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ABSTRACT
This study aimed to determine hematological changes, in particular white blood cell count
(WBC), red blood cell count (RBC) and platelets count for X-ray technicians at three centers
in

Libya. The study aimed to identify the effect of radiation on hematological parameters

and their relation to duration of the work in radiation field. Following informed consent,
seventy six individuals; and fifty apparently healthy volunteer X-ray technicians worked 8
hours a day for five days per week, and age and sex matched twenty six unexposed healthy
controls were enrolled. WBCs, RBCs and platelets cell count were determined for all
participants. This study was conducted in Libya (Tripoli Central Hospital TCH, Tripoli
Medical Center TMC and Cancer Center Misurata MCC in collaboration with The National
Rabat University Faculty of Radiology and Nuclear Medicine Collage., Khartoum., Sudan
during the year of 2015 - 2017. Both groups met with exclusion criteria as per standard.
Hematological parameters were observed by using a blood cell auto analyzer. Significant
correlation between increased with increased duration of work. Radiation field worker (X-ray
technicians) showed a statistically significant increased (p<0.01 and p<0.05) in the mean
values of platelets count and white blood cells, respectively when in comparison to controls.
However, no significant difference was observed in the rest of hematological parameters
between the groups. Its concluded that long-term of work to low X-ray dose may cause a low
degree of severity of diseases which is expressed in term of hematological changes.

IV

مستخلص
هدفت هذه الدراسة إلى تحديد التغيرات الدموية وخاصة خاليا الدم البيضاء ،خاليا الدم الحمراء
والصفائح الدموية تقني األشعة السينية في ثالثة مراكز في ليبيا .وهدفت الدراسة أيضا إلى التعرف على
تأثير اإلشعاع على مكونات الدم وعالقتها بمدة العمل في مجال اإلشعاع  .وبعد الموافقة المسبقة تم اختيار
العينة عشوائيا وهي مكونة من ستة وسبعون فراد ؛  50فردا من التقنيين األصحاء العاملين في األشعة
السينية بدوام عمل  8ساعات في اليوم لمدة خمسة أيام في األسبوع ،وتمت مطابقتها بمجموعة مكونة من
 26األصحاء ليس لهم عالقة باإلشعاع كالمجموعة الضابطة وتم عدد الكريات الدم البيضاء ،عدد كرات
الدم الحمراء وخاليا الصفائح الدموية لجميع المشاركين باستخدام جهاز عدد مكونات الدم  .أجريت هذه
الدراسة في ليبيا (مستشفى طرابلس المركزي  ،مركز طرابلس الطبي ومركز السرطان مصرانه و
بالتعاون مع جامعة الرباط الوطني كلية األشعة والطب النووي  ،الخرطوم ،السودان خالل عام
 2017 - 2015و تم تطبيق معايير االستبعاد على العينة .أظهرت نتائج تحاليل الدم عالقة ذات داللة
إحصائية بين زيادة التغيرات الدموية مع زيادة مدة العمل لدى تقني األشعة السينية P. value <0.01
)  )and <0.05في متوسط عدد الصفائح الدموية وخاليا الدم البيضاء ،على التوالي بالمقارنة مع
المجموعة الضابطة ولم يالحظ أي اختالف كبير في بقية مكونات الدم بين المجموعتين.آن تأثير التعرض
إلى جرعات من األشعة السنية القليلة ولفترات طويلة تودي إلى حدوث تغيرات دموية تسبب بعض

اإلمراض.
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CHAPTER ONE

0

Introduction
X-ray is part of the electromagnetic energy traveling waves which includes radio waves,
microwaves, and visible light. X-ray is a form of ionizing radiations produced by firing
electrons at a heavy metal target. These ionizing radiations penetrate the living tissues and
can destroy living cells or make them functionally abnormal [1].
Ionizing radiations including alpha, beta and gamma rays and neutrons with sufficient energy
to generate ion pairs i.e. electrons, which can generate chemically active free radicals these in
turn can damage the molecular structure resulting in cell dysfunction (somatic effect) or
mutations (genetic damage) [2]. Recently National cancer institute (NCI) of USA considering
adding medical x-ray to human carcinogenic list [3]. Workers over exposed to x-ray
radiations are prone to develop life-threatening diseases often related with hematopoietic
system. In view of the fact that, the hematopoietic system is highly sensitive to radiation and
the peripheral blood count may well serve as a biological indicator of such damage [4].
blood cell count has maintained a time –honored position in hematological analysis as a
screening test for various hematological as well as non-hematological disease states. Being a
simple, inexpensive, side room test, the blood cell count is especially valuable for diagnostic
and prognostic purposes in silent illnesses including chronic diseases. In addition, blood cells
examination allows the clinicians to achieve broad differential diagnostic impressions [5].The
blood cell count remains fairly constant in healthy persons and is affected by many factors
including occupational hazards [6]. High or low blood cell count even in healthy looking
subjects leads to suspicion of disease. Though, the importance of blood cell count was
discussed in numerous studies that have addressed the effects of partial or total body
irradiation on peripheral blood cell count and most of the studies were focused on high dose
radiation received accidentally or therapeutically [7-8]. While many studies dwelled on the
high dose radiation hazards these scanty information on the radiation hazards produced in the
personal working in the clinical radiology departments specially the probable change in the
basic hematological parameters e.g., RBCs , WBCs and Platelets counts that can be used in
the evaluation of the harmful effects of X-ray radiations. Thus, the present study aims at
recording hematological findings in workers exposed to low x-ray radiations and comparing
them with matched healthy non exposed controls , their relation to age and duration of the
practice in radiation field workers and to assess the level of personnel radiation monitoring in
radio-diagnostic departments in different hospitals at Libya and compare the mean effective
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annual doses received with the limit of 20 mSv/year of the International Commission of
Radiological Protection (ICRP).

1.2. Statement of the problem
•

The employees in some X-ray sections shall be exposed to a percentage of radiation

during performance of their work without following the means of prevention from radiation
amongst non-application of the personal dosimeters. The results in ignorance of the dosages
which the employees of such sections have received the extent of the resulting damage.
•

The employees in other radiation section shall also be exposed to a percentage of

radiation in spite of using the personal dosimeters, due to ignorance of the ideal

1.3. Objective of the study
1.3.1. General objectives
Assess effects of long-term low X-ray radiation dose on blood compounds of radiology staff
of health centers in Libya.

1.3.2. Specific Objectives:
The study aimed to identify the effect of X-ray radiation low dose on hematological
parameters and their relation to age and duration of the experience in X-ray technicians in
area of study.

❖

Proper understanding of the use of X-ray and their hazards to human health either

patient of a worker there in.

❖

Minimization of percentage of the harm or the biological effect on the bodies of the

X-ray technicians.

❖

Assessment of worker radiation dose received during practicing daily work.

❖

Assessment of quality control program

2

1.4. Hypothesis of Study
1.4.1. The basic hypothesis
There are significant differences between the application of Principles of radiation protection
in medical imaging departments using X-rays, and the amount of radiation dose received
among workers during practicing daily work.

1.4.2. The first hypothesis
This hypothesis stipulates that there are significant differences between the importance of
training in the field of radiation protection for workers in the field of medical imaging by
using X-rays, and the amount dose received during practice among workers their work of
daily.

1.5. Significance of the study
Derives its importance of research of the great role that could be carried out by evaluation of
prevention programs of the radiation inside the medical imaging departments by using Xrays, in Libyan hospitals to reduce the amount of exposure workers to radiation doses
undesirable during practice their work and spare them risk of exposure to these doses that
were few.

1.6. Limitation of the study
1.6.1. Objective limits:
Evaluation of prevention programs of radiation inside the medical imaging by using X-rays,
departments in several hospitals at area of study.

1.6.2. Humanity borders
In this study a total of seventy six subjects including (50) apparently healthy (male, Female)
X-ray technicians from different hospitals (Tripoli Central Hospital, Tripoli Medical Center,
Cancer Center Misurata , Misurata Central Hospital, Burn &Plastic surgery hospital – Libya)
with age ranging from 25-50 years were recruited. They were matched with another group of
26 apparently healthy control subjects in terms of age, sex and ethnic origin. Both groups met

3

with exclusion criteria as per standard with no past history of exposure to ionizing
radiation of work.

1.6.3. The spatial borders
Some of Libyan hospitals in different cities
• Tripoli Central Hospital ( TCH )
• The Tripoli Medical Center (TMC)
•

Misurata Cancer Center

•

Misurata Central Hospital (MCH)

•

Burn &Plastic surgery hospital (BPSH)

(MCC)

This study was conducted in the National Ribat University, College of Radiological and
Nuclear Medicine, Khartoum of Sudan.

1.6.4. Limitation time of the study 2015 – 2017
1.7. Thesis out line
This thesis include five chapters .Chapter one introduction, literatures review and previous
studies are shown in chapter two, Chapter three content material and methods. Were as
chapter four shows results of this work followed by chapter five which give discussions,
conclusion and recommendation. At the end of this there is the list of references followed by
appendixes.

1.8. Thesis out come
1- Paper One ( Effects of long-term exposure to low X-ray on the Blood consist of radiology
department

staff

of

health

centers

in

Libya

(Appendix

Page

90

-

94).

2- Paper Two ( Assessment of radiation dose and monitoring for X-ray technicians in the
radiology departments-Libya (Appendix Page 95 – 100).
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CHAPTER TWO

5

Health Effects of Exposure to Radiation

2.1. Introduction
Exposure to high levels of radiation is known to cause cancer and, at very high levels,
radiation poisoning and even death. But the effects on human health from very low doses of
radiation such as the doses from background radiation are extremely hard to determine
because there are so many other factors that can mask or distort the effects of radiation. For
example, if we compare people exposed to high radon levels to cigarette smokers, the latter
group is much more likely to develop lung cancer than nonsmokers. Lifestyle choices,
geographic locations, and individual sensitivities are difficult to account for when trying to
understand the health effects of background radiation. A United Nations committee in 2000
concluded that exposure to varying levels of background radiation does not significantly
affect cancer incidence (UNSCEAR 2000). In 2006, a committee of the National Academy of
Sciences suggested that while there may be some risk of cancer at the very low doses from
background radiation, that risk is small (NRC 2006). According to the International Agency
for Research on Cancer (IARC), “The impact of low dose radiation on the overall cancer
burden is difficult to quantify [9] . Still, while the overall risk for radiation-induced cancer is
low, it is greater for some types of cancer than others. For lung cancer caused by breathing
radon, the EPA estimates that there are as many as 21,000 deaths each year in the United
States, which is about 13 percent of all lung-cancer deaths. Some scientists consider that
number as an upper bound on the potential deaths from radon exposure. Of the 21,000 lung
cancer deaths from radon inhalation, only 2,900—or roughly 14 percent—are from
nonsmokers.
Smoking, of course, is the number one cause of lung cancer and secondhand smoke ranks
third. The total lung cancer deaths directly related to smoking (first or secondhand) exceeds
190,000 people per year [10]. There is even some credible scientific evidence that there is a
beneficial effect from exposure to low levels of radiation-an effect called homesick. There is
no evidence of increased risk of diseases from naturally occurring radiation other than that of
cancer. Total environmental causes and contributors to cancer are difficult to accurately
6

identify, given the varying degrees of exposure any one person may have compared to
another based on the time and space in which they exist. Also, in most cases there are
combinations of potential cancer triggers that a person is exposed to throughout his or her life
in varying degrees and duration. Of course, some catalysts are more easily recognized than
others. As the IARC states, “Some agents within this scope of environmental, lifestyle,
occupational and radiation-related exposures have already been identified as major causes of
cancer, particularly tobacco smoking and exposure to ultraviolet radiation [9].

2.2. Ionizing Radiation
Ionizing radiation is radiation with enough energy so that during an interaction with an atom,
it can remove tightly bound electrons from the orbit of an atom, causing the atom to become
charged or ionized, Ionizing radiation is part of the nature and of human activities in
medicine , research, industry, energy production and military application[11].

2.2.1. Types of ionizing
Radiation damage starts at the cellular level . Radiation which is absorbed in a cell has the
potential to impact a variety of critical targets in the cell, the most important of which is the
DNA. Evidence that damage to the DNA is what cause cell death, mutation, and
carcinogenesis. The mechanism by which the damage occurs can happen via one of two
scenarios.
2.2.1.1.Direct Action.
In the first scenario, radiation may impact the DNA directly, causing ionization of atoms in
the DNA molecule. This can be visualized as a direct hit by the radiation on the DNA , and
thus is a fairly uncommon due to the small size of the target; the diameter of the DNA helix is
only about 2nm. Its estimated that the radiation must produce ionization within a few
nanometers of the DNA molecule in order for this action to occur.
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2.2.1.2. Indirect Action.
In this second scenario, the radiation interacts with non-critical target atoms or molecules,
usually water. This results in the production of free radicals, which are atoms or molecules
that have an unpaired electron and thus are highly reactive. These free radicals can then
attack critical targets such as the DNA because they are able to diffuse some distance in the
cell, the initial ionization event does not have to occur so close to the DNA in order to cause
damage. Thus, damage from indirect action is much common than damage from direct action,
especially for radiation that has a low specific ionization [12].

2.3. X- Rays
X-ray was discovered by Roentgen in1895 while studying cathode rays (stream of electrons)
in a gas tube. He observed that another type of radiation was produced (presumably by the
interaction of electrons with the glass walls of the tube) which could be detected outside the
tube. This radiation could penetrate opaque substances, produce fluorescence, blacken a
photographic plate, and ionize a gas. He named the new radiation x-ray [13].

2.4. X-rays Properties
The X-rays are a type of a high penetration electromagnetic radiation which is characterized
by a very short wave length. They are generated from electronic transfer between levels of
the energy in the atom. When the electron transfers from a high energy level to a low energy
level, the X –ray photons start out carrying the energy difference between the two levels and
they may be obtained on projecting a target by accelerated electrons. The X-rays have the
shortest wave length and the highest energies in comparison with other electromagnetic
radiation types. The X-rays wave length ranges from 1/100 to 100A0. The X-rays participate
also with the visible light in many properties, for example, the X-rays start out at light
velocity 3x108 m/s. The X-rays behavior may be compared to the visible light behavior, for
example, the X-rays penetrate the object more deeply than penetration of the visible light, due
to their high energy compared to the visible light energy. Also, they could not be easily
reflected (that is to say their reflection) or by the mirror as occurs to the light, because their
high energy makes them penetrate the mirror instead of their reflection on the surface. When
the X-rays fall on an object, the object absorbs such rays on the collision with the electrons
existing in their atom (the number of the electrons in the atom equals their atomic number).
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Therefore, the objects which their atoms have a large atomic number absorb the X-rays at a
high degree than the object which their atoms have small atomic number. The X-rays, when
passing in the object create also ionization in the atoms of such object. They cause also
florescence of a number of objects and influence the photography – used silver emulsions.
The intensity of the X-rays is measured by a unit called Roentgen ® and defined as
following:- The roentgen is a unit of radiation exposure , defined as the quantity of xradiation or gamma radiation that produces one electrostatic unit of charge per cubic
centimeter of air at standard temperature and pressure. They are the quantity of the radiation
which occurs by ionization in cm3 of the air under the pressure rate and temperature (P.R.T)
which result in a quantity of electrical charges amounting to 3.5x10 -10

Coulom'' .The

pressure rate and temperature mean that the amount of the gas under pressure is the amount
of the atmospheric pressure at sea level and at zero degree centigrade of temperature.

2.5. Production of the X-rays
The X-rays may be obtained in two methods:2.5.1. By using cathode
X-rays can be generated by an X-ray tube, a vacuum tube that uses a high voltage to
accelerate the electrons released by a hot cathode to a high velocity. The high velocity
electrons collide with a metal target, the anode, creating the X-rays, in medical X-ray tubes
the target is usually tungsten or a more crack-resistant alloy of rhenium (5%) and tungsten
(95%), but sometimes molybdenum for more specialized applications, such as when softer Xrays are needed as in mammography. In crystallography, a copper target is most common,
with cobalt often being used when fluorescence from iron content in the sample might
otherwise present a problem. The maximum energy of the produced X-ray photon is limited
by the energy of the incident electron, which is equal to the voltage on the tube times the
electron charge, so an 80 kV tube cannot create X-rays with an energy greater than 80 keV
[14].
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Figure. (2.1) Shows the Assembly of the Cathode- Ray Tube which is known as Kuledge
tube.

2.5.2. Using a Radioactive Substance (by fast positive ions)
X-rays can also be produced by fast protons or other positive ions. The proton-induced X-ray
emission or particle-induced X-ray emission is widely used as an analytical procedure. For
high energies, the production cross section is proportional to Z12Z2−4, where Z1 refers to
the atomic number of the ion, Z2 to that of the target atom [15].

Figure.(2.2) Shows production of the element characteristic-ray using radioactive substances.
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2.6. X-rays Spectra
Two different forms of energy propagation constitute the radiation spectra electromagnetic
radiation and corpuscular or particulate radiation [16].

Figure (2.3) show type of radiation in the electromagnetic spectra

2.6.1. Characteristic X-ray emission (X-ray fluorescence)
If the electron has enough energy it can knock an orbital electron out of the inner electron
shell of a metal atom, and as a result electrons from higher energy levels then fill up the
vacancy and X-ray photons are emitted. This process produces an emission spectrum of Xrays at a few discrete frequencies, sometimes referred to as the spectral lines. The spectral
lines generated depend on the target (anode) element used and thus are called characteristic
lines. Usually these are transitions from upper shells into K shell (called K lines), into L shell
(called L lines) and so on.

2.6.2. Bremsstrahlung
This is radiation given off by the electrons as they are scattered by the strong electric field
near the high-Z (protonnumber) nuclei. These X-rays have a continuous spectrum. The
intensity of the X-rays increases linearly with decreasing frequency, from zero at the energy
of the incident electrons, the voltage on the X-ray tube.So the resulting output of a tube
consists of a continuous bremsstrahlung spectrum falling off to zero at the tube voltage, plus
several spikes at the characteristic lines. The voltages used in diagnostic X-ray tubes range
from roughly 20 kV to 150 kV and thus the highest energies of the X-ray photons range from
roughly 20 keV to 150 keV[17].
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Figure . (2.4) show Characteristic of X-ray

Figure.(2.5) Shows Accelerated electron emits radiation
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Figure .(2.6) Show X-ray continuum Radiation Brehmsstrahlun

2.7. Reflection of X-ray
Rayleigh scattering is the dominant elastic scattering mechanism in the X-ray regime
[18].Inelastic forward scattering gives rise to the refractive index, which for X-rays is only
slightly below 1[19].

2.8. Absorption of X-rays
The probability of a photoelectric absorption per unit mass is approximately proportional
to Z3/E3, where Z is the atomic number and E is the energy of the incident photon. This rule is
not valid close to inner shell electron binding energies where there are abrupt changes in
interaction probability, so called absorption edges. However, the general trend of
high absorption coefficients and thus short penetration depths for low photon energies and
high atomic numbers is very strong. For soft tissue, photo absorption dominates up to about
26 keV photon energy where Compton scattering takes over. For higher atomic number
substances this limit is higher. The high amount of calcium (Z=20) in bones together with
their high density is what makes them show up so clearly on medical radiographs. A photo
absorbed photon transfers all its energy to the electron with which it interacts, thus ionizing
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the atom to which the electron was bound and producing a photoelectron that is likely to
ionize more atoms in its path. An outer electron will fill the vacant electron position and
produce either a characteristic photo or an Auger electron. These effects can be used for
elemental detection through X-ray spectroscopy or Auger electron spectroscopy [20].

2.9. Interaction of Ionizing Radiation
Radiation is energy transmitted through space in the form of electromagnetic waves or
particles. Radiation is usually classified into two categories: ionizing and non-ionizing
radiation. While crossing a medium, radiation undergoes various interactions depositing
energy in the medium. This deposition of energy is characterized as radiation dose, and if it
occurs in living tissues of Individuals, the endpoint effects will be biological changes most of
which are undesirable. The mechanisms by which different radiations interact in an absorbing
medium are fundamental to describing the amount of deposited energy, how the
characteristics of shield or other absorbers modify and affect radiation exposure and dose,
and the design of detectors to measure the various types of radiation based on their respective
interaction principles [21].

2.10. Radiation exposure
Is a measure of the ionization of air due to ionizing radiation from photons, that is, gamma
rays and X-rays [22]. It is defined to be the electric charge freed by the radiation divided by
the mass of the air. As a measure of radiation damage it is less useful than the analogous
concept of absorbed dose, nevertheless since exposure is convenient to measure directly
in gaseous ionization detectors and since it is easily converted to dose, it is commonly used in
the nuclear industry. The SI unit of exposure is the coulomb per kilogram (C/kg), however
the roentgen (R) is commonly used internationally in the nuclear industry[23].
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2.10.1. Types of exposure to radiation
2.10.1.1. External Exposure
May occur when airborne radioactive material (such as dust, liquid, or aerosols) is deposited
on skin or clothes. This type of radioactive material can often be removed from the body by
simply washing. Exposure to ionizing radiation can also result from irradiation from an
external source, such as medical radiation exposure from X-rays. External irradiation stops
when the radiation source is shielded or when the person moves outside the radiation field.
People can be exposed to ionizing radiation under different circumstances, at home or in
public places (public exposures), at their workplaces (occupational exposures), or in a
medical setting (as are patients, caregivers, and volunteers).Exposure to ionizing radiation
can be classified into 3 exposure situations. The first, planned exposure situations result from
the deliberate introduction and operation of radiation sources with specific purposes, as is the
case with the medical use of radiation for diagnosis or treatment of patients, or the use of
radiation in industry or research. The second type of situation, existing exposures, is where
exposure to radiation already exists, and a decision on control must be taken – for example,
exposure to radon in homes or workplaces or exposure to natural background radiation from
the environment. The last type, emergency exposure situations , result from unexpected
events requiring prompt response such as nuclear accidents or malicious acts. Medical use of
radiation accounts for 98 % of the population dose contribution from all artificial sources,
and represents 20% of the total population exposure. Annually worldwide, more than 3600
million diagnostic radiology examinations are performed, 37 million nuclear medicine
procedures are carried out, and 7.5 million radiotherapy treatments are given [24].
2.10.1.2. Internal Exposure
Internal radiation exposure hazards result from radioactive material that gets inside the body
when you breathe it or eat it or when it passes through your skin. Internal radioactive
materials produce radiation exposure the entire time they are in the body until the material is
no longer radioactive (it decays) or is removed naturally by the body. There is a form of
potassium found in everyone’s body that is radioactive (potassium 40 or 40K). It is a gamma
emitter. It was mentioned that external radiation exposure is unlikely from alpha and beta
particles. Internal exposure, however, can come from all types of radioactive materials if they
are inside the body. Once inside, much of the radiation energy will get absorbed in cells,
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tissues, and organs. The extent of an internal radiation dose is related to the amount of
material inside the body, where it goes in the body, how long it stays in the body, and the
type of radiation it emits. Unlike the skin on the outside of the body, there is nothing inside us
to protect cells and tissues from the potentially damaging effects of alpha and beta particles.
Alpha particles can be very hazardous internally because an alpha particle does not travel
very far and its energy is deposited within a small volume, increasing the chance of cell
death. Where the radioactive material travels when it is inside the body depends on what
organs or tissues in the body use the material—these are called target tissues or target organs.
For instance, our bones need calcium and when we eat something high in calcium, like milk,
our body takes the calcium to our bones. If the calcium is radioactive, our bones will absorb
that, too. If the material isn’t used by anything in our body, our body will get rid of it [25].
2.10.1.3. Acute Exposure to Radiation
A sudden exposure to radiation shall occur and continue for a short time. This occurs in
exposure to a radiation resulting from nuclear explosion such as atomic bombs; consequently,
a very big dosage produces. The human being may also exposes to an acute radiation on
radiotherapy.
2.10.1.4. Chronic Exposure to Radiation
In general, the amount and duration of radiation exposure affects the severity or type of
health effect. There are two broad categories of health effects: chronic (long-term) and acute
(short-term).Chronic exposure is continuous or intermittent exposure to radiation over a long
period of time. With chronic exposure, there is a delay between the exposure and the
observed health effect. These effects can include cancer and other health outcomes such as
benign tumors, cataracts, and potentially harmful genetic changes [26].
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2.11. Radiation Dose and Units
In all fields where there is need for quantitative measurements, it is necessary to have
understandable and precise quantities and units . Practically all courtiers use the SI system
(from French: The international System Unites) [27]. In the field of radiation dosimetry and
radiation protection, two other international organizations are active in relation to quantities
and unite. The international Commission on Radiation Unites and Measurements (ICRP)
which is mainly working with the physical aspects of dosimetry and the international
Commission Protection (ICRP) which mainly works with assessments and quantification of
the biological effects of radiation and provides recommendations and guidance on all aspects
of radiation protection against ionizing radiation [28]. The measured radiation to one of the
following unites:

2.11.1. Absorbed Does (D)
Absorbed does describes the amount of radiation absorbed by an object or person (that is , the
amount of energy that radioactive sources deposit in materials through which they pass) [29].
Given the unites Gray (GY) [28].

(2.9)

2.11.2. Exposure Does
Exposure describes the amount of radiation traveling through the air. Many radiation
monitors measure exposure. The unites for exposure are the roentgen (R) and
coulomb/Kilogram(C/Kg)[27].

2.11.3. Equivalent Does (H)
When living matter absorbs radiation, the radiation can produce a biological effect. Since
different types of ionizing radiation vary in how they interact with biological materials,
absorbed doses of equal value do not necessarily have equal biological effects. For example,
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1Gy of alpha radiation is more harmful to tissue than 1Gy of beta radiation. This is because
an alpha particle is more heavily charged and deposits its energy much more densely along its
path [29]. Radiation weighting factor (WR ) is used to equate different types of radiation with
different levels of biological effectiveness. The unites 1 Sv = (WR X GR ) [28].

(2.10)

Table (2.1). Tissue weighting factors according (ICRP 103) [29].

2.11.4. Effective Dose (E)
Effective dose (E) Sum of all equivalent doses weighting factor WT for tissue T the Unit
(Sv) [29].

( 2.11)
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2.12. Radiation protection of ionizing radiation
Source of radiation are features of the environment. Radiation and radioactive substances
have many beneficial applications, ranging from power generation to use in medicine,
industry and agriculture. The radiation risks to workers and the public and to the environment
that may arise from these applications have to be assessed and, if necessary controlled.
Radiation protection, sometimes known as radiological protection, is the science and practice
of protecting people and the environment from the harmful effects of ionizing radiation
.fundamental to radiation protection is the reduction of expected dose and the measuremental
of human dose uptake. For radiation protection and dosimetry assessment the international
Committee on radiation Protection (ICRP) and international Commission on Radiation Units
and Measurements (ICRP) have published recommendations and data which can be used to
calculate the biological effects on the human body, and set regulatory and guidance lim.
IAEA definition of radiation protection, the protection of people from the effects of ionizing
radiation, and the means for achieving this [30].
i. Radiation Protection Training
ii. Assessment of radiological risks at work places
iii. Area monitoring
iv. Individual monitoring of personnel
v. Control and characterization of radioactive material and waste
vi. Management of radioactive sources and waste
vii. Assessment of radiological risks related to new projects
Radiation protection can be divided into occupational radiation protection, which is the
protection of workers, medical radiation protection, which is the protection of patients and
public radiation protection, which is protection of individual members of the public, and of
the population as a whole. The types of exposure, as well as government regulations and legal
exposure limits are different for each of this group, so they are considered separately [31].
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2.12.1. General Principle of Radiation Protection
Any practice resulting in increased exposure to radiation should be carefully planned in
accordance with the three basic radiological protective principles as set out by the
International Commission on Radiological Protection (ICRP) in 1991 (ICRP Publication No.
60). These basic principles are:
2.12.1.1. Justification of a practice
any practice involving exposure should be justifiable, i.e. it produces more benefit to the
exposed individual or society than harm;
2.12.1.2. Optimization of protection
the magnitude of individual doses and the number of people exposed should be kept as low as
reasonably achievable, economic and social factor being taken into account.
2.12.1.3. Individual dose limits
the exposure of individuals will be subjected to dose limits to ensure that no individual is
exposed to radiation risks that are judged to be un acceptable.In the unlikely event of a
nuclear accident resulting in an increase of environmental radiation level, both ICRP
Publication No. 60 and No. 63 recommended implementation of interventions i.e. human
activities to reduce the overall exposure by altering the existing causes of exposure.
The basic principles for intervention are:

2.12.2. ALARA principle
ALARA (AS Low As Reasonably Achievable) is a safety principle designed to minimize
radiation doses and releases of radioactive materials. More than merely best practice,
ALARA is predicated on legal dose limits for regulatory compliance, and is a requirement for
all radiation safety programs [33]. The basic Current radiation safety philosophy is based on
the conservative assumption that radiation dose and its biological effects on living tissues are
modeled by a relationship known as the (Linear Hypothesis). The assertion is that every
radiation dose of any magnitude can produce some level of detrimental effects which may be
manifested as an increased risk of genetic mutations and cancer. Thus, the NCSU radiation
safety program attempts to lower doses received by radiation workers by utilizing practical,
cost effective measurement [34]. An effective ALARA program requires a commitment from
all relevant staff in your clinic or hospital: veterinarians and vet techs as well as any other
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personal who work in proximity to your radiology equipment, to maintain doses As low As
Reasonably Achievable, make sure staff follows these three major safety principles [33].
2.12.2.1. Time
The amount of radiation an individual accumulates will depend on how long the individual
stays in the radiation field because.
Dose = Dose Rate x Time

(2.12)

Therefore to limit a person's dose one can restrict the time spent in the area. The person is to
the source.
The inverse Square Law-Point source of x-ray and gamma radiation follow the inverse square
law which states that the intensity of the radiation (1) decreases in proportion to the inverse of
the distance from the source (d) squared.
Stay Time = Exposure Limit / Dose Rate

(2.13)

2.12.2.2. Distance
The amount of radiation an individual receives will also depend on how close
The person is to the source, [35].The Inverse Square Law - Point sources of x-ray
And gamma radiation follow the inverse square law which states that the intensity
Of the radiation (I) decreases in proportion to the inverse of the distance from the
Source (d) squared

(2.14)
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2.12.2.3. Shielding
Radiation shielding of personnel and the public at the work place means placing
a suitable material between the radioactive source and the personnel or public.

The

Radiation is attenuated and the effect may be completely eliminated or reduced to
An acceptable level, Some materials are more effective than others in shielding
Particular type of radiation, the type and amount of shielding material needed for
Shielding will vary with the type and quantity of radioactive

material being

Shielded [36]. When reducing the time or increasing the distance may not be possible one can
choose shielding material to reduce the external radiation hazard. The proper Material to use
depends on the type of radiation and its energy.

Figure.(2.7) :Show penetrating power of different kinds of ionizing radiation
Alpha particles are easily shielded. A thin piece of paper or several cm of air is usually
sufficient to stop them. Thus, alpha particles present no external Radiation hazard. Beta
particles are more penetrating than alpha particles. Beta Shields are usually made of
aluminum, brass, plastic, or other materials of low Atomic number to reduce the production
of bremsstrahlung radiation see figure (2.7) Mono energetic x-ray or gamma rays collimated
into a narrow beam are Attenuated exponentially through a
Shield according to the following equation:
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(2.15)

Where:
I= is the intensity outside of a shield of thickness x
Io= is the unshielded intensity
μ = is the linear attenuation coefficient of the shielding material
x = is the thickness of shielding material
The linear attenuation coefficient is the sum of the probabilities of Interaction per unit path
length by each of the three scattering and absorption Processes photoelectric effect, Compton
Effect, and pair production. Note that μ has dimensions of inverse length (1/cm). The
reciprocal of μ is defined as the mean free path, which is the average distance the photon
travels in an absorber before an interaction takes place. Because linear attenuation
coefficients are proportional to the absorber density, which usually does not have a unique
value but depends somewhat on the physical state of the material it is customary to use the
mass attenuation coefficient which removes density dependence.

(2.16)
Where: μ =Mass attenuation coefficient
ρ = density (g/cm3)
Using the mass attenuation coefficient instead of the linear attenuation coefficient,
The attenuation equation can be rewritten:

(2.17)
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2.13. External Exposure and Personal Monitoring
External radiation exposure is measured by personal monitoring devices. Personal monitoring
is required when it is likely that an individual will receive in 1 year a dose in excess of 10%
of the following:A total effective dose equivalent (sum of internal and external ) of 5 rem (0.05 Sv ) to the
whole body (head and trunk, upper arms, upper legs, active blood forming organs, gonads);
50 rem (0.5 mSv) to the skin of the whole body or any extremity ; 15 rem (0.15 Sv) to the
lens of the eye. Personal monitoring provides a permanent, legal record of an individual's
occupational exposure to radiation. If the body is exposed fairly uniformly, the dosimeter
should be worn on the trunk of the body. This will allow the dose to critical organs , gonads,
red bone morrow) to the accurately estimated by the dosimeter. When wearing a protective
lead apron, the film badge should be worn when large amounts of radioactive materials are
handled since the dose to hands may be high. Ring badges should be worn on the inside of
protective gloves to avoid contamination.

2.13.1. Types of Personal Densitometers
Four major types of monitoring devices in use today are the pocket dosimeter, the film badge,
the thermoluminescent dosimeter (TLD), and the optically stimulated luminescent (OSL)
dosimeter [37].
2.13.1.1. Film Badge
The film badge was once the most commonly used personnel monitoring device for x- and
gamma radiation and charged particles, but in the United States it has been largely replaced
by newer technologies. A film badge is composed of a piece of photographic film and a
special film holder. The effect of radiation exposure is a darkening of the film, and the
amount of darkening is proportional to the dose absorbed by the film. The film is placed
inside a light tight packet which is placed in the film holder. The film holder contains various
filters (e.g. lead, tin, and aluminum, plastic).Radiation passing through the filters will produce
a density distribution on the film from which the energy range and type of the radiation
can be determined [37].
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Filter types:
1-Window
2-50mg/cm2 plastics
3-300mg/cm2 plastics
4-0.004" Dural
5-0.028" Cd 0.012"Pb
6-0.028" Sn 0.012" Pb
7-0.012" Pb edge shielding
8-0.4mg of indium

Figure ( 2.8 ) Show Film Badge[38].

Photographic film has several disadvantages for its use as a personnel monitoring
device:
•

Fogging may result from mechanical pressure, high temperatures or exposure to light
before development.

•

Fading of the latent image can occur, which is dependent on the time interval between
exposure and development.

•

Errors in the development process can affect the reading, and cannot usually be
corrected.

•

Isotopes such as H-3, C-14 or S-35 have beta energies below the sensitivity of the
film and cannot be detected[34].

2.13.1.2. Thermoluminescent Dosimeters
A TLD badge consists of a set of TLD chips enclosed in a plastic holder with filters. The
most frequently used TLD materials (also referred to as phosphors) are LiF:Ti,Mg,
CaSO4:Dy and CaF2:Mn. Different badge designs (TLD materials, filters) are in use in
different countries.

* The doses of beta, x and gamma radiation registered by the TLD are evaluated by
measuring the TLD output under different filters and then comparing the results with
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calibration curves established for the calibration TLD badge that has been exposed to known
doses under well defined conditions.
* The TLD badges that use high atomic number Z TLD materials are not tissue equivalent
and, like film, they too require filters to match their energy response to that of tissue. TLD
badges using low Z phosphors do not require such complex filter systems.
* The TLD signal exhibits fading, but the problem is less significant than that for films.
* The TLD badges currently used for beta monitoring have a relatively high threshold for
beta particles (about 50 keV) because of the thickness of the detector and its cover. * TLDs
are convenient for monitoring doses to parts of the body (e.g., eyes, arm or wrist, or fingers)
using special type of dosimeters, including extremity dosimeters.
* Various techniques have been used for neutron monitoring such as using the body as a
moderator to thermalize neutrons (similarly to albedo dosimeters) or using LiF enriched with
lithium-6 for enhanced thermal neutron sensitivity due to the (n,α) reaction of thermal
neutrons in lithium-6[39].

Figure . (2.9) Show TLD Badge
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2.13.1.3. OSL Dosimeters
Optically stimulated luminescent (OSL) dosimeters are currently the most common type of
personnel dosimeter used in the United States, and are marketed by Landauer, Inc. under the
proprietary name “Luxel dosimeter.” The basic principle of operation is similar to that of the
TLD, in that the energy absorbed from incident radiation becomes trapped in the
material. However, green laser light, rather than heat, is used to stimulate release of the
stored energy. The trapped energy is emitted as a blue light when it is released, so it can be
collected and distinguished from the green incident light. As with the TLD, the amount of
light emitted is proportional to the energy absorbed by the material, which is proportional to
the radiation dose absorbed. OSL dosimeters have several advantages over TLD’s. They are
more sensitive to a wider range of photon and beta particle energies, and provide more
information about the energy of the incident radiation. This information is used to provide
estimates of deep dose, dose to the lens of the eye, and shallow dose. The good resolution of
the detector also allows analysis of whether the exposure was dynamic or static – i.e.,
whether the badge was exposed while moving or from many different angles, as would be
expected if worn for an extended period of time, or exposed without being moved, such as in
the case of an accidental exposure. Other major benefits of the OSL dosimeter are that it can
be read multiple times without erasing all the information and that the read-out process is
faster and more accurate than with TLD’s. OSL dosimeters are also relatively unaffected by
environmental conditions such as heat, light, and humidity [34].

Figure (2.10) Show OSL Dosimeters
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Advantages of OSL Dosimeters
❖ OSL dosimeters can be read at room temperature. This simplifies the design of the
equipment.
❖ No need for nitrogen gas.
❖ The use of OSL powders deposited in thin layers creates a two-dimensional detector
with imaging capabilities much like film.
❖ No correction factors are needed for individual elements.
❖

Unlike a TLD, OSL dosimeters can be reread multiple times. Depending on the

illumination conditions, there 8 will be a decrease of signal of less than one percent in a
second reading.
❖

Used OSL badges are often archived for several years.

❖

No fading except in extreme temperatures.

❖

No annealing required.

Disadvantages of OSL Dosimeters
❖ The OSL system is more expensive to use than TLDs.
❖ Workers might wonder why doses are being 9 reported with OSL dosimeters when no
dose was reported with TL dosimeters.
❖ Uncertainties in background bring into question the validity of reporting doses of a
few mlierem (mrem)[40].

2.13.1.4. Pocket Dosimeters
Pocket dosimeters are small ion chambers that are read on-site and are used when readings
are desired quickly or on a frequent basis. They can be of two types, direct reading or indirect
reading. A direct reading dosimeter consists of a small capacitor in a pen-type housing.
Before use, the dosimeter is charged using a dosimeter charger. Radiation exposure results in
a loss of charge and a corresponding deflection of the fiber. This dosimeter also contains a
lens and scale by which the amount of fiber deflection (dose) can easily be determined.
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Figures .(2.11) Show Pocket dosimeter
The dosimeter is held up to a light and the dose read from the scale. Using this dosimeter,
personal dose can be determined immediately, without interrupting the monitoring ability of
the device. Direct reading dosimeters are usually calibrated to read exposure in
milliroentgens, but some read in roentgens. Indirect reading dosimeters are also shaped like a
pen, but must be read using a charger-reader. The charger-reader is a voltmeter which is
calibrated in roentgens. Pocket ion chamber dosimeters are sensitive to moisture and rough
handling, which will cause the charge to leak from the capacitor and give erroneous readings
[41].

2.14. Periodical Method
Each worker shall be delivered his film badge holder to be hanged on the right chest region.
Where the film white region shall be opposite the radiation workplace. The film badge shall
be collected every three months and developed with standard film. The degree of its
blackening shall be measures and the dosages to which the person was exposed shall be
calculated from their respective curves or by the standard film. The radioactive dosage shall
be recorded from the film in the worker’s file. It shall be compared with the total monthly
dosages of the thermal light dosimeter (TLD).The extent of the worker’s exposure shall be
determined. Whereas the weekly determined are 100 mrem (1mSv ) per annum at maximum
500 mrem. (millirem) (5 mSv). Based on the above the worker may be suspended or not from
the work. In addition to the personal dosimeters the blood analysis is considered as a measure
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of the extent of exposure of the person to radiation. The blood is normally to be immediately
analyzed periodically every six months in severe exposure and radioactive incidents cases. It
shall be periodically repeated every fifteen days until recovery and the blood cell and the
hemoglobin restore to their normal percentage. The blood shall be also analyzed before
starting the work in the radioactive field. In addition to the periodical blood analysis it is
obligatory to conduct a comprehensive medical examination as following:
* Before joining the work.
* Periodical examination after joining the work to make sure of the worker’s safety and
continuation with his work.
* Special examination in cases of severe exposure and radioactive incidents.
* In case of referral to retirement in order to discover any emergent biological effects on
the worker [38].

2.15. Maximum Permissible Exposure Limits
Maximum Permissible Exposures are specified in the Code of Federal Regulations, Title 10,
Part 20, "Standards for Protection Against Ionizing Radiation," and in the Florida Department
of Health, Bureau of Radiation Control, Chapter 64E-5 (July, 1997), "Control of Radiation
Hazard Regulations." Since any radiation exposure is undesirable, it is important that all
exposures be kept as low as reasonably achievable (ALARA). The maximum permissible
ALARA exposures used at the University of Florida are more conservative than the State or
Federal regulations. Specific approval to operate under the more liberal State or Federal
regulations must be obtained for any such occasion from the Radiation Control Committee
and/or Human Use of Radionuclide's and Radiation Committee by submitting a written
proposal through the Radiation Control Officer.
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2.16. Occupational Dose Limits for Adults Maximum Permissible
▪

A limit on effective dose of 20 mSv/year, averaged over 5 years
(i.e., a limit of 100 mSv in 5 years) with the further provision that in any

single year
▪

The effective dose should not exceed 50 mSv

▪

the equivalent dose should not exceed.

•

150 mSv for the lens of the eye,

•

500 mSv for the skin (average dose over 1 cm2 of the most highly irradiated area of

the skin) and
•

500 mSv for the hands and feet [42].

Table:2.2.Shows annual maximum permissible dose limits

2.17. Occupational Dose Limits for Minors
Occupational exposure to any individual who is under the age of 18 is permitted only if their
exposure is limited to ten percent or less of the limits specified above for adult workers. For
this reason, it recommended that minors not be employed as full-time radiation workers
[37].
2.18. Recommendations on the Periods of Work of the Workers in the

Radiation Field
The early recommendations of the ( ICRP 60 ) were concerned with protection against
X-ray and recommendations of the earliest recommendations dealt with length of time that
worker should be engaged on radiation work. These were:
1- Not more 7 h /day
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2- Not more than 5 days/week
3- Not less than 1 month's holiday per year
4- Off days to be spent out of doors as much as possible [43].

Table No. (2.3) shows the development in setting up those limits

2.19. Biological effect of ionizing radiation
The fact that ionizing radiation produces biological damage has been known for many years.
The first case of human injury was reported in the literature just a few months following
Roentgens original paper in 1895 announcing the discovery of x-rays. As early as 1902 the
first case of x-ray induced cancer was reported in the literature [38]. Ionizing radiation can
cause damage to living cells and tissues. Its effects depend on the intensity of the radiation,
exposure time and the kind of body cells affected [37]. Deterministic effects and stochastic:
from the biological effects of radiation on human body radiation effects are generally divided
into two categories:
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2.19.1. Deterministic effects
Based on a large number of experiments involving animals and other researches, it was
discovered that severity of effects on humans depends on a certain level the (threshold)
below which the effect will be absent.
2.19.2. Stochastic effects
The severity of stochastic effects is independent of the absorbed dose. Under certain
exposure conditions, the effects may or may not occur.
Figure (2.12) present the step of the biological action of the radiation.

Figure (2.12) Show Step of biological action of the ionizing radiation

Figure ( 2.13 ) Shows the relation between the radiation dosage and the biological
effects.
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2.20. Variation in Cell Sensitivity
Within the same individual, a wide variation in susceptibility to radiation damage exists
among different types of cells and tissues. In general, those cells which are rapidly dividing
or have a potential for rapid division are more sensitive than those which do not divide.
Further, cell which are non-differentiated (i.e., primitive or non-specialized) are more
sensitive than those which are highly specialized. Within the same cell families, then, the
immature forms, which are generally primitive and rapidly dividing, are more radiosensitive
than the older, mature cells which have specialized in function and have ceased to divide.
Based upon these factors, it is possible to rank various kinds of cell descending order of
radio- sensitivity. Most sensitive are the white blood cells called lymphocytes, followed by
immature red blood cells. Epithelial cells, which line and cover body organs, are of
moderately high sensitivity; in term of injury from large doses of whole-body external
radiation, the epithelial cells which line the gastrointestinal tract are often of particular
importance. Cell of low sensitivity include muscle and nerve, which are highly differentiated
and not divide [37].

2.21. Effect of Radiation on the Cell
The radiation causes destruction of the cells and thus resulting in various effects on the
human body. These effects are divided into somatic and other genetic effects the somatic
effects result from destruction of the normal cells of the human body due to exposure to
radiation. While the genetic effects result from destruction of the reproduction cells in the
body. The difference between the above two types is clear in that, the genetic effects may be
carried from a generation to another [44].
2.21.1. Reaction of the Radiation with Cell
When the ionizing radiation falls on the cell, it leads to ionization of some of its components,
particularly the water molecules which represent the greater part in any alive cell. Ionization
of the water leads to occurrence of chemical changes which in their turn lead to occurrence of
changes in the cell function.

34

2.21.2. Primary Natural Stage
Here the cell absorbs the energy and results in ionization. It takes a very short period
amounting to about 10-16 seconds. In case of the water, the ionization leads to formation of
positive and negative ions as per the following equation:
H2O+ →→→H2O+ + e-

(2.9)

Figure (2.14). Show direct and indirect actions of radiation
2.21.3. Physicochemical Stage
There the above ions react with the other water molecules. The process takes 10 16- seconds
and produces new substances in accordance with the following equations:
The positive ions disintegrate as per the following equation:

H2O+ →→→ H+ + OH

(2.18)

While the electrons adhere to the equivalent water molecules which will disintegrate
afterwards as following:

H2O- →→→ H2O-

(2.19)

H2O- →→→ H + OH-

(2.20)
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2.21.4. Chemical Stage
It continues for a number of seconds. Here the reaction between the reaction products and the
live cell molecules occur and lead to their breakage and occurrence of changes therein. For
example, these products may be reacted with chromosomes, then unit with them or lead to
breakage of their long compositions and creation of some changes in the genes.
For the indirect action of X-rays, the chain of events, from the absorption of the incident
photon to the final observed biological change [45].
May be described as follows:

Incident x-ray photon
↓
Fast electron( 𝒆− )
↓
Ion radical
↓
Free radical
↓
Chemical Changes from the breakage of bands
↓
Biological
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2.21.5. Biological Stage
This stage takes a number of minutes or continues for long years according to the resulting
symptoms. The above mentioned chemical reactions may lead to the following effects on the
cell.
* . Killing the cell.
* . Hurdling or preventing the cell division.
* . Permanent changes in the cell which may be passed to the nascent cell.
As long as the cell has no complete resistance to radiation, therefore the damage expresses
itself in many ways. It may be a change in one molecule from which it may be immediately
healed and may be a cause of death of the cell.
There is also a great difference in sensitivity of the cell nucleus to the radiation

in

comparison with cytoplasm sensitivity under the same circumstances. One of the harmful
effects of the radiation in emergence of giant cells as occurring in treatment of for the
cancerous tumors with radiation. The cells may be damages to the extent that they cannot
divide. But the radiating cells do not die immediately. They may continue with their ability to
perform their metabolism activity. For this reason the cell becomes big while they cannot
divide and thus death shall be their destiny.The radiation has a number of effects on the body
systems and organs of which the most important are:❖ Effect of the radiation on the blood and blood formation system.
❖ Effect of the radiation on the digestive system.
❖ Effect of the radiation on the central nervous system.
❖ Effect of the radiation on the skin.
❖ Effect of the radiation on the eye.
❖ Effect of the radiation on the reproductive system.
❖ Affection with cancer.
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2.22. Effect of ionizing radiation on the human body
1- The amount and the rate of ionizing radiation which was absorbed.
2- The type of ionizing radiation which was absorbed.
3- The type and number of cells affected.
The Amount Of Radiation An Organism Receives Is A Very Important Factor In
Determining Its Biological Effect. The Greater The Amount Of Ionizing Radiation
And The Greater The Number Of Times An Organism Is Exposed, The Greater The
Health Risk If The Doses Are High. The Type Of Radiation Absorbed Is A Factor In
Determining The Biological Effect Of Ionizing Radiation On An Organism. Each
Type Of Ionizing Radiation Has Its Own Characteristics. Alpha Particles Are Fairly
Large In Size And Carry A Double Positive Charge, So They Tend To Travel Only A
Short Distance And Do Not Penetrate Very Far Into Tissue If At All. However Alpha
Particles Will Deposit Their Energy Over A Smaller Volume (Possibly Only A Few
Cells If They Enter A Body) And Cause More Damage To Those Few Cells. Beta
Particles Are Much Smaller And Carry A Single Negative Charge. They Will
Penetrate Farther Into The Body, Which Means They Tend To Damage More Cells,
But With Lesser Damage To Each. Gamma Rays And X-Rays Are Pure Energy And
Have No Mass. They Are Deeply Penetrating And Can Easily Pass Completely
Through Your Body, But May Still Interact With Many Atoms As They Pass
Through. Both X-Rays And Gamma Rays Spread Their Energy Over A Larger
Volume, Which Causes Less Damage Per Collision. Of Course, At Very High Levels
Of Exposure They Can Still Cause A Great Deal Of Damage To Tissues. Because Of
Their Penetrating Ability, They Can Easily Reach Internal Organs And Bones Which
Is Why Large Doses Can Be Used To Damage Cancer Tissue.
The Type And Number Of Cells Affected Is Also An Important Factor. Some Cells
And Organs In The Body Are More Sensitive To Ionizing Radiation Than Others.
Cells That Divide Rapidly Like Those Found In Bone Marrow, Stomach, Intestines,
Male And Female Reproductive Organs, And Developing Fetuses Are More
Sensitive To Ionizing Radiation Than Cells That Make Up Skin, Kidney Or Liver
Tissue. Children And Young Adolescents Also Are More Sensitive To Ionizing
Radiation Because Their Bodies Are Still Gro wing. The Biological Effects Of
Ionizing Radiation Are Well Known. The
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Nuclear Industry Is Closely Monitored

And Inspected To Ensure That Safety Procedures And Regulations Are Precisely
Followed To Protect Workers In The Industry, As Well As The Public A nd The
Environment [46].

Figure .(2.15) Show the effects of low Radiation Dose [37]

2.23. The Enormous Acute Damages of Radiation
When the human being exposes to a large dosage all at once and at a short time of ionizing
radiation, the resulting damages, the resulting morbid syndromes and the studied laboratory
results are called the acute radiation syndromes. These syndromes are representing in morbid
symptoms such as damage to the important organs accompanied with decease in cells
sensitive to radiation due to their inability to double themselves. In treatment of the patients
with radiation resulting from atomic bombs or functional radiation incidents, the sequence of
the resulting events when the entire body[48].

2.24. Processes of Radiation Effects
2.24.1. Clinical Syndromes
❖

Bone Marrow Syndrome
•

Clinical syndrome seen at doses >100-200 rad (1-2 Gy)

•

Smaller doses cause clinically insignificant pancytopenia)

•

Lymphocytes depleted first, then granulocytes, platelets, and RBCs
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❖

•

Lymphocyte depletion is predictable based on dose

•

Death usually secondary to infection or hemorrhage and poor healing

•

Doses >350 rad fatal within several months if untreated [49].

Hematologic Syndrome

Prodromal Stage:
Mild symptoms appear within a few hours and last for several days
Latent Period: May last up to 4 weeks
Manifest Illness: Vomiting, diarrhea, fatigue and fever – Decline in blood cells – Recovery
in 2 to 4 weeks…May last up to 6 months
Possible death due to infection, dehydration or hemorrhage.

❖

Gastrointestinal Syndrome

Prodromal Stage:
Vomiting and diarrhea occur within hours and last up to one day
Latent Period: Lasts 3-5 days
Manifest Illness: Nausea, vomiting and diarrhea – Worsens to bloody stools
Death within 4 to 10 days after exposure primarily due to intestinal cell damage – Also
damage to blood-forming tissue results in hemorrhaging and dehydration.
❖

Central Nervous System Syndrome

Prodromal Stage:
Severe nausea and vomiting within a few minutes – Nervousness, confusion, burning skin,
vision loss…possible loss of consciousness
Latent Period: May last up to 12 hours, or not at all
Manifest Illness: Disorientation, loss of muscle control, breathing problems, seizures, coma
Death always within a few days of exposure – due to increased fluid in brain (pressure) –
Death occurs before hematologic and gastrointestinal symptoms appear[50].
2.24.2. Clinical Course
Each ARS syndrome typically progresses through 4 stages of disease
❖ Prodromal Stage
• Characterized by nausea and vomiting
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•
•
•
•

Other symptoms include: malaise, fever, conjunctivitis
Doses over 1000 rad (10 Gy), vomiting is not seen in early symptoms
Occurs within 48h-6d of exposure (at higher doses, can begin within minutes)
Lasts up to 2 days

❖ Latent Stage
• Short period of symptom improvement
• Lasts several days to 1 month
❖ Manifest Illness Stage
•

Manifestation of symptoms of clinical syndromes

•

Severity based on, among other things:

•

Overall dose

•

Irradiated body volume

•

Comorbidities and overall health status

•

Age

•

Characterized by significant immune suppression

•

Lasts for days to months

❖ Recovery or Death
•

If patient survives manifest illness stage, recovery is slow (weeks to years)

•

If lethal dose received, death can occur within days (very high, rapid doses) or may be
delayed up to several months.

•

Doses over 1000 rad (10 Gy) are uniformly fatal [51]

2.25. Effect of the Radiation on Blood and Blood Formation System
2.25.1. Blood and the cells it contains
The average human adult has more than 5 liters (6 quarts) of blood in his or her body. Blood
carries oxygen and nutrients to living cells and takes away their waste products. It also
delivers immune cells to fight infections and contains platelets that can form a plug in a
damaged blood vessel to prevent blood loss. Through the circulatory system, blood adapts to
the body's needs. When you are exercising, your heart pumps harder and faster to provide
more blood and hence oxygen to your muscles. During an infection, the blood delivers more
immune cells to the site of infection, where they accumulate to ward off harmful invaders.
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All of these functions make blood a precious fluid. Each year in the USA, 30 million units of
blood components are transfused to patients who need them. Blood is deemed so precious
that is also called "red gold" because the cells and proteins it contains can be sold for more
than the cost of the same weight in gold. The blood is composed of a liquid substance called
plasma which forms about 55% of the blood quantity in which three kinds of cells swim and
compose about 45% of the blood quantity and include the erythrocytes, leukocytes and
platelets [52].
2.25.2. Blood Compounds

2,25.2.1. Plasma
Is an alkaline reaction transparent fluid tend to yellowish and contains the
following elements:•

Water which forms about 90% of the plasma quantity.

•

Plasma proteins include:-

•

Albumin: The most spreading out protein in blood plasma and prevents the
blood fluid from leaking to the tissues so that it maintain the level of the
Necessary blood pressure for reaching to the parts of the body and it shall be
Built in the liver.

•

Immunoglobulin’s: They play an important role in protecting the body from
Diseases.

•

Coagulation(Thrombosis) Factors: Such as fibrin, prothrombin and the like.
These factors have an important role in blood clotting.

•

Complements: They are enzymatic systems which help the antibodies in
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Protecting the body from disease-causing microbes.
•

Minerals such as sodium, potassium, calcium, magnesium, carbonate and
phosphate..etc.

•

Foodstuffs absorbed from the intestines of which the most important are glucose,
amino-acids and fatty acids.

•

Endocrines Secretions.

•

Nitrogenous Waste Products such as urea, boric acids and creatinine.

•

Respiratory gases such as oxygen, carbon dioxide and nitrogen.

Figure .(2.16) Show Blood sample
2.25.2.2. Erythrocytes
They are disk- shaped cells of concave surfaces and thin wall. Their diameter amounts to 7.5
microns and their thickness ranges between 1 micrometer in the center to 2 micrometers at
the end. They have no nucleus but they contain hemoglobin inside them. They are composed
of iron and protein which give the blood its red color.
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Figure.(2.17) .Show Human erythrocytes or "red cells"(cell diameter about .0003
inches.
The composition of the erythrocytes starts from the fourth week of the pregnancy until the
sixth month in spleen and liver. In the last three months of the pregnancy these cells shall be
composed in the bone marrow and a few of them in the spleen and liver. In children and
adults the erythrocytes are composed in the red bone marrow existing in the flat bones
such as face , shoulder , skull, ribs and spinal cord bones and the ends of the long bones in the
body such as thigh and upper arm bones. The erythrocytes play an important role in
organization of the blood reaction and maintenance of hemoglobin within the cells so as not
to be disintegrated and transformed into yellow dyes. They also carry the oxygen through
hemoglobin from the lungs to the tissues and the carbon dioxide from the tissues to the lungs
in order to get rid thereof.
2.25.2.3. Leukocytes
The leukocytes are different from the erythrocytes in lack of hemoglobin, but they are
characterized by existence of a nucleus.

In fact , the original color of these cells is

transparent, but due to reflection of the light they appear

in white color under the

microscope. Their number amounts from 4.000 to 10.000 per mm3 of blood. These cells are
divided into two main groups as following.
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2.25.2.4. Granular Leukocytes
They include the Eosinophils which compose about 3% of the leukocytes, Basophiles
composing about 0.4% of the leukocytes number and Europhiles composing about 60% of
the total number of the leukocytes.
2.25.2.5. Agranular Leukocytes
Include the Lymphocytes which compose about 30.6% of the total number of the leukocytes,
monocytes composing about 6% of the leukocytes number

, they have relatively big

nucleuses compared to the Lymphocytes by they are existing in small numbers. The
granular leukocytes are composed in the red bone marrow, while the granular leukocytes are
composed in the lymphatic tissues such as spleen, liver and lymphatic glands. The leukocytes
perform various functions amongst the most important is the defense against invasion of
microbes. The lymphocytes secrete also the antibodies

which shall either neutralize or

sediment the microbes poisons.
2.25.2.6. Platelets
They are white – shaped very small bodies having no nucleus. Their number a mounts to
about 250.000 to 500.000 mm3 of the blood. They are composed in the red bone marrow.
Their lifetime is about 5 days after wards they shall be taken by the spleen in order to
fragment and breaking them down. The function of these platelets is clotting the blood when
an injury and thus contribute to stoppage of the bleeding and healing up of the wound.
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Figure. (2.18).Show erythrocyte (left), thrombocyte center), and leukocyte (right )[52].
The blood composition system means the organs which produce blood cells such as bone
marrow, spleen and lymphatic nodes. The lymphatic nodes are of high sensitivity to radiation.
Whereas the sensitivity of the lymphocytes is very big, this leads to occurrence of abnormal
syndromes in their composition. While the other blood cells are less sensitive to radiation.
Also deterioration of the bone marrow prevents composition of all the types of the blood
cells. The majority of the changes when exposing to radiation is the decrease of the
leukocytes which one of their functions is fighting the inflammations. Whereas their decrease
leads to the living creature weakness and exposure to affection with disease Also, decrease of
the platelets which play an important role in coagulation which result in bleeding. The
decrease of production of the erythrocytes also leads to severe anemia [53].
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Previous Studies

2.26. Occupational Radiation Studies
The risk of cancer among physicians and other persons exposed to ionizing radiation in the
workplace has been a subject of study since the 1940s, when increased mortality from
leukemia was reported among radiologist in comparison to mortality among other medical
specialists. Since then numerous studies have considered the mortality and cancer incidence
of various occupationally exposed groups in medicine, industry, defense, research, and
aviation industries. Studies of occupationally exposed groups are, in principle, well suited for
direct estimation of the effects of low doses and low dose rate of ionizing radiation. The most
informative studies at present are those of nuclear industry workers (including the workers at
Mayak in the former USSR), for whom individual real-time estimates of dose have been
collected over time with the use of personal dosimeters. More than 1 million workers have
been employed in this industry since its beginning in the early 1050s. However, studies of
individual worker cohorts are limited in their ability to estimate precisely the potentially
small risks associated with low levels of exposure. Risk estimates from these studies are
variable, ranging from no risk to risk an order of magnitude or more than those seen in atomic
bomb survivors. Combined analyses of data from multiple cohorts offer an opportunity to
increase the sensitivity of such studies and provide direct estimates of the effects of long-term
, low dose, low-LET radiation . the most comprehensive and precise estimates to date are
those derived from the U.K. National Registry of radiation workers and the three-country
study (Canada – U.K – U.S .), which have provided estimate of leukemia and all cancer risks.
Although the estimates are lower than the linear estimates obtained from studies of atomic
bomb survivors, they are compatible with a range of possibilities, from a reeducation of risk
at low doses to risks twice those on which current radiation protection recommendations are
based. Overall, there is no suggestion that the current radiation risk estimates for cancer at
low levels of exposure are appreciably in error. Uncertainty regarding the size of the risk
remains as indicated by the width of the confidence intervals. Because of the absence of
individual dose estimates in most of the cohorts, studies of occupational exposure in medicine
and aviation provide minimal information useful for the quantification of these risks. Because
of the uncertainty in occupational risk estimates and the fact that error in doses have not
formally been taken into account in these studies , the committee concluded that the
occupational studies were not suitable for the projection of population-based risks. These
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studies, however, provide a comparison to the risk estimates derived from atomic bomb
survivors [54].
The study( Shabon,M.H;EL-Gawish ;M.A,Mahdy,E.M,Shosha,W.G and Sayed,Z. S .,2005 )
[55] was carried out in order to know about the effect of the radiation, particularly the high
dosages on the living creatures. Whereas one gray dosage of gamma rays was used as one or
divided dosage in order to know about their effect on some blood levels on white female
rats. It was noticed that the leukocytes were the most affected, then followed by the platelets.
While the erythrocytes and hemoglobin were the least affected.
In another study ( Meo , Sultan A., 2004 [56] carried out and focused on the key standards in
the blood such as leukocytes, erythrocytes and platelets in the X-ray techniques. The aim was
to know about the effect of the X-ray on the number of these cells. The findings of this study
were a high decrease in the platelets number.
The study ( Zachariahet al.,2001; Nothdurftet al.,1995) [57-58] reported that exposure to low
doses of ionizing radiation may affect the cells and tissues and result in various adverse
health effects. They reported that the blood count drops soon after irradiation, however, their
observations concerned patients exposed to radiotherapy but not X- ray workers.
The study (Hrycek et al. 1995) [59] reported that workers handling X-ray equipment have
disturbances of peripheral blood neutrophil metabolism. In addition, they also observed that
neutrophil phagocytic activity was weakened in persons working over five years with X-ray
equipment. Our findings probably reflect a low degree of severity of disease with long term
exposure to X-ray which is expressed in terms of hematological changes.
Study by Rozgaj et al., (1999) [60]-.reported that long-term exposure to low doses of ionizing
radiation may affect the cells and tissues and result in various adverse health effects. They
reported that the blood count drops soon after irradiation and recovers within several weeks.
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The World Health Organization conducted also a number of studies of which the most
important was the study of 2006 [61] on the health effects resulting from Chernobyl event in
1986. The expert's team presented all the event-related scientific data and made a comparison
with the findings collected from studies carried out on the people who were exposed, in the
past, to a high dosage of radiation such as survivors of Hiroshima and Nagasaki bombs.
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CHAPTER THREE
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Material and Methods
3.1. Instruments and tools used in the study sample analysis
•

Medical Cotton

•

Alcohol

•

Strap compressor

•

Sterile tubes with anticoagulant (EDTA)

•

A disposable syringe

•

Automated Cell counter (Sysmex KX-21N) Japan.

•

Computer Set for data analysis

•

These analysis were conducted laboratory Tripoli Central Hospital Blood Research
Department

•

Records of radiation protection data at Tripoli Central Hospital, Tripoli Medical
Center, Misuratta Cancer Center.

•

Arbitrator questionnaire form

•

X-ray Machine

No

Manufacturer

Model

company

Made in

KVP mAs

Type of filters

year

1

PHILIPS (Germany)

Bucky

Feb 1999

150

2.5AL

2

PHILIPS (Holland)

Bucky

Oct 2006

75

0.22Al

3

PHILIPS (Germany)

Bucky

19July 2010

150

2.5 Al

Table: 3.1. X-ray equipment used in all hospitals

The First Stage:Following informed consent, seventy six individuals were enrolled; fifty apparently volunteer
X-ray technicians ( Male , Female ) worked 8 hours a day for five day per week were
randomly selected from the Radiology Departments in different hospitals in Tripoli and
Misurata city ; matched twenty six un-exposed healthy control groups. Subjects with gross
anemia, known chronic infection, autoimmune disease and malignancy were excluded from
the study .Two ml of EDTA anticoagulated blood was collected from each subject , blood
cell count was performed by automated cell counter (Sysmex KX-21N) at the Department of
hematology in Tripoli central hospital.
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The second Stage ( Invetro study ):Blood samples were taken ( 2 ml ) from the control group were exposed to known value of Xray radiation dose (2 mSv ). Count the Blood cell parameters ( WBCs, CBCs and Platelets
immediately after exposing to X-ray dose, R-count after exposure 24 hours, 120 hours after
exposing to the X-ray radiation. The results compared with blood parameters before unexposed healthy control groups, all samples were kept in the blood research laboratory in a
standard manner during the study of the sample. All the information about the personnel
radiation doses received in full year 2014 of the study samples was collected from the records
book of radiation protection, the results of blood Cells count was of the control group
exposed to x-ray radiation dose was Compression with control groups before exposing to Xray radiation with the same age and sex.

3.2. Sample selection

The Study samples is composed of 76 samples divided into two groups: Subject group of 50
professional working in the field of medical imaging as X-ray technicians and 26 apparently
healthy as control group having no relation with medical imaging profession.

3.2.1. Exclusion criteria:

Subjects with gross anemia , known history of diabetes mellitus , cardiopulmonary disease ,
acute and / or chronic infection , autoimmune disease , malignancy , subjects with current or
pervious history or tobacco (smoked or chewed )addictions or who chewed betel nut were
excluded from the study . in addition , subjects who had working experience in any industry
such as cotton , welding , cement were also excluded.

3.3. Methods
After an overnight fasting period, 2 ml of blood was collected from each subject by
venipuncture and a disposable syringe and blood was transferred to a bottle containing
Ethylene di-amine tetra acetic acid ( EDTA ) in a concentration and this was used for blood
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cell count. Each specimen bottle was labeled with the subject identification code number.
Blood cell count was performed on an electronic cell counter ( Sysmex KX21), Japan.

3.4. Statistical analysis
The results were computed on computer in excel program. The statistical analysis was
conducted using a paired t test (two-tailed) and the level of significance was taken as p-value
less than 0.05.
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Table .4.1. Shows the distribution of subjects group and Control group according to sex
and age (n= 76)
Age
20-30
30-40
40-50
60-50

Radiation technicians
Male
Female
4
6
12
10
10
4
4
0

Control Group
Male
Female
7
4
10
0

2
3
0
0

Distribuation of subjects group and Control Group according to
sex and age

12

12
10

10

10

10

8

Age

7
6

6

20-30

30-40
4

4

4

4

3
2

0

4

40-50
50-60

2

00
Control
Group

0

0

Radiation
Technicians
Study Samle

Figure. 4.1. Shows the distribution of subjects group and Control group according to
sex and age (n= 76)
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Table 4.2. Shows the distribution of X-ray technicians according to the duration of work
(n=50)
Age
20-30
30-40
40-50
50-60

Minimum
2
2
1.6
21

Mean ±S.E.M
4.30±0.52
10.795±0.967
12.971±2.455
27.25±2.14

Maximum
8
20
30
30

Distribuation of X-ray technicians according to the duration of
worke
30

30

29.39 30

Duration of worke

25
21

20

20

15.426

15

Minimum

11.762
10

Mean±S.E.M

Maximum

8
4.82

5
2

2

1.6

0
20-30

30-40
40-50
X-ray technicians

50-60

Figure.4.2. Shows the distribution of X-ray technicians according to the duration of
work (n=50).

56

T able 4.3.Show the Primary Results of Blood count for X-ray technicians (n=50)
Age

RBC
Minimum

Mean±
S.E.M

20-30

4.21

30-40

3.82

40-50

3.52

50-60

3.60

4.8333±
0.1398
4.7395±
0.1009
4.7493±
0.1605
4.6650±
0.4437

WBC
Maximum

Minimum

5.8

4.4

5.7

4.41

5.58

4.4

5.51

4.5

Mean±
S.E.M

Platelet
Maximum

6.9200±
0.5389
6.7850±
0.2888
7.4229±
0.4933
6.6900±
0.7564

Minimum

10.6

157.5

9.4

134.5

9.5

190

7.7

214

Mean± S.E.M

Maximum

222.75±
16.511
241.886±
11.798
240.871±
9.993
264.25±
26.41

316.3

Primary results of RBC for X-ray technicians n=50

4.85

4.8333

4.8

Blood Cell Count

4.75

4.7395

4.7493
20-30
30-40

4.7

40-50
4.665

50-60

4.65

4.6

4.55

Age group

Figure.4.3.1. Show the RBC results of Blood count for X-ray technicians (n=50)
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333
301.5
332

Primary result of WBC for X-ray technicians n=50

7.6
7.422
7.4

Blood Cell count

7.2

7

20-30

6.92

30-40
6.8

40-50

6.78

50-60

6.69

6.6

6.4

6.2

Age Group

Figure 4.3.2. Show the WBC results of Blood count for X-ray technicians (n=50)
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Primary result of Platelets for X-ray technicians n=50

270

264.25

260

250

Blood Cell Count

241.88

240.87
20-30

240

30-40
40-50
50-60

230
222.75

220

210

200

Age group

Figure.4.3.3. Show the Platelets results of Blood count for X-ray technicians (n=50)
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Table 4.4. Shows the Primary Results of Blood cell count for Control Group (n=26)
Age
Minimum
20-30

4.14

30-40

4.07

40-50

4.55

50-60

0

RBC
Mean±
S.E.M
4.7360±
0.1855
4.7971±
0.2154
5.1500±
0.1132
0

Maximum

Minimum

5.3

5.1

5.73

4.6

5.83

5.4

0

0

WBC
Mean±
S.E.M
6.333±
0.369
6.186±
0.570
6.460±
0.197
0

Maximum

Minimum

8.3

136

8.7

197

7.3

122

0

0

Platelet
Mean±
S.E.M
199.778±
13.660
282.57±
42.78
203.30±
16.57
0

Maximum
264
524
292
0

Primary results of RBC for Control Group n=26

6

5

Blood Cell Count

20-30

4

30-40

40-50

3

50-60

2

1

0

Age group

Figure.4.4.1. Show the Red Blood cells count results of Blood count for Control group
(n=26)
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Primary results of WBC for Control Group n=26
7

6

20-30
5

Blood Cell Count

30-40
4
40-50

3

50-60

2

1

0

Age group

Figure.4.4.2. Show the WBC Blood cells count results of Blood count for Control group
(n=26).
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Primary results of Platelets for Control Group n=26

300

250
20-30

Blood Cell Count

200

30-40

40-50
150
50-60

100

50

0

Age group

Figure.4.4.3. Shows the Platelet cells count results of Blood count for Control group
(n=26).
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Table 4.5. Shows the compares Blood cell count between X-ray technicians and
Control group.
Age
20-30
30-40
40-50
50-60

X-ray technicians
RBC
WBC

Platelet

Control group
RBC
WBC

Platelet

4.8333±
0.1398
4.7395±
0.1009

6.9200±0.5389

222.75± 16.511

4.7360±0.1855

6.333±0.369

199.78±13.66

6.7850±0.2888

241.886±11.798

4.7971±0.2154

6.186±0.570

282.57±42.78

4.7493±
0.1603
4.6650±
0.4437

7.4229±0.4933

240.871±9.993

5.1500±0.1132

6.460±0.197

203.30±16.57

6.6900±0.7564

264.25±26.41

0

0

0

Figure.4.5.1. Shows the compares Blood cell count between X-ray technicians and
Control group.
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Figure.4.5.2. Shows White blood cell count between x-ray technicians and control
group.
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Figure.4.5.3. Shows Platelet cells count between x-ray technicians and control group.
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Table 4.6. Shows the Blood cell count results of invetro study exposing to X-ray
radiation dose value (2mSv), (n=26) compares with primary results of blood cell count
for control group (n=26)
Age

immediately
RBC
WBC
4.8344±
6.300±
0.1304
0.388
4.8200±
6.257±
0.2224
0.571

20-30
30-40

40-50

5.1400±
0.1092

50-60

6.490±
0.171
0

Platelets
197.00±
14.32
275.29±
38.63

After 24 hours
RBC
WBC
5.0778±
6.311±
0.1325
0.419
5.0514±
6.314±
0.2407
0.584

206.90±
18.16
0

5.1690±
0.1101
0

6.510±
0.164
0

Platelets
192.89±
15.31
276.14±
38.91
210.90±
16.99
0

After 120 Hours
RBC
WBC
5.0778±0.1 4.8656±
325
0.1408
5.0514±
6.371±
0.2407
0.616

Platelets
200.67±
17.99
273.43±
36.88

5.1690±
0.1101
0

218.90±
17.34
0

6.710±0
.174
0

0

Results of RBC (Mean±S.E.M) invetro study with different time
6

5
20-30

Blood Cell Count

4

30-40

40-50

3

50-60
2

1

0
Immediatly

After 24 Hours

After 120 Hours

Study groups

Figure.4.6.1. Show the RBC in vetro study after exposing to X-ray radiation dose value
(2mSv), (n=26) compares with primary results of blood cell count for control group
(n=26).
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Results of WBC (Mean±S.E.M) Vetro study with different time
7

6

20-30

Blood Cell Count

5

30-40
4
40-50
3
50-60
2

1

0
Immediatly

After 24 Hours

After 120 Hours

Study groups

Figure.4.6.2. Show the WBC Invetro study after exposing to X-ray radiation dose value
(2mSv), (n=26) compares with primary results of blood cell count for control group
(n=26).
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Results Of Platelets (Mean±S.E.M)Vetro study with different time
300

250
20-30
200

Blood Cell Count

30-40

150

40-50

50-60

100

50

0

Immediatly

After 24 Hours

After 120 Hours

Study groups

Figure.4.6.3. Show the Platelets invetro study after exposing to x-ray radiation dose
value

(2mSv), (n=26) compares with primary results of blood cell count for Control

group (n=26).
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Table .4.7: Show Distribution of practice duration (years), (n=50).
Practice duration (years)
Hospital name
Minimum
Mean ±S.E.M
Maximum
A
3
8.54± 1.38
15
B
1
9.27± 1.67
15
C
1
3.78± 1.02
10
D
5
6.25± 0.82
10
E
2
7.00± 4.16
15

distribution of practice duration (n=50)

16

15

15

15

14

12

Duratin of practice

10
10

10

9.27
8.54

Minimum

8

7
6.25

6

4

Maximum

5
3.78
3
2

2

1

1

0

A

B

C

D

E

Hospitals name

Figure .4.7. Show Distribution of practice duration (years), (n=50).
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Mean±S.E.M

Table . 4.8. Availability and methods of personnel radiation monitoring in the various
hospitals.
Hospitals
A
Number of x-ray technicians
52
Number of x-ray technicians
100%
monitored
Type of radiation monitor
TLD
Note: All study samples monitored (n=50).

B

C

D

E

26
100%

10
100%

32
100%

15
50%

TLD

OSL

OSL

EPD

Number of x-ray technicans monitoring in the various hospitals

Number of x-ray technicians

60

50

52

40
A
32

30

B
C

26

D
E

20
15
10

10

0
Hospitals name

Figure.4.8.Shows Personnel radiation monitoring in the various hospitals.
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Table .4.9. Regularity and consistency of personnel radiation monitoring
Hospital
Time interval before monitors are read
(months)
Last time fresh supply of monitors was made
(years)
Note: (M) = Month

A
B
C
>3M >3M >3M

D
3>M

E
3>M

5

6

3

8

5

Table.4.10. Availability of radiation protection officer and quality control program
Hospital
A
B
C
D
E
Availability of radiation safety officer ( RSO ) Yes Yes Yes No
No
Availability of quality control program ( QC ) No
No
No
No
No

Table.4.11. Reasons for not performing personnel radiation monitoring in the hospitals
The Reasons
Radiation safety officer to provide service
Quality control program
Hospital management do not provide for it in
its budget
Others (Knowledge of radiation protection)
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Yes Available%
(3 ) 60%
Not available
-----------------

Not Available %
(2) 40%
Not available
(22) 49%

-----------------

(23 ) 51%

Table .4.12. Ranges of annual effective occupational radiation doses reported in all
hospitals During year January 2014 – December 2014.

Hospital Name
A
B
C
D
E

Minimum
0.434
0.800
1.47
1.50
0.795

Mean ±S.E.M
1.50±0.4742
1.52±0.2467
5.71±1.0327
3.67±0.4853
1.31±0.2798

Maximum
5.16
3.21
12.75
6.04
2.19

Annual effecive dose
7
6.74

Average effective dose recived mSv

6

5

4.15

4

A
B
C

3

D
E

2

1.97

1.76

1.58

1

0
Hospitals name

Figure.4.9. Show comparison Mean annual effective occupational radiation doses
reported in all hospitals studied during year January 2014 – December 2014-Libya.
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Table.4.13. Show comparison an effective annual radiation doses reported in this study
with international limits ICRP 1991.
Dose (mSv)
Minimum
Mean ±S.E.M
Maximum
Annual effective dose (mSv)
0.434
2.90±0.3738
12.75
Note: *International Limits an effective dose of 20 mSv per year averaged over five
consecutive years per year, an effective dose of 50 mSv in any single year ICRP.

Comparison an effective annual radiation doses and International limits
ICRP 1991

20
20
18

Range Annual effective dose (mSv)

16
12.75

14

Minimum

12

Mean ± S.E.M
10

Maximum
ICRP Limits

8
6

2.9

4
2

0.434

0
Annual Effective dose ( mSv)

Figure.4.10. Show Comparison an effective radiation doses reported in this study with
international limits ICRP.
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DISCUSSION
Long-term exposure to low doses of ionizing radiation may affect cells and tissues and
result in various adverse health effects. Keeping in view the effects of exposure to xray radiation, The present study incorporated basic hematological parameters RBCs,
WBCs and platelets count. The aim was to determine the effect of x-ray radiation on
blood cell counts in X-ray technicians. Estimation of the blood cell count in clinical
practice is useful screening test in routine medical check-up . a normal blood cell
count is reassuring but a high or low blood cells count even in a healthy-looking
subject leads to the suspicion of disease and it should prompt further investigations.
Although it is a non-specific phenomenon, the fact remains that the vast majority of
acute or chronic inflammation / infection and most neoplastic and degenerative
diseases are associated with acceleration or deceleration on blood cell count [46].
Table 4.1., Figure 4.1 shows the distribution of subjects and Control group according
to sex and age , Male : Female ratio was 30 Male , 20 Female. Table 4.2., Figure 4.2.
Shows the distribution of X-ray technicians according to the duration of work Show
Mean ± SEM regarding the duration of work in radiation field of X-ray technicians; *
p<0.05, show a significant difference between X-ray technicians with age 20-30 and
X-ray technicians with age 30-40, the mean duration of work in radiation field of Xray technicians with age 20-30 was 4.30±0.52 years compare to 10.795±0.967, **
p<0.5 show a significant difference between X-ray technicians with age 20-30 and Xray technicians with age 40-50. The mean duration of work in radiation field of X-ray
technicians with age 20-30 was 4.30±0.52 years compare to 12.971±2.455; ***
p<0.05, show a significant difference between X-ray technicians with age 30-40 and
X-ray technicians with age 40-50. The mean duration of work in radiation field of Xray technicians with age 20-30 was 4.30±0.52 years compare to 12.971±2.455; ****
p<0.05, show a significant deference between X-ray technicians with age 20-30 and
X-ray technicians with age 50-60. The mean duration of work in radiation field of Xray technicians was 4.30±0.52 years compare to 27.25±2.14. .Table 4.3. Shows the
primary of results of Blood count for X-ray technicians Figure 4.3.1.Shows Red
Blood cells counts for X-ray technicians
4.8333±0.1398 rang

4.21-5.8 µ

lit);

age 20-30 years (Mean±S.E.M.,

X-ray technicians

age

30-40 years

(Mean±S.E.M.,4.7395±0.1009 rang 3.82-5.7 µ lit); X-ray technicians age 40-50 years
(Mean±S.E.M.,4.7493±0.1605 rang 3.52-5.58 µ lit); x-ray technicians age 50-60 years
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(Mean±S.E.M.,4.6650±0.4437 rang 3.60 – 5.51 µ lit).Figure 4.3.2.Shows WBC for
X-ray technicians age 20-30 years ( Mean±S.E.M.,6.9200±0.538 range 4.4 -10.6 µ lit)
; x-ray technicians age 30-40 years( Mean±S.E.M.,6.7850±0.2888 range 4.41 - 9.4µ lit
); x-ray technicians age 40-50 years (Mean±S.E.M.,7.4229±0.4933 range 4.4 - 9.5 µ
lit); x-ray technicians age 50-60 years (Mean ±S.E.M.,6.6900±0.7564 rang 4.5 - 7.7 µ
lit).Figure 4.3.3.Shows the Platelets count the (Mean ±S.E.M in x-ray technicians age
20-30 years 222.75±16.511rang 157.5-316.3 µ lit); (Mean ±S.E.M

in x-ray

technicians age 30-40 years 241.886±11.798 rang 134.5 - 333µ lit); (Mean ±S.E.M in
x-ray technicians age 40-50 years 240.871±9.993 rang 190- 301.5 µ lit); (Mean
±S.E.M in x-ray technicians age 50-60 years 264.25±26.41 rang 214 - 332µ lit).
Table 4.4. Shows the primary results of Blood cell count for control group, Figure
4.4.1. Shows Red Blood cells counts for Control group with age 20-30 years
(Mean±S.E.M., 4.7360±0.1855 rang 4.14-5.3 µ lit); Control group age 30-40 years
(Mean±S.E.M.,4.7971±0.2154 rang 4.07 - 5.73 µ lit); Control group age 40-50 years
(Mean±S.E.M.,5.1500±0.1132 rang 4.55 - 5.83 µ lit), Figure.4.4.2. Show the white
blood cells count for Control age 20-30 years ( Mean±S.E.M., 6.333±0.369 range 5.18.3 µ lit); Control group age 30-40 years (Mean±S.E.M.,6.186±0.570 range 4.6- 8.7 µ
lit); Control group age 40-50 years (Mean ±S.E.M.,6.460±0.197 range 5.4- 7.3 µ lit).,
Figure.4.4.3. Show Platelet count the( Mean ±S.E.M in Control group age 20-30 years
199.778±13.660 rang 136 - 264 µ lit); (Mean ±S.E.M in Control group age 30-40
years 282.57±42.78 rang 197. 524 µ lit); Mean ±S.E.M Control group age 40-50 years
203.30±16.57 rang 122- 292 µ lit). These results showed a significant correlation
between increase and decrease in the blood cells count and the duration of work in
radiation field worker ( x-ray technicians) and un-exposed healthy control group as
shown in table 4.5, Figure 4.5.1, Figure 4.5.2, Figure 4.5.3 , however , a significant
increase were observed in the Mean±S.E.M values of RBCs count(4.8333±0.1398/µ
lit) range (4.21- 5.8 /µ lit) with percentage of change (+2.05%) especially with age
group years 20-30 also observed significant decrease in other age groups , WBCs
count was significantly increased with more experience in radiation filed included all
age groups of the study sample (Mean±S.E.M
0.4933/µ

lit)

, and the platelets

renge 6.9200±0.5389

- 7.4229±

count was significantly decreased in x-ray

technicians when comparison to un-exposed healthy control group, the Mean±S.E.M
values (241.886±11.798/µ lit) range (134.5-333/µ lit) with percentage of change
(+14.39 %) especially with age group 30-40 years and also observed significant
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increase in platelets cell count in all other groups. There was also no significant
effect of duration of exposure to X-ray radiation. In the present study, no changes were
observed in RBC or WBC count ; this was similar to what was reported by Sultan et
al.

Table 4.6, Figure 4.6.1,Figure 4.6.2 ,Figure 4.6.3 Shows the compares of (

Mean±S.E.M ) Blood cells count Invetro study after exposing to x-ray radiation dose
value (2mSv) with primary results of Blood cells count for control group followed
with r-count of the samples in different time ( immediately after exposure , after 24
hours and after 120 hours. However, the results shown little changes were observed in
the blood components for all age groups as compared to the control group. Table 4.7,
Figure 4.7. Shows the Distribution of practice duration (years) in five selected
hospitals. It shows the duration of practice range (1-15) years and shows the number
of x-ray technicians were employed and monitoring in five hospitals during year
2014.Table 4.8, Figure 4.8. Shows the availability and methods of personal radiation
monitoring in the selected hospitals. It shows that personal radiation monitoring is
available in all hospitals 100% and in one of the hospitals radiation monitoring does
not cover the worker on employment. Table 4.9 , Figure 4.9. Shows the regularity
and consistency of reading and supply of personal radiation monitoring devices. Our
results show that radiation monitoring are read fairly regularly at about every quarter
of the year but it take (3-8) years for fresh supplies of radiation monitoring devices to
be made in the hospitals where radiation monitoring is carried out. Radiation
protection advisers or safety officer are in the employment of only 3(60%) hospitals
out of 5 studied, this
Result shows that Quality control program not available in all hospitals studied. Table
4.10 Shown radiation protection advisers or safety officer are in the employment of
only 3(60%) hospitals out of 5 studied , Our result show that Quality control program
not available in all hospitals studied. this adversely affects the application of radiation
protection programs. Table 4.11 shows the various reasons advanced by the x-ray
technicians for not carrying out personal monitoring device. Majority of the x-ray
technicians (48.8%, n= 22) think the hospital management do not make provision for it
in their recurrent budget. Other miscellaneous reasons were advanced by (51%,n=23)
of the x-ray technicians. Table 4.12. indicates that the maximum annual effective
radiation dose received was 12.75 mSv, The average annual effective dose for all
workers during the one year was,(Mean±SEM 2.90±0.3738) mSv which is a
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significantly below the annual occupational limit of 20 mSv/ year averaged over any
5-year period and 50 mSv in any one year set by the ICRP. Table 4.13. Shows the
comparison of an effective annual radiation doses reported in this study with
international limits, were found to be well below the permissible annual limit is less
than 50% of dose limits set by ICRP. The results of the present study shows that Xray radiation cause a reduction in platelets count. Inadequate production of blood cell
occurs in different condition including inflammatory disorders, fibrosis, drugs,
endocrine disorders, and decreased formation of erythropoietin, invasion of bone
marrow, leukemia, secondary carcinoma and in a plastic anemia [62]. Peripheral blood
leucocyte count is a cellular marker of inflammation [63]. Changes in the number of
circulating leukocytes can represent a primary disorder of leukocyte production or
may reflect a secondary response to some disease process or toxin [64] Raised
leukocyte count also suggests the presence of infection [65].Similarly platelet count
may be affected in different condition including generalized bone marrow failure,
leukemia, a plastic anemia and in viral infections [66].

In the present study, a

decreased in the mean values of platelets has been demonstrated, but other parameters
did not reveal significant difference between the groups. This difference probably
reflects the low degree of severity of disease expressed in terms of hematological
changes and

or it may be due to remarkable regenerative capacity of blood cells,

which will recover within a short period of time [67-68]. Therefore, I believe that
rapid recovery of these cells limits its application as a diagnostic tool. Although as per
obtained hematological result, the above values of RBCs, WBCs and platelets cannot
be reliably translated into clinical benefit for the X-ray technicians. However, a study
involving large size and long-term exposure to X-ray radiation might bring out
significant hematological findings.
Conclusion
The study has revealed that levels of received radiation dose by X-ray technicians in
most hospitals surveyed in Libya are very poor as such; precautionary motives and
radiation risks cannot by purposely assessed and corrective measures will become
difficult. The implication of which is that most radiology works are expose to some
health risk that are not sufficiently perceived by health authorities. Long-term
exposure to X-ray may cause a low degree of severity of disease which is expressed in
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terms of hematological changes. Further studies are needed to study the long-term
effects of low X-ray radiation on blood compounds in X-ray technicians.

Recommendations
The present study suggests that, in addition to the safety and protective measures that
have been adopted in the different radiology departments, X-ray technicians must
undergo periodic medical surveillance check including blood cells count that can
helps detecting the low degree of severity of disease with long-term exposure to
X-ray.
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A questionnaire for a survey on the “Evaluation of Personnel Radiation
Mentoring in Radiology departments in Libya
The information supplied here will be treated with utmost secrecy and used
only for the purpose of this study
Tick [ ] for Any Option Chosen:
1. Name of your hospital/clinic:
* Tripoli Central Hospital TCH [ ]
* Tripoli Medical Center TMC [ ]
* Misurata Central Hospital MCH [ ]
* Misurata Cancer Center MCC [ ]
* Burn &Plastic surgery hospital BPSH [ ]
2. How long have you worked in your department?
Less than 1 year [ ] 1-5 years[ ] 6-10 years[ ]11-15 years [ ] 15 years and above [ ].
3. How many hours do you work per day?
Less than 3 hours [ ] 3-4 hours [ ] 4-6 hours [ ] more than 6 hours [ ].
4. Considering the time spent in your department per day, do you think you receive
occupational radiation exposure higher than necessary? Yes [ ] No [ ].

5. Are you provided with any personnel radiation monitoring device? Yes [ ] No [ ].
6. If Yes, what type? Thermoluminescence dosimeter (TLD) [ ] Film badge [ ] Pocket
ionization dosimeter [ ] , EPD [ ] , OSL [ ] Others (specify)
………………………………………………………………..
7. How often is this taken for reading?
2
weekly[ ]every month [ ]every 2 months [ ]every 3 months[ ]Above 3 months [ ].

8. If no, were you provided with any personnel monitoring device before?
Yes [ ] No [ ].

9. For how long it been stopped to be provided.
than 1 year [ ] 1 -2 years [ ] 2-3 years [ ] above 3 years [ ].

less

10. What is the reason for non-provision of the device? No radiation safety officer to
provide the service [ ] Lack of fund for the exercise [ ] do not request for it [ ]
Management do not care [ ].
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11. Has there been complaint to the hospital management for non-provision of the
devices? Yes [ ] No [ ].
(a). If Yes, what has been the reason?
Specify………………………………………………………..……………
(b). IF No, what has been the reason?
Specify……………………………………………………………………
12. Have you worked in other hospital (s) before you were employed in your present
hospital? Yes [ ] No [ ].
13. If Yes, were you monitored in your previous place of work with any of the
personnel monitoring devices? Yes [ ]
No [ ].
14. Did your present place of work demand for your dosimetric monitoring record
before employment? Yes [ ] No [ ].
15. Do you have any Radiation Protection Adviser (RPA) or departmental Radiation
Protection Supervisor (RPS) in your Department? Yes [ ] No [ ].
16. Suggest a way of improving personnel radiation monitoring in your department.
……………………………………………………………………………………………
……………………………………………………………………………………………
……………………………………………………………………………………………
……………………………………………………………………………………………
……………………………………………………………………………………………
……………………………………………………………………………………………
……………………………………………………………………………………………
……………………………………………………………………………………………
……………………………………………………………………………………………
…………………………………………………………………
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