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Summary 

The use of radioactive materials in various fields of 

medicine, industry, agriculture and researches has been 

increasing steadily during the last few decades. A lot of radiation 

sources, radiopharmaceuticals, labeled compounds and other 

radioactive materials are sold and used throughout the world 

each year. Historically, accidents have occurred during the 

production, transport and use of radioactive materials. If an 

accident does occur, it is necessary to cope with it as soon as 

possible in order to control radiological human exposures and 

contamination of the environment and to restore normal 

conditions. 

Examination of individuals that deal with radioactive 

isotopes should be carried out in cases of nuclear medicine units, 

and in other applications including radiotherapy unit and gamma 

irradiation facility. Identification of the feasibility and efficiency 

of the counting detectors of internal and external radiation 

dosimetry, and preparedness in normal and emergency situations 

are included in the present work.  

Furthermore, this study also deals with the use of 

thermoluminescent dosimeters for radiation dose estimation for 

applications of gamma irradiation, and cobalt-60 treatment unit. 

Hence, operator dose can be estimated in case of malfunction or 

stuck of the radioactive source.  
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Three methods were used to measure the radiation dose: 

(1) TL dosimeters with Harshaw (TLD- 4000) reader were used 

for measurement of external exposures. (2) FASTSCAN and (3) 

ACUUSCAN II whole body counters were used for measurement 

of internal exposures. The obtained results can be summarized  

as follow:- 

 

I- External Dosimetry were measured in two applications. 

By using (TLD-500 dosimeters) to estimate the radiation dose 

rate distribution inside cobalt-60 (Radiotherapy unit). In the 

event if the source doesn’t return back to the shield, the operator 

has to enter the room to recover the source to the normal 

situation. For this situation dose rate measured were between 

0.18 to 0.88 µSv/s for the field area 10x11.5 cm
2
 and 0.62 to 1.16 

µSv/s for the field area 24x6 cm
2
.  

In case of emergency (if the source doesn’t return back to 

the shield), the scenario of the accident was supposed to be 

according to the measurements by TLD-500 dosimeters, where 

the time needed to deal with this the problem is crucial. This 

work showed that if an operator has intended to solve overdose 

problem, he will receive a dose depending on his position and the 

time required for solving the problem (e.g at 2 m right to the 

source, operator will be affected by a dose rate 0.88 µSv/s). 
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The second application concerned, gamma irradiation 

facility, TLD-100 dosimeter had been used to estimate dose rate. 

The obtained results represent the average dose rate = 5.3 ±0.44 

mGy/s which equivalent to 1.9 K rad/h at 2006 for irradiation 

unit. The data showed that the thermoluminescence dosimeters 

are very useful to identify the dose rate for the gamma irradiation 

facility.  

 

II- Internal Dosimetry by using FASTSCAN: The present 

measurements of the body burden activities inside the human 

being were scanned by using two large vertical NaI (Tl) 

detectors. FASTSCAN was used to assess exposures in normal 

and abnormal situation for workers of nuclear medicine units and 

some other facilities. The change in values of the total body 

potassium content and activity concentration were recorded, for 

selected group consists of 192 males and 47 females aged from 

25 up to 65 years old. The main results can be summarized as 

follow: 

Total body potassium K and 
40

K for males and females. 

 
Sex  No. of 

Individual 
 

Average 

body 

mass kg 

Average 

activity  
40

K  

(Bq) 

g 
 
K/kg Average 

TBK  

g 

Average 

effective 

dose (µSv) 

Male  192 81.80 5196 ± 366 2.12 ± 0.44 169 ±29 180 ±37 

Female  47 70.72 4118 ± 317 1.96 ± 0.51 135 ±33 167 ±43 
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From K-40 activity results (former table), it is clear that 

40
K activity for females is less than for males. The results from 

same table showed that the average total body 
40

K activities 5196 

±366 Bq for males was greater than recommended value 

(recommended value 4400 Bq for reference man)  by 15 % and 

the value for females 4118.5 ±317 Bq was less than same 

recommended value by 6 %. TBK is dependent on sex, age, body 

mass, body build  index, body fat, food system, and environment. 

This smaller TBK for females relative to that for males may be a 

consequence of their relatively smaller body index (the ratio of 

flesh to bone in case of females being slightly less than that of 

males). 

Accidental exposure:  In the present work 239 individuals (192 

males and 47 females) were monitored by using FASTSCAN, 

131
I was not detected in 218, furthermore, 

131
I was detected in 21 

(17 males and 4 females), nine individuals were counted just 

after intake and 12 were counted after several periods. These 21 

persons were contaminated with 
131

I through inhalation during 

work. The selected workers under investigation were working at 

nuclear medicine units. By using dose conversion factor due to 

inhalation and ingestion of 
131

I, committed effective dose (CED) 

was estimated for some nuclear medicine workers and other 

technicians dealing with open sources. The radiation workers 

were classified into two groups:   
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The first group, workers were monitored directly after intake of 

131
I, and the estimated values of the committed effective dose 

ranged from 2.11 ±0.63 to 157.22 ±1.73 µSv.  

The second group, where labors were counted several days after 

intake. Initial activity for all contaminant workers were 

calculated for 
131

I. Hence, the initial dose due to iodine inhalation 

was assessed and found to be ranged from 7.85 ±1.32 µSv to 

2231.50 ±87.00 µSv.  

TLD dosimeters were used for external dosimetry 

measurements, where external exposures of nuclear medicine 

workers were ranged from 0.5 to 2.5 mSv per year. Therefore, 

the results formerly obtained indicated that the total effective 

dose (external and internal) for exposed nuclear medicine 

workers was less than the annual dose limit (20 mSv/ year) 

(ICRP 103, 2007) 
(4)

.   

 Thyroid dose using ACCUSCAN-II measurement has 

applied for 9 individuals working at some nuclear medicine units. 

The estimated equivalent dose of iodine 131 in thyroid gland for 

same persons were ranged from 10.80 ±0.76 to 60.60 ±0.52 µSv 

in screening position, which less than the recommended value by 

ICRP 103 (20 mSv/y).  

III- Dose reconstruction for three radiation events were studied,  

The first accident: was known radiological accident at Meet 

Halfa, Qaluobyia, Egypt occurred on May, 5
th

 in 2000. Six 
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different scenarios have been proposed by using different values 

of exposure time and distance from the 
192

Ir source. The 

scenarios 1, 3, and 6 were confirmed for the younger son, and his 

father, the victims of this accident. The total dose received for 

the younger son was about 5.765 Gy till June, 5
th
 in 2000, which 

was his death date. The dose for his father was about 7.657 Gy 

till June 16
th

, which was his death date too. The scenarios 1, 2, 

and 6 were confirmed for the younger daughter, her dose was 

about 3.287 Gy. This dose caused for her localized skin burns 

and ulceration (nonstochastic effects). 

The second accident: it was a transportation incident occurred 

on the highway from Cairo to Aswan at El Minya city, on June 

16
th
, in 2004. A package containing 

99m
Tc generator was shipped 

to Sohag institute for cancer treatment. The incident was 

occurred when the driver of the vehicle, lost control and ran off 

the road and overturned. A radiological specialist from El Minya 

university hospital was invited to make the necessary 

measurements and assessment. The recorded result for this case 

indicated that no incidental exposure levels were detected.  

The third accident:  The incident occurred on the road at 

Maragha Village, in the way to Sohag Governorate on January 

27
th
 in 2008 at 13.30 pm. A car carried passengers and a package 

of radioactive material was damaged during its passage on this 

way, the source was directed to nuclear medicine unit of Sohag 
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Oncology Institute. The incident was led to a complete 

destruction of the radioactive material package, which dropped 

on the road. Source properties of 
131

I, activity: 5.55 GBq, and 

Half-life time: 8.04 d. Six different scenarios have been proposed 

by using different values of exposure time, different distances, 

and various radius from the 
131

I source. The predicted results can 

be summarized as follows:  

Table - Dose rate and effective dose for 
131

I transport incident. 

Scenario 1 2 3 4 5 6 

Radius (m) 0.25 0.25 0.25 0.25 0.15 0.15 

Distance (m) 0.25 0.50 0.50 1 0.50 1 

Exposure time (min) 30 30 60 60 30 60 

Dose rate mGy//h 7.63 2.40 2.46 0.67 2.64 0.68 

Effective dose mSv 2.4 0.77 1.55 0.42 0.83 0.42 

 

The results of the above table indicate that the effective 

dose for scenarios 2, 4, 5, and 6 was less than the annual dose 

limit for the public [1mSv/year for the whole body]. In case of 

scenarios 1 and 3, the effective dose was higher than the annual 

dose limit for the public and this may be due to stochastic effects.  

Meet Halfa accident was classified using the International 

Nuclear and Radiological Events Scale (INES) as Level- 4. Both 

the two transport incidents 
99m

Tc, 
131

I were classified using the 

INES as level-zero and level-1 respectively (incidents). The 

activity of the source 
192

Ir caused the Meet Halfa accident was 

classified as category 2 (source categorization). 
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Introduction and aim of the work 

 
During the past decades, activities involving ionizing 

radiation have increased markedly. Most of these activities have 

been of considerable benefit to mankind, but some, if not kept 

under strict control, could be very detrimental. In the 

development of these activities, high standards of safety have 

been implemented with the result that, under normal 

circumstances, the risks to human health are very low. However, 

no human enterprise is entirely risk-free: accidents happen, and 

appropriate action has to be taken when a radiation source is out 

of control. 

A radiation source may be out of control for a variety of 

reasons. Usually, it results from a malfunction of equipment, an 

accident or a failure to follow prescribed procedures, but it may 

arise from deliberate sabotage or enemy action. Action to bring 

the source under control can be readily undertaken in most cases. 

In other cases, such action is much more difficult, usually 

because of uncontrolled releases of substantial amounts of 

radionuclides to the environment. The potential then exists for 

individuals and the public to be subject to unacceptably high 

radiation doses. These circumstances give rise to emergency 

situations and urgent action must be taken to minimize any 

exposures.   
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The importance of this work is to examine individuals that 

deal with radioactive isotopes working in cases of nuclear 

medicine units, and in other applications including radiotherapy 

unit and gamma irradiation facility. Identification of the 

feasibility and efficiency of the counting detectors of internal and 

external radiation dosimetry is essential. The estimation of 

radiation dose and preparedness in normal and emergency 

situations should be done very accurate.  

Three detection techniques have been used in radiation 

measurements namely:  

1- Thermoluminescent dosimeter and TL read out unit model 

Harshaw (TLD-4000) for measurement external dosimetry.  

2- Two vertical NaI(Tl) scintillation detectors for measurement 

of internal exposure  due to 
131

I and total body potassium 
40
K 

in the human being.   

3- The detection system was HPGe detector for evaluate the 

whole body dose and organ dose for individuals. 
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Aim of the present work 

 

1- Studying certain physical parameters which affect the 

performance of the whole body counter such as, sensitivity, 

resolution and geometrical response in order to choose the 

optimum conditions for routine and emergency operation.  

2- Several personal dosimetric techniques shall be examined for 

dose estimation in cases of normal practice at radiation 

facility. 

3- In case of emergency situations radiation dose shall also be 

estimated and/or measured. 

4- Assessment of reconstruction doses in radiation emergencies. 
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Chapter 1                                                                literature Review 

1 

 

Ionizing radiations are used throughout the world for 

a wide variety of peaceful purposes in industry, medicine, 

agriculture, research and education. And they are also used 

in military and defense applications.  

The following terminologies radiation, dosimetry, normal 

working situations and emergency abnormal situations shall 

be defined. 

1-1 Ionizing Radiation  

In the present work, attention shall be paid to 

ionizing radiations. In Egypt, attention was paid to ionizing 

radiation as early as 1960 (Egyptian law) 
(19)

 when ionizing 

radiation law was issued. Over the period from 1960 

executive regulations (1962) and several ministerial orders 

were issued. History of radiation protections laws and 

regulation was revised by Gomaa, M. A., 2008
 (24)

.  

Ionizing radiations may cause deterministic 

biological effects if individuals are exposed to high levels 

of ionizing radiations.  Furthermore low levels ionizing 

radiations may lead to stochastic effects (El Naggar, A.; 

2009) 
(17)

.  

1-2 Biological effects in human 

Exposure to radiation can produce two types of 

effects in humans, stochastic and Deterministic effects. 
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1-2.1 Stochastic Effects 

Stochastic effects are effects that are probabilistic. 

These effects generally manifest many years, even decades, 

after the radiation exposure (called "late effects"). Their 

major characteristic is the probability of the effect increases 

with dose. 

1-2.2 Deterministic effects 

Deterministic effects are effects that are generally 

observed soon after exposure to radiation. As they are 

"nonstochastic" in nature, they will always be observed (if 

the threshold dose is exceeded), and it caused by the 

radiation exposure. The major identifying characteristics of 

deterministic (nonstochastic) effects are: 

• There is a threshold of dose below which the effects 

will not be observed. 

• Above this threshold, the magnitude of the effect 

increase with dose. 

1-3 Radiation Dosimetry  

Radiation dosimetry is that part of radiation 

protection dealing with measurements and calculation of 

radiation dose in matter resulting from the exposure to 

directly and/or indirectly ionizing radiations. Radiation 

dose refers to the amount of energy deposited in matter. 
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Individual dose = External dose + Internal dose, see 

appendix 1  

1-4- Radiation Quantities and Units 

Radiation quantities and units used in the field of 

radiation dosimetry as shown in (ICRP 103, 2007) 
(52)

 

appendix 1. 

1-5- Comparison of radiological protection criteria  

The current (ICRP-103) recommended values for 

protection criteria are compared in table (I-3) with those 

provided by the previous recommendations in Publication 

60 (ICRP, 1991b) and the derivative publications. The 

comparison shows that the current recommendations in 

2007 are essentially the same as the previous 

recommendations for planned exposure situations. In the 

case of existing and emergency exposure situations, the 

current recommendations generally encompass the previous 

values but are wider in their scope of application. It should 

be noted that in some cases the values cited are in different 

quantities; for example, in emergency exposure situations 

the criteria in Publication 60 (ICRP, 1991b) are specified in 

terms of averted dose (intervention levels) whereas the 

criteria in the current recommendations are specified in 

terms of incremental dose (reference levels). These 

differences are noted in Table (1.3) (52). 
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Table (1.1) comparison of protection criteria for the 1990 and the 2007 recommendations (ICRP Publication)
(52) 

 

Categories of exposure (publications) 1990 Recommendations and subsequent 

publications 

2007 Recommendations  

Planned exposure situation 

 

Occupational exposure (60,68, 75)including 

recovery perations(96) 

• Lens of the eye 

• Skin 

• Hands and feet 

• Pregnant women, remainder of 

pregnancy 

 

Public exposure(60)
x
 

• Lens of the eye 

• Skin 

 

 

Occupational exposure (60) 

Public exposure(77, 81, 82) 

• General --------------------------------- 

• radioactive waste disposal  

• long-lived radioactive 

• waste disposal  prolonged exposure 

• prolonged component from long-

lived nuclides 

 

Individual dose limits 

20 mSv/y average over defined periods of 5 

yrs 

150 mSv/year 

500 mSv/year 

500 mSv/year 

2 mSv to the surface of abdomen or 1 mSv 

from intake of radionuclides. 

 

1   mSv in a year 

15 mSv/y 

50 mSv/y 

 

Dose constraints 

 

≤ 20mSv/year ----------------------------------- 

- 

≤ 0.3 mSv/year 

≤0.3 mSv/year 

 

< ~1 &  ~ 0.3 mSv/year 

≤ 0.1 mSv/year 

 

 

Individual dose limits 

20 mSv/y average over defined periods of 5 

yrs 

150 mSv/year 

500 mSv/year 

500 mSv/year 

1mSv to the embryo/fetus 

 

 

 1  mSv in a year 

15 mSv/y 

50 mSv/y 

 

 

 

≤ 20mSv/year 

To be selected below 1mSv/yr 

According to the situation 

≤ 0.3  mSv/year 

 

≤ 0.3 mSv/year 

< ~1 &  ~ 0.3 mSv/year 
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Medical exposure (62, 94, 98) 
volunteers for biomedical research, if 

benefit to society is: 

• minor 

• intermediate 

• moderate 

• substantial 

• comforters and carers 

 

Occupational exposure (60, 96) 

• Life saving (informed volunteers) 

• Other urgent rescue operations 

• Other rescue operations 

 

 Public exposure (63, 96) 

• Foodstuffs 

• Distribution of stable iodine 

• Sheltering 

• Temporary evacuation 

• Permanent relocation 

All countermeasures combined in an overall 

protection strategy 
 

 

 

 

 

< 0.1   mSv 

   0.1-1mSv 

   1-10 mSv 

>10    mSv 

5 mSv per episode 

 

 

Intervention levels 

No dose restrictions 

~ 500 mSv; ~ 5 Sv (skin) 

… 

 

 

10 mSv 

50-500mSv(thyroid) 

5-50 mSv in 2 days 

50-500 mSv in 1 week 

100 mSv first year or 1000 mSv 

... 
 

 

≤ 0.1 mSv/year 

 

< 0.1    mSv 

   0.1-1 mSv 

< 0.1    mSv 

   0.1-1 mSv 

   1-10  mSv 

>10      mSv 

5 mSv per episode 

 

Reference levels 

No dose restrictions if  benefit to others 

outweighs rescuer's risk 

1000 or 500 mSv 

≤100mSv 

 

 

 

 

 

In planning, typically between 20 and 100 

mSv/y according to the situation 
 



Chapter 1                                                                literature Review 

6 

 

 
Existing exposure situations 

 Radon (65) 

• at home 

• at work 

 

NORM, natural background radiation, 

radioactive residues in human habitat (82) 

Interventions: 

• Unlikely to be justifiable 

• May be justifiable 

• Almost always justifiable 

Action levels 

 

3-10 mSv/y  (200-600 Bq 
-3

m) 

3-10 mSv/y  (500-1500 Bq 
-3

m) 

 

 

 

 

< ~10 mSv/y  

> ~10 mSv 

Towards 100 mSv/y 
 

Reference levels 

 

<10 mSv/y (<600 Bq 
-3

m) 

<10 mSv/y (< 1500 Bq 
-3

m) 

 

 

 

 

Between 1 and 20 mSv/y  

according to the situation
 

 

x 
:  In special circumstances, a higher value of effective dose could be allowed in a single year, provided 

that the average over 5 years does not exceed 1 mSv/ year 
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1-6 Exposure Situations  

The ICRP Commission recognizes in 2007 three types of 

exposure situations which replace the previous categorization into 

practices and interventions. These three exposure situations are 

intended to cover the entire range of exposure situations. The 

three situations are: 

1-6.1 Planned exposure situations: 

Which are situations involving the planned introduction 

and operation of sources. (This type of exposure situation 

includes situations that were previously categorized as practices.) 

1-6.2 Emergency exposure situations: 

An unexpected situation that occurs during the operation of 

a practice, requiring urgent action. Emergency exposure situations 

may arise from practice 

1-6.3 Existing exposure situations: 

Which are exposure situations that already exist when a 

decision on control has to be taken, such as those caused by 

natural background radiation. 

1-7 Type of Exposures 

The ICRP Commission distinguishes between three 

categories of exposures: 

 Occupational exposures, public exposures, and medical 

exposures of patients. (ICRP 103, 2007)
(52)

. 
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1-7.1 Occupational exposure 

This refers to all exposure incurred by workers in the 

course of their work, with the exception of 

1) Excluded exposures and exposures from exempt activities 

    involving radiation or exempt sources; 

2) Any medical exposure; and  

3) The normal local natural background radiation. 

1-7.2 Public exposure 

Exposure incurred by members of the public from radiation 

sources, excluding any occupational or medical exposure and the 

normal local natural background radiation. 

1-7.3 Medical exposure  

Exposure incurred by patients as part of their own medical 

or dental diagnosis or treatment; by persons, other than those 

occupationally exposed, knowingly, while voluntarily helping in 

the support and comfort of patients; and by volunteers in a 

program of biomedical research involving their exposure. 

The exposure is intentional and for the direct benefit of the 

patient. Particularly in radiotherapy, the biological effects of high-

dose radiation, e.g., cell killing, are used for the benefit of the 

patient to treat cancer and other diseases. 

1-8 The principles of radiological protection 

In the Recommendations of ICRP 103 the Commission 

clarifies how the fundamental principles apply to radiation 
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sources and to the individual, as well as how the source-related 

principles apply to all controllable situations. 

1-8.1 Source-related principles  

1-8.1.1The principle of justification:  

Any decision that alters the radiation exposure situation 

should do more good than harm. This means that, by introducing 

a new radiation source, by reducing existing exposure, or by 

reducing the risk of potential exposure, one should achieve 

sufficient individual or societal benefit to offset the detriment it 

causes. 

1-8.1.2 The principle of optimization of protection:  

It is dose reduction principal and it is defined as follows. 

The likelihood of incurring exposures, the number of people 

exposed, and the magnitude of their individual doses should all be 

kept as low as reasonably achievable (ALARA), taking into 

account economic and societal factors. 

This means that the level of protection should be the best 

under the prevailing circumstances, maximizing the margin of 

benefit over harm. In order to avoid severely inequitable 

outcomes of this optimization procedure, there should be 

restrictions on the doses or risks to individuals from a particular 

source (dose or risk constraints and reference levels). 
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1-8.2 Individual-related principle  

1-8.2.1 The principle of application of dose limits:  

The total dose to any individual from regulated sources in 

planned exposure situations other than medical exposure of 

patients should not exceed the appropriate limits recommended by 

the ICRP Commission. See Tab. (1-1) 

1-9 Abnormal (Emergency) situations  

1-9.1 Emergency 

A non-routine situation or event that necessitates prompt 

action primarily to mitigate a hazard or adverse consequences for 

human health and safety, quality of life, property or the 

environment. This includes situations for which prompt action is 

warranted to mitigate the effects of a perceived hazard. 

1-9.2 Identification of an accident 

An accident happens when a deviation from a normal 

condition takes place in the sense that a source ceases to be under 

normal control (IAEA, Safety series-91, 1989)
(35)

.  

1-9.3 Accident scenarios 

Potential accident types include: A radioactive source may 

be misplaced, lost or stolen. An obvious example might be a 

gamma radiography source container and source found to be 

missing. One problem here is that the container may get into the 

possession of those who through ignorance may decide to 
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dismantle or otherwise interfere with it thereby exposing 

themselves and possibly others to an unshielded source. 

A radioactive source becomes unshielded as a result of a failure 

during routing operations. Again, gamma radiography provides an 

example – after making an exposure, an operator finds it 

impossible to retract the source into its container. 

A radioactive material may be dispersed. An example could be a 

vial containing a radioactive solution that leaks out during 

storage. Another example would be a violent release of 

radioactive substances from a radiochemical facility.                   

In all these cases, there is a possibility of uncontrolled exposure 

of persons unless appropriate protective measures are taken. 

1-9.4 Management of Radiation Accident 

1- Protection from external exposure 

In the selection of protective measures, the following points 

should be considered. Gamma rays are the most likely external 

radiation hazard in a radiation accident because of their high 

penetration power. The lower energy gamma rays and x-rays are 

less penetrating and would result in the risk of excessive exposure 

of the skin and possibly the lens of the eye. In some cases beta 

particles radiation hazard but again the skin, or possibly the lens 

of the eye, are the organs at risk. In cases where large sources of 

high energy beta particles are involved, the presence of x-rays 

fields cannot be ignored. Alpha particles are not in general an 
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external radiation hazard. There are three factors involved in 

attempts to reduce neutron, x-ray and gamma ray external 

exposures- time, distance and shielding.  

All persons involved in a response operation should be 

monitored for personal external exposures. This can be done by 

using personal dosimeters such as the film or TLD type. The 

information obtained should be recorded and used to estimate 

individual exposures received by the emergency teams.  

2- Protection from internal exposure 

Radioactive materials may enter the body through 

inhalation, ingestion, and absorption through the skin and 

contaminated wounds. In radiological accidents in which 

containment is lost and radioactive materials are released, the 

most important route is likely to be inhalation.  

In order to limit exposure through inhalation, respiratory 

protection may be required when the airborne concentration of 

radioactive materials is high. There are several types of respirator 

available, providing different degrees of protection. The 

protection factor of a respirator is defined as the ratio of the 

concentration of airborne of radioactive materials outside the 

respiratory protective equipment to that inside [usual inside the 

face piece] under conditions of use. 
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3- Protection from skin contamination 

The use of appropriate protective clothing will, to a large 

extent, prevent the contamination of the skin. The use of such 

clothing also helps to prevent the spread of contamination. Items 

of protective clothing include: usual work clothing, plastic suits, 

Head cover, shoe covers, rubber boots, and cotton and plastic 

gloves 

1-10 Statistical summary of radiation accidents  

 

The first two tables below summarize data on radiation 

accidents and other events that have caused acute radiation injury. 

They are based on the events listed at the database of radiological 

incidents and related events. While this includes the major 

accidents and event, it is not a complete listing, nor is it a uniform 

sampling (Robert Johnston, Wm.; April 2005) 
(84)

.  
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Table (1.2) Summary of listed accidents/events by type
 (84)

 
 

N0. Type of event Incidents Fatalities Injuries 

1 nuclear combat  2 195,000 130,000 

2 nuclear weapons tests  1 1 93 

3 criminal radiological acts  5 4 1 

4 accidents with power reactors  1 41 438 

5 accidents with research reactors  4 6 9 

6 accidents with naval reactors  3 18 80 

7 criticality accidents (non-reactors) 19 15 27 

8 dispersal of lost sources  2 6 24 

9 lost sources  26 31 88 

10 irradiator accidents  31 8 39 

11 radiotherapy accidents  27 54 223 

12 occupational contamination  9 13 108 

13 total (excluding nuclear combat) 128 197 1,130 

Note: Casualty figures include fatalities from effects other than ionizing radiation in 

several cases. 
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Table (1.3) Summary of listed nuclear/radiological accidents/events  

by country 
(84)

  

N0. Country of event Incidents Fatalities Injuries 
1 Algeria  1 1 6 

2 Argentina  10 1 11 

3 Australia  1 0 2 

4 Belarus  1 1 0 

5 Belgium  1 0 1 

6 Brazil  1 5 20 

7 Bulgaria  1 1 0 

8 Canada  1 0 1 

9 China (PR)  13 8 32 

10 Costa Rica  1 7 81 

11 Egypt  1 2 5 

12 El Salvador  1 1 2 

13 Estonia  1 1 4 

14 France  6 0 6 

15 Germany (FR)  1 1 3 

16 Georgia  3 1 14 

17 Iran  1 0 1  

18 Israel  1 1 0 

19 Italy  1 1 0 

20 Japan  3 2 5 

21 Mexico  2 5 5 

22 Morocco  1 8 3 

23 Nigiria  1 0 26 

24 Norway  1 1 0 

25 Panama  1 17 11 

26 Peru  1 0 1 

27 Poland  1 0 5 

28 Russia (post-Soviet) 7 8 11 

29 South Africa  1 0 4 

30 Spain  1 18 9 

31 Switzerland  1 1 2 

32 Thailand  1 3 7 

33 Turkey  1 0 10 

34 United Kingdom  4 1 12 

35 United States  26 30 289 

36 U.S.S.R.  17 60 538 

37 Vietnam  1 0 1 

38 Yugoslavia  1 1 5 

 TOTAL  119 187 1133 

Note: These tables do not include the use of two nuclear weapons in combat in 

Japan in 1945.  
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High activity sources, if not managed safely or securely, 

can cause severe deterministic effects to individuals in a short 

period of time (IAEA-TECDOC -1344, 2003) 
(36)

, whereas low 

activity sources are unlikely to cause such effects.  The 

International Basic Safety Standard (BSS-115, 1996) provides an 

internationally harmonized basis for ensuring the safe and secure 

use of sources of ionizing radiation. Because of the wide variety 

of uses and activities of radiation sources, IAEA issued a 

categorization system is necessary so that the controls that are 

applied to the sources are commensurate with the radiological 

risks. 

1-11 Previous work 

 Many scientific research groups and authors as well as 

manufacturing companies developed progressive and 

international publications in the field of radiation dosimetry. 

Literature survey for use of TL and WBC are measuring device 

compiled and reported below. 

1-11-1 TLD Studies 

 A thermoluminescence dosimetry system with single 

detector chips was developed for patient dosimetry applications 

by Hranitzkya, C et al., 2008 
(34)

. LiF:Mg,Cu,P detector chips, 

dosimetry protocol, calibration, and dose calculation were 

prepared for measurements inside phantoms for determining 

organ and effective doses in medical diagnostic examinations. 
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The first step was optimizing the readout time-temperature-profile 

for reaching a well resolved dosimetric peak and stability of the 

glow curves. A number of parameters was varied for the 

optimization process, e.g. preheating and heating rate. Individual 

chip sensitivities, residual dose and dose linearity were studied for 

establishing a reliable and accurate TL dosimetry system. 

 

The TL dosemeter of the Instituto de Pesquisas Energéticas 

e Nucleares presents a good performance for the assessment of 

the evironmental exposure. Despite the high energy dependence 

of the CaSO4: Dy sintered discs, the results obtained are in 

agreement with the literature. This study has also shown that with 

a slight modification in the metal filters in the TL badge, that is, 

arrangement A2, the environmental exposure evaluation can be 

improved with a better estimative of the uncertainties involved. 

Other tests are being made to confirm the obtained results by 

Felícia Del Gallo Rocha et al., 2008 
(22)

. 

 

Nelson, V. K., 2008 
(75)

 showed that, in this study the 

thermoluminescent response of Al2O3:C (TLD-500) and LiF 

(TLD-100) thermoluminescent materials to various x-ray energies 

has been studied and a method has been described to use these as 

an indicator of incident x-ray energy. This method uses the 

sensitivity ratios of two thermoluminescent materials as an 

indicator of incident photon energy. In situations where the 
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energy of the incident radiation is not known, this method can be 

used to estimate the quality of radiation a worker has been 

exposed to. The 10% accuracy of energy estimation described in 

this work compares favourably with the 30% accuracy of current 

methods employed in either personnel dosimetry or dosimetry 

inter-comparison. 

 

Dose rate levels around two gamma ray sources utilized in 

a mining corporation have been determined. Both gamma ray 

sources are 
137

Cs and are installed in a mining corporation to 

measure on-line the density of mine products. Dose rate levels 

were calculated in several sites around the 
137

Cs sources using two 

active and several passive thermoluminiscent dosemeters. Using 

the 
137

Cs’ gamma factor dose rates were calculated in all the 

points.  A comparison between the measured and calculated dose 

rate levels was carried out. Calculated dose rate levels was 

obtained for three cases: first, assuming the sources were bare, 

second, assuming the sources inside their shielding and the third, 

adding an extra shield to reduce the dose rate levels to those 

similar to local background. In this study Héctor René Vega-

Carrillo et al., 2008 
(31) 

studying the dose rate levels around 

industrial gamma sources. Dose levels were also measured using 

TLDs and two active dosemeters.  Calculated isodose values 

agree in less than 10% the measured doses. The sources are 
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utilized in the mining industry, as density gauges, to control the 

mining process; both are located inside a pit where, at regular 

basis, personal realizes preventive and corrective maintenance 

operations that require moving around the sources. In order to 

reduce the dose levels to values alike the background an extra 

lead shielding, 6 cm thick, was designed. 

 

Berus, D. et al., 2008 
(8)

 study the external radiation dose to 

ward staff from nuclear medicine Patients. This study where 70 

ward staff members were monitored during a 6 month period, 

confirmed that the external radiation dose to ward staff from 

diagnostic nuclear medicine procedure is rather low. For only 4 

personnel members out of 70 the dose was slightly significant 

higher than the background level. However, it should be stated 

that during this 6 months survey not a single low-dose therapeutic 

procedure was recorded where the patient entered one of the 4 

wards. Moreover, besides the external exposure there is also a risk 

for contamination which is not monitored during this study and 

which is almost impossible to carry out in practice. But, in 

relation to the low level of external exposure and due to the 

general hygienic hospital rules, it is possible to reduce the 

contamination risk to a minimum. Previous studies are mostly 

based on dose rate measurements and mathematical models and 

find that the average dose to members of the ward staff is 24 µSv 
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for a single 8h shift. Taking care for high-dependency patients or 

partially helpless patients a dose of 112 µSv a day can be reached. 

Gomez stated that working in a cardiology ward or internal 

medicine section can lead to an annual dose of 518 µSv. This 

study uses an integral dose method and indicates that, due to 

background fluctuations and the long-period survey, very few 

significant exposures can be found even in cases where 500 

outpatients per year are hospitalized in a single ward.  

 

Maria Inês Teixeira et al., 2008 
(67)

 study the performance 

of thermoluminescent materials for high dose dosimetry. The 

objective of this work was to characterize thermoluminescent 

materials for the dosimetry of workers exposed to high doses. 

Samples of TLD-200, TLD-400 and TLD-800 pellets from 

Thermo Electron Corporation were studied in gamma high-doses. 

Dose-response curves were obtained for doses between 100 mGy 

and 100 Gy. The reproducibility, the lower detection limits and 

dose-response curves were obtained for all three materials. The 

different kinds of detectors show usefulness for dosimetry of 

workers exposed accidently to high doses. All three TL materials 

presented usefulness for high-dose dosimetry. The TL glow 

curves presented the same dosimetric peaks at known 

temperatures from literature. The lower detection limits were 0.1 

mGy, 0.15 mGy and 1 mGy for TLD-200, TLD-400 and TLD-
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800 respectively. The dose response curves showed the usefulness 

of the materials for high gamma doses up to 10 Gy (TLD-200) 

and 100 Gy (TLD-400 and TLD-800). 

 

I-11-2 Whole Body Counter Studies 

The first measurements of radionuclides in the human body 

were made with ionization chambers (Blumgart and Weiss, 1927; 

Schlundt et al., 1929)
 (89)

. Thus, Blumgart and Weiss used 

radium for blood-flow studies in humans; and activities equal to 

5-100 µg radium in equilibrium with its decay products could be 

detected in the whole human body by Schlundt et al., (1929). 

Schlundt (1933) 
(90)

 took into consideration the geometry of the 

human body and its self-absorption by interesting sealed radium 

ampoules in phantom representing the real distribution pattern of 

radium in human body. This sensitivity of the system reached 0.2 

mg radium equivalent.  

 

 In 1937, Evans 
(21)

 made a significant improvement in 

sensitivity using a Geiger-Müller tube. Rajewsky (1940) 

developed an ionization chamber of 10 l capacity which was able 

detect radium deposits of 0.1 µCi, the apparatus was constructed 

in such away that the chamber could be moved along three co-

ordinates at right angles to each other. So it was possible to detect 

the localized radium deposit in the patient′s body. Rajewsky B., 

1941
(80)
 and Dreblow W., 1941 

(13)
 used the so called gamma ray 
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stethoscope which was able to detect the position of radium 

deposit in the body. Sensitivity of this device was sufficient to 

detect amounts of radium as low as 0.1 µCi, from 20 cm distance.  

It became possible to detect about 0.1 µg of radium in man.  In 

the early 1950s, Fredrick. 

 

Marinelli,  L. D., 1957 
(69)

 introduced the thallium activated 

sodium iodide detectors which proved to be a reliable tool for 

determining radioactivity in man. 

 In 1955, the ‘Geneva walk-in’ counter (of a stand-up type) 

was demonstrated in Geneva, Switzerland, counting 

approximately 4,250 visitors. Sievert and Hultqvist (1957) began 

using high-pressure ionisation chambers in Sweden to measure 

activities that were less than thousandths of the amounts that 

could be detected earlier. The next major advance came through 

use of detectors that are capable of energy discrimination: liquid, 

plastic and, especially Na(Tl) scintillators, which were widely 

introduced in conventional counting techniques used in nuclear 

medicine. In 1968, Laurer developed the first dual crystal (CsI 

and NaI) used for direct measurement of internally deposited 

radionuclides. This crystal design directly led to the development 

and use of ‘phoswich’ detectors, with anticoincidence, to measure 

low energy photon emitters of particular interest to low-level 

whole-body counting (e.g., 
238

, 
239

, 
240

Pu, 
241

Am). The introduction 
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of solid state or semi-conductor detectors in the late 1960s 

resulted in a significant improvement in energy resolution and 

eventual use in direct in vivo measurement (El-Assaly, MSc. 

1969) 
(18)

. 

 

   Gomaa, A.M. et al., 1983
(26)
 by using whole body counter 

and TLD technique, they were studied the external exposure and 

internal contamination for subject which exposed to radioactive 

material in nuclear chemistry laboratory. The subject was 

monitored by a whole body counter in order to assess the intake 

and the committed effective dose equivalent.  

 

 Okajima, Shunzo (1987)
(76)
, the purpose of this report is to 

estimate the maximum radioactive fallout from the Nagasaki A-

bomb of which Nishiyama residents in Nagasaki were exposed. 

Environmental radiation in the Nishiyama area after the A-bomb 

was measured from September to November 1945, by US and 

Japanese scientists. The exposure rate at the time of measurement 

was determined and the cumulative exposure estimated. These 

data had some discrepancies in value but, according to the data in 

this chapter, the cumulative exposure in the Nishiyama area is 

estimated to be 20 to 40 R. To be realistic, individual Nishiyama 

residents did not spend all of their time outdoors where the 

exposure rate was high. They must have slept indoors at night and 

some of them must have gone out of the Nishiyama area from 
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time to time. Therefore, the levels of individual exposure of 

Nishiyama residents must be lower than the above-mentioned 

cumulative exposure. Prior to the measurement of exposure of 

Nishiyama residents in 1969, using the whole-body counter, an 

investigation was conducted on the individual behavior of 

Nishiyama residents after the A-bomb. Using the data available 

from the investigation, it is proposed to review the behavior of 

Nishiyama residents immediately after the A-bomb, determine the 

time of stay in the high-dose region and estimate the maximum 

exposure. 

 

 Oxby, C B & J D Fenwick, 1993 
(77)

 used shadow shield 

whole body counter; the results of a national survey of body 

radioactivity in the general public were published in 1989.  Many 

of the data were acquired using a mobile shadow shield whole 

body counter constructed for the purpose which visited several 

towns and cities throughout England and Wales; a similar but 

static whole body counter was installed as part of the same project 

at the West Cumberland Hospital in Whitehaven, Cumbria. The 

authors describe a study undertaken at Whitehaven to examine the 

feasibility of using a shorter time for measuring subjects, by 

employing a faster scan speed than that used for normal 

measurements, for use in the event of a large number of people 
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requesting whole body monitoring following a radiological 

incident. 

 

Kaicheng, Tu. et al., 1994
(64)
 estimated the I

131
  intake and 

thyroid dose in persons irradiated in a reactor accident, The 

Authors showed that the dynamic changes in thyroid I
131
 retention 

and urinary excretion rate of 33 normal people within 7days of 

taking oral I
131

were
 
observed.  

 

Kovari, M. D. & M E Morrey, 1994
(61)
 studied the 

effectiveness of iodine prophylaxis when delayed: implications 

for emergency planning.  Emergency plans for accidents 

involving releases of radioiodine often include administering 

stable iodine as a counter measure. If taken shortly before, or at 

the same time as, exposure to airborne radioiodine, this almost 

completely blocks the uptake of radioiodine by the thyroid. 

 

 Since this time, whole body counting has become a 

standard method for monitoring the efficiency of contamination 

control efforts, as well as determining the magnitude in case of an 

accidental intake of radionuclides by worker, was also used in the 

late 1950 and early 1960 to detect global fallout that had entered 

the general population (Taha, M. Taha; MSc., 1996)
(92)

. 

 



Chapter 1                                                                literature Review 

 26 

Gomaa used the film badges and whole body counters for 

personnel dosimetry for workers from Nuclear Research Center 

(NRC, AEA) (Gomaa, M.A., 1996)
(25)

. In this study annual 

exposure to workers are discussed during the period 1988-1993. 

Found that the average annual exposure varies from 2.9 to 5.2 

mSv, and the collective doses were also found to vary from 1.06 

to 1.79 man-Sv. According to the ICRP recommendations the 

average exposure to NRC workers over the period from 1989-

1993 is 20 mSv, while the average annual exposure is 4 mSv, 

these values are 20% of the dose limits recommended by the 

ICRP recommendations. 

 

 Ishikawa, T. and M. Uchiyama, 1997
(56)

 studying the 

counting efficiency appropriate to the body size of each 

individual subject in 
137

Cs whole body counting using voxel 

phantoms. 

 

 Hunt, J.G. et al., 1998
(98)

 developed a voxel phantom to 

simulate in vivo measurement systems for calibration purposes. 

The calibration method presented here employs a mathematical 

phantom, produced in the form of volume elements (voxels), 

obtained through magnetic resonance images of the human body. 

 

  Youssef, S.K. et al., 1999 
(102)

 studied the Body burden 

activities of Cs-137 and K-40 of about 120 humans using Inshas 
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whole body counter facilities. The contained body burden activity 

in such distribution is found to be 3.5-10 Bq l
-1

 for Cs-137 and 

3.39 g/l as well as 3.69 g/l for K-40 respectively for females and 

males. It was found, that the amount of Cs kg/ l
 
 K increases 

significantly with increase of either the body volumes and/or the 

total body potassium. The author's emphasis the importance of the 

periodic measurement of human population since both the 

consumed food chain and the environmental enclosure contained 

both radio elements. Accumulation of the daily ingested activity 

of Cs-137 and K-40, and of food eaten, showed that the predicted 

body burden retained activity is relatively higher by a range of 5-

25% for Cs-137 and 3-15% for K-40 when compared with that 

detected by the whole body counter over the 24-month scanning 

course. 

 

Balcazar, M. Chavez. et al., (1999)
(9)

 using a whole body 

counting for determined the radioactivities up to 21.8 kBq for 

214
Bi and up to 18.7 kBq for 

214
Pb attached to clothes of workers 

in a Nuclear Research Laboratory. A radon survey reveals that 

80% of the monitoring areas have radon concentration values 

lower than 500 Bq/m
3
, while 10% of the sampling points with 

values bigger than 1 kBq/m
3
 correspond to the workers mentioned 

above. By exposing samples of 0.04m
2
 clothes in a radon 

chamber, it was observed that radon decay products 
214

Bi and 



Chapter 1                                                                literature Review 

 28 

214
Pb were attached to them with an activity of 315- 618 Bq per 

each kBq/m
3
 of Rn concentration additionally; fibers 

characterized with a low electrostatic build up showed the lower 

attachment. 

 

 Wallstrom, E et al., 1999
(100)

 used gamma camera for 

measurements of internal contamination after radiological 

accident with the release of large amounts of radionuclides into 

the environment, measurements of the external and internal 

exposure of the public will be urgently required. 

   
 Ishikawa T., 2000

(55)
 measured the total body potassium 

for a Japanese adult male group using two whole body counters. 

The data for each individual showed that potassium concentration 

decreased linearly with age from 30y to 60y of age. The average 

decrease rate was -0.0154±0.0049g K kg body wt
-1-1

y. The 

decrease in the average potassium concentration for study 

subjects is the major cause of the decrease in the average annual 

dose from 
40

K.  

 

Ranganathan et al., (2001)
(78) 

showed that, the 

measurement of gamma-rays from 
40

K by whole-body counting 

provides a sensitive technique to estimate the body 
40

K 

radioactivity. In India, right from the whole body counter (WBC) 

of Trombay in the early 1960s to the INMAS WBC of 1970s, 
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some limited information has been available about the internal 

40
K of Indians. However, information on 

40
K dose with age and 

sex of Indians is scanty. Therefore, a systematic study was taken 

up to generate this information. 

 

Ranganathan, S. Someswara Rao et al.,  (2002)
(79)

 showed 

that, potassium plays an important role in human life 
40

K is a 

naturally occurring radioisotope of potassium (K) with an 

abundance of 0.0118%. The measurement of body 
40

K in a whole-

body counter (WBC) provides a sensitive technique to estimate 

the total body potassium (TBK). Information on TBK of Indians 

with age and sex is scanty. Therefore, a systematic study was 

taken up to generate this information using a sensitive WBC. 

 

 T. Ishikawa et al.,  2002
(58)

 studied new in vivo calibration 

phantoms (anthropometric phantoms) to meet the needs for 

Japanese standard phantoms. Two important characteristics of 

these phantoms were that (1) they were designed using Japanese 

body size survey data, and (2) they were designed so that they can 

be adapted to various positions or geometries. The performance of 

these phantoms was tested with respect to body size, activity 

distribution along the axis, and counting efficiency.  

 

 A group of 350 Indians from both sexes (7-65 years) 

representing different regions of India were studied for internal 
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40
K radiation dose from the naturally occurring body 

40
K by 

Ranganathan et al (2002)
(81)

.  This was measured in the National 

Institute of Nutrition whole-body counter. Although the 
40

K 

radioactivity reached a peak value by 18 years in female (2,412 

Bq) and by 20 years in male (3,058 Bq) and then varied inversely 

with age in both sexes, the radiation dose did not show such a 

trend. Boys and girls of 11 years had annual effective dose of 

nearly 185 mSv, which decreased during adolescence (165 mSv), 

increased to 175 mSv by 18-20 years in adults and decreased 

progressively on further ageing to 99 mSv in males and 69 mSv in 

females at 65 years. The observed annual effective dose (175 

mSv) of the young adults was close to that of the ICRP Reference 

Man (176 mSv) and Indian Reference Man (175 mSv). With a 

mean specific activity of 55 Bq/kg for the subjects and a 

conversion coefficient close to 3 mSv per annum per Bq/kg, the 

average annual effective dose from the internal 
40

K turned out to 

be 165 mSv for Indians. 

 

The method for the determination of counting efficiency 

curves as a function of energy was developed using the present 

technique and a physiques correction equation was derived from 

the relationship between parameters of correction factor and 

counting efficiencies of whole-body counter. The uncertainties in 

body burdens of 
137

Cs estimated with whole-body counter were 
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also investigated using the Monte Carlo simulation and 

measurements. It was found that the uncertainties of body burdens 

estimated with the whole-body counter are strongly dependent on 

various sources of uncertainty such as radioactivity distribution 

within the body and counting statistics. Furthermore, the 

evaluation method of the peak efficiencies of a Ge semi-

conductor detector was developed by Monte Carlo simulation for 

optimum arrangement of Ge semi-conductor detectors for 

designing a precision whole-body counter by Kinase et al 

(2003)
(62)
. 

 
 Maniyan, C.G. Mohan et al., (2003)

(70)
 reported that 

Potassium (K) content in 408 male workers of rare earths 

processing plant was estimated using a shadow shield whole body 

counter. The average K content in the non-vegetarian and 

vegetarian group was found to be 1.5 g/kg and 2.1 g/kg 

respectively. The absorbed dose due to 
40

K works out to 0.18 ± 

0.02 mGy. While the K content was found to be proportional to 

body build index, it is inversely proportional to slenderness.  

Body K was maximum in the middle aged group (35-45 y) and 

minimum in younger and older persons. The correlation of 

potassium content with some disease patterns was also studied. 

Diabetes mellitus patients were observed to have low K content of 

0.9 ± 0.2 g/kg and those who suffer from cardiovascular disorders 
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were found to have high K content 2.7 ±0.3 g/kg. The studies 

showed that the depletion of body K content takes place a few 

years prior to the clinical detection of diabetes and it builds up a 

few years before the clinical detection of cardiovascular 

disorders.  

 

Zerquera, J.T. Alonso et al., (2003)
(103)

 showed that 

Potassium-40 constitutes the main natural source of potassium 

present in the body, which influences the effective dose received 

by people. With the aim of assessing the contribution of this 

component to the doses received by the Cuban population, a study 

intended to assess the doses was developed. For this purpose, a 

representative sample of the Cuban population was selected 

according to age and sex. The measurements were made using the 

whole-body counter (WBC) of the Center for Radiation 

Protection and Hygiene. For dose estimations, a uniform 

distribution of potassium for the whole body was assumed. The 

methodology used was the one recommended by the ICRP. The 

values of annual effective dose range between 93 and 209 µSv for 

females and between 123 and 212 µSv for males. The annual 

average effective dose for members of the public was estimated as 

150 ± 40 µSv, taking into account the experimental data and the 

specific features of the Cuban population. With the dose values 

obtained, it was possible to model dose estimates by means of a 
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neural network, which was trained with the results obtained and 

using as starting data the sex, age, height and corporal weight of 

people studied.  

 

Kinase S.Noguchi and H. Nakamura. (2003)
(63)

 were 

presented that to calibrate a whole-body counter, it is necessary to 

find a determination method for peak efficiencies of detectors 

used in the whole-body counter. For this purpose, peak 

efficiencies of a Ge semiconductor detector for point and volume 

sources were evaluated in the photon energy range 60-1836 keV 

by Monte Carlo simulation and experiment. It was found that the 

calculated peak efficiency curves as a function of energy without 

modelling of the actual sensitive region of the detector are similar 

in shape to those measured. The calculated peak efficiencies of 

the detector having an apparent dead layer (1mm) were also found 

to agree with the experimental values (deviations from 10-24%). 

Consequently, the simulation method for peak efficiencies was 

validated. In addition, an optimum design for a whole-body 

counter with Ge semiconductor detectors was examined by 

simulation. This simulation provides a method to determine an 

optimum arrangement of detectors in a whole-body counter, 

offering a uniform response to various 
137

Cs distributions in a 

human body.  
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Azeredo, A.M.G. Lourenco et al (2003) 
(4)

 showed that, the 

Whole Body Counter Facility (WBC) in Brazil has been operating 

since 1986. The first system installed to perform in vivo 

measurements of low energy photon emitter radionuclides used 

Phoswich detectors. In 1998, the WBC unit was upgraded by the 

installation of an array of four low energy high purity germanium 

detectors. The performance and suitability of the detection system 

for lung measurements were evaluated by comparison with the 

annual dose limits and the detection limits obtained for 
238

U, 
235

U, 

226
Ra and 

241
Am. This evaluation determined whether the in vivo 

measurements are adequate. In order to compare the dose limit of 

20 mSv per year, recommended by the ICRP, with the in vivo 

monitoring technique, the minimum detectable intake (MDI) was 

calculated using the appropriate biokinetic models described in 

the ICRP Publications. The results were obtained for a single 

intake through inhalation.  

 

Potassium is an essential element for human metabolism. It 

is present in all living cells and predominantly in the skeletal 

muscle tissue. The energy of 
40

K photon and its uniform 

distribution within the human body allows its in vivo 

measurement.  Subjects of both sexes were monitored at the 

whole-body counter of the IRD facility for the evaluation of 
40

K 

body burden, being divided into two groups: (1) subjects who do 
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not exercise routinely, and (2) subjects who do exercise routinely. 

The average values found for potassium mass and potassium 

concentration in group 1 were 99 ± 17g of K and 1.3 ±0.2g of K 

kg
-1

 of body mass, respectively, and, in group 2 the average 

values found for potassium mass and potassium concentration 

were 118 ± 33g of K and 1.6 ± 0.2g of K kg
-1

 of body mass, 

respectively. The comparison between average values for 

potassium mass and concentration shows a significant statistical 

difference by Sousa, W.O. de Dantas and B.M. Lipsztein, 

J.L(2003)
(85)
. 

 

 Minenko, V.F. and S.V. Trofimik, (2003)
(71)

 studying in 

Belarus monitoring of  radiocesium body burden by direct tool 

method for measuring was begun after the Chernobyl accident in 

1986. The monitoring is performing by whole body counter 

(WBC) measurement of activity incorporated in human body. 

More than 100 WBC operate for the examination of the body 

burden in all areas of republic. The system of an internal exposure 

control of the population was actually created. The results of the 

large number of WBC measurements that have been made in 

Belarus are analyzed. A large variability in internal exposure to 

the population of the contaminated areas was observed.  

 

Ionizing radiation injury levels depend on the nature (alpha, 

beta, and gamma) of ionizing radiations absorbed in the human 
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body and on irradiation conditions. Human body is continuously 

irradiated from two ionizing radiation sources, namely from 

outside and inside the body. The radiation external to human body 

are cosmic, earth and radiation generators, commonly called 

environmental ionizing radiation. Inside the body the 
40

 K 

radionuclide is present for all along human life. In case that other 

radionuclides enter inside the body we have internal 

contamination, the most dangerous one being due to alpha 

particles, protons, fission fragments, uranium, thorium, radon and 

other high-density ionizing radiations. Internal contamination 

level could be estimated indirectly, by means of activity 

measurements of human body excretes, or directly by measuring 

the whole body activity, making use of the Whole Body Counter 

facility. Both of them, WBC and indirect methods of 

measurement procedures are described by Bek-Uzarov, G.N. 

(2003)
(7)
.  

 

Mehta, D.J. Singh and I.S. Sharma, R.C, (2003)
(72)  

showed that, nuclear power plant accident at Chernobyl and other 

radiological accidents have underscored the need to have a 

protocol for management of public exposure. In the Indian 

context, this required the implementation of age dependent 

internal dosimetry of radionuclides for the Indian population. 

This, in turn, requires in-vivo monitoring of general population to 



Chapter 1                                                                literature Review 

 37 

be performed. For this purpose, calibration of a whole body 

counter for subjects of different age groups as well as sex is 

needed. Therefore, it would be desirable to use appropriate 

calibration factors for calculating the retained content of a 

radionuclide in the subjects of different body builds as well as of 

different age groups.  

 

 In 1987 by Froning, M. et al., 2004
(23)
 an accident 

happened setting free a small dust cloud consisting of high 

temperature reactor fuel element ash. A case of internal 

contamination with 
137

Cs and 
90

Sr resulted. The observed time 

dependence of Cs retention does not agree with the standard 

models of ICRP Publication 30.  

 

 Taranenko, V. et al., 2004
(94)

  were used the dosimetric 

models for estimation the average radiation exposures to 

terrestrial biota due to environmental sources in the soil as well as 

internal uniform distributions of radionuclides. The calculation of 

absorbed dose per unit source strength for these targets is based 

on photon and electron transport simulations using the Monte 

Carlo method. The presented absorbed dose rate conversion 

coefficients are derived for terrestrial reference species. This 

allows the assessment of internal exposure as well as external 

photon exposure depending on the nuclide, habitat, target size and 

environmental contamination.  
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 Gomez-Ros, J M et al.,  2004
(27)
 in this study, an estimation 

of the absorbed doses by terrestrial reference organisms due to 

naturally occurring radionuclides is described. For terrestrial 

organisms under normal circumstances, external exposure is 

estimated to be of the order of 0.1– 0.4 mGy a
-1

, depending on 

size and habitat, and the main contributor is 
40

K. Internal 

background exposures of terrestrial organisms are more variable. 

Again, 
40

K is an important contributor giving doses of the order of 

0.3 mGy a
-1

. The exposures of muscles and plant tissues to 

uranium, thorium, radium, lead and polonium are lower, but liver, 

bone and kidney may be exposed at levels of 0.1–1 mGy a
-1

 

absorbed dose. There can also be significant increases in the 

received dose under specific environmental conditions as is the 

case for burrowing mammals that receive relatively high lung 

doses due to the inhalation of radon and its progeny. 

 

 Ishikawa, T., 2006
(57)

 studied the performance of 

germanium detector which installed in a whole body counting 

facility at Japan. The system employs five detectors that have 

relative efficiencies of more than 80%. A basic performance of 

the Ge detector was tested and compared with that of the former 

NaI(TI) detector system. Although the Ge detector system has 

advantages of improved radionuclide identification capability and 
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MDA values, it also has disadvantages of high operation costs 

and demanding maintenance such as supply of liquid nitrogen. 

 

 Carinou, E. et al., 2007
(12)

 used whole body counter to 

evaluate the internal exposure from radionuclides. The WBC of 

the Greek Atomic Energy Commission is used for in vivo 

measurements of workers for routine purposes as well as for the 

public in case of emergency. In this particular case, the Monte 

Carlo code is a powerful tool for theoretical estimation of the 

efficiency of the WBC measurements for phantoms and energies 

that are not obtained experimentally. The agreement between 

experimental and theoretical data was good to within 4% for 

measurement of 
40

K. 

 

Alberto Saburo Todo et al., 2008
(3)

 used whole body 

counter for measurements. They were using NaI(Tl) detector 

8x4inch for the internal contamination by Ir-192 during the 

opening operation of a shielding with 192Ir disks. The initial 

measurement has indicated a whole body counting of (22.15 ± 

0.98 KBq for 
192

Ir, approximately 19h after the incident. A 

follow-up monitoring program was established for an extended 

period of 2 months from the incident. The software used in this 

work to evaluate the internal dose was the Activity and Internal 

Dose Estimates (AIDE), which include the options to adjust the 

measured data with the biokinetic models of ICRP. Preliminary 
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committed effective dose evaluation done with single 

measurement data was bellow the recommended dose limits. The 

multiple measurements will be used in the interpretation of the 

results and also to get the best estimate of intake. 

 

Millions of radiation sources, radiopharmaceuticals, 

labeled compounds and other radioactive materials are sold and 

used throughout the world each year. Historically, accidents have 

occurred during the production, transport and use of radioactive 

materials. If an accident does occur, it is necessary to cope with it 

as soon as possible in order to control radiological human 

exposures and contamination of the environment and to restore 

normal conditions (IAEA, safety series 91, 1989)
(35)

. 
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Radiations can be classified as either non-ionizing or 

ionizing radiation. Non-ionizing radiation are ultraviolet light, 

visible light, infrared radiation, radio frequency radiation and 

microwaves.  Ionizing radiation is given off by the sun (cosmic 

rays), radioactive materials, and high energy devices (X-ray 

machines). 

There four major types of ionizing radiations are. 

1-Alpha Particles are positively charged particles made up of 

two neutrons and two protons.  They are relatively heavy and 

slower moving than other radioactive emissions.  Alpha particles 

can be stopped by a piece of paper or the dead outer layer of our 

skin.  

2-Beta Particles are charged particles made up of an electron.  A 

beta particle is lighter and faster than an alpha particle and can be 

stopped by a thin piece of aluminum or a short span of air.  

3-Gamma Rays are short wavelength electromagnetic radiation 

emitted in the radioactive decay of an unstable atom.   Gamma 

radiation is highly penetrating and is stopped by lead.    

4-X-rays are similar to gamma rays.  X-rays are emitted from 

processes outside the nucleus, while gamma rays originate inside 

the nucleus.    A few millimeters of lead can stop medical x-rays.  

2.1 Exposures of Man to Radiation Sources 

Radiation sources are used extensively for industrial 

applications, research, and medical diagnosis and treatment. It is 
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can come from natural sources or man-made radionuclides, 

(Idaho National Environmental Research Park)
(54)

. 

2.1.1- Natural Radiation sources  

Naturally-occurring radiation accounts for approximately 

80% of our radiation exposure.  Background radiation comes 

from natural sources always present in the environment, including 

solar and cosmic radiation, radiation emitted from the earth's 

crust, radon, and internal radiation from the foods we eat and 

drink. The three major sources of naturally occurring radiation 

are:  

(a)Cosmic radiation 

Cosmic radiation comes from the sun and outer space and 

consists of positively charged particles, as well as gamma 

radiation. At sea level, the average cosmic radiation dose is about 

260 µSv per year. At higher elevations the amount of atmosphere 

shielding cosmic rays decreases and thus the dose increases 

(Jefferson Lab) 
(59)
. 

(b)Sources in the earth's crust, referred to as terrestrial 

radiation 

There are natural sources of radiation in the ground, rocks, 

building materials and drinking water supplies. It is called 

terrestrial radiation. Some of the contributors to terrestrial 

sources are natural radium, uranium and thorium. Radon gas is a 

current health concern. This gas is from the decay of natural 
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uranium in soil. Radon, which emits alpha radiation, rises from 

the soil under houses and can build up in homes, particularly 

well-insulated homes. 

(c)Sources in the human body referred to as internal sources:  

Our bodies also contain natural radionuclides, such as 

carbon-14 and potassium-40 are naturally present in human-

beings.  

Individual exposure to natural background radiation is an 

average 2.4 mSv/y.  

  
2.1.2- Man made radiation sources   

Although all people are exposed to natural sources of 

radiation, exposure to man-made radiation sources differs for the 

following groups (USNRC Technical Training Center)
 (98)

, 

members of the public and occupationally exposed individuals: 

Members of the public, In general, the following man-made 

sources expose the public to radiation.  

Medical sources 

• Diagnostic X-rays 

• Co-60 units 

• Linear accelerator 

• Nuclear medicine procedures (Iodine-131, Cesium-137, 

and others) 

• Bracytherapy 
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Consumer products 

1-  Building and road construction materials. 

2-  Combustible fuels, including gas and coal. 

3-  X-ray security systems. 

4-  Televisions. 

5-  Fluorescent lamp starters. 

6-  Smoke detectors (Americium). 

7-  Luminous watches (Tritium). 

8-  Lantern mantles (Thorium). 

9-  Tobacco (polonium-210). 

10- Ophthalmic glass used in eye glasses. 

11- Some ceramics. 

 

Some of the major isotopes would be I-131, Tc-99m, Co-

60, Ir-192, Cs-137, and others. 

To a lesser degree, the public is also may be exposed to 

radiation from the nuclear fuel cycle, from uranium mining and 

milling to disposal of used (spent) fuel. In addition, the public 

receives some minimal exposure from the transportation of 

radioactive materials and fallout from nuclear weapons testing 

and reactor accidents (such as Chernobyl) (USNRC, 2008)
(97)

.  

Occupationally Exposed Individuals: 

In general, occupationally exposed individuals may work in 

the following areas: 

1. Fuel cycle facilities 

2. Industrial radiography 

3. Radiology departments (medical) 

4. Nuclear medicine departments 
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5. Radiation oncology departments 

6. Nuclear power plant 

7. Government and university research laboratories 

 

Occupationally exposed individuals, on the other hand, are 

exposed according to their occupations and to the sources with 

which they work. Occupationally exposed individuals, however, 

are monitored for radiation exposure with dosimeters so that their 

exposures are well documented in comparison to the doses 

received by members of the public. Some of the isotopes of 

concern would be uranium and its daughter products, cobalt-60, 

cesium-137, americium-241, and others. 

2.2 Modes of radiation exposure 

There are two potential primary exposure types connected 

with work involving radioisotopes: external and internal exposure 

to radiation. The external dose is that portion of the dose 

equivalent received from radiation sources outside the body. The 

internal dose is that portion of the dose equivalent received from 

radioactive materials inside the body (Herman Cember, 1996)
(32)

. 

The internal dose is directly related to the intake of radioactive 

materials. Intake is the quantity of material introduced into the 

body by inhalation, ingestion or through the skin (absorption, 

injection, etc.) (IAEA, safety standard series 1999)
(38)
.  
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The objectives of our safety program are to prevent acute 

exposures and minimize chronic exposures. Each must be 

carefully evaluated prior to working with radioactive materials, 

and precautions must be taken to minimize or prevent these 

exposures. 

2.2.1- External radiation exposure 

External hazards arise when radiation from a source 

external to the body penetrates and causes a dose of ionizing 

radiation. This exposure can be from gamma or x-rays, alpha or 

beta particles. The exposures are dependent on the type and 

energy of the radiation 
(32)
.  

There are many types of important radiation sources with 

which the health physicist must be familiar. Medical centers may 

have diagnostic X-ray machines, radiation therapy machines, 

discrete sources used for brachytherapy (in which radioactive 

sources are placed directly in or near tumor tissue), and other 

sources. 

In nuclear power plants, there are many large sources of 

significant neutron and gamma radiation. Small, intense radiation 

sources are used for industrial radiography. Particle accelerators 

in hospitals, research laboratories, and university may produce 

intense beams of photons, electrons, or other particles, and 

neutrons are often produced by secondary reactions with 

structural and other materials. 
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External exposure involves the absorption of radiation 

energy from radiation sources outside the body. There are many 

dosimeters are in use for measurement external gamma ray dose. 

These dosimeters include thermoluminescent, film badge, pocket 

dosimeter, pocket alarm dosimeter. Exposure to external radiation 

may be controlled by:  

1- Limiting the working time in the radiation field; 

2- Working at a distance from the source of radiation; 

3- Inserting shielding between the user and the source; and 

4- Using no more radioactive material than necessary. 

2.2.2- Internal radiation exposure 

Radioactive material may be internally deposited in the 

body when an uptake occurs through one of the four routes of 

entry: inhalation, ingestion, absorption and injection. These 

exposures can occur when radioactive material is airborne, 

inhaled and absorbed by the lungs and deposited in the body this 

is mainly present in contamination food, drinking water or other 

consumable items and it is ingested, spilled or aerosolizes into the 

skin and absorbed or enters through cuts or scratches. Internal 

deposition may also result from contaminated hands, with 

subsequent eating or rubbing of eyes. 

 Internal exposure arises when radiation is emitted from 

radioactive materials present within the body. All forms of 

radiation can cause internal radiation exposures. Internal 
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exposures are not limited to the intake of large amounts at one 

time (acute exposure). Chronic exposure may arise from an 

accumulation of small amounts of radioactive materials over a 

long period of time. 

 The sustained buildup of radioactive material in the body 

will eventually reach a body burden. Body burden is the amount 

of radioactive material, which, if deposited in the total body, will 

produce the maximum permissible dose rate to the critical organ. 

The critical organ is the organ or tissue, the irradiation of which 

will result in the greatest hazard to the health of the individual. 

 Many substances taken into the body will accumulate in 

certain body organs, called target organs. For example, iodine will 

accumulate in the thyroid gland (IAEA, safety standard series, 

1999)
(38)

. When iodine is inhaled or ingested, the body cannot 

distinguish stable iodine from radioactive iodine; a significant 

portion of the inhaled iodine will be deposited in the thyroid 

gland with 24 hrs. 

 If volatile or dispersible radioactive materials (especially if 

high levels) are used there may be a potential for an airborne 

hazard from dust or vapor. Some containment may be required, 

and partial containment is offered by the use of the chemical fume 

hoods, biological cabinets, glove boxes and other specialized 

devices are available commercially. All systems used in 

radioisotope work requiring enclosures should be tested and 
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approved before such use, and semi annually thereafter 

(University of Rhode Island (URI), Radiation safety training 

guide, 2006)
(96)

. 

Radioactive materials may be released into the air, causing 

the user to have an uptake of the material through one or more of 

the routes of entry into the body. Many situations can cause 

airborne release of radioactive materials. Air movement across 

contaminated areas in a room can create airborne radioactivity. 

Circulating air can pick up most commonly used radioisotopes 

and spread them as airborne contamination.  

 Chemical reactions may generate radioactive gases or other 

airborne contaminants. Heating or incubating may cause 

evaporation or chemical reactions that release radioactive 

materials into the air. Aerosols are present with all materials, and 

pose an increased risk when handling stock solutions or other 

high concentrations of radionuclides. We should use chemical 

fume hoods or biological safety cabinets for high activity, 

concentrated or potentially volatile radioactive materials 

manipulations 
(55)
. 

 Frozen materials may release substantial quantities of 

aerosols or gaseous radioactive material when the containers are 

opened. There have been incidents at other institutions where this 

has occurred and has caused significant contamination of work 
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areas, equipment and clothing of the worker opening the 

containers. 

2.3 Radiation Detection  

The interactions of various types of radiation in matter 

provide mechanisms for measuring the amount of radiation 

emitted and absorbed.  Special techniques can e used to identity 

radiation source or radionuclide producing it. Radiation 

instruments include portable survey instruments that are designed 

to detect radiation and measure exposure or absorbed dose. 

Laboratory instruments that allow precise quantitation and 

identification of the radiation sources. Various detectors are used 

in them, and these can be roughly divided into categories: gas 

filled chambers and crystalline materials. Each of these various 

devices is based on the liberation of electrons in a medium and 

the collection and processing of the ions by electronic means 

(Michael stabin, 2007) 
(73)

. Table (2.1) presents the radiation 

detectors for external and internal dosimetry measurements such 

as. 

1- Active detectors such as: 

1-1 gas detector 

1-2 scintallation detector 

1-3 semiconductor detector 

2- passive detector 

2-1  film padge 

2-2 TLD 
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Table (2-1) Radiation Detectors. (Esam M A Hussein) 
(20) 

 

Active detectors Passive detectors 

1- Gas detectors 
Gas Filled 

BF3 

H3-detectors 

Chambers 

Proton recoil detectors 

Pocket alarm dosimerers  

Electronic dosimeter 

Ionization chambers  

Proportional counters 

Geiger-Muller counters 

 

 

Film badges 

TLD 

Glass Dosimeters 

Criticality dosimeters for neutrons (threshold 

detectors) 

Detection by chemical reactions 

Photographic Emulsion 

Track etching  

 

2- Scintillation detectors 
NaI (Tl) 

BaF2 barium fluorid 

BGO Bismuth Germinate 

CaF2(EU) 

CdWO4 

CsF 

CsI 

GSO2Ce 

Li6 loaded scintillators 

Proton recoil scintillators 

Plastic scintillators 

Liquid scintillators 

ZnS(Ag) 

 

 

3- Semiconductor detectors 
Si(LI) 

Ge detectors 

High purity semiconductors 

CZT = cadmium zinc telluride detector 

CdTe  

HgI 
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2.3.1 Radiation detection by using TLD for external 

dosimetry  

2.3.1.1- Thermoluminescence Phenomena 

The phenomenon of thermoluminescence was rediscovered 

in the 1960s and was perfected as a dosimeters technique in the 

1970s when was found that the chemical makeup of lithium 

fluoride (LiF) or calcium fluoride (CaF2) phosphors could be 

made uniform by good quality control(James E. Martin, 2006) 

(60)
. 

Thermoluminescence is a two-stage process. In the first 

stage, the system is perturbed from equilibrium, e.g., by exposure 

to ionizing radiation, and the energy of radiation is partly stored. 

In this stage the charge carriers (electrons and holes) are trapped 

in Meta stable levels present in the system. In the second stage the 

thermal stimulation (heating) releases the charge carriers, leads to 

emission of light and moves the system back to equilibrium. 

Thermoluminescence in solids is a result of the presence of 

defects and impurities, which are introduced into the crystal, 

intentionally or unintentionally, during the crystal growth. These 

defects and impurities create additional energy levels – trapping 

centers and luminescence centers. A simplified energy band 

model of TL process is presented in Fig. (2-1). When ionizing 

radiation interacts with the crystal, energy E greater than Ec-Ev is 

needed to move the charge carriers from the valence (V) to 

conduction band (C). This process requires about 10
-15

 eV, 
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transferred to the crystal by secondary electrons or by charged 

particles. The following processes can take place in the crystal 

upon such an energy transfer (IAEA, Radiation oncology physics, 

2005) 
(37)

: 

• Some of the electrons return to the valence band without 

light emission. The return to the valence band of some 

electrons is accompanied by prompt emission of light 

(phosphorescence). 

• Some electrons and holes are trapped in the electron (E) 

and hole (H) trapping states. Electron and holes recombine 

on a luminescent center C. A fraction of electrons captured 

on a luminescent center can be raised to the conducting 

band by an additional act of energy deposition. 

 

 

 

 

 

 

 

Fig. (2.1) Energy band model representing TL processes. 

 

When an electron-hole pair is produced, the pair is not 

localized at any particular part of the lattice. Charges can migrate 
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over distances up to even around 1000 lattice cells until they 

become localized, e.g., via processes of non-radioactive charge 

trapping. Recombination can also take place if the holes are 

trapped at recombination centers. When the trapped holes 

recombine with the trapped electrons, this transition can be 

radioactive and lead to emission of TL light. If the traps are not 

very deep, trapping and entrapping can occur already at room 

temperatures.  

2.3.1.2-Thermoluminescent Materials
 

The thermoluminescent material has the capability of 

storing energy when exposed to ionizing radiation.  This energy is 

re-emitted in the form of visible light when the material is heated 

to a suitable temperature.   The pure materials with ideal lattice 

structure are not considered as TL materials but when certain 

amounts of impurities are added (which act as activators), they 

exhibit thermoluminescence.   The addition of these impurities 

increases the concentration of levels (traps) in the forbidden gap.   

Several thermoluminescence materials are developed to be used 

in various applications.  However, only few TL materials are 

widely used in radiation dosimetry. 

TLDs need to be calibrated before they are used. To derive 

the absorbed dose from the thermoluminescence reading a few 

correction factors have to be applied, such as those for energy, 

fading and dose response non-linearity. 
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The thermoluminescent materials are widely used in many 

applications as radiation dosimetry, industry, medicine and 

environmental measurements. Since, each material has its own 

characteristics so; it is useful to summarize the properties of the 

most common used TLD materials as the following Table (2-2) 

(Morsi, T. 2003) 
(74)

. 

Table (2.2) properties of the TLD materials, which are used in the 

field of dosimetry and radiation measurements. 
(74)

 

 

TL Type 

 

Materials 

 

Applications 

Sensitivity  

at Co-60 

relative to 

LiF 

Useful 

range 

Temperature of 

main TL glow 

peak 

 

Fading 

TLD-100 LiF natural Health and 

medical physics 

dosimetry 

1.0 

 
10µGy- 

10Gy 

195 
o
C 5%/yr at 

20
o
C 

TLD-400 CaF2:Mn Environmental 

and high dose 

dosimetry 

10 0.1µGy - 

100Gy 

260
 o
C 10% in 1

st
 

24hrs; 15% 

in 2 weeks 

TLD-500 Aluminum 

oxide 

Al2O3:C 

Environmental 

dosimetry 

30 0.05µGy

- 

1Gy 

185
 o
C < 3% per 

year 

 

In the present work, Lithium Fluoride, Aluminum Oxide, 

and Calcium Fluoride doped manganese dosimeters were used. 

(a) Lithium fluoride dosimeters 

 Lithium fluoride activated with Mg and Ti  is the most 

popular TL detector for personal and environmental dosimetry. It 

is offered in many physical forms, such as powder, chips, rods, 

and discs.  
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(b) Aluminum oxide dosimeters  

This material provides dose information for both beta 

particles and gamma rays. Doped carbon impurities in the 

phosphor act as the electron traps. The luminescence is stimulated 

using a laser light source inside the reader. Note that the phosphor 

is highly linear (Salah, T., 2005)
 (88)

.
  
 

Aluminum Oxide dosimeters exhibit extremely high 

sensitivity to gamma rays, making them very useful for 

monitoring low energy gamma rays and X-rays. This phosphor 

also shows extremely good fading characteristics. Typical 

dosimeters were analyzed in the elemental and isotopic central 

laboratory of Nuclear Research Center of Atomic Energy 

Authority and Table (2.3) presents the percentage of elements 

concentrations for TLD material used. 

Table (2.3) Relative concentrations for TL-sample  

by EDX  

Element % Al % O % Cu % Na % 
6
Li % 

7
Li Total 

TLD-100 xx xx xx xx 7.5 92.5 100% 

TLD-500 41.99 57.71 0.12 0.17 xx xx 100% 

 

2.3.2 Radiation detection by using WBC for internal 

         dosimetry  

 

There are principally two methods for determining internal 

exposure, one is direct measurement (in vivo counting) by whole 

body counter of photon radiation emitted from the radionuclides 

incorporated in the body, and the second is the indirect method (in 
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vitro measurements) by using biological samples, nose blows, 

urine, faeces, which require a correct knowledge of the 

metabolism concerning the element in the involved chemical 

form. The used method is: 

2.3.2.1- Direct method (in vivo counting)  

Direct measurement is possible when the incorporated 

radionuclides emit penetrating radiation (normally x-ray or 

gamma photon, including bremsstrahlung radiation) of sufficient 

energy and yield to be detectable outside the body (IAEA, safety 

standard series 115, 1996)
 (39). 

A variety of detection systems are in use for different 

purpose. Inorganic crystals of high atomic number materials, 

usually thallium – activated sodium iodide, NaI(Tl), are 

commonly used to detect energetic photons (above 100 KeV), 

such as those emitted by many fission and activation products. 

This type of measurement system is most suited to cases where a 

small number of radionuclides are present; the energy resolution 

is limited, so that even disconsolation techniques may be unable 

to determine the radionuclides giving rise to a complex spectrum, 

such as that from a fresh fission product mixture (Sherman, I., S. 

et al., 1984) 
(91)

. 

Whole body counter (WBC) is gamma-ray spectrometers 

used for the detection and quantitative measurement of 

radioactivity within the human body; they are usually equipped 
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with one or more semiconductor or scintillation detectors. A 

whole-body counter is used for direct measurement of body 

radioactivity made in program of internal dosimetry for 

occupational radiation monitoring. It is need for previous 

calibration of the detection equipment with proper phantoms 

containing standard sources of the required radionuclides (WBC 

Ortec, Manual) 
(99)
.  

Intake (I): 

Activity that enters the body through the respiratory tract or 

the gastrointestinal tract or the skin.The dose coefficient 

(committed effective dose per unit intake) for radionuclide j by 

ingestion, e(g)j,ing, or by inhalation, e(g)j,inh , as appropriate, is 

used to determine the committed effective dose from an estimated 

intake. To calculate an estimate of intake, the measured body 

content or excretion rate, M, is divided by the fraction m(t) of the 

intake retained in the whole body (direct measurement) or having 

been excreted from the body (indirect measurement) at time t 

(usually in days) after intake:  

   )(tm
MIntake ≡                          

The ICRP has published generic values of m(t) for selected 

radionuclides in tissues or excreta (ICRP-54, 1988 and ICRP-78, 

1997) 
(48, 50)

. 
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Annual intake (AI): 

The amount of a specified radionuclide entering the human 

body by ingestion or inhalation within one year 

 

2.3.2.2 WBC Measurement Geometry 

The design and configuration of a measurement system 

attempts to optimize efficiency while obtaining an invariant 

response for organ or body being measured. The method chosen 

depends upon the objective of the measurements, primarily 

whether the objective is to measure activity in the total body or 

activity in a region of the body or to determine the distribution 

within the body. The different geometries such as Arc and Chai 

geometry are given as (Badawy, Wael M. 2005) 
(6)

.  

In the present work two scanning geometry will study: 

Scanning Devices: one or more detectors scanned along 

longitudinal axis of the body. 

Stand-up “quickie” detector systems: The worker stands in an 

apparatus that involves an array of detectors and a rapid 

approximate evaluation is made of body content, usually more for 

screening purposes than for final determination of body content, 

Fig. (2.2) shows the geometry can be applied to the whole body 

counter during scanning. 
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Fig. (2.2) FASTSCAN WBC Monitoring. 

 

2.3.2.3 Preparation of individuals for measurement  

For direct measurements individuals should be free from 

external contamination and in fresh clothing, take shower, wash 

hair, often disposable paper garments before entering the 

monitoring area. Accessories such as jewellery, watches and 

spectacles should be removed. Such precautions help to avoid 

false identification of internal activity, and also prevent the 

transfer of contamination to the counting equipment.  

2.3.2.4 System Operation 

An individual enters the counting shield and leans against 

the back wall. There are molded positioning devices on the back 

wall that make it natural for the individual to stand in the correct 
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location. The operator starts the count using the ABACOS 

software included with the system. The software starts the data 

collection and brings up a subject demographics screen. The 

operator fills in a brief demographics screen about the count 

(individual name, ID number, reason for count, etc.). The rest is 

completely automatic. The ABACOS software displays the 

spectral data during the acquisition. It stops the count when the 

pre-programmed count time has elapsed; it stores the data, 

analyzes the spectral data and reports the results. Once the 

reporting phase of the count is completed ABACOS automatically 

resets the system for the next count.  

2.3.3 Bio-kinetic model of Iodine 

              Occupational exposure due to radio-iodine occurs in the 

nuclear industry, in nuclear medicine and in research. One 

common exposure is due to iodine- 131, a short lived radioisotope 

( half-life 8.04 d ) which decays with the emission of both beta 

particles (average energy for main emission 0.19 MeV) and 

gamma radiation (main emission  0.36 MeV) (ICRP-38, 1983)
(51)

. 

Iodine is rapidly absorbed into the circulation following 

inhalation or ingestion, is concentrated in the thyroid, and is 

excreted predominantly in urine (ICRP-68, 1994 and ICRP-56, 

part 1, 1989). Thus, after an intake, 
131
I may be detected directly 

by measurement of activity in the thyroid, or indirectly in urine 

samples. 
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     Where occupational exposure due to 
131

I can occur, a routine 

monitoring programme may be based on direct thyroid 

measurement or on indirect monitoring of urine or workplace 

samples (IAEA, Safety Standard Series, 1999A)
(41)
. The choice 

of monitoring method depend on factors such as the availability 

of instrumentation locally (since the isotope is short lived ) and 

the relative costs of the analyses, as well as the sensitivity that is 

needed. Although direct measurement of activity in the thyroid 

provides the basis for the most accurate dose assessment, other 

methods may provides adequate monitoring and may be better 

suited to particular circumstances. 

     The most recent biokinetic model for systemic iodine 

recommended by the (ICRP-56, part1, 1989), (ICRP Publication 

30, part 1, 1979)
(47)

. For adults, it is assumed that, of the iodine-

131 reaching the blood, 30% is transported to the thyroid gland 

and the other 70% is excreted directly in urine. The biological 

half-life in blood is taken to be 6 hrs. Iodine incorporated into 

thyroid hormones leaves the gland with a biological half-life of 80 

day and enters other tissues, where it is retained with a biological 

half-life of 12 d. Most iodine (80%) is subsequently released and 

is available in the circulation for uptake by the thyroid or direct 

urinary excretion; the remainder is excreted via the large intestine 

in the faeces. Because of the short physical half-life of 
131

I, this 
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recycling is not important in terms of the committed effective 

dose.  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (2.3) Biokinetic model for systemic iodine in an individual. 
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The following experimental techniques were used for 

measuring the radiation dosimetry externally and internally. 

3.1 Measuring equipments for external dosimetry 

3.1.1 TLD Reader-4000 

The Harshaw-4000 TLD system consists of a planchet for 

placing and heating the TLD material, a PMT to detect the 

thermoluminescence (TL) light emission and convert it into an 

electrical signal linearly proportional to detection of photon 

fluence and an electrometer for recording the PMT signal as 

charge or current. A basic schematic diagram of a TLD reader is 

shown in Fig. [3.1].  

Theory of operation of thermoluminescent dosimeters is as 

follow: 
(62)

 

1. The microprocessor heating provision consists of a 

thermocouple in direct contact with the heater ‘‘permanent 

silver plated hot finger’’. The heating current across the hot 

finger elevate the sample heating temperature gradually with a 

constant rate to induce the luminescence light ‘‘glow curve’’  

2. Glow curve analyzer displays the different parameters; the 

glow curve structure of the TL elements, card position, card 

serial number, heating rate,  minimum and maximum heating. 
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(a) Schematic diagram for TLD reader. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
(b) Photo of Harshaw-4000.  

Figs. [3.1(a,b)] represent schematic diagram  

and photo for TLD-reader. 
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3. Temperature, acquisition time of heating, TL-read out in 

Coulomb and /or dose unit in mSv corrected to the calibration 

factor (mSv/ Coulomb).  

4. Time - temperature profile of the TL-reader as shown in  

Fig. (3-2) consists of   three main stages. These are as noted 

below: 

• Pre-heating interval during which the TL-glow Peak of 

shallow traps i.e. of temperature below 100°C is 

completely erased. 

• Main acquisition period during which the TL-read out is 

due to the main glow peaks of temperature position above 

10 
o
C, and 

• Annealing period after TL-read out cycle, the different   

TL- materials are annealed at 350 °C for 30 seconds, 

duration time for erasing the residual TL. 

5- Also, the TL-reader incorporate a self built in C-14 radioactive 

source.                         

6- For checking the reader sensitivity the 4000 TL- system is in 

coaxial connection with a computer system incorporated a 

special software program for resolving TL-data and assorting 

the resolved data in classified files.  
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Fig. (3.2) Time-temperature profile of TLD reader. 

 

Table (3-1) shows the experimental conditions of pre-heat 

and anneal cycle program, used in the present study. In a 

relatively short time (usually ranging from a few seconds to a few 

minutes), the TLD is heated from ambient temperature to 350 
o
C, 

and the emitted light is measured quantitatively.  The best read-

out parameters were chosen as follow: 

 
Table (3.1) Temperature Profile of Heating Cycle. 

Cycle Temperature (
o
C) Time (s) 

Preheat 100-125 10 

Acquire  270-350 30  

Anneal 380-400 10 

 

Temp, oC 

Time (s) 

50 0C 

 

   30  0C  

  100 0C 
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3.1.2 Furnace 

1200 
o
C microprocessor oven Harshaw model was used for 

TL dosimeters annealing. The inside room dimension of the 

furnace is of 4'' length x 4"width x4" height.  

3.1.3 Radiation sources 

1- A Cs-137 standard source of 32.00 GBq on April 2006 of 30 

years half life and 0.661 MeV gamma ray photons. Cs-137 

standard source used for calibration TL materials. 

Table (3-2) presents the dose rate for standard source Cs-137 at 

different distances. The experimental data was measured by using 

calibrated survey meter model ALNOR.  

 
Table (3.2) Dose rate mapping for Cs-137 source. 

Distance 

(m) 

Dose rate (mSv/hr) 

Calculated 

Dose rate (mSv/hr) 

Measured 

R (Error)  

% 

0.50 11.008 11.696     5.9 

0.75 04.893 05.198     5.9 

1.00 02.752 02.924     5.9 

1.50 01.223 01.304     6.2 

1.75 00.899 00.958     6.2 

2.00 00.688 00.728     5.5 

2.20 00.569 00.606     6.2 
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Fig. (3.3) gamma ray spectrum for Cs-137. 
(74) 

 

2- Co-60 gamma cell of 3.6 KGy/hr on 2006 of 5.26 yr half life 

and 1.173, 1332 MeV cascade gamma lines with an average 

energy of 1.25 MeV. 

 

 

 

 

 

 

 

Fig. (3.4) gamma ray spectrum for Co-60.
(74)
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For calibration measurements, it is necessary to 

demonstrate the gamma spectrum of radiation sources used in this 

work.  Fig (3-3) and Fig (3-4) show the typical gamma spectrum 

of both Cs-137 and Co-60 (Morsi, T.M, 2003) 
(74)

. 

3.2 Measuring Equipments for internal dosimetry 

There are two techniques of Canberra whole body counters 

installed at Nuclear Research Center at 1999. The first model has 

two NaI(Tl) crystals named FASTSCAN. The second technique 

has a detector made of high purity germanium detector named 

ACCUSCAN II. 

3.2.1 FASTSCAN (WBC) system 

The whole body counter under investigation consists 

mainly of detectors (a vertical linear geometry with two stationary 

NaI(Tl) detectors).  

The FASTSCAN whole body counter is designed to 

quickly and accurately monitor people for internal contamination 

of radionuclides with energies between 300 KeV to 1.8 MeV. The 

Fastscan system uses large area of sodium iodide detectors and 

Canberra’s ABACOS and Genie Software to achieve low 

minimum detectable activities with count times as fast as one 

minute. It is intended for use in nuclear power plants and other 

facilities where the possible contamination spectra are well 

known and uncomplicated.  
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The operator simply positions the person to be counted 

inside the shield and in front of the detectors, and then begins the 

count with the software. The software starts the count, completes 

the count, stores the data, displays the spectral data, performs the 

analysis and prints the report. The best part is that this system will 

be ready for operation as soon as the installation is completed. 

Canberra’s Fastscan System includes two large sodium iodide 

detectors[NaI(Tl) 7.6 x 12.7 x 40.6 cm
3
] that typically provide a 

priori lower limit of detection of approximately 150 Bq (4 nCi) 

for 
60

Co with a count time of one minute for a normal person 

containing 
40

K. The Fastscan uses a shadow shield to minimize 

spectral background interference as shown in Fig. (3.5). 

The shield is constructed of 10 cm thick low background 

steel. Steel was chosen over lead because of its structural 

properties and because it doesn’t contain 
226

Ra which is always 

present in lead. The low background steel is manufactured for 

Canberra using a special cobalt-free process. This special process 

guarantees that the steel will be free of the 
60

Co contamination 

found in normal steel. The FASTSCAN’s steel shield is covered 

with painted sheet metal and lined with molded plastic for ease of 

decontamination. 
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Fig [3.5] A photograph of FASTSCAN W.B.C. System. 

 

The stand-up design also saves floor space and allows 

personnel to enter and exit the counter quickly and easily. The 

stand-up design also allows the use of front and backside counts 

to test for external contamination when a count result shows 

contamination. 

WBC uses two large NaI (Tl) detectors, configured in a 

linear array on a common vertical axis. The detectors are each 3"x 

5"x 16", and are each viewed by a single photo-multiplier tube. 

Resolution for each detector is less then 8.5% (typically 8.0%). 
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The subject stands inside a shield and on an axis parallel with the 

detectors.  

The vertical detector placement and interior shield 

dimensions were chosen based upon anthropometric data of the 

working population (Canberra FASTSCAN Manual, 1999) 
(10)

. 

The population was considered to consist of both adult males and 

females. Dimensions were taken directly, were applicable. Others 

were mathematically extrapolated.  

3.2.1.1 Electronic System 

The electronic system and computer are straightforward. 

The two NaI (TI) detectors are biased by a single or several 

Canberra high voltage power supplies. Each detector signal goes 

through a pre-amplifier and an amplifier. The signals are routed 

into an appropriate multi-channel analyzer. Each spectrum is 

accumulated at a nominal gain of 4 KeV/channel, and occupies 

512 channels of acquisition memory. The MCA need not be 

located near the computer. 

3.2.1.2 Features of FASTSCAN 

• Processes 30-50 people per hour (depending upon 

computer). 

• One minute count time for typical operation.  

• 150 Bq (4 nCi) 
60

Co LLD with person in shield. 

• Vertical linear geometry for accuracy. 
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• Two very large 7.6 x 12.7 x 40.6 cm
3
 NaI(Tl) detector. 

• Shielded in all straight line directions by 10 cm of low 

background steel. 

• Modular shield construction for easy assembly. 

• Rapid on-site analysis and presentation of results. 

• Full spectroscopy; not just a screening counter. 

• A selected group consists of 192 males aged from 25 to 65 

years old and 47 females aged from 25 to 55 years. Some 

of them are engineers, physicist, chemist, and technical’s 

individual working at number of various facilities. The rest 

of the selected group is working at nuclear medicine units. 

3.2.2 ACCUSCAN- II (WBC) 

3.2.2.1 Description 

The ACCUSCAN-II is a high resolution, stand-up whole 

body counter. It is designed to identify and quantify radionuclides 

with energies between 100 KeV and 1336 KeV in complicated 

combinations. The ACCUSCAN-II also provides information on 

the location of the radioactive materials found in the body through 

its scanning mechanism and the system’s ABACOS software. 

These features make the ACCUSCAN-II an ideal 

companion to complement the FASTSCAN for large facilities 

like reactors or which used open sources. In this case the 

FASTSCAN can be used for routine monitoring and the 
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ACCUSCAN-II can be used to investigate radioactivity found 

during routine counts and to provide information on the location 

of the radioactivity in the body. The ACCUSCAN-II also makes 

an excellent stand-alone product for smaller facilities that have a 

wider range of radionuclides to monitor for, and a smaller number 

of people to count on a routine basis (ACCUSCAN-Manual, 

1999)
 (11)

. 

The ACCUSCAN-II uses a shadow shield to protect against 

elevated ambient background. The system’s shadow shield is 

composed of two major assemblies, a low background steel 

personnel enclosure and a scanning tower assembly with a lead 

detector shield assembly. The personnel shield or enclosure 

provides shielding from the back and sides of the person and the 

lead detector shadow shield protects the detectors from the front 

as shown in figure (3.6). 

The personnel shield is fabricated with a full 10 cm (4 inch) 

of low background steel. This low background steel is 

manufactured with a special cobalt free process. This process 

guarantees steel free of the 
60

Co contamination normally found in 

steel, an important consideration in monitoring personnel for 

fission product contamination. The shield assembly also includes 

plastic liners designed to make decontamination fast and easy. 
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The ACCUSCAN-II includes a scanning detector assembly 

with the lead shadow. The lead detector shield is attached to 

scanning mechanism, which is operated through the system 

controller. The ACCUSCAN II detector shield provides 5 cm (2 

in.) lead around the detector and includes a copper liner to reduce 

the effect of lead X-rays. System is providing an optional detector 

cryostat that includes lead shielding between the detector and the 

Dewar. 

 

 

 

 

 

 

 

 

 

 
Figure (3.6) A Photograph of ACCUSCAN W.B.C. counter 

 



Chapter 3                                                              Experimental Techniques 

 77 

3.2.2.2 System Operation 

Individual enters the ACCUSCAN II shield assembly and 

stands against the back wall. There are molded positioning 

devices on the back wall that make it natural for the subject to 

stand in the correct location. The operator starts the count using 

the ABACOS software included with the system. The software 

starts the data collection and brings up a subject demographics 

screen. The operator fills in a brief demographics screen about the 

count (individual name, ID number, reason for count, etc.). The 

rest is completely automatic. The ABACOS software displays the 

spectral data during the acquisition. It stops the count when the 

pre-programmed count time has elapsed; it stores the data, 

analyzes the spectral data and reports the results. Once the 

reporting phase of the count is completed ABACOS automatically 

resets the system for the next count. Count times are normally in 

the 5-20 minute range for a single detector system.  

Features of ACCUSCAN-II   

• Stand up whole body counter. 

• Low background steel personnel shield. 

• 5 cm thick lead detector shield. 

• Scanning detector mechanism for linear geometry. 

• Accommodates up to two germanium detectors. 

• Includes ABACOS software for control and analysis. 

• Germanium detector, 25 % relative efficiency.  
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• Full 4π shielding. 

• 4inch steel in back, 2 inch lead around detector.  

• Motor positioning mechanism.  

• Fixed position mode and scanning mode.  

• Computer based MCA. 

•  ABACOS Body Burden Software.  

• Germanium detectors offer somewhat lower MDA over the 

more efficient NaI detectors, because of their lower 

background in the peak area. Their prime advantage, 

however, is the reliability of the data. A peak can be clearly 

seen to be (or not to be) present. The Germanium detectors 

are essential when the same subject has simultaneous 

depositions of higher energy radionuclides (e.g. Cs-137). 

• The total body scan, linear geometry, and ability to do 

posterior and anterior counts make this counter one of the 

most accurate systems commercially available. The 

availability of an activity vs. position profile helps define 

the organ of location of internal deposition, and thus better 

determine the actual dose. 

• Individual can be counted standing for full body scans, or 

seated for longer counting times over limited portions of 

the body. Typical LLD is 5-10 nCi for a 5 minute total 

body count and 0.5 - 0.7 nCi for a 5 min. lung screening 

count
 (11)

. 
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• The system is available in several variations. The automatic 

system includes a computer and runs ABACOS Body 

Burden Software, and is ideal for facilities with large 

numbers of people to count and where automated analysis 

of the data is desirable. 

3.2.3 ABACOS Software 

The entire ABACOS suite of products is based upon the 

technical algorithms of ABACOS and GAMMA-M, which have 

been used in whole body counting and NaI gamma analysis 

systems worldwide. ABACOS is written in an extremely easy to 

follow menu-oriented format. For routine operation of the 

Fastscan counter, the operator selects the count type number (i.e. 

routine, new hire, termination, calibration check, background 

check, etc.). The count then begins and the corresponding 

demographics menu is displayed on the screen. The operator then 

fills in the appropriate answers (e.g. name, height, weight, job 

code and general comments). After that, the process proceeds 

automatically. When the count is completed, the spectra (from 

both detectors) are transferred from the MCA to the computer, 

and the routine operations menu is displayed again. The system is 

now ready to start another count. The report can also be displayed 

on the screen, if desired, or just written to the disk and not printed 

at all. 
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For WBC system, efficiency calibration is performed using a 

phantom containing sources of known activities. A pulse height 

spectrum is collected and analyzed, and then the detection 

efficiency calculated at each gamma peak. The efficiency values 

are then used to calculate a second order efficiency versus energy 

curve using a least-squares fitting process. The efficiency 

calibration need only be done once for each separate geometry 

and not repeated unless the detector geometry is changed. 

The background has been subtracted from the original data. 

Activities are then calculated from peak areas and the previously 

determined detector efficiency data. Activities present in the 

environmental background may be optionally subtracted from the 

measured subject activities. Note that background activities, 

rather than raw background spectra, are subtracted. This improves 

the accuracy of the result, and is insensitive to shifts in the 

detector energy calibration that can occur between the time of 

background and subject spectra are accumulated.  

3.2.4 Transfer Phantom 

This phantom was designed for use with the Fastscan linear 

geometry in vivo counters only. The efficiency response with this 

phantom has been designed to replicate the ANSI N13.30 

phantoms (Livermore Lung, BOMAB total body and ANSI-N-

44.3 Thyroid) for the counters. The Transfer Phantom can 
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simulate a lung, GI, whole body, or thyroid geometry. It is easy to 

use a single source in a 20 ml liquid scintillation vial for all 

calibration geometries. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (3.7) Canberra transfer phantom used for calibration of WBC. 

 

 

3.2.5 Performance of Whole Body Counter  

 The basic physical parameters affecting the performance of 

any detector to be used as a whole body counting system are 

uniformity of response and sensitivity. 

3.2.5.1 Stability of Background Count Rate 

The background count rate was calculated from 5 counts 

at 1000 s where the standard error was calculated from the 

following equation (IAEA Training course, 1999) 
(42)

:  
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      S                              (3-1)  

Where S is the standard deviation, N is number of counts and x  is 

the mean value and  ix  is the count for each time.   

3.2.5.2 Minimum significant activity (MSA) 

Minimum significant activity sometimes referred to as the 

decision limit Lc. The MSA (IAEA, Safety series 114, 1996) 
(44)

 

is related to the smallest recorded signal which is regarded as 

significantly in excess of background response which, in the 

absence of a radioactive sample, will be exceeded only with 

some low probability α. Conventionally, α is taken to be 0.05, so 

that a net signal corresponding to deposited activity at the MSA 

level may be taken to indicate the presence of activity with 95% 

probability. The MSA is expressed in terms of: 

                     (3-2) 

 

Where: nb is the background count rate; ts and tb   are 

respectively the count times for the sample and for an associated 

measurement of the background; F is a calibration efficiency 

(count rate per activity in the sample); and 95% confidence 

intervals are assumed to apply.       

3.2.5.3 Minimum detectable activity (MDA) 

                          

Minimum detectable activity (MDA), otherwise known as 

minimum detectable true activity or detection limits LD.  
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MDA is the most important factors that determine the suitability 

of a human body counter which reflects its ability for detection in 

the range of the maximum permissible limit of the radioactive 

isotope to be detected. In whole body counting systems the 

detection limit should refer to statistical variation of the counts 

attributed to radioactivity distribution in the body. The MDA in 

units of activity with confidence level 95% is expressed in terms 

of: 

                             (3-3) 

           

3.2.5.4 Efficiency Calibration 

The efficiency of FASTSCAN (WBC) is one of the most 

important physical parameters affecting the performance of the 

whole body counter. For that reason it was important to determine 

experimentally the absolute efficiency for mixed gamma ray 

sources was placed inside Canberra transfer phantom. The 

counting efficiency and consequently the statistical accuracy of 

measurements depend on the crystal dimensions, geometry and 

the energy of incident photons. The absolute efficiency is defined 

as the number of counts observed per the number of gamma ray 

emitted by a source 
(6)

. 

3.2.5.5 Resolution 

In whole body counter FASTSCAN, a resolution factor is 

an essential parameter that affects in peak identification of 
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obtained spectra from the scanned subjects in order to qualify and 

quantify the spectra. The energy resolution of the detector is 

defined as the full width at half maximum (FWHM) divided by 

the location of the peak energy Ho. 

              
( )

100
0

×






 ∆
=

H

FWHME
R         (3-4) 

 

 

 

                                                                                   

 

 

 

 

 

 

 

 

Fig. (3.8) Definition of detector resolution. 

 

3.2.5.6 Counting Geometry 

 The present whole body counters measurements by using 

the stand-up “quickie” geometry scan, as shown in Figs. (3.5) and 

(3.6). The subject enters the counting shield and stand against the 

back wall for counting. 

3.2.6 Body Build Index 

Body build index (W/H)
1/2

 is a parameter chosen because it 

represents the average body thickness and thus has been accepted 

as a body build index (Gupta, M.M. et al., 1976) 
(28)

. Where W is 
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the body mass in kg and H is the height in cm. It is a parameter 

used to express the status health of the subject (i.e. the more value 

of the body index, the normal health of the subject)  

3.2.7 Estimation of the Annual Effective Dose from 
40
K  

From ICRP 2, 1978 
(49) 

and for 
40

K it can be found that the 

effective absorbed energy per disintegration is 0.463 MeV for the 

β and 0.091 MeV for the γ – ray. From the natural long half life 

isotope of the K present in the human body; the adult man (70-kg) 

contains about 140 g of potassium 
(79)

 and the 0.0118 % abundant 

isotope 
40

K corresponds to 4400 Bq with a 11% probability of 

gamma ray emissions. 

The annual dose is given by equation: 

 

                                    (3-5)                                    
 

Where: 

q = 4400 Bq, t (exposure time) = 3.15 ×10
7 
s/y, ε = 0.554 MeV,  

α = 1.6 ×10
-13

 J/MeV and m = 70-kg (is the body mass for 

reference man).  

Then from the last equation, the annual effective dose can be 

calculated for the reference man resulting from 
40

K and found to 

be 176 µSv/y. 
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3.2.8 Effective half life (T1/2 eff) 

When the external source is a fixed radioactive source, like 

a spill on the floor, the physical half-life of the involved 

radionuclide will obviously apply and should be used in any dose 

scenario. When the external source is a patient with a 

radiopharmaceutical, one should always combine the biological 

half-life with the physical half-life to get the effective half-life. 

The effective half-life should be used in the dose equation instead 

of the physical half-life when the radiation source is a patient 

(www.doseinfo-radar.com/Technical Basis.doc) 
(101)

.  

 

       (3.6) 

physicalbiological

physicalbiological

effective
TT

TT
T

+

×
=
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This chapter contains the experimental results obtained 

throughout the present work. This work includes the following: - 

measurement of external dosimetry using thermoluminescene 

dosimeters such as TLD-100 and TLD-500, and measurement of 

internal dosimetry using the WBC techniques, FASTSCAN and 

ACCUSCAN II, in addition to the last part which is the radiation 

dose reconstruction. 

4.1 External Dosimetry 

4.1.1 Calibration of TLD-Materials  

In the present work, the TLD's selected crystals were 

Lithium Fluoride known as LiF natural (TLD-100) and Aluminum 

Oxide doping with Carbon known as Al2O3: C (TLD-500).  

 Different batches of  25 disc of Al2O3 activated with carbon 

and 20 LiF Natural samples used were subjected to Cs-137 

standard source of  activity 32.00 GBq on April 2006 as shown in 

Table (2.2). Irradiated samples were read out 24 hours post 

irradiation. Tables (4.1) and (4.2) present the individual 

calibration factor for each Lithium Fluoride crystal dosimeters 

(TLD-100) and Aluminum Oxide doping Carbon crystal 

dosimeters after irradiation to standard source Cs-137. This 

enabled us to obtain very accurate conversion factor.  
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Table 4.1 Individual calibration for each TLD-100 dosimeter irradiated 

to dose 0.77 mSv by using Cs-137. 

 
No. of 

dosimeters 

TL output 

(nC) 

Conversion Factor (CF) 

(nC/µSv) 

1 035.110 0.046 

2 036.840 0.048 

3 036.300 0.047 

4 041.080 0.053 

5 037.650 0.049 

6 035.570 0.046 

7 037.810 0.049 

8 037.170 0.048 

9 040.220 0.052 

10 036.100 0.047 

11 036.110 0.047 

12 037.040 0.048 

13 034.320 0.045 

14 034.240 0.045 

15 037.190 0.048 

                         Average C F             0.0479  ± 0.0022 (nC/µSv) 
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Table 4.2 Individual calibration for each TLD-500 dosimeter irradiated 

to dose 0.77 mSv by using the same source. 

dosimeters No. TL output 

(nC) 

Conversion Factor (CF) 

(nC/µSv) 

1 
0997.500 1.303 

2 0985.500 1.287 

3 1016.000 1.327 

4 0895.000 1.168 

5 0961.000 1.255 

6 0955.000 1.247 

7 1005.000 1.312 

8 1047.000 1.367 

9 1011.000 1.321 

10 0888.000 1.159 

11 0997.000 1.302 

12 0943.000 1.231 

13 0953.000 1.245 

14 0992.000 1.295 

15 0934.000 1.219 

16 1012.000 1.322 

17 0916.000 1.196 

18 0960.000 1.253 

19 0999.800 1.305 

20 0902.500 1.178 

                               Average C F        1.265 ± 0.057 (nC/µSv) 
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The average conversion factor (CF) for TLD-100 was 0.0479 ± 

0.0022  nC/µSv for TLD-100 and for TLD-500 was 1.265 ±0.057 

nC/µSv. 

4.1.2 Factors Affecting TL Performance 

There are different parameters affecting on the TL 

performance such as, glow curve, thermal treatment and dose 

response. 

4.1.2.1 TL Glow curve 

The shape of the glow curve depends strongly on the 

heating rate: with higher heating rate, the glow curve has a 

narrower peak and the temperature of the maximum peak 

decreases.  

(a)  Glow curve for TLD-100 

The glow peak of this sample was measured from room 

temperature up to 270 oC with heating rate 10 oC/s. Figure 4.1 

presents the glow curve structure for TLD-100. The strong main 

peak position appears at 195 oC.  This material can use in the field 

of health and medical physics dosimetry.  
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Figure 4.1 Typical glow curve structure for TLD-100 samples. 

(b) Glow curve for TLD-500 

The glow peak of this sample was measured from room 

temperature up to 300 oC with heating rate 10 oC/s. Figure 

4.2present the glow curve structure for TLD-500. The strong main 

peak position appears at 185 oC.  This material can use in the field 

of environmental dosimetry. The structure of the glow curve did 

not showed any significant changes with change of the radiation 

gamma dose 
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Figure 4.2 Typical glow curve structure for TLD-500 samples. 

4.1.2.2 Effect of thermal treatment 

Different batches of TL-materials such as TL-100 and TL-

500 were subjected to different pre-irradiation annealing 

conditions. The TL-sensitivity decreased gradually for samples 

annealed below and/or above the optimum annealing condition. The 

annealed batches were irradiated to gamma dose of 2.92 mSv. 

Table (4.3) presents the thermal treatment condition for TLDs 

crystals. 

Table 4.3 Optimum annealing conditions. 

Phosphor type Thermal treatment condition 

LiF-100 400 oC (1h) and cooling to reach  
100 oC (24 hrs) 

TLD-500 800 oC (10 min) 
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TL-properties of phosphor mostly depend upon the system 

of thermal annealing applied prior to the irradiation. The thermal 

annealing temperature must be over the maximum temperature of 

the TL-reader in order to eliminate the TL signals in the sample 

under investigation. At a higher annealing temperature, more 

defects may appear. The number of defects depends on the 

cooling rate employed to reach the ambient temperature. In some 

cases, TL-sensitivity changes by the annealing treatment together 

with certain crystalline phase-changes in phosphor ( Morsi, T.M. 

2003)(74).   

In order to return the thermoluminescent materials to its 

original state after irradiation and read out the TL material should 

be exposed to optimum condition of heat treatment in order to 

erase all effects due to previous irradiation, the temperature and 

time of annealing depends on the depth of traps, glow peak 

temperature positions. In general, isothermal annealing before or 

after irradiation is found to have a definite effect upon the 

thermoluminescent signal. 

4.1.2.3 Dose response 

This experiment was carried out to study the TL-dose 

response for the different TL materials such as TLD-100 and 

TLD-500. The obtained results are summarized as follows: 
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(a) Lithium Fluoride (TLD-100) 

From Table (4.4) and Figure (4.3), it is clear that the relation 

between gamma absorbed dose and TL intensity for TLD-100 

crystals is linear.  

Table 4.4 TL dose response for TLD-100 samples. 

TL output (µC) Dose (mSv) 

1.522 32 

2.722 57 

4.646 97 

6.128 128 

8.209 171 
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Figure 4.3 TL dose response for TLD-100 samples. 
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(b) Al2O3: C (TLD-500) 

Table (4.5) and Figure (4.4) presents the TL output versus 

gamma-absorbed dose. The relation shows a linear region for 

Al2O3: C crystals.  

Table 4.5 TL dose response for TLD-500 samples. 

TL output (µC) Dose (mSv) 

0180.11 142 

0309.27 241 

0624.57 506 

1020.09 795 

1411.02 1088 
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Fig. 4.4 TL dose response for TLD-500 samples. 
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Figure (4.4) presents the TL output versus gamma-absorbed dose 

for TLD-500 crystals. The relation shows a linear region for 

Al2O3: C samples.  

4.1.3 Dose distribution measurements by using TLD 

         dosimeters 

For planning purposes, TLD was used to assess doses for 

worker handling emergency case if Co-60 source does not 

returned back to the shield. TLD is useful to be dosimeters to 

identify the dose rate for gamma irradiation facility. 

4.1.3.1 Dose distribution around radiotherapy unit shield 

Co-60 source original activity was 208.6 TBq, dose rate at 

1m of the beam source was103.8 rad/min about 1.22 Gy/min at 1 

meter at 5 July 2005. Activity at time of measurement was 185.8 

TBq and dose rate at 1m equal to 1.087 Gy/min. Exposure at the 

radiation monitor detector was: 

Inside the room at the wall = 2.9 to 3.00 mSv/hr.     

Outside the room near control unit = 0.05 µSv/hr. 

For external dosimetry, TLD is used to assess dose rate in 

case when the radioactive source is not at the specified position. 

Tables (4.6) and (4.7) presents the dose around the shielding of 
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radiotherapy unit using  25 disc of Al2O3 dopped with carbon, 

exposure time was 98 s and field area 10x11.5 cm2 and field area 

24x6 cm2.  Figure (4.5) presents positions of TL materials inside 

radiotherapy treatment room.   

Table (4.6) Dose distribution around shield of a radiotherapy unit 

by using TLD-500 dosimeters, [exposure time 98.4 s, and field 

area 10x11.5 cm2]. 

 

Table 4.6 Dose distribution around shield of a radiotherapy unit by using TLD-

500 dosimeters, [exposure time 98.4 s, and field area 10x11.5 cm
2
]. 

Dose rate (µµµµSv/s) Error  Dose 

(µµµµSv) 

TL output 

(nC) 

Position 

0.57 ± 1.73 55.90 070.70 1 

0.88 ± 7.90 86.80 109.80 2 

0.88 ± 4.67 86.50 109.40 3 

0.18 ± 1.76 17.40 022.00 4 

0.31 ± 2.96 30.80 038.95 5 

0.85 ± 4.00 83.30 105.40 6 

0.25 ± 3.35 25.00 031.80 7 
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  Horizontal plane                                         Vertical plane 

Figure 4.5 General layout of the treatment room, containing  

Co-60 source. 

 

Note: 

Point 1 in front of the cell (2 m from the source). 

Point 2 below the detector (sensor) on the left wall. 

Point 3 right side of source (2 m from the source). 

Point 4 corridor. 

Point 5 back of the cell. 

Point 6 beside the detector (sensor) on the left wall. 

Point 7 on door (closed entrance). 
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Table 4.7 Dose distribution around shield of a radiotherapy unit by using TLD-

500 dosimeters, [exposure time 98.4 s and field area 24x6 cm
2
]. 

 
Dose rate 

(µµµµSv /s) 

Error  Dose 

(µµµµSv) 

TL output 

(nC) 

Position 

0.70 ± 06.27 068.90 087.10 1 

1.16 ± 08.06 113.80 144.00 2 

0.89 ± 06.99 087.70 111.00 3 

0.43 ± 02.34 042.10 053.30 4 

0.62 ± 11.47 061.30 077.50 5 

1.12 ± 06.95 109.90 139.00 6 

0.30 ± 02.00 029.20 037.00 7 

 

4.1.3.2 Dose rate assessment for Cobalt irradiation unit 

Source Model: Co-60 gamma source 3500, dose rate 2 Mega rad/h 

at 1969. Table (4.8) presents the relation between exposure time 

and dose rate in (mSv/s), after irradiation by cobalt source at 

MERRCAC using TLD-100 samples. 

Table 4.8 Dose rate at irradiation facility by using TLD-100 samples. 

Dose rate 

(mSv/s) 

Error Dose 

(mSv) 

TL output 

(nC) 

Exposure time 

(s) 

6.00 ± 01.30 030.20 1446.00 5 

5.60 ± 00.95 055.90 2676.00 10 

5.00 ± 03.22 100.60 4821.00 20 

4.90 ± 10.88 147.00 7043.00 30 

4.90 ± 11.70 195.00 9340.00 40 

5.3 ± 0.44                         Mean dose rate 
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4.2 Internal Dosimetry 

Internal doses cannot be measured directly; they can only 

be inferred from measured quantities such as body activity 

content, excretion rates or airborne concentrations of radioactive 

material. 

4.2.1 Internal Dosimetry by using NaI(Tl) Detector 

Whole-body counter is gamma ray spectrometers used for 

the detection and quantitative measurement of radioactivity within 

the human body; it is usually equipped with one or more 

semiconductor or scintillation detectors. In vivo measuring 

technique is applicable to radionuclides emitting penetrating 

radiation, such as gamma rays, produced by high-energy beta 

emitters (Martin Schläger, 2008) (
68).  

Generally, efficiency calibrations for whole-body counters 

are performed by means of phantoms containing known quantities 

of various gamma-emitting radionuclides. In this conventional 

calibration method, gamma-ray spectra from phantom 

measurements are used to determine the full-energy peak 

efficiencies for all gamma energies of the radionuclides mixture. 

Finally, a calibration curve (full-energy peak efficiency versus 
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photon energy) covering the whole energy range of interest is 

constructed by interpolation between the measured data points. 

1- Energy Calibration  

For the energy detector calibration a mixed gamma source 

used was positioned in a Canberra transfer phantom in order to get 

quantitatively and qualitatively estimation of the radionuclides 

from the obtained spectrum. Table (4.9) presents the energy 

against channel number.  

Table 4.9 Energy calibration for NaI(Tl) detector. 

Source Energy KeV Channel number Energy (KeV) /ch. 

286.60 69 4.15 

364.50 89 4.10 

 

131
I 

637.00 159 4.01 

137
Cs 662.00 165 4.01 

1173.00 291 4.03 60
Co 

1333.00 329 4.05 

40
K 1460.00 363 4.02 

 

Linearity between channel number and energy (KeV) obtained by 

using multi-gamma sources (131I, 137Cs, 60Co and 40K) covered a 

range of energy from 364.50 KeV to 1460.00 KeV. Figure (4.6) 

shows the energy calibration for WBC technique.  
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Figure 4.6 Energy calibration for WBC. 

 

2-  Efficiency Calibration for WBC  

The efficiency of two vertical NaI(Tl) detectors is one of 

the most important physical parameters affecting the performance 

of the whole body counter. Figure 4.7 represents the typical 

gamma ray spectra of 2 vertical NaI(Tl) detectors.The efficiency 

of a counter to gamma radiation emitted from a source is defined 

by E = No/Nγ, where No is the number of counts observed and Nγ 

is the number of gamma photons emitted by a source. Figure (4.8) 

shows the efficiency calibration curve for WBC. The counting 

efficiency and consequently the statistical accuracy of 
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measurements depend on the crystal dimensions, geometry and 

the energy of incident photons. 

 

 

Figure 4.7 Typical gamma ray spectra of 2 vertical NaI(Tl) detectors. 
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Figure 4.8 Efficiency calibration curve for 2 NaI(Tl)  

detectors (WBC). 

 
3- Resolution  

A resolution is an essential factor needs in peak 

identification of the obtained spectrum from the scanned subject 

counts in order to qualify and quantify the spectrum. Resolution 

was calculated using different sources such as I-131, Cs-137, and 

Co-60. The obtained result represented in Table (4-10) and Figure 

(4.9). This relationship makes sure that the resolution is inversely 

proportional to energy. 
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Table (4.10) Energy resolution for NaI(Tl) detectors. 

Source  Energy Resolution % 

I-131 364.50 11.4 

Cs-137 662.00 8.95 

1173.24 5.99 Co-60 

1332.51 5.70 
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Figure 4.9 Energy resolution for WBC. 

 

4- Absolute Efficiency for Na(Tl) at 1.46 MeV 

The absolute efficiency of the two vertical NaI(Tl) detectors 

was calculated using different concentrations of  KCl placed in 

Bottle phantom (BOMAB). The obtained data were plotted and 

are shown in Fig. (4.10) where the variation of the count rate with 

the activity of 40K was observed. Fig (4.11) shows the typical 
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gamma ray spectrum of 40K. The average absolute efficiency at 

40K was found to be 5.24×10-3 C/s/Bq. 

 
Table 4.11 Count rates of 

40
K versus efficiency for WBC. 
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Figure 4.10 Count rate as a function of 
40

 K activities. 

 

Activity of 40K 
(Bq) 

Counts /s Efficiency 
C/s/ Bq 

Error 
% 

2512.44 1.45 0.00525 2.8 

2677.65 1.54 0.00523 2.9 

3184.11 1.83 0.00522 3.2 

3584.08 2.07 0.00526 3.2 

3994.98 2.30 0.00523 3.3 

4395.49 2.54 0.00525 3.5 

5166.60 2.98 0.00524 3.6 
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Figure 4.11 Typical gamma ray spectrum of 
40

K in phantom. 

 

5- Stability of background count rate 

The background count rate was measured and found to be 0.571 

Count/s ±0.014 and it was stable at energy of 1.46 MeV.  

6- Evaluation of MSA and MDA 

The minimum significant activity (MSA) and minimum detectable 

activity (MDA) were evaluated in the region of interest at energy 

of 1.46 MeV by using equation (3.2 and 3.3) and it shown in 

Table (4.12). 
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Table 4.12 MSA and MDA for WBC at 1.46 MeV. 

MSA (Bq) 25 

MDA (Bq) 53 

The minimum detectable activity measured for whole body 

counter used was in good agreement with the values obtained by 

Ramzaev, V.  et al. 2002 
(82) and IAEA safety series 114 (360 Bq) 

(44). 

4.2.2 Assessment of 
40

K in human by using NaI (Tl) detectors  

 Natural potassium is a mixture of three isotopes: 39K, 40K 

and 41K with mass percentages of 93.08 %, 0.0118 % and 6.91% 

respectively.  The adult man (70-kg) contains about 140 g of 

potassium (Gupta, M.M. et al. 1976) (28) and the 0.0118 % 

abundant isotope 40K corresponds to 4400 Bq with a 11% 

probability of gamma ray emissions. The 1.46 MeV gamma rays 

emitted from 40K in the body can be detected using a whole body 

counter. 192 male individuals aged from 25 up to 65 years old and 

47 female individuals aged from 25 up to 50 years old were 

selected for the study.   

4.2.2.1 Total body potassium content (TBK) and 
40

K activity 

   for individual males  

The obtained results present the change in values of the total body 

potassium content and activity of 40K for individual selected 
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males. Table (4.13) presents the total body potassium content 

(natural K) and activity of 40K for some individual males. The 

activity of 40K in males ranged from 2724 to 7529 Bq with an 

average activity of 5196 ±366 Bq. The total body potassium 

content in males averaged 2.12 ±0.44 g K/kg.  

 From equation (3.5), the annual effective dose can be calculated 

for both sexes resulting from 40K.  The average annual effective 

dose for individual males was 180 ±37.7 µSv as shown in table 

(4.13). Figure (4.12) shows the experimental measured values of 

activity for 40K (Bq) versus the variation of body mass (kg) for 

individual males. The obtained results on 40K activity for males 

showed high variations as shown in Table (4.13); these results 

showed that TBK is dependent on sex, age, body build index, 

body fat, food and health. In the present study, the average 

activity concentration of 40K in human body was about 63 Bq/kg. 

This results is acceptable comparing with the value of 60 Bq 

obtained by Andrasi, A. and beleznay 1979 
(2)

 and UNSCEAR, 

1988 
(95)

. 

 In Figure (4.13), the estimated values of total body potassium 

were plotted against body build index (W/H)1/2, where W is the 

body mass (kg) for individual and H is the height (cm).  The 

parameter (W/H)1/2 was chosen because it represents the average 
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body thickness and thus has been accepted as a body build index. 

It is used to express the status health of the subject (i.e. the more 

value of the body index, the good health of the individual) 

(Gupta, M.M. et al., 1976) (28). The graph showed a scattered 

distribution of the natural potassium content for individual males 

with increasing the body build index.  

From Figure (4.13), the total body potassium content for selected 

males ranged from 89 to 246 g of K with an average value of 169 

± 29 g K (2.12 ±0.44 g K/kg). This average value was greater than 

6 % of the recommended value (140 g K for reference man) 

according to the Internal Commission for Radiological Protection 

(ICRP). This result is acceptable compared to the value of 2.85 g 

K/kg obtained by Abdel Wahab, M.S. et al., 1992 
(1). 

 

 

 

 

 

 

Note: K is the natural potassium content in the human body.
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Table 4.13 Total body potassium content (K) and radioisotope (
40

K) for individual males. 

Case Height 
(cm) 

Body mass 
(kg) 

Chest Cir. 
(cm) 

Counts/s (W/H)1/2 
kg/cm 

Activity of 
40K  (Bq) 

Error  TBK 
g 

g K/kg Effective dose 
µSv 

1 165 53 86 3.15 0.57 5465 ±6.1% 179 3.38 288 

2 175 55 85 3.11 0.56 5396 ±6.5% 177 3.22 274 

3 172 55 88 2.88 0.57 4997 ±6.5% 164 2.98 254 

4 170 57 80 3.36 0.58 5829 ±5.9% 191 3.36 285 

5 154 61 87 2.45 0.63 4251 ±7.5% 139 2.28 194 

6 170 62 86 3.43 0.60 5951 ±5.4% 195 3.15 268 

7 184 63 85 3.81 0.59 6610 ± 6% 217 3.44 293 

8 162 63 92 2.50 0.62 4336 ±7.8% 142 2.26 192 

9 168 64 92 2.89 0.62 5014 ±7.1% 164 2.56 219 

10 186 64 90 2.49 0.59 4320 ±12.0% 142 2.21 189 

11 170 64 86 2.53 0.61 4382 ±7.8% 144 2.25 191 

12 172 65 95 3.68 0.61 6384 ±5.3% 209 3.22 209 

13 170 65 89 2.63 0.62 4563 ±7.1% 150 2.30 196 

14 167 65 90 2.68 0.62 4649 ±7.2% 152 2.35 200 

15 160 65 97 3.29 0.64 5708 ±9.3% 187 2.88 246 

16 164 65 95 2.85 0.63 4948 ±6.2% 162 2.49 213 

17 170 66 88 2.20 0.62 3817 ±6.5% 125 1.90 161 

18 170 66 88 2.73 0.62 4736 ±6.7% 155 2.35 200 

19 170 66 88 2.78 0.62 4823 ±6.8% 158 2.40 204 

20 165 66 92 3.30 0.63 5725 ±6.3% 188 2.84 242 

21 180 67 90 2.01 0.61 3487 ±8.5% 114 1.71 145 

22 176 67 93 3.44 0.62 5968 ±7.0% 196 2.92 249 

23 167 67 89 2.56 0.63 4441 ±6.5% 146 2.17 185 

24 178 68 86 2.74 0.62 4754 ±7.3% 156 2.30 195 

K: is the natural potassium content in the human body 
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Follow table (4.13) 
Case Height 

cm 
Body mass 

kg 
Chest Cir. 

cm 
Counts/s (W/H)1/2 

kg/cm 
Activity of 40K  

(Bq) 
Error 

 
TBK 

g 
g K/kg Effective dose 

µSv 

25 168 68 98 2.61 0.64 4523 ±6.5% 148 2.18 186 

26 162 68 93 2.72 0.65 4712 ±6.2% 155 2.28 194 

27 175 69 90 2.70 0.63 4684 ±6.8% 154 2.23 189 

28 169 69 90 3.44 0.64 5968 ±10.2% 196 2.84 241 

29 165 69 95 2.85 0.65 4943 ±7.4% 162 2.35 200 

30 176 70 90 3.64 0.63 6315 ±6.2% 207 2.96 252 

31 174 70 91 3.29 0.63 5117 ±5.7% 168 2.40 204 

32 170 70 93 2.99 0.64 5187 ±6.5% 170 2.43 207 

33 170 70 93 3.58 0.64 6211 ±6.7% 204 2.91 248 

34 162 70 98 2.57 0.66 4459 ±8.6% 146 2.09 178 

35 186 70 94 2.98 0.61 5173 ±5.6% 148 2.12 207 

36 173 71 105 3.00 0.64 5205 ±6.2% 171 2.40 205 

37 172 71 106 4.34 0.64 7529 ±5.2% 247 3.48 296 

38 168 72 95 2.09 0.65 3626 ±12.8% 119 1.65 141 

39 168 72 95 3.22 0.65 5586 ±9.5% 183 2.54 217 

40 173 72 92 2.49 0.65 4320 ±7.1% 141 1.97 167 

41 180 72 92 3.62 0.63 6280 ±6.4% 206 2.86 244 

42 163 72 96 2.71 0.66 4696 ±9.7% 154 2.14 182 

43 170 73 95 3.48 0.66 6037 ±5.9% 198 2.71 231 

44 164 73 90 3.39 0.67 5881 ±5.9% 193 2.64 225 

45 172 73 99 3.04 0.65 5274 ±8.5% 173 2.37 202 

46 167 73 94 2.97 0.66 5146 ±7.6% 169 2.31 197 

47 173 73 93 3.32 0.65 5767 ±6.9% 189 2.59 221 

48 170 74 100 3.41 0.66 5916 ±6.2% 194 2.62 223 

49 162 74 98 3.32 0.68 5760 ±6.2% 189 2.55 217 

50 173 74 102 2.41 0.65 4181 ±7.0% 137 1.85 158 
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Follow table (4.13) 

Case Height 
cm 

Body mass 
kg 

Chest Cir. 
cm 

Counts/s (W/H)1/2 
kg/cm 

Activity of 
40K  (Bq) 

Error 
 

TBK 
g 

g K/kg Effective dose 
µSv 

51 172 74 102 2.70 0.65 4677 ±6.3% 153 2.07 177 

52 166 74 95 2.72 0.67 4726 ±8.5% 155 2.09 179 

53 172 74 101 2.82 0.65 4885 ±6.2% 160 2.16 185 

54 178 75 98 2.12 0.65 3678 ±14% 121 1.61 137 

55 175 75 96 3.24 0.65 5621 ±5.8% 184 2.46 209 

56 170 75 92 3.25 0.66 5638 ±6.2% 185 2.46 210 

57 172 75 95 3.09 0.66 5361 ±11.1% 176 2.34 199 

58 165 75 98 2.60 0.67 4511 ±11% 148 1.97 168 

59 168 75 90 3.06 0.67 5309 ±6.3% 174 2.32 198 

60 165 75 93 1.91 0.67 3314 ±8.6% 109 1.45 123 

61 178 76 94 3.44 0.65 5968 ±5.3% 196 2.58 219 

62 177 76 96 2.45 0.66 4251 ±7.0% 139 1.83 156 

63 172 77 95 2.75 0.67 4771 ±6.7% 156 2.03 173 

64 168 77 95 3.40 0.68 5899 ±8.8% 193 2.51 214 

65 185 77 97 2.43 0.64 4216 ±7.7% 138 1.79 153 

66 176 77 99 2.51 0.66 4355 ±6.8% 143 1.85 158 

67 178 78 99 2.69 0.66 4667 ±7.5% 153 1.96 167 

68 175 79 94 3.57 0.67 6194 ±5.5% 203 2.57 219 

69 166 79 97 3.60 0.69 6246 ±6.2% 205 2.59 221 

70 173 79 92 2.89 0.68 5014 ±6.8% 164 2.08 177 

71 162 79 102 2.47 0.70 4292 ±11.8% 142 1.80 153 

72 177 80 104 2.73 0.67 4736 ±6.4% 155 1.94 165 

73 180 80 95 3.15 0.67 5465 ±6.4% 179 2.24 191 

74 180 80 95 3.33 0.67 5777 ±6.2% 189 2.37 202 
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Follow table (4.13) 

Case Height 
cm 

Body mass 
kg 

Chest Cir. 
cm 

Counts/s (W/H)1/2 
kg/cm 

Activity of 
40K  (Bq) 

Error 
 

TBK 
g 

g K/kg Effective dose 
µSv 

75 175 80 95 2.67 0.68 4632 ±12.2% 152 1.90 162 

76 175 80 98 3.40 0.68 5899 ±5.2% 193 2.42 206 

77 174 80 100 3.63 0.68 6298 ±5.9% 206 2.58 220 

78 173 80 101 3.23 0.68 5604 ±6.3% 184 2.30 195 

79 172 80 102 2.90 0.68 5031 ±5.7% 165 2.06 175 

80 173 80 96 2.70 0.68 4684 ±6.8% 154 1.92 163 

81 173 80 100 3.21 0.68 5569 ±6.9% 183 2.28 194 

82 170 80 98 3.14 0.69 5448 ±10.4% 179 2.23 190 

83 165 80 110 2.82 0.70 4892 ±6.1% 160 2.01 170 

84 170 80 98 2.74 0.69 4754 ±7% 156 1.95 166 

85 178 80 98 2.29 0.67 3973 ±7.4% 130 1.63 139 

86 169 80 98 1.57 0.69 2724 ± 9.9% 89 1.12 095 

87 180 80 100 2.33 0.67 4042 ± 6.8% 132 1.66 141 

88 168 80 102 2.89 0.69 5014 ±10.7% 164 2.05 175 

89 168 80 105 2.75 0.69 4779 ±6.1% 150 1.88 167 

90 178 81 108 3.24 0.67 5621 ±5.8% 184 2.28 184 

91 171 81 103 3.12 0.69 5413 ±7.4% 177 2.19 187 

92 168 81 100 3.70 0.69 6419 ±5.4% 210 2.59 221 

93 175 81 100 4.32 0.68 7495 ±4.8% 246 3.03 258 

94 171 81 105 2.68 0.69 4649 ±6.6% 152 1.88 160 

95 167 82 106 2.91 0.70 5048 ± 5.7% 165 2.02 172 

96 172 82 100 3.45 0.69 5985 ±6.6% 196 2.39 204 

97 162 82 106 3.35 0.71 5812 ±6.4% 191 2.32 198 

98 174 82 100 3.11 0.69 5396 ±6.0% 177 2.16 184 
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Follow table (4.13) 

Case Height 
cm 

Body mass 
kg 

Chest Cir. 
cm 

Counts/s (W/H)1/2 
kg/cm 

Activity of 
40K  (Bq) 

Error 
% 

TBK 
g 

g K/kg Effective  dose 
µSv 

99 170 82 102 3.50 0.69 6072 ±5.4% 199 2.43 207 

100 170 82 95 3.24 0.69 5621 ±9.4% 184 2.25 191 

101 165 83 102 3.05 0.71 5291 ±7.0% 173 2.09 178 

102 185 83 98 3.56 0.67 6176 ±5.9% 202 2.44 208 

103 176 83 103 3.87 0.69 6714 ±11% 220 2.65 226 

104 165 83 102 2.95 0.71 5118 ±6.9% 168 2.02 172 

105 175 84 96 4.03 0.69 6992 ±5.5% 229 2.73 232 

106 172 84 104 2.71 0.70 4702 ±6.7% 154 1.84 156 

107 178 84 100 3.40 0.69 5899 ±5.8% 193 2.30 196 

108 175 84 98 3.40 0.69 5899 ±5.5% 193 2.30 196 

109 177 84 104 2.94 0.69 5101 ±5.8% 167 1.99 170 

110 175 85 102 2.99 0.70 5187 ±10.4% 170 2.00 170 

111 176 85 103 4.02 0.69 6974 ±5.5% 229 2.69 229 

112 185 85 110 2.91 0.68 5049 ±6.7% 166 1.95 166 

113 169 85 103 2.95 0.71 5118 ±6.4% 168 1.97 168 

114 175 85 96 2.84 0.70 4927 ±6.2% 162 1.90 162 

115 168 85 103 2.58 0.71 4476 ±6.7% 147 1.73 147 

116 170 85 105 2.69 0.71 4667 ±7.4% 153 1.80 153 

117 170 85 108 2.94 0.71 5101 ±6.2% 167 1.97 167 

118 165 85 110 2.69 0.72 4667 ±6.8% 153 1.80 153 

119 163 85 105 2.43 0.72 4216 ±7.7% 138 1.63 138 

120 171 85 102 2.37 0.70 4112 ±9.2% 135 1.59 135 

121 175 85 103 3.14 0.70 5448 ±6.4% 179 2.10 179 

122 181 85 99 3.10 0.68 5378 ±7.6% 176 2.07 177 
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Follow table (4.13) 

Case Height 
cm 

Body mass 
kg 

Chest Cir. 
cm 

Counts/s (W/H)1/2 
kg/cm 

Activity of 40K 
(Bq) 

Error 
 

TBK 
g 

g K/kg Effective dose 
µSv 

123 172 85 104 2.87 0.70 4979 ± 6.2% 163 1.92 164 

124 179 85 95 3.52 0.69 6100 ±6.1% 200 2.35 201 

125 182 86 105 3.55 0.69 6159 ±6.5% 202 2.35 200 

126 177 86 100 3.20 0.70 5552 ±6.8% 182 2.12 180 

127 167 87 100 3.15 0.72 5465 ±7.7% 179 2.06 176 

128 185 87 107 3.34 0.69 5795 ±5.7% 190 2.18 186 

129 175 87 107 2.86 0.71 4962 ±7.9% 163 1.87 159 

130 177 87 104 3.81 0.70 6610 ±5.9% 217 2.49 212 

131 173 87 98 3.30 0.71 5725 ±5.4% 189 2.20 185 

132 176 88 103 2.99 0.71 5187 ±6.3% 170 1.93 165 

133 169 88 98 3.56 0.72 6176 ±5.8% 202 2.30 196 

134 171 89 105 3.69 0.72 6402 ±5.9% 210 2.36 201 

135 177 90 103 3.35 0.71 5812 ±5.9% 191 2.12 180 

136 183 90 104 2.43 0.70 4216 ±7.4% 138 1.54 131 

137 175 90 110 3.35 0.72 5812 ±5.6% 191 2.12 180 

138 175 90 92 3.43 0.72 5951 ±6.4% 195 2.17 185 

139 172 90 106 3.59 0.72 6228 ±6.1% 204 2.27 193 
140 175 90 104 2.81 0.72 4875 ±7.1% 160 1.78 151 

141 172 90 105 2.94 0.72 5101 ±10.7% 167 1.86 158 

142 175 90 110 3.39 0.72 5881 ±6.6% 193 2.14 182 

143 170 90 119 2.62 0.73 4545 ±11% 149 1.66 141 

144 169 90 108 2.85 0.73 4944 ±7.4% 162 1.80 153 

145 167 90 110 2.50 0.73 4337 ±6.9% 142 1.58 119 

146 168 90 103 2.88 0.73 4996 ±6.2% 164 1.82 155 
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Follow table (4.13) 

Case Height 
cm 

Body mass 
kg 

Chest Cir. 
cm 

Counts/s (W/H)1/2 
kg/cm 

Activity of 
40K  (Bq) 

Error 
 

TBK 
g 

g K/kg Effective dose 
µSv 

147 174 90 105 2.80 0.72 4859 ±6.1% 159 1.77 151 

148 171 90 105 2.63 0.72 4563 ±6.4% 150 1.66 142 

149 178 91 106 3.45 0.72 5985 ±6.0% 196 2.16 184 

150 167 91 108 2.62 0.74 4545 ±7.6% 149 1.64 114 

151 187 91 101 2.26 0.70 3921 ±8.8% 129 1.41 121 

152 183 91 108 2.99 0.70 5187 ±7.1% 170 1.87 149 

153 167 91 108 2.37 0.74 4112 ±6.5% 135 1.48 126 

154 180 92 108 3.05 0.71 5291 ±6.4% 173 1.89 160 

155 182 92 92 2.72 0.71 4719 ±6.8% 155 1.68 143 

156 180 92 105 3.14 0.71 5448 ±6.1% 179 1.94 165 

157 173 92 110 3.09 0.73 5361 ±6.4% 176 1.91 182 

158 174 92 106 1.86 0.73 3227 ±9.4% 106 1.15 098 

159 171 92 109 2.92 0.73 5066 ±6.6% 166 1.81 154 

160 175 92 104 2.80 0.72 4858 ±6.4% 159 1.73 148 

161 177 92 102 2.22 0.72 3851 ±8.4 % 126 1.37 117 

162 184 93 120 2.95 0.71 5118 ±6.9% 168 1.80 154 

163 173 93 110 2.78 0.73 4823 ±6.1% 159 1.70 146 

164 177 93 110 2.91 0.72 5048 ± 6.1% 165 1.78 152 

165 183 94 113 3.39 0.72 5881 ±7.7% 193 2.05 175 

166 170 94 118 3.33 0.74 5777 ±5.7% 189 2.01 182 

167 175 94 115 2.31 0.73 4008 ±6.9% 131 1.40 131 

168 180 94 104 3.26 0.72 5656 ±5.7% 185 1.97 168 

169 187 95 108 3.13 0.71 5430 ±5.7% 178 1.87 159 
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Follow table (4.13) 

Case Height 
(cm) 

Body mass 
(kg) 

Chest Cir. 
(cm) 

Counts/s (W/H)1/2 
kg/cm 

Activity of 
40K  (Bq) 

Error 
 

TBK 
g 

g K/kg Effective dose 
µSv 

170 184 95 109 3.64 0.72 6315 ±8.6% 207 2.18 186 

171 180 95 106 2.91 0.73 5049 ±7.0% 166 1.74 148 

172 180 95 106 2.91 0.73 5049 ±7.0% 166 1.74 110 

173 180 95 106 3.28 0.73 5690 ±6.0% 187 1.96 129 

174 172 95 112 2.53 0.74 4389 ±6.9% 144 1.51 171 

175 172 95 112 2.24 0.74 3886 ±7.2% 127 1.34 155 

176 166 95 105 1.98 0.76 3435 ±8.4% 113 1.18 097 

177 177 95 119 3.12 0.73 5420 ±5.5% 178 1.87 159 

178 185 95 113 3.25 0.72 5631 ±5.4% 186 2.00 166 

179 187 95 113 3.36 0.71 5821 ±5.4% 191 2.10 171 

180 177 95 116 2.61 0.73 4519 ±6.7% 148 1.56 133 

181 172 95 120 3.20 0.74 5545 ±5.5% 182 1.91 163 

182 176 98 126 3.31 0.75 5743 ±6.0% 188 1.92 132 

183 176 98 120 2.68 0.75 4650 ±6.7% 152 1.56 101 

184 186 98 110 3.58 0.72 6214 ±6.6% 204 2.08 177 

185 187 100 110 2.70 0.73 4684 ±7.9% 154 1.54 167 

186 185 100 105 3.76 0.74 6523 ±5.1% 214 2.14 139 

187 185 100 105 3.20 0.74 5552 ±9.4% 182 1.82 127 

188 170 100 123 2.94 0.77 5101 ±9.2% 168 1.70 143 

189 185 110 115 3.44 0.77 5968 ±8.7% 196 1.78 128 

190 192 115 125 2.31 0.77 4008 ±7.3% 131 1.14 151 

191 192 117 112 3.10 0.78 5378 ±5.9% 176 1.51 135 

192 182 120 128 3.34 0.81 5795 ±6.0% 190 1.58 190 

Average 81.8 ±13   0.685 5196 ±7.05 169 2.12 180 ±37.7 
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Figure 4.12 Variation of 

40
K activity as a function of body mass for males. 
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Figure 4.13 Variation of body build index versus natural K for males. 
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4.2.2.2 TBK content and 
40

K activity for individual females 

The selected group of these 47 individual females was aged from 

25 up to 55 years old. The measurement of the body burden 

activity inside the human being was scanned using two large 

vertical NaI (Tl) detectors. 

Table (4.14) shows the experimental measured counting activity 

for 40K and total body potassium content. The activity of 40K in 

females ranged from 2984 to 6159 Bq with an average of 4118.5 

±317 Bq. The total body potassium content in females averaged 

1.96 ±0.51 g K/kg. The average annual effective dose for 

individual females was 167 ±43.82 µSv. This value is acceptable 

compared to the value of 163 µSv obtained by Badawy, Wael M. 

2005 
(6)

. 

Figure (4.14) shows the experimental measured values of activity 

for 40K (Bq) versus the variation of body mass (kg) for individual 

females. The obtained results of 40K activity for females showed 

scattered variations as shown in Table (4-14). The average activity 

concentration of 40K in individual females was about 58 Bq/kg. 

This results are in good agreement with the previous work of 60 

Bq/kg found by Andrasi, and beleznay 1979 
(2)

 and UNSCEAR, 

1988 
(95)

.  
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Figure (4.15) presents the assessment values of potassium content 

g K/kg are plotted against body build index (W/H)1/2. The value of 

(W/H)1/2 was chosen because it represents the average body 

thickness and thus has been accepted as a body build index. It is 

used to express the status health of the subject (i.e. the more value 

of the body build index, the good health of the individual) (Gupta, 

M.M. et al., 1976) (28). The relationship presents the scattered 

distribution of the natural potassium content for individual 

females with increasing the body build index.  

From Figure (4.15), the total body potassium content for selected 

females ranged from 98 to 202 g of K with an average value of 

135 ± 33 g of K (1.96 ±0.51 g K/kg). This value was lower than 

4% of the recommended value (140 g of K) according to the 

Internal Commission for Radiological Protection (ICRP). This 

result is acceptable compared to the value of 2.62 g K/kg obtained 

by Abdel Wahab, M.S. et al., 1992 
(1). 
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Table 4.14 Total body potassium content (K) and radioisotope (
40

K) for Females. 

Case Height 
(cm) 

Body mass 
(kg) 

Chest Cir. 
(cm) 

Counts/s (W/H)1/2 
kg/cm 

Activity of 40K 
( Bq) 

Error 
% 

TBK 
g 

g K/kg Effective  dose 
µSv 

1 153 51 88 2.64 0.56 4580 ± 7.6 150 2.94 251 

2 155 55 80 2.44 0.60 4233 ± 6.4 139 2.52 215 

3 164 55 84 2.08 0.58 3612 ±8.3 118 2.15 184 

4 165 57 85 1.82 0.59 3158 ±8.5 103 1.82 155 

5 160 58 85 3.13 0.60 5430 ±6.7 178 3.07 262 

6 160 58 86 2.48 0.60 4303 ±7.4 141 2.43 207 

7 160 58 85 2.43 0.60 4216 ± 6.4 138 2.38 203 

8 159 58 80 1.89 0.60 3284 ±7.6 108 1.86 158 

9 167 59 90 2.19 0.59 3801 ±7.6 125 2.11 180 

10 160 59 89 3.55 0.61 6159 ±5.4 202 3.42 292 

11 163 59 94 1.97 0.60 3425 ±8.7 112 1.90 162 

12 164 60 88 2.55 0.60 4424 ± 6.6 145 2.42 206 

13 160 60 90 2.83 0.61 4910 ±3.8 161 2.68 229 

14 160 60 90 2.82 0.61 4892 ±6.4 160 2.67 228 

15 150 60 93 2.53 0.63 4389 ± 7.3 144 2.40 205 

16 165 61 85 2.07 0.61 3598 ±8.3 118 1.93 165 

17 154 61 98 1.87 0.63 3251 ±9.1 107 1.75 149 

18 170 65 95 2.30 0.62 3990 ± 7.7 131 2.01 172 

19 173 65 90 2.09 0.61 3631 ±8.5 119 1.83 156 

20 172 67 88 2.61 0.62 4528 ± 5.9 148 2.22 189 

21 165 68 93 2.53 0.64 4393 ±7.8 144 2.12 181 

22 159 69 95 1.92 0.66 3327 ±7.7 109 1.58 135 

23 160 70 95 2.10 0.66 3643 ± 4.3 119 1.71 136 

24 165 71 95 1.80 0.65 3130 ±7.7 103 1.45 123 
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Follow table (4.14) 

Case Height 
(cm) 

Body mass 
(kg) 

Chest cir 
(cm) 

Counts/s (W/H)1/2 
kg/cm 

Activity of 40K 
(Bq) 

Error 
% 

TBK 
g 

g K/kg Effective  dose 
µSv 

25 160 72 99 2.15 0.67 3730 ±8.3 122 1.70 145 

26 165 72 97 3.09 0.66 5361 ± 10.1 176 2.44 208 

27 154 72 115 2.06 0.68 3574 ±7.7 117 1.63 139 

28 168 73 90 2.15 0.66 3730 ±13 122 1.67 143 

29 165 75 94 2.21 0.67 3834 ± 7.9 126 1.68 143 

30 156 77 107 1.82 0.70 3164 ±9.7 104 1.35 115 

31 169 77 99 1.75 0.67 3036 ±10.1 100 1.29 110 

32 165 78 99 2.45 0.70 4251 ±6.8 139 1.79 152 

33 165 79 100 2.70 0.63 4684 ±6.6 154 1.94 166 

34 165 80 101 3.25 0.70 5638 ±5.9 185 2.31 197 

35 165 80 100 2.40 0.70 4164 ±7.2 136 1.71 145 

36 160 80 105 3.55 0.71 6159 ± 4.8 202 2.52 215 

37 156 80 114 1.88 0.72 3262 ± 8.2 107 1.34 114 

38 159 81 95 3.09 0.71 5366 ±7.4 176 2.17 185 

39 162 81 106 2.20 0.71 3817 ± 8.1 125 1.54 132 

40 156 81 116 2.02 0.72 ٣٥04 ±8.9 114 1.42 121 

41 167 82 108 2.34 0.70 4060 ±12.3 133 1.62 138 

42 165 84 101 2.37 0.71 4105 ±6.4 135 1.61 137 

43 165 85 105 2.11 0.72 3661 ± 7.6 120 1.41 120 

44 162 88 98 2.63 0.74 4556 ±7.6 149 1.70 145 

45 162 91 123 1.72 0.75 2984 ± 8.8 98 1.07 92 

46 169 92 115 1.94 0.74 3366 ± 7.9 110 1.20 102 

47 171 100 114 3.03 0.76 5257 ± 8.8 172 1.72 147 

Average 70.72   0.655 4118.5 ±7.7 135 1.96 167 

K: is the natural potassium content in the human body 
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Figure 4.14 Variation of 
40

K activity versus body mass for females.  
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Figure 4.15 Variation of body build index versus natural K for females. 
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4.2.3 Estimation of Intake 
131

I by using WBC  

         (Abnormal Situation) 

Individual workers are laboring at nuclear medicine facilities. 

Workers used a large quantities of radioactive materials for 

diagnosis and treatment such as iodine 131 ranging between 7.4 

GBq up to 11.1GBq per week. 

 Characteristics of Iodine-131 

Iodine -131 is produced by the irradiation of tellurium-130 in 

a nuclear reactor [(n, γ) reaction], with a half-life of 8.04 days, it is 

used for a variety of applications such as in nuclear medicine fields 

both diagnosis and therapy [(David C. Kocher, 1981) and (MDS 

Nordion division, June 2008)] (14, 66). Iodine-131 also is used to 

label antibodies for therapeutic applications in the treatment of 

cancers. Iodine -131 is a common short-lived iodine isotope, which 

have the following properties: 

1- Rapidly absorbed in blood following intake concentrates in 

the thyroid gland. 

2- Excreted predominantly in urine after intake, I-131 may be 

detected directly in the thyroid, or indirectly in urine samples. 
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Table 4.15 Characteristics of 
131

I. 

Main gamma emissions  
(and abundance) 

284.31 KeV        (6.14%) 
364.49 KeV        (81.7%) 
636.99 KeV        (7.17%) 

Main beta emissions  
(and abundance) 

247.89 KeV        (2.10%)  
333.81 KeV        (7.27%)  
606.31 KeV        (89.90%) 

Mean range of beta particles in 
thyroid 

~ 0.5 mm 

Physical half-life 8.04 day 

Biological half life  80 d for normal thyroid and 120 for 
patients 

Effective half life for normal 
thyroid 

7.30 day 

 

 

 

 

 

 

 

 

 

Figure 4.16 Decay scheme for 
131

I. 
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Evaluation of MSA and MDA at 364.5 KeV 

(Abundance 81.7%)  

The minimum significant activity (MSA) and minimum 

detectable activity (MDA) were evaluated in the interest of region 

at 364.5 KeV using equation (3.2 and 3.3). 

Table 4.16 MSA and MDA for FASTSCAN at 364.5 KeV. 

MSA  (Bq) 11 

MDA (Bq) 24 

 

The minimum detectable activity measured for NaI(Tl) 

detector used was acceptable comparing with the value  obtained 

11Bq by safety series 114,  1996 
(44)

. 

Absolute Efficiency for WBC at 364.5 KeV 

The absolute efficiency of the Whole Body Counter was 

performed using different known activities of 131I solutions. These 

solutions were immersed inside Canberra transfer phantom for 

thyroid gland position (see Fig. 3.7); the relationship of count rate 

versus the different activities was obtained during counting 

time1000 s for each point. The absolute efficiency for 131I was 

determined from the slope of the obtained graph. Figure (4.17) 

presents the count rate at different activities of 131I for two NaI(Tl) 

detectors. The average absolute efficiency at 131I was found to be 

7.22×10-3 Counts/s/Bq. 
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Figure 4.17 Count rate versus activity for WBC by using 

131
I. 

 

4.2.3.1 Estimation of 
131

I  

131I in the body is normally monitored directly by measuring 

activity in the thyroid gland using a simple NaI(Tl) detector  

(IAEA, Safety Series No. 114, 1996) 
(44). Where a mixture of 

radioisotopes of iodine may be encountered, spectroscopic 

determination of the 131I gamma emission may be necessary. 

The selected individual workers under investigation were working 

at nuclear medicine unit. They used large quantities of 131I ranging 

between 7.4 GBq up to 11.1GBq per week. 
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In the present work, 239 individuals (male and female) were 

monitored for 131I, of whom 21 tested positive for contamination. 

Nine of the latter individuals were counted just after intake and 12 

were counted later after different interevals. Since all of these 

individuals were contaminated with 131I through inhalation, a dose-

activity conversion factor of 1.05×10-8 Sv/Bq Gary Kramer by 

private communication, IMPA, 2010
 (29) for inhalation of 131I was 

used to estimate the committed effective dose (CED) for each 

individual. 

Table (4.17) presents the CED evaluated in µSv for some nuclear 

medicine workers due to inhalation of 131I.  These workers are 

laboring inside Egypt. The individual workers were classified into 

two groups:   

The first group, individual workers are monitored directly after 

intake of 131I, and the estimated values of the committed effective 

dose ranged from 2.11 to 157.22 µSv. Results are shown in Table 

(4.17).  Figure (4.18) shows the CED for some worker measured 

after intake of 131I in nuclear facility. 
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Table 4.17 Measurements of activities and CED due to inhalation 
131

I of 

workers. 
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Figure 4.18 CED values measured after intake for individual workers at 

nuclear medicine unit. 

 

Individual Counts/ s Activity (Bq) σ CED (µSv) 

1 01.18 00201.0 ± 059.90 2.11 

2 01.56 00264.0 ± 049.63 2.77 

3 01.96 00332.0 ± 064.74 3.49 

4 02.02 00343.0 ± 057.62 3.60 

5 02.17 00368.0 ± 053.36 3.86 

6 04.07 00690.0 ± 060.03 7.24 

7 08.53 01447.0 ± 065.11 15.20 

8 50.84 08619.0 ± 129.28 90.50 

9 88.32 14973.0 ± 164.70 157.22 
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The second group, where labors were counted several days after 

intake. Initial activity for all contaminant workers were calculated 

(26) by using decay equation, A = A0 e
-λt
, and effective half live 

[equation (3.6)] for 131I. Hence, the initial dose due inhalation was 

assessed and found to be in the range from 7.85 to 2231.50 µSv, 

Table (4.18a) and Table (4.18b). 

 

Table (4.18a) Final determination of activities measured and CED due to 

inhalation of 
131

I. 

 

Individual Days after Intake  Counts/s Activity (Bq) σ CED (µSv) 

1 6 002.950 00500 ± 084.00 005.25 

2 30 003.672 00623 ± 064.79 006.54 

3 23 007.188 01219 ± 075.58 012.80 

4 9 007.950 01348 ± 101.10 014.15 

5 35 008.350 01415 ± 104.71 014.86 

6 2 021.028 03565 ± 085.56 037.43 

7 30 021.850 03704 ± 144.46 038.90 

8 7 043.008 07291 ± 138.53 076.56 

9 7 043.222 07327 ± 109.90 076.93 

10 2 108.455 18386 ± 174.67 193.05 

11 2 105.233 17840 ± 178.40 187.32 

12 2 302.300 51248 ± 461.23 538.10 
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Table 4.18b Initial activities calculated and CED due to inhalation of 
131

I 

for individuals registered in Table 4.18a. 

 

Individual Initial activity (Bq) CED (µSv) 

1 2946 7.85 

2 35827 87.00 

3 36003 378.03 

4 10553 110.81 

5 130493 1370.18 

6 14367 150.85 

7 212523 2231.50 

8 47210 495.71 

9 47443 498.15 

10 74090 778.00 

11 71890 754.85 

12 206513 2168.39 
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Figure 4.19 Initial dose were calculated (green column) and measured dose 

(red column) after several days of intake of 
131

I. 
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Figure (4.19) represents the comparison of dose measured and 

initial dose assessed after several days of intake 131I for some 

occupational workers. 

By using a dose activity conversion factor of 2.2×10-8 Sv/Bq (66) due 

to ingestion of 131I for evaluation of CED for two patients. Table 

(4.19) shows the activity in Bq and CED in mSv for same patients. 

Table 4.19 CED for two patients. 

Patient Ingested 

date 

Measuring 

date 

Counts/s Activity 

Bq 

CED 

mSv 

1 04/1/2009 5/03/09 705.6 119619 2.63 

2 18/4/2009 7/05/09 8733.2 1480520 32.6 

 

In a nuclear medicine units in Egypt (44 units), workers used 

a small quantities of 131I for diagnostic purposes in MBq and large 

quantities of 131I for treatment.    

After intake of 131I, 30% is transport to the thyroid gland and 

the other 70% is excreting directly in urine via the urinary bladder 

(47). The biological half-life time in blood is known to be 6 hrs. 

Iodine-131 incorporated into thyroid hormones leaves the gland 

with a biological half-life of 80 day and enters other tissues, where 

it is retained with a biological half-life of 12 d. Iodine-131 has a 

short effective half live of 7.3day, therefore the human body will 

get rid of it after seven half-lifes.  
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Figure (4.20) presents the typical gamma ray spectrum using two 

vertical NaI (Tl) detectors for subject contaminated with 131I at 

nuclear medicine units. 

 

 

Figure 4.20 Typical gamma ray spectrum for an individual  

contaminated of 
131

I. 

 

TLD dosimeters were used for external dosimetry 

measurements, where external exposures of nuclear medicine 

workers were ranged from 0.5 to 2.5 mSv per year. Therefore, the 

obtained results formerly indicated that the total effective dose 
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(external and internal) for exposed nuclear medicine workers was 

less than the annual dose limit (20 mSv per year).  

4.2.3.2 WBC measurement for five contaminated 

    suspicious individual workers (5 special cases) 

Five workers used to handle a very dilute concentration of 

uranyl acetate solution at scanning electron microscope laboratory. 

There was a probability of inhalation of radioactive vapors during 

their chemical procedures. Since the routes of entry of a 

radionucludes into a human body occur during inhalation via 

respiratory tract system, ingestion via Gastrointestinal tract, 

injection via arteries and skin via wounds and porosities. So that 

FASTSCAN whole body counter system will be used to investigate 

the internal contamination. The results of the investigated (5 special 

cases) illustrated that 40K was ranging between 2984 ±8.8% to 5118 

±6.4% Bq and no evidence about the presence uranium daughters. 

The results of examinations [table 4.20] showed that, there was no 

uranium daughter's contamination. These results indicated that the 

investigated subjects were working without radiation hazards. 

Table 4.20 Total body potassium 
40

K for 5 individual. 

Case Sex H/W/Ch 
cm/kg/cm 

Counts/s 
 

(W/H)1/2 
kg/cm 

Activity 40K 
Bq 

TBK 
g 

g  K/kg Effective dose 
µSv 

1 F 154/72/115 2.06 0.68 3574  ±7.7% 117 1.63 139 

1 F 162/91/123 1.72 0.75 2984  ±8.8% 98 1.07 92 

3 M 169/85/103 2.95 0.71 5118 ±6.4% 168 1.97 168 

4 M 165/80/110 2.82 0.70 4892  ±6.1% 160 2.00 171 

5 M 170/90/119 2.62 0.73 4545  ±11% 149 1.66 141 
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4.3 Internal dosimetry by using ACCUSCAN II  

The ACCUSCAN-II is a stand-up whole body counter. It was 

design to identify and quantify radionuclides with energies between 

100 keV and 1336 keV in complicated combinations. 

4.3.1 Energy Calibration for HPGe detector 

High purity germanium detector was calibrated using multi-gamma 

sources in order to get quantitative and qualitative estimation of 

energies emitted from radionuclides by using its spectra. Figure (4-

21) represents linear relationship of channel number versus energy 

in KeV obtained for multi-nuclides such as Ba-133, Na-22, Cs-137, 

and Co-60 at diagnostic position in air (without phantom). The 

counting period was 1200 s. The energy increased linearly with 

channel number of the multichannel analyzer. The correlation of 

energy versus channel number was 0.5 ±0.03 KeV/channel, Table 

(4.21).  

Table 4.21 Energy calibration for HPGe detector. 

Source Energy (KeV) Channel No. Energy/Channel 

Ba-133 278.3 496 0.56 

Ba-133 303.1 557 0.54 

Ba-133 356.3 676 0.53 

Ba-133 384.0 739 0.52 

Na-22 511.2 1025 0.50 

Cs-137 661.9 1364 0.49 

Co-60 1173.1 2516 0.47 

Na-22 1274.3 2744 0.46 

Co-60 1332.4 2875 0.46 
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Figure 4.21 Linearity calibration for HPGe detector. 

 

4.3.2 Efficiency Calibration for HPGe detector 

  (a) In air and phantom ( diagnostic position) 

Counting efficiency of HPGe detector has investigated at diagnostic 

position as shown in Figure (4.22) by using standard vial liquid 

mixed gamma sources. These sources covered a wide range of 

energy from 88 up to 1333 KeV as shown in Table (4.22) and 

Figure (4.22). 
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Table 4.22 Efficiency calibration curve for HPGe detector. 

Efficiency (C/s/Bq) x10-4 Isotopes Energy 

(KeV) 

Activity 

KBq Source in air Source in phantom 

Cd-109 0088 130.87 3.030 2.180 

Co-57 0122 002.96 3.400 2.450 

Ce-139 0166 004.70 3.080 2.220 

Sn-113 0392 007.36 1.670 1.200 

Cs-137 0662 003.59 1.160 0.835 

Y-88 0898 013.10 0.857 0.617 

Co-60 1173 006.33 0.713 0.513 

Co-60 1332 006.33 0.619 0.446 

 

 

 

 

 

 

 

 

 
Figure 4.22 Efficiency calibration of WBC in diagnostic position using 

mixed gamma vial sources. 
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(b) Efficiency of ACCUSCAN II for different organs 

The mixed radionuclides of known activities were immersed in 

different locations of phantom organs such as thyroid, chest, upper 

and lower gastrointestinal tract as shown in Figure (4.23) and 

Figure (4.24).  

 

 

 

 

 

 

 

Figure 4.23 Efficiency calibration for ACCUSCAN-II using transfer 

phantom for different organs at screening position. 

 

Counting efficiencies for organ compartments have been 

investigated by using the transfer phantom approach in fixed 

diagnostic and screening positions as shown in Figures (4.23) and 
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(4.24). The counting efficiency differs for each organ due to the 

difference in source to detector distance and attenuation coefficient 

for each organ equivalent tissue. Organ counting efficiencies for 

WBC compartments are various according to tissue type such as 

thyroid, chest, and gastrointestinal tract in screening position is 

higher than that in diagnostic position by approximately factor of 

three.  

 

 

 

 

 

 

 

 

 

 

 

Figure 4.24 Efficiency calibration for ACCUSCAN-II by using transfer 

phantom for different organs at diagnostic position. 
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4.3.3 Evaluation of MSA and MDA at 364.5 KeV 

MSA and MDA were evaluated in the region of interest at 364.5 

KeV by using equation (3.2 and 3.3). Table (4.23) shows the MDA 

for high purity germanium detector at screening and diagnostic 

positions. 

Table 4.23 MSA and MDA for ACCUSCAN II. 

Detector  position MSA (Bq) MDA (Bq) 

Screening 19.0 42.0 

Diagnostic 07.4 16.2 

 

4.3.4 Thyroid gland dose assessment for some 

          occupational workers 

Dose assessment for thyroid gland of some  workers was done at 

some nuclear medicine facilities. Figure (4.25) shows the different 

measurement geometries for ACCUSCAN II whole body counter. 

          1- Lung - Thyroid                                       2- Total body scan 

               (Organ Screening position)                          (Diagnostic position)                                                        

 

 

 

 

 

Figure 4.25 Some different geometries for ACCUSCAN II WBC. 
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The committed dose equivalents for some workers 

contaminated with 131I  have been measured in screening geometry 

using organ dose equivalent conversion factor of 2.92x10-7 Sv/Bq 

(James E. Martin, 2006) (60) as shown in Table (4.24). The 

committed dose equivalents of 131I measured in thyroid gland of 

some workers were ranged from 10.80 ±0.76 to 60.60-±0.52 µSv in 

screening position. Iodine is rapidly absorbed in the blood 

following intake, where about 70% is excreted in the urine and 

about 30% concentrates in the thyroid. The biological half life of 

iodine in the blood is quite short, about 6 hours, because of these 

two mechanisms; the much longer 80-day biological half life in the 

thyroid, where it is incorporated into thyroid hormones that 

subsequently enter other tissues, accounts for the overall effective 

half life in the body of 7.3 days.  131I may be detected directly in the 

thyroid or indirectly in urine samples (ICRP Publication 30, 1979)
 

(53). The results obtained indicate that the dose for all exposed 

workers is less than 1 mSv, Table (4.24). 
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Table 4.24 Committed dose equivalent of 
131

I in thyroid gland 

for some workers. 

Individual Committed dose equivalent CDE (µSv) 

1 
10.80  ±0.76 

2 22.03  ±0.41 

3 22.10  ±0.33 

4 26.04  ±0.39 

5 35.60  ±0.49 

6 44.04  ±0.48 

7 53.90  ±0.54 

8 55.60  ±0.52 

9 60.60  ±0.52 

 

4.4 Accident Conditions and Emergency Response 

4.4.1 Emergency Planning Categories 

Emergency planning and preparedness could be different for 

each potential accident. However, this can be simplified because the 

potential accidents can be grouped into five categories, each 

presenting common features in terms of magnitude and limiting of 

the hazards (IAEA-TECDOC-953, 1997) (45) Table (4.25).  
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Application conditions for each category. 

Table (4.25) Emergency planning Categories 
(45)

. 

Category 
Description of where the category applies 

I Facilities with the potential for very large releases resulting in 

serious detrimental health effects off-site. In addition, areas near 

the facility that should be prepared to take protective actions 

promptly in a response to an accident; this requires such level of 

planning. 

II Facilities with the potential for release resulting in off-site doses 

above the urgent generic intervention levels (GIL) but with little or 

no threat of doses resulting in deterministic health effects off-site. 

In addition, the areas should be prepared to take protective actions 

in response to an accident; this requires such level of planning. 

III Facilities without significant off-site risk but with the potential for 

accidents resulting in deterministic health effects on-site. 

Jurisdictions that provide fire, police or medical support to these 

facilities,  this  requires such level of planning. 

IV Areas with little or no known threat. This category is the minimum 

for all countries, because accidents involving lost, stolen sources 

or the transportation of radioactive materials is possible anywhere 

without considering of the essential precautions.  

V Areas with a substantial probability of needing to implement 

interventions related to food, in the event of huge accidents at 

facilities outside the country. 
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4.4.2 Radiation dose reconstruction in some radiological events 

        in Egypt 

 
Three radiation events were studied, the first one was known 

as the radiation accident at Meet Halfa, Qaluobyia, Egypt occurred 

on June 2000 192Ir was involved, the second event occurred on 2004 

was a transport accident involving 99mTc and the third one occurred 

on 2008 was transport event involving 131I. 

 4.4.2.1 Meet Halfa Radiation Accident, in 2000  

The accident occurred following the loss of an industrial 

gamma source for radiography. A farmer from Meet Halfa found 

the source who took it to the house occupied by his family. The 

sequence of events followed were developed over a period of seven 

weeks from the time the source was found on May 5th in 2000, until 

the day of its retrieval from the house by national authorities on 

June 26th, in 2000.  

The family members’ exposure patterns during the protracted 

source possession are not precisely known however those exposures 

resulted in two clinical fatalities forms of bone marrow depression 

and several skin burns of different levels of severity. The event 

leading to the accident indicated the inadequacy of the 

administrative and legislative framework regarding the safety of 

radiation sources.  
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1- Chronology of Events: 

On May, 5
th

 in 2000: A resident from Meet Halfa village 

found an industrial gamma source for radiography that had been 

lost sometime before by an operator working for a company testing 

pipe welds. Unaware of the nature of the strange looking metal 

object the man took the source home, where he lived with his wife, 

his sister, two sons, and two daughters. All seven members of the 

family were fascinated by the object and believed it is to be a 

precious metal. In the weeks that followed, the source was handled 

by the family members with varying frequencies and durations. It 

was placed in different places for various periods, mainly in 

cardboard box in the utility-room closet. The family members were 

subjected to protracted radiation exposure of different intensities. 

The nature, magnitude, and duration of the radiation exposure 

involved was difficult if not impossible to follow. 

On June, 5
th

 in 2000: A message was received at the 

infectious disease office at the ministry of health in Cairo from the 

public health department at Qaluobiya, reporting the death of a 9- 

year old boy from Meet Halfa village. The clinical condition prior 

to death was that of marked bone marrow failure and extensive 

inflammatory skin lesions. No indication of the exact diagnosis was 

given. 
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On June, 10
th

 in 2000: A fact-finding mission from the 

ministry of  health discovered four cases with similar signs and 

symptoms among family members of the deceased boy. The 

diagnosis of an inflammatory or viral cutaneous lesion associated 

with bone marrow depression was made. All family members were 

admitted to Imbaba fever hospital in Cairo for observation. 

On June, 16
th

 in 2000: The father died from bone marrow 

failure associated with extensive inflammatory skin lesions. The 

remaining of the family were then transferred to Abassiah fever 

hospital in Cairo for further investigations. All laboratory 

investigations related to inflammatory or viral condition of the skin 

proved to be negative. 

On June, 25
th

 in 2000:  A task group from the ministry of 

public health was sent to Meet Halfa as a fact-finding formal 

mission. The results obtained by the mission revealed high radiation 

levels around the house of the family. Authorities were immediately 

notified by the existed event.  

On June, 26
th

 in 2000: Experts from the division of chemical 

Warfare (an agency of the armed forces) and the Egyptian Atomic 

Energy Authority (EAEA) carried out a detailed radiation survey of 

the family’s house and its surroundings. The radiation industrial 

source was ultimately found in a cardboard box above the closet in 
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the utility room. The source was controlled, retrieved, placed in a 

lead container, and transported to the Atomic Energy Authority 

laboratories at Inshas. A more-intensive radiological survey was 

conducted at Meet Halfa, and the village was declared free of high 

radiation levels. 

When radiation effects were certainly diagnosed the members of the 

family were transferred to hospital for medical care. 

On June, 27
th

 and 28
th 

in 2000: The Atomic Energy 

Authority carried out spectrometric investigation of the source on a 

multichannel analyzer. The energy spectrum obtained was 

consistent with that of 192 Ir. The source code number was identified 

as 3139. The competent authority traced the source to the company 

that imported the source. 

On June, 29
th

 in 2000: A summary of the incident was 

reported to the International Atomic Energy Agency (IAEA). The 

IAEA responded by announcing the accident and offering 

assistance to the Egyptian authorities.  

 The Source: The source length is 18 cm with an 8-by 4-mm active 

volume at one end. The authorities in Egypt revealed that this 

particular source was shipped by air flight from Massachusetts, 

USA, on January 17, in 2000, with an activity of 3.23 TBq, for 
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welding and inspection consulting International office, Nasr City, 

Cairo. The Half-life of 192 Ir is 74 days. Calculating the decay 

process, the source activity would have been 1.165 TBq on May 5, 

the day source was found and came into possession of the family. 

On June 26 the day the source was retrieved, its activity was 7.156 

TBq. The specific gamma-ray emission (gamma factor) of 192 Ir is 

0.13 mSv per hour at 1 m per GBq. 

Exposed Groups 

The family members were in possession of the source from 

May 5th, they included the father (60 years old), the wife (50 years), 

the sister of father (55 years), the sons (9, 22 years), the daughters 

(13, 17 years). The younger son died on June 5th, and the father died 

on June 16th. 

The survey teams included workers from the ministry of 

health, the division of chemical warfare of the armed forces, and the 

Atomic Energy Authority. The total number of persons involved in 

the radiological surveys was around from 70 and 100 experts, 

including those from the atomic energy authority who carried out 

the source identification. Detailed investigation revealed that the 

number of family associated in this event, included neighbors and 

relatives, who exposed to the source, they did not exceed 50 

persons.  
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Figure 4.26 Photo of the room in which Ir-192 source was hidden in the 

house of Meat Halfa accident. 

 

By using the gamma factor of 192Ir and the activity of the source 

1.165 TBq on May 5th and 7.156 TBq on June 26th in 2000. The 

effective doses based on these dates were measured as 151 mSv/hr 

at 1m and 93 mSv/hr at 1m, respectively.  

Radiation levels on June, 26th in 2000 were ranged from 10 µSv/h at 

the entrance of the house to about 10 mSv/h at the end of the 

corridor facing the entrance of the utility room where the source 

was found (El-Naggar, A. M.  et al., 2001) (16)
. 
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Characteristics of 
192

Ir 

1 
Produced by neutron activation in a reactor 

2 It is supplied in the form of small tubes or wires 

3 It has high specific activity 

4 It has high activity of small sources for high dose radiotherapy 

5 It can be applied in temporary brachytherapy  

6 Its HVL 2.5 mm Lead (Pb) 

7 It is widely used in multiple applications 

8 It is Beta decay to excited states of Platinum-192(stable) and 
electron capture to Osmium-192(stable). 

9 Its complex energy spectrum average 0.38 

10 Its half-life time is 74 days 

 

Its initial activity was 3.234 TBq on Jan 17th in 2000, it was decays 

on May, 5th in 2000 to1.165 TBq . Its value of gamma constant is 

0.13 mSv/h (GBq) at 1m. The dose rate (D) at distance (d) from a 

point source is defined by the following expression.  

D =                                      (4-1) 

Where D: dose rate in µSv/h 

A: is source activity (MBq)  

Γ: is gamma conversion factor for the source, mSv/h (GBq) at 1m  

d: is distance from the point source (m) (IAEA-TECDOC-1162, 

2000) 
(46): 

The younger son died on June, 5th in 2000 and the father died on 

June, 16th in 2000. The source transported to Atomic Energy 
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Authority on June, 26th in 2000. The activity for 192Ir source on 

December, 31st  in 2009 was 5.28 mBq. 

Six different scenarios have been proposed by using different 

values of exposure time and distance from the 192Ir source. These 

scenarios can be summarized as follow: 

Scenario 1:  Assuming that the source at the moment on May, 5th in 

2000 was at a distance of 1 cm from the skin of the father and the 

exposure time was 3 s. If followed the exposure of the father for 10 

minutes at a distance of 20 cm, the other members of the family 

will be exposed to the source for about 3 s at a distance of 1 cm. 

Therefore, the dose for the father was  averaged to 1.893 Gy and the 

dose for the rest of family members (the younger son and the 

younger daughter) was about 1.262 Gy, see plates (1, 2, 3 and 4).  

Scenario 2: Assuming that the source was at distance 1 m, and 

exposure time was  0.25 h. the dose will reach to 1.042 Gy for 

younger son and 1.337 Gy for father. 

Scenario 3:  Assuming that the source was at 1m from the family 

members (the father and the younger son), exposure time would be 

1 hr per day. The dose for younger son was 4.208 Gy, if  Ir-192 

source at distance 1 m and exposure time was 1h. The dose for 

father was 5.387 Gy, if Ir-192 source at distance 1 m and exposure 

time was 1h. 
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Scenario 4: Assuming that the source was at 6 meters from the 

family members, and the exposure time would be 1h per day. The 

dose for younger son was 0.117 Gy, If the source of Ir-192 at 

distances 6 m and the exposure time was 1h. The dose for father 

was 0.150 Gy, if the source Ir-192 source at distance 6 m and the 

exposure time was 1h. 

Scenario 5: Assuming that the source was at 3 m from the family 

members, exposure time would be 6 hrs per day. The dose for 

younger son was 2.805 Gy, when the source at distance 3 m and 

exposure time was 6 h. The dose for father was 3.594 Gy, when the 

source was at distance 3 m and exposure time was 6 h. 

Scenario 6: Assuming that the source was at 10 meters, exposure 

time was 7 h per day. The dose for younger son was about 0.295 

Gy, when the source was at distance 10 m and exposure time 7 h. 

The dose for father was about 0.377 Gy, if the source was at 

distance 10 m and exposure time 7 h. 

The scenarios 1, 3, and 6 were the scenario confirmed for the 

younger son, and his father, the victims of this accident. The total 

dose received for the younger son was about 5.765 Gy until June 5th 

in 2000, which was his death date and the dose for his father was 

about 7.657 Gy until June 16th, which was too his death date. The 

scenarios 1, 2, and 6 were confirmed for the younger daughter, her 
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dose was about 3.287 Gy. This dose caused for her localized skin 

burns and ulceration. 
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Plate (1) Severe skin burns for 2 fingers (16).
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Plate (2) Severe skin burns for one finger (16). 
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Plate (3) Deep localized ulcer occurs on the right knee 
for the younger daughter (16). 
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Plate (4) Skin burns for thumbs and index fingers of both hands 
for the younger daughter (16). 



          Chapter 4                                                                      Results  

159 

 

Table 4.26 The estimated accumulated doses at distances and periods for some persons exposed  

to 
192

Ir source. 

Estimated dose received (Gy) 
Day 

Date Remaining 
activity 

(TBq) 
Scenario 

1  

Scenario 

2  

Scenario 

3   

Scenario 

4  

Scenario 

5  

Scenario 

6  

 Daily  exposure  15 min 1  
h 

1  
h 

6  
h 

7  
h 

 Distance from source  

3 s at 1cm, followed 10 
min at 20cm for father 

and 
3 s at 1cm for the rest 
of family (Once) 

1 
m 

1  
m 

6  
m 

3  
m 

10 m 

1 
5th May 2000 1.165 Every 

day 
Every 
day 

Every 
day 

Every 
day 

Every day 

32 5th June 200  younger son 
died 

0.872 1.042 4.208 0.117 2.805 0.295 

43 16th June  Father died 0.786 

1.893Gy for father and 
1.262 for the other 
members 

 

1.337 5.387 0.150 3.594 0.377 

53 26th June 2000,the source 
retrieved to EAEA 

0.716   1.580 6.358 0.177 4.239 0.445 

Appendix 3 presents in details the estimated dose received for all scenarios from the first day of 

exposure, and then the source became into possession of the family until 26th of June in 2000, the 

day the source was retrieved to the authority, its activity was 7.156 TBq.    
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By considering the formerly stated scenarios, it could be 

concluded that the estimated radiation dose for the two fatalities 

was in the order of 5.765 Gy for the younger son and within 7.657 

Gy for his father; these radiation doses have nonstochastic effects. 

The dose received for the daughter is about 3.287 Gy, which 

caused for her localized burn. 

Meet Halfa radiation accident was classified by using the 

International Nuclear Events Scale (INES) as Level 4, the first 

level for accident classification. The system of Categorization at 

radiation sources was developed by IAEA composed of 5 

categories as shown in Table (4.27) (IAEA Safety standards 

series, 2005) 
(43)

. 

    Ai,n  is the  activity of each individual source i of radionuclide n; 

Dn = D  is the value for radionuclide n. The dangerous source 

concept and the origin of the D value that was used in the 

development of the categorization system. A dangerous source is 

defined as a source that could, if not under control, give rise to 

exposure sufficient to cause severe nonstochastic effects. The 

concept of a dangerous source has been converted into operational 

parameters by calculating the quantity of radioactive material that 

could lead to severe deterministic effects for given exposure 

scenarios. Table (4.28) and Table (4.29) show the reference doses 
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for D-values and activity corresponding to a dangerous source (D-

value) for selected radionuclides respectively. 

 

Table 4.27 Classification of categories for sources used in  

common practices (IAEA-TECDOC-1344, 2003)
(36)

. 

Category 
Sourcea and practice Activity ratiob 

(A/D) 

1 Radioisotope of thermoelectric generators.  
Irradiators. 
Teletherapy sources. 
Fixed, multi-beam teletherapy (gamma knife) 
sources. 

 
 
A/D≥1000  

2 Industrial gamma radiography sources. 
High/medium dose rate brachytherapy sources. 

1000 ˃A/D≥ 
10 

3 Fixed industrial gauges that incorporate high activity 
sources. 
Well logging gauges 

 
10 > A/D ≥ 1 

4 Low dose rate brachytherapy sources (except eye 
plaques and permanent implants). 
Industrial gauges that do not incorporate high 
activity sources. 
Bone densitometers. 
Static eliminators. 

 
 
1 > A/D ≥ 0.01 

5 Low dose rate brachytherapy eye plaques and 
permanent implant sources. 
X ray fluorescence (XRF) devices. 
Electron capture devices. 
Mossbauer spectrometry sources. 
Positron emission tomography (PET) check sources. 

 
0.01 > A/D 
and 
A > exempt 

a Factors other than A/D alone have been taken into consideration in 
assigning the sources to a category. 

b This column can be used to determine the category of a source, based 
purely on A/D. 
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Table 4.28 Reference doses for D-values)
(7)

. 

Tissue  Dose criteria  

Bone marrow  1Gy in 2 days 

Lung  6 Gy in 2 days from low LET radiation 
25 Gy in 1 year from high LET radiation 

Thyroid  5 Gy in 2 days 

Skin / tissue 
(contact) 

25 Gy at depth of 2 cm for most parts of the body (from 
a source in a pocket) or at 1 cm from the hand for a 
period of 10 h. 

Bone marrow 1 Gy in 100 h for a source that is too big to be carried 

 
Table 4.29 Activity corresponding to initial deterministic effect 

(D-value) for Ir-192, I-131. 

 

Dx1000 Dx10 Dx1 Dx0.01 
 

source  
TBq Ci TBq Ci TBq Ci TBq Ci 

Ir-192 8x101 2x103 8x10-1 2x101 8x10-2 2.0 8x10-4 2x10-2 

I-131 2x102 5x103 2.0 5x101 2x10-1 5.0 2x10-3 5x10-2 

 

The 192Ir source caused the Meet Halfa accident according to the 

categorization of sources by the IAEA is category 2 (A=1.165 

TBq, D = 0.08 TBq, and A/D = 14.5) (IAEA, the International 

Nuclear and Radiological Event Scale, 2009)
(40). 

4.4.2.2 Transport accident associated with the radioactive  

    material [99m
Tc], in 2004 

Physical properties for 
99m

Tc 

Half-life of 99mTc is 6.01 hours so it is used in many 

medical radioactive isotope tests because of its short half-life, the 

energy of the gamma ray it emit mean gamma energy = 140.5 
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KeV, and due to the ability of technetium to be chemically bound 

to many biologically active molecules. 99Tc is produced as a 

fission product from the fission of uranium in nuclear reactors, 

therefore large quantities of it have been produced.  

Accident description  

Transport incident was occurred on the highway from Cairo 

to Aswan at El Minya city, (Higher Egypt), on June 16th , in 2004. 

Type (A) package containing 99Tcm generator was shipped to 

Sohag institute for cancer treatment. The incident was occurred 

when the driver of the vehicle, lost control of his vehicle and ran 

off the road. The vehicle overturned as it skidded a hundred 

meters and came to rest on its side. Policemen being the first on 

the scene of the accident and they transferred the affected 

passengers to the nearest hospital. The minister of environmental 

affairs was informed that, it was radiation accident, and he 

notified the Egyptian atomic energy authority. The EAEA 

informed the responsible officer, at the Civil Defense 

administration in Cairo. He was on line with the civil defense 

officer at El Minya city and gave him the required advice. 

A radiological specialist from El Minya university hospital was 

invited to make the necessary measurements and assessment. No 
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abnormal radiation levels were detected. The event was classified 

level zero on the International Nuclear Event Scale (INES). 

4.4.2.3 Transport acccident contained radioactive material 

            (
131

I), in 2008 

 

The incident occurred on the road at Maragha Village, in 

the way to Sohag Governorate on January 27th in 2008 at 13.30 

pm. A car carried passengers and a package of radioactive 

material was damaged during its passage on this way, the source 

was directed to nuclear medicine unit of Sohag Oncology 

Institute. The incident was led to a complete destruction of the 

radioactive material package, which dropped on the road. 

Source: 131I, activity: 5.55 GBq, and Half-life time: 8.04 d 

Proposed scenarios 

To assess effective dose and dose rates at a certain distance from 

the source or spilled source.   

The dose rate at a distance (d) from spilled source by using the 

following expression (IAEA-TECDOC-1162, 2000) 
(46): 

    (mGy/hr) 

where:  

D: is the dose rate (mGy/hr) 

Γ: is the dose conversion factor = 6.2x10-8 (mGy/h)/(KBq),  
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r: is the spill radius (m), d: is the distance from the line source 

(m), and As: is the activity of the spill (Bq/m2). 

To estimate the effective dose (external irradiation) from a spill by 

using the following expression: 

ext =       (mSv) 

where: 

Eext: is the effective dose (mSv),  

Γ: is the dose conversion factor = 3.9x10-8 (mSv/h)/ (KBq), r: is 

the spill radius (m), d: is the distance from the center of the spill 

source (m), and As: the activity of the spill (Bq/m2), and Te: is the 

exposure time (h). 

Different six proposed scenarios will be studied by using various 

values of exposure time; different distances and various radii from 

the 131I source, these scenarios can be summarized as follow:- 

Scenario 1: It was  assumed that the radioactive material 131I was 

spilled within a radius of 25 cm and at a distance of 25 cm from 

the public and the exposure time was 30 minutes. 

r = 0.25m    r2 = 0.0625 m    

d = 0.25m   d2 = 0.0625 m 

 = 0.693 

Γ = 6.2x10-8 (mGy/h)/(KBq) 
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 = 28.262  Bq/m2 

Then,  

Dose rate = 2 x 3.142 x 6.2x10-8 
x 28.262x106 x 0.693 

Dose rate ≈ 7.63 mGy/h. 

Exposure time 30 minutes. 

Effective dose = 2x 3.142x 3.9x10-8 
x 28.262x106

x 0.5 x 0.693  

Effective dose ≈ 2.4mSv 

Scenario 2: It was assumed that the radioactive material 131
I was 

spilled within a radius of 25 cm and at a distance of 50 cm from 

the public, exposure time was 30 min. 

  
  = 0.223 

 Γ = 6.2x10-8 (mGy/h)/(KBq) 

As = 28.262  Bq/m2  

Dose rate = 2 x 3.142 x 6.2x10-8 
x 28.262  x 0.223 

Dose rate = 2.46 mGy/h 

Then, Effective dose = 0.77 mSv 

Scenario 3: It was supposed that the radioactive material 131I was 

spilled within a radius of 25 cm and at a distance of 50 cm from 

the public, exposure time was 1h. 

  
 = 0.223 

As = 28.262x106 (mGy/h) /(KBq), then 
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Dose rate = 2 x 3.142 x 6.2x10-8 
x 28.262  x 0.223 

Dose rate = 2.46 mGy/h 

Then, Effective dose = 1.55 mSv. 

Scenario 4:  The assumption  was that the radioactive material 

131I was spilled within a radius of  25 cm and at a distance of 1m 

from the public, exposure time was 1h. 

Then, 

  
 = 0.061 

As = 28.262x106 (mGy/h) /(KBq), 

Dose rate = 2 x 3.142 x 6.2x10-8 
x 28.262  x 0.061 

Dose rate = 0.67 mGy/h 

Effective dose = 0.42 mSv.  

Scenario 5:  It was predicted that 131I was spilled within a radius 

of 15 cm at a distance of 50 cm from the public and exposure time 

is 30 min. 

  
 = 0.086 

Activity = 78.51x106 KBq/m2 

Dose rate = 2 x 3.142 x 6.2x10-8 
x 78.51x106 x 0.086 

Dose rate is = 2.63 mGy/h 

Effective dose is = 0.83 mSv. 
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Scenario 6: It was proposed that 131
I was spilled within a radius of 

15 cm at a distance of 1 m from the public and exposure time is 1 

h. then, 

  
 = 0.022 

Dose rate = 2 x 3.142 x 6.2x10-8 
x 78.51x106 x 0.022 

Dose rate = 0.68 mGy/h 

Effective dose = 0.42 mSv. 

Table (4-30) represents the dose rate and effective dose for six 

different scenarios were calculated for 131
I transport accident. 

 
Table 4.30 Dose rate and effective dose for 

131
I transport incident. 

Scenario 1 2 3 4 5 6 

Radius (m) 0.25 0.25 0.25 0.25 0.15 0.15 

Distance (m) 0.25 0.50 0.50 1 0.50 1 

Exposure time 
(min) 

30 30 60 60 30 60 

Dose rate mGy//h 7.63 2.40 2.46 0.67 2.64 0.68 

Effective dose mSv 2.4 0.77 1.55 0.42 0.83 0.42 

 

The obtained results (Table 4.30) indicated that the effective dose 

for scenarios 2, 4, 5, and 6 was less than the annual dose limit for 

the public [1mSv/year for the whole body]. In case of scenarios 1 

and 3, the effective dose was higher than the annual dose limit for 

the public and this may be due to stochastic effects. 
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In special circumstances, a higher value of effective dose could be 

allowed in a particular single year, provided that the average 

effective dose over 5 years does not exceed 1 mSv/ year (ICRP 

103, 2007)(52). 

Radiation dose reconstruction refers to the process of estimation 

for radiation doses that were received by populations in the past. 

The basic principle of radiation dose reconstruction and dose rate 

is to estimate the radiation effective dose to which populations 

have been exposed (5)
. 

Dose reconstruction has several applications in an accident 

situation, a rapid dose estimate is useful to guide medical decision 

making as to appropriate treatments (Health physics news, 

2010)
(33).  
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5. Introduction  

This study is concerned in radiation dosimetry in 

cases of normal and emergency situations. Following 2007 

ICRP
 (4)

 recommendations and its new terminology -

Internationally known as ICRP103. Individuals may be 

exposed in one of the following situations; planned 

exposure, existing exposure or emergency exposure 

situations. Furthermore, individuals could be workers, 

public or patients.  The present study covers radiation 

workers.  

In the present work, radiation detectors are divided 

into two categories: the first one is thermoluminescent 

materials such as TLD-100 and TLD-500 for measuring 

external radiation dosimetry for gamma irradiation unit, and 

within radiotherapy treatment room, the second was two 

vertical NaI(Tl) and HPGe detectors for measuring  the 

internal radiation dose and organ dose.  

 

5.1 For external dosimetry measurements, the average 

conversion factor for TLD-100 was 0.0479 ±0.0022 nC/µSv 

and for TLD-500 was 1.265 ±0.057 nC/µSv as shown in 

Tables (4.1) and (4.2). The aim of calculation the 

conversion factor (CF) for dosimeters is to correct the 

sensitivity of the TL materials and dose assessment. 
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Dose response for TLD: The effect of dose response for 

different TLD dosimeters such as TLD-100 and TLD-500 is 

represented in Tables (4.1) and (4.2). The relationship 

between gamma absorbed dose and TL output for TLD-100 

is linear, Figure (4.3). In this linear range, this dosimeter can 

be used in the field of health and medical physics dosimetry.  

The present results confirm that this TLD-100 is sensitive in 

the range from 10 µGy to 10 Gy, as shown in
 
Figure (4.3). 

This is illustrated too in the work of Morsi, T., 2003
 (74)

. In 

case of TLD-500, the relationship in Figure (4.4) shows a 

linear region. In this linear region, this dosimeter can be 

used in the field of environmental dosimetry. The present 

measurements confirm that this material very sensitive in 

the range from 0.05 µGy to 1 Gy. This result is in agreement 

with the result obtained by Salah, T., 2005 
(88)

. The authors 

have studied the influence of radiation dose on TLD-500 

dosimeters and found that the effect was linearly in the 

range of 0.5 -5Gy. 

5.2 For internal dosimetry, there are two techniques used. 

The first one is NaI(Tl) detector and the second is HPGe 

detector. The obtained data showed that the efficiency 

calibration factor for two NaI(Tl) whole body counter were 

5.24x10
-3

 and 7.22x10
-3

 C/s/Bq at 
40

K and 
131

I respectively. 
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The average background count rate was stable for 

NaI(Tl) whole body counter used at energy of 1.46 MeV 

and its value was found to be 0.571 ±0.014 C/s. This value 

is appropriate for the apparatus.  

The minimum detectable activity was evaluated in the 

region of interest at 
40

K and 
131

I. It is represented in Tables 

(4.12) and (4.15). The minimum detectable activity 

measured for whole body counter used was in a good 

agreement with the values obtained by Ramzaev, V.  et al. 

2002 
(82) 

, and IAEA, safety series 114 
(44)

 and found to be 

360 Bq. 

 

5.3 Normal exposures 

5.3.1 
40

K Measurements by using NaI (Tl) detector  

Natural potassium is a mixture of three isotopes: 
39

K, 
40

K 

and 
41

K with mass percentages of 93.08 %, 0.0118 % and 

6.91% respectively.  The adult man (70-kg) contains about 

140 g of potassium (Gupta, M.M. et al., 1976)
(28)

 and the 

abundant isotope 
40

K corresponds to 4400 Bq with a 11% 

probability of gamma ray emission. The recommended 

value according to the ICRP recommendation is 2 g K/kg 

for reference man, 4400 Bq of 
40

K [(ICRP Annual Report, 

1978) 
(49) 

and ICRP 30, 1979 
(53)

]. 
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The present measurements of the body burden activities 

inside the human being were scanned using two large 

vertical NaI (Tl) detectors WBC. Table (4-13) shows the 

total body potassium (TBK) content and potassium activity 

40
K for some individual males. The activity of

 40
K in males 

ranged from 2724 ±270 Bq to 7529 ±391Bq with an average 

activity of 5196 ±366 Bq. The total body potassium (TBK) 

content in males averaged 2.12 ±0.44 g K/kg. The activity
 
of 

40
K in females ranged from 2984 ±143 Bq to 6159 ±542 Bq 

with an average of 4118.5 ±317 Bq. The TBK content in 

females averaged 1.96 ±0.51 g K/kg. Consequently, the 

internal exposure due to 
40

K of males is 180 ±37 µSv and 

for females 167 ±43 µSv.  

From K-40 activity results, it is clear that 
40

K activity 

for females is less than for males. The results from Table 

(5.1) showed that the average total body 
40

K activities (5196 

Bq) for males was greater than recommended value by 15 % 

(recommended value 4400 Bq for reference man) and the 

obtained value for females (4118.5 Bq) was less than  

recommended value by 6 %.  
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Table 5.1 the obtained results for average TBK content, 
40

K activity and 

annual effective dose for males and females. 

 
Sex  No. of 

Individual 
 

Average 

body mass 

kg 

Average 

activity for 
40

K (Bq) 

g 
 
K/kg Average 

TBK 

g 

Mean 

effective 

dose (µSv) 

Male  192 81.80 ±13 5196.0 ±366 2.12 ±0.44 169 ±29 180 ±37.7 

Female  47 70.72 ±12 4118.5 ±317 1.96 ±0.51 135 ±33 167 ±43.8 

 

The present work results for total body activity 
40

K 

are in good agreement with previous results measured by 

Taha, M. Taha, 1996
 (92)

, 
 
and different due to the number 

of individuals from the results obtained by Badwy, Wael M., 

2005 
(6)

, because they used the first whole body counter 

established in Egypt, 1969 [NaI(Tl), 10 cm×20 cm] to 

estimate the amount of radioactive potassium (
40

K) and total 

body potassium content (TBK) in the human body, as 

shown in Table (5.2) 

 
Table (5.2) Average 

40
K activity measured compared to the previous 

results for males and females. 

 
Author N0  of Individual 

40
K (Bq) 

 Male Female  Male Female  

T.M.Taha, et al. 1996 42 22 4835 3818 

W.M.Badawy, et al. 2005 17  4425  

The present work , 2010 192 47 5196 ±366 4118.5 ±317 

 

The present results for natural potassium K are 

closely compared to the previous results obtained by Abdel 

Wahab, M.S et al. 1992 
(1)

,  and are in agreement with the 
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results obtained by  Taha, Taha M., 1996
(92)

, 
 
but the results 

obtained by Lynch et al.,  2004 
(65)

 was less than the present 

work results, (Table 5.3). TBK is dependent on sex, age, 

body index, body fat, food system, and environment. This 

decrease in TBK for females may be contributing to the less 

body index than male. Accordingly, the ratio of flesh to 

bone in case of females showed slightly less compared to 

that of males. 

Table (5.3) Average TBK determined by different authors compared to 

the present work for males and females. 

 
Author N0  of Individual  (g K/kg) 

 Male Female  Male Female  

M.T.Abass, et al. 1994
(86)
 120 both sexes 2.65 2.42 

T.M.Taha, et al. 1996
(26)
 42 22 2.1 1.7 

T.P.Lynch, et al. 2004 
(99)

 2037 248 1.68 ±0.30 1.41 ±0.30 

The present work  192 47 2.12 ±0.44 1.96 ±0.51 
 

Potassium is an essential element, and is under close 

homeostatic control in the body. The average mass 

concentration for an adult male is about 2 g of potassium per 

kg of body mass. The isotopic ratio of 
40

K is 1.18×10
-4

 and 

the average activity concentration of 
40

K in the human body 

is about 60 Bq/kg (UNSCEAR, 1988) 
(95)

. The distribution 

of potassium for selected subjects in the human body and 

the corresponding absorbed dose rates are presented in 

Table (5.1).  
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5.4 Accidental exposures 

5.4.1 Dose rate distribution around radiotherapy unit 

           Shield (inside room) 

By using TLD-500 dosimeters to estimate the 

radiation dose rate distribution inside Co-60 (radiotherapy 

unit). In the event if the source doesn’t return back to the 

shield, the operator has to enter the room to recover the 

source to the normal situation. For this situation dose rate 

measured were between 0.18 to 0.88 µSv/s for the field area 

10x11.5 cm
2
 and 0.62 to 1.16 µSv/s for the field area 24x6 

cm
2
. Table (4.6) presents the dose around the shield of 

radiotherapy unit by using Al2O3 dopped carbon dosimeters; 

exposure time was 98 (s) and field area 10x11.5 cm
2
.  

 Salah, T.,  2005 
(88)

 applied TLD-500 dosimeters for 

measuring radiation exposure of aircrew to cosmic 

radiation. They found that the radiation dose ranged 

between 3 to 7 mSv/y depending on the duration time of 

flying and altitude. So, this type of dosimeters can be applied 

in different field of dosimetry.    

In case of emergency (if the source doesn’t return 

back to the shield), the scenario of the accident was 

supposed to be according to the measurements by TLD-500 

dosimeters where the period elapsed to deal with the 

problem inside the room is crucial. This study showed that if 

an operator has to enter the room to solve the problem he 
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will receive a dose depending on his position and the time 

required for solving this problem. 

5.4.2  Dose rate assessment for Cobalt irradiation unit 

The results from Table (4-8) represent the average 

dose rate was 5.3 ±0.44 mGy/s for cobalt irradiation unit by 

using about 20 Lithium Fluoride (TLD-100) dosimeters, and 

was about 1.9 K rad/h at 2006. The data showed that the 

thermoluminescence dosimeters are very useful to identify 

the dose rate for the gamma irradiation facility.  

5.4.3  Measurement of 
131

I by using FASTSCAN  

In the present work 239 individuals were monitored 

by using FASTSCAN, 
131

I was not detected in 218, 

furthermore, 
131

I was detected in 21, nine individuals were 

counted just after intake and 12 were counted after several 

periods. These 21 persons were contaminated with 
131

I 

through inhalation during work. The selected workers under 

investigation were working at nuclear medicine unit. By 

using dose conversion factor due to inhalation and ingestion 

of 
131

I. Committed effective dose (CED) was estimated for 

some nuclear medicine workers and other technician dealing 

with open sources. The radiation workers were classified 

into two groups:   
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The first group, workers were monitored directly after 

intake of 
131

I, and the estimated values of the CED ranged 

from 2.11 to 157.22 µSv, (Table 4.17).   

The second group, where labors were counted several days 

after intake. Initial activity for all contaminant workers were 

calculated by using decay equation,  A = A0 e
-λt
, and 

effective half live for 
131

I (Gomaa, M. A. et al. 1983)
(26)

. 

Hence, the initial dose due inhalation was assessed and 

found to be in the range from 7.85 to 2231.50 µSv, Table 

(4.18a) and Table (4.18b). 

TLD dosimeters were used for external dosimetry 

measurements, where external exposures of nuclear 

medicine workers were ranged from 0.5 to 2.5 mSv per 

year. Therefore the results formerly obtained indicated that 

the total dose (external and internal) for exposed nuclear 

medicine workers was less than the annual dose limit (20 

mSv per year).  

Rizk, R.A.M., et al., 2006 
(83)

 used high purity 

germanium detector to estimate the iodine 131 intake for 

some nuclear medicine workers. They found that the 

average internal dose per year for the National Cancer 

Institute workers was varied from 2.8 to 15 mSv, for El-

Hussein hospital was varied from 0.65 to 1.75 mSv, and for 

the Misr Radiology Center was ranged from 0.35 to 11 mSv. 
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The present work leads to the conclusion that the 

FASTSCAN measurements would be more suitable and 

precise for the examination for great number of 

contaminated subjects.  

5.4.4 Thyroid dose assessment by using HPGe 

          detector  

The committed dose equivalents for some individuals 

contaminated with 
131

I have been measured in screening 

geometry using organ dose equivalent conversion factor of 

2.92x10
-7

 Sv/Bq (James E. Martin, 2006)
 (60)

, Table (4.24). 

The committed dose equivalents of 
131

I measured in thyroid 

of some individuals were ranged from 10.80  ±0.76 to 60.60 

±0.52 µSv in screening position. 

After intake of 
131

I, 30% is transport to the thyroid 

gland and the other 70% is excreting directly in urine via the 

urinary bladder 
(74)

. The biological half-life time in blood is 

known to be 6 hrs. Iodine-131 incorporated into thyroid 

hormones leaves the gland with a biological half-life of 80 

day and enters other tissues, where it is retained with a 

biological half-life of 12 d (ICRP Publication 30, 1979)
 (53)

. 

Iodine-131 has a short effective half live of 7.3day; 

therefore the human body will get rid of it after seven half-

lifes. The obtained results indicate that the dose for all 

exposed workers is less than 1 mSv. 
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5.5  Dose reconstruction calculations  

Three radiation events were studied, the first one was 

known as the radiation accident at Meet Halfa, Qaluobyia, 

Egypt occurred on June 2000 was involved 
192

Ir, 

The second event occurred on June 2004 was a transport 

accident involving 
99m

Tc, and 

The third event occurred on January 2008 was a transport 

event involving 
131

I. 

 

5.5.1 Meet Halfa Radiation Accident, in 2000  

The accident occurred following the loss of an 

industrial gamma source for radiography. A farmer from 

Meet Halfa found the source and took it to the house 

occupied by his family. The sequence of events followed 

were developed over a period of seven weeks from the time 

the source was found on May 5
th

 in 2000, until the day of its 

retrieval from the house by national authorities on June 26
th
 

in 2000. This industrial source was used for welding and 

inspection. The effective dose rates were 151 mSv/h at 1m 

on May 5
th

, and 93 mSv/hr at 1m on June 2000. Radiation 

levels on June 26
th
 in 2000 were ranged from 10 µSv/h at 

the entrance of the house to 10 mSv/h at the end of the 

corridor facing the entrance of the utility room where the 

source was found (El-Naggar, A.M., et al., 2001) 
(16)

. 
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Six different scenarios have been proposed by using 

different values of exposure time and distance from the 
192

Ir 

source. The scenarios 1, 3, and 6 were the scenario 

confirmed for the younger son, and his father, the victims of 

this accident. The total dose received for the younger son 

was about 5.765 Gy until June 5
th
 in 2000, which was his 

death date and the dose for his father was about 7.657 Gy 

until June 16
th
, which was too his death date. The scenarios 

1, 2, and 6 were confirmed for the younger daughter, her 

dose was about 3.287 Gy. This dose caused for her localized 

skin burns and ulceration (nonstochastic effects). 

Appendix 3 presents in details the estimated dose received 

for all scenarios from the first day of exposure, and then the 

source became into possession of the family until 26
th
 of 

June in 2000, the day the source was retrieved to the 

authority, its activity was 7.156TBq.   

These results are within the range if they compared with the 

results obtained by El-Naggar, A.M., et al., 2001
 (16)

, the 

authors found that the dose was ranged from 7.5 to 8 Gy for 

father, and was ranged from 5 to 6 Gy for the younger son, 

and was ranged from 3.5 to 4 Gy for the younger daughter. 

Da Silva, F.C.A., et al., 2000 
(15)
 used experimental and 

theoretical methods to reconstruct the radiation dose for 

accident occurred for an operator of industrial gamma 
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radiography. The author objective was to determine the real 

dose received by the operator. The radiological accident was 

occurred during the maintenance and the source was stuck 

inside the internal channel of the device. The operator 

received an effective dose of 88.10 mSv, recorded by the 

individual monitor, and dose equivalent to the hands high 

enough to provoke deterministic effects with serious lesions 

to the fingers of the left hand, 21 days after the occurrence 

of the radiological accident. The author measured the 

reconstructive dose due to the radiological accident as 

follow: Thumb 15,400 mGy, first finger 13,000 mGy, 

second finger 1,400 mGy, third finger 1,000 mGy, fourth 

finger 600 mGy, plam 2,184 mGy. These equivalent doses 

caused serious lesions to the operator’s hand. 

Meet Halfa radiation accident was classified by using the 

International Nuclear Events Scale (INES, as shown in 

appendix 3) as Level 4, which is the first level for accident 

classification. In general, this scale applies to emergencies 

involving: sources, transport, severe over-exposure, and 

terrorist threats or criminal activities. For source emergency 

(level 4), it includes number of threats among them; lost or 

stolen of dangerous sources. There are typically several 

fatalities among the public resulting from unaware of the 

hazards, handling dangerous sources. Among the most 
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common types of transported dangerous sources as in the 

Meet Halfa case. The most likely hazards are from remote 

exposure sources failing to retract correctly. Fire or 

mechanical damage impairing the shielding, or integrating 

sources lead to radiation hazards.  

192
Ir source found in Meet Halfa which caused the accident 

is classified according to the categorization of sources by 

the IAEA in category 2 (A=1.165 TBq, D = 0.08 TBq, and 

A/D = 14.5) (IAEA, the International Nuclear and 

Radiological Event Scale, 2009)
(40)

. 

5.5.2 Lessons Learned from Meet Halfa accident: 

1. Accidents caused by lost, stolen, or neglected sources 

are special cases because the radiation-exposure patterns 

of the victims and the accident scenarios are always 

different. 

2. The accident at Meet Halfa provides several insights 

and defines generic lessons to be learned by the 

concerned authorities, source operators, manufacturers, 

and individuals responsible for the safety of radiation 

sources. 

3.  The accident at Meet Halfa should have credibility of 

information given to the public and the continual updating 

of that information. 
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4. The persons exposed at the accident reported to 

hospitals, but their symptoms were not initially diagnosed 

as being caused by radiation exposure. Medical doctors 

are unable to recognize radiation injury, they need 

information and training about the basic symptoms of 

radiation exposure.  

5. An adequate system of information is essential to 

avert panic on the public. In general, the public should be 

made aware of what radiation is and of its applications.  

6. An adequate system of social support should be 

provided to the irradiated persons following a radiation 

accident.  

7. In general, a program of inspection of radiological 

equipment and facilities is very important for safety of the 

public.  

8. Legal persons need to maintain accurate inventory 

records of their radioactive sources. The purpose of these 

records is to identify the current location of sources, 

enabling any losses to be quickly identified, and verifying 

serial numbers of returned sources prior to disposal. 
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5.5.3 Actions taken by the Egyptian National            

Authorities after the occurrence of Meet Halfa 

radiation accident: The following decisions have been 

taken; 

1- Directive 204, was issued by minister of health in 14
th
 

of August 2000; It contains items dealing with Licensing 

process (Samia M Rashad, 2002) 
(86)

:  

• Places of storage of sources.  

• Means of handling spent sources.  

• Inventory of radiation sources.  

• Qualification of radiographer assistant.  

• Role of radiation protection expert.  

• Updating and enforcing regulation at the different 

national ports (airports, seaports...). 

2- Many training events were organized, by the EAEA 

     staff in cooperation with other institutions having role 

     in response to radiation accidents. 

3- An action plan was proposed by Atomic Energy 

Authority staff for 2002-2003 to be executed in 

cooperation with IAEA by the agency regional project 

RAF/09/29, covering many topics to maintain 

radiological emergency preparedness. 
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5.5.4 Transport accident associated with the radioactive  

material (
99m

Tc), in 2004 
 

Transport incident was occurred on the highway from 

Cairo to Aswan at El Minya city, (Higher Egypt), on June 

16
th
, in 2004. Type (A) package containing 

99m
Tc generator 

was shipped to Sohag institute for cancer treatment. The 

incident was occurred when the driver of the vehicle, lost 

control and ran off the road and overturned. Policemen 

being the first on the scene of the incident and they 

transferred the affected passengers to the nearest hospital. 

The minister of environmental affairs was informed that, it 

was radiation incident, and he notified the Egyptian atomic 

energy authority. The EAEA informed the responsible 

officer, at the Civil Defense administration in Cairo. He was 

on line with the civil defense officer at El Minya city and 

gave him the required advice. 

A radiological specialist from El Minya university hospital 

was invited to make the necessary measurements and 

assessment. No abnormal radiation levels were detected. 

The event was classified level zero on the International 

Nuclear Event Scale (INES). 

After the occurrence of this transport incident, the main 

drawbacks can be summarized in the following; 
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• There is no radiological emergency planning and 

preparedness at governorates level. 

• A complete regulatory rule for the safe transport of 

sealed and opened sources does not exist. 

5.5.5  New drafted regulatory rule for safe transport of 

            radioactive material  

The National Center for Nuclear Safety and Radiation 

Control drafted a new regulatory rule. The drafted rule 

includes many requirements to achieve safe transport and 

proper response during accident conditions. (Samia M. 

Rashad, 2006)
(87)

 

5.5.6 Checklist for safe transport of radioactive 

             materials 

The following requirements have to be checked by 

the regulatory authority before giving permission for road 

transportation of radioactive materials inside the country. 

- Markings,  Labels, Placards, Transport 

Documents  

- The Condition of the vehicle  

- Qualifications of the driver and the 

accompanying technician 

- Means of Communications on the vehicle.  

- The driver and the accompanying technical 

person should be provided with permission 

(regulatory authority) to carry radioactive 



Chapter 5                                                                           Discussion  

 188 

material, emergency phone numbers, simplified 

format for prompt notification.  

- Safety data sheets with the necessary instructions for 

first aid actions.  

- The address and contact details of the 

concerned radiation protection expert.    

5.5.7 Transport accident containing radioactive  

             material, in 2008 

The incident occurred on the road at Maragha Village, 

in the way to Sohag Governorate on January 27
th
 in 2008 at 

13.30 pm. A car carried passengers and a package of 

radioactive material was damaged during its passage on this 

way, the source was directed to nuclear medicine unit of 

Sohag Oncology Institute. The incident was led to a 

complete destruction of the radioactive material package, 

which dropped on the road. Source properties of 
131

I, 

activity: 5.55 GBq, and Half-life time: 8.04 d. 

The obtained results Table (4.30) indicated that the effective 

dose for scenarios 2, 4, 5, and 6 was less than the annual 

dose limit for the public [1mSv/year for the whole body]. In 

case of scenarios 1 and 3, the effective dose was higher than 

the annual dose limit for the public and this may be due to 

stochastic effects. The event was classified by using the 

International Nuclear Events Scale as level 1.  
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In special circumstances, a higher value of effective dose 

could be allowed in a particular single year, provided that 

the average effective dose over 5 years does not exceed 1 

mSv/ year (ICRP 103, 2007)
(52)

. 

Dose reconstruction method was applied to accident 

situation in which a rapid dose estimation is useful to guide 

medical decision to appropriate treatment (Health physics 

news, 2010) 
(5)

. 
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Conclusions 

 

• External dosimetry: TLD was used to assess dose 

rate in case if the source doesn’t return back to the 

shield and very useful as dosimeters to identify the 

dose rate for gamma irradiation facility. 

• In case of emergency: The obtained results by TLD 

dosimeters present a useful tool for finding out the 

dose distribution at different points inside the 

radiotherapy treatment room. 

• In case of emergency (if the source doesn’t return 

back to the shield), the scenario of the accident was 

supposed to be according to the measurements by 

TLD-500 dosimeters, where the time needed to deal 

with this the problem is crucial. This work showed 

that if an operator has intended to solve overdose 

problem, he will receive a dose depending on his 

position and the time required for solving the 

problem.  

• Internal Dosimetry: The results from 
40
K activity 

showed that the average total body 
40
K activities for 

males was greater than recommended value by 15 %  

and the value for females was less than same  
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recommended value by 6 %. TBK is dependent on 

sex, age, body mass, body build  index, body fat, 

food system, and environment. This decrease in TBK 

for females may be contributed to the less body index 

than male. In addition to, flesh to bone ratio in case 

of females showed slightly less value compared to 

that of males. 

• The obtained results by using FASTSCAN (WBC) 

showed that the CED for individuals exposed to
 131
I 

was less than the annual dose limit recommended by 

ICRP 103, 2007 (20 mSv/y).  

•  Thyroid dose by using ACCUSCAN-II measurement 

showed that the CED for some individuals inhaled to 

131
I was less than the annual dose limit (20mSv/y). 

• For dose reconstruction: Meet Halfa accident was 

classified using the International Nuclear and 

Radiological Events Scale (INES) Level 4. The 

transport accident containing
 99m

Tc
 
was classified 

using the INES as level-zero, and the transport 

accident containing
 131
I was classified as level-1. The 

activity of the source
 192
Ir caused the Meet Halfa 

accident was classified IAEA as category 2. 
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Recommendations 

 

• The FASTSCAN (WBC) NaI(Tl) measurements 

would be more suitable for rapid examination of 

large number in a short period of contaminated 

occupational workers in case of normal and 

emergency situations. 

• The ACCUSCAN II (WBC) HPGe detector 

measurements would be more suitable because of its 

dual mode for the examination of organ and whole 

body contaminated individuals.  

• Workers must checked for personal contamination by 

using hand and foot monitor and whole body counter 

when working with radioactive material. 

• Workers must be checked for personnel 

contamination before, during and after work. Mouth 

pipetting, eating, drinking, and smoking are 

prohibited in a radioactive area, or radioactive 

storage area when working with radioactive material. 

• During preparation of radioactive material in nuclear 

medicine Lab, operators should be work in fume 

hood to prevent contamination.  



Recommendations  

193 

 

• Radiation workers must wear personnel dosimeter in 

the radiation zone. 

• Air sampling requirements and locations will be 

specified in the radiological work area. 

• All equipments used in radiation area must be 

calibrated. 

• Enclosures and containers housing of radioactive 

material must be labeled showing the date and 

amount of radioactive material. 

• Workers must wear appropriate protective clothing, 

apron, gloves and safety glasses or suitable filter 

mask. 

• Radiation labor should reduce the radiation dose by 

using time, distance, and shielding. 
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1- Radiation Quantities and Units 

1-1 Exposure  

Is the quotient of dQ by dm, where dQ is the absolute value of 

the total charge of the ions of one sign produced in air when 

all the electrons liberated by photons in a volume element of 

air having mass dm are completely stopped in air, the unit of 

exposure is noted as roentgen. One roentgen is equal to 2.58 x 

10
-4

 C/kg.  

 X = dQ / dm                             (1) 

1-2 Absorbed dose:  

The absorbed dose D, is the quotient of dE/dm, where dE is the 

mean energy imparted by ionizing radiation to matter of mass 

dm,  

     D = dE /dm                                 (2) 

The SI unit for absorbed dose is 1 J/kg and its name is the gray 

(Gy). The older unit of dose is the rad, representing 100 erg/g 

(i.e. 1 Gy = 100 rad). 

1-3  Organ dose: 

The organ dose is defined as the mean dose DT in a specified 

tissue or organ T of the human body, which is given by:  

                 (3) 

Where:  
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εT is the mean total energy imparted by radiation in a tissue or 

organ T, and mT is the mass of that tissue or organ. 

1-4 Equivalent dose to organ or tissue:  

Denoted as HT,R,  is the absorbed dose in an organ or tissue 

multiplied by the relevant radiation weighting  factor, thus 

           HT,R = WR .DT,R                  (4) 

Where DT,R  is the absorbed dose averaged over the 

tissue or organ T , due to radiation R and WR is the radiation 

weighting factor for radiation R.  Table (1-1) presents the 

radiation weighting factor for different types of radiation.  

          HT.R = ∑ WR .DT.R                  (5) 

1-5 Committed Equivalent Dose [HT(τ)] 

The time integral of the equivalent dose rate in a particular 

tissue or organ that will be received by an individual following 

intake of radioactive material into the body, where τ is the 

integration time following the intake. 

1-6 Equivalent Dose (HT): 

The dose in a tissue or organ T given by: 

   HT = ∑R wR DT,R                      (6) 
 

Where DT,R is the mean absorbed dose from radiation R in a 

tissue or organ T, and wR is the radiation weighting factor.  
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Table (1-1) Radiation Weighting Factors Recommended 
by ICRP -103(2007). 

Radiation type Radiation weighting factor, 

wR 
Photons, all energies 1 
Electron and muons 1 

Protons and charge pions 2 
Alpha particles, fission fragments, heavy nuclei 20 

Neutrons  
<   10 keV 5 

10 keV to 100 keV 10 
>   100 keV to 2 MeV 20 
>   2 MeV to 20 MeV 10 

>   20 MeV 5 

 
The SI unit of equivalent dose is J/kg and its name is the sievert (Sv); the old unit 

is the rem and the relationship between the two units is 1Sv = 100 rem. 

 

1-7 Effective dose:  

It is a summation of the equivalent dose in tissues or organ.  

Each multiplied by the appropriate tissue weighting factor.  

And equal to the following expression. 

                             (7)   

 E =  

     E =              (8) 

                       

Where:  HT is the equivalent dose in tissue weighting factor 

for tissue or organ T and WT is the tissue weighting factor for 

tissue T. 
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1-8 Tissue Weighting Factor (wT): 

The factor by which the equivalent dose in a tissue or organ is 

weighted to represent the relative contributions of that tissue or 

organ to the total detriment resulting from uniform irradiation 

of the body. Table (1-2) presents the ICRP recommendation 

for tissue weighting factors  

Table (1-2) ICRP Recommendation for tissue weighting factors  
in publication 103 (2007). 

 
Tissue or organ Tissue weighting factor, wt 

Bone surface 0.01 
Bladder 0.04 
Breast 0.12 
Colon 0.12 
Gonads  0.08 
Liver 0.04 
Lung 0.12 
Oesophagus 0.04 
Red bone marrow 0.12 
Skin 0.01 
Stomach 0.12 
Thyroid 0.04 
Remainder 0.12 
Brain  0.01 
Salivary glands 0.01 
Total whole body 1.00 

 

1-9 Committed Effective Dose [E(τ)]: 

The sum of the products of the committed equivalent doses in 

organs or tissues and the appropriate organ or tissue weighting 

factors (wT), where τ is the integration time in years following 
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the intake. The integration time is 50 y for adult and to age 70 

years for children. 

 

In the event of an accident exposure of an individual may be 

external or internal and may be incurred by various pathways. 

External exposure may be due to direct irradiation from the 

source, airborne radionuclides in the air, radionuclides 

deposited onto the ground and onto person’s clothing and skin. 

Internal exposure follows from the inhalation of radioactive 

material either directly from a plume or re-suspended from 

contaminated surfaces, from the ingestion of contaminated 

food and water or through contaminated wounds (IAEA-

TECDOC-1162, 2000) 
(46)

. 

Total effective dose can be calculated by taking into account 

all dominant routes by which individuals were exposed in an 

accident. 

ET = Eext + Einh +Eing              (9) 

Where:  

ET = Total effective dose 

Eext = Effective dose from external radiation 

Eext = Committed effective dose from inhalation 
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Eext = Committed effective dose from ingestion 

1-10 Dose limit 

The value of the effective dose or the equivalent dose to 

individuals from planned exposure situations that shall not be 

exceeded, see table (I-1). 

2- Units of Radioactivity 

2-1 Activity  

The activity A of an amount of a radionuclide in a 

particular energy state at a given time is the quotient of dN by 

dt, where dN is the number of spontaneous nuclear 

transformations from that energy state in the time interval dt 

(James E. Martin, 2006)
(60)

:  

 = N =( )N                 (10) 

Where: 

λ is the decay constant of the radioactive nucleus; N is the 

number of radioactive nuclides (atoms); t1/2 is the half-life of 

the radioactive nucleus. The SI unit of activity is 1 s
–1

 and its 

name is the Becquerel (Bq), representing one nuclear 

transformation (disintegration or decay) per second (i.e. 1 Bq = 

1 s
–1

). The older unit of activity is the curie (Ci), representing 

3.7 × 10
10

 s
–1

 (i.e. 1 Ci = 37 GBq).  
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2-2 Specific Activity:   

The concentration of radioactivity, or the relationship between 

the mass of radioactive material and the activity is called the 

specific activity, specific activity is the number of Becquerel's 

per unit mass or volume (Thormod Henriksen and H. David 

Maillie, 1997) 
(93)

. 
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2- 1 Calibration of TLD System 

Experimental conditions and procedures for studying the 

different parameters affecting the accuracy of the TL 

dosimeters are carried out electronic stability of the measuring 

system. The electronic stability of the TLD reader was long 

and short checked using the build in carbon 14 activated CaF2: 

Eu source fixed inside the TLD drawer mount.  It is using for 

calibration and electronic stability check of the TLD reader. 

The daily, weekly and the whole experimental evaluations of 

TLD reader statistical fluctuations are presented in tabulated 

form, as noted in table (2-1). 
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Table (2-1) check of TL signal reproducibility of Harshaw 4000 TL-reader 

(using built in reference light source) 
Day 

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 Xd σσσσn-1 
σσσσn-1% 

1. 1225 1221 1229 1215 1233 1219 1209 1247 1201 1211 1221.0 13.27 1.087 

2. 1197 1205 1216 1265 1219 1239 1233 1207 1218 1200 1216.9 14.92 1.230 

3. 1213 1215 1235 1216 1213 1201 1219 1203 1210 1199 1212.4 10.43 0.860 

4. 1206 1225 1237 1216 1217 1213 1225 1221 1209 1217 1218.6 8.95 0.734 

5. 1211 1214 1219 1208 1213 1225 1223 1237 1239 1220 1220.9 10.47 0.858 

1
st
 week                                                                                                                                

                                                                                                                                               = 1217.96      = 11.61   

6. 1223 1217 1239 1207 1201 1229 1240 1238 1215 1203 1221.2 14.96 1.225 

7. 1236 1207 1233 1221 1227 1229 1245 1243 1218 1222 1228.1 11.69 0.925 

8. 1201 1205 1217 1229 1218 1237 1245 1206 1219 1231 1220.8 14.55 1.192 

9. 1212 1219 1221 1247 1233 1237 1225 1232 1229 1213 1226.8 11.00 0.900 

10. 1301 1276 1297 1295 1316 1313 1285 1267 1286 1314 1295.0 16.64 1.28 

2
nd
 week                                                                                                                             

                                                                                                                                              = 1238.38     = 13.77            

11. 1296 1289 1301 1305 1216 1314 1282 1267 1291 1295 1295.6 14.68 1.132 

12. 1281 1301 1322 1315 1303 1307 1316 1286 1317 1296 1304.4 13.71 1.051 

13. 1301 1296 1286 1305 1315 1297 1281 1296 1291 1287 1295.5 9.98 0.770 

14. 1276 1281 1301 1267 1257 1256 1307 1297 1284 1262 1278.8 18.49 1.446 

15. 1280 1311 1310 1297 1288 1307 1297 1274 1281 1275 1292.0 14.35 1.110 

3
rd 
week                                                                                                                           

                                                                                                                                              = 1293.26     = 14.24    

16. 1297 1291 1265 1298 1267 1301 1309 1286 1227 1236 1277.7 28.16 2.200 

17. 1309 1319 1297 1291 1267 1294 1276 1285 1236 1295 1286.9 23.24 1.810 
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Day 
X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 Xd σσσσn-1 

σσσσn-1% 

18. 1235 1267 1291 1278 1271 1263 1262 1250 1269 1263 1264.9 15.07 1.190 

19. 1267 1292 1261 1301 1311 1295 1266 1313 1307 1269 1288.2 20.45 1.590 

20. 1287 1292 1320 1364 1267 1290 1285 1267 1305 1307 1298.4 28.44 2.190 

4
th 
week                                                                                                                                

                                                                                                                                                 = 1283.22   = 23.07        

21. 1251 1326 1333 1268 1251 1301 1267 1251 1287 1281 1281.6 30.23 2.360 

22. 1208 1225 1219 1247 1243 1205 1239 1211 1220 1208 1222.5 15.55 1.272 

23. 1229 1233 1207 1236 1239 1214 1206 1208 1234 1250 1225.6 15.61 1.274 

24. 1301 1218 1307 1311 1300 1291 1275 1313 1300 1281 1289.7 28.03 2.173 

25. 1281 1311 1318 1288 1279 1301 1312 1284 1305 1310 1298.9 14.55 1.120 

5
th 
week                                                                                                                                 

                                                                                                                                                   = 1263.66   = 20.79       

 

 

    = 1259    
 

   = ±17.4    
 

 ±1.32% 
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2-2 Batch non uniformity 

Table (2-2) show the statistical fluctuation of the TL-signals due 

to the under investigated gamma irradiated TL samples. The 

different TL sample detectors type were irradiated to a test 

gamma dose 0.77mSv in case of CaF2: Mn. The TL output 

repetition of these TL samples was measured 24 hrs post gamma 

irradiation.  

The concluded results showed that the induced statistical 

error of TL samples was found to be not exceeding than 1.6%.   

Where: 

X n    = {Σd (Xd)
 2 
}
1/2
 ,  

σ n-1 = { ∑d (σ n-1)
2
 }

1/2 
. 

n: indicate non-uniformity 
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Table (2-2): TL output signals for CaF2:Mn, test gamma dose 0.77mSv 

 

Day 
X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 Xd σσσσn-1 

σσσσn-1 % 

1. 2450 2459 2420 2480 2500 2390 2412 2420 2380 2510 2442.1 44.97 1.84 

2. 2479 2429 2490 2515 2367 2410 2423 2415 2507 2394 2442.9 51.024 2.089 

3. 2398 2378 2410 2478 2486 2419 2525 2502 2422 2483 2450.1 50.256 2.011 

4. 2427 2421 2439 2425 2439 2502 2410 2365 2410 2409 2424.7 34.393 1.418 

5. 2462 2439 2486 2435 2426 2429 2390 2410 2436 2479 2439.2 29.578 1.213 

6. 2510 2433 2479 2452 2479 2381 2492 2475 2438 2444 2458.3 36.842 1.499 

7. 2399 2421 2378 2485 2412 2471 2476 2450 2412 2469 2437.3 37.423 1.535 

8. 2517 2434 2395 2445 2439 2461 2455 2426 2491 2428 2449.1 34.633 1.414 

9. 2472 2426 2475 2450 2426 2438 2477 2392 2515 2426 2449.7 35.431 1.446 

10 2397 2418 2450 2503 2489 2427 2415 2420 2435 2416 2437.0 34.169 1.402 

      
 

 = ±38.9 

    

 = ±1.6% 
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3- Radiological Accident at Meet Halfa  

Six different scenarios have been studied using different values of 

time of exposure and distance from the 
192

Ir source. Table (3) 

presents the accumulated dose for all scenarios from the first day 

the source was found and came into possession of the family to 

June 26, 2000 the day the source was retrieved to AEA.   
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Table (3) proposed six scenarios and doses for some cases exposed to 
192
Ir 

Estimated dose received for six scenarios  Remaining 

Activity (Ci) 

Date No. 

6 

mGy 

5 

mGy 

4 

mGy 

3 

mGy 

2 

mGy 

1  

7 h 6 h 1h 1h 15 min  Daily exposure time 

10m 3m 6m 1m 1m  Distance from source 
10.60 100.98 4.20 151.467 37.87 31.490 5/5/2000 1 

10.50 100.04 4.17 150.062 37.52 31.198 6/5/20 2 

10.41 99.11 4.13 148.662 37.17 30.907 7/5/ 3 

10.31 98.19 4.09 147.277 36.82 30.619 8/5 4 

10.21 97.27 4.05 145.906 36.48 30.334 9/5 5 

10.12 96.36 4.01 144.535 36.13 30.051 10/5 6 

10.02 95.47 3.98 143.198 35.80 29.771 11/5 7 

9.93 94.58 3.94 141.866 35.47 

3 s at 1cm, followed 

10 min at 20cm for 

father and 3 s at 

1cm for the other 

persons  

(once) 

29.494 12/5 8 

9.84 93.69 3.90 140.543 35.14  29.219 13/5 9 

9.75 92.82 3.87 139.230 34.81  28.946 14/5 10 

9.66 91.95 3.83 137.931 34.48  28.676 15/5 11 

9.57 91.10 3.80 136.647 34.16  28.409 16/5 12 

9.48 90.25 3.76 135.372 33.84  28.144 17/5 13 

9.39 89.41 3.73 134.112 33.53  27.882 18/5 14 

9.30 88.57 3.69 132.862 33.22  27.622 19/5 15 

9.21 87.75 3.66 131.626 32.91  27.365 20/5 16 

9.13 86.96 3.62 130.447 32.61  27.120 21/5 17 

9.04 86.12 3.59 129.182 32.30  26.857 22/5 18 

8.96 85.32 3.56 127.980 32.00  26.607 23/5 19 

8.87 84.52 3.52 126.782 31.70  26.358 24/5 20 

8.79 83.74 3.49 125.603 31.40  26.113 25/5 21 

8.71 82.95 3.46 124.430 31.11  25.869 26/5 22 



 

 218 

 
8.63 82.18 3.42 123.270 30.82  25.628 27/5 23 

8.55 81.41 3.39 122.121 30.53  25.389 28/5 24 

8.47 80.86 3.36 120.986 30.25  25.153 29/5 25 

8.39 79.90 3.33 119.855 29.96  24.918 30/5 26 

8.31 79.16 3.30 118.740 29.69  24.686 31/5 27 

8.23 78.42 3.27 117.633 29.41  24.456 1/6 28 

8.16 77.69 3.24 116.536 29.13  24.228 2/6 29 

8.08 76.97 3.21 115.450 28.86  24.002 3/6 30 

8.01 76.25 3.18 114.372 28.59  23.778 4/6 31 

7.93 

∑0.295Gy 

75.54 

∑2.805Gy 

3.15 

∑0.117Gy 

113.309 

∑4.208Gy 

28.33 

∑1.042 Gy 

1.262 for the rest of 

family 

23.557 5/6/200 
younger 

son died 

32 

7.86 74.83 3.12 112.250 28.06  23.337 6/6 33 

7.78 74.14 3.09 111.207 27.80  23.120 7/6 34 

7.71 73.45 3.06 110.168 27.54  22.904 8/6 35 

7.64 72.76 3.03 109.144 27.29  22.691 9/6 36 

7.57 72.08 3.00 108.124 27.03  22.479 10/6 37 

7.50 71.41 2.97 107.119 26.78  22.270 11/6 38 

7.43 70.75 2.95 106.118 26.53  22.062 12/6 39 

7.36 70.08 2.92 105.127 26.28 21.856 13/6 40 

7.29 69.43 2.89 104.151 26.04 21.653 14/6 41 

7.22 68.79 2.87 103.179 25.79 

 

21.451 15/6 42 

7.16 

∑0.377Gy 

68.14 

∑3.594Gy 

2.84 

∑0.150Gy 

102.217 

∑5.387Gy 

25.55 

∑1.337 Gy 

1.893Gy for father 21.251 16/6 
Father 

died 

43 

7.09 67.51 2.81 101.265 25.32  21.053 17/6 44 

7.02 66.88 2.79 100.322 25.08  20.857 18/6 45 

6.96 66.26 2.76 99.384 24.85  20.662 19/6 46 

6.89 65.64 2.74 98.461 24.62  20.470 20/6 47 
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6.83 65.03 2.71 97.542 24.39  20.279 21/6 48 

6.76 64.42 2.68 96.633 24.16  20.090 22/6 49 

6.70 63.82 2.66 95.733 23.93  19.903 23/6 50 

6.64 63.23 2.63 94.838 23.71  19.717 24/6 51 

6.58 62.64 2.61 93.953 23.49  19.533 25/6 52 

6.52 

∑0.445Gy 

62.05 

∑4.239Gy 

2.59 

∑0.177Gy 

93.078 

∑6.358Gy 

23.27 

∑1.580 Gy 

 19.351 26/6/2000 
the 

source 

retrieved 

to EAEA 

53 
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The International Nuclear and Radiological Event Scale 
(40)
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	� ا������� 

 ��� آ��� �� ا�����ت ا������� ��� ا� ���%��ا ��$ا#! ا"�	!ا��ت ا� ���� ا��

وا�$را'� وا�1 �'� و�� ا��/.ث ا��
��� ا,�+ *� ا����ض ا�)��'� #��� '!د 

�� ه4ا ا����لاآ��� ��
  و>;:��ات "�#��  ا� ���� �=� >;:��ات أن ه74 و–  �� ا����

  ا� �����=�74!م ا�"�	!ام ا���� � %����  وذ�A ا���@�و�%?�ن ��;*�ة '
� ا>�=� 

��� .ا��

�� ه4ا ا����ل�� درا"� ����H Iت ا� إا��/F ا=!ف ه#4 ��
J�� �K ا��#4 #����
.ن �

�� ا�M���.NوH!ات  آA�4 ا�� ا� .وى ووH!ات� �� ا� ���� ا����� آ� O�!	�?�ا� 

�� ا�� ا��Qج�R��� !Hااتو K���  ه74 ا�!را"� ا�� ����� و>=!ف أ#������S  ا��

�� ا�/��ت ا���د#� ����س ا���'�ت ا�!ا*
�O وا�	�رO�T ا��! ا�)��'� آ�Vءة أT=$ة 

 .��Hت ا�.ارىءو

X<�S#ا�/�ارى  إ I��.ز ا��=T ام!	�"Z� ��
�� ه4ا ا��/F ا�Tاء ا����"�ت ا��� 

)TLD-4000 (!م و	?��ا� ��إ"�	!ام  >X �� آ.	�ر��c��Tس ا���'� ا�)��'�� ا�

دا*�  ا� ��ط ا�)��'� ����س TACCUSCAN II    FASTSCAN and=�زى

 X?Tو%.'�� ا�%?�ن ���آ  A�4وآ  ��
��cس ا���'�ت ا��� >�1 ا�� ا�'�Sء ا�!ا*

?�
�X ��� ��cة ا�!ر!Jا�. 

X<A�4ا��.>�"�.م >�!#�%?��   آK��� ا��  �� X?T ا�%?�نا���R����'ا�) ا��� ��'�� 

 K�
��� ا� �>�� �� ا��.>�"�.م وا��.د ا�����
�� وH!ات ا��  آ��)ا�4آ.ر وا�%�ث ( 

�� دا*� ��1 ا�*�ى ا� .و#�و'!دا �� ا�� �;تا� .وى  .  

�
�� ا�	�ر��� ا���� ���ل ���س������ت ����  : ا

 ���'�  وذ�A ���!#� ��!ل ا� TLD-500 ����س ا���'�ت"�	!ام إ >X ا�ولا�����

��q �*دا ��Tر�	ا�)��'�� ا�O �'��(ج ا�Q�
�O#ا�4ر �c� �;"�	!ام �1!ر  �=�@� ا�

 M���.٦٠آ Aوذ�  �
 >t��.( X: Xا(�� ���H '!م '.دة ا��1!را�� ا�.KR ا�,
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�J��
�� H) peratoro( ���H?�ب ��!ل ا���'� � �
 ا�� ا���K  ا��1!رر�Tع �>!*

 KR.اا���t  ،ل ا���'وآ�ن!�� �}�� ا�� ١٨~٠ �� ���  ا�)��'�� �� ه4ا ا��

�� �N��  /���Hو"��Vت ٨٨~٠ ��%�: .T1!رد )��ع ��و�ره�   ا�!c O�H�?� 
2cm11.5x .010١٦~١ ا�� ٦٢~٠ �� ��!ل ا���'� ا�)��'�� ��اوح# و 

  .c OH�?� 2 cm60x24!ره��1!ر �� ا�  )��ع ��' ! وT.د:�%�� / ���Nو"��Vت 

وذ�A �/?�ب ��!ل  TLD-100 ����س ا���'�ت'
� ا����س >X   ا������ ا�"�!�

 ��."� وآ�ن ) �� ا��M���.N*� ��1!ر ا����� �.H!ة ا�����K( ا���'� ا�)��'�� 


� "��Vت H   4.40±  05.3.ا������'� ا�)��'ا���!ل 
�/  O�%�: ء���N# ��� ٩~١ 

  ."�'O/  راد �
.آ

�� ا��ا$
�#���س����   ا���� ا

 X<"اما!	� K#�?ز ا��! ا��=T )FASTSCAN ( س������
  ا���'� ا�)��'�� ا�!ا*

)�

��)ا��
.ث ا�!ا*���
 ا��� �وآ�%M  .ارىء ا����Hو ا���د#� ��  �� ا�/� ا��= ��� �


�=� ا�!را"�' M�< ن �� ا���.N�< 192�� ��
X< !c و  �� ا�%�ث47 ا�4آ.ر و  ا����

 �
 - :ا������ا� ���� ا�/1.ل '

�
�� ���H ا�4آ.ر آ�ن ��."� ا� ��ط ا�)��'� � K� 5196   366 ± .>�"�.م ا��

�#�N�� ا�%�ث آ�ن ���H ��أ�� ��� ?�� �
�.>�"�.م . ���N#� 4118.5   317 ± و 

 ������ ���H ا�4آ.ر   ��."�  >�آ�$ ا��.>�"�.م��Nنا��.T.د �� X?T ا�%?�ن ا� 

2.12 ±0.44  .
�� ���H ا�%�ث آ�ن أ��  �� آ�
� ا��?�T Xام�Tام �.>�"�.م ��N آ�

 وه74 ا� ���� . �� آ�
� ا��?�TXام �.>�"�.م ��N آ�
. �Tام  0.51± 1.96 ا���."�

 -:�.R/� ����!ول ا�����
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Sex  No. of 
Individual  

Average 
body mass 

(kg) 

Average 
activity  40K  

(Bq) 

g  K/kg Average 
TBK  

g 

Average 
effective 

dose (µSv) 

Male  192 81.80 5196.0 ± 366 2.12 ±0.44 169 ±29 180 ±37 

Female  47 70.72 4118.5 ± 317 1.96 ±0.51 135 ±33 167 ±43 

 
�� ���H ا�4آ.ر ا����� #�S+ ان ��."� %?�� ا��.>�"�.م �!ول ا�?��{�� %���� ا�  

 )�Tام ��N آ�
. �Tام ٢ (� �� ا�)��عا�
� � ا�!و��� �
.�c# ذآ�>=�'
� �� ا���X ا��� أ

  ��? �٦  % -%�N��� ا�� ان %. �2 ?��  اM �c أ�� �� ���H ا�%�ث �R��� �".�� 

����% ����Vا� �>� '� ا��.>�"�.ما���'� ا� �
 ���Nو ١٨٠ 37±  آ�ن ا����ض ا�!ا*

  - ر�� ���H ا�4آ.)  ���Nو"��Vت " .#�١٧٦ا'
� �� ا���X ا�!و��� وه� (  "��Vت

 7ه4و   .)أ�c �� ا���X ا�!و��� (  ���Nو"��Vت١٦٧ ±43�M%�N  أ�� �� ���H ا�%�ث

�� >�.c¥ا��� �
  وMc ا����سO ا�O�/1ا�/��وا���� وآ�
� ا��?X آA�4 � ¦ وا�  %.ع '

�� ا�� د��� � �ء �R��� X?ا�� ) Body Build Index ( و�� . ا����Kا� ��م ا�4Jا

 
�� ا��  ���Hذ�	م ا>!'�� و��I  وH!ات ا�� ا� .وى  ا�Tاءات ا�.�c#� ا�� �"�� آ�� 

�� ��Hت X�١٣١ ا"�	!ام آ���ت آ���ة �� ا��.د ا���F�H # K ا������ ا�*�ى 

 – ٤~٧ ذات %��ط إ)��'�  #��اوح �� وه74 ا�N���ت ��V1 دور#�  وا���	��ا��Qج

١~١١�#�N�� ���T  . !cو X<س��c  ���c �'��(ث ا�.
 �1!ر ا��.د ا���K ا� �>� '�ا��

 A.'���وذ����ز ��=T ام!	�"�� ��
  -: آ�� #
� FASTSCAN �� ا����


���  ا� ��ط ا�)��'� و��=� >��c Xسا�,�,+� ا�و�����
 ��! ا"� ��ق ��دة   ا��= ���

K�و>H X?�ب ا���'� ا�)��'�� وا��� آ�%M   ��"�	!ام T=�ز ا��! ا�?�#Kا��.د ا��

 .���Nو"��Vت  157.22 1±.��73  ا2.11 ±0.63  ��>��اوح


�� ا��= ��� ��! و��=�    ا�,�,+� ا�"�!�����
���ة ز� �� >��c Xس ا� ��ط ا�)��'� �

 �=74 ا����.'� >H X?�ب ا� ��ط ا�)��'�:X ��دة ا��.د ا���K  إ"� ��ق �� ��� �
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��ق!ا#� ا�' ! � ��"�	!ام ���د�� *�,� �
/1.ل '
� �c�� ا� ��ط ا�)��'� �" 

 �� ا�)��'�� �و>�اوح �!ى ا���'، و������� H?�ب �c�� ا���'�ت ا�)��'�� � =�

  .���Nو"��Vت 87± 2231.50 ا�� ±1.32 7.85

 �� #�S+ ان ا���'� ا�)��'��  �� ه4ة ا�!را"Oا��� >X ا�/1.ل '
�=��� ا� ��


�� آ�%M اH �� �c! ا���'� ا�)��'�� ا�? .ى���

� "��Vت٢٠ ( �O  ا��?�.ح�
� / 

� "(. 

 ��
�/� ��I ا���اد ا���� X<و ��ا��?�	!��� ���دة *Qت ا��.را%�.م ا��� >?�	!م 

ª�,  I�� 74ام ه!	�"� ����% ��
ا��� �ت ��%�/# O�� H!وث >
.ث �=»�ء ا����

 '!م وT.د وR+ ه»�ء ا���اد �Z"�	!ام T=�ز ا��!  ا�?�#�N�� �/V  Kو. ا���دة


.ث ا)< �'���X=O�.
 . وذ�A %���� �>	�ذ ا�Tاءات و>!ا��� ا�.�c#� �� ا�)��ع ا��

 
 ه4ا ا��=�ز نأوFASTSCAN  !c +R ا�?�#T K=�ز ا��!�Z"�	!ام ���"�ت ا� �Tاءإ


.ث ا�)��'� ا�V�  �#4/� '!د آ��� �� ا���ادذات آ�Vءة�
���ة ��  >��R.ا �

 .  O�7��1cز� 

  X<س��c �'ا  ا�)��'��ا��� I��� ��cة ا�!ر!Jا� �� �@��N�ا���
�� وH!ات  ���� 

  ��ACCUSCAN II"�	!ام T=�ز  ا��.د ا���K  ��دة%���� ا"� ��قا�� ا� .وى 

�{ ا� ��وة� ا�4ى #��� ���@� ا�)��'�� ا���'� وآ�%�NM)¥ ا�����%�.م �N�اوح  ا���< 

 �c�� H! ا���'�وه� ا�N��   ، �� �cو"��Vت± 60.6  0.52ا�� 0.76 ± 10.8  ��


� "��Vت٢٠( ا��?�.ح �O ا�)��'�� ا�? .ى 
� /� " .( 

،  �<�1�M دا*�  ا)��'�� �H �:Q.ادث>X درا"� وا'�دة >���X ا���'� ا�)��'�� �


�V ا�)��'� ا�4ى  �Hدثا�ولH M�� Kc٢٠٠٠  '�م��#. ٥ #.م و � X#!#�#1!ر ا��-

١٩٢K��=4ا ا�/�دث  "�� "� �ر#.ه�ت وX<KR و  ، و>��O� MR ا"�O#�1� 7 ا��

 �
' !���<
��' ��� ا���'� ا�)��'��  وآ�%O�، M وز�� ا����ض  �� ا��1!ر ا��?�

�
��اد ا�"�ة ا��� >��MR �=4ا ا��1!ر آ�� #�:- 
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  ا���'� ا�)��'�� �Qب  ، �Tاى٧٦٥~٥آ�%��Q  M ا�,�Jا���'� ا�)��'�� �

 M%اى ٦٥٧~٧آ��T ،  �=� ا���  إ)��'�� "�#��>;:��اتوه74 ا���'�ت ��.< !cو 

�J,ا�  �� ٦ ��
���ض �=74  ٢٠٠٠ #.%�O '�م ١٦ #.%�O  و>.�� ا�ب � ����%

 وه� �T'� >�اآ���T  Oاى٢٨٧~٣ ا���'� ا�)��'�� �O �Q ا�����وآ�%M  .ا���'�ت

�#!
T وق�Hه�ت و.� ا��1!ر '.دة #.م ٢٠٠٠ #.%�� ٢٦ ��H >�ر# H!ث � =� >

 .� ا���c ا�4ر#� ه�@ا��


	��١٦ �� :  ث ا�����د�ا����
�م ���� أ���ء ��� ٢٠٠٤ ��م  �����دة ا�� -٩٩ 

	%�0%+ ا23اء ا��
�/�ت 0�ا/*. وا��� �-�,+م �� ا�*) ا���وى و Tcm99(( ا�&

 . و3�د أى �-2ب ا=%��� ��
>. �;:ا ا��9دث�7
6 �+م ا�-5*�ت ا�&,�4.

�� :  ا�$��دث �ا�. Kcا��.د ��دة '�.7 �=� أ: �ء %�� ٢٠٠٨ '�م  # �#�٢٧و K� ا��

١٣١}#�
� ا�'�" !cا���ه�ة ا�� ا".ان و �� K#�?ا� M 7.ا�?��رة ه74 ا��� �� 

�
"�� و>X درا"� . ��.7 �� ا� ا�)��'����ت ا��#{ وH!ث ��I ا��?�'

��' �

�"� �ر#.ه�ت >���! '���� ا��  �Oوز�� ا����ض  �� ا��1!ر ا��?��R��� 

� إ%���ر¥1%c  ��N? �دة ا���وض74 وه ا��Vول ا����� ا�!���� �/R.� :- 

Scenario 1 2 3 4 5 6 

Radius (m) 0.25 0.25 0.25 0.25 0.15 0.15 

Distance (m) 0.25 0.50 0.50 1 0.50 1 
Exposure time (min) 30 30 60 60 30 60 

Dose rate mGy//h 7.63 2.40 2.46 0.67 2.64 0.68 

Effective dose mSv 2.4 0.77 1.55 0.42 0.83 0.42 

  

�6 ه:�� ا�49�لا����@� ا���  �;
5� C ه�ت� ا�� أن ا�>�2. ا=�رت ا�-
��ر

�,=F� .
��%=G&4+ر صا�;:ا ا�ا �I2%� 6�6 ا�: �Jا �;K%0 >&;�ر آ�ن�6 ا� 


2Pت١(  ا�&���M.N+ ا�>�2./ �55����/ (���R�ه�ت ا� �2اS0 وا آ&� �� ا�-
��ر
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�M 6+ ا�>�2. أآ��X ا�>�2. ا�&���N.  وا�W%7 ا2VG وا�,��U وا�-�دس �5�

 .آ&� �� �M��� ا�-
��ر� اGول وا��R�Zا�-��ى ا�&-&�ح 0	 

 
�K ا� .و#� وا�)��'�� ��! � ���²و�c.س ا�!و�� ��1 �¥ ا�����
< X< 1� M�� دث�H ¥

 �V
H��� ?�.ى�ا�Kا���
ا� .و#O �?�.ى �� ا�/.ادث  ا�����س وه. اول  ه4ا '


� أول �?�.ى ا����F و,��V?�.ى  ا���%� ��¥ ا�/�د:�X<  < 1 وc! .وا�)��'��' 

 . %V¦ ا�����س



 

 


	�� ا�زه�� 
)���� (آ��� ا���م   

 


�ت ا�����
ت � �� ���
��#"! � ا����� ا�
 ا��
د � وا�&
ر$�

 

�	!"	 ��
 ر(
�� إ  

 0/. ا�-�, 
ء

	�� ا�زه�) ����(آ��� ا���م �  

��4 ��23ل ��� در�� �
ا�-�, 
ء �� ) ا�-�/-�ةدآ�را( ا��  
  

�	 

    طارق محمود مرسى علىطارق محمود مرسى علىطارق محمود مرسى علىطارق محمود مرسى على


ء ,�� ���/�
	و � 6  
2003 

 #3; إ��اف

 أ د/ 	43! أ�4! 	43د ��4>
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Radiation Dosimetry in Cases of Normal and Emergency 

Situations 
 ���� ا���اف :

 م االسم الوظيفة التوقيع

حممد امساعيل اجلوهرى·د·أ  كلية العلوم جامعة االزهر–استاذ الفيزياء احليوية املتفرغ    ١ 

 ٢  حممد أمحد مجعة · د·أ  هيئة الطاقة الذرية–أستاذ الفيزياء االشعاعية املتفرغ  

 ٣   ساميه حممد رشاد· د·أ  هيئة الطاقة الذرية-أستاذ الطوارىء االشعاعية املتفرغ   

 ٤ د عيد مصطفى على  هيئة الطاقة الذرية–أستاذ متفرغ  
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 م االسم الوظيفة التوقيع

حممد امساعيل اجلوهرى  · د·أ  كلية العلوم جامعة االزهر–استاذ الفيزياء احليوية املتفرغ    ١ 

 ٢  مجعة حممودحممد امحد  · د·أ  هيئة الطاقة الذرية–أستاذ الفيزياء االشعاعية املتفرغ  

 ٣  عبد الكرمي سالمةعايدة  · د·أ  بنات كلية العلوم جامعة االزهر–استاذ الفيزياء احليوية املتفرغ  

مى للقياس واملعايرةملعهد القوباأستاذ الفيزياء االشعاعية املتفرغ   عيسى حممد  هدى · د·أ   ٤ 
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