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Abstract

Evaluation of management of radioactive waste in
nuclear medicine department of radiation and isotopes center in
Khartoum, Sudan, was conducted using Radiation survey meter.
The purpose of this study is to provide protection of workers,
patients, co patients, and the environment by introducing good
practice in management of radioactive waste generated in this
lab.

In this work measurement of radiation effective dose at
different locations in the department were carried out. These
locations were selected around the radioactive liquid and solid
waste disposal position.

It was found that the effective doses per year from
radioactive wastes obtained through this work using the survey
meter RDS - 120 at these locations, are 1.47mSv/y at the
neighboring patients room, 5.47mSv/y at the hot lab.
0.095mSv/y at the neighboring toilet, 0.321 mSv/y at the water
closet, and 1.4mSv/y at the place down water closet.

The results obtained shows that the dose levels waste at
the location does not exceed the recommended dose limits for
workers 20msv/y, that set by Basic Safety Standards (BSS 115)
which published by the international atomic energy agency.
Also its comply with the national regulation "regulation on basic
radiation protection requirement and dose limits 1996" issued by
Sudan atomic energy commission act 1996.

The annual dose calculated for the patients and co- patients
at rooms around the nuclear medicine department, the results
shows that dose are fairly high. Measure should taken to
improve the waste management in the department for better
protection of workers, patients and co patients.
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CHAPTER ONE

1.1 Introduction

Medical sector uses many different radionuclides for

diagnostic, therapeutic and researches purpose. This results in

the production of radioactive waste representing radiological as

well as biological, chemical and physical hazard. Most of

radionuclides in nuclear medicine departments are short-lived

and in low or medium concentration. Hospital administrating

large quantities of I131 for treatment of thyroid of carcinoma or

using frequently I for radioimmuonuassay aqueous solution

or Tc99m in diagnosis, should consider the provision of delay

tanks for storage and save disposal of radioactive waste

resulting from patients excretion or laboratory waste. The

objective of waste management is to provide protection of

workers, patients and the environment by minimizing the

hazards in an effective way over the whole life cycle of the

considered product.

1.2 Nuclear Medicine Definition

Nuclear Medicine is a medical specialty that uses safe,

painless, and cost effective techniques both to image the body

and treat disease. It is used in the diagnostic, management,

treatment, and prevention of serious diseases.
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Nuclear medicine imaging provides information about

both the function and structure of every major organ system

within the body, in contrast to diagnostic radiology, which is

based upon anatomy.

Nuclear medicine imaging procedures often identify

abnormalities very early, a reason which gives the nuclear

medicine a very important choice in the disease detection and so

lead to treatment comparable to other diagnostic tests.

1.3 History Of Nuclear Medicine

Nuclear Medicine has a complex and multifaceted

heritage. Its origins stem from many scientific discoveries, most

notably the discovery of x - ray in 1895 and the discovery of

artificial radioactivity in 1934. The first clinical use of artificial

radioactivity was carried out in 1973 for the treatment of a

patient with leukemia at the university of California at Berkeley.

A landmark event for nuclear medicine occurred in 1946

when a thyroid cancer patient's treatment with radioactive

Iodine caused complete disappearance of the spread of the

cancer patient. This has been considered as true beginning of the

nuclear medicine. Wide - spread clinical use of nuclear

medicine, however, did not start until the early 1950s.



The value of radioactive iodine became apparent as its use

increased to measure the function of the thyroid and to diagnose

thyroid disease. Simultaneously, more and more physicians

begin to use nuclear medicine for the treatment of patients with

hyperthyroidism. The concept of nuclear medicine was a

dramatic breakthrough for diagnostic medicine. Moreover, the

ability to treat a disease with radiopharmaceuticals and to record

and make a picture of the form and structure of an organ was

invaluable.

In the mid - sixties and the years that followed, the growth

of nuclear medicine as a specialty discipline was phenomenal.

The advances in nuclear medicine technology and instruments

manufactures were critical to this development.

The 1970s brought the visualization of most other organs

of the body with nuclear medicine, including liver, spleen

scanning, brain tumour localization, and studies of the

gastrointestinal tract.

The 1980s provided the uses of radiopharmaceuticals for

such critical diagnosis as heart disease and the development of

cutting - edge nuclear medicine cameras and computers. Today,

there are nearly 100 different nuclear medicine procedures that

uniquely provide information about virtually every major organ

system within the body (El-Zaeem El-Azhari university library).



1.3 History Of The Hospital (RICK)

Till recently it has been the only hospital specialized in the

field throughout Sudan. Its main function is to treat cancers as

well as diagnosis the disease by using radioactive isotope.

The idea of establishing this hospital was initiated by the

undersecretary of health ministry. Who wrote an application to

the World Health Organization (WHO) calling for help. The

expert sent by WHO in 1985 to assess the situation

recommended the establishment of the hospital.

In co- operation with the International Atomic Energy

Agency, the government of Sudan established the hospital in

1962. The health ministry bore the task of training workers.

Work was started in 1966. The official inauguration was in

December 1968.

The staff was composed of a physicist, technologists, work

officers and some employees.

The nuclei of Nuclear Medicine section were a small

laboratory at Khartoum teaching hospital specialized in 1964. It

is interesting to mention that this is the first time the Nuclear

Medicine was introduced into Sudan.

The Nuclear Medicine department composed of a

laboratory for preparing the radioactive materials needed for



diagnosing the disease or examining a certain organ and two

rooms for the devices used in filmmg and examining the organ

by radioactive isotopes.

At the present time, work is undertaken to expand the

hospital capacity through the development of two parts of work

the clinical and nuclear.

All the specialized categories and assisting cadres are

available at the hospital.

The hospital lies to the west of faculty of medicine

Khartoum University and to the north of National laboratory

(Stack), over looking the beginning of AlQasr street from the

side of the railway turning.

1.4 Radioactive waste problems

Artificial radioelements are widely used in medicine

for diagnosis and therapy purposes. The choice of radionuclide

or radiopharmaceutic and its way of administration depend on

physical and pathophysiological criteria. The manipulated

activities vary according to the type of application. Thus, the

recourse to the radioactivity in medicine offers a wide range of

application, but leads to the formation of waste having different

physical and chemical characteristics. The presence of such

waste requires fitting up suitable "bins".



1.5 Objectives of the study: -

1-The main objective of this study is to provide protection of

workers, patients and the environment by good management

of radioactive waste.

2-To advice on the appropriate way of management of

radioactive waste generated in this department.

3- To evaluate the radioactive waste management system and it

is compliance with national regulation and international

recommendation.

4-To establish proper system for the waste management in the

department.

1.6 Hypothesis: -

No management system is acquired so that the hazard

probability is high.

1.7 Area of the study: -

Radiation and Isotopes Center, Khartoum, Nuclear

medicine department.

1.8 Methodology: -

Scientific experimental studies is used

1.9 Source of Data Collection

1-Hot Lab.

2-I131 Rooms.

3-RIA Lab



1.10 Data Collection

The articles of data collection: -

Radiation Survey meter.

1.11 Methods of Analysis: -

Both statistical and experimental analysis to be used.

1.12 Sample Type and Study Type: -

Type of sample is random.

Type of study is experimental studies.

1.13 Rational and importance of the study: -

This study is an attempt to customize the disposal of

radioactive waste.

1.14 Previous studies: -

No research has been done in this area on the level of

M.Sc Degree to the best of my knowledge.

1.15 Period of the study: -

From July2000 - July2001.

1.16 Content of the study: -

ABSTRACT

Chapter one: Introduction

Chapter two: literature review

Chapter three: Experimental set up

Chapter four: Results and discussion

Chapter five: Conclusion and recommendations
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CHAPTER TOW

LITERATURE REVIEW

2.1 Medical Use of Radio nuclides

2.1.1 Introduction

Artificial radioactivity was discovered by Irene and Frederic

Joliot-Currie in 1934.Medicine has benefited from various

applications of radioactivity of the field of diagnosis as well as

in the field of therapy. The recent decades have witnessed a

considerable development of radionuclide synthesis and the

chemistry of molecules labeled by Artificial Radio Element

(ARE).

2.1.2 Radioisotopes use in the nuclear medicine department

of RICK:-

Nuclear Medicine has large share in the use of

radioisotopes. The Isotopes that have been used in nuclear

medicine department in RICK are:

l-I125

The half- life of I is 60days. It emits gamma, beta, and

X-rays. Its main energies between 27.5-35 KeV. It has been

used in thyroid investigation. It used to be ordered every two-

month for the reagents as: -

i- 8 vials of anti- T4 1125 with activity 5mCi.

ii- 8 vials of anti- T3 I with activity 5mCi.
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iii- 6 vials of anti- TSH I125 with activity lOmCi.

Solid wastes used to be stored inside the lab since 1997, now

are being stored at the roof. Liquid wastes dropped in the water

closet..

2-Tc99m.

The half-life of Tc99m is 6hours. It emits gamma rays. The

main energy of it is 140KeV. It is being used in many

investigations such as renal scan, liver scan, and bone scans. It

used to be ordered every month two generators of activity

203mCi at the reference date. Solid wastes were collected,

labeled, and located behind lead shield. These solid wastes

disposed after three days (ten half- life's). The solid waste

contains syringes, cotton, gloves and swab. Patients order to

evacuate their urine (liquid waste) in the common toilets.

3p32

The half-life of P32 is 14days. It emits beta rays. The main

energies of it is 1710 - 695KeV. It is being used for cancer

treatment (with malignancy in bone). It used to be ordered it if

there are two patients or more for treatment. Activity used

50mCL After injection of P32 to patient he sent home. The

waste, which contains syringes and swabs, were stored with

iodine waste.
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2.2 Interaction of Radiation with Matter

2.2.1 Interaction of charge particles with matter: -

Electrical charges (alpha particles, electrons, and

positrons) have a high probability of interacting with the

Matter through which they move. Their mass and electrical

charges interact with the mass of nucleus and electrical

charge of atoms. In addition, the kinetic energy of these

particles, along with the properties of the surrounding matter,

determines how the particles will interact and how far these

particles will travel. The density of matter, its atomic

number, and its mass number influence the type and

probability of these interactions.

2.2.1.1 Alpha particles: -

Radionuclide that emits alpha particles has no use in

nuclear medicine.

2.2.1.2 Beta particles: -

The interaction of negatively beta particles in the

proximity of the nucleus of an atom result in attraction to the

positively charged nucleus. As the beta particles is defalcated

and showed in its path, there is a release of energy as X rays,

called bremstrahlung radiation. Bremstrahlung interactions

increase in probability with materials that have a high Z

number. A beta particle emitting radionuclide should not be

shielded with material of high atomic number Z, example P .
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It is more appropriate to use a shielding material of low Z,

such as plastic, since bremstrahlung interactions are less

likely to occur.

2.2.1.3 Electrons: -

Positively and negatively charge electrons are

antiparticles of one another. When positrons are produce in a

decay process and are ejected from an atom, they have

enough kinetic energy to travel a maximum of a few

millimeters. The positron and an orbital electron from an

atom are attracted due to their opposite charges, spiral in

toward one another, and interact in a process called

annihilation. The mass of particles is converted into energy

(0.511 MeV gamma rays) according to Einstein's equation E

— me . The detection of these gamma rays is the foundation

for positron emission tomography.

2.2.2Interaction of photons with matter: -

Electromagnetic radiation is far more penetrating in

matter than particulate type of radiation. For photons with

energies associated with X rays and gamma rays, three types

of interactions occur: photoelectric effect, Compton, and pair

production.
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2.2.2.1 Photoelectric effect

The photoelectric effect is an interaction that takes

place between an incident photon and an inner orbital

electron. The energy range is between several KeV to

0.5Mev. In this interaction an ion pair has been formed with

releasing of characteristic X rays.

2.2.2.2 Compton scattering

Compton scattering is an incomplete absorption of

gamma rays or scattering of gamma radiation. The Compton

effect involves an inelastic interaction of photon with outer

orbital electrons. The range of the energy is between several

KeV to several MeV. The secondary effect of this interaction

is the production of Compton electron and scatter photon.

2.2.2.3 Pair production

Pair production is an interaction produced when a photo with

energy greater than I.02MeV passe near the high electric

field of nucleus. The secondary effect of this interaction is

the production of positron, electrons, and annihilation

photons.

13



2.3 The biological effect of radiation

Radioactive substances can inter an organism in

three ways, namely, with food and water into the

gastrointestinal tract, through the lung and the skin. The most

important and potentially dangerous is the inhalation of

radionuclides.

When any substance is irradiated by ionizing radiation, the

radiant energy is transferred to the atoms and molecules of the

substance, which will be excited and ionized, and this is the

chemical stage of the radiation damage to cell.

The primary radiation chemical changes in nucleus can be

produced by direct and in direct effect of radiation. The direct

effects of radiation are meant changes such that appear as a

result of the absorption of radiation energy by the molecules

(target). The in direct effects of radiation are meant changes in

the molecule in a solution caused by the products of radiation

decomposition of water or other solutes, and not by the radiant

energy absorbed by the molecules being studied.

The potential risks and biological consequences of nuclear

medicine procedures are basically the same as for any other use

of radiation, namely carcinogensis, genetic mutation, and on the

developing embryo and fetus.

14



2.4 General principle of radioactive waste: -

The clinical use of radioactive materials will

inevitably result in radioactive waste. This arises from three

main sources: -

1. Excreta from patients under going medical procedure;

2. Syringes and swabs used during preparation and

administration of medical materials;

3. Waste from spills and resulting decontamination.

The waste may occur in three forms: -

1. Liquid form: - The majority of waste disposed of from a

nuclear medicine department comes into the category of it;

the major of it arising from the excreta of patient.

2. Solid waste: - It consists of contaminated swabs and syringes

used during the preparation and administration of

radiopharmaceuticals.

3. Gaseous form: - Such as ventilation exhausts from facilities

handling radioactive materials.

15



2.5 Radioactive waste classification: -

The IAEA issued safety series "classification of

radioactive waste: safety guide"[3]; the objective of which is to

recommended method of deriving classification system and to

suggest a general system for classifying radioactive waste.

Low and intermediate level waste: -

Waste containing such amount of radionuclides that

actions require in order to ensure the protection of workers and

the public.

High-level waste: -

Wastes containing such high level of radionuclide that

a high degree of isolation from the biosphere is require over

long time periods such wastes normally require both shielding

and cooling.

The SAEC (Sudan Atomic Energy Commission)

classified the radioactive waste in its regulation of "control and

management of radioactive waste 1996" to four types due to its

concentration and the nuclei half live.

l.Tvpe one: -

Radioactive waste with low activity levels, activity

less than 10 MBq, and contains radioactive nuclides of half-

livesc: 50days, and can decay to the clearance level within

one year from date of production.

16



2. Type two

Radioactive wastes with low and intermediate

activity levels < 400 Bq/gram, and contain radioactive

nuclides of half-livese SOyears.

3. Type three

Radioactive waste with low and intermediate activity

levels, and contain radioactive nuclides of half- lives>

30years.

4. Type four

Radioactive wastes with high activity levels that

greater than type 2. And due to its physical structure and

it composes:

1. Solid waste.

2.Aqusease waste.

3.Liquid hydrocarbons waste.

4. Gas waste.

5.Biological waste.

6. Medical waste.

7. Spent sealed sources.

17



2.6 Radiation Protection

The main objective of radioactive waste

management is to deal with radioactive waste in a manner that

protects human health and the environment from the radiation

hazards.

The international Commission for Radiological

Protection (ICRP), in it ICRP-60 made a recommendations for

the doses to the workers and publics. These recommendations

were approved by the IAEA in Basic safety series BSS - 115

and become the guide for the IAEA member state.

The regulation "Basic Requirements for Radiation

Protection and Dose Limits, 1996" issued under SAEC act, Sets

the Dose Limits for Workers and Publics as stated in BSS -

115. These dose limits are shown in table (1) and (2)

18



Table (a) Occupational Exposure

Category of
recommendation

Occupation exposure whole
body
Equivalent dose to the lens of
the eye
Equivalent dose for
Extremities and Skin

Recommended effective
dose equivalent

20mSv/y

150mSv/y

500mSv/y

Table (b) Public exposure

Dose category
Effective dose
Equivalent dose to Lens of
the Eye
Equivalent dose to the Skin

Dose equivalent limit
1 mSv/y
15mSv/y

50 mSv/y
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2.6 Basic principle of radioactive waste management

The fundamental principle enunciated for radioactive

waste management will, if implemented and respected, ensure

that these important considerations are addressed, and thus

allow the achievement of the objective of radioactive waste

management. These principles are: -

1-Radioactive waste shall be managed in away to secure an

acceptable level of protection for human health.

2- Radioactive waste shall be managed in away that provides

protection of the environment.

3- Radioactive waste shall be managed is such away as to

assure that possible effects on human health and the

environment beyond national borders will not be greater

than what is acceptable within the country of origin.

4- Radioactive waste shall be managed in away that predicated

impacts on the health of future generations.

5- Radioactive waste shall be managed in away that will not

impose on due burdens of future generations.

6- Radioactive waste shall be managed with in appropriate

legal framework including clear allocation of

responsibilities and provision for independent regulatory

function.

7- Generation of radioactive waste shall be kept to the

minimum practicable.

20



8- Interdependencies among all steps in radioactive waste

generation and management shall be appropriately taken

into account.

9- Safety of facilities for radioactive waste management shall

be appropriately assured during their lifetime.

21



2.7 Basic steps in radioactive waste management: -

The waste should be characterized in order to

determine it. The basic steps are: - (for the short and long -

lived waste generation)

1- Pretreatment: -

It means any or all operation prior to waste

management such as...

A-collection

B-segregation

C-chemical adjustment

D-decontamination.

2- Treatment operation:

Operations intended to benefit safety and/or

economy by changing the characteristics of the waste. The

basic treatment objectives are:

A-volume reduction

B-removal of radionuclides from waste

C-change of composition

3- Conditioning:

Those operations that produce a waste package

suitable for handling, transportation, storage and disposal.

4- Storage:

The placement of waste in a nuclear facility where

isolation, environment production and human control are

22



provided with the intend that the waste will be retrieved for

exemption or processing and/or disposal at a later.

5- Transport.

6- Disposal:

The emplacement of waste in an approved specified

facility with out the intention of retrieval. For the long lived

waste>30years deep underground repository and the short-

lived<30years near surface repository.

23



2.8 Policies and Strategy

Safety radioactive waste management requires the

application of technology and resources in regulated mane, in

accordance with internationally agreed principle, so that the

exposure of the public and workers to ionizing radiation is

controlled and the environment is protected.

Responsibilities: -

With a national radioactive waste management

system it is necessary to identify the parties involved and assign

to them clear responsibilities.

• Responsibilities of the state: -

i- Establish and implement a legal framework.

ii- Establish a regulatory body.

iii- Define responsibilities of waste generators and

operators of radioactive waste management

facilities,

iv- Provide for adequate resources.

• Responsibility of regulatory body: -

i- Enforce compliance with legal requirements,

ii- Implement the licensing process,

iii- Advise the government.

• Responsibilities of waste generators and operators of

radioactive waste management facilities: -

24



i- Identify an acceptable destination for the

radioactive waste.

ii- Safety manages the radioactive waste.

iii- Comply with legal requirements.

Section six: -Medical waste characteristics

The radioisotopes used in medicine are artificial and

they are produced in the reactors and/or cyclotron installed in

the hospital. The use of radionuclide for diagnostic (in vivo or

invitro) is characterized by the use of low activities (50kpq to

500Mpq), so the medical waste has relative low levels. Most of

the waste contains short-lived isotopes. The most frequent

isotopes in the medical waste are: -

Tc"m (T1/2 = 6h)

I123 (TI/2 = 13.2h)

In113 (T1/2 = 2.8d)

P32 (T1/2 = 14.3d)

Fe59 (T1/2 = 44.5d)

Co57(T1/2 = 271.1d)

I131 (T1/2 = 8d)

Ti206 (T1/2 = 3d)

Cr51 (Ti/2 = 27.7d)

Co57 (T1/2 = 70.8)

I125 (T]/2 =

25



2.9 Quantities and units

2.9.1 The Dose Equivalent: -

The dose equivalent concept originated from the

observation that different types of radiation can produce

different biologic effects for the same absorbed dose. The dose

equivalent is a computed types that expresses a measure of the

biological harm imparted to tissue is defined by the flowing

equation:

H = DWR.

Where D is absorbed dose, WR is known as the Radiation

weighting factor. The unit for (H) is the same as that of

absorbed dose, but the special name for SI unit of dose

equivalent is Sievert.

lsievert =1 joule/Kg

If the dose is expressed in units of rad, the special unit for (H) is

called rem.

lrem=10'2 joule/Kg. (3)

2.9.2 The effective Dose E: -

The effective Dose is the sum total of such weighted

equivalent doses for all exposed tissues in an individual.

E = HWT = DWR.WT

Where WT is called tissue-weighting factor, That some

equivalent dose can produce different effects on different

organs.

26



2.9.2 Radiation detectors and dosimeters: -

There are many radiation detectors by which a beam of

X or gamma ray may be detected and an estimation of the

absorbed dose made. Each of which has its own particular

advantages and disadvantageous. Some of these are out lined

below.

2.9.2.1 Free Air Ionization Chamber: -

In order to measure the exposure in an X-ray beam

consistent with the definition the quantity, especial type of

ionization chamber have been devised.

Chamber designed to measure exposure in this way is called a

free air ionization chamber.

The free air or standard ionization chamber is an instrument

employed in the measurement of the exposure in roentgen

according to its definition. Generally, such primary standard is

used only for calibration of secondary installation are thus can

fined principally to some of the national laboratories.

Free air ionization is represented schematically in the

diaphragm D and passes centrally between a pair of parallel

plates. A high voltage is applied between the plates to collect

ions produced in the air between the plates. The ionization is

measured for a length L defined by the limiting lines of force to

27



edges of the collection plate C. The lines of force are made

straight and perpendicular to the collection by aground ring G.

The electrons produced by the photon beam in the specified

volume (shaded in the fig) must spend all their energy by

ionization of the air between the plates. Such condition can exist

if the range of the electrons is less than the distance between

each plate and the specified volume. In addition, for electron

equilibrium to exist, the beam intensity must remain constant

across the length of the specified volume, and the separation

between the diagram and the ions collecting region must exceed

the electron range in the air.

Accurate measurements with the free ionization

chamber require considerable care: -

1-Correction for air attenuation.

2-Correction for recombination of ions.

3-Correction of the effect of temperature.

4-Correction of the ionization produced by scattered photons.

28



2.9.2.2 Survey meters: -

It is a type of detectors that can be used to measure the
effective dose in a certain area.

These types of survey meters consist of small ionization
chamber or some times scintillation detector with a window of
human tissue equivalent.

These meters are used for radiation protection purposes, to
measure the dose at places where radioactive materials are used.
In the measurement of radiation doses from radioactive waste
(solid, liquid, or gas) these survey meters are used to confirm
that these waste is well shielded and the radiation dose from it
dose not exceed the value set in the regulation for the safety.

29



Chapter three



CHAPTER THREE

EXPERIMENTAL SET UP

3.1 Introduction

In the Radiation and Isotopes Center in Khartoum,

Sudan there are many sources of radioactive waste, such as: -

A\ Radioactive materials, which emit gamma and beta rays such

as I131.

B\ Radioactive materials, which emit gamma rays such asTc99m.

C\ Radioactive materials, which emit beta rays such as P .

To measure the doses from the wastes survey meter is

needed. The meter should respond to gamma and beta rays. In

this work RADOS RAD-120 was used. It is a portable

radiation meter for general use for a wide range of applications

in, civil defense, industrial and laboratory use. An external beta

probe can be attached to the RDS - 120 to measure beta.

The RDS-120 used in this work was calibrated by the

Secondary Standard Dosimeter Laboratory (SSDL) of SAEC.

The calibration factor is 1.

In this chapter a brief descriptions of the present work is

out lined.
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3.2 Procedures: -

For I : - Wastes were collected in open plastic gallons

and stored with the patient in the same room. It used to be

stored for at least 18days. The measurements of the doses were

done using the survey meter.. Measurements were taken at the

surface of the Plastic container, at one meter, in the near patients

room at one meter from the shared wall, and the near Toilet.

For Tc99m: - The wastes are collected in plastic envelope

twice monthly and stored behind lead shield, in the hot Lab for

5days. The measurement of the doses is done by using the

survey meter. Measurements were taken at the surface of the

Plastic bags, at 50cm and at one meter in the hot lab.

3.3 Location: -

Measurements were done in the nuclear medicine

department in Radioisotope Center in Khartoum RICK. The

measurements were carried out using RAD - 120-survey meter

used it in places showed in the diagram No (1): -

1. Hot lab.

2. The therapy dose rooms.

3. The water drainage.

4. Neighbor patient s room.

5. The toilet.
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3.4 Protocol: -

For I131 (liquid waste): -

For each collected and stored waste, measurements

are done in the second and third, the last day from taking the

capsule by the patient. Also measurements were taken in the day

of disposal and the day after it at the surface of the Plastic

container, at one meter, in the near patients room at one meter

from the shared wall, and the near Toilet.

. The measurements were carried out during the period from

4/4/00 up to 18/8/00.
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Figure (1)

Block diagram for nuclear medicine department

1. Hot lab 1

2. Block shield 1

3. Block shield 2

4. Injection room

5. Gamma camera A

6. Gamma camera B

7. Hot lab 2

8.Pt. waiting room

9.Statistic office

lO.Stairs

11 .Mitron office

12.Pt. Toilet

13.Toilets

14.Hall
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Figure (2)

Block diagram for nuclear medicine department, I131 rooms and

different locations.

1 .Toilets 2.I131roomA 3.I131roomB 4.

Patients room 5. Patients room 6. Patients room

7. Patients room 8. Kitchen 9. Surgery room

lO.Nurses room 11.Stairs 12.Social room

13.chemotherapy room H.cooler 15. Balcony
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3.5 The Measurements: -

• 1st. measurement on 04/4/00 to 16/4/00.

2nd measurement on 18/5/00 to 30/5/00.

• 3rd measurement on 01/6/00 to 19/6/00.

• 4th measurement on 27/6/00 to 17/7/00.

• 5th measurement on 03/8/00 to 18/8/00.

For Tc99m (solid waste): -

For each collected stored solid waste measurement

were done in the day of collection and day of disposal at the

hot lab. Measurements were carried out during the period

from4\3\00tol0\8\00.
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The measurements are: -

• 1st measurement on 4/3 to 9/3

• 2nd measurement on 14/3 to 19/3

• 3rd measurement on 25/3 to 30/3

• 4th measurement on 15/4 to 20/4

• 5th measurement on 29/4 to 4/5

• 6th measurement on 13/5 to 18/5

• 7th measurement on 27/5 to 1/6

• 8th measurement on 12/6 to 17/6

• 9th measurement on 24/6 to 29/6

• 10th measurement on 6/7 to 11/7

• 11th measurement on 22/7 to 27/7

• 12th measurement on 5/8 to 10/8
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CHAPTER FOUR

RESULTS AND DISCUSSION

4.1 PART ONE (RESULTS)

4.1.1Solid Wastes: -

Measurements of the doses from the Tc99m solid waste at

5 cm and 100cm from the plastic bags are shown in tables (1)

and (2) respectively.

Dose (juSv/h)

475-535

536-595

596-655

656-715

716 -775

776-835

Average

Samples

3

2

2

2

2

1

634.7|iiSv/h

Table (1) Tc99m wastes. Reading of doses from 5cm distance (in

the collection days).
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Dose (fiSv/h)

10.0-11.7

11.8-13.3

13.4-15.0

15.1-16.7

16.8-18.3

18.1-20.0

Average

Samples

2

1

2

2

3

2

14.4[isv/h

99m
Table (2) Tc wastes. Reading of doses from 100cm distance

(in the collection days).
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To check the doses at other distances measurements were

done at 5ocm distance from the bags in the day of collection.

Results are shown in table (3)

Dose (jiSv/h)

25-29

29.1-33.1

33.2-37.2

37.3-41.3

41.3-45

Average

Samples

2

4

3

1

2

32nSv/h

Table (3) Tc99m wastes. Reading of doses from 50cm distance

(in the collection days).
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After collection the Tc99m bags were stored. Measurements

were carried out to check the doses of these bags after four day

from the collection day (day of disposal) 5cm and 100cm

distance were used for measurements. Results are shown in

table (4) and (5).

Dose (nSv/h)

2.5-3.9

4.0-5.3

5.4-6.7

6.8-8.0

Average

Samples

4

4

2

2

4.9juSv/h

Table (4) Tc99m wastes. Reading of doses from 5cm distance

(after storage for four days).

Dose (uSv/h)

0.07-0.22

0.23-0.38

0.39-0.54

0.55-0.70

Average

Samples

9

0

2

1

0.1u.Sv/h

,99m
Table (5) Tc wastes. Reading of doses from 50cm distance

(after storage for four days).
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Doses reading of Tc 99m waste

Doses
reading
(mSv/y)

Days of storage

Figure (3)

Tc99m wastes. Reading of doses from different distances

1. First day of storage Reading of doses from 5cm and 100cm

distance (in the day of collection).

2. Reading of doses from 50cm distance (in the collection

days).

3. Reading of doses from 5cm distance (after storage for four

days).
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4.1.2 Liquid Wastes

Doses measurements for liquid waste (urine) contains I131

nuclide, were carried out in the 2nd, 3rd and day of disposal at

5cm and 100cm from the urine container. Results are shown in

table (6) to (11).

I131 tables

Dose (mSv/h)

4.00-10.5

10.6-17.0

Average

samples

3

2

9,9mSv/h

Table (6) I131 doses of urine wastes at 5cm distance from the

container (in the second day after the I131 capsule taken by the

patient).
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Dose(u.Sv/h)

33.0-39.5

39.6-46.0

Average

Samples

3

2

38.2(iiSv/h

1 T 1

Table (7) I doses of urine wastes at 100cm distance from the

container (in the second day of the I capsule taken by the

patient)

Dose(mSv/h)

3.3-9.60

9.7-16.0

Average

Samples

2

3

lO.lmsv/h

Table (8) I131 doses of urine wastes at 5cm distance from the

container (in the third day after the I131 capsule taken by the

patient)
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Dose (nSv/h)

25.0-32.5

32.6-40.0

Average

Samples

2

3

32.6juSv/h

Table (9) I131 doses from wastes at 100cm distance (in the third

day after the I131 capsule taken by the patient).

Dose (mSv/h)

0.7-1.5

1.6-2.3

Average

Samples

2

3

1.49msv/h

Table (10) I131doses of urine wastes at 5cm distance from the

container (in the day of disposal.) (Onegallonof urine is not

founded),
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Dose (u.Sv/h)

11.0-16.5

16.6-22.0

Average

Samples

3

2

15.6uSv/h

rl31
Table (11) I doses of urine wastes at 100cm distance from the

container (in the day of disposal.) (One gallon of urine is not

founded).
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The disposals of the urine liquid waste were done by

throwing the liquid to water drainage of patient's rooms up

stairs near the toilet. Readings were taken at 5cm and 100cm

from the drainage place in the first and second day after

disposal. Results are shown in tables from (12) to (15).

Dose (mSv/h)

0.9-1.5

1.6-2

Average

Samples

3

2

1.5mSv/h

Table (12) I doses at5cm distance from the place of disposal

(water drainage) (in the first day of disposal.).

Dose (uSv/h)

3.0-4.0

4.1-5.0

Average

Samples

3

2

4uSv/h

rl31Table (13) I doses atlOOcm distance from the place of

disposal (water drainage) (in the first day of disposal.).
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Dose (mSv/h)

0.8-1.2

1.3-1.5

Average

Samples

3

2

1.2msv/h

Table (14) I131doses at 5cm distance from the place of disposal

(water drainage) (in the second day of disposal).

Dose (nSv/h)

2.0-2.6

2.7-3.3

Average

Samples

2

3

2.7nSv/h

rl31Table (15) I doses at 100cm distance from the place of

disposal (water drainage) (in the second day of disposal.).
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The drainage tubes goes down to small closed hole of

50x50cm area. The hole lay at distance 4meter from the storage

and lOmeters from exchanger office.

Readings were taken near the hole at 5cm and 100cm

distance in the first and second day after disposal. Readings are

shown in tables from (16) to (19).

Dose (jLiSv/h)

448-674

675-900

Average

Samples

3

2

649.6juSv/h

Table (16) I131 doses at 5 cm distance from the hole in the first

day of disposal.

Dose (jiSv/h)

6.0-8.50

8.6-11.0

Average

Samples

4

1

7.3]uSv/h

Table (17) I131 doses at 100cm distance from the hole in the first

day of disposal.
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Dose (juSv/h)

380-555

556-730

Average

Samples

3

2

538nSv/h

Table (18) I131 doses at5cm distance from the hole in the second

day of disposal.

Dose (jiSv/h)

1.7-2.4

2.5-3.0

Average

Samples

3

2

2.1fiSv/h

1 "X 1

Table (19) I doses at 100cm distance from the hole in the

second day of disposal.
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The next room to the I131 patient's room is for patients under

radiation therapy. The co-patients are always staying in this room.

Public (visitors) are coming from time to time. To evaluate the dose
1 o 1

in this room due to the urine waste and patients at I room,

measurements using the survey meter were carried out the center of

room. Results were shown in tables (20) and (21).

Dose (]LiSv/h)

1.7-2.4

2.5-3.0

Average

Samples

3

2

lO.ljuSv/h

rl31Table (20) I doses at the room next to the patient room in the
r131first day after the I capsule taken by the patient.

Dose (nSv/h)

2.0-4.0

4.1-8.0

Average

Samples

1

4

6juSv/h

Table (21) I131 doses at the room next to the patient room in the

second day after the I131 capsule taken by the patient.
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1 O 1

The toilet is not far from the I . Measurements were carried

out at the toilets in 1st and 2nd day's afterl131 capsule being taken

by the patients. Results are shown in tables (22) and (23).

Dose (nSv/h)

1.7-2.4

2.5-3.0

Average

Samples

3

2

3|iSv/h

Table (22) I doses at the toilet near the patient in the first day

after the I131 capsule taken by the patient.

Dose (u.Sv/h)

0-1.0

1.1-2.0

Average

Samples

3

2

ljuSv/h

Table (23) I131 doses at the toilet near the patient room in the
1 *\ 1

second day after the I capsule taken by the patient.
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4.1.3 Urine volume

To register the volume of liquid generated by the patients

under I131 treatment, the volume of urine were measured at

different days after supplemental. Results are shown in tables

from (24) to (26).

Volume (liter)

2.0-2.75

2.76-3.5

Average

Samples

2

3

2.81iter

Table (24) the urine volume at the second day from taking the

capsule.

Volume (liter)

3.0-4.3

4.4-5.5

Average

Samples

3

2

4.31iter

Table (25) the urine volume at the third day from taking the

capsule.
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Volume (liter)

2.0-2.75

2.76-3.5

Average

Samples

1

4

7.81iters

Table (26) the urine volume at the day of disposal.
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4.2 PART TWO (DISCUSSION)

4.2.1 Calculation of effective doses at different locations in

RICK due to radioactive waste releases.

4.2.1.1 Hot lab: -

Assume that the worker spends in this place (60cm

from Tc99m solid waste which are located behind lead shield

where the technologist prepare the radiopharmaceutical

doses) an average of 2hr/day, 2day/week, and 42weeks/year

The occupancy assumption is 2x2x42hrs

Average of Tc99m dose rate (table 2)

= 32gLSv/h

Effective dose = 2x2x42x32 =5376j2tSv/y

= 5.376 mSv/y

4.2.1.2 Neighboring patients room: -

Assume that the patients and co patient spends in this

place (the room of the patient under radiotherapy treatment
•I O I

which is laying beside the I rooms) an average of

22hr/day, 3weeks/year

The occupancy assumption is 2x3x222hrs

Average of I131 dose rate (table 3) =10.9(aSv/hr

Effective dose = 2x3x22x11.9 =1470.8£iSv/y

= 1.47mSv/y
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4.2.1.3 The Neighboring Toilet: -

Occupancy assumption Ix7x4hrs/year

Average of I131dose rate (table 16) = 3.4jiSv/h

Effective dose =1x7x4x3.4 = 95.2ptSv/y

=0.095mSv/y

4.2.1.4 The Water Closet: -

Effective dose = 32ljgtSv

= 0.321mSv/y

4.2.1.5 The Place Down Water Closet:

Effective dose =1.4mSv/y
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Effective Dose At Different
Locations In Rick

Dose
Reading
(mSv/y)

6
4
2
0

y

y

1

Different Locations

Figure (6)

Equivalent Dose in different locations:

1.Hot lab

2. Neighboring patients room

3.Toilets

4.Water closet

5.Place down water closet
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Effective doses at different locations in RICK due to

radioactive waste releases.

Different

locations

Hot lab

Water

closet

Place down

water closet

Patient

room no

(26)

Toilet

Equivalent

Dose(mSv/h)

5.76

0.321

1.4

1.333

0.095

Table (27) shows the annual dose received by workers, patients and

co patients as a result of the radioactive wastes that are produced in

RICK in different locations.
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4.3 DISCUSSION

The objective of radioactive waste management is to

prevent human contact with concentrations of material or

radiation levels significantly above background level.

Most of waste material generated in nuclear medicine

departments may be disposed off by holding the material in

storage for extensive decay, diluting and dispersing the material

to the atmosphere or sanitary sewer system, or returning the

spent material to the manufacturer or supplier.

The assessment of radiation in patients and workers in

RICK in Khartoum is of particular importance because

radioactive wastes are produced routinely in the department,

further more, the study of the management of radioactive wastes

in the center is of particular interest, since it may effect

influence attitude to words any additional extending in this

services.

The first part of this work was conducted on the hot lab in

the nuclear medicine department in RICK.
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1131 Dose Reading At Toilet

Figure (7)

Doses reading at Toilet after I131 capsule taken by Patient

in three days.

1.Doses in the first day after taken the I capsule by

patients

2. Doses in the second day after taken the I131 capsule by

patients

3. Doses in the third day after taken the I131 capsule by

patients
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1131 Doses Reading At Patient's

Figure (8)

Doses reading at Patients room

1. Doses in the first day after taken the I131 capsule by

patients

2. Doses in the second day after taken the I131 capsule by

patients

3. Doses in the third day after taken the I131 capsule by

patients
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Measurements were taken at distance of 5cm and 60cm from the

solid waste of Tc99m in the day of collections and disposal. The

results are shown in table 1,2,3,4 and 5.

The reading at 5 and 60cm distance from the plastic bags

at the day of collection were 0.64 mSv/y and 0.014mSv/y

respectively. This results shows that at far distances the dose

from the Tc99m wastes is low specially if those bags were stored

behind the lead shield in the hot lab.

The measurements taken at 50cm distance gives a result of

0.032mSv/y that confirm the safety of using lead shield for

these bags. That means the dose received by the workers body is

negligible due to the existence of these bags behind the lead

shield.

From tables (4) and (5) the doses measured from the Tc99m

waste bags after 4 days storage at distance 5cm and 50cm were

found to be 0.005mSv/y and O.OOOlmSv/y, respectively which

indicate that the waste activity decreased to the accepted level

for disposal after 4 days of storage.

It is shown from measurements that in the hot lab in RICK

the radiation doses from the radioactive wastes are not exceed

the nationally and internationally set action level (20mSv/y).

The effective dose estimated for the workers in the hot lab
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clearly indicate that the Tc99m is well stored and disposed off.

The Dose Equivalent value 5.76mSv/y is only for the hands of

the workers.

This shows that the dose received by hands of workers is

much less than the international and national limits, which is

500mSv/y.

The P32 and I131 solid wastes (mainly compose of disposal

syringes, gloves, soap and cottons) are stored in separate lead

shield.

The results of doses at 5cm and 100 cm for the liquid

waste (urine) contains I131 in 2nd and 3rd day after patient taken

the I131 capsule were found fairly high doses specially at 5cm

distance (about lOmsv/h). It is recommended that workers

should keep large distance from the container.

From table (10) the dose at 5cm from the container of the urine

was found to be 1.5 msv/h at the day of disposal. This dose is an

indication of that the activity of the liquid is fairly high, it is not

advice to be disposed off. It is recommended that this waste

should be kept for longer time decay to accepted level for

disposal.

The measurements taken at 5cm and 100cm distance from

the place of disposal (water drainage) (table 12-15) proves that

the doses at this place are fairly high specially for the public
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which will exceed the national and international dose limits

lmSv/y for public.

It is recommended besides increasing the storage time that a

reasonable amount of water should be thrown in the drainage

place to flush the urine and then dose will be much less.

The results of measurements of doses at the hole down in

the ground level at 5cm and 100cm distance in the 1st and 2nd

day after disposal are relatively high doses, since around this

hole a lot of public are moving. Flushing of water after disposal

wills decreases this dose to reasonable levels.

Tables (20) and (21) shows the doses measured at the room

next to the patient room. The dose for the 2nd day after I131

capsule taken by the patient is 10.1 mSv/y and the dose for

the 3rd day is 6mSv/y. These doses are fairly high

specially for public. To decrease these dose the thickness

of the wall separating the two rooms should increase.

The doses of tables (22) and (23) at the toilet near the

patient room could be decreased if the liquid waste (urine)

not to be kept in the room. The best way for this waste is to

go through separate drainage system and to be kept in a tank

in the ground for long decay time and then to be disposed to

sewage system.
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1 *3 1

The second part of this work was conducted on the I

estimated doses at the next patient's room (No26), toilet, and

water closet and down water closet. It is shown from table (20)

the dose at the room next to the patient room (26) is 3,1 mSv/y,

which seems to be high for patients and co-patients. This dose

could be decreased through the effective method that mentioned

in the previous paragraph.

In addition, it is clear from table (16) that the dose at the

place down water closet at 5 cm distance where the radioactive

liquid waste (urine) goes down seems to be high.

From table (24) to (26) the radioactive liquid waste (the

urine from the patients) volume is big. The smell of the urine is

disgust, and the rooms are not well locked, so that the patients

cannot tolerate it and they may try to dispose it regardless of its

danger. It happened that one of the patients put his urine in the

Balcony, other patients just through it and the place could not

identified.

This of course will increase the dose to the other patients

and co patient in the other rooms and the workers. Some times

the patient disappear and this due to the pad conditions of the

rooms and uncontrolled locks.
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5.1 CONCLUSION

It can be conclude that: -

1. The hot lab dose values obtained from the measurements for a

year is 5.76mSv/y; there for it can be conclude that there is good

management for the Tc99m radioactive solid waste.

2. The next room to the patients room, the doses due to liquid

radioactive wastes and the patient's was soundtobe3.14mSv/y,

which is a fairly high, and it is unnecessary dose.

3. The Toilet, water closet doses obtained from radioactive waste

measurements are low.
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5.2 RECOMMENDATIONS

1. The room of patients under I131 treatment should have

different path room of separate drainage system and

underground tank for storage to decay to low levels.

2. The room locks should be well secured.

3. Flushing the urine after disposal with reasonable amount of

water.

4. To increase the thickness of the wall between the I room

and other patients room.

5. To increase the storage time for the urine.
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