

EXPOSURE. ...t

2.2.4.2 Source of external

1= Yo L1110 o 1
2.2.4.2.1 Radioactive
Patient. ..
2.2.4.2.2 Radioactive contamination in enclosed
AreasS....covveveeannns
2.2.4.2.3 Radioactive
U I =TT

10

49
50
51
53

55
55
56
56
58
58
58
59
60



2.2.4.4 Design

(o{0] 1] Lo [=] = 1 o [0 ] 1T

2.2.4.5

Transportation. ...

2.2.5. RADIOISOTOPES

TECHNIQUES......coii

2.2.5.1 Protective

(o] (0] 5 0 1=

2.2.5.2 The work

2.2.5.3 Manipulation of radioactive
materials........cocoiiiiiii

2.2.5.4 Radioactive material

SPIIS e
2.2.5.4.1 Major

SPIIS . e
2.2.5.4.2 Minor

SIS e

2.2.5.5 Radioactive waste

AISPOSAl. e i

2.2.5.6 Radioactive contamination survey

(o] o Tel=Yo [ U] ¢ T

2.2.5.6.1 Survey for removable

contamination........ccovveiiiiiiiiiinn,

2.2.5.6.2 Survey for fixed

contamination......ccovviiiiiiii e,

2.2.5.7 Control measurement for radioactive

contamination....................

2.2.5.7.1 Personal

CONEAMINATION. . e

61
61
61
61
62
62
63
64
65
65
66
66
66
66
67



2.2.5.7.2 Equipment or area
contamination............ccoooii

2.2.5.8 Control measurement for radiation
levels. ..o

2.2.6. SAFETY OF SOURCES, DESIGN, AND GENERAL LAYOUT
OF THE NUCLEAR MEDICINE
DEPARTMENT ...cuiiiii

2.2.6.1 Basic
(0] ol =T o (=

SOUIC S . ittt s s i s st

NAZAIAS. i

SOUICES.. . ittt s s

10 1 S

2.2.6.3 Building
=Y o [0 =Y o g T=T o) =

2.2.6.3.1 Area hazard
categorization.......ccooviiiii

2.2.6.3.2 Design
(o{0] 1] [0 (=] = 1 (o ] o 1T

2.2.6.4 Layout of nuclear medicine
department...........oiiii

2.2.6.5 Safety
EQUIPM ENES . i

CHAPTER THREE: METHODS OF RESEARCH

12



3.1 SIMULATED INSPECTION OF A NUCLEAR MEDICINE FACILITY IN (RICK) 86

3.1.1. 86
BacKgroUNnd. ...
3.1.2. 86
PrOCEAUNES. .. e

3.2 Evaluation of personal doses for nuclear medicine staff in (RICK) 99

o T = ¥ ] U 1S 102
4.1.1. Evaluation form 102
4.1.2. Workers 103
QUESTIONNAITE. ..t
4.1.3. Evaluation of workers 106
[0 [0 1S3

Y B ] L O U3 [0 ] P 107
Conclusion ........ 108
............................................................................................. 112
RECOMMIENAATIONS . et et raae e rannees
References 114



14



