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Abstract

This study has been conducted primarily to evaluate the leakages radiation in 

cobalt 60 unit in National Cancer Institute -Wad Medani, which represent the 

basic risky factor in this unit for the radiotherapists who spend much time during 

patient set up, also they need to stand near the head of the machine to fix some 

accessories.

The measurements which done using survey meters give normal level of 

occupational exposure compared with IAEA reference doses except one situation 

that the radiotherapist to be close contact to the head of the unit for long time 

which may increase the received dose, in this situation. The radiotherapist either 

not well trained, or there is insufficient accessories to reduce the time inside the 

room.

Radiotherapy department need a special considerations from the beginning of 

construction till starting of treatment. It is important to contain separate rooms, 

for planning to determine treatment area, another one for molding to shape lead 

blocks to protect normal parts and an optimum designed room for treatment to 

enable workers to apply basic radiation protection principles.



ا-٧-

ة٠ ص ال خ ل

ت لقد سة هذه أجري سا الدرا سا م أ قيي  جهاز من الناتجة المتسربة االشعاعية الجرعة لت
ى الكوبالت ن القومى المعهد ف سرطا ى لل ى بمدن ى العامل تمثل والت س سا أل  للخطورة ا

ى ص صا خت ل وقته معظم يفضعى الذى العلدجية األشعة ال جع ى المريض لي  الوضع ف
ع جرعة لتلقى المناسب شعا إل ج كما ا حتا س من بالقرب للوقوف ي ت الجهاز رأ  لتثبي

ت بعخن حقا الجهاز مل
ى خد اإلشعاعية الجرعة فيابس تم البحث ا هذ ف ست ز ام با عى مسح جها شعا  لمعرفة إ

ض مستوى ى المرجعية الجرعة مع بالمقارنة المهنى التعر ها قامت والت حديد  الوكالة بت
ت وقد الذرية للطاقة الدولية ضح ت أو سا م أنها القيا ى ل حد تتعد ى ال طبيع  للتعرضر ال
ء المهنى ستثنا حدة حالة با ى وا ى فيها يكون والت ص صا خت ب الألشعة إ س من جدا قري  رأ

ث قد نادرة حالة وهذه الجهاز حد م إما ت عد ب ل ى التدري كاف ة ال ولقل  تقلل التى الملحقات أ
ل الزمن من خ ى األشعة غرفة دا الجرعة. وبالتال

صة اعتبارات هنالك سم خا ى إنشاءه بداية منن باألشعة العالج لق  به العلدج بداية وحت
ج انه وهو حتا ف ي ة لغر صل م ات وذ منف صمي ص ت ط خا طي خ د المريض لت حدي  موضح وت

ك العالج ع غرفة وكذل صن ب التى القطع ل حج حمى األشعة ت  وغرفة السليمة األجزاء وت
ت م نا صمي ى ت ن للعالج مثال مك ى ليت ص صا خت د ق من الل ة المبادئ تطبي سي سا أل  للوقايأ ا
األشعة. من
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Chapter One *
INTRODUCTION

1.1. History of Co 60 machines
1951 was an important year for both the fight against cancer and the emergence 

of Canada as a leader in the field of nuclear medicine. Previously, ionizing 

radiation from radium and x-rays had been used to treat cancers inside the 

body. Radiation therapy works by damaging the DNA (genetic material) of 

cells. A radiation beam of photons, electrons, protons, or neutrons can be used 

to disrupt the growth of tumor cells by directly or indirectly ionizing the DNA 

(deoxyribonucleic acid). The cell with damaged DNA dies during cell division. It 

is a useful treatment because some cancer cells are more sensitive to radiation 

than normal cells.

Scientists tried building sources of ionizing radiation called «radium bombs» 

for teletherapy, but radium radiation was too weak for the job. It was called a 

“bomb” because the large amount of heavy like x-ray machines could do the 

trick, but they were expensive, bulky and limited in use to a few cancer centres 

that had the technical expertise required to maintain and operate them. While 

scientists around the world had theorized about the possible use of cobalt-60 as 

a radiation source for the treatment of cancers inside the body, it was Canadian 

scientists who made this treatment a reality(W.John 2002).
i  *

Cobalt-60 is a beta emitting radioactive isotope of cobalt-59 and has a half-life 

of 5.27 years decaying to Nickel-59, a stable isotope. During the beta decay of 

cobalt-60, gamma rays are produced.

The NRX reactor at Chalk River, Ontario was designed to produce radioactive 

isotopes. In 1949, Dr. Harold Johns of the University of Saskatchewan wrote 

Wilfrid Bennett Lewis, the director of the Atomic Energy Division of the National 

Research Council (NRC), requesting that cobalt-60 produced by the NRX 

reactor be used in the construction of a prototype cobalt therapy unit. Soon 

after, two teams of physicists, physicians and engineers working in Saskatoon, 

Saskatchewan and London, Ontario, respectively, designed two different 

cobalt-60 apparatuses. One was built under the direction of Dr. Harold Johns 

at the University of Saskatchewan's newly constructed cancer wing which was
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adjacent to the medical college. There, Dr. Johns and his team collected the 

depth-dose data (how much ionizing radiation to apply during treatment) which 

later became the world standard. The second unit was designed by researchers 

at the University of Western Ontario and built by Eldorado Mining and Refining 

Ltd. (later to become part of Atomic Energy of Canada Limited). The Eldorado 

unit was installed at Victoria Hospital in London, Ontario on October 23, 1951. 

On October 27, 1951, just four days after installation, the first highly publicized 

cobalt-60 treatment in the world occurred there. Twelve days later, on November 

8, 1951, the first patient was treated in Saskatoon at the Saskatchewan Cancer 

Commission. With the development of the cobalt bomb, the cure rate for cervical 

cancer went from 25% to 75%.

Cobalt-60 therapy units contain a small cylinder of cobalt-60 in the treatment 

head of the apparatus. As the patient lies on the table, a beam of gamma rays 

passes through a series of collimators and jaws which shape the beam as it 

is directed at the patient. Because the beam will destroy healthy cells as well 

as cancerous cells, placement of the beam and the radiation dose must be 

precisely calculated. Also the treatment head must be rotated at different angles 

to attack the cancer tumor from different sides without overexposing healthy 

tissue.(Sandeep Kaur Dhanesar, April 2008)

1.2 Clinical use of Co 60:
Cobalt-60 is used in many common industrial applications, such as in leveling 

devices and thickness gauges, and in radiotherapy in hospitals. Large sources 

of cobalt-60 are increasingly used for sterilization of spices and certain foods. 

The powerful gamma rays kill bacteria and other pathogens, without damaging 

the product. After the radiation ceases, the product is not left radioactive. This 

process is sometimes called "cold pasteurization.

Cobalt-60 is also used for industrial radiography, a process similar to an x-ray, 

to detect structural flaws in metal parts. One of its uses is in a medical device 

for the precise treatment of otherwise inoperable deformities of blood vessels 

and brain tumors. Radio nuclides, such as cobalt-60, that are used in industry 

or medical treatment are encased in shielded metal containers or housings, and
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are referred to as radiation ‘sources.> The shielding keeps operators from being 

exposed to the strong radiation.( Paul Litt, 2000)

1.3 Staff exposure
The concern over the biological effect of ionizing radiation began shortly after 

the discovery of X-rays in 1895. Over the years, numerous recommendations 

regarding occupational exposure limits have been developed by the International 

Commission on Radiological Protection (ICRP) and other radiation protection 

groups. In general, the guidelines established for radiation exposure have had 

two principle objectives: 1) to prevent acute exposure; and 2) to limit chronic 

exposure to «acceptable» levels.

Current guidelines are based on the conservative assumption that there is no 

safe level of exposure. In other words, even the smallest exposure has some 

probability of causing a stochastic effect, such as cancer. This assumption has 

led to the general philosophy of not only keeping exposures below recommended 

levels or regulation limits but also maintaining all exposure «as low as reasonable 

achievable® (ALARA). ALARA is a basic requirement of current radiation safety 

practices. It means that every reasonable effort must be made to keep the dose 

to workers and the public as far below the required limits as possible.

%

Eye Dose 
Equivalent 

16 Rems {0,15 Sv)

Shallow Dose 
Equivalent 

Whole-Body (Skin) 
50 Rems (0,50 Sv)

Total Organ Dose 
Equivalent 

Any Organ 
50 Rems (0,50 Sv)

T o ta l E f fe c t iv e  D o s e  E q u iv a le n t
W h o le -B o d y  

5 R e m  (0 ,0 5  Sv)

*

Regulatory Limits for Occupational Exposure (1.1)



Many of the recommendations from the ICRP and other groups have been 

incorporated into the regulatory requirements of countries around the world. In the 

United States, annual radiation exposure limits are found in Title 10, part 20 of the 

Code of Federal Regulations, and in equivalent state regulations. For industrial 

radiographers who generally are not concerned with an intake of radioactive 

material, the Code sets the annual limit of exposure at the following:

1) the more limiting of:

• A total effective dose equivalent of 5 rems (0.05 Sv) 

or

• The sum of the deep-dose equivalent to any individual organ or tissue other 

than the lens of the eye being equal to 50 rems (0.5 Sv).

2) The annual limits to the lens of the eye, to the skin, and to the extremities, 

which are:

• A lens dose equivalent of 15 rems (0.15 Sv)

• A shallow-dose equivalent of 50 rems (0.50 Sv) to the skin or to any 

extremity.

1.3.1. The shallow-dose equivalent
Is the external dose to the skin of the whole-body or extremities from an external 

source of ionizing radiation. This value is the dose equivalent at a tissue depth 

of 0.007 cm averaged over and area of 10 cm2.

1.3.2. The lens dose equivalent
Is the dose equivalent to the lens of the eye from an external source of ionizing 

radiation. This value is the dose equivalent at a tissue depth of 0.3 cm.

1.3.3. The deep-dose equivalent
Is the whole-body dose from an external source of ionizing radiation. This value 

is the dose equivalent at a tissue depth of 1 cm.

1.3.4 The total effective dose equivalent
Is the dose equivalent to the whole-body.
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1.3.5 Declared Pregnant Workers and Minors 1 •
Because of the increased health risks to the rapidly developing embryo and fetus, 

pregnant women can receive no more than 0.5 rem during the entire gestation 

period. This is 10% of the dose limit that normally applies to radiation workers. 

Persons under the age of 18 years are also limited to 0.5rem/year.

1.3.6 Non-radiation Workers and the Public
The dose limit to non-radiation workers and members of the public are two 

percent of the annual occupational dose limit. Therefore, a non-radiation worker 

can receive a whole body dose of no more that 0.1 rem/year from industrial 

ionizing radiation. This exposure would be in addition to the 0.3 rem/year from 

natural background radiation and the 0.05 rem/year from man-made sources 

such as medical x-rays. UNSCEAR (1993).

1.4 Shielding
The higher the energy of the gamma rays, the thicker the shielding required. 

Materials for shielding gamma rays are typically measured by the thickness 

required to reduce the intensity of the gamma rays by one half (the half Shielding 

from gamma rays requires large amounts of mass, in contrast to alpha particles 

which can be blocked by paper or skin, and beta particles which can be shielded

by foil. Gamma rays are better absorbed by materials with high atomic numbers
* *

and high density, although neither effect is important compared to the total mass 

per area in the path of the gamma ray. For this reason, a lead shield is only 

modestly better (20-30% better) as a gamma shield, than an equal mass of 

another shielding material such as aluminium, concrete, water or soil; lead's 

major advantage is not in lower weight, but rather its compactness due to its 

higher density. Protective clothing, goggles and respirators can protect from 

internal contact with or ingestion of alpha or beta particles, but provide no 

protection from gamma radiation from external sources, 

value layer or HVL). For example gamma rays that require 1 cm (0.4") of lead 
to reduce their intensity by 50% will also have their intensity reduced in half by
4.1 cm of granite rock, 6 cm (2/4") of concrete, or 9 cm (31/4") of packed soil. 
However, the mass of this much concrete or soil is only 20-30% greater than
that of lead with the same absorption capability. Depleted uranium is used for
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shielding in portable gamma ray sources, but again the savings in weight over 
lead is modest, and the main effect is to reduce shielding bulk. In a nuclear 
power plant, shielding can be provided by steel and concrete in the pressure 
and particle containment vessel, while water provides a radiation shielding of 
fuel rods during storage or transport into the reactor core. The loss of water or 
removal of a "hot" fuel assembly into the air would result in much higher radiation 

levels than when kept underwater. (Lewis, Wilfrid Bennett).

1.5 Problem of study:
1. Radiation leakages are one of the main risks for staff exposure.

2. No detectors used for staff reductions.

3. Radiation accidents.

4. Shielding problems for Co 60 machines.

1.6 Objectives
The main objective of this study is to evaluate the shield of cobalt 60 unit and 

measure the leakage at the door and the adjacent room during treatment and 

near the head of the machine in off position.

Specific objective:
1. To compare the measured values with the international limits.

2. To estimate the annual dose for the radiotherapist in the absence of

personal dosimeters(TLD).

3. To turn the attention of the radiotherapist to consider the factors of distance

and time during patient set up.

4. The continuous increasing of patients number and the decreasing of the

staff which may result in high dose for the radiotherapist.
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Chapter 2
Literature review

2.1. Production of Co 60.
Cobalt-60 is a beta emitting radioactive isotope of cobalt-59 with a half-life of 

5.27 years decaying to nickel-59, a stable isotope. During the beta decay of 

cobalt-60, gamma rays are produced.

Cobalt-60 is produced by placing rods of cobalt-59 inside the reactor and 

simply leaving them there for five to 10 years. The rods are then harvested 

and processed using special equipment. On the right, a technician can be seen 

checking cobalt-60 while it sits below water in the reactor cooling pool. The 

blue glow is known as the Cerenkov Effect and is caused by charged particles 

moving through the water at relativistic energies.

For many years, Canada was the only country that could produce cobalt-60, and 

today it continues to supply over 80% of the world’s demand. As well, over half 

the cobalt-60 therapy machines and medical sterilizers in the world were built in 

Canada, treating over half a million patients yearly.

2.2 Co 60 machine.
is a synthetic radioactive isotope of cobalt with a half-life of 5.27 years (Figure 

2.1) shows cobalt 60 machine . It is produced artificially by neutron activation of
. !  vs '

the isotope 59 Co. 60 Co decays by beta decay to the stable isotope nickel-60 

(60Ni). The activated nickel nucleus emits two gamma rays with energies of 1.17 

and 1.33 MeV, hence the overall nuclear equation of the reaction is

59 60m 60
2?Co + n —» 27Co —> Ni + e - + v e + gamma rays

2.2.1 Activity
Corresponding to its half-life the radioactive activity of one gram of 60 

Co is 44 TBq (about 1100 curies). The absorbed dose constant is related to the 

decay energy and time. For 60 Co it is equal to 0.35 mSv/(GBq h) at one meter 

from the source. This allows calculation of the equivalent dose, which depends 

on distance and activity.
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2.2.2 Decay
The diagram (2.2) shows a (simplified) decay scheme of 60 Co and 60m Co. 

The main p-decay transitions are shown. The probability for population of the 

middle energy level of 2.1 MeV by P-decay is 0.0022%, with a maximum energy 

of 665.26 keV. Energy transfers between the three levels generate six different 

gamma-ray frequencies. In the diagram the two important ones are marked. 

Internal conversion energies are well below the main energy levels.

60mCo is a nuclear isomer of 60Co with a half-life of 10.467 minutes. It decays 

by internal transition to 60Co, emitting 58.6 keV gamma rays, or with a low 

probability (0.22%) by P-decay into 60Ni.( Moreas 2000) .

Cobalt 60 Machine (2.1)
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2.505 4+ 

2.158 2+

1.332 2+

2.3. Shielding
The depth of penetration for a given photon energy is dependent upon the 

material density (atomic structure). The more subatomic particles in a material 

(higher Z number), the greater the likelihood that interactions will occur and the 

radiation will lose its energy. Therefore, the more dense a material is the smaller 

the depth of radiation penetration will be. Materials such as depleted uranium, 

tungsten and lead have high Z numbers, and are therefore very effective in 

shielding radiation. Concrete is not as effective in shielding radiation but it is a 

very common building material and so it is commonly used in the construction 

of radiation vaults.

Since different materials attenuate radiation to different degrees, a convenient 

method of comparing the shielding performance of materials was needed. The 

half-value layer (HVL) is commonly used for this purpose and to determine what 

thickness of a given material is necessary to reduce the exposure rate from a 

source to some level. At some point in the material, there is a level at which the 

radiation intensity becomes one half that at the surface of the material. This 

depth is known as the half-value layer for that material. Another way of looking 

at this is that the HVL is the amount of material necessary to the reduce the 

exposure rate from a source to one-half its unshielded value.

-9-



Sometimes shielding is specified as some number of HVL. Forexample, if a 

Gamma source is producing 369 R/h at one foot and a four HVL shield is placed 

around it, the intensity would be reduced to 23.0 R/h.

Each material has its own specific HVL thickness as shown in table (2.1) . Not 

only is the HVL material dependent, but it is also radiation energy dependent. 

This means that for a given material, if the radiation energy changes, the point 

at which the intensity decreases to half its original value will also change. Below 

table (2.2) shows some HVL values for various materials commonly used in 

industrial radiography. As can be seen from reviewing the values, as the energy 

of the radiation increases the HVL value also increases.

Table (2.1)

Approximate HVL for Various Materials when
Radiation is from a Gamma Source

Half-Value Layer, mm (inch)
Source Concrete Steel Lead Tungsten Uranium
Iridium-192 44.5(1.75) 12.7 (0.5) 4.8 (0.19) 3.3 (0.13) 2.8 (0.11)
Cobalt-60 60.5 (2.38) 21.6 (0.85) 12.5 (0.49) 7.9 (0.31) 6.9 (0.27)

Table (2.2)

Approximate Half-Value Layer for Various Materials when
Radiation is from an X-ray Source

Half-Value Layer, mm (inch)
Peak Voltage (kVp) Lead Concrete
50 0.06 (0.002) 4.32 (0.170)
100 0.27 (0.010) 15.10 (0.595)
150 0.30 (0.012) 22.32 (0.879)
200 0.52 (0.021) 25.0 (0.984)
250 0.88 (0.035) 28.0 (1.102)
300 1.47 (0.055) 31.21 (1.229)
400 2.5 (0.098) 33.0 (1.299)
1000 7.9 (0.311) 44.45 (1.75)
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2.4 radiation quantities and units *
Exposure to radiation at high doses can cause acute syndromes that are 

clinically expressed in exposed individuals within a short period of time after 

exposure. Such effects are called deterministic effects. At lower doses, defined 

by the ICRP as absorbed doses less than 0.2 Gy, radiation exposure can induce 

malignancies in exposed individuals and could also have detrimental hereditary 

effects in their offspring. These effects are called stochastic effects because of 

their random nature.

For radiation protection purposes it is assumed that there is proportionality 

between dose and the probability of a stochastic effect within the range of doses 

encountered in radiation protection. A consequence of this assumption is that 

doses are additive in the sense that equal dose increments give rise to equal 

increments of the probability of a deleterious effect which are independent of 

the previously accumulated dose. Risk is defined by the ICRP and the Basic 

Safety Standards as a multi attribute quantity expressing a chance of harmful 

consequences associated with a radiation exposure. The parameters which 

define the risk include such quantities as the probability that specific deleterious 

consequences may arise and the magnitude and character of such consequences 

(UNISCEAR 2000).

2.4.1. Absorbed Dose
l- ■ U t

As radiation passes through air, it can be measured by counting the number 

of ionized particles it produces. The quantity ’exposure’ has been historically 

defined as the number of electrical charges produced in a unit mass of air and 

measured in units of roentgens (R). As radiation penetrates any material, its 

energy is absorbed and released by the constituent atoms. The absorbed energy 

per unit mass of material is termed the absorbed dose. The old unit of absorbed 

dose was the Rad, defined as 100 ergs of energy per gram of material. Th SI 

unit is the gray (Gy), one gray being equal to one joule of energy absorbed per 

kilogram of matter, and equivalent to 100 Rads. The effects of radiation on any 

material, including biological materials, such as tissue, depend on the magnitude 

of the absorbed dose.
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2.4.2 Equivalent dose ‘
Radiation effects, including harm to tissue, are found to depend not only on the 

absorbed dose, but also on the type and energy of the radiation causing the 

dose. For radiation protection purposes, these factors are taken into account by 

weighting the absorbed dose in tissue by a factor related to the effectiveness of 

radiation. The weighting factor for this purpose is termed the radiation weighting 

factor ,WR , and it reflect the type and energy of the radiation incident on the 

body or, in the case of radiation sources within the body, the radiation emitted 

by the source.

The absorbed dose weighted by the radiation weighting factors is strictly a dose 

that is termed equivalent dose in a tissue or organ T, by HT, is given by the 

expression:

H t  =  £ r  W r.D t r  (2.1)

Where D t,r js the mean absorbed dose in the tissue or organ T due to radiation 

R. the unit of equivalent dose is the joule per kilogram and is termed the Sivert 

(Sv).

2.4.3 Effective dose

For a given equivalent dose, the likelihood of radiation effects is found also to 

depend on the tissue or organ irradiated. It is therefore appropriate to define a 

further quantity, derived from the equivalent dose, to indicate the combined effect 

of different doses to several different tissues. The factor by which the equivalent 

dose in a tissue or organ T is multiplied is termed the tissue weighting factor WT, 

which represents the relative contribution of that tissue or organ to the total harm 

(or detriment) resulting from uniform irradiation of the whole body. The weighted 

equivalent dose (a doubly weighted absorbed dose) is termed the effective dose 

(E). The effective dose is thus a measure of the total risk due to any combination 

of radiations affecting any organs of the body. Generally, effective dose is what 

is meant when the term dose is used and it is based on the concept that, at a 

given level of protection, the risk should be equal whether the whole body is 

irradiated uniformly or whether there is non-uniform or partial irradiation.

The effective dose is thus the weighted sum of the equivalent doses in all the
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tissues and organs of the body. It is given by the expression: *

E = E t W t £ r W r.Dt,r (2.2)

Where D t ,r  is the mean absorbed dose in tissue or organ T delivered by radiation 

R.

The radiation is either that incident on the body or that emitted by a source within 

the body. The effective dose can also be expressed as the doubly weighted sum 

of the absorbed dose in all the tissues and organs of the body.

2.4.4 Committed equivalent dose and committed effective dose
The ICRP has introduced the concept of committed dose, which is defined as 

the sum of doses that would be received by an individual during a given time 

period following the intake of a radioactive substance. This concept is needed in 

order to implement the current basis for radiation protection, which is to limit the 

lifetime risk committed in a year of operation of a practice, rather than the dose 

delivered in that year.

Following an intake to the body of radioactive material, there is a period in which 

the material gives rise to equivalent doses in the tissues of the body at varying 

rates. The time integral of the equivalent dose rate is termed the committed 

equivalent dose, HT(X), where (T) is the integration time (in years) following the
“t >  *

intake. If t is not specified, it is assumed that the value is 50 years for adults and 

for children the number of years from age at inake to age 70 years. By extension, 

the committed effective dose E(t) to the whole body is similarly defined from the 

effective dose. The committed equivalent dose is defined by:

HT(T) = J^T Ht (t)dt (2.3)

For a single intake of activity at time t° where HT(X) is the relevant equivalent 

dose rate in an organ or tissue T at time t and is the time period over which the 

integration is performed.

2.4.5 Collective Equivalent Dose and Collective Effective Dose
All the dosimetric quantities already referred to relate to the exposure of an
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individual. Further quantities in use relate to exposed groups or populations. 

These quantities take account of the number of people exposed to a source 

by multiplying the average dose to the exposed group due to the source by the 

number of individuals in the group. It gives the measure of total health detriment 

from a given radiation source, and defined as:

S = S i Ei Ni (2.4)

Where Ei is the average effective dose in the population sub-groups i, and Ni is 

the number of individuals in the subgroup. The various groups of exposed people 

and the numbers Ni of individuals in each group i, may be used to characterize 

the total radiation impact of the practice or source. The unit of S is man- Sivert 

(man-Sv).

2.4.6 Dose Commitment
An important concept to be used in the limitation of radioactive discharges is the 

concept of dose commitment. If a practice continues over a long period of time, 

long-lived radionuclides released to the environment because annual exposures 

which initially increase with time and generally reach a maximum after a certain 

number of years. The dose commitment is the infinite time integral of the average

(per-person) dose rate E° (t) caused by the practice
*

Ec = J“ E°(t) dt (2.5)

It can be demonstrated that, if the integration period is chosen to be equal to 

the expected duration of the practice, T, and if the practice can be assumed to 

continue at a constant rate, then the incomplete dose commitment per unit of 

practice (eg, one year of operation) is equal to the maximum per caput annual 

dose in the future

Emax ~ E»(t) dt (2.6)

13Similarly, the incomplete (or truncated) collective dose per unit of practice (eg,

one year of operation) integrated over the expected duration of the practice, T, is

equal to the maximum annual collective dose in the future from that practice:
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(2.7)Smax — J q S®(t) d t

These concepts of dose commitment and incomplete dose commitment are 

particularly important for the limitation of radioactive discharges from practices or 

sources continuing over extended periods and releasing long-lived radionuclides 

which remain in the environment for long time. In these cases, the discharge 

limits should be aimed at limiting the annual dose commitment per year of 

practice operation which coincides with the value of the maximum annual dose 

in the future rather than the dose delivered in any particular year (UNSCEAR, 

2000
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CHAPTER 3
EXPERMENTAL METHOD

3.1 Survey meters
Survey meters are portable radiation detection and measurement instruments 

used to check personnel, equipment and facilities for radioactive contamination, 

or to measure external or ambient ionizing radiation fields (to evaluate the direct 

exposure hazard). The hand-held survey meter is probably the most familiar 

radiation measuring device to society owing to its wide and highly visible use.

3.1.1 Types
The following instrument types are the most commonly used as hand-held survey 

meters. The primary practical applications are listed.

• Scintillation counter

Used for alpha, beta and neutron measurement

• Geiger counter

Used for alpha, beta and gamma measurement

• ion chamber

Used for beta, gamma and X-ray measurement

3.1.2 Functional Design
The instruments are designed to be hand-held, are battery powered and of low 

mass to allow easy manipulation. Other features include an easily readable 

display, in counts or radiation dose, and an audible indication of the count rate. 

This is usually the “click” associated with the Geiger type instrument, and can 

also be an alarm warning sound when a rate of radiation counts or dose has 

been exceeded. For dual channel detectors such as the scintillation detector it is 

normal to generate different sounds for alpha and beta. This gives the operator 

rapid feedback on both the level of radiation and the type of particle being 

detected. These features allow the user to concentrate on manipulation of the 

meter whilst having auditory feedback of the rate of radiation detected.

Meters can be fully integrated with probe and processing electronics in one 

housing to allow single-handed use, or have separate detector probe and
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electronics' housings, joined by a signal cable. This latter is preferred for e 

checking of convoluted surfaces for radioactive contamination due to the ease 

of manipulating the probe.

3.1.3. Readout
The readout for alpha and beta radiation is normally in counts, whilst that for 

gamma and X-ray is normally in a reading of radiation dose. The SI unit for this 

latter is the Sieved. There is no simple universal conversion from count rate to 

dose rate, as it depends on the particle type, its energy, and the characteristic 

of the sensor. Count rate therefore tends to be used as a value which has been 

calculated for a particular application for use as a comparator or against an 

absolute alarm threshold. A dose instrument may be subsequently used if a 

dose reading is required. To help with this some instruments have both dose 

and count rate displays. Battery operated meters usually have a battery level 

check.

3.1.4 Measurement Techniques and Interpretation
The user must have an awareness of the types of radiation to be encountered 

so that the correct instrument is used. A further complication is the possible 

presence of "mixed radiation fields" where more than one form of radiation is 

present. Many instruments are sensitive to more than one type of radiation;
*  r

alpha and beta, or beta and gamma, for instance, and the operator must know 

how to discriminate between these. The necessary skills in using a hand-held 

instrument are not only to manipulate the instrument, but also to interpret results 

of the rate of radiation exposure and the type of radiation being detected.

For instance, a Gieger end-window instrument cannot discriminate between 

alpha and beta, but moving the detector away from the source of radiation will 

reveal a drop off in alpha as the detector tube must normally be within 10mm of 

the alpha source to obtain a reasonable counting efficiency. The operator can 

now deduce that both alpha and beta is present. Likewise for a beta/gamma 

geiger instrument, the beta may have an effect at a range in the order of metres, 

depending on the energy of the beta, which may give rise to the false assumption 

that only gamma is being detected, but if a sliding shield type detector is used,
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the beta can be shielded out manually, leaving only the gamma reading. For this 

reason, an instrument such as the dual phosphor scintillation probe, which will 

discriminate between alpha and beta, is used where routine checking will come 

across alpha and beta emitters simultaneously. This type of counter is known as 

"dual channel" and can discriminate between radiation types and give separate 

readouts for each. However, scintillation probes can be affected by high gamma 

background levels, which must therefore be checked by the skilled operator 

to allow the instrument to compensate. A common technique is to remove the 

counter from any proximity to alpha and beta emitters and allow a "background" 

count of gamma. The instrument can then subtract this in subsequent readings. 

In dose survey work Gieger counters are often just used to locate sources of 

radiation, and an ion chamber instrument is then used to obtain a more accurate 

measurement owing to their better accuracy and capability of counting higherdose 

rates. In summary, there are a variety of instrument features and techniques to 

help the operator to work correctly, but the use by a skilled operator is necessary 

to ensure reliable results.( Glenn F Knoll, 2000)

3.2 Area of the study
Measurements of this study were conducted in National Cancer Institute, Wad 

Medani, which consist of two C06O machines using survey meter (Geiger 

Counter) which shown in figure (3.1), to measure the leakage radiation inside
•S

the new cobalt 60 room, near the head of the machine at distance of 20cm 

left to the couch where the radiotherapist always stand during setting up the 

patient. Measurements done every 30 degree of gantry rotation and the source 

at (off-position) as given in table (3.1) also measurements at (on-position) near 

the door, inside the old cobalt 60 room and at control panel, as shown in table 

(3.2) also using distance meter to measure the thickness of walls and drawing a 

diagram to show room size, its position between other adjacent ones as shown 

in figure (3.2) using survey meter to estimate the annual dose for workers and 

compare it with the maximum permissible dose. .Measurements values of the 

study were given in the following table 3.1
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Figure (3.1) show survey meter

Table (3.1)
The following table shows the measurements

at (off-position) of the source
Gantry angle Dose rate (|U Sv)
0 0.50
30 0.51
60 0.51
90 0.54
120 0.52
150 0.52
180 0.53
210 0.45
240 0.46
270 0.50
300 0.49
330 0.49
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Table (3.2)
The following table shows the measurements

at (on-position) of the source 
Background radiation 0.05 Sv\h

Measurement Location Measurement Point Dose rate (|a Sv)
Control panel A A Background
At the door B 0.5
At the head C 18
At old Co60 D 0.09

Figure (3.2)
Shows New cobalt room and the adjacent rooms

f r .  
i

*
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Chapter 4
Results and discussion

4.1 RESULTS
Protection of personnel dealing with ionizing radiation is essential to minimize 

early and late effects of exposure, so workers must use radiation detectors 

regularly to ensure their doses not exceed the international dose recommended 

level of 20 mSv/year also radiation surveys are too important from time to time 

to check the level of radiation protection

The measurements of the study done every 30 degree of the gantry rotation at 

20cm left to the couch, it result in 0.54 (|U Sv/h) as maximum dose rate at gantry 

degree of 90 and 0.45 ( |I Sv/h) as minimum dose rate at gantry degree of 210, 

the average dose rate 0.50 ((J. Sv/h).

Radiation protection principles based on conservative situation which represent 

the maximum dose rate. The dose of the workers shown in equasion (4.1) based 

on International Atomic Energy Agency (IAEA) assumptions of 200 days ,8 hours 

per day as working time per year and 10% of this time in treatment room.

Dose = 200*8*0.1*0.54 = 0.09 mSv/year eq.(4.1)

4.2 DISCUSSION
The dose at all measurement points is considered within the permissible dose 

for workers except that which measured at the head which considered as slightly 

high dose compared with other points, so attention must be turned to the basic 

principle of radiation protection

On another hand, radiotherapy department should be constructed under 

a supervision of radiation protection expert or officer based on the standard, 

international design which consider protection of workers and public from early 

and late effects of radiation .The department also need to be supplied with 

sufficient accessories which enabled the radiotherapists to complete work in a 

short time and at a far distance, so they able to reduce their received dose and. 

owned separated rooms for planning, another one for molding and shaping lead 

block for shielding normal areas and room for treatment.
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Chapter 5
Recommendations, conclusion

1.5 Recommendations and Conclusion
Cobalt 60 machine is an old machine in teletherapy, it considered as conventional 

treatment method. Now days it become confined to palliative treatment.

The hazard of this radioactive source is come from the continuous emitting of 

photons even if it is off, so more time and short distant means more dose.

The most dangerous case when the source not turned back to its shielding 

house ,this result in radiation accident which exposed workers and patient to 

high doses may exceed the maximum permissible dose so based on the above 

reasons:

a. Radiation workers must use personal detectors to know their annual doses

b. The importance of RPO Radiation Protection Officer in every department 

deal with radiation to control emergency situation.

c. Radiation department position must be suitable in a way that protect non 

radiation workers and public.

d. Workers must be well trained.

e. Causative factors off accidents and errors must be examples of learning to 

avoid repetitions.

I
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