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ABSTRACT 

In the present research work we are trying to study the status of the 
radiation protection applications around some medical facilities in 
Khartoum. The rules and principles of radiation protection in Radiation 
and Isotope Centre (Khartoum), and at Medical Corporation (MC) were 
investigated. It is found that the rules are applied in accordance with 
international recommendations. Results of the investigations, 
measurements and some concluding remarks to improve the situation 
are reported. 



PREFACE 

It is well known the importance of radiation in therapy and diagnosis, 
but in spite of that it is a complicated process and not every one can use 
it except under suitable conditions, so the concepts and principles of 
radiation protection must be applied according to well known rules such 
as those of International Atomic Energy Agency (IAEA). 



CHAPTER 1 

THEORETICAL BACKGROUND 

Dose equivalent 

Because the biological effects of radiation depend not only on dose but also on 

the type of radiation, the dosimetric quantity relevant to radiation protection is 

the dose equivalent (H) it is defined as: 

H=D.Q (1-1) 

Where D~the absorbed dose and Q~the quality factor for radiation. The unit of 

both dose and dose equivalent in SI is J/kg but the special name of dose 

equivalent in SI is Sievert (Sv) 

lSV=U/kg 

If dose is expressed in unit of rad, the special unit for dose equivalent is called 

the rem [1] 

H(rem)=D(rem).Q ,Q«factor(has no units) 

So, lrem=10J/kg. 

Effective dose equivalent 

Whole body exposures rarely uniform, for a given exposure received internally 

or externally, dose equivalents for various tissues may differ markedly. Also, 

tissues vary in sensitivity to radiation-induced effects. To take into account 

these non-uniform irradiation situations the concept of effective dose equivalent 

( H £ ) , is introduced and is defined as "the sum of the weighted dose 

equivalents for irradiated tissues or organs". 

Mathematically, 
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HE=£WTHT (1-2), 

Where WT is the weighting factor of tissue T and HT is the mean dose 

equivalent received by tissue T. 

The weighting factors represent the proportionate risk (stochastic) of tissue 

when the body is irradiated uniformly. They are derived from risk coefficients 

(risk per unit dose equivalent). 

Low-level Radiation Effects 

Where as large doses of radiation produce identifiable effects within a relatively 

short period, the effects are difficult to as certain at low doses (less than 10 

cGy). The difficulty is due mainly to the extremely low frequency with which 

these effects might occur. The statistical problems are enormous in identifying 

small effects in the constant presence of spontaneously occurring effects, 

however, certain effects have been demonstrated in humans and other mammals 

at doses lower than those required to produce acute radiation syndrome but 

greatly in excess of dose limits recommended by the standards setting bodies. 

Thus exposures to low -level radiation may produce: -

a) Genetic effects:-radiation induced gene mutations, chromosome breaks, 

and anomalies 

b) Neoplastic diseases-incidence of leukemia, thyroid tumors, and skin 

lesion. 

c) Effect on growth and development adverse effects on fetus and young 

children. 

d) Effect on life span:-diminishing of life span or premature aging. 

e) Cataracts opacification of the eye lens. 
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Harmful effects of radiation effects and non stochastic effects. 
The National Council On Radiation Protection and Measurement (NCRP) 

defines these effects as follows 

*A stochastic effect is one in which the probability of occurrence increase with 

increasing absorbed dose but the severity in affected individuals does not 

depend on the magnitude of the absorbed dose. 

*A non stochastic effect is one "which increases in severity with increasing 

absorbed dose in affected individuals, owing to damage to increasing number of 

cells and tissues", as examples of nonstochastic effect organ atrophy, fibrosis, 

lens opacification, blood changes, and decrease in sperm count. 

Where as no threshold dose can be predicted for stochastic effects it is possible 

to set threshold limits on nonstochastic effects that are significant or seriously 

health impairing. However, for the purpose of radiation protection, a cautions 

assumption is made that "the dose -risk relationship is strictly proportional 

(linear) without threshold, throughout the range of dose equivalent and dose 

equivalent rates of importance in routine radiation protection" 

Effective Dose Equivalent 

(NCRP) recommendations on exposure limits of radiation workers are based on 

the following criteria: 

(a) At low radiation levels the nonstochastic effects are essentially avoided. 

(b) The predicted risk for stochastic effects should not be greater than the 

average risk of accidental death among workers in "safe" industries-

(c) As low As Reasonable Achievable (ALARA) principle should be followed, 

for which the risks are kept as low as reasonably achievable, taking into account 

social and economic factors. 
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Occupational and Public Dose Limits 

Radiation workers are limited to an annual effective dose equivalent of 50 mSv 

(5rem) for infrequent exposure and lmSv (0.1 rem) for continuous or frequent 

exposure. 

Higher limits are set for some organs and areas of the body that involve non 

stochastic effects and are less sensitive to radiation than others. For example, 

the annual occupational dose equivalent limit to the lens of the eye is 150 mSv 

(15rem) and to other organs is 500mSv (50rem). 

Relation ship between Kerma, Exposure, and Absorbed Dose 

(A) Kerma 

The quantity kerma (k) kinetic energy released in the medium , or "dE" is the 

sum of the initial kinetic energies of all the charged ionizing particles 

(electrons and positrons) liberated by un charged particles (photons) in a 

materials of mass dm" 

dE K = 
dm 

The unit for kerma is the same as for dose, i.e. J/kg. The name of its SI units is 

gray (Gy) and its special unit is rad. 

A major part of the initial kinetic energy of electrons in low atomic number 

materials (e.g air, water, soft tissue) is expended by in elastic collisions 

(ionization and excitation ) with atomic elections only a small part is expended 
. . . . col rad 

in the radiative in to two parts k = k + k 

k a>' and knul are the collision and the radiative parts of kerma, respectively. 

4 



Exposure and kerma: exposure is defined as dq/dm where dq is the total charge 

of the ions of one sign produced in air when all the electrons (negatrons and 

positrons) liberated by photons in (dry) air mass dm are completely stopped in 

air. 

Exposure is the ionization equivalent of the collision 

* kerma in air 

Absorbed dose and kerma: relation ship between absorbed dose (d) and the 

collision part of kerma KC0L. is illustrate when abroad beam of photons enters a 

medium where as kerma is maximum at the surface and decreases with depth, 

dose initially builds upto a maximum value and then decreases at the same rate 

as kerma. 

Thus P=D/KC0L< 1. 

Because of the increasing range of the electrons, complete electronic 

equilibrium does not exist with in megavoltage photon beams. However, 

conceptually electronic equilibrium would exist if it were assumed that photon 

attenuation is negligible throughout the region of interest. Thus p=D/Kco1 = 1 
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CHAPTER 2 

Structural Shielding Design 

Radiation protection guide lines for the design of structural shielding for 

radiation installations are been given according to the commissions rules such 

as the International Atomic Energy Agency (IAEA), NCRP in USA, or the 

British council on radiation protection (BCR), so any hospital or center wants to 

design anew facility must contact the company which produce the machine (for 

therapy or diagnosis) and give their promise that they will pay their machine, 

then they will sent to them how to build his facility 

Protective barrier are designed to ensure that the dose equivalent received by 

any individual does not exceed the applicable maximum permissible value. The 

areas surrounding the room are designated as controlled or non controlled, 

depending on whether or not the exposure of persons in the area is under the 

super vision of a radiation protection supervisor. For protection calculation, the 

dose equivalent limit is assumed to be 0.1 rem /week for the controlled areas 

and 0.01 rem /week for non controlled areas. These values approximately 

correspond to the annual limits of 5 rem /year and 0.5 rem /year, respectively. 

Protection is required against three types of radiation: i) the primary radiation, 

ii) the scattered radiation and iii) the leakage radiation through the source 

housing. A barrier sufficient to attenuate the useful beam to the required degree 

is called the primary barrier. The required barrier against stray radiation 

(leakage and scatter) is called the secondary barrier. The following factors enter 

in to the calculation of barrier thicknesses. 

1-Work load (w) .for x- ray equipment operating below 500 KVp, the work load 

is usually expressed in milliampere minutes per week, which can be computed 
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by multiplying the maximum mA with approximate minutes /week of "on" 

time, for megavoltage machines, the work load is usually stated in terms of 

weekly dose delivered at lm from the source. 

This can be estimated by multiplying the number of patients treated per week 

with the dose delivered per patient at lm. 

2- Use factor (U): fraction of the operating time during which the radiation 

under consideration is directed toward a particular barrier. Although the use 

factors vary depending on the techniques used in a given facility 

Table {2-1} Typical Use Factor for Primary Protective Barriers --- [1] 

Location Use Factor 

Floor 1 

Walls VA 

Ceiling VA, l/2depending on equipment and techniques 

3- Occupancy Factor (T):- fraction of the operating time during which the area 

of interest is occupied by the individual. If more realistic occupancy factors are 

not available, there is avalues given as examples, for 

(i) Full occupancy (T=l) work area, offices nurses, stations 

(ii) Partial occupancy (1/4) corridors, rest room, elevators with operators. 

(iii) Occasional occupancy (T= 1/8-1/16) waiting room, toilets, stairways 

unattended elevators, outside areas used only for pedestrians or vehicular 

traffic. 
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4- Distance (D):- Distance in meters from the radiation source to the area to be 

protected. Inverse square law is assumed for both the primary and stray 

radiation. 

(A) Primary Radiation Barrier. - suppose the maximum permissible dose 
equivalent for the area to be protected is P (e.g. 0.1 rad/week for controlled and 

0.01 rad / week for noncontrolled). B is the transmission factor for the barrier to 

reduce the primary beam dose to P in the area of interest, then 

For x - y radiation assume that (lrad= lrem) 

There for, the required transmission factor B is equal 

Pd2 
B = -^— (2-2) 

WUT 

The choice of barrier material, e.g. concrete, lead, or steel, depends on 

structural and spatial considerations. Because concrete is relatively cheap, the 

walls and roof barriers are usually constructed of concrete. Lead or steel can be 

used where space is at a premium for megavoltage X and y radiation, equivalent 

thickness of various materials can be calculated by comparing tenth value 

larger (TVL) for the given beam energy. If such information is not available 

specifically for a given material, relative densities can be used in most cases. 

B. Secondary Barrier for Scattered Radiation 

Radiation is scattered from the patient in all directions. The amount of scatterd 

radiation depends on the beam intensity incident on the scatterer, the quality of 

radiation, the area of the beam at the scatterer, and the scattering angle. The 
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ratio of scattered dose to the incident dose is denoted by a, for megavoltage 

beam, a is usually assumed to be 0.1% for 90 scatter. 

The scattered radiation, in general, has low energy compared with the incident 

energy. However, the softening of the beam as a result of Compton scatter 

depends on the incident energy and the direction of scatter. The maximum 

energy of the 90 scattered photons is 500keV. 

Therefore, the transmission of this scattered radiation through 

a barrier is estimated to be approximately the same as that for a 500 KeV useful 

beam. 

At smaller scattering angles, however, the scattered beam has greater 

penetrating power. In addition, a greater fraction of the incident beam is 

scattered at smaller angles. 

Suppose a transmission factor of Bs is required to reduce the scattered dose to 

an expectable level P in the area of interest; then 
aWT F 

P=™L.-Z-.Bs (2-3) 
d2d'2 400 

Where a is the fractional scatter at lm from the scatterer, for beam area of 400 

cm incident at the scatterer. d is the distance from source to the scatterer, d' is 

the distance from the scatterer to the area of interest, and F is the area of the 

beam incident at the scatterer. The use factor for the secondary barrier is 

considered unity. 

Thus the barrier transmission Bs is given by 
Bs=p-400-d2-d'1 (2-4) 

aWTF 
(The required thickness of concrete or lead can be determined by this equation). 



Table {2-2}: Ratio of scattered to incident exposure for x- y- ray 

y-rays 

Co-60 

x-ray 4 MV 6MV 

15 9*10"3 

30 6.0* 10"3 7*10~3 

45 3.6*10"3 2.7*10~3 1.8*10~3 

60 2.3*10"3 1.1*10~3 

90 0.9*10~3 0.6*10~3 

135 0.6* 10"3 0.4*10~3 

C. Secondary Barrier for leakage Radiation 
The leakage requirements of therapeutic source assemblies cm be mention 

according to the (NCRP) report in summarize way:-

(1) 5 to 50 KeV. The leakage exposure rate shall not exceed 0.1 R in any lh 

at any point 5cm from the source assembly. 

(2) Greater than 50 KVp and less than 500 KVp. The leakage exposure rate 

at a distance of 1 m from the source should not exceed 1R in any lh. In 

addition, these assemblies should limit exposure rate to 30 R/h at 5cm from the 

surface of the assembly. 

(3) Greater than 500KVp. The absorbed dose rate owing to leakage radiation 

at any point out side the maximum field size, but with in a circular plane of 

radius 2m that is perpendicular to and centered on the central axis at the normal 

treatment distance. Except for the area defined above, the leakage dose rate 
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from the source assembly at any point at a distance of lm from the electron path 

between the source and the target shall not exceed 0.5% of the useful dose rate 

at the treatment distance. 

(4) Cobalt teletherapy: leakage dose rate from this source housing with the 

beam in the "off position shall not exceed 2mrad/ h on the average and 10 

mrad/h maximum in any direction, at a distance of lm the source. With the 

beam in the "on" position, the leakage dose rate from the source housing shall 

not exceed 0.1% of the useful beam dose rate, both measured at a distance of 

lm from the source. In addition, for sources that give rise to a useful beam dose 

rate of less than 1000 rad/h at lm, the leakage from the source housing shall not 

exceed 1 rad/h at lm from the source. 

Suppose the required secondary barrier for leakage radiation has a 

transmission factor of BL to reduce the leakage dose to the maximum 

permissible level P (rem/week) 

So, for therapy units below 500 KVp 

WT P - - F — B L (2-5) 
d2-60I 

Where I is the maximum tube current, the number 60 is used to convert leakage 

limit of lR/h to l/60R/min, because the work load W is expressed in terms of 

mA-min /week .For a megavoltage therapy unit 

d2 

The factor 0.001 is the 0.1% leakage limit through the source housing, thus, the 

transmission factor BL for the leakage barrier is given by 

BL = Pd~ 6 0 / (2-7) {Therapy below500KVp} 
WT 

BL = Pd~ (2-8) {Therapy above 500KVp} 
0.00 WT 
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A barrier designed primary radiation provides adequate protection against 

leakage and scattered radiation .If a barrier is designed for stray radiation only, 

the thickness is computed for leakage and scatterd radiations separately. 

Door Shielding 

Unless amaze entrance way is provided, the door must provide shielding 

equivalent to the wall surrounding the door. 

For megavoltage installations, a door that provides direct access to the 

treatment room will have to be extremely heavy. It will require a motor drive as 

well as a means of manual operation in case of emergency. Amaze 

arrangement, on the other hand, drastically reduces the shielding requirements 

for the door. 

The function of the maze is to prevent direct incidence of radiation at the door. 

With a proper maze designed, exposed is mainly to the multiply scattered 

radiation of significantly reduced intensity and energy. For example in figure 

(2-1) radiation is scattered at least twice before incidence on the door. Each 

Compton scatter at 90 or greater will reduce the energy to 500KeVor less 

12 



s&xanehzy 

primary 

\ L 

ItvSl 

/ •"• i ts&cenmr 

msyASi.um. 
dtsmnsl field 

^cr 

%. J 

Figure 2-1 Schematic diagram of a megavoltage x-ray therapy 

installation. 

The intensity will also be greatly reduced at each large angle scatter The door 

shielding in this case can be calculated by tracing the path of the scattered 

radiation from the patient to the door and repeatedly applying equation 2-8 In 

most cases, the required shielding turns out to be less than 6 mm of lead. The 

door can be made of heavy lead or paraffin wax as it in figure 4-2. 
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CHAPTER 3 

Radiation Protection Survey 

After the installation of radiation equipment, a qualified expert must carry out a 

radiation protection survey of the installation. The survey includes checking 

equipment specifications and interlocks to be related to radiation safety and 

evaluation of potential radiation exposure to individuals in the surrounding 

environment. 

Radiation Monitoring instruments 

The choice of a particular radiation detector or dosimeter depends on the type of 

measurement required. 

In radiation protection surveys, low levels of radiation are measured and 

therefore, the instrument must be sensitive enough to measure su.;h low levels. 

The detectors most often used for x-ray measurements are the ionization 

champers, Geiger counters, thermo luminescent dosimeters (TLD) and 

photographic film. 

An ionization chamber used for low- level x-ray measurements (of the order of 

milhroentgens per hour) has a large volume (-600 ml) to obtain high 

sensitivity. In ionization chamber a DC voltage is applied between the outer 

shell and the central electrode to collect ionization charge produced by radiation 

in the internal air volume when it is exposed to radiation. This causes an ion 

current to flow in the external circuit. These currents arc extremely small 

however, and special electrometer circuitry, including a current amplifier, is 

required to measure them. The output current is directly proportional to the 

exposure rate. 
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A calibration process must be done for the ion chamber survey meter and that 
happens under certain conditions. Also corrections for air temperature, pressure, 
and stem leakage. 

Geiger- Muller Counters 

The Geiger - Muller counter (G-M tube) consists essentially of a cylindrical 
cathode with a fine wire stretched along the axis of the cylinder. The tube is 
filled with special mixture of gases at a pressure of about 100mm Hg. The 
voltage applied to the electrodes is much higher than the saturation voltage 
applied to an ionization chamber. Potential is so high that the particles from the 
original ionization become energetic enough to produce further secondary 
ionization giving rise to "gas amplification". 

The G-M tube is much more sensitive than the ionization chamber, for 
example the Geiger counter can detect individual photons or particles that could 
never be observed in ionization chamber. 

Photo 3-1 show the Victoreen survey device in (RICK) 
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Photo 3-2 show the Victoreen survey device from other angle 

Personal Monitoring 

Personal monitoring must be used in controlled areas for occupationally 
exposed individuals. Cumulative radiation monitoring is mostly performed with 
TLD badges, also film badges are also used in some case. Because the badge is 
mostly used to monitor whole body exposure, it should be worn on the chest or 
abdomen. Special badges may also be used to measure exposure to specific part 
of the body (e.g, hands) if higher exposures are expected there during particular 
procedures. 

Although film monitoring is a simple and convenient method of personal 
monitoring, it has certain drawbacks. 
The energy dependence poses a major problem especially when an individual is 
exposed to both soft and high energy radiation. However, some information is 
obtained concerning beam quality by placing filters of different materials and 
thickness to partly cover the film. By comparing the film darkening under the 
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filter with that of the part without filter give some indication of the penetration 

ability of the radiation. 

Radiation monitoring during a particular procedure may also be performed with 

pocket dosimeters. These instruments are useful where exposure needs to be 

monitored more frequently than possible with the regular film badge service 
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CHAPTER 4 

RESULTS AND DISCUSSION 

The results of the present work is split into two subsections as follows: 

(I) THERAPY UNITS 

As mentioned in chapter 2 the guide lines for the designs of structural shielding 

are different from commission to another, but the necessary technical 

information as well as recommendations for planning new facilities and 

remodeling exciting facilities are given by the companies produced the devices. 

Such companies do not give the details about device room until there is a 

promise of purchase (commercial planning). 

The design structural shielding of the room the therapeutic device cobalt-60 in 

Radiation and Isotope Centre (Khartoum) (RICK) is provided by MDS-nordion 

Company. The thickness of walls about beam from concrete, a door with good 

shielding from heavy lead, radiation symbols beside the door, alarm system, 

and inter locks (defense in depth). 
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concrete wall warning wall light beam 

Figure 4-2 shows the structural design for Co-60 room. 

The table {4-3} below shows a monitoring reading for cobalt- 60 CGR devices 

using Victoreen survey device with sensitivity about O.Olyt/Sv 

The position, distance ,and the place of the 

monitoring 

Monitoring reading 

j/Sv 

The Radioactivity Background 0.06 ± 0.02 

In the first floor 0.06 ±0.01* 

In the under ground floor(in the waiting 

room) 

0.06 ±0.01* 

The source "off " in the control office 0.04 ±0.01* 

The source "off inside the machine room 0.05 ±0.01* 

The source "off on a distance about 100 cm 

from the head 

0.04 ±0.01* 
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The source ''off on a distance about 10cm 

from the head 

0.05 ±0.01* 

The source "off touching with the head 0.07 ± 0.02 

The source "off directly under the head of 

the source 

(10.1-11.1)?? 

The source "off beside the head of the 

source 

0.10 ±0.02 

The source "on" on the table of the control 

office 

0.09 ± 0.03 

The source "on" on the lead plastic window 

in the office 

0.06 ± 0.02* 

The source "on" the door 0.06 ±0.01* 

The source "on" in the space under the door 0.04 ±0.01* 

The source "on" in the space between the 

wall and the door 

0.04 ± 0.02* 
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Table {4-4}: Monitoring reading for cobalt-60 MDS device by Victoreen 

survey device with sensitivity about 0.01A/SV 

The position, distance ,and the place of the 

monitoring 

Monitoring reading 

//Sv 

In the path to the control office 0.04 ±0.01* 

The source "off in the control office 0.04 ± 0.02* 

The source "off inside the machine room 0.06 ±0.01* 

The source "off in a distance about lm from the 

source 

(3.0 ±0.5)!! 

The source "off in a distance about 0.1m from the 

source 

(5.6 ±0.2)!! 

The source "off directly under the head 2.3 

The "on" in the control office 0.03 ±0.01* 

The source "on" on the door 0.04 ±0.01* 

The source "on" in the space between the_wall_& 

the door 

o.o4 ± 0.02* 

The source " on" in the space under the door 0.04 ±0.01* 

*A11 readings were not exceed the background radioactivity levels. 

?? There are a lead plates with mechanical design to minimize and maximize 

the field size (focusing the beam in isocenter point). 

!! For safety and good protection; when the source in "OFF" position they 

limited that the reading to 10 //Sv above which action should be taken (e.g. 

contacting engineers). 
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CONCLUDING REMARKS 

Based on the collected data we may conclude the followings: 
(l)The design of the room is excellent. 
(2) The control office is directly opposite the door of the machine room 
(according to the monitoring no expectable risk to the technical) 
(3)The radiation sign can be made of solid plastic or little materials with 
red/yellow colors because the paper will be tire. 
(4) Photos for nature can make the patients feel in good temper, and there is a 
chance for them in life. 

Photo 4-3 below shows the radiotherapy device Co-60 in (RICK) 
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Photo 4-4 for Co-60 in (RICK) from other angle 

(II) DIAGNOSIS USING X-RA Y IN THE HOSPITAL 

As we mentioned before that, the technical information for planning a 
new room for a machine are been provided by companies, 
. so the X-ray section at a hospital are designed in scientific way, walls out of 
concrete with thickness about 50cm or more (differently, according to the 
energy of the machine), door with good designed radiation signs on the doors of 
the machine room, also in waiting room. 
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concrete wall 

Figure 4-3 shows the structural design for X-ray room 

The present situation in Sudan is that most of the sections and centers of X-ray 

are under controlled by the Radiation Protection committee (RPC) at the Sudan 

Atomic Energy Commission (SAEC) which is the authority to rule the use of 

radiation, give the licenses, and sure that they follow the rules. 
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Photo 4-5 shows the X-ray machine (Schomatiso) 

*«te 

Photo 4-6 shows the X -ray machine (Phillips) 
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The Quality Control Section for X-ray machines at Radiation Safety Institute 

(RSI) of SAEC are made on a daily rotations in order to inspect the X-ray 

machines with inform or without inform and give their recommendation e.g. 

(change the KV or add more lead shield ). The authority of stopping from work 

are belongs to the Technical Radiation Committee. 

The Quality Control make chick for the followings: 

i. The accuracy ( KV) (should not exceeds 10%) 

ii. The experity. 

iii. Timer (accuracy) 

iv. Linearity (MAS) 

v. Aliment 

vi. Focus 

vii. The personal monitoring (wearing TLD badges) 

*There is acceptable values for those points, also there is a limit not 

be exceeded. 

The X-ray machines are difference according to their trade marks, such as 

Schomatiso, Phillips, and Siemens. 
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NOTICES:-

We must take in mind that:-

(1) The scattered radiation from inside the machine room can reach the door (as 

in figure 2-1, so the door must be with good protective shielding (heavy lead or 

paraffin wax door) 

(2) The radiation signs can be made out of solid plastic or little metals with 

red/yellow colors, fixed to the walls. 

(3) The diagnosis must be done in short time so, as to avoid any risk for the 

patients or their followed 

(4) A control unit is found near from the machine, and that may leads to risk to 

the technical, that always found in that room 

(5)No direct window between the waiting room and the machine room 

(6) Photos and pictures for nature can be fixed to the walls to make the patients 

feel in a good temper and still there is a chance for them in life. 
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