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Abstract

ABSTRACT
Naturally occurring radionuclides are present in many
natural resources. Elevated concentrations of these radionuclides
are often found in certain geological materials, namely igneous
rocks and ores. Human activities that exploit these resources may
lead to enhanced concentrations of radionuclides (often referred
to as technologically enhanced naturally occurring radioactive
material (TE-NORM). Enhanced levels of natural background
radiation are encountered in many occupational industrial
activities involving a large number of workers. Uncontrolled
activities associated with TE-NORM can contaminate the
environment and pose a risk to human health. This risk can be
alleviated by the adoption of controls to identify where NORM is
present; and cleaning the NORM-contaminated equipment and
waste management while protecting workers. The main objective
of this study is to investigate the natural radioactivity and the
hazard parameters in the TE-NORM samples from different
industrial activities. Also to describe the models and develop the
computer codes that allow one to estimate the risk of cancer
resulting from any specified dose of ionizing radiation for
occupationally workers in different industrial activities.
The present study deals with 50 different samples. This
waste generated from petroleum fields, phosphate fertilizers
samples, consumer product samples from China, ceramic and
zircon samples. The radon exhalation rates calculated using solid
state nuclear track detector (CR-39). The value of radon
exhalation rate 58.82±5.3 x103, 4.28±0.49 x103 and 0.306± 0.025
x103 Bq/m2 h for scale, sludge and sand, respectively. The value
of radon exhalation rate 82.67±7.98, 62.58 ± 5.7, 46.16 ± 3.91
and 198.51±18.68 Bq/m2 h for phosphate fertilizers samples,

consumer product samples from China, ceramic and zircon
samples, respectively. The 226Ra activity concentrations were
301.4±771.5, 52.1±438 and 2.56±55.37 kBq/kg for scale, sludge
and sand, respectively. The 226Ra activity concentrations were
758.77±23.3, 744.47±57.4, 417.1±25.4 and 18317.4±26.9 Bq/kg
for phosphate fertilizers samples, consumer product samples
from China, ceramic and zircon samples, respectively.
The average activity concentrations of 238U, 232Th and 40K
for TE-NORM samples are higher than the world wide average
value. The worldwide average values (32, 35, 45 and 420) for
226
R, 238U series, 232Th series and 40K, respectively.
The estimated hazard parameters in all TE-NORM
samples are higher than the recommended values. The estimated
average annual effective dose for both scale and sludge
petroleum samples is higher than the recommended limits for
occupationally worker while for the rest TE-NORM samples
under investigation it is lower than the recommended values for
workers.
The excess relative risk and excess absolute risk of cancer
are computed by special computer codes which developed for
this study and tested. The obtained results proved that the
workers with TENORM, in particular of oil activities, are under
inevitable threat of cancer. They should be classified as
occupationally radiation workers. In this study the general
principles of radiation protection are primarily implemented by
means of good protective measures at the workplaces. Hence,
exposure control and adequate dosimetry assessment are the
most critical components of a health and safety program.
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Introduction
1.1 The Early History of Radioactivity:
Since radiation can neither be seen nor felt, it is a challenge just
to know whether it is present or not. In order to detect radiation, a
special detector or sensor is needed.
Henri Becquerel was using a photographic plate when he
discovered radioactivity in the spring of 1896. Becquerel was working
with compounds that could emit light after being exposed to sunlight
(called fluorescence). The light from the exposed samples was then
detected by these photographic plates. Becquerel had a compound,
uranium salt, in one of his desk drawers. He had no idea that uranium
salt could emit radiation. During a period of cloudy weather in Paris,
Becquerel was unable to carry out his usual experiments involving
fluorescence induced by sunlight. Instead, he decided to check for any
possible light leaks by developing some of his unexposed photographic
plates. To his surprise, he found that a plate on top of the uranium salt
was black. Somehow, intense radiation had exposed the plate.
Becquerel was puzzled at first then realized that some unknown type of
radiation had to be coming from the uranium salt - radioactivity was
discovered [Henriksen et al., 2003]. Marie Curie and her husband
Pierre Curie worked to isolate these radioactive materials from the
parent rocks. After a large amount of work, they isolated two
radioactive elements. The first one was called polonium, and the other
one was called radium. In 1899, Rutherford discovered that there were
two types of rays: alpha and beta. Today we know that the alpha
particle is a nucleus of helium and the beta particle is an electron. In
later experiments, Rutherford would use these alpha particles to probe
the structure of atoms [Joseph et al., 2005].
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Radioactivity, further investigations by Marie Curie and others
showed that this property of emitted radiation is specific to a given
element or isotope of an element. It was also found that atoms
producing these radiations are unstable and emit radiation at
characteristic rates to form new atoms. Marie Curie died in 1934 from
a blood disease, possibly leukemia, which may have been caused by her
work [Henriksen et al., 2003].
1.2 Background Radiation:
Naturally occurring radioactive materials include radioactive
elements found in the environment. Long-lived radioactive elements
of interest include uranium, thorium and potassium, and any of their
radioactive decay products, such as radium and radon. These elements
have always been present in the earth’s crust and within the tissues of
all living beings. Life on earth has always been exposed to natural
radiation from the environment, also referred to as background
radiation. The main sources of this radiation are cosmic radiation from
the sun and outer space; background radiation can also be received
from man-made sources. The most common is the radiation from
medical and dental X-rays. There is also radiation used to treat cancer
patients.
Terrestrial radiation comes from radioactive elements in the
earth’s crust. A common example of terrestrial radiation source is
radon gas, which comes from uranium in the soil and can accumulate
in buildings. Background radiation varies over a range of
concentrations and exposure rates from a variety of causes. The
magnitude of variation can be significant over a short distance and
also can vary in the same place from time to time. The background
variance can be from natural as well as human activities.
Understanding the characteristics of background, and the wide range

2

Chapter 1
Introduction

of background values encountered in the field is beneficial when
designing and conducting surveys. This is especially important
because some of the regulatory exclusion limits are set at a
concentration or exposure rate above background. NORM is an
acronym for naturally occurring radioactive material. [Canadian
Guidelines, 2000]
Naturally occurring radionuclidcs are present in many natural
resources. Human activities that exploit these resources may lead to
enhanced concentrations of radionuclides (often referred to as
technologically enhanced naturally occurring radioactive material
(TE-NORM)) and enhanced potential for exposure to naturally
occurring radioactive materials in products, by-products, residues and
wastes. human activities that can increase exposures to naturally
occurring radionuclides by relocation or concentration are mining and
milling of mineral ores, extraction of petroleum products, use of
groundwater for domestic purposes, fertilizer production, trace
amounts of TE-NORM may be found in some consumer products and
ceramics when certain minerals are used in the manufacturing process
and living in houses [EPA, 1999]. If these residues containing
naturally occurring radionuclides are not managed properly and
safely, contamination over large areas is possible given the large
quantities of such residues.
1.3 Natural Radiation:
A natural radiation background exists everywhere and every
natural substance contains some amount of radioactive material. The
natural radiation environment consists of cosmic ray and naturally
radioactive materials. Some of the materials are cosmogenic, other is
primordial, and other exists naturally because of the radioactive
transformation of substances produced by these processes. The
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radiological significant of naturally occurring radioactive material and
radiation sources is closely linked to the physical behavior of the
material in the source and how they change with time[James, 2006].
The radioactivity of the earth includes these three major
categories. Primordial radionuclides have half-lives sufficiently long
that they have survived since their creation. Secondary radionuclides
are derived from radioactive decay of the primordials. Cosmogenic
radionuclides are continuously produced by bombardment of stable
nuclides by cosmic rays, primarily in the atmosphere. A much larger
number of radioactive isotopes than now exist were produced when
the matter of which the Universe is formed first came into being
several billion years ago, but most of them have decayed out of
existence. The primordial radionuclides that now exist are those that
have half-lives at least comparable to the age of the universe. In most
places on earth the natural radioactivity varies only within narrow
limits, but in some localities there are wide deviations from normal
levels because of abnormally high soil concentrations of radioactive
minerals [Eisenbud et al., 1997].
1.3.1 Cosmic Radiation:
The atmosphere is continually exposed to particles from outer
space. A stream of particles consisting of protons (about 85%), αparticle (about 13%), and a small fraction of large particles hit the
outer atmosphere. Some of the particles have very large energies when
hitting the atmosphere (up to 1014 MeV). When the particle interacts
with the atoms in the atmosphere their energy gradually decreases and
a number of new high energy particles are formed. When cosmic
radiation reaches both the inner atmosphere and the ground, it is
accompanied by γ-radiation, neutrons and various other small
particles. In addition, some new radioactive isotopes are formed
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[Henriksen et al., 2003]. The four most important cosmogenic
radionuclides for human exposure are H-3 (tritium), Be-7, C-14 and
Na-22 [Cooper et al., 2003].
1.3.2 Terrestrial radiation:
There are natural sources of radiation in the ground, soil, rocks,
building materials and drinking water supplies. This is called terrestrial
radiation. The terrestrial sources of γ-radiation are 40K and
radionuclides of the 238U series and 232Th series [James, 1964].
The naturally occurring radionuclides are composed of three
chains of radioactive elements. The uranium series originates with
238
U, the thorium series originates with 232Th, and the actinium series
originates with 235U. A fourth family, the neptunium series, which
originated in the parent element 241Pu, is known to have existed at one
time, but this nuclide has a half-life of only 14 years and existed only
briefly after its formation. Other members of that series also have
relatively short half-lives. The only surviving member of the
neptunium family is the nearly stable nuclide 209Bi, which has a halflife estimated to be about 2 × 1018 years.
The three remaining chains of radioactive elements and the
long-lived primordial nuclide 40K account for much of the external
background radiation dose from radioactivity to which humans are
exposed [Eisenbud et al., 1997].
The first radioisotope in the thorium-series has a half-life of
1.4x1010 years. This is why there is still a lot of thorium in the ground.
The starting element in 238U series has a half-life 4.47 x 109. In
addition to these radioactive series, there is the radioactive isotope 40K
with a half-life of 1.27 billion years. This half life is shorter than the
age of the earth and only few percent of the original 40K reminds
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today. Potassium is everywhere. It is in soil, planets, animals, and
humans [Henriksen et al., 2003].
All the radioactive series have several common characteristics.
First is the fact that the first member of each series is very long lived,
with half-lives that may be measured in geological time units. A
second characteristic is that the uranium, thorium, and actinium series
each have an intermediate gaseous isotope of radon, and furthermore
that the radioactive gas in each case is a different isotope of element
radon. In the case of the uranium series, the gas, Rn-222, is called
radon, in the thorium series the gas, Rn-220, is called thoron, while in
the actinium series is called actinon, Rn-219. The third common
characteristic is that the end product in each series is lead [Cember,
1985].
1.3.2.1 Uranium-238
The uranium series shown in figure (1.1) originates with 238U.
Natural uranium is usually supplied in raw form by uranium mines and
concentration (ore processing) plants as uranium ore concentrate, most
commonly the concentrated crude oxide U3O8, often called yellow
cake. Natural uranium contains isotopes 234, 235 and 238; while
uranium isotopes 232, 233 and 236 are produced by nuclear reactions
[IAEA/NVS/3/CD, 2002].
Uranium is found in all rocks and soils. The acid igneous rocks
contain concentrations of the order of 3 ppm, about 100 times greater
than that in the ultra basic igneous rocks. The high uranium content of
phosphate rocks is reflected in correspondingly high uranium
concentrations in commercial phosphate fertilizers. Because uranium
occurs in soils and fertilizers, the element is present in food and human
tissues [Eisenbud et al., 1997].
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A) Radium-226
Radium-226 and its decay products are responsible for a major
fraction of the dose received by humans from the naturally occurring
internal emitters. 226Ra is α emitter that decays, with a half-life of
1622 years. 222Rn has a half-life of 3.8 days. The decay of 222Rn is
followed by the successive disintegration of a number of short-lived
α- and β-emitting progeny. After six decay steps, in which isotopes
are produced that range in half-lives from 1.6 × 10-4 seconds to 26.8
minutes, 210Pb is produced, which has a half-life of 22 years. This
nuclide decays through 210Bi to produce 210Po (half-life 138 days),
which decays by α emission to stable 206Pb. Radium, being an α
emitter, does not add directly to the γ activity of the environment but
does so indirectly through its γ -emitting decay products[Eisenbud et
al., 1997].
B) Radon-222
Radon is a noble gas formed when radium disintegrates.
Since radon is a gas, it readily becomes part of the atmosphere. The
half-life is rather short (3.82 days) and its four subsequent decay
products (also with short half-lives) add large natural doses to the
public environment. Some areas are high in radon because local
concentrations of uranium are high. In mines and other structures in
the mountains (hydroelectric power stations and military
installations), the radon concentrations may be large. People working
at such places receive larger doses. Several possibilities exist for the
release of radon into houses. The main sources are the rocks or soil on
which the house is built, as well as the water supply. The rock
formations under a house always contain some radium and the radon
gas can penetrate into the house through cracks in the floor and walls
of the basement. The drawing in figure (1.2) shows the main sources
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for indoor radon. Rn-222 is α-particle emitter. The four decay
products: Po-218, Pb-214, Bi-2l4 and Po-214 are usually called radon
decay products or radon daughters [Henriksen et al., 2003]. The
radon’s daughters are electrically charged and can attach themselves
to tiny dust particles in indoor air. Particles inhaled adhere to the lung
linings where they cause radiation damage to the cells by disrupting
the cell DNA which can eventually lead to cancer [Joseph et al.,
2005].
The radon concentration is measured in Becquerel per cubic
meter (Bq/m3) [Henriksen et al., 2003].

Fig (1.1) Uranium-238 decay series
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Fig. (1.2) The main sources for indoor radon.
1.3.2.2 Thorium-232
The thorium decay series originates with 232Th as shown in
figure (1.3). Six naturally occurring thorium isotopes can be found in
the environment, 232Th and 228Th from the thorium series, 234Th and
230
Th from the uranium series, and 231Th and 227Th from the actinium
series. Thorium exists only in oxidation state +4 and is generally
considered to be insoluble in natural waters [Sroor, 2005].
The characteristics of the thorium series are different from those
of the uranium series in a number of respects
1. 228Ra has a shorter half-life than 226Ra (5.8 years compared to
1620 years).
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2. 228Ra is a β emitter that decays to α-emitting 228Th, which has
a half life of 1.9 years. 228Th, in turn, decays through a series of
α emitters, including the noble gas 220Rn (thoron), which has a half-life
of only 54 seconds, compared to 3.8 days for 222Rn.
3. The solubility of 228Ra is comparable with that of 226Ra, but the
dose rate to an organism from assimilated 228Ra, a β emitter, is time
dependent.
4. In the 228Ra chain, there is no long-lived "stopping" nuclide
comparable to 210Pb (T1/2, = 22 years). The longest-lived nuclide beyond
228
Th is 212Pb, with a half-life of 10.6 hours. Because of its relative
insolubility and low specific activity, 232Th is present in biological
materials only in insignificant amounts [Eisenbud et al., 1997].

Fig. (1.3) Thorium- 232 decay series.
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1.3.2.3 Potassium-40
Of the three naturally occurring potassium isotopes, only 40K is
unstable, having a half-life of 1.3 x 109 years. It decays by β- emission
to 40Ca, followed by K capture to an excited state of 40Ar, and γ-ray
emission to the 40Ar ground state. Potassium-40 occurs to an extent of
0.0118% in natural potassium, thereby imparting a specific activity of
approximately 800 pCi g-1 potassium (30 kBq kg-1). Certain basalts and
sands are low in potassium, whereas granites and other basalts are high.
The potassium content ,of soils of arable lands is strongly influenced
by the use of fertilizers. It is estimated that about 3000 Ci (110 TBq) of
40
K is added annually to the soils of the United States in the form of
fertilizer [Eisenbud et al., 1997].
A person who weighs 70 kg contains about 140 g of potassium,
most of which is located in muscle. From the specific activity of
potassium, it follows that the 40K content of the human body is on the
order of 0.1 pCi (4 kBq). Because of its relative abundance and its
energetic β- emission (1.3 MeV), 40K is easily the predominant
radioactive component in normal foods and human tissues. The dose
from 40K within the body is constant [Eisenbud et al., 1997].
1.4 Technological Developments That Increase Human
Exposure
The dose can also be increased by use of building materials that
have high levels of natural radioactivity and by living in houses in
which 222Rn and its decay products accumulate. It has also been
mentioned that the dose received from the 222Rn decay products,
especially 210Po, can be increased by smoking cigarettes. Other ways in
which the dose from natural sources can be increased include burning
natural gas (which may contain 222Rn), mining phosphate minerals

11

Chapter 1
Introduction

(which are often associated with uranium), and injudiciously disposing
of uranium mill tailings [Eisenbud et al., 1997].
1.5 NORM in the Petroleum Industry
NORMs are present in components of both petroleum
production facilities and natural gas production facilities. NORMs can
be associated with the presence of crude oil, produced water and
natural gas. Petroleum industry NORMs is mainly scale, sludge and
sand. NORMs occurring in oil installations mainly contain radium-226
and radium-228, the activity of which is usually in equilibrium with
the activity of their decay products [APPEA, 2002]. It is estimated that
2.5×104 and 2.25×105 tons of contaminated scale and sludge,
respectively, are generated each year from the petroleum industry
[Smith et al., 1995 a,b]. The available data indicate that total radium
in scale and sludge varies greatly from undetectable levels up to 15.17
kBq/g in scale and 25.9 kBq/g in sludge. In 1998, an attention was
given to the health impacts from the uncontrolled release of TENORM wastes [Rood, 1998]. Figure (1.4) shows the origins of
NORM, indicating where NORM may accumulate in the recovery
petroleum process.
1.5.1 Occurrence of NORM
The main types of NORMs in oil installations are scale, sludge,
sand and thin film deposits of radon decay products. Their occurrence
depends on certain reservoir parameters and can be triggered by water
flooding a reservoir.
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Sludge

Fig.(1.4) The origins of NORM, indicating where NORM may
accumulate in the recovery petroleum process.
a) Occurrence of NORM Scale.
Provided the formation water contains barium, strontium or
calcium as well as sulfates and carbonates, scale can build up in well
tubing where a considerable pressure and temperature drop occurs
between the reservoir and the crude oil in the well tubing. Scale
formation in well tubing can be predicted on the basis of
concentrations of cations and anions in the formation water, reservoir
temperature and pressure in the well tubing etc [Oddo et al., 1994]. It
is important to understand that if scale forms, in the majority of cases it
contains radium and its radium specific activity depends on levels of
radium and thorium in reservoir sands. Generally, the specific radium
activity in calcium carbonate scales is lower than the specific activity
of barium sulfate scales.
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Scales are brittle minerals and thus scale build up in pipes and
vessels frequently cracks due to temperature contractions of pipes,
movement of flexible hoses etc. Scale debris is being removed from
pipe surfaces and is carried with crude oil and produced water. Coarse
scale debris end up in separators and sand traps, while fines end up in
slops tanks. As these materials are handled, their radioactive
constituents may be separated, resulting in TE-NORM waste [Testa et
al., 1998].
The most 'difficult' type of NORM from a management
perspective is the practically insoluble barium (radium) sulfate scale
that forms in pipes and vessels. Barium sulfate scales are usually more
radioactive than carbonate scales. Scale build-up in pipes and vessels
may also cause production complications [Kvasnicka, 1998].
• Scale Hazards
The potential hazard of scale recognized in 1981 in the North
Sea production area. Radiation measurements on production piping
ranged from 0.1 µ Sv h-1 to 0.1 mSv h-1 [Smith, 1987].
In the U.S recognition of the significance of this hazard
occurred in 1986. The petroleum companies donate or sell as scrap
their unusable pipe, some of which contains radioactive scale. This
pipe can end up in handrails, parking rails, and fences in public areas.
For example, some piping discovered in a Louisiana park maintenance
shop had a gamma dose equivalent rate of 0.05 mSv h-1 (5mrem) on
contact due to the interior scale [Anderson, 1989]. Studies performed
in southeastern Kansas on scale precipitates in separator tanks and
piping surfaces contained as high as 370 Bq g-1 (10,000 pCi g-1) 226Ra
[Gott et al., 1953].
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Problems are also seen with land contamination resulting from
the clearing of scaled equipment. 226Ra decays into 222Rn gas, which is
an item of public concern due to accumulation in buildings.
[Anderson, 1989].
The hazard from scale follows from ingest, particularly during
any cleaning operations. Scale which is ingested through the mouth
will probably pass straight through the digestive system and be
excreted. Scale which is ingested through the nose stands, depending
on the particle size, a chance of becoming trapped in the lungs
[APPEA, 2002].
b) Occurrence of NORM Sand
Small quantities of sand are carried in crude oil and coarse sand
is trapped in sand traps located upstream from separators and in
separators as well. In oil production facilities with scale build up, sand
is highly contaminated with scale debris and radium content in this
waste stream needs to be taken into account when disposing of such
sands [APPEA, 2002].
In facilities with high concentrations of calcium and carbonates,
a rapid precipitation of coarse calcium carbonate particles may occur
in those facility components with a positive temperature gradient. Such
crystal precipitate usually accumulates in separators and a fine fraction
increases the sludge production rate [APPEA, 2002].
c) Occurrence of NORM Sludge
Sludge usually contains fine sand particles, corrosion particles,
and flakes of paint, bacteria growth and fines derived from scale.
Sludge is usually accumulated in separator vessels and slops tanks of
oil production facilities [APPEA, 2002].
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NORM concentration range from un detectable levels to 300
pCi/g [Baird et al., 1990], although sludge samples with Ra-226
concentrations as high as 700,000 pCi/g have been documented
[Fisher et al., 1994].
1.5.2 Precautions in Handling NORM
Scale and some other NORMs are low specific activity (LSA)
radioactive materials. Because scale contains radium and its short-lived
decay products, scale and other NORMs can (depending on the radium
specific activity) generate intensive gamma radiation fields that are a
source of personal external gamma radiation exposures. If NORM
particles and/or radon gas with its decay products in air are inhaled, a
person would receive internal radiation exposures. In order to manage
personal radiation exposures a NORM Radiation Management Plan
ought to be established. This plan is to ensure that personal radiation
exposures are maintained not only below the relevant annual radiation
exposure limit, but as low as reasonably achievable (ALARA)
[APPEA, 2002].
1.5.3 Personal Exposures due to NORM Radiation in Petroleum
Natural radionuclides in NORMs emit alpha, beta and gamma
radiation and thus NORMs can be a source of both external and
internal radiation exposure.
During routine operations, workers are exposed to external
gamma radiation. The external gamma radiation passes through the
steel walls of pipes and vessels and the dose rate at the surface of oil
production pipes and vessels could be in order of tens of micro Sievert
per hour [APPEA, 2002].
During shutdowns and maintenance periods, workers may also
be exposed to inhaled radon gas and NORM dust and to external
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gamma radiation. The external gamma radiation dose rate inside
separators is higher than at external walls because external gamma
radiation inside the separator is not shielded by its steel walls
[Kvasnicka, J., 1996].
Considering that the specific activity of radium in barium
(radium) sulfate scale can be in excess of 500 Bq/g [Kvasnicka, J.,
1996], only a hundred milligrams of inhaled scale dust could cause a
radiation dose in excess of the annual public dose limit of 1,000 µSv (1
mSv). Even though only a small fraction of radon gas is released from
scale [Kvasnicka, 1996; Rood et al., 1998], the radon gas
concentrations in non-ventilated vessels with scale, sludge or sand
could cause elevated radiation exposures. Potential inhalation of
NORM dust and radon gas makes the management of radiation
exposures of workers during shutdowns different from the
management of radiation exposures during routine operations
[APPEA, 2002].
1.6 NORMs in Phosphate Fertilizers
Phosphate fertilizers are used in huge amounts around the world
and are essential for food production. The natural resource from which
agricultural phosphorus is obtained is phosphate rock, found in
sedimentary formations, usually interbedded with marine shales or
limestone [Eisenbud et al., 1997].
It has been known since early in this century that the phosphate
rocks contain relatively high concentrations of uranium. Depending on
the economics of the uranium industry, uranium has periodically been
extracted as a side stream of phosphoric acid production. Phosphate rock
is mined in huge quantities: it is reported that in 1974, about 26 million
tons of ore were sold for fertilizer production in the United States, and
that the ore contained about 1000 Ci (37 TBq) of 226Ra in equilibrium
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with 238U. By 1975, 2 billion tons of ore had been removed from 50,000
hectares [Eisenbud et al., 1997].
Several types of phosphate fertilizers are produced, and these are
usually blended for application in the field. The radium and uranium
tend to separate in the process of producing phosphoric acid, an
important step in fertilizer manufacture. The radium passes to the
gypsum produced as a by-product. A smaller fraction of the
radioactivity is rejected in the process and ends up in the mounds of
stored waste products. Elevated concentrations of 222Rn are found
within structures located on land reclaimed from phosphate mines. The
high concentrations of 226Ra also result in increased γ-radiation
exposure in homes built on reclaimed land [Eisenbud et al., 1997].
The contribution of uranium and radium to agricultural lands
owing to the application of phosphate fertilizers does not significantly
affect the dose received from the general population. However,
phosphorus, in the form of mineral phosphate rock, is sometimes added
to cattle feed and this practice can result in increased levels of uranium
and radium in cows milk. However, continued application of phosphate
fertilizers to soil over a period of many-years could eventually double the
radium and uranium content of the soil, which would result in a
corresponding doubling of the dose to bone from this source
[Eisenbud et al., 1997].
1.7 NORMs in Ceramic
In Egypt, ceramic floor or wall tiles, commonly used in
domestic decoration such as sitting rooms, bedrooms, bathrooms, and
kitchens, consumer products, get their sanitary white appearance and
guard against corrosion from zircon sand (ZrSiO4) added to the glaze
as an emulsifier. Zircon contains some natural radionuclides whose
exposure should be regarded as occupational when the activity
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concentration of its parent nuclide (238U and 232Th) is in the range of 1
– 10 Bq/g [ICRP, 1997].
In China, color-glazed floor or wall tiles are commonly used in
sitting rooms and bedrooms and offices where people stay long periods
of time (19-22 h per day). The activity concentrations of 232Th and
226
Ra in the glaze (containing zircon) are high, and 232Th and 226Ra can
decay to produce 220Rn and 222Rn. When glazed tiles are used as
domestic buildings and cover large areas in places like sitting rooms
and bedrooms, the radon released from glazed tiles can be a potential
health hazard and must be controlled [Yahong, 2002].
1.8 NORMs in Consumer Products
The practice of deliberately incorporating radioactive substances
in consumer products has been established for many years. Some of the
earliest applications (approximately 150 years ago) involved the use of
uranium compounds in the production of a variety of colored glazes
and glassware. In the early part of this century the radio-luminescent
effects of radium were discovered and radioluminescent paints were
widely incorporated in many consumer products.
In the course of developing technology the number and variety
of consumer products containing radioactive substances increased.
Improved technology has in some cases enabled manufactures to
reduce the amount of radioactive material used in certain products,
hence reducing the radiation exposure of the public.
As the market for these consumer products has expanded.
Several international organizations have issued directives and guidance
to ensure that the radiation exposure of the public, arising from the use
and disposal of these products is kept as low as reasonably achievable
whilst still allowing persons to obtain the benefits offered by the
products. In cases of products where the use of ionizing radiation could
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not be justified, such products have subsequently been banned by
national authorities.
Tea set and dishes come from China commonly used in tools of
kitchens with Zircon adds to it. Zircon contains some natural
radionuclides, the activity concentration of these radionuclides can be
estimated by different methods.
1.9 High Background Radiation Areas
Background radiation levels are from a combination of
terrestrial (from the 40K, 232Th, 226Ra, etc.) and cosmic radiation
(photons, muons, etc.). The level is fairly constant over the world,
being 8-15 µrad/hr. Around the world though, there are some areas
with sizable populations that have high background radiation levels.
The highest are found primarily in Brazil, India and China. The higher
radiation levels are due to high concentrations of radioactive minerals
in soil. One such mineral, Monazite, is a highly insoluble rare earth
mineral that occurs in beach sand together with the mineral limonite,
which gives the sands a characteristic black color. The principal
radionuclides in monazite are from the 232Th series, but there is also
some uranium and its progeny, 226Ra. In Brazil there is a high
background area. It is a result of a large rare earth ore deposits form a
hill that rises about 250 meters above the surrounding area. An ore
body near the top of the hill is very near the surface, and contains an
estimated 30,000 tons of thorium and 100,000 tons of rare earth
elements. The radiation levels near the top of the hill are 1 to 2 mrad/hr
(0.01 to 0.02 mGy/hr) over an area of about 30,000 m2. The plants
found there have absorbed so much 228Ra, that they can produce a self
"x-ray" if placed on a sheet of photographic paper [EPA, 1999]. On the
Southwest and the eastern coast of India the monazite deposits are
larger than those in Brazil. The dose from external radiation is, on
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average, similar to the doses reported in Brazil, 500-600 mrad/yr (5 - 6
mGy/yr), but individual doses up to 3260 mrad/yr (32.6 mGy/yr) have
been reported [Akhtar, 2005].
An area in China has dose rates that is about 300-400 mrad/yr
(3-4 mGy/yr). This is also from monazite that contains thorium,
uranium and radium [Handbook, 2002].
In areas of high natural background radiation, an increased
frequency of chromosome aberrations has been noted repeatedly. The
increases are consistent with those seen in radiation workers and in
persons exposed at high dose levels, although the magnitudes of the
increases are somewhat higher than predicted. No increase in the
frequency of cancer documented in populations residing in areas of
high natural background radiation [BEIR V, 1990].
1.10

International Dosimetric Concepts.
The following concepts are extracted from the ICRP-60 [ICRP60, 1991]:
Deterministic doses - There is actual damage to cells and organs.
There apparently is a threshold, above which the damage is
proportional to the dose.
Stochastic doses - If the cell is modified and not killed there is
probably no threshold, and the damage is proportional to the dose.
Here the doses are much less than the deterministic doses.
The Equivalent Dose HT in tissue T
→(1.1)
HT = wR. D T,R,
where DT,R is the absorbed dose in rads (one gray, an SI unit, equals
100 rads) averaged over the tissue or organ, T, due to radiation type, R,
and wR is the radiation weighting factor and HT is in Sv.
The Effective dose is given by
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→(1.2)

E (τ) = wT . HT (τ)

Where wT is the tissue weighting factor, independent of the radiation.
The Committed Equivalent Dose is HT, where τ is the integration time
(in years) following an intake over any particular year. Ionization of a
molecule in a cell will usually be repaired. If it is repaired improperly
then it may lead to damage to DNA, which could lead to cancer or
genetic effects. If enough cells are killed or prevented from functioning
properly, this becomes a deterministic effect there is some evidence to
suggest beneficial effects of low doses of radiation but the evidence is
too sparse to be included.
1.10.1 Deterministic Effects
There is constant loss and replacement of cells. Radiation may
increase the rate of loss. Many organs are unaffected by small
reduction in the numbers of cells, until the loss becomes substantial. If
some individuals are already in a state approaching the pathological
condition, they will reach that condition as a result of exposure to
radiation after a smaller loss of cells than would usually be the case.
For healthy individuals, the probability of causing harm will be zero at
doses up to some hundreds, or sometimes thousands of millisieverts,
depending on the tissue, and will increase steeply to unity (100%)
above some level of dose called the threshold for clinical effect. In
such case, the dose rate may be more important than the dose. Damage
to supporting blood vessels may also occur. The significance of the
relative biological effectiveness may change on moving to
deterministic effects. Few tissues show detrimental effects following
single doses of less than a few Gray, or annual doses of < 0.5 Gy. The
gonads, lens of the eye, and the bone marrow are more sensitive
[ICRP-60, 1991].
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1.10.2 Stochastic Effects (Cancer).
The survival of a clone of a modified cell is very unlikely.
However, if it does survive, after a latency period it may develop into
an uncontrollably proliferating cell - a cancer.
Many million-ion pairs are created annually in the DNA of a human
being. Only about one death in four is attributable to cancer, and
radiation is responsible for only a small fraction of these.
The results from Hiroshima and Nagasaki bombing are
complicated by the uncertainty in estimating the dose and also by the
fact that many of those exposed still survive. Excess numbers of
malignancies are found at the 95% statistical level for doses above
about 0.2 Sv. These people were exposed at very high dose rates, and
the results cannot always be extrapolated to lower dose rates.
Mine workers who breathed radon and radon daughters are
difficult to study, partly because the dose is not easy to estimate, and
partly because they were exposed to other carcinogenic hazards - silica
dust and tobacco smoke.
The shape of the dose-response curve is very uncertain.
However, since low doses are additional to radiation from natural
sources, assumption of a linear no threshold curve is simple and safe
[ICRP-60, 1991].
1.10.3 Stochastic Effects: (Hereditary Effects).
The information is difficult to get and difficult to interpret. The
estimate is, for low doses and low dose rates: 0.5 x 10-2 Sv-1 for the
general population and about 0.3 x 10-2 Sv-1, for workers. Weighted for
years of life lost, the estimates become as in table (1.1) [ICRP-60,
1991].
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Table(1.1) Fatal, Non-fatal and hereditary effects.

Adult
workers

Fatal
Cancer

Non-fatal
cancer

Hereditary

Total

4.0x10-2 Sv -1

0.8x10-2 Sv -1

0.8x10-2 Sv -1

5.6x10-2 Sv -1

5.0

1.0

1.3

7.3

Whole
population

This value is broken down further for the probability of fatal cancer.
As in table (1.2).
Table (1.2) The probability of fatal cancer per Sv.
Organ

Whole Population

Workers

Bladder
Bone Marrow

0.30
0.50

0.24
0.40

Bone Surface

0.05

0.04

Breast

0.20

0.16

Colon

0.85

0.68

Liver

0.15

0.12

Lung

0.85

0.68

Esophagus

0.30

0.24

Ovary

0.10

0.08

Skin

0.02

0.02

Stomach

1.10

0.88

Thyroid

0.08

0.06

Remainder

0.50

0.40

Total

5.00

4.00

Except for breast cancer, the differences between the sexes are small.
The difference between workers and the general population reflects a
difference in age distribution [UNSCEAR, 1993].
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1.11 Units Used to Describe Radiation Dose
Radiation exposures are measured in terms of the quantity
absorbed dose, which equals the ratio of energy imparted to the mass
of the exposed body or organ. The unit of absorbed dose is joules per
kilogram (J/kg). For convenience this unit has been given the special
name gray (Gy). Ionizing radiation can consist of electromagnetic
radiation, such as X-rays or gamma rays (γ-rays), or of subatomic
particles, such as protons, neutrons, and α-particles. X- and γ-rays are
said to be sparsely ionizing, because they produce fast electrons, which
cause only a few dozen ionizations when they traverse a cell. Because
the rate of energy transfer is called linear energy transfer (LET), they
are also termed low-LET radiation [BIAR VII, 2006].
Since the high-LET radiations are capable of causing more
damage per unit absorbed dose, a weighted quantity, equivalent dose,
or its average over all organs, effective dose, is used for radiation
protection purposes. For low-LET radiation, equivalent dose equals
absorbed dose. For high-LET radiation-such as neutrons, α-particles,
or heavier ion particles equivalent dose or effective dose equals the
absorbed dose multiplied by a factor, the quality factor or the radiation
weighting factor, to account for their increased effectiveness. Since the
weighting factor for radiation quality is dimensionless, the unit of
equivalent dose is also joules per kilogram. However, to avoid
confusion between the two dose quantities, the special name sievert
(Sv) has been introduced for use with equivalent dose and effective
dose [BIAR VII, 2006].
Low dose of ionizing radiation defined as doses in the range of
near zero up to about 100 mSv (0.1 Sv) of low-LET radiation. The
ionizing radiation arises from both natural and man-made sources and
at very high doses can produce damaging effects in tissues that can be
evident within days after exposure. At the low-dose exposures, so-
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called late effects, such as cancer, are produced many years after the
initial exposure. So the low doses here defined as those in the range of
near 0 up to about 100 mGy of low-LET radiation. Additionally,
effects that may occur as a result of chronic exposures over months to
a lifetime at dose rates below 0.1 mGy/min are thought to be most
relevant [BIAR VII, 2006].
1.12 Health Hazards of NORM: Radium, radon, and their decay products are radioactive elements
of concern in petroleum production and gas processing. Human
exposure may occur when contaminated dusts and sludge are inhaled
or ingested (internal exposure) or when gamma radiation from
surrounding equipment strikes the body (external exposure). The
amount of gamma radiation able to penetrate processing equipment is
generally not large enough to present a health risk to employees
although exceptions have been found [Jonathon et al., 1989].
Radium is found in most oil and gas fields in the world in
varying concentrations. There is a potential to find radium in
significant amounts in almost all types of equipment. Radon is found
in most natural gas deposits in the world. Radon is an inert, colorless
and odorless gas. Radon itself does not present a health hazard
because it is not easily absorbed into the body and is quickly cleared
when absorbed. Radon’s radioactive breakdown products, called radon
daughters, may be hazardous. Radon naturally breaks down into
radioactive metals before non-radioactive lead. Radon daughters may
be inhaled or ingested when attached to scale or dust generated during
equipment inspection and repair. Radon daughter exposure has been
associated with an increased risk of lung cancer [Jonathon et al.,
1989].
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Short Term Health Effects: Unprotected overexposure to
excessive amounts of radium may result in skin burns. Radon and its
daughters do not cause any short term health effects.
Long Term Health Effects: Unprotected overexposure to
radium and radium daughter contaminated dusts has been associated
with an increased risk of lung cancer and leukemia. Most NORM
material taken into the body is deposited in bones where it will reside
for a long time. Radium will not clear from the body significantly over
time. For this reason, all exposures should be kept below recognized
exposure standards for the general public and unnecessary exposure to
radiation should be minimized.
Excessive radiation exposure to the fetus may increase the risk
of cancer after birth. The fetus is more sensitive to radiation than an
adult so a woman who is, or is planning to become pregnant should
work with her employer to ensure her radiation exposure from NORM
is minimized [Jonathon et al., 1989].
1.13 Definitions
1.13.1 The Units of Radioactivity
The curie (Ci) and the Becqurel (Bq) are commonly used as
units of radioactivity. The curie is defined as 3.7xl010 disintegration
(transformation) per second (dps) or to the disintegration rate of 1
gm of pure 226Ra. Commonly used sub-multiples of the Ci which is
mille curie (mCi = 10-3 Ci) and micro curie (µci = l0-6 Ci).
The new units of radioactivity or the system international (SI) unit is
the Becqurel .The Becqurel is the activity of a source produced
when one disintegration per second (dps) occurs from a radioactivity
source. Commonly used multiples of Bq which is mega Becqurel
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(MBq = 106 Bq) and gega Becqurel (GBq = 109 Bq) [Knoll, 2000].
The relation between Ci and Bq is:
→ (1.3)
1 Ci = 3.7 x l010 Bq.
The specific activity of a radioactive source is defined as the
activity per unit mass of the radioisotope sample (Bq/g) [ICRP,
1988].
→ (1.4)
Asp = λN = (0.693/T½) (AvW/At)
Where
λ is the radioactive decay constant,
At is the atomic weight of sample in (g/mole).
Av is the Avogadro's number (= 6.02×1023 atoms/mole).
W is the weight in (g).
T½ is the half life time.
1.13.2 The Units of Radiation Exposure:
Exposure: Is the quotient of dQ by dm, where dQ is the
absolute value of the total charge of the ions of one sign produced in
air when all the electrons liberated by photons in a volume element
of air having mass dm are completely stopped in air
→ (1.5)
X = dQ / dm
The unit of exposure is noted as roentgen. One roentgen is
1R = 2.58 x 10-4 C/kg.
The exposure rate: defined as the exposure per unit time
(e.g., R/min or R/hr, etc.) [ICRU, 1993].
1.13.3 The Units of Absorbed Dose: The absorbed dose (D) describes the amount of energy
absorbed per unit mass at specific place in an irradiated material
which is measured in Rads and Grays (Gy).
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The Rad (Radiation Absorbed Dose) is a dose absorbed by
body tissues.
The Gray is the new (SI) units of absorbed dose it is one joule
absorbed energy per kilogram (J/kg) of tissue or other material. (1Gy
= l00 rad).
The absorbed dose rate is the absorbed dose per unit time and
the units J/kg.s-1 (Gy/s) [ICRU, 1993].
1.13.4 The Units of Equivalent Dose
Equivalent Dose: Denoted as HT,R , is the absorbed dose in
an organ or tissue multiplied by the relevant radiation weighting
factor, thus
HT,R = WR .DT,R
→ (1.6)
Where DT,R is the absorbed dose averaged over the tissue or organ
T, due to radiation R and WR is the radiation weighting factor for
radiation R. When the radiation field is composed of radiation with
different values of WR, the absorbed dose is subdivided into blocks,
each multiplied by its own value of WR and summed to determine
the total equivalent dose.
→ (1.7)
HT.R = ∑ WR .DT.R
-1
The unit or equivalent dose is (JKg ), termed the sievert (Sv)
[ICRU, 1993].
1.13.5 The Units of Effective dose:
Effective dose E: is defined as a summation of the equivalent
dose in tissues or organs, each multiplied by the appropriate tissueweighting factor. And equal to the following expression.
E = ∑ H T . WT

→ (1.8)

T
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Where HT is the equivalent dose in tissue weighting factor for tissue
or organ T and WT is the tissue-weighting factor for tissue T. From
the definition of equivalent dose, it follows that:
E = ∑ WT . ∑ DT . R .W R

→(1.9)
Where WR is the radiation weighting factor for radiation type R and
DT,R is the average absorbed dose in the organ or tissue T. The unit
of effective dose is JKg-1, termed the sievert (Sv) [Safty series,
1996].
T

T

1.13.6 The Units of collective dose: The collective dose is the sum of all individual doses in a
group of people. It can be obtained by the product of the average
individual dose with the number of the people in the group. For the
collective dose the unit used is person-sievert (person-Sv)
[Henriksen et al., 2003].
1.14 General Review of Literature
Shenber, M.A., in (1997), measurements of natural radioactivity
levels in soil in Tripoli (Libya) by using gamma ray spectrometry. The
average radioactivity concentrations of 238U, 232Th and 40K are 10.5,
9.5 and 270 Bq/kg respectively. The average outdoor terrestrial
absorbed dose rate in air from gamma radiation 1m above the ground
surface was 23 nGy/hr.
The environmental radioactivity in, and around, Simoga,
Karmataka, India were studied by Anandaram et. al. (1998), the
ambient gamma radiation level in 20 different area within 20 km radius
from Shimoga city were measured using a digital type environmental
radiation dosimeter fabricated by M/S Nucleonic Pvt. Ltd., Hyderabad.
The specific activity of primordial radionuclides in soil was
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determined by using a HPGe gamma detector coupled with a 4k MCA.
The average dose rate was 140 nGy h-1. The average activity of 238U,
232
Th, and 40K in soil samples was 14, 50 and 540 BqKg-1 respectively.
Ibeanu I., in (1999), determined the mean activity concentrations
for 60 analyzed soil samples in Jos (Nigeria). The mean activity
concentrations of 40K, 226Ra and 232Th were 1251.7± 478.4, 3867.5 ±
1282.7 and 8301.9 ± 2862.6 Bq/kg respectively with a mean computed
dose rate of 7.2 ± 1.6 nGy/hr, An annual mean outdoor effective dose
of 8.9 ± 0.9 mSv/yr was estimated.
Hamlat et al., in (2000), showed that radioactive deposits,
often referred to as naturally occurring radioactive material scale, can,
because of incompatibility of formation and injection waters, be
formed inside production equipment of the oil and gas industry. These
scales contain mainly 226Ra and its daughter products, which can cause
an exposure risk. The gamma ray dose rates, with the associated
occupational doses in the oil and gas industry, and 226Ra concentration
in production water, crude oil and hard/soft scale samples were
determined.
Jibiri, N.N., In (2001), showed that in the Northern region of
Nigeria the number of individuals at risk of incurring cancer ranged
between 0.25 and 3.25 yr - 1 with an average value of 1.46±0.45, while
in the southwestern region it ranged between 0.76 and 5.50 yr -1 with
a mean value of 1.66±0.63 and in the southeastern region it was
between 0.17 and 0.89 yr-1 with a mean value of 0.35±0.14.
Shawky, S. et al., in (2001), in Egypt has showed that,
naturally occurring radionuclide (NORMS) from the 232Th- series and
238
U- series, can be concentrated by technical activities, particularly
those involving natural resources. Although a great deal of work has
been done in the field of radiation protection and remedial action on
uranium and other mines, recent concern has been devoted to the
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hazard arising from naturally occurring radioactive materials (NORM)
in oil and gas facilities. NORM wastes associated with oil and gas
operations from scale deposits, separated sludge and water at different
oil fields in the eastern and western deserts were investigated.
Concentrations of the uranium, thorium, and potassium (40K) series
have been determined from high-resolution gamma-ray spectrometry.
Yahong, M. et al., in (2002), in China studied the radiological
limits of color-glazed tiles used in home decoration. The activity
concentration of various end products and raw materials as well as
processed materials was measured using gamma spectroscopy. 222Rn
exhalation rates from the surface of color-glazed tiles were measured
using charcoal canister method. Levels of exposure to alpha ray and
beta ray from the surface of glazed tiles were measured by surface
alpha and beta contaminant instrument.
Lysebo, I. et al., in (2002), found that radioactive deposits,
often referred to as LSA (Low Specific Activity) scale, can under
certain circumstances be formed inside production equipment in oil
production process. These deposits contain elevated levels of
radioactivity, mainly 226Ra, 228Ra and their daughter products, and
represent a waste problem for the oil industry. Most of the
radioactivity from the reservoir is disposed with produced water into
the sea. External exposure to workers has been measured during
typical operations both off shore and on involving handling of
contaminated equipment. Because of the low values of the
radoinuclides in question, the potential internal exposure to workers is
of particular importance. Release of dust from contaminated items is
not found to be significant during normal operations, but internal
hazards are still considered to be of major importance when discussing
the potential exposures.
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Ahmed in (2002), found that the concentration of natural
radionuclides (226Ra, 232Th, and 40K) in various kinds of ground anddrinking water of area in Upper Egypt were determined by gamma ray
spectrometry with HPGe detector. The investigated waters differed in
radioactivity content depending on their origin and place. In ground
waters the radioactivity is higher in the vicinity of phosphate
processing plant. The radioactivity of drinking waters was found to be
near the lower limit of the range of concentrations observed in other
countries.
AI-Jundi et al., in (2003), found that the specific activity and
gamma-absorbed dose rates of the terrestrial naturally occurring
radionuclides (238U, 232Th, and 40K) were determined in roadside soil
cores obtained from eight sites along Amman Aqaba National
Highway (AANH), using HPGe gamma-ray spectrometry. The soil
activity ranged from 22 to 104 Bq kg-1 for 238U, 21 to 103 Bq kg-1 for
232
Th, and 138 to 601 Bq kg-1 for 40K. The highest mean value of 238U
was found in the core samples obtained from a site close to Al-Hassa
phosphate mine. The study yielded an annual effective dose equivalent
in the range of 40-151 µSv.
Singh, S. et al., in (2003), found that radium, thorium and
potassium analysis have been made in soil samples collected from
some villages of Hamirpur district, Himachal Pradesh, India using
gamma ray spectrometry. The work has been undertaken keeping in
view the health hazard effects of these radioelements in the
environment. The results for radium activity are also compared using
track etch technique employing radon alpha method developed by
Somogyi. The gamma ray lines of 1.46, 1.76 and 2.62 MeV were
employed for potassium, radium and thorium analysis. The results for
radium content in soil obtained by gamma ray spectrometry agrees
within that determined by the track etch technique.
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Tzortzis, M. et al., in (2003), measured the terrestrial gamma
radiation in all the predominant types of geological rock formation
appearing in Cyprus by using high-resolution gamma ray spectroscopy.
From the measured gamma-ray spectra, activity concentrations were
determined for 232Th (range from 1.3 to 52.8 Bq Kg-1), 238U (from 0.9
to 90.3 Bq Kg-1) and 40K (from 13 to 894 Bq Kg-1). Elemental
concentrations mean values of (2.8 ± 0.7) ppm, (1.3 ± 0.3) ppm and
(0.6 ± 0.1) % were extracted for thorium, uranium and potassium,
respectively. Absorbed dose rates in air outdoors were calculated to be
in the range of 0.1-50 nGyh-1, depending on the geological features,
with an over all mean value of (14.7 ± 7.3) nGyh-1. The corresponding
effective dose rates per person outdoors were estimated to be between
0.1 and 61.4 µSv yr-1.
Mohanty, A. K. et al., in (2004), measured the average activity
concentrations of radioactive elements such as 232Th, 238U and 40K,
measured by gamma-ray spectrometry using an HPGe detector, and
found to be 2825±50, 350±20 and 180±25 Bq Kg-1, respectively, for
the bulk samples. The absorbed gamma dose rates in air due to the
naturally occurring radionuclides varied from 650 - 3150 nGy h-1 with
a mean value of 1925±718 nGy h-1. The annual external effective dose
rates for the region varied from 0.78 - 3.86 µSv yr-1 with mean value of
2.36±0.88 µSv yr-1.
Akhtar, N. et al., in (2005), investigated the amount of
radioactivity in the barren soil; an area of about 60 h of saline soil was
selected in Rakh Dera Chal near the city of Lahore in the Punjab
province of Pakistan. The technique of gamma ray spectrometry was
applied using high purity germanium gamma-ray detector. Activity
concentration level due to 40k, 137Cs, 226Ra and 232Th were measured.
Activity concentrations of the concerned radionuclides were as
follows: 40k, 524.84-601.62 Bq kg-1, 226Ra, 24.73-28.17 Bq kg-1, and
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232

Th, 45.46 -52.61 Bq kg-1. The external gamma dose rate in air is
calculated from the measurement of concentration of the relevant
radionuclides in soil. The calculated value is 65 n Gy h-1 that lies
between the dose rate ranges of 18-93 n Gy h-1 given for the world in
UNSCEAR report 2000.
El Afifi, E.M. et al., in (2005), studied the characterize of the
Technically Enhanced Naturally Occurring Radioactive Materials (TENORM) waste generated from oil and gas production. The waste was
characterized by means of dry screening solid fractionation, X-ray
analysis (XRF and XRD) and γ-ray spectrometry. The results showed
that the TE-NORM waste contains mainly radionuclides of the 238U,
235
U and 232Th series. After dry fractionation, the activity
concentrations were widely distributed and enriched in certain
fractions. This represented a 1.48 and 1.82-fold enrichment of 226Ra
and 228Ra, respectively, in fraction F8 (2.0-2.5 mm) over those in bulk
TE-NORM waste samples. The activity ratios of 238U/226Ra,
210
Pb/226Ra, 223Ra/226Ra and 228Ra/224Ra were calculated and evaluated.
Activity of the most hazardous radionuclide 226Ra was found to be
higher than the exemption levels established by IAEA. The radium
equivalent activity (Ra-eq), radon (222Rn) emanation coefficient (EC)
and absorbed dose rate (Dγr) were estimated.
Birchall, A. et al., in (2005), determined the risk from exposure
to radon daughters in two different ways. Firstly, by using statistics on
the excess lung cancer incidence in miners exposed to high levels of
radon gas: the so-called epidemiological approach. Secondly, by
calculating the effective dose (Sv) received per unit exposure, and
multiplying this by the risk per Sv: the so-called dosimetric approach.
Recent risk estimates using the epidemiological approach (~5
×10-4/WLM) are nearly twice those made in 1994, while a recent
detailed analysis using the dosimetric approach gives a risk about 15%
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lower than the 1994 study (~7×10-4/WLM). Based on these current
estimates, the two approaches are broadly consistent. It is observed
that a small change in the weighting factor for the lung, from 0.12
(rounded by ICRP from 0.11) to 0.10 is all that is needed to make these
two approaches agree almost exactly.
Rehman, S.U. et al., in (2006), determined the 238U contents in
U-bearing ore samples by performed a series of experiments. Ore
samples were placed in plastic containers with CR-39-based NRPB
radon dosimeters installed in them. From the measured radon
concentration values, 226Ra activities were calculated that ranged from
157 to 454 Bqkg-1. Using these activity values, assuming secular
equilibrium, 238U contents were calculated which ranged from 13 to 37
ppm in the ore samples. The equilibrium factor was determined using
HPGe-based gamma spectrometry technique. Here, specific activity of
226
Ra was determined using gamma line at 609-3 keV (46.1%) of 214Bi.
Then specific activity of 238U was determined using the gamma line at
143.76 keV (10.5%) of 235U. Calibration factor, defined as the ratio of
the specific activities of 226Ra and 238U, was determined. The NRPB
dosimeter data were then corrected for the equilibrium factor which
resulted in 238U contents that ranged from 229 to 1968 ppm.
Eappen, K.P. et al., in (2006), used solid state nuclear track
detectors (SSNTD) for the assessment of inhalation doses due to radon
and its progeny to uranium mine workers, it is necessary to have
information on the time integrated gas concentrations and equilibrium
factors. A simple 'mean of bounds' methodology is proposed to extract
equilibrium factors based on their absolute bounds and the associated
uncertainties as obtained from general arguments of radon progeny
disequilibrium. This may be considered as reasonable estimates of the
equilibrium factors in the absences of knowledge of fluctuation in the
environmental variables. The results are compared with those from
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direct measurements both in the laboratory and in real field situations.
In view of the good agreement found between these, it is proposed that
the simple means of bounds estimate may be useful for practical
applications in inhalation dosimetry of mine workers.
Baykara, O. et al, in (2006), analyzed radon concentration,
effective radium content and radon exhalation rate using the closed-can
technique which includes CR-39 passive detectors and also, annual
effective dose have been calculated for the water samples. From
different water samples collected from over the North and East
Anatolian Fault Systems. The uranium concentrations in soil samples
were also determined by using Nal(TI) gamma spectroscopic method.
The measured maximum values of the exhalation rate in the water
samples varied between 20.2 and 470.0 mBq/m2 h. The uranium
concentrations in soil samples vary between 12.4 ± 1.2 and 138.0 ±6.1
Bq/kg. The highest annual effective doses obtained for radium and
radon are 55.1 and 14.5 µSv/y, respectively.
Al-Hamarneh, I.F. et al., in (2009), Determined the natural
radioactivity by using gamma-ray spectrometry system in surface soil
samples in urban areas of the northern highlands of Jordan, and
estimating the current radiation hazards to the population. The total
average concentrations of radionudides 226Ra, 238U, 232Th, and 40K
were 42.5, 49.9, 26.7, and 291.1 Bqkg-1 respectively. The total average
absorbed dose rate in the study areas is found to be 51.5 nGyh-1.
Whereas the annual effective dose equivalent has an average value of
63.2 µSvy-1. The results of this study were discussed and compared
with internationally recommended values.
Abo-Elmagd, M. et al., in (2010), determined the Disposal
petroleum pipes which containing sludge and scale as a technically
enhanced natural occurring radioactive material (TE-NORM) leads to
internal and external radiation hazards and then a significant radiation
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dose to the workers. These pipes are imported from onshore oilfields at
south Sinai governorate, Egypt. The highest mean 226Ra and 228Ra
concentrations of 519 and 50 kBq/kg respectively, were measured in
scale samples. Sludge lies within the normal range of radium
concentration. The average absorbed dose caused by the exposure to
the wasted pipes equal to 4.09 mGy h-1 from sludge and 262 mGy h-1
from scale. This is much higher than the acceptable level of 0.059
mGy h-1. The hazards from sludge come from its high emanation
power for radon which equal to 3.83%. The obtained results
demonstrate the need of screening oil residues for their radionuclide
content in order to decide about their final disposal.
1.15 The Aim of the Work
1) Measurements of radioactivity of enhanced naturally occurring
radioactive materials TE-NORM from petroleum field,
phosphate fertilizers, Ceramic and Consumer Products by
using
high – purity germanium detector HPGe and track
detector CR-39.
2) Theoretical calculations for estimating exposure of workers
handling (TE-NORM) and personal radiation dose
assessment.
3) Analyses of risks result from occupational radiation exposures.
4) Development of a radiation protection program for
occupationally workers exposed to radiation.
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Physical Consideration and Experimental set-up
2.1 Interaction of Heavy Charged Particles with Matter
Heavy charged particles, such as the alpha particle, interact
with matter primarily through coulomb forces between their
positive charge and the negative charge of the orbital electrons
within the absorber atoms. Although interactions of the particle
with nuclei (as in Rutherford scattering or alpha particle-induced
reactions) also are possible, such encounters occur only rarely and
they are not normally significant in the response of radiation
detectors. Instead, charged particle detectors must rely on the
results of interactions with electrons for their response [Knoll, 2000].
Upon entering any absorbing medium, the charged particle
immediately interacts simultaneously with many electrons. In any
one such encounter, the-electron feels an impulse from the attractive
Coulomb force as the particle passes its vicinity. Depending on the
proximity of the encounter, this impulse may be sufficient to either
raise the electron to a higher lying shell within the absorber atom
(excitation) or to completely remove the electron from the atom
(ionization). The energy that is transferred to the electron must come
at the expense of the charged particle, and its velocity is therefore
decreased as a result of the encounter. The maximum energy that can
be transferred from a charged particle of mass m with kinetic energy
E to an electron of mass m0 in a single collision is 4Em0/m, or about
1/500 of the particle energy per nucleon. Because this is a small
fraction of the total energy, the primary particle must lose its
energy in many such interactions during its passage through an
absorber. At any given time, the particle is interacting with many
electrons, so the net effect is to continuously decrease its velocity
until the particle is stopped [Knoll, 2000].
Representative paths taken by heavy charged particles in
their slowing down process are schematically represented in figure
(2.1). Except at their very end, the tracks tend to be quite straight
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because the particle is not greatly deflected by any one encounter,
and interactions occur in all directions simultaneously. Charged
particles are therefore characterized by a definite range in a given
absorber material. The range, to be defined more precisely below,
represents a distance beyond which no particles will penetrate
[Knoll, 2000].

Fig. (2.1) Representation of the tracks of alpha particles from a
monoenergetic source.
The products of these encounters in the absorber are either
excited atoms or ion pairs. Each ion pair is made up of a free
electron and the corresponding positive ion of an absorber atom
from which an electron has been totally removed. The ion pairs
have a natural tendency to recombine to form neutral atoms, but in
some types of detectors, this recombination is suppressed so that
the ion pairs may be used as the basis of the detector response
[Knoll, 2000].
In particularly close encounters, an electron may undergo a
large enough impulse so that after having left its parent atom, it
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still may have sufficient kinetic energy to create further ions by
the same mechanisms. These energetic electrons are sometimes
called delta rays, and represent an indirect means by which the
charged particle energy is transferred to the absorbing medium.
The range of the delta rays is always very small compared with
the range of the incident charged particle, and in most practical
situations it is immaterial whether the energy is deposited directly
by the primary particle itself or by the secondary delta rays [Knoll,
2000].
2.2 Interaction of Gamma Rays with Matter
There are three major types of interaction mechanisms are
known for gamma rays in matter. Photoelectric absorption, compton
scattering, and pair production.
2.2.1 Interaction Mechanisms
(A) Photoelectric Absorption
In the photoelectric absorption process, an incoming gamma
ray photon undergoes an interaction with an absorber atom in
which the photon completely disappears. In its place, an energetic
photoelectron is ejected by the atom from one of its bound shells.
The interaction is with the atom as a whole, and cannot take place
with free electrons. For gamma rays of sufficient energy, the most
probable origin of the photoelectron is the most tightly bound or K
shell of the atom. The photoelectron appears with an energy given
by
E e = hv − Eb
(2.1)
where Eb represents the binding energy of the photoelectron in its
original shell. For gamma ray energies of more than a few hundred
keV, the photoelectron carries off the majority of the original
photon energy [Knoll, 2000].
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In addition to the photoelectron, the interaction also creates
an ionized absorber atom with a vacancy in one of its bound shells.
This vacancy is quickly filled through capture of a free electron
from the medium and/or rearrangement of electrons from other
shells of the atom. Therefore, one or more characteristic X-ray
photons may also be generated. Although in most cases these Xrays are reabsorbed close to the original site through photoelectric
absorption involving less tightly bound shells, their migration and
possible escape from radiation detectors can influence their
response. In some fraction of the cases, the emission of an Auger
electron may substitute for the characteristic X-ray in carrying
away the atomic excitation energy [Knoll, 2000].
The photoelectric process is the predominant mode of
interaction for gamma rays (or X-rays) of relatively low energy.
The process is also enhanced for absorber materials of high atomic
number Z. No single analytic expression is valid for the probability
of photoelectric absorption per atom over all ranges of Eγ and Z, but
a rough approximation is
τ ≅ Const.×

Zn
Eγ3

(2.2)

where the exponent n varies between 4 and 5 over the gamma ray
energy region of interest. This severe dependence of the
photoelectric absorption probability on the atomic number of the
absorber is a primary reason for the preponderance of high-Z
materials (such as lead) in gamma ray shields. Many detectors used
for gamma ray spectroscopy are chosen from high-Z constituents
for the same reason [Knoll, 2000].
(B) Compton Scattering
The interaction process of Compton scattering takes place
between the incident gamma ray photon and an electron in the
absorbing material. It is most often the predominant interaction
mechanism for gamma ray energies typical of radioisotope sources.
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In Compton scattering, the incoming gamma ray photon is
deflected through an angle θ with respect to its original direction.
The photon transfers a portion of its energy to the electron
(assumed to be initially at rest), which is then known as a recoil
electron. Because all angles of scattering are possible, the energy
transferred to the electron can vary from zero to a large fraction of
the gamma ray energy [Knoll, 2000].
The expression which relates the energy transfer and the
scattering angle for any given interaction can be simply derived by
writing simultaneous equations for the conservation of energy and
momentum. Using the symbols defined in figure (2.2).

Fig. (2.2) Compton scattering with a "free" electron.

٤٣

Chapter 2
Physical Consideration and Experimental set-up

It can be shown that
hv' =

hv
hv
1+
(1 − cos θ )
m0 c 2

(2.3)

where m0c2 is the rest mass energy of the electron (0.511 MeV).
For small scattering angles θ, very little energy is transferred. Some
of the original energy is always retained by the incident photon,
even in the extreme of θ=π. The probability of Compton scattering
per atom of the absorber depends on the number of electrons
available as scattering targets [Knoll, 2000].
Also Because Compton scattering involves the least tightly bound
electrons, the nucleus has only a minor influence and the
probability for the interaction is nearly independent of atomic
number [Reilly et al., 1991].
(C)

Pair Production
If the gamma ray energy exceeds twice the rest mass energy
of an electron (1.02 MeV), the process of pair production is
energetically possible. As a practical matter, the probability of this
interaction remains very low until the gamma ray energy
approaches twice this value, and therefore pair production is
predominantly confined to high energy gamma rays. In the
interaction (which must take place in the coulomb field of a
nucleus), the gamma ray photon disappears and is replaced by an
electron-positron pair as shown in figure (2.3). All the excess
energy carried in by the photon above the 1.02 MeV required to
create the pair goes into kinetic energy shared by the positron and
electron [Knoll, 2000]. Because the positron will subsequently
annihilate after slowing down in the absorbing-medium, two
annihilation photons are normally produced as secondary products
of the interaction. These two 0.511 MeV photons may then interact
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in the medium via Compton and photoelectric events [Michael,
2007].
The subsequent fate of this annihilation radiation has an important
effect on the response of gamma ray detectors.

Figure (2.3) A schematic representation of pair production.

2.3 Gamma-ray Attenuation
2.3.1 Attenuation Coefficients
If a monoenergetic photon is collimated as a beam and is
allowed to strike a detector after passing through an absorber of a
variable thickness, the result should be simple exponential
attenuation of the gamma rays. Each of the interaction processes
removes the gamma- ray photon from the beam either by
absorption or by scattering away from the detector direction and
can be characterized by a fixed probability of occurrence per unit
path length in the absorber. The sum of these probabilities is simply
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the probability per unit path length that the gamma ray photon is
removed from the beam:
µ = τ (Photoelectric) + σ (Compton) + K (pair)
→(2.4)
Where
µ is the linear attenuation coefficient,
τ is the photoelectric coefficient,
σ is the Compton coefficient, and
K is the pair production coefficient.
The number of transmitted photons I is then given in terms of I0
(the incident number of photons).
I
= e−µ t
I0

→(2.5)

Gamma ray photons can also be characterized by their mean
free path λ, defined as the average distance traveled in the absorber
before an interaction takes place, (λ=1/µ).
The linear attenuation coefficient used is limited by the fact that it
varies with density of the absorber [Knoll, 2000].
2.3.2 Absorber Mass Thickness
The attenuation law for gamma rays in terms of the mass
attenuation coefficient takes the form
ρt
I
= e −( µ / ρ )
I0

→(2.6)

The product ρt is known as the mass thickness of the absorber, is
the significant parameter that determines its degree of attenuation.
2.3.3 Buildup factor
This situation is usually handled by the following:
I
= B (t , Eγ ) e − µ t
I0

→(2.7)
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Where the factor B (t, Eγ) is called the buildup factor, is a function
of (Eγ) the photon energy and (t) the absorber thickness.
2.4 Interaction of Gamma Rays within the Detector
All significant interactions between gamma-rays and
detector materials result in the transfer of energy from the gammaray to electrons, or, in the case of pair production, to an electron
and a positron. The energy of these individual particles can range
from near zero energy to near to the full energy of the gamma-ray.
In gamma-ray spectrometry terms energies may be from a few keV
up to several MeV. If we compare these energies with the energy
needed to create an ion pair in germanium, 2.96 eV, it is obvious
that the energetic primary electrons must create electron-hole pairs
as they scatter around within the bulk of the detector. We can
calculate the expected number of ion pairs created by one such
energetic electron as follows:
(2.8)
n = Ee/€
where Ee is the electron energy and € the energy needed to create
the ion pair. Multiplying this number by the charge on an electron
would give an estimate of the charge created within the detector. It
is these secondary electrons and their associated positively charged
holes which must be collected in order to produce the electrical
signal from the detector.
The detail of the manner in which gamma-rays interact with
matter determines the size of the detector signal for each particular
gamma-ray. This will depend upon the energy of the photon, the
atomic number of the absorber atom and, for Compton events, the
angle between the incident gamma-radiation and the scattered
gamma-ray [Gordon et al., 1995].
2.5 Laboratory Detection and Experimental Set-Up
This chapter presents a preparation and study of the TENORM samples collected from petrol fields, Phosphate fertilizers,
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consumer products, and ceramics. These samples were carried out
with two different techniques, (1) Solid state nuclear track detector
(SSNTD) by using CR-39. (2) gamma-ray spectrometry.
2.5.1 Solid State Nuclear Track Detectors
Solid State Nuclear Track Detectors (SSNTDs) have been
used for a long time for radon measurements. Every detectable αparticle produces in a SSNTD a single trail of damage which, after
chemical enlargement, turns into a narrow channel and is made
visible under the microscope. The term ''track" will refer to such a
revealed channel, etched along the path of an alpha particle.
SSNTDs exhibit different sensitivities: some of them in particular
are sensitive to alpha particles in the energy range of the particles
emitted by radon. Mostly, these SSNTDs are cellulose esters
(nitrate and acetate), and polycarbonates like bis-phenol-A
polycarbonate and CR-39. {CR-39 track detectors a thermo set
plastic formed as a cross linked polymer from the monomer
allyldiglycol carbonate. It is extremely transparent and
mechanically rigid. CR-39 possesses excellent properties as a
nuclear track detector. It is highly isotropic and a high degree of
homogeneity. Furthermore, it is cheap and readily available}. On
the other hand, however sensitive they may be to heavily charged
particles, SSNTDs are largely insensitive to beta and gamma rays.
In other words, β and γ-rays do not produce etchable individual
tracks [Durrani et al., 1997].
SSNTDs also have the advantage to be mostly unaffected by
humidity, low temperatures, moderate heating and light. They
present unique characteristics for long-term integrating
measurements of radon gas for large-scale surveys [Tommasino,
1990]. They of course do not require an energy source to be
operated since their detecting property is an intrinsic quality of the
material they are made of. They are consequently very well adapted
for long term measurements in the field. In this work the detector
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CR-39 is of a type 1000 µm MA-ND/α manufactured in Hungary
has a density equal to 1.31 g. cm-3 and its chemical formula is
C12H18O7.
2.5.1.1 Track Formation Mechanisms in Dielectric Media
The main characteristics of the method are [Durrani et al., 1997]:
1. Heavy, charged particles (from protons upwards), but not
β-particles - nor γ-rays, etc., - can leave latent quasi-continuous
trails of damage in dielectric media, which are relatively long-lived
at normal (and sub-zero °C) temperatures. These 'latent tracks' can
survive even at high temperatures, depending on the medium and
the intensity of the ionization (i.e. the linear density of displaced
electrons). The latent tracks can only be seen by Transmission
Electron Microscopy (TEM), being only some tens of nm in
diameter or less.
2. The latent tracks can be etched with the help of a suitable
etchant (often a simple alkali or acid, e.g. NaOH or KOH; HF or
HNO3), thereby not only 'fixing' them - i.e. making them
permanent - but also enlarging them sufficiently so that they
become visible under optical microscope (with diameters of µm, or
more).
3.
Different dielectrics have different 'registration
thresholds', such that only those particles which, in a given part of
their trajectory as they slow down, have linear rates of energy
loss (dE/dx), or primary ionization rate J. above a 'critical value',
or threshold, will be registered in a given dielectric medium. Thus
polymers (plastics) have far lower registration thresholds than
glasses and mineral crystals, and therefore often record tracks of
such low-Z ions as α- particles (Z being the atomic number). The
widely used polymer CR-39 (a polyallyl diglycol carbonate) can
record even proton tracks.
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2.5.1.2 Chemical Etching
Chemical etching is usually carried out in a
thermostatically controlled water bath at temperature ranging
from 40 Co to 70 Co and the commonest etchant is aqueous
solution of NaOH (or KOH) at a molarity ranging from 2 to 6 M.
typical etching time ranging from 2 to 6 h. As the molarity of the
etching reagent, and/or the etching time, and/or the etching
temperature, increase, so does the size of the resulting etch pit. In
certain applications, ethyl alcohol may be added to the solution in
a certain proportion (e.g. a PEW solution); the alcohol helps to
enhance the registration sensitivity of some plastic (pc), although
it lowers that of other (CR-39) [Durrani et al., 1997].
The plastic detectors are normally suspended by means of
wires/strings attached small springs. The detectors are immersed
in the etching solution inside a beaker which is placed in a
constant-temperature water bath. The etching beaker is sealed
tightly with a stopper so as to suppress the change of etchant
concentration caused by evaporation of solvent and absorption of
moisture. At the end of etching, the detectors are removed,
washed in running water, and preferably placed in a small
ultrasonic bath of distilled water for a few minutes to remove the
etching residue from the etch pit. After drying, the detectors are
ready to be counted under an optical microscope [Durrani et al.,
1997].
2.5.1.3 Etching Mechanisms
When a polymer is subjected to an etchant (that is, a
polymer degrader rather than a solvent), the surface of the
polymer is removed with a bulk etch rate VB. As a result of the
passage of a highly ionizing particle in a polymer, a chemically
reactive damage trail may be produced, characterized by a
different etching rate known as the track etch rate VT. A track will
be enlarged by etching only if the rate of etching along the track,
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VT, exceeds the rate at which the surface is etched, VB. If the
track is not perpendicular to the surface then the component
perpendicular to the surface must exceed VB for registration to
occur [Durrani et al., 1997].
The upper part of figure (2.4) shows the track-etching
geometry for a particle, normally incident on the detector surface.
In this simple case the track-etching rate, VT, is assumed constant
and the bulk etching rate, VB, isotropic.
For tracks incident on the surface at a dip angle (which is
the angle between the track and the surface), the component of VT
perpendicular to the surface, VT sinθ, must exceed VB, in order to
produce a track
VT sinθ > VB; sinθ > VB/VT

(2.9)

Hence there exists a critical angle of registration given by
θC = arcsin VB/VT, below which the damage trail is not developed
into a track. The lower part of Fig. 2.2 shows the geometry of two
tracks (b and c) with different angles of incidence after three
different etching times: t1, t2, and t3. The shapes of the tracks
change drastically with prolonged etching. A track will possess a
pointed tip only when it has not been etched to the end of the
range of the damaged trail. As soon as the end of the range is
reached the pointed tip starts rounding out. The diameter of the
track keeps increasing, but once the track has lost its pointed
shape it becomes less and less clear and more and more difficult
to discriminate from back ground pits. Eventually, when the track
edges become closer and closer to being coplanar with the final
etched surface, they disappear from view. An extensive etching of
6 hours rounds out the track tip and markedly increases its width.
Incidentally, after 6 hours of etching, some new and very small
etch pits start appearing [Durrani et al., 1997].
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2.5.1.4 Estimate Errors in Track Counting
Poisson statistics are assumed to apply to track counting in
common with other nuclear events (where, of a large number of
atoms available, only very small fractions undergo some
observable reaction). In these statistics, the error is given by the
square root of the events actually counted. An elementary but
extremely important factor here which is sometimes overlooked
is that the error is given by the actual events counted and not by
any calculated frequency or density [Durrani et al.-1997].
ρ=

Where

N± N
A

(2 .10)

ρ Density of track (tracks cm-2)
N number of count in field
A is field of view (cm2)

Fig.(2.4) Track etching geometry in isotropic detector materials,
where R- range of the particle, D- diameter of the etched track, Llength of the etched track and t- etching time.
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2.5.2 Germanium Gamma Ray Detector
2.5.2.1 Suitable Semiconductors for Gamma-Ray Detectors
The ideal semiconductor detector material will:
• have as large an absorption coefficient as possible (i.e. high
atomic number),
• provide as many electron-hole pairs as possible per unit energy
• allow good electron and hole mobility,
• be available in high purity as near perfect single crystals,
• be available in reasonable amounts at reasonable cost.
Germanium is by far the most common detector material.
Its higher atomic number than silicon makes it practicable to use
it for the detection of higher energy gamma radiation.
Germanium is unique in that the detectors must be operated at
low temperature in order to reduce the leakage current
sufficiently [Gordon et al., 1995].
2.5.2.2 Germanium Gamma-Ray Detectors
The most popular early designs used lithium-drifted
germanium [Ge (Li)] as the detection medium. The lithium
served to inhibit trapping of charge at impurity sites in the crystal
lattice during the charge collection process. In recent years,
manufacturers have produced hyper pure germanium (HpGe)
crystals, essentially eliminating the need for the lithium doping
and simplifying operation of the detector [Reilly et al., 1991].
Solid-state detectors are produced mainly in two
configurations: planar and coaxial. Planar detectors are used
mainly for the determination of low-energy gamma-rays and Xrays [Cooper et al., 2003]. Coaxial detectors are produced either
with open-ended or closed-ended crystals. Coaxial detectors can
be produced with large sensitive volumes and therefore with large
detection efficiencies at high gamma-ray energies. [Reilly et al.,
1991; Cooper et al., 2003].
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There are two important properties of detectors named
efficiency and resolution:
1- Efficiency, a parameter describing the ability to convert
as many emissions from the radioactive source as possible into
useful electrical signals [Watanabe et al., 1999].
Counting efficiencies are divided into two classes: absolute
and intrinsic [Knoll, 2000].
I. The basic definition of absolute photon detection
efficiency is defined by:
ε tot =

Total number of det ected photons in the full − energy peak
Total number of photons emitted by the source

(2.11)

This total efficiency can be expressed as the product of
four factors, according to [Reilly et al., 1991]
The geometric efficiency
The absorption efficiency
The sample efficiency
The intrinsic efficiency
II. The intrinsic efficiency is defined as:
ε int =

Total number of det ected photons in the full − energy peak
(2.12)
Total number of photons incident on det ector

The intrinsic efficiency of a detector usually depends on
primarily on the detector material, the radiation energy and the
physical thickness of the detector in the direction of the incident
radiation. The intrinsic efficiency of the HpGe detector was
determined as function of the gamma-ray energy [Terremoto et
al., 2000; Knoll, 2000]. The most common type of efficiency
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tabulated for gamma-ray detectors is the intrinsic peak efficiency
[Knoll, 2000].
Another important term is the relative efficiency which is
defined by:
a. The relative to NaI (Tl): It is common practice to
specify the efficiency of a germanium detector at 1332
keV (60Co) as a percent of the efficiency of a 3″ × 3″
NaI (Tl) detector at 25-cm source-to-detector distance
for the same gamma-ray energy:
εrel to NaI(Ge) =100 εtot(Ge, 1332 keV)/ εtot (NaI (Tl), 1332 keV) (2.13)

The theoretical value of εtot (NaI, 1332 keV) at 25 cm is
1.2 × 10-3.
b. The relative Efficiency Curve: (Also called intrinsic
efficiency calibration). This is a composite curve of the
energy dependence of the ratio of the detected count
rate to the emitted count rate [Reilly et al., 1991].
However as is the case for all analysis techniques, in order
to carry out a quantitative analysis, gamma-ray spectrometry
requires standard samples to establish an experimental efficiency
calibration which is so far the most accurate. It will be perfect if
different configurations are present (e.g.: various gamma-ray
detectors, geometries and sample shapes) [Abbas et al., 2002].
2- Resolution, the ability to discriminate between gamma
rays of similar energy that is to distinguish one radionuclide from
another when both are present in the radiation source [Wilkins et
al., 1989]. The resolution of a detector is a measure of its ability
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to resolve two peaks that are close together in energy. The
parameter used to specify the detector resolution is the Full Width
of the (full-energy) photopeak at half its Maximum height
(FWHM); it is represented in figure (2.5). If a standard Gaussian
shape is assumed for the photopeak, the FWHM is given by:
FWHM

=

2 σ

ln 2

(2.14)

Where σ is the width parameter for the Gaussian.
A detector with high resolution usually gives more
accurate assays than one with low resolution. The resolution of a
germanium detector is typically 0.5 to 2.0 keV in the energy
range of interest for nondestructive assay (NDA) applications. A
comparison of a peak shape from a detector of good resolution
with a peak shape resulting from a detector of poor resolution is
represented in Figure (2.6). The major effect is in a degradation
of the signal-to-noise and hence the sensitivity of the
measurement [Seymour, 1994].

2.5.2.3 Description of the System used in this work
(A) Detector
The system used in this work is found in nuclear physics lab.
in Physics Department, Faculty of Women for Art, Science and
Education, Ain Shams University. Spectra for different samples in
this work were measured using closed-end coaxial gamma-ray
detector (p-type) made of high purity germanium (HPGe) in a
vertical configuration (Pop Top-cryostat configuration) cooled
with liquid nitrogen figure (2.7).
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Fig. (2.5) Definition of detector resolution

Fig.(2.6) Examples of response functions for detectors with
relatively good resolution and relatively poor resolution.
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The used HPGe EG&G Ortec Model GEM-502IO-P has a full
width of half maximum (FWHM) of 0.8 keV at the 122 keV
gamma transition of 57Co and 1.9 keV at the 1.33 MeV gamma
transition of 60Co. The detector has a photo-peak relative
efficiency of about 50 % of the "3 x 3" NaI(TI) crystal efficiency.
The crystal has a diameter of 64.5 mm, a length of 69.9 mm and
700 µm inactive layer. The active volume end is facing a 0.1 cm
thick aluminum window of the detector housing at a distance of
0.4 cm. The detector has peak-to-Compton ratio about 69.9 to 1
Compton ratio at the 1.33 MeV peak transition of 60Co.
The detector is mounted on a 30 liter liquid nitrogen dewar. The
preamplifier is coupled to the detector and connected to the
germanium crystal so that its input components arc kept at liquid
nitrogen temperature.
To reduce the noises from thermal radiation in the crystal, the
HPGe detector is cooled with liquid nitrogen (77 oK) during the
period of its use about six hour before. This will reduce the leakage
current generated by mobile carriers at room temperature and to
prevent voltage break down through the crystal.
To reduce the gamma-ray background, the hyper pure
germanium detector together with its preamplifier was put on a
carriage which has the ability to be lifted vertically so that the
detector is inserted inside a cylindrical lead shield with a fixed
bottom and moving cover. The lead shield contained two inner
concentric cylinders of copper and cadmium. The detector was
properly shielded.
The Ortec 4001M Minibin & Power Supply is used in this
system which connects to the Ortec 659 0-5kV detector bias supply
and the Ortec 570 amplifier through the two pins. A power ground
return, a high-quality signal ground, and + 12V, -12V, +24V, -24V,
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and 117 V ac are included in the distribution circuits. The power
supply furnishes four standard dc voltages; +12V at 1A, -I2Vat
1A, +24V at 0.5A, and -24V at 0.5A.

Fig(2.7) vertical cryostats monitoring arrangements.
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The detector preamplifier used in this study was an Ortec
Model 257P, connected to an Ortec amplifier and an Ortec analogdigital converter.
The used amplifier is an Ortec Model 570 has the following
adjustment function:
• GAIN RANGE: Continuously adjustable from 1 to 1500.
• PULSE SHAPE: Gaussian on all ranges with peaking time equal
to 2.2τ and pulse width at 0.1% level equal to 2.9 times the
peaking time.
• INTEGRAL NONLINEARITY: For 2 µs shaping time,
<0.05%.
• NOISE: Typically less than 5 µV for unipolar output referred
to the input, using 2 µs shaping and Coarse Gain ≥100.
• TEMPERATURE INSTABILTY:
Gain: ≤0.0075%/°C, 0 to 50 °C.
DC Level: ≤50 µV/°C, 0 to 50 °C.
• COUNT RATE STABILITY: The 1.33 MeV gamma-ray peak
from a 60Co source positioned at 85% of analyzer range, typically
shifts < 0.024%, and its FWHM broadens <16% when its
incoming count rate changed from 0 to 100,000 counts/s using
2 µs shaping and external pile rejection. The amplifier will hold
the baseline reference up to count rates exceeding 150,000
counts/s.
The amplifier output is dc coupled with output impedance of
output 0.1Ω. If the output is shortened with a direct short circuit,
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the output stage will limit the peak current of the output, so that the
amplifier will not be harmed.
The analog-to-digital converter was an EG&G Ortec TRUMPTM
-8k/2k card controlled by the MAESTROTM Model A65-B32
software installed on a PC computer operating under Windows-98.
It determines a life time that corrects for dead-time losses and
random summing. When the counts in the photopeak are divided
by that life time, the resulting rate is a close approximation to the
true counting rate.
The -coarse and fine gain controls of the spectroscopy amplifier,
it’s differentiating and integrating time constants and all other
controls were adjusted to obtain the best energy resolution and
good linearity of the spectrometer over a wide band of the input
voltages. After selecting the optimum condition and nominal
values of different controls of the spectroscopy amplifier and the
analog to digital converter, the resolving power of spectrometer
was found to be 1.9 keV for the 1332 keV gamma-ray line of the
60
Co. General arrangement of the detector within its cryostat is
shown in figure (2.8). Figure (2.9) shows the gamma-ray
spectroscopy system.
(B) Detector Shielding
The shielding that is placed around the detector reduces the
background from cosmic rays or terrestrial radiation may itself
introduce a significant background from its inherent low-level
radioactivity. The inner surface of low-background shield is
therefore often sandblasted before the installation to remove any
surface radioactivity. Painting can also help to reduce surface
alpha activity, although the radioactivity of paint itself should
also be checked prior to its application [Knoll, 1989].
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Three concentric cylinders of lead, copper, and aluminum
or cadmium are used in our measuring system as a shield. Also a
fixed bottom and a moving cover of lead. The function of copper
is to absorb the X-rays from lead and aluminum or cadmium is to
absorb X-rays from copper.

Fig.(2.8) A typical germanium detector, cryostat and liquid
nitrogen reservoir.

Fig.(2.8) A typical germanium detector, cryostat and liquid
nitrogen reservoir.
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(C) The Preamplifier
The preamplifier is normally incorporated as part of the
cryostat package in modern HPGe systems. The primary purpose
of the preamplifier is to provide an optimized coupling between
the output of the detector and the rest of counting system. The
preamplifier is also necessary to minimize any source of noise
that may change the signal from the detector and amplifiers it
with minimum shaping in a way that preserves the maximum
signal to noise ratio. The preamplifier has two outputs, one for
energy measurements and the other for timing applications.
(D) The Amplifier
Amplifier is used to expand the range of the peak
amplitude by as many as 1000 times or more and shape the signal
from the preamplifier. Modem commercial amplifiers produce a
maximum signal of 10 V, regardless of the input and the
amplifications [Tsoulfanidis, 1983]. It has a wide gain range that
can be adjusted through a coarse gain and a fine gain switch.
(E) The Oscilloscope
The oscilloscope is an instrument that permits the study of
rapidly changing phenomena, such as a sinusoidal voltage or the
pulse of a counter. The phenomenon is observed on a fluorescent
screen of the oscilloscope. The horizontal axis of the screen
measures time. The vertical axis gives volts. The radiation
measurements are used to check the quality of the signal as well
as the level and type of the electronic noise.
(F) High Voltage Power Supply
A bias high voltage power supply is required to supply
high voltage to the detector through the preamplifier of very low
noise and very high voltage stability. Power supply is necessary
for the operation of the detector.
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(G) The Pulse-Height Multichannel Analyzer (MCA)
The Multichannel Analyzer (MCA) is records and stores
pulses according to their height. Each storage unit is called a
channel. The basic function of MCA is to be able to gather and
store, in a histogram memory, spectral data acquired from a
detector system and to be able to present that for display and
further analysis. In the present work, the output pulses from the
amplifier are analyzed using a 4096 channels pulse height
analyzer, the MCA is provided with a key board and display
screen for input and output of data and interaction with a
computer.
The distribution of pulses in the channel is an image of the
distribution of the energies of the particles. At the end of a
counting period, the spectrum that was recorded may be
displayed on the screen (MCA). The horizontal axis is a channel
number or particle energy. The vertical axis is the number of
particles recorded per channel. The MCA consists basically of an
analog and digital converter (ADC), a memory and display
screen.
2.6 Energy and Efficiency Calibration of the Electronic
Systems
2.6.1 Energy Calibration
The energy calibration determines the energy scale of the
pulse height distribution. Assuming the analyzer is sufficiently
linear, two parameters are needed to be determined: the slope and
the intercept of the calibration line shown in Figure (2.10). The
easiest calibration method is to place the sources of known
energy at the detector and record the channel number in which the
centroide of the resulting full-energy peak falls. Because two
points completely determine a straight line, only two energies are,
in principal, required. However other standard radioactive sources
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are used to test the linearity. Only pulses of known relative
amplitude are required to test and determine the zero offset
[Knoll, 2000].

Fig. (2.10) Typical calibration plot for a linear MCA.
The accuracy of determining the gamma-ray energies depends
mainly upon the accuracy of locating the photopeak position, the
linearity of the pulse height analysis system, the calibration of the
spectrometer, and the gain drifts in the overall system. The
accuracy in determining the photopeak position depends on the
stability of counting in the peak and on the knowledge of the peak
shape.
Attention has been given to the fact that the source strength
of the sample under investigation has to be comparable with that
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of the standard sources used in order to avoid errors due to shift
in amplification. The spectrometer has to be calibrated for
gamma-ray energies before and after the measurements to avoid
instabilities of the spectrometer.
The system was calibrated in the mode of keV/ch. The
gamma-ray energies emitted due to the following radioactive
sources: 60Co, 137Cs, and 152Eu were used for the calibration. A
list of these energies is illustrated in table (2.1) [Lederer et al.,
1978].
Table (2.1) Radionuclides used for energy calibrations.
Nuclide

Half-life

Eγ (keV)

Photon per decay

Co-60a

1925.5 d

1173.24
1332.50

0.9990
0.999824

Cs-137a

30.0 y

661.66

0.850

Eu-152b

13.2 y

121.78

1.1279

a Technical reports series (1989).
b Lederer and Shirley (1978).

2.6.2 Efficiency Calibration
Radioactive samples to be measured have considerable
volume and mass, and the gamma rays can be attenuated by selfabsorption within the sample material as well as the sample
container material. So correction for this attenuation is needed.
For that a container called Marinelli beaker which closely fits
over the endcap of the detector crystal, is specified for the
measurements of environmental samples [Knoll, 2000].
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Efficiency calibration for the HpGe gamma spectrometer
system was carried out by 152Eu point source to obtain broader
energy range (from 121.78 keV to 1408 keV). The relative
efficiency curve was normalized to the used 100 ml capacity
Marinelli beakers and a 250 ml capacity polyethylene container
by three different concentrations of chemically pure potassium
chloride solutions in distilled water, for each Marinelli
configuration. The 100 ml capacity polyethylene container was
also calibrated by a liquid 226Ra solution in HNO3. Then the
absolute efficiency curves were obtained for each size and
configuration used for the measurements. Figure (2.11) shows the
absolute efficiency curves for some used configurations.

Fig. (2.11) the absolute efficiency curve for 250 ml.
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2.7 Specific Activity Measurements
Contents of the different radionuclides in the 232Th, 238U
226
Ra series and 40K were determined in Bqkg-1 by measuring the
characteristic gamma peaks of their daughters in their radioactive
decay series and 40K.
The specific activity (Bqkg-1) of radionuclide content for
the measured samples was determined from the relation:
A ( Bq Kg −1 ) =

(C / s ) net
ζ × I ×W × G

(2.15)

where A is the specific activity of the radionuclide in the
measured sample (Bqkg-1), (C/s) is the net count rate of daughter
nuclide, ζ is the absolute efficiency of the used γ-ray
spectrometer, I is the intensity (%), G is the geometry factor
which is equal to unity when all measured samples were counted
under the same conditions and W is the weight constant sample.
The activity concentrations were determined for 232Th
assuming secular equilibrium with their decay products. The
gamma-ray transitions of 228Ac are 338.4 keV (12.4%) and 911
keV (29.0%), 212Bi are 727.3 keV (6.7%) and 1620.7 keV (1.5
%), 212Pb are 300.8 keV (3.3%) and 208Tl are 583.1 keV (30.9%)
and 2614.4 keV (35.8%) were used to evaluate the specific
activities of Th-series radionuclides [Ya-xin, Y. et al., 2005;
Merdanoglu et al., 2006].
The concentrations of 238U can be determined by gamma
spectrometry using the photo peak of 234mPa at 1001.0 keV (0.7
%). The measurement of the 238U activity from the 234mPa photons
is straightforward; these emissions do not show any interference
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with other photons and suffer little from self-absorption either in
the nuclear material or the detector crystal. The validity of the
1001.0 keV peak to determine uranium concentrations has
already been proved by [Yücel et, al., 1998] based on the
measurement of uranium ores by an HpGe detector calibrated
with uranium standards [García-Talavera, 2003].226Ra series
concentrations were measured from the 186.1 keV (3.3 %) 222Rn
(after the subtraction of the 185.7 keV 53.0 % of 235U if present).
Also the 226Ra concentrations were measured from 295.1 keV
(19.2 %) and 352.0 keV (37.1 %) for 214Pb and 609.3 keV (46.1
%), 1120.3 keV (15.0 %) and 1764.5 keV (15.9 %) for 214Bi
[ICRP, 1983; IAEA, 1991].
For the actinium series gamma energies of 143.8 keV (10.5 %),
163.4 keV (4.7 %) and 205.3 keV (4.7%) were taken to represent
the 235U concentrations [Environmental Measurements
Laboratory (1990)]. 40K was measured directly from the 1460.8
keV (10.7 %) peak energy [ICRP, 1983; IAEA, 1991]. As shown
in Table (2.2).
The relationship between the number of atoms of a certain
species N, and its activity, A, is defined as:
N=A

T1 / 2
ln 2

(2.16)

Where T1/2 is the half-life of radionuclides, activity
concentrations are given in Bq kg-1. As we study the spectrum of
energies recorded from photon interactions in a medium, we
show that the maximum energy of a Compton interaction causes
there to be a region in the spectrum where no events will be
recorded (between this maximum energy of transfer and the
energy of the original gamma ray, which will have been recorded
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by a photoelectric effect). At this maximum energy, the energy of
the scattered photon is given by

E

/

=

E
2

1 + ( 2 E / mo c )

(2.17)

Where E is the energy of the incident photon and m0c2 is the rest
mass energy of the electron (0.511 MeV). From the Equation
(2.17) and Avogadro's number, one can calculate that 1ppm of Th
and U corresponds to 4.04 and 12.4 Bqkg-1, respectively, whereas
1% of 40K corresponds to 317 Bqkg-1 [Anjos et al., 2005 ;
Barton, 1995].
Radiological concentrations of 232Th, 238U and 40K were
then converted into total elemental concentrations of thorium,
uranium and potassium, respectively, according to the following
expression:

1 n
ME C
FE =
∑A
λ E N A f A , E n i =1 i

(2.18)

where FE is the fraction of element E in the sample, ME is the
atomic mass (kg mol-1); λE is the decay constant (s-1) of the parent
radioisotope, NA is Avogadro’s number(6.023×1023 atoms mol-1);
fA,E is the fractional atomic abundance of 232Th, 238U or 40K in
nature, C is a constant that converts the ratio of the element’s
mass to soil mass into a percentage or ppm, and Ai is the
radiological concentration of 40K (n = 1) or that of selected
daughter radionuclides in the decay series of 232Th and 238U (n =
2). Total elemental concentrations are reported in units of parts
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per million (ppm) for thorium and uranium, and of percent (%)
for potassium [Tzortzis et al., 2003].
Table (2.2) Characteristics
radionuclides.

Nuclide

of

selected

Energy (keV)

I (%)

Ra-226

186.1

3. 3

Pb-214

295.1
352.1

19.2
37.1

Bi-214

609. 3
1120. 3
1764. 5

46.1
15.1
15.9

Ac-228

338.4
911. 2

12.4
29.1

Bi-212

1620
727.3

1. 5
6.7

Pb-212

300.8

3. 3

Tl-208

583.1
2614.1

30..9
35.8

K-40

1460

10.7

gamma-emitting

Source

238

232

U decay
series

Th decay
series

K-40

2.8 Detection Limits
The lowest limits of detection (LLDs) of the measuring
system, which is required to estimate a minimum detection level
for appropriate determination of radionuclides using analytical
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technique in each sample, were obtained following environmental
measurement laboratory procedure using the expression
[USDOE, 1992 ; Abid Imtia et al., 2005]:

LLD =

4 .66 S b
ε × Iγ

(2.19)

Where Sb is the estimated standard error of the net background
count rate in the spectrum of the radionuclide, ε is the counting
efficiency and Iγ is the abundance of gamma emission per
radioactive decay. The LLD of a measuring system measures its
operating capability without the influence of the sample. The
LLD values for 40K, 238U and 232Th obtained in table (2.3) [ElSayed, 2008].

Table (2.3) The lowest limits of detection (LLD) for the
radionuclides of 40K, 238U and 232Th.
Nuclide
40

K

238

232

Lowest detection limit
(Bq kg-1)
9.347

U

1.307

Th

1.344

2.9 Error Calculations
The uncertainties in the low-level radioactivity
measurements arise due to a number of factors like volume of
samples, efficiency calibrations, photo peak area determination
and random uncertainties associated with background and sample
counts. The area calculation computes the number of counts

٧٣

Chapter 2
Physical Consideration and Experimental set-up

within a peak that are above specified background level. The
background level is determined by averaging (n) points on either
side of the peak to determine average background level. Then the
straight line is drowning between the averaged values.

The error due to area calculation σ1 is calculated from the
following relation:

σ

1

=

Error
A
Area

(2.20)

Where A is the specific activity (Bqkg-1) of the radionuclide
content for the measured specimens.

The statistical error σ2 is calculated using the following
relation:

σ

2

=

δ
Area

A

(2.21)

Where δ is the standard deviation = (area)
calculated from the following formula:

 (σ 1) 2 + (σ 2) 2  1 / 2
σ =

2



1/2

. The total error σ is

(2.22)
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2.10 Sampling,
procedure

Sample

Preparation

and

experimental

2.10.1 Sampling
Petroleum Samples: 27 petroleum samples were collected
from different sites of Egyptian Petroleum Companies and
petroleum industry sites. These samples were collected randomly
from different locations in these sites (from eastern and western
desert) as show in figure (2.12). The waste bulk contained mainly
the sludge and scale formed inside the production equipment
(e.g., pipelines, tank separators, pumps). These wastes were
removed periodically during the maintenance processes. Scale,
sludge and sand over an area (1Km2) where collected and from
contaminated pipe line as shown in figure (2.13).

Fig (2.12) Production (Field, Facilities) in Egypt.
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Fig (2.13) Contaminated pipes containing scale.
Phosphate fertilizers: 8 fertilizers samples commonly used
in Egypt were collected randomly from some Egyptian factories
and from the market.
Consumer product: 9 samples such as (tea set and dishes),
coming from China and many dinnerware items from china
unknown without any specific lapels except made in China without
any reference standard that are sold on the open market of Egypt
which used in different homes were collected to study.
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Ceramic and ceramic tiles: 6 samples were collected
randomly from Egyptian open market and ceramic industry sites.
Four samples of Ceramic of floors and walls which commonly used
in decoration of homes and two zircon samples which used as a tile.
2.10.2 Sample Preparation and experimental procedure
2.10.2.1 For alpha-particle measurement by using Solid State
Nuclear Track Detectors (SSNTDs)
Each powder sample of TE-NORM and NORM from
petroleum samples, Phosphate fertilizers, consumer product and
ceramic, was placed in a plastic cylinder can of radius 7 cm and 9
cm length. A bottle is about 346.14 cm3 volume and 38.46 cm2
mouth area, was used as an emanation chamber. CR-39 plastic
track detector [CR-39 detectors in the form of large sheets that were
cut into 1x1 cm2] was fixed on the top inside of the can and about 1
cm of the powder sample was placed at the bottom of each bottle.
Radon concentration in powder samples has been detected by the
can technique as shown in figure (2. 14). The can was sealed, and
the samples were stored for more than 30 d for all samples to let the
equilibrium establish between radium and radon before the start of
each experiment. The lower sensitive part of the detector was
exposed so that it could record alpha particles from the decay
radon. After exposure the detectors were removed and then etched
in 6 N KOH solutions at 60 0C for 6 h using a constant temperature
bath [Durrani et al., 1997]. After etching, the detector was washed
in distilled water, dipped for a few seconds in 3 % acetic acid
solution, washed again, and allowed to dry in air.
The tracks densities ρ (tracks/cm2) were counted using
optical microscope with video projection (Biological research
microscope. Model: MBI-11. No. 69098-T) in nuclear track lab. In
nuclear research center-Atomic energy authority and it shown in

٧٧

Chapter 2
Physical Consideration and Experimental set-up

figure (2.15) with a magnification of 200X objective lenses. The
numbers of tracks in 50 fields were scanned for each detector to
determine the track density per m-2 [Khan- 1990].
The presence of radium and ultimate precursor uranium in a
given sample powder is associated with the emanation of radon gas.
It was found that, there is a positive correlation between radium
content and the measured exhalation rate of radon in a given
material [Singh-1999].

Fig (2. 14) Can with TE-NORM Sample and CR-39
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Fig (2.15) Optical Microscope with Video Projection.
To check this correlation and use it to measure the effective
radium content and the exhalation rates of samples of petroleum,
Phosphate fertilizers, consumer product and ceramic were
measured for the weighted samples. From the geometry of the can,
the area exhalation rate Φ A (Bq m2/h) can be estimated by using
the following equation [Singh, 1999 and Moustonem, 1984]
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ΦA =

ρ Vλ
 1 − e − λt
ε A  t −
λ


(2.23)





Where
Φ A = radon exhalation rate (Bq/m2 h)

ρ = track density as measured by Cr-39 detector (track / m2)
V = effective volume of the can above the soil (m3)
λ = radon decay constant
t = exposure time (in days)
A = surface area of the can (m2)
ε = is the calibration factor for the used detector,
which was obtained from the earlier calibration experiment
[Mansy, 1998].
For a sample weight w (kg), the mass exhalation rate Φ U (Bq/kg h)
can be calculated from Φ U
ΦU =

ΦA A
w

(2.24)

eff
The effective radium content C Ra
(Bq/kg) is equal to

[Somogyi-1990].

C

The

eff
ARa

eff
Ra

ΦU

Φ A
=
= A =
λ
wλ

A

eff
Ra

w

(2.25)

effective radium activity can be estimated by this

method which is based on passive measurements.
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2.10.2.2 For gamma ray measurement by using hyper pure
germanium
The preparation for petroleum samples, Phosphate
fertilizers, consumer product and ceramic as follows. Firstly,
Consumer product and ceramic were initially broken into coarse
parts using manual hammer. These parts were ground into a
homogenized material of particle size less than 1mm. All samples
thoroughly mixed and crushed to small pieces dried at 105 ºC for 34 h to ensure that moisture is completely removed and then sieved
to 2 mm mesh size. The remained unmeshed part of the samples
were further grounded to mesh size less than 200 hole. The
grounded meshed samples were thoroughly mixed again. The
homogeneously prepared samples are counting as follows; 100 550 grams (100 ml volume) of such dry homogeneously prepared
samples were transferred to 250 cm3 volume Marinelli beakers
(polyethylene containers) for Gamma ray measurements. The
bottles were completely sealed for more than one month to allow
radioactive equilibrium to be reached between 238U and 232Th and
their decay products. This step was necessary to ensure that radon
gas is confined within the volume and that the daughters will also
remain in the sample [Abbady, 2003]. After the attainment of
secular equilibrium between 232Th, 238U and their progenies, the
samples were subjected to gamma ray spectrometric analysis. Each
sample was measured during an accumulating time between 16 and
24 h after each sample counting an empty cylindrical plastic
container (polyethylene marinelli beaker) was placed in the
detection system, for a counting period of 3 day, in order to collect
the background count rates.
2.11 Dose Limits
Dose limit defined as the value of the effective dose or the
equivalent dose to individuals from planned exposure situations
that shall not be exceeded [ICRP- 2007]. The dose limits
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recommended by ICRP 103 [ICRP- 2007] are given in Table (2.4),
the limit for effective dose in occupational exposure is 20 mSv per
year, with the flexibility to go to 50 mSv in a single year provided
that the total effective dose in 5 consecutive years doses not exceed
100 mSv, an average annual dose of 20 mSv. Additional limits
apply to the lens of the eye (150 mSv in a year), the skin (500 mSv
in a year) and the hands and feet (500 mSv in a year), because these
tissues may not be adequately protected by the limit on effective
dose. For public exposure, the dose limit is expressed as an annual
limit of 1 mSv in a year, with 5 – years averaging available in
“special circumstances” [ICRP-1998].
Table (2.4) Recommended Dose Limitsa
Dose Limits
Application
Occupational

20 mSv/yr, averaged 5 yr
Effective Dose

50 mSv in any year
100 mSv (total) in 5 yrsb

Public
1 mSv/year
Special circumstances
of higher value, 5 yr
average 1mSv

Lens of eye

150 mSv

15 mSv

The skinc

500 mSv

50 mSv

500 mSv

50 mSv

Annual
Equivalent
Dose in

The hands
and feet

a the limits apply to the sum of the relevant doses from external exposure in the specified period and the 50year committed dose (to age 70 years for children) from intakes in the same period.
b with Additional restrictions is apply to the occupational exposure of pregnant women.
c the limitation on the effective dose provides sufficient protection. Or the skin against stochastic effect. An
additional limit is needed for localized exposures in order to prevent deterministic effects
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Experimental Results and Discussion
3.1 Introduction
This chapter presents the results of the different
experimental measurements performed during this study and it is
divided into two parts, part 1 for measurements of radon activity of
TE-NORM samples by using solid state nuclear track detector
technique (SSNTD). Part 2 shows the different concentration of U238, Th-232 and K-40 and the calculation of some hazard
parameters such as the average absorbed dose, the annual effective
dose, the radium equivalent activity, the gamma ray exposure and
the value of both external and internal hazard index.

3.2 Part 1) Track Detector Result
3.2.1 Measurements of Radon Activity of TE-NORM Samples by
using Solid State Nuclear Track Detector Technique (SSNTD).
The radon activity from 50 different TE-NORM samples as
mentioned before was estimated by CR-39 track detectors. CR-39
detectors after pre-etching were irradiated to the whole produced
alpha particles from the investigated TE-NORM samples. Known
weights of samples were put in the can, homogenously spread over
the surface of 7 cm diameter dishes and 1 cm high as shown in
figure (2.14). CR-39 detector of 1 cm2 surface area is put in the top
of the can which is tight enclosed. The CR-39 is irradiated with
alpha particles at exposure time more than 30 days for all samples.
We can estimate the average count to CR-39 over each sample. The
CR-39 is chemically etched by 6 normal KOH solutions under
heating temperature of 60 oC, for 6 hours [Durrani et al., 1997].
The resulting track densities were counted under a standard optical
microscope at 200 × magnification. The post irradiation etched
samples were then cleaned by water flow for about two minutes and
then left to dry for about an hour before counting. The risks
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associated with the handling and disposal of materials contaminated
with 226Ra are therefore due primarily to 222Rn progeny, the
inhalation of which has been associated with an increased risk of
lung cancer [BEIR VI, 1999]. The radiological dangers of 222Rn
reside in its four short-lived radioisotope progeny, which can attach
to ambient aerosols and be inhaled into the bronchial system. Two
of the 222Rn progeny (218Po and 214Po) are α-emitters. The other two
(Pb and Bi) are beta- gamma emitters, which also contribute to the
radiation dose [Wilson et al., 1992]. On average, 222Rn is the
highest single contributor to the ambient radiation dose to the
global human population, with inhalation exposure dose from radon
and its progeny estimated to be 1.2 mSv/y of the total of 2.4 mSv/y
[UNSCEAR, 2000]. The other contributors are external terrestrial
radiation, cosmic, cosmogenic and ingestion exposure.
Due to its gaseous nature, radon can also be exhaled from
the ground, as well as from various building materials, and being
chemically inert, it does not react with other elements, as it finds its
way to the atmosphere. The rate at which radon exhales from a
material depends on the radon emanation fraction, which is the
fraction of radon atoms formed in a solid that escape and are free to
migrate. This fraction varies depending on several factors, but is
largely determined by the physical properties of the material
bearing the radium nuclide. These include (i) radium distribution
within the material, (ii) porosity, (iii) granule surface area to
volume ratio, and (iv) the effective radon diffusion coefficient in
the material. These factors often interact in complex and
counterintuitive ways [Rood et al., 1998; White et al., 2001].
Radon exhalation into the atmosphere is a two stage process.
The first stage involves emanation from the material into the porous
space of the ground, while in the second stage; the radon diffuses,
either by a process of molecular diffusion or by advection and/or
convection for up to several meters in the interstitial space, before

٨٤

Chapter 3
Experimental Results and Discussion

emerging into the atmosphere. The emergence of radon from the
interstitial space to the atmosphere is termed ‘exhalation’.
Radon is responsible for most of the hazards by inhalation.
The hazard of Radon comes from its radioactive progeny, which
use their physical properties to spread or attach like aerosols do,
trapped in the lung and depositing their alpha-particle energies in
the tissue, producing higher ionization density. Lung cancer, skin
cancer, and kidney diseases are the health effects attributed to
inhalation of Radon-decay products [Kumar, 1986].
The 50 samples of TE-NORM in this study consist of four
types:
1) 27 petroleum samples.
a) 8 samples of scale.
b) 9 samples of sludge.
c) 10 samples of sand.
2) 8 phosphate fertilizers samples.
3) 9 consumer product samples.
4) 6 ceramic and ceramic tiles samples.
a) 2 samples of zircon.
b) 4 samples of ceramic.
1) Measurements of Exhalation Rate of Radon and Effective
Radium Measured from Petroleum Field Samples
In the exploration and extraction processes of oil and gas, the
natural radionuclides 238U, 235U and 232Th, as well as the radiumradionuclides 226Ra are brought to the slurry surfaces and may
contain levels of radioactivity above the surface background [Smith
et al., 1995a,b]
Petroleum production primarily involves the generation and
release of chemically inert 222Rn gas produced through the
radioactive decay of 226Ra, a member of the 238U decay series.
Decay of 228Ra from the 232Th decay series also yields a Radon
isotope (220Rn), but one with a much shorter half-life (55 s versus
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3.82 d for 222Rn). Because of its short half-life, 220Rn does not pose
as serious a problem from a transport and exposure standpoint.
a) Track density from samples of scale.
Track density from scale petroleum samples are ranged
from (140.0 - 3180.7) x103 (track cm-2) with an average
1321.28±55.2 x103 (track cm-2). According to equation (2.20, 22)
the results of radon exhalation rates ranged from (1.922 -337.7)
x103 Bq/m2 h with an average 58.82±5.3 x103 Bq/m2 h. The
effective radium content ranged from (0.325- 44.85) kBq/kg with
an average range 8.19±0.58 kBq/kg as given in table (3.1).
The track by the detector of petroleum samples number 9,
11and 5 was shown in figure (3.1), it give an indication for the
different track densities for different kind of samples (a) gives a
high track density for scale samples, (b) gives medium track density
for sludge samples and (c) ) gives low track density for sand
samples.

(a)
(b)
(c)
Fig(3.1) CR-39 exposed to different samples from oil fields of
samples (a) Scale.9 , (b) Sludge.11 and (c) Sand.5.
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Table (3.1) The track density, exhalation rates and the effective
radium content from scale petroleum samples.
Sample
number

Track Density
(track cm-2)
x 103

Rn Exhalation
rate
(Bq/m2 h) x103

Eff. Radium
content
(kBq/kg)

Scale.1
Scale.2
Scale.3

1042 ± 91
929 ± 82
766.6 ± 68

18.82 ± 1.3
16.78 ± 1.2
13.85 ± 1.08

2.887 ± 0.13
2.785 ± 0.12
2.391 ± 0.11

Scale.4
Scale.5

971.3± 83
620 ± 49

17.54 ± 1.3
11.29 ± 1.4

2.94 ± 0.15
1.444 ± 0.13

Scale.6
Scale.7
Scale.8

2920.7 ± 24
3180.7 ± 28
140 ± 16.8

52.76 ± 4.1
337.7 ± 31.4
1.922± 0.23

7.903 ± 0.9
44.85 ± 3.9
0.325± 0.03

Range

140-3180.7

1.922 -337.7

0.325- 44.85

1321.28±55.2

58.82±5.3

8.19±0.58

Average

The results can be explained, as oil is extracted from the
formation rocks and brought to the surface, its temperature and/or
pressure decrease, which allows the solutes contained within the
produced water to precipitate. Consequently, during the extraction
process, radium is co-precipitated with barium, strontium and
calcium, in the form of sulphates and carbonates [Jerez Vegueria
et al, 2002, Hamilton et al., 2004, Al-Masri et al., 2005]. This
precipitation results in the formation of hard and highly insoluble
scale deposits on the interior walls of the tubular and other
production equipment. The 222Rn along with its progeny, which
exhaled from the scales, may also be present or build up in the
crude oil and gas streams [Rood et al., 1998, Worden et al., 2000].
In contrast, a uniform distribution of 226Ra is expected in the
scale grains throughout the bulk volume of the scale where it is
contained within lattice of the barite or sulphite [White et al.,
2001], but because the scale grains are finer relative to sludge
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grains, hence higher grain surface to volume ratio which may also
explain the higher exhalation rate and effective radium content of
the scale samples. Correlation between radium content and
exhalation rate for scale samples is shown in Figure (3.2); the
relation is linear with (0.999) correlation coefficient. By this
correlation, it is simply to estimate the exhalation rate and therefore
the radon attack from the knowledge of radium content which is
widely measured parameters in TE-NORM waste from different
waste disposal areas.

Fig.(3.2) Correlation of radium content and exhalation rate for scale
samples.
b) Track density from samples of sludge.
Track density from sludge petroleum samples are ranged
from (26.6 - 828) x103 (track cm-2) with an average 311.8± 3.1 x103
(track cm-2). By using the equation (2.20, 22) the results of radon
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exhalation rates ranged from (0.328 - 11.36) x103 Bq/m2 h with an
average 4.275±0.49 x103 Bq/m2 h. The effective radium content
ranged from (0.063- 2.997) kBq/kg with an average 0.941±0.08
kBq/kg as given in table (3.2). Figure (3.3) show the relation of
radium content and exhalation rate for sludge samples is linear with
(0.978) correlation coefficient. This simply estimates the exhalation
rate and the radon attack from different waste disposal areas.
Table (3.2) The track density, exhalation rates and the effective
radium content from sludge petroleum samples.
Track Density
(track cm-2)
x 103

Rn Exhalation
rate
2
(Bq/m h) x103

Eff. Radium
content
(kBq/kg)

Sludge.1

525 ± 46

7.206 ± 0.9

1.745 ± 0. 2

Sludge.2

828 ± 71

11.36 ± 1.3

2.997 ±0.21

Sludge.3

26.6± 3.1

0.328 ± 0.02

0.063 ± 0.008

Sludge.4

694.6 ± 58

9.533 ± 1.4

2.308 ± 0.15

Sludge.5

100 ± 8

1.373± 0.1

0.209± 0.03

Sludge.6

110 ± 8

1.509± 0.18

0.264± 0.03

Sludge.7

220 ± 2

3.019 ± 0.2

0.336 ± 0.04

Sludge.8

210 ± 2

2.882 ± 0.2

0.321 ± 0.03

Sludge.9

92 ± 8

1.263± 0.15

0.226± 0.027

26.6-828

0.328-11.36

0.063-2.997

311.8±22.9

4.275±0.49

0.941±0.08

Sample
number

Range
Average

In petroleum industry sludge samples with an appreciable
amount of oily hydrocarbon content tended to exhale less 222Rn
which could be due to the fact that the higher the organic liquid
content in the sludge sample, the greater the proportion of recoiled
radon that is absorbed and retained [Al-Farsi, 2008].
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Sludge has lower effective radium content power than scale
due to its different physical properties and chemical composition,
therefore elevated radium content in sludge are important in radon
attack problems. Due to the variety in the samples density and
volume, the back diffusion effect is taken into consideration so,
lower the grain size higher the probability of escaping radon from
the sample [Jang et al., 2005; Kovler, 2006]. The radionuclides in
sludge are more available for release radon into the environment
than was the case for the scales.

Fig.(3.3) Correlation of radium content and exhalation rate for
sludge samples.
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c) Track density from samples of sand.
Track density from sand petroleum samples are ranged
from (6.75-48.7) x103 (track cm-2) with an average 22.67 ± 1.96
x103 (track cm-2). According to equation (2.20, 22) the results of
radon exhalation rates ranged from (0.083 - 0.668) x103 Bq/m2 h
with an average 0.306 ± 0.025 x103 Bq/m2 h. Due contamination of
sand, it has exhalation rates higher than the average worldwide
value of (0.2–0.3) Bq/m2h for exhalation rate for normal sand
[UNSCEAR, 2000].
The effective radium content of sand petroleum samples
ranged from (0.011 - 0.112) kBq/kg with an average 0.041± 0.005
kBq/kg as given in table (3.3).
Table (3.3) The track density, exhalation rates and the effective
radium content from sand petroleum samples.
Sample
number

Track Density
(track cm-2)
x 103

Rn Exhalation
rate
2
(Bq/m h) x103

Eff. Radium
content
(kBq/kg)

Sand.1

17.9 ± 1.3

0.220 ± 0.021

0.025 ± 0.010

Sand.2

15.1 ± 1.2

0.187 ± 0.02

0.022 ± 0.010

Sand.3

6.75 ± 0.7

0.083 ± 0.01

0.011 ± 0.001

Sand.4

22.0 ± 2.1

0.305 ± 0.02

0.037 ± 0.002

Sand.5

23.0± 2.1

0.316± 0.03

0.039 ± 0.002

Sand.6

36.3 ± 3.1

0.498 ± 0.04

0.051 ± 0.004

Sand.7

24.6 ± 2.1

0.338 ± 0.03

0.039 ± 0.002

Sand.8

19.3 ± 1.3

0.265 ± 0.02

0.043 ± 0.004

Sand.9

13.0 ± 1.2

0.178 ± 0.01

0.030 ± 0.002

Sand.10

48.7 ± 4.5

0.668 ± 0.05

0.112 ± 0.010

Range

6.75-48.7

0.083-0.668

0.011-0.112

22.67 ± 1.96

0.306 ± 0.025

0.041± 0.005

Average
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The variability of Rn Exhalation observed in the soil data
was therefore more likely due to differences in the manner in which
the NORM-contaminated material was deposited in the soil. Some
samples may have contained large particles of barite scale, while
other soils may have become contaminated from produced waters
discharged directly to the ground surface. Figure (3.4) show the
relation of radium content and exhalation rate for sand samples is
linear with (0.873) correlation coefficient. The exhalation rate and
the radon attack from different waste disposal areas can estimate
easily.

Fig.(3.4) Correlation of radium content and exhalation rate for sand
samples.
The relative contribution to the radon exhalation rate due to
scale 92% followed by the contribution due to sludge and sand as
7% and 1%, respectively. The relative contribution to effective
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radium content due to scale 89% followed by the contribution due
to sludge and sand as 10% and 1%, respectively, as shown in figure
(3.5). This implies that scale petroleum waste is the major
contributor to give high radon exhalation rate and effective radium
content.

Fig.(3.5) Relative contribution to the radon exhalation rate and
effective radium content due to scale, sludge and sand.

2) Measurements of Exhalation Rate of Radon and Effective
Radium Measured from Phosphate Fertilizer Samples
The phosphate fertilizers generally used on agricultural lands
of Egypt. Igneous phosphate rock is the starting material for the
production of all phosphate fertilizer products. Their production
involves milling of the phosphate rock, chemical attack with
sulphuric acid and finally preparation of commercial blends. The
basic raw material used in the fertilizer industry is the apatite,
which is found in phosphate rocks enriched in P2O5.
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In factories, the method used for the production of
phosphoric acid is based on drastic treatment of the primary rock
with sulphuric acid. This process forms a precipitate of calcium
sulphate, called phosphogypsum, as a by-product. In the phosphate
rock, the natural U and Th decay-series are in equilibrium. During
the industrial process this equilibrium is disrupted and the
radionuclides migrate to intermediate, final products and byproducts according to the solubility and chemical properties of each
element. Therefore, it is important to measure natural radioactivity,
not only in the phosphate rock, but also in different types of
fertilizers and by-products, because the high radioactive contents
may lead to a significant exposure of miners, manufacturers and
end users.
From the natural risk point of view, it is necessary to know
the dose limits of exposures and to measure the natural
environmental radiation level, for the estimation of the exposures to
natural radiation sources. The track by the detector of phosphate
fertilizer sample number 6 which is high track density and sample
number 3 which is low track density as shown in figure (3.6).
Track density from phosphate fertilizer samples is ranged
from (14.67 - 92) x103 (track cm-2) with an average 32.83±2.3 x103
(track cm-2). According to equation (2.20, 22) the results of radon
exhalation rates ranged from (36.939 - 231.66) Bq/m2 h with an
average 82.67± 7.98 Bq/m2 h. The effective radium content ranged
from (6.406 - 26.23) Bq/kg with an average 10.1±1.1Bq/kg as given
in table (3.4).
Correlation between radium content and exhalation rate for
phosphate fertilizer samples is shown in Figure (3.7); the relation is
linear with (0.962) correlation coefficient. By this correlation,
estimation of the exhalation rate and the radon attack in TE-NORM
from different phosphate fertilizer production areas.
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(a)
(b)
Fig(3.6) CR-39 Exposed to different samples from phosphate
fertilizer (a) Ferti.6 and (b) Ferti.3
Table (3.4) The track density, exhalation rates and the effective
radium content to fertilizers samples.
Rn Exhalation Eff. radium
Rate (Bq/m2 h) Content (Bq/kg)

Sample
number

Track Density
(track cm-2)x 103

Ferti.1

15.00 ± 1.3

37.77 ± 3.5

7.673 ± 0.65

Ferti.2
Ferti.3

15.33 ± 1.31

38.60 ± 4.1

5.807 ± 0.46

14.67 ± 1.24

36.939 ± 3.6

6.406 ± 0.58

Ferti.4
Ferti.5
Ferti.6

17.33 ± 1.51
36.67 ± 3.6
92.00 ± 9.5

43.640 ± 4.2
92.336 ± 9.1
231.66 ± 22.6

4.310 ± 0.43
10.10 ± 1.5
26.23 ± 2.8

Ferti.7
Ferti.8

36.33 ± 3.45
35.33 ± 3.6

91.480 ± 8.8
88.960 ± 7.94

9.780 ± 0.91
10.38 ± 1.4

14.67-92.0

36.939-231.66

6.406-26.23

32.83±3.2

82.67±7.98

10.1±1.1

Range
Average

The raw material used in production of some fertilizers is
phosphate ore containing various amounts of natural radioactive
elements. During phosphate ore processing and manufactured of
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fertilizers radon occurs. Exhalation rates and effective radium
content is significant.
3) Measurements of Exhalation Rate of Radon and Effective
Radium Measured from Consumer Product Samples
A variety of commonly available household and tableware
items commonly found in everyday life were examined for their
radioactivity content. Dinnerware is produced mainly from clay and
sand at high temperatures. Therefore, it should be expected to have
some degree of radioactivity. The radon track density from
consumer product samples is ranged from (17.67 29.0) x103 (track
cm-2) with an average 24.85 ± 2.1 x103 (track cm-2). According to
equation (2.20, 22) the results of radon exhalation rates ranged from
(44.49 - 73.02) Bq/m2 h with an average 62.58 ± 5.7 Bq/m2 h. The
effective radium content ranged from (4.60 - 7.64) Bq/kg with an
average 6.66 ± 0.55 Bq/kg as given in table (3.5). The track by the
detector of a consumer product sample is shown in figure (3.8).

Fig.(3.7) Correlation of radium content and exhalation rate for
phosphate fertilizer samples.
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Fig(3.8) CR-39 Exposed to a consumer product sample.
Table (3.5) The track density, exhalation rates and the effective
radium content to samples from consumer product.
Sample
Track Density
number (track cm-2)x 103

Rn Exhalation
Rate (Bq/m2 h)

Eff. Radium
Content (Bq/kg)

Cons.1
Cons.2

23.00 ± 2.20
26.67 ± 2.61

57.91 ± 5.61
67.16 ± 5.44

5.72 ± 0.45
7.84 ± 0.68

Cons.3
Cons.4
Cons.5
Cons.6

25.67
28.33
29.00
25.00

± 2.44
± 2.73
± 2.85
± 2.81

64.64 ± 5.81
71.34 ± 6.48
73.02 ± 7.28
62.95 ± 4.92

7.78 ± 0.52
7.23 ± 0.59
7.64 ± 0.67
6.21 ± 0.49

Cons.7
Cons.8

26.67 ± 2.70
17.67 ± 1.61

67.16 ± 6.45
44.49 ± 4.21

7.39 ± 0.58
4.60 ± 0.40

Cons.9
Range

21.67 ± 1.76

54.57 ± 4.96

5.53 ± 0.531

17.67-29.0

44.49-73.02

4.6-7.64

Average

24.85 ± 2.1

62.58 ± 5.7

6.66 ± 0.55

The materials used in the manufacture of dinner ware
(consumer product) contain radiation emitted by the uranium decay
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products. In dinner ware (consumer product) specially comes from
China there is a potential for internal exposure from radon so there
is a significant amount of radon exhale in the studied samples.
4) Measurements of Exhalation Rate of Radon and
Effective Radium Measured from Ceramic Samples
Egyptian heavy mineral sands of industrial interest like
zircon which used in ceramic tiles and a variety of ceramic kinds
commonly found in houses were examined for their radioactivity
content.
The radon track density from zircon samples is ranged from
(72.67 - 85) x103 (track cm-2) with an average 78.84 ± 7.27 x103
(track cm-2). According to equation (2.20, 22) the results of radon
exhalation rates ranged from (182.99 -214.03) Bq/m2 h with an
average 198.51±18.68 Bq/m2 h. The effective radium content
ranged from (21.68-27.1) Bq/kg with an average 24.39 ± 1.42
Bq/kg as given in table (3.6).
The radon track density from ceramic samples is ranged
from (14.33 - 23) x103 (track cm-2) with an average 18.3±2.59 x103
(track cm-2). According to equation (2.20, 22) the results of radon
exhalation rates ranged from (36.08 - 57.91) Bq/m2 h with an
average 46.16 ± 3.91 Bq/m2 h. The effective radium content ranged
from (3.75- 6.030) Bq/kg with an average 4.8 ± 0.5 Bq/kg as given
in table (3.6). The track by the detector of a ceramic sample number
1 and zircon 1 is shown in figure (3.9).
The ceramic industry generally uses zircon flour. Zircon
sands contain a significant concentration of natural radioactivity
because thorium and uranium may substitute zirconium in the
zircon crystal lattice. The most important routes of radiation
exposure from zircon sand are processing for workers, external
gammas and inhalation of dust. From this study the radon
exhalation rates is significant for both zircon and ceramic.
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(a)

(b)

Fig(3.9) CR-39 Exposed to different samples from ceramic and
ceramic tiles (a) for zircon 1 and (b) for Cera.1
Table (3.6) The track density, exhalation rates and the effective
radium content to samples from ceramics tiles and ceramic.
Sample
number

Track Density
(track cm-2)x103

Rn Exhalation Eff. radium
Rate (Bq/m2 h) Content (Bq/kg)

Zircon.1

72.67 ± 6.89

182.99 ± 17.44

27.10 ± 1.22

Zircon.2

85.00 ± 7.65

214.03 ± 19.92

21.68 ± 1.62

72.67-85

182.99-214.03

21.68-27.1

Average

78.84 ± 7.27

198.51±18.68

24.39 ± 1.42

Cera.1

14.33 ± 2.11

36.08 ± 2.95

3.75 ± 0.41

Cera.2

20 ± 2.21

50.36 ± 4.61

5.10 ± 0.60

Cera.3

16 ± 3.61

40.29 ± 3.85

4.31 ± 0.42

Cera.4

23 ± 2.41

57.91 ± 4.21

6.03 ± 0.58

Range

14.33 - 23

36.08 – 57.91

3.75 – 6.03

Average

18.3±2.59

46.16 ± 3.91

4.8 ± 0.5

Range
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The relative contribution to the radon exhalation rate due to
zircon 51% followed by the contribution due to phosphate fertilizer,
consumer product and ceramic as 21%, 16% and 12%, respectively.
The relative contribution to effective radium content due to zircon
53% followed by the contribution due to phosphate fertilizer,
consumer product and ceramic as 22%, 15% and 10%, respectively,
as shown in figure (3.10). This implies that for the TE-NORM
samples in this study other than petroleum samples, zircon is the
major contributor to give high radon exhalation rate and effective
radium content.

Fig.(3.10) Relative contribution to the radon exhalation rate and
effective radium content due to TE-NORM samples.

3.3 Part 2) Elemental Analysis Result
3.3.1 Evaluation of Specific Activity Concentrations of Natural
Radionuclides by Using Gamma Spectroscopy
The amounts of some samples were less than the volume
which the HPGe detector can measure. So they excluded from
radioactivity measurement and the rest of these different TE-NORM
samples were measured. In the present study tables (3.7), (3.8),
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(3.9), (3.10) and (3.11) gives the activity concentration for different
radionuclides in Bq/kg for some TE-NORM in scale and sludge
petroleum samples, sand petroleum samples, phosphate fertilizer,
consumer product and ceramic respectively.
Table (3.7) Specific activity for different radionuclides of scale and
sludge petroleum samples in (Bq /kg).
Sample
Number

U-238 Series

Th-232 Series

K-40

Ra-226

Pb-214

Bi-214

Ac-228

Bi-212

Pb-212

Scale.5

433168±879

403671±216

383653±378

35578.8±319

37257.1±1094

23673.6±304

47191.1±84

3381.3±245

Scale.8

169586±664

161572±165

140408±262

1190.9±68.8

1872.4±311.9

871.3±137.3

1076.6±27.7

900.4±133.7

Range

169586-433168 161572-403671 140408-383653 1190.9-35578.8 1872.4-37257.1

871.3-23673.6

Tl-208

1076.6-47191.1 900.4-3381.3

Average

301377±772

282622±191

262030±320

18384.9±194

19564.8±703

12272.5±221

24133.9±56

2140.9±189

Sludge.3

23391±268

19661±76.7

17604.4±123

3756.5±63.6

4827.5±309.7

4306.9±164.2

4194.8±49.3

4683±106.5

Sludge.5

34940±333

32179±86.7

28352.9±136

271.3±34.8

213.1±182.1

212 ± 71.9

219.3±14.4

730.2±99.7

Sludge.6

32914±406

31953±111

27868.9±173

312.9±55.7

369.6±184.9

227.2±120.8

304.9±18.6

310.1±67.4

Sludge.7

84632±489

82269±117

73158.9±181

7406.3±82.4

8421.6±550.6

7051.4±189.8

8237.1±52.8

1210.1±99.2

Sludge.8

112182±716

109936±160

99991±253

10085.9±111

15193.4±614

6143.8±250.4

13529.8±85.1

2705.9±147

24339±419

22158±79.9

19365.6±124

583.8±57.8

Sludge.9
Range
Average

23391-112182 19661-109936 17604.4-99991 271.3-10085.9
52066±439

49693±105

44390.3±165

3736.1±68

706 ± 136.8

350 ±92.4

780.4±27.2

344.4±40.8

213.1-15193.4

212-6143.8

219.3-13529.8

310.1-4683

4955.2±330

3048.6±148

4544.4±41.2

4991.9±93.4

Table (3.8) Specific activity for different radionuclides of sand
petroleum samples in (Bq /kg).
Sample
Number

U-238 Series

Th-232 Series

K-40

Ra-226

Pb-214

Bi-214

Ac-228

Sand.1

1620.2±42.8

1385.2±13.1

1274.3±21.8

504.3±15.1

533.2±56.1

534.4±46.5

515±11

9331.7±80.2

Sand.2

1291.1±45.4

997.1±13.2

977.9±29.4

393.4±15.3

380.1±108.1

374.8±38.6

371.6±10.3

7783.1±83.9

Bi-212

Pb-212

Tl-208

Sand.4

398.8±18.1

238.4±4.1

232.5±6.8

111.9±4.9

133.6±24.2

130.1±12.6

107.2±3.5

2029.8±27.1

Sand.5

1488.8±70.4

1318.7±16.7

1258.5±26.6

323.7±15.4

314.2±109.1

307.1±38.1

313.1±10.6

5663.3±82.2

Sand.6

4009.9±68.3

3839.4±15.5

3418.8±24.7

55.9±8.3

49.3±21.6

44.2±22.3

47.1±2.5

123.6±11.8

Sand.7

372.9±24.9

285.2±4.5

267.3±7.1

82.7±4.2

93.1±34.9

91.8±13.4

80.4±2.9

2072.8±32.6

Sand.8

12786.3±177

11989.2±43.5

10353±67.3

135.7±25.3

262.5±103.8

181.3±49.8

116.9±4.1

625.1±24.3

Sand.9

357.8±25.3

319.3±8.2

340.9±15.4

138.4±10.7

282.3±76.1

308.9±39.9

138.1±6.9

2843.1±53.1

Sand.10

702.7±26.1

645.1±8

608.5±14.3

84.9±6

93.1±87.7

51±18

101.4±4.1

261.6±12.3

Range

357.8-127863

238.4-11989.2

232.5-10353

55.9-504.3

49.3-533.2

44.2-534.4

47.1-515

123.6-9331.7

Average

2558.7±55.4

2335.3±14.1

2081.3±23.7

203.4±11.7

237.9±69.1

224.8±31

198.9±6.2

3414.9±45.3
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Table (3.9) Specific activity for different radionuclides of
phosphate fertilizer samples in (Bq /kg).
U-238 Series

Sample

Th-232 Series
K-40

Number

Ra-226

Pb-214

Bi-214

Ac-228

Bi-212

Pb-212

Tl-208

Ferti.1

73.9±9.5

71.9±9.5

69.8±9.4

39.4±7.8

53.7±9.9

41.3±45

64.1±4.4

88±6.2

Ferti.3

89.9±15.3

64.2±10.2

85.7±12.9

32±9.3

49.1±20.1

52.6±17.9

39.9±4.3

27.8±2.6

Ferti.4

31.9±3.6

18.3±1.6

29.3±2.6

13.2±4

20.5±19.1

17.9±8.5

14.5±0.8

21.8±1.2

18.1±2.9

25.1±43.1

26.2±14.2

13.8±1.2 4937±45.4

115.6±30.8

127.1±52.5

272.5±41.4

68.6±11.1

120.7±7.2

Ferti.5
Ferti.6

844.8±33.1 676.9±7.5 607.2±11.8
3998.3±74

3029.3±14.3 2650.6±22.4

Ferti.7

223.3±16.8 188.2±4.7

180.9±81

17.5±3.4

27.3±25.5

12.7±12

14.6±1.8

10.6±1

Ferti.8

49.3±10.9

41.3±3.9

20.9±3.7

20.3±14

27.8±25

27.4±2.4

41.7±2.4

42.4±7.6

Range 31.9-3998.3 18.3-3029.3 29.3-2650.6 13.2-115.6 20.3-127.1 12.7-272.5 13.8-68.6 10.6-4937
Average 758.8±23.3 584.5±7.9 523.5±20.6

36.7±8.8

46.2±26.3

64.4±23.4

34.7±3.7 749.7±9.4

Table (3.10) Specific activity for different radionuclides of
consumer product samples in (Bq /kg).
U-238 Series

Sample

Th-232 Series
K-40

Number

Ra-226

Pb-214

Bi-214

Ac-228

Bi-212

Pb-212

Tl-208

Cons.1

899±74.2

877.4±16.1

821.7±26.4

1363.9±28

1733.6±174

1151.8±87.4

1256.9±25.2

8502±112

Cons.4

793.7±48.5 764.2±10.5

737.2±17.6

1460.8±20.6

1963.6±98.6

1239.4±52.2

1366.8±17.1

12730±86

Cons.5

600.1±44.5 589.3±11.5

590.8±19.2

574.8±19.1

552.2±94.7

450.8±61.5

551.4±14.6

109.1±12.3

Cons.6

450.5±25.4 356.7±4.9

348.6±7.8

684.9±10.1

693.9±42.6

564.2±20.9

638.2±7.6

6206±41

Cons.7

799.3±70.4 773.2±15.5

777.6±25.7

1537.1±28.9 1910.5±142.2 1174.7±71.9

1421.3±24.2

12955±129

Cons. 8

793.2±75

724.9±13.9

769.8±28.5

1412.8±28.2 1601.1±123.1 1163.4±76.4

1332.7±23.4

12543±123

Cons.9

875.5±64

843.8±11.6

840.2±19.5

1692.3±22.6

1546.7±18.7

11747±89

Range

450.5-899

356.7-877.4

348.6-840.2

574.8-1692

Average 744.5±57.4 704.2±12

4885.9±20.7

1748±101.5

1393.7±59.9

552.2-1963.6 450.8-1393.7 551.4-1546.7 109.1-12955

1246.7±22.5 1457.6±110.9 1019.7±61.46 1159.1±18.7
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Table (3.11) Specific activity for different radionuclides of ceramic
samples in (Bq /kg).
U-238 Series

Sample

Th-232 Series
K-40

Number

Ra-226

Pb-214

Zircon.2

18317.4±27

16720.1±21

Cera.1

386.2±22.7

349.2±4.9

320.3±7.7

250.2±6.6

289.8±32

Cera.2

334.2±23.1

274.2±4.4

268.3±7.7

227.3±5.9

Cera.3

653.4±40.4

630.6±8.3

611.6±13.9

Cera.4

294.4±15.5

276.1±3.4

Range of
Cera

294.4-653.4

Average
of Cera.

417.1±25.4

Bi-214

Ac-228

17276.8±186 1598.1±11.8

Bi-212

Pb-212

1188.2±48.1 891.7±24.6

Tl-208
1905.7±12

20.6±2.03

228.7±17.8

233.6±4.9

2730.3±29.5

360±39.8

209±17.5

222±4.8

3508.3±34.2

530.9±1

533.8±60.9

469.8±53.1

490.7±6.5

2287.3±37.9

271±5.9

272.9±4.5

321.1±37.2

221.8±12.9

250.3±4.2

2774.1±23.9

274.2-630.6

268.3-611.6

227.3-530.9

289.8-533.8

209-469.8

222-490.7

2287.3-3508.3

382.5±5.3

367.8±8.8

320.3±4.5

376.2±42.5

282.3±25.3

299.2±5.1

2825±31.4

Radioactivity concentrations of 238U series, 232Th series and
40
K were determined for each sample, using the HPGe gamma-ray
spectrometer. All concentrations are given in Bq/kg of dry weight.
Tables (3.12), (3.14) and (3.16) give average values of
activity concentration for U-238, Th-232 and K-40, in KBq/kg for
some studied scale, sludge and sand petroleum samples. The
main important radionuclide in scale, sludge, sand and other
precipitates are the isotope of Radium, which found during this
analysis. Ra-226 is seen to be higher than the mean ambient soil
activity concentration, equal to 32 Bq/kg [UNSCEAR, 2000, 2008]
for all petroleum samples. Ranging from (169.59 - 433.17) KBq/kg
with an average of 301.38±0.772 kBq/kg for scale samples, the
exemption level for Ra-226 in scale is 1.1 kBq/kg [OGP, 2008].
Ranging from (23.39-112.18) kBq/kg with an average of
52.07±0.438 kBq/kg for sludge samples, the exemption level for
Ra-226 in sludge is 1.1 kBq/kg [OGP, 2008]. Ranging from
(357.8-12786.3) Bq/kg with an average of 2558.69±55.37 Bq/kg for
sand samples. Soil shall not have a Radium-226 contamination
above 0.185 Bq/g above background averaged over any 10 m2 or
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unless risk assessment demonstrates an acceptable level of risk
[OGP, 2008].
Also it is clear that the concentration of U-238 for all
samples is also too high than the recommended limit, which equal
to 33 Bq/kg [UNSCEAR, 2000, 2008]. Ranging from (157.19 406.83) kBq/kg with an average of 282.01±0.427 kBq/kg for scale
samples, the exemption level for U-238 in scale is 5.5 kBq/kg
[OGP, 2008]. Ranging from (20.219 - 107.37) kBq/kg with an
average of 48.772±0.239 kBq/kg for sludge samples, the exemption
level for U-238 in sludge is 5.5 kBq/kg [OGP, 2008]. Ranging
from (289.9 - 11709.5) Bq/kg with an average of 2322.4±35.8
Bq/kg for sand samples.
From these tables also the concentration of Th-232 for these
samples is too high also than the recommended limit of the
concentrations of terrestrial radionuclides in soil, equal to 45 Bq/kg
[UNSCEAR, 2000, 2008]. Ranging from (1.6704 - 35.925) kBq/kg
with an average of 18.798±0.294 kBq/kg for scale. Ranging from
(0.254 - 11.238) kBq/kg with an average of 4.092±0.15 kBq/kg for
sludge. Ranging from (49.1 - 521.7) Bq/kg with an average of
216.3±29.5 Bq/kg for sand samples.
The concentration of K-40 for these samples also is
insignificant compared with 226Ra and 232Th but still higher than the
recommended limit of the concentrations radionuclides in soil,
equal to 420 Bq/kg [UNSCEAR, 2000, 2008]. Ranging from
(0.9004 - 3.3813) kBq/kg with an average of 2.1409±0.189 kBq/kg
for scale. Ranging from (0.31 to 4.683) kBq/kg with an average of
1.664±0.093 kBq/kg for sludge. Ranging from (123.6 - 9331.7)
Bq/kg with an average of 3414.9±45.3 Bq/Kg for sand samples.
Figure (3.11) shows the activity concentration (a) 238U, (b)
232
Th and (c) 40K for scale petroleum samples. Figure (3.12) shows
the spectrum of sample number (5) of scale petroleum sample.
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This finding can be explained for scale by the fact that
Uranium and thorium compounds are mostly insoluble and as oil
and gas are brought to the surface, they remain in the underground
reservoir. As the natural pressure within the bearing formation falls,
formation water present in the reservoir will also be extracted with
oil and gas. Some radium and radium compounds are slightly
soluble in water and may become mobilized (Ra-226 tends to leach
into co-existing brines or formation water) when this production
water is brought to the surface. This explains the elevated levels of
radium over uranium in the investigated samples. Ra-226 is
generally present in scale in equilibrium with its progeny. This is
clearly observed in the investigated samples (Rajaretnam et al.,
2000; Shawky et al., 2001). Another reason, sometimes, deposition
of scales may interfere with the production process by blocking
transport through the production zone, flow lines and produced
water lines. Consequently, the oil companies try to prevent
deposition of scales through the application of inhibitors. The scale
inhibitors will prevent the deposition of radium salts in the system
but will increase the concentration and the release of radioactivity
by the produced water. These inhibitors are organic compounds
they may also increase the biological uptake of radioactivity
[Strand, 1999].
The U-283 and Th-232 in hard scales activity concentration
values reported in this study was higher than the typical range
reported internationally, where the reported range of U-283 and
Th-232 in hard scales is 0.001 - 0.5 kBq/kg and 0.001 – 0.002
kBq/kg, respectively [Jonkers et. al., 1997; IAEA. 2010]. While
the radium (Ra-226) activity concentration values reported in this
study were within the typical range reported internationally of 0.115000 kBq/kg [Jonkers et. al., 1997; IAEA. 2010]. Ranges of
activity levels of 226Ra in different scale samples in different
countries are given in table (3.13).
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Table (3.12) the average value of specific activity of 226Ra,
232
Th and 40K in KBq /kg of studied scale petroleum samples.

238

Sample

Ra-226

U-238 Series

Th-232 Series

K-40

number

kBq /kg

kBq /kg

kBq /kg

kBq /kg

U,

Scale.5

433.17±0.879 406.83±0.491

35.925±0.451

3.3813±0.245

Scale.8

169.59±0.664 157.19±0.364

1.6704±0.136

0.9004±0.134

Range

169.59-433.17 157.19-406.83

1.6704-35.925 0.9004-3.3813

Average

301.38±0.772 282.01±0.427

18.798±0.294

2.1409±0.189

45 Bq /kg

420 Bq /kg

Recommended

32 Bq /kg

33 Bq /kg

(a)

(c)

(b)

Fig. (3.11) Activity concentration (a) 238U, (b)
(kBq/kg) for scale petroleum samples.
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Table (3.13) Ranges of activity levels of
samples in different countries.
Country
Egypt

Ra-226 (kBq/kg)
493-519

226

Ra in different scale

reference
Abo-Elmagd et al., 2010

Egypt
Oman
Algeria

7.54-143.26
3.4-17.3
1-950

Shawky et al., 2001

Tunisia
Tunisia
Congo

0.031-1.189
4.3-658

Testa et al., 1994

0.097-0.151

Testa et al., 1994

Kazakhstan

0.51-51

Al-Farsi, 2008
Hamlat et al., 2000

Heaton et al., 1995

Kadyrzhanov et al., 2005

114.3-187.75
0.3-32.3
21-250
121-3500

Omar et al., 2004

Brazil
UK

19.1-323
1-1000

Godoy et al., 2003

USA
USA
Present study

15.4-76.1

White et al., 2001

Malaysia
Norway
Australia
Brazil

Up to 3700
169.59-433.17

Lysebo et al., 1996
Guidelines for NORM, 2002
Gazineu et al., 2005

Exploration and Production
Forum, 1987
Scot, 1998

This study

It was found that the activity concentrations observed in
scale samples were somewhat lower than some values reported in
the table (3.13) and higher from others. This could either be
attributed to the difference in the geological formations to those
found elsewhere in the world; it may be higher because the older
reservoir rocks tend to have higher produced water to crude oil
volume ratio, and hence higher quantity of NORM [Rood et al.,
1998].

١٠٨

Chapter 3
Experimental Results and Discussion

Figure (3.13) shows the activity concentration (a) 238U, (b)
232
Th and (c) 40K for sludge petroleum samples. From these results
it appears that sludge samples were found to contain low radium
concentrations than that of scale. Generally, the activity
concentrations of radium isotopes are lower in sludge than that in
scale [IAEA. 2010].
The U-283 and Th-232 in sludge activity concentration
values reported in this study was higher than the typical range
reported internationally, where the reported range of U-283 and
Th-232 in hard scales is 0.005 - 0.01 kBq/kg and 0.002 – 0.01
kBq/kg, respectively [Jonkers et. al., 1997; IAEA. 2010]. While
the radium (Ra-226) activity concentration values reported in this
study were within the typical range reported internationally of 0.05800 kBq/kg [Jonkers et. al., 1997; IAEA. 2010]. Ranges of
activity levels of 226Ra in different sludge samples in different
countries are given in table (3.15).
Table (3.14) The average value of specific activity 226Ra, 238U, 232Th
and 40K in kBq /kg of studied sludge petroleum samples.
Ra-226
kBq /kg

U-238 Series
kBq /kg

Sludge.3

23.39±0.268

20.219±0.156

4.271±0.147 4.683±0.107

Sludge.5

34.939±0.333 32.157±0.185

0.254 ± 0.062 0.730±0.099

Sludge.6

32.914±0.406 30.912±0.230

0.405±0.127 0.310±0.067

Sludge.7

84.632±0.489 80.020±0.282

7.779 ±0.219 1.210±0.099

Sludge.8

112.18±0.716 107.37±0.376

11.238±0.265 2.706±0.146

Sludge.9

24.339±0.419 21.954±0.207

0.605±0.077 0.344±0.041

Range

23.39-112.18 20.219-107.37

0.254-11.238

Average

52.07±0.438

48.772±0.240

4.092±0.150 1.664±0.093

32 Bq /kg

33 Bq /kg

Recommended
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Th-232 Series
kBq /kg

K-40
kBq /kg

Sample
number

45 Bq /kg

0.31-4.683

420 Bq /kg
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(a)

(b)

(c)

Fig. (3.13) Activity concentration (a) 238U, (b)
(kBq/kg) for sludge petroleum samples.
Table (3.15) Ranges of activity levels of
samples in different countries.
Country

232

Th and (c) 40K in

226

Ra in different sludge

Egypt
Egypt
Oman

Ra-226 (kBq/kg)
5.27 – 8.68
18
1.7 - 331

Algeria
Tunisia

0.069 – 0.393
0.031-1.189

Hamlat et al., 2000

Malaysia
Norway
Australia

0.006 – 0.56
0.1 - 4.7
25

Omar et al., 2004

Brazil
Brazil
Brazil

50 – 168
<LLD - 413
0.13 - 331

Gazineu et al., 2005

0.36 - 367

Gazineu et al., 2007

Brazil
Present study

23.39-112.18

reference
Abo-Elmagd et al., 2010

Shawky et al., 2001
Al-Farsi, 2008

Testa et al., 1994

Lysebo et al., 1996
Guidelines for NORM, 2002

Godoy et al., 2003
Matta et al., 2002

This study

It was appeared from the results that the activity
concentrations observed in sludge samples were lower than some
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values reported in the table (3.15) and higher from others. This
could either be a reason of the geological formation of the
reservoirs and the production practice such as the use of scale
inhibitor, the radioactivity of sludge will also depend on the method
of cleaning. Some processes may cause abrasion of scales into the
sludge or the deliberate mixing of scales with sludge [Omar et al.,
2004]. Figure (3.14) shows the activity concentration of 238U, 232Th
and 40K for sand petroleum samples.
From table (3.16) it appears that sand samples were found to
contain high radium concentrations. It is higher than the worldwide
average concentration of soil which indicates its contamination with
radionuclide from TE-NORM in the wasted petroleum pipes.
Ranges of activity levels of 226Ra in different scale samples in
different countries are given in table (3.17).
Table (3.16) The average value of specific activity of 226Ra,
232
Th and 40K in Bq /kg of studied sand petroleum samples.

238

U,

Sample
number

Ra-226

U-238 Series

Bq /kg

Bq /kg

Th-232
Series Bq /kg

Bq /kg

Sand.1

1620.2±42.8

1426.5±25.9

521.7±32.2

9331.7±80.2

Sand.2

1291.1±45.4

1064.7±28.7

379.9±43.1

7783.1±83.9

Sand.4

398.8±18.1

289.9±9.7

120.7±11.4

2029.8±27.1

Sand.5

1488.8±70.4

1355.3±37.9

314.5±43.3

5663.3±82.2

Sand.6

4009.9±68.3

3756±36.2

49.1±13.7

123.6±11.8

Sand.7

372.9±24.9

308.5±12.2

87±13.9

2072.8±32.6

Sand.8

12786.3±177

11709.5±96

174.1±45.8

625.1±24.3

Sand.9

357.8±25.3

339.3±59.6

216.9±33.4

2843.1±53.1

Sand.10

702.7±26.1

652.1±16.1

82.6±28.9

261.6±12.3

Range

357.8-12786.3

289.9-11709.5

49.1-521.7

123.6-9331.7

Average

2558.69±55.37

2322.4±35.8

216.3±29.5

3414.9±45.3

Recommended

32 Bq /kg

33 Bq /kg

45 Bq /kg

420 Bq /kg
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(a)

(b)

Fig. (3.14) Activity concentration (a)
(Bq/Kg) for sand petroleum samples.

238

(c)

U, (b)

Table (3.17) Ranges of activity levels of
petroleum sand samples in different countries.
Country
Egypt

Ra-226 (kBq/kg)
0.09 – 0.15

Egypt
Syria
USA
Present study

194.49
2.4 - 77
0.34-13.6
0.358 - 12.786

232

Th and (c)

226

40

K in

Ra in different

reference
Abo-Elmagd et al., 2010

Shawky et al., 2001
Al-Masri et al., 2003
Gregory et al., 2001

This study

It was observed that the activity concentrations in sand
samples were lower than some values reported in the table (3.17)
and higher from others. This could be because of handling, storage,
transportation and the use of NORM contaminated equipment or
waste media without controls can lead to the spread of NORM
contamination, and result in contamination of areas of land cause a
rise in the soil radioactivity [OGP, 2008].
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Table (3.18) gives average values of activity concentration
for U-238, Th-232 and K-40, in Bq/kg for the studied phosphate
fertilizers samples. The activity concentration of different
radionuclides for some phosphate fertilizers samples are higher than
the recommended limits 32, 33, 45 and 420 for R-226, U-238, Th232 and K-40, respectively [UNSCEAR, 2000, 2008]. From the
table it is clear that the activity concentration of Ra-226 ranges
from (31.9-3998.3) Bq/kg with an average of 758.77±23.3 Bq/kg.
The activity concentration of U-238 ranges from (26.5 – 3226.1)
Bq/kg with an average of 622.3±13.8 Bq/kg. The activity
concentration of Th-232 ranges from (16.4 – 145.9) Bq/kg with an
average of 45.1±17.8 Bq/kg. The activity concentration of K-40
ranges from (10.6 - 4937) Bq/kg with an average of 749.7±9.4
Bq/Kg. Figure (3.15) shows the activity concentration (a) 238U, (b)
232
Th and (c) 40K for phosphate fertilizer samples. Figure (3.16)
shows the spectrum of sample number (6) of phosphate fertilizer
sample.
From these results it appears that phosphate fertilizer
samples were found to contain high Ra-226, U-238, Th-232 and
K-40 concentrations. It is higher than the worldwide average
concentration of soil this may be due to the most traditional
phosphate fertilizer, the production of which is gradually being
phased out, consists of adding H2So4 or H3Po4 to phosphate rock
until the formation of Ca(H2P04)2. This product is then used as such
as fertilizer. This type of fertilizer contains variable amounts of URa- Th, depending on the acid used for acidulating the natural
phosphate ore. The radioactivity content of fertilizers is highly
variable and depends on the radionuclide content of the marketable
phosphate ore and on the method of production [IAEA, 2003].
Ranges of activity levels of Ra-226, Th-232 and K-40 in different
phosphate fertilizer samples in different countries are given in table
(3.19).
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Table (3.18) The average value of specific activity of 226Ra, 238U,
232
Th and 40K in Bq /kg of studied phosphate fertilizer samples.
Sample
number

Ra-226

U-238 Series

Bq /kg

Bq /kg

Th-232
Series Bq /kg

Bq /kg

73.9±9.5

71.9±9.5

49.6±39.3

88±6.2

89.9±15.3

79.9±12.8

43.4±12.9

27.8±2.6

31.9±3.6

26.5±2.6

16.4±8.1

21.8±1.2

Ferti.5
Ferti.6

844.8±33.1

709.6±17.5

18.3±15.4

4937±45.4

3998.3±74

3226.1±36.9

145.9±27.2

120.7±7.2

Ferti.7
Ferti.8
Range

223.3±16.8

197.5±9.9

18±10.7

10.6±1

49.3±10.9

44.3±7.5

24.1±11.3

41.7±2.4

31.9-3998.3

26.5 – 3226.1

16.4 – 145.9

10.6 - 4937

Average

758.77±23.3

622.3±13.8

45.1±17.8

749.7±9.4

Recommended

32 Bq /kg

33 Bq /kg

45 Bq /kg

420 Bq /kg

Ferti.1
Ferti.3
Ferti.4

K-40

Table (3.19) Ranges of activity levels of Ra-226, Th-232 and K-40
in (Bq/kg) in different phosphate fertilizer samples in different
countries.
Ra-226

Th-232

K-40

Bq /kg

Bq /kg

Bq /kg

Egypt
Egypt

301
366

24
66.7

3

Hussein, 1994

4

Ahmed et al., 2005

Finland
USA

54
780

11
49

3200

Mustonen, 1985

200

Guimond et al, 1989

Germany
Pakistan
Italy

520
526
120

15
50
3.5

720

Pfister et al, 1976

221

Khan et al, 1998

4000

Righi et al, 2005

Saudi Arabia
Present study

75

23

2059

Khater et al, 2008

758.77

45.1

749.7

Country
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It was found that the activity concentrations observed in
phosphate fertilizer samples were lower than some values reported
in the table (3.19) and higher from others. This may be due to the
different origins of the phosphate ores in different countries and/or
on the chemical processing of the ore during fertilizers
manufacture.

(a)

(b)

(c)

Fig (3.15) Activity concentration (a) 238U, (b)
(Bq/Kg) for phosphate fertilizer samples.
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Figure (3.16) The spectrum of sample number (6) of phosphate fertilizer.
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Table (3.20) gives average values of activity concentration
for Ra-226, U-238, Th-232 and K-40, in Bq/kg for the studied
consumer product samples. From this table it is clear that, activity
concentration of Ra-226 ranges from (450.5-899) Bq/kg with an
average of 744.47±57.4 Bq/Kg, the activity concentration of U-238
ranges from (385.3 - 866) Bq/kg with an average of 715.6±30
Bq/Kg, the activity concentration of Th-232 ranges from (532.3 –
1595.2) Bq/kg with an average of 1220.8±53.4 Bq/Kg and the
activity concentration of K-40 ranges from (109.1 -12955) Bq/kg
with an average of 9243.2±84.6 Bq/Kg. These activity
concentrations are seen to be higher than the recommended limits
32, 33, 45 and 420 for R-226, U-238, Th-232 and K-40,
respectively [UNSCEAR, 2000, 2008]. Figure (3.17) shows the
activity concentration of 238U, 232Th and 40K for consumer product
samples. Figure (3.18) shows the spectrum of sample number (7) of
consumer product sample.
Table (3.20) the average value of specific activity of 226Ra, 238U,
232
Th and 40K in Bq /kg of studied consumer product samples.
Sample
number

Ra-226

U-238 Series

Th-232 Series

K-40

Bq /kg

Bq /kg

Bq /kg

Bq /kg

cons.1
cons.4
cons.5

899±74.2
793.7±48.5
600.1±44.5

866±38.9
765±25.5
593.4±25.1

1376.6±78.7
1507.6±47.1
532.3±47.5

8502±112
12730±86
109.1±12.3

cons.6
cons.7

450.5±25.4
799.3±70.4

385.3±12.7
783.4±37.2

645.3±20.3
1510.9±66.8

6206±41
12955±129

cons.8
cons.9
Range

793.2±75
875.5±64
450.5-899

762.6±39.1 1377.5±62.8
853.2±31.7 1595.2±50.7
385.3 - 866 532.3 – 1595.2

Average

744.47±57.4

715.6±30

1220.8±53.4

9243.2±84.6

Recommended

32 Bq /kg

33 Bq /kg

45 Bq /kg

420 Bq /kg
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From the previous results it appears that consumer product
samples which coming from China were found to contain high Ra226, U-238, Th-232 and K-40 concentrations. It is much higher
than the worldwide average concentration of soil. Dinnerware is
produced mainly from clay and sand at high temperatures.
Therefore, it should be expected to have some degree of
radioactivity. The uranium is incorporated into the glass. Uranium
compounds may also be added to the glaze used on the surface of
tiles, to produce a variety of colors. The information provided by
the European Union about the consumer products that Tableware
incorporating U or Th the activities reported is up to 0.5 Bq/g
[Shaw et al., 2007] and the present study is much higher than that
report. Ranges of activity levels of U-238, Th-232 and K-40 in
different consumer products samples which import from China
shown in table (3.21).

Fig (3.17) Activity concentration of
consumer product samples.
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Figure (3.18) The spectrum of sample number (7) of consumer product.
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Table (3.21) Ranges of activity levels of U-238, Th-232 and K-40
in (Bq/kg) in different consumer product samples in Egypt.

Country

U-238
Bq /kg

Th-232
Bq /kg

Egypt

6.03 - 223.67

2.87 - 513.85 28.67 - 2726.7

Khalil, 2007

Present study

385.3 - 866

532.3 – 1595.2 109.1 -13406.5

This Study

K-40
Bq /kg

reference

It was found that the activity concentrations observed in
consumer product samples which coming from China were higher
than the values reported in the table (3.21). This may be due to the
different origins of the many dinnerware items comes from various
origins that are sold on the open market or may be the difference in
manufacture process, the materials used, and the glaze of the
studied samples.
Table (3.22) gives average values of activity concentration
for U-238, Th-232 and K-40, in Bq/kg for the studied ceramic and
ceramic tiles samples. For the zircon sample the activity
concentration of Ra-226 is 18317.4±26.9 Bq/Kg, the activity
concentration of U-238 is 17438.1±77.9 Bq/Kg, the activity
concentration of Th-232 is 1395.9±24.1 Bq/Kg and the activity
concentration of K-40 is 20.6±2.03 Bq/kg. Figure (3.19) shows the
activity concentration of 238U, 232Th and 40K for zircon.2 sample.
Also from the same table it is clear that, For the ceramic samples
activity concentration of Ra-226 ranges from (294.4-653.4) Bq/kg
with an average of 417.1±25.4 Bq/Kg, the activity concentration of
U-238 ranges from (280.5 – 631.9) Bq/kg with an average of
389.1±13.2 Bq/Kg, the activity concentration of Th-232 ranges
from (250.6 -506.3) Bq/kg with an average of 319.5±33.3 Bq/Kg
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and the activity concentration of K-40 ranges from (2287.3 –
3508.3) Bq/kg with an average of 2825.1±31.4 Bq/Kg. These
activity concentrations are seen to be higher than the recommended
limits 32, 33, 45 and 420 for R-226, U-238, Th-232 and K-40,
respectively [UNSCEAR, 2000, 2008] for both ceramic and
ceramic tiles samples except for activity concentration of K-40 of
zircon it is lower than the recommended limit. Figure (3.20) shows
the activity concentration of 238U, 232Th and 40K for ceramic
samples. Figure (3.21) shows the spectrum of sample number (3) of
ceramic sample.
From the previous results it appears that, for the zircon and
the ceramic samples which were found to contain high Ra-226, U238, and Th-232 concentrations and it is much higher than the
worldwide average concentration of soil. For zircon, this may be
due to that zircon is added to materials, as ceramics tiles to make
glaze. Uranium is easier to be penetrated and trapped in the lattice
of zircon crystal. Concerning the final ceramic tile products,
although because this zircon is radioactive substance [Salman,
2005]. Ranges of activity levels of Ra-226, U-238, and Th-232 in
different zircon samples in different countries are given in table
(3.23).
For ceramic samples, the ordinary ceramics often contain
elevated levels of naturally occurring radionuclides, e.g., K-40 and
the various members of the uranium and thorium decay series. This
is may be due to uranium and zircon in the glaze; sometimes they
are due to the radionuclides in the clay that was used to produce the
ceramic. Ranges of activity levels of Ra-226, Th-232 and K-40 in
different ceramic samples in different countries are given in table
(3.24).
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Table (3.22) the average value of specific activity of 226Ra, 238U,
232
Th and 40K in Bq /kg of studied zircon and ceramic samples.
Sample
number

Ra-226

U-238 Series

Th-232 Series

K-40

Bq /kg

Bq /kg

Bq /kg

Bq /kg

Zircon.2 18317.4±26.9 17438.1±77.9 1395.9±24.1
386.2±22.7
351.9±11.8
250.6±18.9
Cera.1
334.2±23.1
292.2±11.7
254.6±17
Cera.2
653.4±40.4
631.9±20.9
506.3±31.1
Cera.3
294.4±15.5
280.5±8.3
266.5±14.9
Cera.4

20.6±2.03
2730.3±29.5
3508.3±34.2
2287.3±37.9
2774.4±23.9

Range of
Cera.

294.4-653.4

280.5 – 631.9

250.6 -506.3

2287.3 – 3508.3

Average
of Cera.

417.1±25.4

389.1±13.2

319.5±33.3

2825.1±31.4

Recommended

32 Bq /kg

33 Bq /kg

45 Bq /kg

420 Bq /kg

Fig. (3.19) The activity concentration of
for zircon.2 sample.
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Fig. (3.20) The activity concentration of
ceramic samples.
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Table (3.23) Ranges of activity levels of Ra-226, U-238 and Th-232
in (Bq/kg) in different zircon samples in different countries.
Ra-226

U-238

Th-232

Bq /kg

Bq /kg

Bq /kg

Australia

2250

----

500

Beretka et al., 1985

Australia

----

3900

620

Johnston , 1991

Australia

----

1000-4000

600-1200

Cooper, 2005

Malaysia

16000

----

43000

Hu et al., 1985

Africa

7000

6000

1000

China

158.3-1087.6

----

91.7-1218.4

----

> 3000

>500

Bruzzi et al., 2000

18317

17438

1396

This Study

Country

Italy
Present study

١٢٣

reference

RIVM, 1990
Xinwei, 2004

Figure (3.21) The spectrum of sample number (3) of ceramic.
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A wide variation was observed in the specific activity of
zircon produced in different countries as shown in table (3.23). The
present study is higher than the other studies. This may be due to
that the zircon mineral contains trace amounts of uranium and
thorium within the mineral structure. The wastes associated with
zircon processing are primarily those arising from mineral
processing usually in association with the mining operation [IAEA.
2003]. There is higher activity concentration of natural
radionuclides in the Zircon. This means that the exposure levels of
color-glazed tiles can be controlled by controlling the amount or the
source of zircon added to glaze. According to [ICRP, 1997], the
exposure from the zircon should be regarded as occupational.
Table (3.24) Ranges of activity levels of U-238, Th-232 and K-40
in (Bq/kg) in different ceramic & ceramic tiles samples in different
countries.
Country

Ra-226
Bq/kg

Th-232
Bq/kg

K-40
Bq/kg

reference

144.1- 834

Tufail et al., 1991

Pakistan
(Lahore)

63.06 -123.9 10.02 - 124.5

83.43

85.84

403.46

China
Netherlands

63.5 - 131.4

55.4 - 106.5

386.7 - 866.8

25 - 80

50 - 70

200 - 400

Shaw, 2007

30-200

20-200

160-1410

Cooper, 2005

294.4-653.4

250.6 -506.3

417.1

319.5

Australia
Present
study

Xinwei, 2004

2287.3 – 3508.3 This Study

2825.1

A variation was observed in the specific activity of ceramic
& ceramic tiles produced in different countries as shown in table
(3.24). The present study is higher than the other studies. This may
be due to that the manufacture, and may be because the zircon
which is used directly in the manufacture of refractory materials
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and glazes, the products will contain similar amounts of
radioactivity [Cooper, 2005].
3.3.2 Hazard Parameters
a) Calculation of the Absorbed Dose Rate
If naturally occurring radioactive nuclides are uniformly
distributed in the ground, dose rates at 1 m above the ground
surface are calculated by the following formula [Beck, 1972].
Dose rate (nGy/h) = Concentration of nuclide (Bq/kg) x Conversion
Factor (nGy/h per Bq/kg).
There is concern that some of sands will cause excessive
radiation doses to the total body due to gamma rays emitted by
232
Th decay chain, 214Pb and 214Bi progeny of 226Ra and 40K also
contribute to the total body radiation dose. The absorbed dose rates
one meter above the ground due to the radioactivity in the sands
were calculated using the flowing equation [UNSCEAR, 2000]:
DR = Kk Ck + KTh CTh + KRa CRa
(3.1)
Where DR is the absorbed dose rate (nGy/h). The Kk, KTh and KRa
are the conversion factors, expressed in (nGyhr-1 per Bq kg-1) for
potassium (0.043), thorium (0.662) and radium (0.427)
respectively.
b) Assessment of Occupational Doses
The absorbed dose rate (nGy/h) in air at 1m above the
ground determined at each location does not directly give the
radiological hazard to which an individual is exposed. There are
two additional factors that must be considered. The first is a factor
which converts Gy to Sv that accounts for the biological
effectiveness of the dose in causing damage in human tissue. The
second is the occupancy factor that specifies the proportion of the
total time spent outdoors. [UNSCEAR, 2000] recommended 0.7 Sv
Gy-1 for the conversion coefficient from absorbed dose in air to
effective dose received by adults and 0.2 the fraction of time spent

١٢٦

Chapter 3
Experimental Results and Discussion

outdoors. Also annual effective dose is a useful concept that enables
the radiation doses from different radionuclides and from different
types and sources of radioactivity to be added. It is based on the
risks of radiation induced health affects which the annual effective
dose rate Eeff (mSv/ y) can be calculated using the following
relations [UNSECEAR, 2000 and Huy et al., 2006].
E eff = D × 8760 × 0 . 7 ×

10 3 mSv
× 0 .2
10 9 nGy

(3.2)

Where D is the absorbed dose rate in (nGy/h).

c) Radium Equivalent Activity
Radium equivalent activity is a widely used hazard index. It
is calculated as follows [Huy et al., 2006].
Ra-eq = ARa + 1.43 ATh + 0.077Ak

(3.3)

Where ARa, ATh and AK are activities of 226Ra, 232Th and 40K,
respectively, in Bq/kg. It is assumed that 370 Bq/kg of Ra-226, 259
Bq/kg of Th-232, and 4810 Bq/kg of K-40 produced the same
gamma-ray dose rate. The maximum value of Ra-eq must be <370
Bqkg-1 in order to keep the external dose <1.5 mGy/y [OECD,
1979 and Huy et al., 2006].

d) The Gamma Ray Exposure (X)
The exposure is defined in terms of the effect of a given flux
of γ-rays on a test volume of air and is a function only of the
intensity of the sources, the geometry between the source and test
volume and any attenuation of the γ-rays that may take place
between the two.
The exposure rate X* given by the equation
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X * = Γδ

a
d2

(2.5)

where a is the activity of the source and Γδ is defined as the
exposure rate constant for the specific radioisotope of interest (Γδ =
8.25 R.cm2/h.mCi for 226Ra) and d is the distance from source
[Knoll, 2000].
[Krisiuk et al., 1971], put forward an expression for
the exposure rate X in a hole in an infinite medium in which the
nuclides of interest are evenly dispersed:
X = 4.66 CRa + 6.7 CTh + 0.37 CK

(3.6)

Where C is expressed in pCi/g
A simplified formula exists to estimate gamma exposure
rates above soils containing Ra-226 assuming this exposure rates is
1 m above an infinite slab 45-cm-thick. This formula is [Texas
Department of health, 1983]:
X (µR/h) = 2.4 x C,

(3.7)

Where C = pCi/g 226Ra.
e) The External Hazard Index (Hex)
The external hazard index is obtained from Ra-eq expression
through the supposition that its allowed maximum value (equal to
unity) corresponds to the upper limit of Ra-eq (370 Bq/kg). The
external hazard index (Hex) considers only the external exposure
risk due to γ-rays. The external hazard index (Hex) is given by the
following equation [Krieger, 1981]:
Hex = ARa/370 + ATh/259 + AK/4810

(3.8)

Where (Hex) is external hazard index. The ARa, ATh and AK are the
activity concentrations, expressed in (Bq/kg) for radium, thorium
and potassium respectively.
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The values of external hazard index (Hex) must not exceed
the limit of unity for the radiation hazard to be negligible.
f) The Internal Hazard Index (Hin)
The internal hazard index (Hin) gives the internal exposure to
carcinogenic radon and its short-lived progeny and is giving by the
following formula [Beretka, 1985; Cottens, 1990]:
Hin = ARa/185 + ATh/259 + AK/4810

(3.9)

Where (Hin) is internal hazard index. The ARa, ATh and AK are the
activity concentrations, expressed in (Bq/kg) for radium, thorium
and potassium respectively.
The values of internal hazard index (Hin) must be less than
unity to have negligible hazardous effects of radon and its short
lived progeny to the respiratory organs [UNSCARE, 2000].
Tables [(3.25)-(3.30)] gives the value of the hazard
parameters in the samples under investigation.
Table (3.25) The value of the hazard parameters in scale petroleum
samples.
Average
Absorbed
Dose Rate
(nGy/h)

Effective
Dose
(mSv/y)

Ra-eq
(kBq/kg)

X
[above
1m]
(mR/h)

Hex

Hin

Scale.5

197644.4

242.5

484.8

28.1

1310

2480

Scale.8

68264

83.7

172.1

11

464

923

Sample
Number

Range

6826483.7-242.5 172.1-484.8 11-28.1 464-1310 923-2480
197644.4

Average

132954.2

Recommended

59 nGy/h 20 mSv/y 370 Bq/kg

163.1

328.4
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1702

---

less than
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less than
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Table (3.26) The value of the hazard parameters in sludge
petroleum samples.
Average
Absorbed
Dose Rate
(nGy/h)

Effective
Dose
(mSv/y)

Ra-eq
(kBq/kg)

X [above
1m]
(µ
µR/h)

Hex

Hin

Sludge.3

11662.4

14.3

29.9

1.5

81

143

Sludge.5

13930.6

17.1

35.4

2.3

96

190

Sludge.6

13480.6

16.5

33.5

2.1

91

179

Sludge.7

39370.4

48.3

95.8

5.5

259

488

Sludge.8

53402.9

65.5

128.5

7.3

347

650

Sludge.9

9789.8

12.0

25.2

1.6

68

134

Range

9789.853402.9

Average

23606.1

Sample
Number

Recommended

12-65.5 25.2-128.5 1.5-7.3
28.95

58.0

59 nGy/h 20 mSv/y 370 Bq/kg

3.4

---

68-347 134-650
157

297

less than less than
unity
unity

Table (3.27) The value of the hazard parameters in sand petroleum
samples.
Sample
Number

Average
Absorbed
Dose Rate
(nGy/h)

Effective
Dose
(mSv/y)

Ra-eq
(Bq/kg)

X [above
1m]
(µ
µR/h)

Hex

Hin

Sand.1

1355.7

1.66

3084.8

53.3

8.3

12.7

Sand.2

1040.8

1.28

2433.7

42.4

6.6

10.1

Sand.4

290.9

0.36

727.7

13.1

1.9

3.01

Sand.5

1030.5

1.26

2374.6

48.9

6.4

10.4

Sand.6

1652.5

2.03

4089.6

131.8

11.1

21.9

Sand.7

278.4

0.34

656.9

12.3

1.8

2.8

Sand.8

5180.5

6.35

13083.4

420.4

35.4

69.9

Sand.9

410.8

0.50

886.9

11.8

2.4

3.4

Sand.10

344.4

0.42

840.9

23.1

2.3

4.2

Range

278.45180.5

0.34-6.35

727.713083.4

11.8420.4

Average

1287.2

1.58

3130.9

84.1

Recommended

59 nGy/h

20 mSv/y

370 Bq/kg

---

١٣٠

1.8-35.4 2.8-69.9
8.5

15.4
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From the previous tables the value of the average absorbed
dose rate in the petroleum samples is ranging from 68264-197644.4
nGy/h with an average 132954.2 nGy/h for scale, it is ranging from
9789.8-53402.9 nGy/h with an average 23606.1 nGy/h for sludge
and it is ranging from 278.4-5180.5 nGy/h with an average 1287.2
nGy/h for sand. It is obvious that the calculated total absorbed dose
rates for these TE-NORM samples are highly larger than the
recommended international limit; 59 nGy/h [UNSCEAR, 2000].
It is known that the recommended limit of the effective dose
to a worker form occupational exposure which is not exceed
20 mSv/y [ICRP, 2007]. The effective dose in the studied
petroleum samples ranged from 83.7-242.5 mSv/y with an average
163.1 mSv/y for scale, it is ranging from 12-65.5 mSv/y with an
average 28.95 mSv/y for sludge. It is appear that the calculated
effective dose for these TE-NORM samples is higher than the
recommended limit. For sand samples, the annual effective dose in
the studied samples ranged from 0.34-6.35 mSv/y with an average
1.58 mSv/y which is lower than the recommended limit.
From the same tables the value of the radium equivalent
activity index in the petroleum samples is ranging from 172.1-484.8
kBq/kg with an average 328.4 kBq/kg for scale, it is ranging from
25.2-128.5 kBq/kg with an average 58.0 kBq/kg for sludge and it is
ranging from 727.7-13083.4 Bq/kg with an average 3130.9 Bq/kg
for sand. It is obvious that the calculated radium equivalent activity
for these TE-NORM samples are highly larger than the
recommended international limit; 370 Bq/kg [UNSCEAR, 2000].
The higher the radioactivity level in the waste, the higher is the
radiological impacts, especially when considering the potential of
operators to be exposed via internal contamination by ingesting the
dust during waste processing.
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From the tables, the gamma ray exposure rate (X) 1 m above
an infinite slab 45-cm-thick in the studied scale samples ranged
from 11-28.1mR/h with an average 19.6 mR/h. For sludge samples,
it is ranging from 1.5-7.3 mR/h with an average 3.4 mR/h. For sand
samples, it is ranging from 11.8-420.4 µR/h with an average 84.1
µR/h. These values are highly larger than the background which is
9 µR/h [Wilson et al., 1992]. The [ICRP, 2007] recommended the

annual limit for radiation worker is 20 mSv. Working in petroleum
fields containing these TE-NORM wastes with this amount of
exposure for 40 h/wk, 50 wk/y could result in exceeding this level.
The primary source of this exposure is from the gamma-emitting
daughters of Ra-226: Bi-214 and Pb-214 [Wilson et al., 1992].
It is clearly appear from the same tables that, the value of the
external hazard index (Hex) in the petroleum samples is ranging
from 464-1310 with an average 887 for scale, it is ranging from 68347 with an average 157 for sludge and it is ranging from 1.8-35.4
with an average 8.5 for sand. It is obvious that the calculated
external hazard index (Hex) for these TE-NORM samples are highly
larger than unity. This indicates that there is an external exposure
risk due to γ-rays arising from these materials.
Also from these tables, the value of the internal hazard index
(Hin) in the petroleum samples is ranging from 923-2480 with an
average 1702 for scale, it is ranging from 134-650 with an average
297 for sludge and it is ranging from 2.8-69.9 with an average 15.4
for sand. It is obvious that the calculated internal hazard index (Hin)
for these TE-NORM samples are highly larger than unity. This
indicates that there are an internal risk effects from radon and its
short lived progeny arising from these materials on the respiratory
organs. Figures (3.22) and (3.23) show the annual effective dose
and the hazard parameters of scale, sludge and sand petroleum
samples.
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(a)

(b)

(c)

Fig. (3.22) The annual effective dose of petroleum (a) scale, (b)
sludge and (c) sand samples.

Fig. (3.23) Relative contribution to the hazard parameters due to
petroleum scale, sludge and sand TE-NORM samples.
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Table (3.28) The value of the hazard parameters in phosphate
fertilizer.
Average
Absorbed
Dose Rate
(nGy/h)

Effective
Dose
(mSv/y)

Ra-eq
(Bq/kg)

X [in a
hole]
(µ
µR/h)

X [above
1m]
(µ
µR/h)

Hex

Hin

Ferti.1

100.2

0.135

151.6

19.2

4.8

0.4

0.61

Ferti.3

81.12

0.099

154.1

19.5

5.8

0.42

0.66

Ferti.4

32.4

0.039

57.0

7.2

2.1

0.15

0.24

Ferti.5

539.5

0.662

1251.1

159.1

54.8

3.4

5.7

Ferti.6

1511.5

1.854

4216.2

531.2

259.3

11.4

22.2

Ferti.7

96.7

0.119

249.9

31.5

14.5

0.6

1.3

Ferti.8

90.5

0.111

86.9

10.9

3.2

0.2

0.37

Range

32.41511.5

0.0391.854

57.04216.2

7.2531.2

2.1259.3

0.1511.4

0.2422.2

Average

350.3

0.431

880.9

111.2

49.2

2.4

4.4

----

----

Sample
Number

Recommended

59 nGy/h 20 mSv/y 370 Bq/kg

less than less than
unity
unity

Table (3.29) The value of the hazard parameters in consumer
product.
Average
Absorbed
Dose Rate
(nGy/h)

Effective
Dose
(mSv/y)

Ra-eq
(Bq/kg)

X [in a
hole]
(µ
µR/h)

X [above
1m]
(µ
µR/h)

Hex

Hin

Cons.1

1647

2.02

3522.2

447.5

58.3

9.5

11.9

Cons.4

1872

2.29

3929.8

500.3

51.5

10.6

12.7

Cons.5

610.5

0.75

1369.7

173.1

38.9

3.7

5.3

Cons.6

858.6

1.52

1851.1

235.6

29.2

4.9

6.2

Cons.7

1891.7

2.32

3957.4

503.8

51.8

10.7

12.8

Cons.8

1777

2.18

3728.8

474.8

51.5

10

12.2

Cons.9

1925.5

2.36

4061.2

516.6

56.8

10.9

13.3

Range

610.51925.5

0.75-2.36

1369.74061.2

173.1516.6

29.258.3

3.75.3-13.3
10.9

Average

1511.8

1.89

2802.5

356.5

42.3

8.6

----

----

Sample
Number

Recommended

59 nGy/h 20 mSv/y 370 Bq/kg
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Table (3.30) The value of the hazard parameters in zircon and
ceramic.
Sample
Number

X
[above
1m]
(µ
µR/h)

Average
Absorbed
Dose Rate
(nGy/h)

Effective
Dose
(mSv/y)

11004.5

14.48

Cera.1

433.5

0.532

954.8

121.3

25.1

2.5

3.6

Cera.2

444.2

0.545

968.4

123.3

21.7

2.6

3.5

Cera.3

703.3

0.863

1553.5

196.8

42.4

4.2

5.9

Cera.4

415.5

0.509

889.1

113.1

19.1

2.4

3.2

Range of
ceramic

415.5703.3

0.5090.863

954.8- 113.1- 19.12.4-4.2 3.2-5.9
1553.5 196.8 42.4

Average of
ceramic

499.1

0.612

1091.5

138.6

27.1

370
Bq/kg

----

----

Zircon.2

Recommended

59 nGy/h 20 mSv/y

Ra-eq
(Bq/kg)

X [in a
hole]
(µ
µR/h)

Hex

20314.6 2559.9 1188.2 54.8

2.9

Hin

104.4

4.1

less than less than
unity
unity

From tables (3.27), (3.29), it clearly appear that, the value of
the average absorbed dose rate in different TE-NORM samples is
ranging from 32.4-1511.5 nGy/h with an average 350.3 nGy/h for
phosphate fertilizer, it is ranging from 610.5-1972.6 nGy/h with
an average 1511.8 nGy/h for consumer product, it is ranging from
415.5-703.3 nGy/h with an average 499.1 nGy/h for ceramic and it
is 11004.5 nGy/h for zircon. It is obvious that the calculated total
absorbed dose rates for these TE-NORM samples are highly larger
than the recommended international limit; 59 nGy/h [UNSCEAR,
2000].
As mentioned before, the recommended limit of the
effective dose to a worker form occupational exposure is not
exceeds 20 mSv/y [ICRP, 2007]. The effective dose in the different
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studied TE-NORM samples ranged from 0.039-1.854 mSv/y with
an average 0.431mSv/y for phosphate fertilizer, it ranges from
0.75-2.36 mSv/y with an average 1.89 mSv/y for consumer
product (the (household dinnerware) consumer product samples
seemed to contribute activity) and the effective dose ranges from
0.509-0.863 mSv/y with an average 0.612 mSv/y for ceramic. It is
appear that the calculated effective dose for these TE-NORM
samples is lower than the recommended limit. For zircon, the
effective dose is 14.48 mSv/y which higher than the recommended
limit.
The tables also shows that, the value of the radium
equivalent activity index in these TE-NORM samples is ranging
from 57.0-4216.2 Bq/kg with an average 880.9 Bq/kg for phosphate
fertilizer, it is ranging from 1369.7-4061.2 Bq/kg with an average
2802.5 Bq/kg for consumer product, it is ranging from 954.81553.5 Bq/kg with an average 1091.5 Bq/kg for ceramic and it is
20314.6 Bq/kg for zircon. It is appearing that the calculated radium
equivalent activities for different TE-NORM samples are highly
larger than the recommended value. Ra-eq must be < 370 Bq/kg
[UNSCEAR, 2000] in order to keeb the external dose < 1.5 mGy/y
[Huy et al., 2005].
The same tables show that, the gamma ray exposure ranged
from 7.2-531.2 µR/h with an average 111.2 µR/h in a hole in an
infinite medium and the exposure rate is ranging from 2.1-259.3
µR/h with an average 49.2 µR/h at 1 m above an infinite slab 45-cmthick for phosphate fertilizer. For consumer product samples, the
exposure rate is ranging from 173.1-516.6 µR/h with an average
356.5 µR/h in a hole in an infinite medium and the exposure rate is
ranging from 29.2-58.3µR/h with an average 42.3 µR/h at 1 m above
an infinite slab 45-cm-thick. For ceramic samples, the exposure
rate is ranging from 113.1-196.8 µR/h with an average 138.6 µR/hr
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in a hole in an infinite medium and the exposure rate ranged from
19.1-42.4 µR/h with an average 27.1 µR/hr at 1 m above an infinite
slab 45-cm-thick. For zircon, the exposure rate is 2559.9 µR/h in a
hole in an infinite medium and the exposure rate is 1188.2 µR/h at 1
m above an infinite slab 45-cm-thick. These exposures are higher
than the background. Working in different industrial activities fields
under study with this amount of exposure for 40 h/wk, 50 wk/y
could result in exceeding the level of annual effective dose.
It is clearly appear from the same tables that, the value of the
external hazard index (Hex) in the different TE-NORM samples is
ranging from 0.15-11.4 with an average 2.4 for phosphate
fertilizer, it is ranging from 3.7-10.9 with an average 8.6 for
consumer product, it is ranging from 2.4-4.2 with an average 2.9
for ceramic and it is 54.8 for zircon. The external hazard index
(Hex) for these TE-NORM samples are highly larger than unity.
Also from tables, the value of the internal hazard index (Hin)
in these TE-NORM samples is ranging from 0.24-22.2 with an
average 4.4 for phosphate fertilizer, it is ranging from 5.3-13.3
with an average 10.6 for consumer product, it is ranging from 3.25.9 with an average 4.1 for ceramic and it is 104.4 for zircon. It is
clear that the internal hazard index (Hin) for these TE-NORM
samples are larger than unity.
These two indexes values must be less than unity in order to
keep the radiation hazard to be insignificant. The knowledge of
radionuclides distribution and radiation levels in the environment is
important for assessing the effects of radiation exposure. Figures
(3.24) and (3.25) show the annual effective dose and the hazard
parameters of different TE-NORM samples.
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(a)

(b)

(c)

Fig. (3.24) The annual effective dose of (a) phosphate fertilizer, (b)
consumer product and (c) ceramic samples.

Fig. (3.25) Relative contribution to the hazard parameters due to
different TE-NORM samples under study.
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It appears from the data analysis in the present study of the
different samples collected from different TE-NORM industrial
activity that, the level of natural radioactivity and hazard
parameters are higher than the international recommended limits.
Hence precaution, safety rules and Protective measures should be
applied for workers in these fields of work.

3.4 Protective Measures
3.4.1 Protective measures in petroleum industry
The requirements for radiation protection and safety
established in the basic safety standards (BSS) apply to NORM
associated with installations in the petroleum industry. The
common goal in all situations is to keep radiation doses as low as
reasonably achievable, economic and social factors being taken into
account (ALARA), and below regulatory dose limits for workers.
The practical measures to reach these goals differ principally for the
two types of radiation exposure: through external radiation and
internal contamination [IAEA, 2010].
1. Measures against external exposure
The presence of NORM in installations is unlikely to cause
external exposures approaching or exceeding annual dose limits for
workers. External dose rates from NORM encountered in practice
are usually so low that protective measures are not needed. In
exceptional cases where there are significant but localized dose
rates, the following basic rules can be applied to minimize any
external exposure and its contribution to total dose:
 Personnel required to work with NORM should be trained in
the associated hazards.
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 All NORM operations shall be covered by a safe system of
work which should identify the hazards and highlight the
precautions to be taken.
 Any item or area with detectable levels of loose NORM
contamination should be subject to radiological controls.
 Minimize the duration of any unnecessary external exposure;
 Ensure that optimum distances are maintained between any
accumulation of NORM (installation part) and exposed
people;
 Maintain shielding material or equipment between the
NORM and potentially exposed people.
 Designation of supervised or controlled areas to which
access is limited or excluded.
 The use of shielding material is an effective means of
reducing dose rates around radiation sources but it is not
likely that shielding can be added to shield a bulk
accumulation of NORM. However, the principle may be
applied by ensuring that NORM remains enclosed within
(and behind) the thick steel wall(s) of plant or equipment
while preparations are made for the disposal of the material.
If large amounts of NORM waste of high specific activity
are stored, some form of localized shielding with lower
activity wastes or materials may be required to reduce
gamma dose rates to acceptably low levels on the exterior of
the waste storage facility.
 The sites of TE-NORM activities require qualified radiation
protection experts to safeguard workers and environment
from exposure and contaminations during all stages of oil
production, separation and maintenance.
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 Restricted regulations should be applied for the workers that
performing cleaning of the contaminated equipment.
2. Measures against internal exposure
In the absence of suitable control measures, internal
exposure may result from the ingestion or inhalation of NORM
while working with uncontained material or as a consequence of the
uncontrolled dispersal of radioactive contamination. The risk of
ingesting or inhaling any radioactive contamination present is
minimized by complying with the following basic rules, whereby
workers:
 Use protective clothing in the correct manner to reduce the
risk of transferring contamination;
 Refrain from smoking, drinking, eating, chewing (e.g. gum),
applying cosmetics (including medical or barrier creams,
etc.), licking labels, etc. or any other actions that increase the
risk of transferring radioactive materials to the face during
work;
 Personnel should wash up thoroughly with copious
quantities of soap and water, after working with
contaminated equipment, and before eating, drinking, or
smoking, and at the end of the workday.
 Use suitable respiratory protective equipment as appropriate
to prevent inhalation of any likely airborne radioactive;
 Apply, where practicable, only those work methods that
keep NORM contamination wet or that confine it to prevent
airborne contamination;
 Implement good housekeeping practices to prevent the
spread of NORM contamination;
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 Observe industrial hygiene rules such as careful washing of
protective clothing and hands after finishing the work.
 Workers in this field should follow approved radiation
protection regulations and receive regular medical
surveillance.
Thus, the initial licensing for oil exploration should include
estimates of the volume of NORM wastes to be produced as well as
their concentrations and the techniques to be used to treat and to remanage such waste.
3.4.2 Protective measures in (fertilizers, ceramic and consumer
product) factories and stores
The requirements for radiation protection and safety
established in the basic safety standards (BSS) apply to NORM
associated with (fertilizers, ceramic and consumer product)
factories and stores. The common goal in all situations is to keep
radiation doses as low as reasonably achievable, economic and
social factors being taken into account (ALARA), and below
regulatory dose limits for workers. To achieve this it must take in
consideration that:
 Classification of the working area and stores.
 Area and personal radiation protection equipment must be
available.
 Using dust masks (must worn in dusty condition) and
personal protective clothes; sometimes disposal coveralls if
necessary; Protective glove and overshoes.
 Semiannual medical surveillance and blood count should be
applied.
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 Wide stores with enough height with continue renewed air
through efficient ventilation system. Compromise strong
powered outlet fans. Down walls not up. The key of these
fans must be outside the stores and must be opened in the
stores at least quarter an hour before interring there. The
store itself must have upper windows to renew the air which
contain a large amount of radon to avoid internal
contamination.
 No eating, drinking, or smoking should be allowed in the
area of work.
 Most important, employee knowledge of hazards associated
with the material is essential through condensed training.
 Good personal hygiene is necessary.
By using these protective measures, the dose to workers will
be low. Solutions for storage must be in accordance with
international regulation.
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Risk Analysis
4.1 Risk
Risk is defined as the probability that an individual develops
a specified disease over a specified interval of time, given that the
individual is alive and disease free at the start of the time period. As
with the incidence rate, risk is time dependent and depends on both
the starting point and the length of the interval. Incidence rates and
risks are related via the general formula, risk = incidence rate ×
time.
Risk coefficient is the increase in the annual incidence or
mortality rate per unit dose: (1) absolute risk coefficient is the
increase of the incidence or mortality rate per unit dose; (2) relative
risk coefficient is the fractional increase above the baseline
incidence or mortality rate per unit dose.
Risk estimate is the increment of the incidence or mortality
rate projected to occur in a specified exposed population per unit
dose for a specified exposure regime and expression period [BIAR
VII, 2006].

4.2 Incidence Rates and Excess Risks
It is clear that the incidence rate plays an important role in
the stochastic modeling of disease occurrence. Consequently,
models and methods for studying the dependence of disease
occurrence on exposure are generally formulated in terms of
incidence rates. In the following it is assumed that individuals have
been stratified on the basis of age, sex, calendar time, and possibly
other factors related to disease occurrence, and that incidence rates
are stratum specific. In the simple case of two exposure categories,
exposed and unexposed, let λE (t) and λU (t) denote the incidence
rates of the exposed and unexposed groups, respectively. If disease
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occurrence is unrelated to exposure, one expects that λE (t) = λU (t),
whereas lack of equality between these two incidence rates
indicates an association between disease occurrence and exposure.
A common measure of discrepancy between incidence rates
is the difference
EAR (t) = λE (t) – λU (t),

(4.1)

Which by convention is called the excess absolute risk (EAR) even
though; it is, technically, a difference in rates [BIAR VII, 2006].
Rearranging terms results in
λE (t) = λU (t) + EAR (t),

(4.2)

Showing that EAR (t) describes the additive increase in
incidence rates associated with exposure. For example, if the EAR
is constant, EAR (t) = b, then the effect of exposure is to increase
the incidence rates by the constant amount b for all time periods.
Note that b = 0 corresponds to the case of no association.
A second common measure of discrepancy is the relative
risk (RR), defined as
RR (t) = λE (t) / λU (t)

(4.3)

Rearranging terms shows that
λE (t) = RR (t) λU (t),

(4.4)

So that RR (t) describes the multiplicative increase in
incidence rates associated with exposure. When the RR is constant,
RR (t) = r, the effect of exposure is to alter incidence rates by the
factor (r). If exposure increases risk, then r > 1; if exposure
decreases risk, then r < 1, and r = 1 corresponds to the case of no
association [BIAR VII, 2006].
The excess relative risk ERR (t) is
ERR (t) = RR (t) – 1.

(4.5)
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The ERR of the exposed and unexposed incidence rates are related
via the equation
λE (t) = λU (t) {1 + ERR (t)}.

(4.6)

Probability of causation (PC) is a number that expresses the
probability that a given cancer, in a specific tissue, has been caused
by a previous exposure to a carcinogenic agent, such as radiation.
It requires modeling the ERR as a function of dose and other factors
[BIAR VII, 2006]. Specifically,
PC =

Risk due to Radiation Exposure
Baseline risk + Risk due to Radiation Exposure

PC = ERR / (1+ERR).

(4.7)

4.3 Estimating Cancer Risk
An important task of the [BEIR VII, 2006] committee was
to develop “risk models” for estimating the relationship between
exposure to low levels of low-LET ionizing radiation and harmful
health effects. The committee judged that the linear no-threshold
model (LNT) provided the most reasonable description of the
relation between low-dose exposure to ionizing radiation and the
incidence of solid cancers that are induced by ionizing radiation.
This chapter presents models that allow one to estimate the
lifetime risk of cancer resulting from any specified dose of ionizing
radiation. Models are developed for estimating lifetime risks of
cancer incidence and mortality and take account of sex, age at
exposure, dose rate, and other factors. Estimates are given for all
solid cancers, leukemia, and cancers of several specific sites. Risk
may depend on the type of cancer, the magnitude of the dose, the
quality of the radiation, the dose-rate, the age and sex of the person
exposed, exposure to other carcinogens such as tobacco, and other
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characteristics of the exposed individual. In this chapter also simple
computer codes are developed and tested to solve these models.
Models for risk estimation are based primarily on the Life
Span Study (LSS) cohort of survivors of the atomic bombings in
Hiroshima and Nagasaki. The LSS cohort offers several advantages
for developing quantitative estimates of risk from exposure to
ionizing radiation. These include its large size, the inclusion of both
sexes and all ages, a wide range of doses that have been estimated
for individual subjects, and high-quality mortality and cancer
incidence data. In addition, because the exposure was to the whole
body, the LSS cohort offers the opportunity to assess risks for
cancers of a large number of specific sites and to evaluate the
comparability of site-specific risks. In several of these studies,
relative risks were highest in the period 1–5 years after exposure.
The BEIR VII committee has instead assumed that excess absolute
risk in the period 2–5 years following exposure is equal to that
observed 5 years after exposure. Clearly there is uncertainty in the
magnitude of the risk during the initial years following exposure.

4.3.1 Models for All Solid Cancers
Risk estimates for all solid cancers were obtained by
summing the estimates for cancers of specific sites. However, the
general form of the model and the estimates of the parameters that
quantify the modifying effects of age at exposure and attained age
were based on analyses of data on all solid cancers. Such analyses
offer the advantage of larger numbers of cancer cases and deaths,
which increases statistical precision. Models were developed from
analyses of both LSS incidence and LSS mortality data. Analyses
of incidence data were based on the category consisting of all solid
cancers excluding thyroid and non-melanoma skin cancers. These
exclusions were made because both thyroid cancer and nonmelanoma skin cancer exhibit exceptionally strong age-at-exposure
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dependencies that do not seem typical of cancer of other sites
[Thompson et al., 1994]. Because thyroid cancer and nonmelanoma skin cancer are rarely fatal, analyses of mortality data
were based on the category of all solid cancers.
Models for estimating solid cancer risks (ERR and EAR)
depend on age at exposure only for exposure ages under 30 years
and are constant for exposure ages over 30. That is, [BIAR VII,
2006] model:
ERR(e, a) or EAR(e, a) = exp (γ e*) aη,

(4.8)

where e is age at exposure in years, e* is equal to e – 30 when
e < 30, and equal to zero when e=30, and a is attained age in years.
The fitting parameter, γ is Per-decade increase in age at exposure
over the range 0-30 Years (95% CI) and η is exponent of A, (95%
CI) attained Age.
The model shown in equation (4.8) fitted both incidence and
mortality data on all solid cancers excluding thyroid cancer and
non-melanoma skin cancer the BEIR VII preferred model shown in
equation (4.8) provided the best fit. Table (4.1) shows estimates of
the parameters of the ERR and EAR models obtained from analyses
of LSS incidence data (1958–1998) for all solid cancers excluding
thyroid and non-melanoma skin cancers and of LSS mortality data
(1950–2000) for all solid cancers. The ERR or EAR is of the form
[BIAR VII, 2006]:
ERR or EAR = βs D exp (γe*) (a / 60)η,

(4.9)

where D is the dose (Sv), e is age at exposure (years), e* is (e – 30)
/10 for e < 30 and zero for e=30, and a is attained age (years).
The terms βs is a fitting parameter which may depend on sex (s) so
[fitting parameters, βM for male and βF for female].
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Table (4.1) ERR and EAR models for estimating incidence of all
solid cancers excluding thyroid and non-melanoma skin cancers
and mortality from all solid cancers
ERR/Sv (95% CI) at Age 30
and Attained Age 60
Per-Decade
Increase in Age
at Exposure
Over the Range
0-30 Yearsa
(95% CI), γ

Exponent
of A,
(95% CI)
attained
Age, η

0.57

-0.30

-1.4

0.47

-0.56

-0.67

ERR
Models

No. of
Cases
or
Deaths

Males
(β
βM)

Females
(β
β F)

Incidence

12,778

0.33

Mortality

10,127

0.23

EAR per 104 PY-Sv (95% CI)
EAR
Models

Males
(β
βM)

Females
(β
β F)

Incidence

12,778

22

28

-0.41

2.8

Mortality

10, 127

11

13

-0.37

3.5

NOTE: Estimated parameters with 95% CIs (confidence intervals). PY = person-years.
a Change in ERR/Sv or EAR per 104 PY-Sv (per-decade increase in age at exposure) is obtained
as 1 – exp (γ ).

Proper and friendly user computer codes (Rehab – 1 & 2)
were designed, tested and developed to solve the risk for all solid
cancers excluding thyroid and non-melanoma skin cancers for
different sex at different ages, see appendix A and B. These two
codes computes excess absolute risk (EAR) incidence and mortality
and excess relative risk (ERR) incidence and mortality for all solid
cancer, respectively. (Rehab – 2) also calculate the probability of
causation (PC) incidence and mortality.
The values of these risks for a person exposed to 0.1 Sv at
different ages after 5 years since exposure time are given in tables
(4.2), (4.3) and (4.4) and shown in figures (4.1), (4.2) and (4.3),
respectively.
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Table (4.2) The excess absolute risk (EAR) incidence and mortality
per 104 PY (person year)-Sv for all solid cancer excluding thyroid
and non-melanoma skin cancers for person exposed to 0.1 Sv at
different ages after 5 years since exposure time.
Age at
Exposure
(years)

Male

Female

Male

Female

0
5
10
15
20
30
40
50
60
70

7.16×10-3
4.06×10-2
0.103
0.188
0.286
0.486
0.983
1.724
2.75
4.11

91.11×10-3
5.17×10-2
0.131
0.239
0.364
0.619
1.25
2.195
3.5
5.23

5.58×10-4
5.24×10-3
1.8×10-2
4.1×10-2
0.074
0.167
0.402
0.811
1.456
2.4

6.59×10-4
6.19×10-3
2.13×10-2
4.8×10-2
8.79×10-2
0.197
0.475
0.959
1.72
2.84

(EAR) Incidence

(EAR) Mortality

Fig. (4.1) Excess absolute risk (EAR) incidence and mortality per
104 PY (person year)-Sv for all solid cancer excluding thyroid and
non-melanoma skin cancers.
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Table (4.3) The excess relative risk (ERR) incidence and mortality
for all solid cancer excluding thyroid and non-melanoma skin
cancers for person exposed to 0.1 Sv at different ages after 5 years
since exposure time.
Age at
Exposure
(years)

Male

Female

Male

Female

0
5
10
15
20
30
40
50
60
70

2.63
0.858
0.419
0.241
0.152
7.02×10-2
4.94×10-2
3.73×10-2
0.029
2.41×10-2

4.55
1.483
0.723
0.416
0.262
0.121
8.53×10-2
6.44×10-2
5.09×10-2
4.17×10-2

0.652
0.309
0.178
0.111
7.24×10-2
3.3×10-2
2.79×10-2
0.024
2.18×10-2
1.98×10-2

1.33
0.633
0.365
0.227
0.148
6.74×10-2
5.69×10-2
4.98×10-2
4.45×10-2
4.05×10-2

(ERR) Incidence

(ERR) Mortality

Fig. (4.2) Excess relative risk (ERR) incidence and mortality for all
solid cancer excluding thyroid and non-melanoma skin cancers.
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Table (4.4) The probability of causation (PC) incidence and
mortality for all solid cancer excluding thyroid and non-melanoma
skin cancers for person exposed to 0.1 Sv at different ages after 5
years since exposure time.
Age at
Exposure
(years)

Male

Female

Male

Female

0
5
10
15
20
30
40
50
60
70

0.725
0.462
0.295
0.194
0.132
6.56×10-2
4.7×10-2
3.59×10-2
2.87×10-2
2.36×10-2

0.819
0.597
0.419
0.294
0.208
0.108
7.86×10-2
6.05×10-2
4.85×10-2
4.0×10-2

0.395
0.237
0.151
0.1
6.75×10-2
3.19×10-2
2.7×10-2
2.38×10-2
2.13×10-2
0.019

0.571
0.388
0.267
0.185
0.129
6.32×10-2
5.39×10-2
4.7×10-2
4.26×10-2
3.89×10-2

(PC) Incidence

(PC) Mortality

Fig. (4.3) Probability of causation (PC) incidence and mortality for
all solid cancer excluding thyroid and non-melanoma skin cancers.
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It is clear from table (4.2), if a person exposed to 0.1 Sv and
disease occurred after 5 years since exposure time, then the excess
absolute risk (EAR) incidence and mortality per 104 PY (person
year)-Sv for all solid cancer excluding thyroid and non-melanoma
skin cancers increases with increasing age and it is higher in female
than male. From tables (4.3) and (4.4), the excess relative risk
(ERR) incidence and mortality for all solid cancer excluding
thyroid and non-melanoma skin cancers for the same previous
condition appears to be decreased with increasing age for both
gender and it is higher in female than male and so the probability of
causation.
Also all the codes in this chapter give us the flexibility to
calculate the risk for any age at exposure, any attained age and any
dose. Another way to show the ability of these programs, the
relation between the attained age and the risk is achieved and this
could be applied to all codes. Here an example, the excess absolute
risk (EAR) incidence and mortality per 104 PY (person year)-Sv for
all solid cancer excluding thyroid and non-melanoma skin cancers
for person exposed at age 20 and age 30+ to 0.1 Sv given in table
(4.5), (4.6) and shown in figures (4.4) and (4.5), respectively. The
excess relative risk (ERR) incidence and mortality for all solid
cancer excluding thyroid and non-melanoma skin cancers for
person exposed at age 20 and age 30+ (or more) to 1 Sv given in
table (4.7), (4.8) and shown in figures (4.6) and (4.7) , respectively.
The ERR and EAR models have the same form, the values
and interpretation of the parameters are different. From these tables
and figures it is clearly that, the ERR shows a decrease with
attained age, whereas the EAR shows a strong increase with
attained age. Both the ERR and the EAR decrease with increasing
age at exposure for those exposed under age 30. Both the ERR and
the EAR are higher in female than male for the same exposure age.
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Table (4.5) The excess absolute risk (EAR) incidence and mortality
per 104 PY-Sv for all solid cancer excluding thyroid and nonmelanoma skin cancers for person exposed at age 20 to 0.1 Sv.
Attained age
(years)

(EAR) Incidence

(EAR) Mortality

Male

Female

Male

Female

30
35
40
45
50
55
60
65
70
75

0.476
0.733
1.065
1.481
1.989
2.598
3.315
4.148
5.104
6.192

0.606
0.933
1.356
1.885
2.532
3.307
4.219
5.279
6.496
7.881

0.141
0.242
0.385
0.582
0.841
1.174
1.592
2.107
2.731
3.477

0.166
0.285
0.455
0.688
0.994
1.388
1.882
2.491
3.228
4.109

Table (4.6) The excess absolute risk (EAR) incidence and mortality
per 104 PY-Sv for all solid cancer excluding thyroid and nonmelanoma skin cancers for person exposed at age 30+ to 0.1 Sv.
Attained
age

(EAR) Incidence

(EAR) Mortality

(years)

Male

Female

Male

Female

40
45
50
55
60
65
70
75

0.707
0.983
1.320
1.724
2.2
2.752
3.387
4.109

0.899
1.251
1.681
2.195
2.8
3.503
4.311
5.230

0.266
0.402
0.581
0.811
1.1
1.455
1.887
2.402

0.315
0.475
0.687
0.959
1.3
1.720
2.229
2.839
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Fig. (4.4) Excess absolute risk (EAR) incidence per 104 PY-Sv for all
solid cancer excluding thyroid and non-melanoma skin cancers. Curves
are for both sex estimates of the risk at 0.1 Sv for people exposed at age
20 (solid lines) and age 30 or more (dashed lines).

Fig. (4.5) Excess absolute risk (EAR) mortality per 104 PY-Sv for all
solid cancer excluding thyroid and non-melanoma skin cancers. Curves
are for both sex estimates of the risk at 0.1 Sv for people exposed at age
20 (solid lines) and age 30 or more (dashed lines).
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Table (4.7) The excess relative risk (ERR) incidence and mortality
for all solid cancer excluding thyroid and non-melanoma skin
cancers for person exposed at age 20 to 1 Sv.
Attained
age

(ERR) Incidence

(ERR) Mortality

(years)

Male

Female

Male

Female

30
35
40
45
50
55
60
65
70
75

1.176
0.947
0.785
0.666
0.575
0.503
0.445
0.398
0.359
0.326

2.03
1.636
1.357
1.151
0.993
0.869
0.769
0.687
0.62
0.563

0.641
0.578
0.528
0.488
0.455
0.427
0.403
0.381
0.363
0.346

1.309
1.18
1.079
0.998
0.929
0.872
0.823
0.779
0.742
0.708

Table (4.8) The excess relative risk (ERR) incidence and mortality
for all solid cancer excluding thyroid and non-melanoma skin
cancers for person exposed at age 30+ to 1 Sv.
Attained
age

(ERR) Incidence

(ERR) Mortality

(years)

Male

Female

Male

Female

40
45
50
55
60
65
70
75

0.582
0.494
0.426
0.373
0.33
0.295
0.266
0.241

1.01
0.853
0.736
0.644
0.57
0.509
0.459
0.417

0.302
0.279
0.259
0.244
0.23
0.218
0.207
0.198

0.617
0.569
0.531
0.498
0.47
0.445
0.424
0.405
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Fig. (4.6) Excess relative risk (ERR) incidence for all solid cancer
excluding thyroid and non-melanoma skin cancers. Curves are for both
sex estimates of the risk at 1 Sv for people exposed at age 20 (solid lines)
and age 30 or more (dashed lines).

Fig. (4.7) Excess relative risk (ERR) mortality for all solid cancer
excluding thyroid and non-melanoma skin cancers. Curves are for both
sex estimates of the risk at 1 Sv for people exposed at age 20 (solid lines)
and age 30 or more (dashed lines).
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4.3.2 Models for Site-Specific Solid Cancers Other Than Breast
and Thyroid
Risk estimates for both cancer incidence and mortality,
models for site-specific cancers were based on cancer incidence
data. This was done primarily because site-specific cancer
incidence data are based on diagnostic information that is more
detailed and accurate than death certificate data and because, for
several sites, the number of incident cases is considerably larger
than the number of deaths. However, models developed from
incidence data were checked for consistency with mortality data.
Since there is little evidence that radiation-induced cancers are
more rapidly fatal than cancer that occurs for other reasons, ERR
models based on incidence data can be used directly to estimate
risks of cancer mortality, whereas EAR models require adjustment
[BIAR VII, 2006].

Models for estimating risks of solid cancers of specific sites
other than breast and thyroid were also of the form shown in
equation (4.8). ERR and EAR models fitting parameters for site
specific cancer incidence and mortality are shown in table (4.9).
The ERR or EAR is given in equation (4.9).

The estimates of βM and βF are for a person exposed at age
30 or older at an attained age of 60. For other sites, common values
of the parameter γ indicating dependence on age at exposure could
be used in all cases. With the ERR models, common values of the
parameter indicating the dependence of risks on attained age (η)
could be used in all cases except the category “all other solid
cancers.”. With the EAR models, it was necessary to estimate the
attained-age parameter, η, separately for cancers of the liver, lung,

١٥٨

Chapter 4
Risk Analysis

and bladder, which may reflect variation in the pattern of increase
with age for site specific baseline rates.
A computer codes (Rehab – 3 & 4) were designed, tested
and developed to solve the risk for site-specific solid cancers other
than breast and thyroid for different sex at different ages, see
appendix C and D. These two codes computes excess absolute risk
(EAR) incidence and mortality and excess relative risk (ERR)
incidence and mortality both for all site-specific solid cancer other
than breast and thyroid respectively.

Table (4.9) BIAR VII preferred ERR and EAR models fitting
parameters for estimating site-specific solid cancer incidence and
mortalitya
ERR Models

EAR Models

Cancer
Site

No.
of
Cases

β Ma
(95%
CI)

βFa
(95%
CI)

γb

ηc

β Md
(95%
CI)

βFd
(95%
CI)

γb

ηc

Stomach

3602

0.21

0.48

-0.30

-1.4

4.9

4.9

-0.41

2.8

Colon

1165

0.63

0.43

-0.30

-1.4

3.2

1.6

-0.41

2.8

Liver

1146

0.32

0.32

-0.30

-1.4

2.2

1.0

-0.41

4.1

Lung

1344

0.32

1.40

-0.30

-1.4

2.3

3.4

-0.41

5.2

Uterus

875

---

0.055

-0.30

-1.4

---

1.2

-0.41

2.8

Ovary

190

---

0.38

-0.30

-1.4

---

0.7

-0.41

2.8

Bladder

352

0.50

1.65

-0.30

-1.4

1.2

0.75

-0.41

6.0

Other
solid
cancer

2969

0.27

0.45

-0.30

-2.8

6.2

4.8

-0.41

2.8

NOTE: Estimated parameters with 95% CIs. PY = person-years.
a ERR/Sv for exposure at age 30+ at attained age 60.
b Per-decade increase in age at exposure over the range 0–30 years (γ).
c Exponent of attained age (η).
d EAR per 104 PY-Sv for exposure at age 30+ and attained age 60; these values are for cancer
incidence and must be adjusted to estimate cancer mortality risks.
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The calculated values for all site-specific solid cancer other
than breast and thyroid for male and female exposed to 0.1 Sv at
different ages after 5 years since exposure time are given in the
following tables. Tables (4.10) and (4.11) give excess absolute risk
(EAR) incidence and mortality per 104 PY (person year)-Sv for
male and female, respectively and shown in figures (4.8) and (4.9),
respectively. Tables (4.12) and (4.13) give excess relative risk
(ERR) incidence and mortality for male and female, respectively
and shown in figures (4.10) and (4.11), respectively.

Table (4.10) The excess absolute risk (EAR) incidence and
mortality per 104 PY (person year)-Sv for all site-specific solid
cancer other than breast and thyroid for male exposed to 0.1 Sv at
different ages after 5 years since exposure time.
(EAR) incidence and mortality for
Exposure

Other solid

Stomach

Colon

Liver

Lung

Bladder

0

1.59×10-3

1.04×10-3

2.83×10-5

1.9×10-6

1.37×10-7

2.02×10-3

5

9.05×10-3

5.91×10-3

3.96×10-4

5.76×10-5

7.17×10-6

1.14×10-2

10

2.3×10-2

1.49×10-2

1.69×10-3

3.86×10-4

6.65×10-5

2.9×10-2

15

0.042

2.73×10-2

4.5×10-3

1.41×10-3

3.04×10-4

5.29×10-2

20

6.36×10-2

4.16×10-2

9.15×10-3

3.65×10-3

9.46×10-4

8.1×10-2

30

0.108

7.1×10-2

0.024

1.39×10-2

4.73×10-3

0.137

40

0.219

0.143

6.76×10-2

5.2×10-2

2.14×10-2

0.277

50

0.384

0.251

0.154

0.146

7.12×10-2

0.486

60

0.613

0.1

0.305

0.349

0.194

0.776

70

0.915

0.598

0.549

0.734

0.458

1.158

Age (years)
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Fig. (4.8) Excess absolute risk (EAR) incidence and mortality for
all site-specific solid cancer other than breast and thyroid for male.
Table (4.11) The excess absolute risk (EAR) incidence and
mortality per 104 PY (person year)-Sv for all site-specific solid
cancer other than breast and thyroid for female exposed to 0.1 Sv at
different ages after 5 years since exposure time.
(EAR) incidence and mortality for
Exposure
Stomach
Age (years)

Colon

Liver

Lung

0
5

1.59×10-3 5.12×10-4 1.29×10-5

10
15
20
30
40
50

Uterus

Bladder

Other solid
cancer

3.91×10-5 2.28×10-4 8.59×10-8

1.56×10-3

9.05×10-3 2.95×10-3 1.79×10-4 8.52×10-5 2.22×10-3 1.29×10-3 4.48×10-6

8.86×10-3

2.3×10-2 7.49×10-3 7.72×10-4

5.7×10-4

5.62×10-3 3.28×10-3 4.16×10-5

2.25×10-2

1.37×10-2 2.05×10-3

2.1×10-3

1.02×10-2 5.97×10-3

1.9×10-4

4.1×10-2

4.2×10-2

5.4×10-3

1.56×10-2 9.09×10-3

5.9×10-4

6.23×10-2

3.54×10-2 1.09×10-2

2.1×10-2

2.65×10-2 1.55×10-2

2.9×10-3

0.106

0.042

6.36×10-2 2.1×10-2
0.108
0.219
0.384

-2

7.15×10
0.125

3.1×10

-2
-2

6.99×10

2.8×10-6

Ovary

-2

7.62×10
0.216

-2

5.36×10
9.4×10

-2

0.031

-2

0.214

-2

4.45×10

0.376

1.33×10
-2

5.49×10

-2

60

0.613

0.2

0.139

0.516

0.15

8.76×10

0.121

0.601

70

0.915

0.299

0.249

1.085

0.224

0.131

0.286

0.897
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Fig. (4.9) Excess absolute risk (EAR) incidence and mortality for all
site-specific solid cancer other than breast and thyroid for female.

Table (4.12) The excess relative risk (ERR) incidence and
mortality for all site-specific solid cancer other than breast and
thyroid for male exposed to 0.1 Sv at different ages after 5 years
since exposure time.
(ERR) incidence and mortality for
Exposure
Age (years)

Stomach

Colon

Liver

Lung

Prostate

Bladder

Other
solid
cancer

0
5

1.67
0.546

5.024
1.639

2.552
0.832

2.552
0.832

0.957
0.312

3.987
1.3

69.81
8.628

10

0.266

0.799

0.406

0.406

0.152

15

0.153

0.459

0.234

0.234

0.634

2.386

8.76×10

-2

0.365

0.918

5.52×10

-2

0.229

0.423

9.66×10

-2

0.289

4.47×10

-2

0.134

3.14×10

-2

50

2.37×10

-2

60

1.8×10-2 5.63×10-2 2.86×10-2 2.86×10-2 1.07×10-2 4.47×10-2 2.16×10-2

70

1.54×10-2 4.61×10-2 2.34×10-2 2.34×10-2 8.78×10-3

20
30
40

0.147

0.147

0.068

0.068

0.026

-2

-2

-2

-2

-2

-2

9.42×10 4.79×10 4.79×10
7.12×10 3.61×10 3.61×10
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1.79×10

-2

1.36×10

-2

0.122

7.48×10

-2

0.06

5.65×10

-2

3.44×10-2

0.037

1.45×10-2
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(a)
(b)
Fig. (4.10) Excess relative risk (ERR) incidence and mortality for
all site-specific solid cancer other than breast and thyroid for male
(a) for some organs, (b) for other solid cancer.
Table (4.13) The excess relative risk (ERR) incidence and mortality
for all site-specific solid cancer other than breast and thyroid for
female exposed to 0.1 Sv at different ages after 5 years since exposure
time.
(ERR) incidence and mortality for
Exposure
Age
Stomach
(years)

Colon

Liver

Lung

Uterus

Ovary

Bladder

Other solid
cancer

0
5

3.83

3.429

2.552

11.17

0.439

3.03

13.16

116.4

1.248

1.118

0.832

3.64

0.143

0.988

4.292

14.38

10

0.609

0.546

0.406

1.777

6.98×10-2

0.482

2.094

3.977

1.022

-2

0.277

1.205

1.529

-2

0.175

15
20
30
40

0.35

0.314

0.221

0.234

0.198

0.147
-2

0.102

9.15×10

0.644

0.068

7.18×10-2 6.43×10-2 4.79×10-2

4.02×10

2.53×10

0.759

0.705

0.298

1.17×10

-2

0.351

0.204

0.209

8.23×10-2 5.68×10-2

-2

8.08×10

0.247

0.101

0.158

6.21×10

-2

0.186

5.74×10-2

4.29×10-2 3.84×10-2 2.86×10-2

0.125

4.92×10-3 3.39×10-2

0.148

3.59×10-2

3.5×10-2 3.15×10-2 2.34×10-2

0.102

4.02×10-2 2.78×10-2

0.121

2.41×10-2

-2

-2

50

5.42×10

-2

60
70

4.86×10

3.61×10
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(a)
(b)
Fig. (4.11) Excess relative risk (ERR) incidence and mortality for
all site-specific solid cancer other than breast and thyroid for
female (a) for some organs, (b) for other solid cancer.
It appear from the previous tables that, the excess absolute
risk (EAR) incidence and mortality per 104 PY-Sv for all sitespecific solid cancer other than breast and thyroid is increasing with
increasing the age of exposure for both male and female and it is
higher in female than male.
The excess relative risk (ERR) incidence and mortality for
all site-specific solid cancer other than breast and thyroid is
decrease with increasing of age of exposure for both male and
female and it is also higher in female than male.
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4.3.3 Models for Female Breast Cancer
The models for estimating breast cancer incidence and
mortality are those developed by [Preston et al., (2002a)] from
analyses of combined data on breast cancer incidence in several
cohorts including the LSS. The pooled EAR model from [Preston
et al., (2002b)] was as follows:
EAR per 104 woman-years per gray
= 9.4 exp [–0.05 (e – 30)] (a / 60)η,
(4.10)
where e is exposure age and a is attained age (years); η = 3.5 for a
< 50 and η = 1 for a=50. Again, the model has been parameterized
so that the value of 9.4 is for a woman exposed at age 30 at attained
age 60.
A computer code (Rehab – 5) was designed, tested and
developed to solve the risk for breast cancer at different exposure
ages, see appendix E. This code computes excess absolute risk
(EAR) for breast cancer as given in table (4.14) at different
exposure and attained ages and shown in figure (4.12).
Table (4.14) The excess absolute risk (EAR) per 104 woman year
per Gy for breast cancer at different exposure ages.
EAR per 104 woman-years per gray for
Attained Age age at exposure age at exposure age at exposure age at exposure
(years)
15
20
30
40

20
25
30
35
40
45
50
55
60
65
70

0.4
0.9
1.76
3.02
4.8
7.3
16.6
18.2
19.9
21.6
23.2

--0.7
1.37
2.35
3.7
5.67
12.9
14.2
15.5
16.8
18.1
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------1.43
2.27
3.43
7.83
8.62
9.4
10.2
10.97

----------2.1
4.8
5.23
5.7
6.18
6.65
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Fig. (4.12) EAR per 104 woman-years per gray for woman exposed
at age 20, age 30 and age 40.
It is clear from the table that, EAR for female breast cancer
shows a strong increase with attained age and it decrease with
increasing age at exposure.
4.3.4 Model for Thyroid Cancer
The model for estimating thyroid cancer incidence is based
on a pooled analysis of data from seven thyroid cancer incidence
studies conducted by [Ron et al., 1995]. The [NIH, 2003] adapted
the results of data from five cohorts of persons exposed under age
15 to develop a thyroid cancer incidence model.
Ron et al., found that the ERR/Gy for females was about
twice that for males although the difference was not statistically
significant.
The BEIR VII model is as follows:
ERR/Gy = 0.53 exp [– 0.083 (e – 30)] for males,
(4.11)

١٦٦

Chapter 4
Risk Analysis

And
ERR/Gy = 1.05 exp [– 0.083 (e – 30)] for females.
where e is exposure age in years.

(4.12)

A computer code (Rehab – 6) was designed, tested and
developed to solve the risk for thyroid cancer at different exposure
ages, see appendix F. This code computes excess relative risk
(ERR) and probability of causation (PC) for thyroid cancer as given
in table (4.15) at different exposure ages for different sex and
shown in figure (4.13).
Table (4.15) The excess relative risk (ERR) and probability of
causation (PC) for thyroid cancer at different exposure ages.
Male

Female

Age at
exposure
(years)

ERR

PC

ERR

PC

0
5
10
15
20
30
40
50
60
70

6.39
4.22
2.79
1.84
1.22
0.53
0.23
0.1
4.39×10-2
0.019

0.865
0.808
0.736
0.648
0.549
0.346
0.188
9.15×10-2
4.21×10-2
1.19×10-2

12.66
8.36
5.52
3.65
2.41
1.05
0.46
0.199
8.71×10-2
3.79×10-2

0.927
0.893
0.847
0.789
0.707
0.512
0.314
0.166
8×10-2
3.66×10-2

It appears clearly from the table that, excess relative risk
(ERR) for thyroid cancer is decreasing with increasing the exposure
age and it is obvious that ERR/Gy for females was about twice that
for males. The probability of causation (PC) decreased with
increasing the exposure age for thyroid cancer.
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(a)

(b)
Fig. (4.13) (a) Excess relative risk (ERR) for thyroid cancer, (b)
The probability of causation (PC) for thyroid cancer.
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4.3.5 Model for Leukemia
The models for estimating leukemia risks were based on
analyses of LSS leukemia mortality data for the period 1950–2000
[Preston et al., 2004]. The quality of diagnostic information for the
non-type-specific leukemia mortality used in these analyses is
thought to be high. The BEIR VII committee models also express
the ERR or EAR as a linear-quadratic function of dose with
allowance for dependencies on sex, age at exposure, and time since
exposure. The models are of the following form:
BEIR VII leukemia model:
EAR(D, s, e, t) or ERR(D, s, e, t) =
βsD (1 + θD) exp [γ e* + δ log (t / 25) + φe* log (t / 25)],

(4.13)

where D is the dose to the bone marrow (Sv), s is sex, and e* is (e –
30) /10 for e < 30 and 0 for e=30 ( e is age at exposure in years).
Table (4.16) shows the parameter estimates. The parameter
θ indicates the degree of curvature, which does not depend on sex,
age at exposure, or time since exposure. βM and βF represent here
the ERR/Sv or the EAR (expressed as excess deaths per 104 PY-Sv,
where PY = person-years), for exposure at age 30 or more at 25
years following exposure. This model was found to fit the data
better than analogous models using e instead of e*, or using t
instead of log (t), and nearly as well as models with a categorical
treatment of age at exposure. It was also found to be necessary to
allow the dependence on time since exposure to vary by age at
exposure by including the term e* log (t / 25).
A computer code (Rehab – 7) was designed, tested and
developed to solve the leukemia risks for different sex at different
ages, see appendix G. This code computes excess absolute risk
(EAR) and excess relative risk (ERR) for leukemia.

١٦٩

Chapter 4
Risk Analysis

Table (4.16) ERR and EAR Models fitting parameters for
Estimating Leukemia Incidence and Mortalitya
Parameter

ERR Model

EAR Model

βM

1.1 per Sv

1.62 deaths per 104 PY-Sv

βF

1.2 per Sv

0.93 deaths per 104 PY-Sv

γ

-0.40 per decade

0.29 per decade

δ

-0.48

0.0

φ

0.42

0.56

θ

0.87 per Sv

0.88 Sv-1

NOTE: Estimated parameters with 95% CIs based on likelihood ratio profile.

Tables (4.17) - (4.20) give the calculations for excess
relative risk (ERR) and probability of causation (PC) for leukemia
for a person exposed at 10, 15, 20 and 30+ years of exposure ages
for different sex at different time since exposure to dose 0.1 Sv are
shown in figures (4.14) and (4.15). Tables (4.21) and (4.22) give
the calculations for excess absolute risk (EAR) per 104 for leukemia
for different time since exposure at different exposure ages for
different sex to dose 0.1 Sv are shown in figure (4.16).
It is obvious that both excess relative risk (ERR) and
probability of causation (PC) for leukemia decrease with increase in
time since exposure and decrease with increasing the age of
exposure under 30. The excess absolute risk (EAR) per 104 for
leukemia is also decrease with increase in time since exposure and
it become constant at age 30+ of exposure. But according to all
exposure age, (EAR) shows a strong decrease with time since
exposure until 15 year since exposure it become constant and then
it increasing slightly according to the exposure age under 30.
Excess relative risk (ERR) and probability of causation (PC) for
leukemia are higher in female than male but excess absolute risk
(EAR) is higher in male than female.
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Table (4.17) The excess relative risk (ERR) of Leukemia for male for
different age of exposure at different time since exposure (years).

ERR for Leukemia for age at exposure
Time since exposure

10

15

20

30+

0.759
0.259
2.23
1.3
5
0.407
0.186
0.892
0.602
10
0.282
0.153
0.522
0.384
15
0.218
0.133
0.357
0.279
20
0.218
0.178
0.119
0.266
25
0.178
0.151
0.11
0.209
30
0.15
0.132
0.102
0.171
35
0.129
0.117
9.5×10-2
0.143
40
0.113
0.105
0.09
0.122
45
-2
0.101
9.6×10
8.6×10-2
0.107
50
0.09
8.8×10-2
8.2×10-2
0.094
55
8.2×10-2
0.081
7.9×10-2
8.4×10-2
60
Table (4.18) The excess relative risk (ERR) of Leukemia for female
for different age of exposure at different time since exposure (years).
ERR for Leukemia for age at exposure
Time since exposure

10

15

20

30+

5
10
15
20
25
30
35
40
45
50
55
60

2.43
0.973
0.569
0.389
0.29
0.228
0.186
0.156
0.134
0.116
0.103
0.091

1.42
0.657
0.419
0.304
0.238
0.194
0.164
0.141
0.124
0.11
9.9×10-2
8.9×10-2

0.828
0.444
0.308
0.238
0.195
0.165
0.144
0.127
0.115
0.104
9.6×10-2
8.8×10-2

0.282
0.202
0.167
0.145
0.130
0.12
0.111
0.104
9.8×10-2
9.4×10-2
8.9×10-2
8.6×10-2
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(years)

(a)

(years)

(b)
Fig. (4.14) Excess relative risk (ERR) for Leukemia cancer (a) for
male, (b) for female.
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Table (4.19) The probability of causation (PC) of Leukemia for male for
different age of exposure at different time since exposure (years).

PC for Leukemia for age at exposure
Time since exposure

10

15

20

30+

5
10
15
20
25
30
35
40
45
50
55
60

0.69
0.471
0.343
0.263
0.21
0.173
0.146
0.125
0.109
9.6×10-2
8.6×10-2
7.7×10-2

0.565
0.376
0.278
0.218
0.179
0.151
0.13
0.115
0.102
9.2×10-2
8.3×10-2
7.6×10-2

0.432
0.289
0.22
0.179
0.151
0.131
0.116
0.105
9.5×10-2
0.087
8.1×10-2
7.5×10-2

0.206
0.157
0.133
0.117
0.107
0.099
9.2×10-2
0.087
0.083
7.9×10-2
7.6×10-2
7.3×10-2

Table (4.20) The probability of causation (PC) of Leukemia for female
for different age of exposure at different time since exposure (years).

PC for Leukemia for age at exposure
Time since exposure

10

15

20

30+

5
10
15
20
25
30
35
40
45
50
55
60

0.71
0.493
0.363
0.28
0.225
0.186
0.157
0.135
0.118
0.104
9.3×10-2
8.4×10-2

0.587
0.396
0.295
0.233
0.192
0.163
0.141
0.124
0.11
9.9×10-2
9.01×10-2
8.3×10-2

0.453
0.307
0.236
0.192
0.163
0.142
0.126
0.113
0.103
9.4×10-2
8.7×10-2
8.1×10-2

0.22
0.168
0.143
0.127
0.115
0.107
9.9×10-2
9.4×10-2
8.9×10-2
8.6×10-2
8.2×10-2
7.9×10-2
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(years)

(a)

(years)

(b)
Fig. (4.15) Probability of causation (PC) for Leukemia cancer (a)
for male, (b) for female.
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Table (4.21) Excess absolute risk (EAR) per 104 for leukemia for male
for different age of exposure at different time since exposure (years).

EAR for Leukemia for age at exposure
Time since exposure

10

15

20

30+

5
10
15
20
25
30
35
40
45
50
55
60

0.599
0.275
0.175
0.127
0.099
0.081
0.068
0.058
0.051
0.045
0.041
0.037

0.441
0.246
0.175
0.138
0.114
9.8×10-2
0.086
7.7×10-2
6.9×10-2
6.4×10-2
5.9×10-2
0.055

0.325
0.22
0.176
0.149
0.132
0.119
0.109
0.101
9.5×10-2
8.9×10-2
8.5×10-2
0.081

0.176
0.176
0.176
0.176
0.176
0.176
0.176
0.176
0.176
0.176
0.176
0.176

Table (4.22) Excess absolute risk (EAR) per 104 for leukemia for female
for different age of exposure at different time since exposure (years).

EAR for Leukemia for age at exposure
Time since exposure

10

15

20

30+

5
10
15
20
25
30
35
40
45
50
55
60

0.158
0.1
7.3×10-2
5.7×10-2
4.6×10-2
3.9×10-2
3.3×10-2
2.9×10-2
2.6×10-2
2.3×10-2
2.1×10-2
0.158

0.253
0.141
0.101
7.9×10-2
6.5×10-2
5.6×10-2
4.9×10-2
0.044
3.9×10-2
3.7×10-2
3.4×10-2
3.1×10-2

0.186
0.126
0.101
8.6×10-2
0.076
6.8×10-2
0.063
5.9×10-2
5.4×10-2
5.1×10-2
4.9×10-2
4.6×10-2

0.101
0.101
0.101
0.101
0.101
0.101
0.101
0.101
0.101
0.101
0.101
0.101
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(years)

(a)

(years)

(b)
Fig. (4.16) Excess absolute risk (EAR) per 104 for leukemia cancer
(a) for male, (b) for female.
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Another model for calculating the risk of Leukemia, [BEIR
V, 1990] used a linear-quadratic relative risk model obtained by fits
to the Japanese LSS leukemia mortality data (with <4 Sv bone
marrow dose, neutron relative biological effectiveness (RBE) = 20,
attained age <75). Under this model, the leukemia mortality rate
following a dose of D Sv is:
(4.14)
r0(a, s) [1 + (α2D + α3D2) exp(β1)] if e ≤ 20, t ≤15
r0(a, s) [1 + (α2D + α3D2) exp(β2)] if e ≤ 20, 15 < t ≤ 25 (4.15)
r0(a, s) [1 + (α2D + α3D2)]
if e ≤ 20, t > 25
(4.16)
2
r0(a, s) [1 + (α2D + α3D ) exp(β3)] if e > 20, t ≤ 25
(4.17)
2
r0(a, s) [1 + (α2D + α3D ) exp(β4)] if e > 20, 25 < t ≤ 30 (4.18)
if e > 20, t > 30
(4.19)
r0(a, s) [1 + (α2D + α3D2)]
where r0(a, s) is the baseline mortality rate, e = age at exposure,
t = time since exposure and
where α2 = 0.243 Sv-1, α3 = 0.271 Sv-2, β1 = 4.885, β2 = 2.380,
β3 = 2.367, β4= 1.638.
In contrast, the [BEIR V, 1990] committee analysis of the
leukemia mortality data estimated stratum-specific base-line (zero
dose) cancer mortality rates, so that the total observed and modelexpected numbers of leukemia deaths in each stratum were equal.
The spontaneous (zero-dose) leukemia incidence rates in the
Japanese atomic bomb survivor cohort fitted by radiation effects
research foundation (RERF) [Preston, 1994] are given by:
r0(a, e, s) = 0.91 exp{-0.022(e - 25) + 3.08 loge(a/50) + 1.22 [loge(a/50)]2}

(4.20)

if s = male

r0(a, e, s) = 0.45 exp{-0.022(e - 25) + 3.08 loge(a/50) + 1.22 [loge(a/50)]2}

(4.21)

if s = female

where e = age at exposure, a = attained age.
A computer code (Rehab – 8) was designed, tested and
developed to solve the leukemia risks for different sex at different
ages, see appendix H. This code computes the leukemia mortality
rate and the spontaneous (zero-dose) leukemia incidence rates of
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the leukemia risk for different sex. Table (4.23) shows that for
different sex of age 20 at different time since exposure in years as
shown in figure (4.17).
Table (4.23) The spontaneous (zero-dose) leukemia incidence rates
(r0) and the leukemia mortality rate (LMR) of the leukemia risk for
different sex of age 20 at different time since exposure.
Time since
exposure
(years)

r0

LMR

r0

LMR

5
10
15
20
30
40
50
60
70

0.216
0.289
0.395
0.543
1.02
1.85
3.29
5.66
9.46

0.909
1.22
1.67
0.685
1.04
1.89
3.37
5.79
9.69

0.107
0.143
0.196
0.268
0.502
0.917
1.63
2.79
4.68

0.449
0.604
0.824
0.339
0.515
0.939
1.67
2.87
4.79

Male

Female

(a)
(b)
Fig. (4.17) Leukemia risk for different sex of age 20 at different
time since exposure, (a) for male and (b) for female.
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It is clear from the table that, the spontaneous (zero-dose)
leukemia incidence rates increase with increase of age since
exposure, the leukemia mortality rate increase on two stages. The
first one it increase gradually at first 15 years since exposure then
the second stage it decrease then it increase gradually from 20+
years since exposure and both incidence and mortality rate appear
high in male than female.
4.3.6 Analyses of Incidence and Mortality Data on Site-Specific
Solid Cancers
This section present calculation of site specific risk in some
details by separating incidence and mortality from each other for
both excess absolute risk (EAR) and excess relative risk (ERR) for
different gender, also shows the different models of these risks and
the codes solving them.
Models for site-specific cancers were based on the BEIR VII
model indicated by equation (4. 22).
(4.22)
BEIR VII Model: ERR(D, s, e, a) = βs D exp(e*) aη,
Table (4.24) shows the results of fitting ERR site-specific
models to the incidence data using the model
ERR (D, s, e, a) = βs D exp [γ e* + η log (a / 60)]
(4.23)
Where D is the dose (Sv); e* = (e – 30) /10 for e < 30, where e is
the age at exposure (years); e* = 0 for e=30; and a is the attained
age (years). βM and βF are the ERR/Sv for males and females
exposed at age 30 at attained age 60, γ is expressed per decade
increase in age at exposure over the range 0–30 years, and a is the
exponent of attained age. Results are shown for a model in which
all four of the parameters βM, βF, γ, and η were estimated.
A computer code (Rehab – 9) was designed, tested and
developed to solve the risk for excess relative risk (ERR) incidence
data on site-specific solid cancer for different sex at different ages,
see appendix I. This code computes excess relative risk (ERR)
incidence data on site-specific solid cancer. Tables (4.25) and
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(7.26) give the calculation of the excess relative risk (ERR) incidence
data on site-specific solid cancer for different ages at exposure for
different sex by the computer code and shown in figure (4.18), (4.19).
Table (4.24) Results of Fitting Stratified ERR Models to Site-Specific
Cancer Incidence Data.
All Parameters Estimated

Cancer Site
Solid cancera
Stomach
Colon
Liver
Lung
Breast
Prostate
Ovary
Oth.solid canc.

No. of cases

βM

βF

γ

η

12,778
3602
1165
1146
1344
847
281
190
2969

0.33
0.25
0.72
0.40
0.39
--0.12
--0.27

0.57
0.54
0.54
0.36
1.68
1.19
--0.47
0.45

-0.30
-0.13
-0.16
-0.15
0.05
-0.04
-0.30
-0.13
-0.29

-1.4
-1.9
-3.1
-1.5
-1.1
-2.0
-1.4
-1.6
-2.8

a Solid cancer excluding thyroid and non-melanoma skin cancers.

Table (4.25) The excess relative risk (ERR) incidence data on sitespecific solid cancer for male exposed to 0.1 Sv at different ages after
5 years since exposure time.
(ERR) incidence for
Exposure
Age (y)

Solid
Cancer

Stomach

Colon

Liver

Lung

Prostate

Other solid
cancer

0
5

2.63

4.147

257.9

2.608

0.516

0.957

67.75

0.858

1.041

27.75

0.855

0.247

0.312

8.415

10

0.419

0.452

7.289

0.432

0.162

0.152

2.339

15

0.241

0.245

2.758

0.26

0.121

8.76×10-2

0.904

0.097

-2

5.52×10

0.419

0.026

0.122

20
30

0.152

0.15
-2

7.02×10

-2

6.9×01

1.275
-2
-2

-2

0.383

8.98×10

-2

40

4.94×10

50

3.73×10-2 2.95×10-2 9.43×10-2

60
70

0.029

4.32×10

0.173

0.176

6.16×10

-2

7.06×10

-2

5.35×10

-2

1.79×10

0.06

4.29×10-2 1.36×10-2

3.44×10-2

2.15×10-2 5.62×10-2 3.55×10-2 3.57×10-2 1.07×10-2

2.16×10-2

0.046

2.41×10-2 1.64×10-2 3.61×10-2 2.86×10-2
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(a)

(b)

(d)

(c)

(e)

(f)

(g)

Fig. (4.18) (a) - (g) shows excess relative risk (ERR) incidence
data on site-specific solid cancer for male.
Table (4.26) The excess relative risk (ERR) incidence data on sitespecific solid cancer for female exposed to 0.1 Sv at different ages
after 5 years since exposure time.
(ERR) incidence for
Exposure Solid
Stomach
Age
cancer
(years)

Colon

Liver

Lung

Breast

Ovary

Other
solid
cancer

0

4.546

8.958

193.3

2.347

2.225

19.32

3.699

112.9

5

1.483

2.249

20.82

0.769

1.064

4.735

1.144

14.02

10

0.723

0.975

5.467

0.389

0.698

2.063

0.56

3.898

15

0.416

0.529

2.069

0.234

0.522

1.137

0.331

1.507

20

0.262

0.325

0.956

0.156

0.419

0.713

0.217

0.698

30

0.121

0.15

0.287

8.08×10-2

0.304

0.349

0.111

0.204

40

8.53×10-2

0.093

0.132

5.54×10-2

0.231

0.212

7.45×10-2

0.101

50

6.44×10-2 6.37×10-2 7.07×10-2

4.1×10-2

0.185

0.142

5.4×10-2

5.74×10-2

60

5.09×10-2 4.64×10-2 4.21×10-2 3.19×10-2

0.154

0.101

70

4.17×10-2 3.53×10-2 2.86×10-2 2.58×10-2

0.131
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(a)

(b)

(e)

(d)

(g)

(c)

(f)

(h)

Fig. (4.19) (a) - (h) shows excess relative risk (ERR) incidence
data on site-specific solid cancer for female.
It appear from the tables and figures that, the excess relative
risk (ERR) incidence data on site-specific solid cancer for both sex
decrease with increasing in exposure age and it differ from one
organ to another and it is high in female than male.
Table (4.27) shows results based on mortality data on sitespecific cancers using the model in equation (4.22). A computer
code (Rehab – 10) was designed, tested and developed to solve the
risk for excess relative risk (ERR) mortality data on site-specific
solid cancer for different sex at different ages, (see appendix J).
This code computes excess relative risk (ERR) mortality data on
site-specific solid cancer. The calculated ERR mortalities due to
site- specific solid cancer at different exposure ages are shown in
tables (4.28) and (4.29) as well as in figures (4.20) and (4.21) for
male and female, respectively.
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Table (4.27) Results of Fitting Stratified ERR Models to SiteSpecific Cancer Mortality Data.
Cancer
Site

All Parameters Estimated
No. of
cases

βM

βF

γ

η

Stomach
Colon
Breast
Ovary
Bladder

2,867
478
272
136
150

0.11
0.65
----1.27

0.41
0.79
0.56
0.34
1.65

-0.65
-0.19
-0.72
-0.10
-0.10

0.29
-5.3
-1.5
-5.1
-0.65

Other solid
cancers

2,211

0.24

0.30

-0.68

-1.7

Table (4.28) The excess relative risk (ERR) mortality data on sitespecific solid cancer for male exposed to 0.1 Sv at different ages
after 5 years since exposure time.
(ERR) mortality for
Exposure
Age
(years)

0
5
10
15

Stomach

Colon

Bladder

Other solid
cancer

3.76×10-2

60272

0.473

12.61

1391

0.317

2.76

147.5

0.256

0.987

29.2

0.223

0.431

3.32×10
2.7×10

-2

2.12×10

-2

-2

8.14

0.203

0.209

9.41×10

-2

1.13

0.18

0.06

40

1.01×10

-2

0.299

0.153

3.9×10-2

50

1.07×10-2

0.103

0.134

2.78×10-2

60
70

1.13×10-2

4.25×10-2

0.121

0.021

-2

-2

0.109

1.64×10-2

20
30

1.6×10

-2

1.17×10

1.99×10
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(b)

(a)

(c)

(d)

Fig. (4.20) (a) - (d) shows excess relative risk (ERR) mortality
data on site-specific solid cancer for male.
Table (4.29) The excess relative risk (ERR) mortality data on sitespecific solid cancer for female exposed to 0.1 Sv at different ages
after 5 years since exposure time.
(ERR) mortality for
Stomach

Colon

Breast

Ovary

Bladder

Other
solid
cancer

0

0.14

73254

20.19

14641

0.615

15.76

5

0.124

1690

4.98

406.1

0.412

3.45

10

0.101

179.3

1.89

48.8

0.333

1.234

15

7.9×10

-2

35.5

0.857

10.7

0.29

0.539

6.1×10

-2

Exposure
Age
(years)

20

9.89

0.428

3.27

0.264

0.262

1.37

0.126

0.531

0.234

7.5×10

0.147

0.199

4.89×10

-2

30

3.51×10

-2

40

3.77×10

-2

0.363

8.62×10

-2

50

3.99×10

-2

0.125

6.38×10

-2

5.29×10

-2

0.175

3.48×10

-2

60

4.19×10

-2

5.17×10

-2

4.97×10

-2

2.26×10

-2

0.157

2.62×10

-2

70

4.37×10

-2

2.42×10

-2

4.01×10

-2

1.09×10

-2

0.143

2.1×10
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(a)

(b)

(d)

(e)

(c)

(f)

Fig. (4.21) (a) - (f) shows excess relative risk (ERR) mortality data
on site-specific solid cancer for female.
According the present result, it is clear that, (ERR) mortality
data on site-specific solid cancer for both sex decreases with
increasing the exposure age and it differs from one organ to another
and it is high in female than male.
Table (4.30) shows results of fitting EAR models to the
cancer incidence data using the model
EAR (D, s, e, a) = βs D exp [γ e* + η log (a / 60)]

(4.24)

and is analogous to Table (4.24) for the ERR models. D is the dose
(Sv); e* = (e – 30) /10 for e < 30, where e is the age at exposure in
years; e* = 0 for e 30; and a is attained age in years. βM and βF are
the number of excess cases per 104 PY-Sv for males and females
exposed at age 30 at attained age 60, γ is expressed per decade
increase in age at exposure over the range 0–30 years, and a is the
exponent of attained age. A computer code (Rehab – 11) was
designed, tested and developed to solve the excess absolute risk
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(EAR) incidence data on site-specific solid cancer for different sex
at different ages, (see appendix K). The calculated results from this
computer code are given in tables (4.31) and (4.32) and are shown
in figures (4.22) and (4.23).
Table (4.30) Results of Fitting Parametric EAR Models to SiteSpecific Cancer Incidence Data.
Cancer
Site

All Parameters Estimated
No. of
cases

βM

βF

γ

η

Solid
cancera

12,778

22

28

-0.41

2.8

Stomach

3,602

7.0

7.1

0.002

1.8

Colon

1,165

2.2

0.84

-1.0

5.7

Liver

1,146

1.8

0.81

-0.64

4.8

Lung

1,344

3.1

4.6

-0.3

4.4

Breast

847

---

5.6

-0.51

1.5

Uterus

875

---

---

-1.6

6.3

Ovary

190

---

---

-0.66

2.7

Bladder

352

1.3

0.88

-0.23

5.6

2,969

5.1

4.2

-0.39

1.9

Other solid
cancers

a Solid cancer excluding thyroid and non-melanoma skin cancers.
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Table (4.31) Excess absolute risk (EAR) per 104 PY-Sv incidence
data on site-specific solid cancer for male exposed to 0.1 Sv at
different ages after 5 years since exposure time.
(EAR) incidence for
Exposure
Solid
Age
Stomach
Cancer
(years)

Colon

Liver

Lung

Bladder

Other
solid
cancer

0
5

7.16×10-3

7.94×10-3

3.12×10-6

8.11×10-6

1.36×10-5

2.35×10-7

0.015

-2

4.06×10

-2

2.77×10

-5

9.83×10

-4

1.64×10

-4

2.47×10

-5

1.01×10

4.69×10-2

10

0.103

5.75×10-2

6.02×10-4

8.34×10-4

1.27×10-3

8.75×10-5

7.99×10-2

15

0.188

9.66×10-2

7.18×10-4

2.41×10-3

3.87×10-3

3.91×10-4

0.114

-3

-3

-3

-3

0.143

-3

0.183

-2

0.286

20

0.486

30

0.144
0.265

4.07×10

5.11×10

0.01

-3

0.014
-2

8.89×10

2.89×10
-2

-2

1.22×10

6.35×10

40

0.983

0.417

4.27×10

4.52×10

8.74×10

2.59×10

0.295

50

1.72

0.599

0.134

0.119

0.211

7.99×10-2

0.432

60
70

2.75

0.808

0.347

0.264

0.441

0.204

0.594

4.11

1.05

0.785

0.525

0.827

0.454

0.642

(a)

(b)

(c)

(d)

(e)

(f)

(g)

Fig. (4.22) (a) - (g) shows excess absolute risk (EAR) per 104 PYSv incidence data on site-specific solid cancer for male.
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Table (4.32) Excess absolute risk (EAR) per 104 PY-Sv incidence
data on site-specific solid cancer for female exposed to 0.1 Sv at
different ages after 5 years since exposure time.
(EAR) incidence for
Solid
cancer

Exposure

Age

0
5

Stomach

Colon

Liver

Lung

Breast

9.11×10-3 8.06×10-3 1.19×10-6 3.65×10-6 2.02×10-5
5.17×10

-2

2.81×10

-2
-2

3.75×10

-5

2.29×10

-4

7.38×10

-5

3.76×10

-4

3.67×10

-4

1.88×10

-3

10

0.131

5.83×10

15

0.239

9.79×10-2 7.18×10-4 1.08×10-3 5.74×10-3

0.364

20

0.147

1.55×10

-3
-3

2.29×10

-3

6.09×10

-3

30

0.619

0.269

3.89×10

40

1.25

0.423

1.63×10-2 2.04×10-2

50

2.19

0.607

5.12×10

60

3.503

0.82

0.133

5.23

70

1.06

-2

5.33×10
0.119

0.299

(a)

(e)

0.236

-2

1.32×10

-2

4.29×10

-2

0.129

Uterus

Ovary

Bladder

5.41×10-7 4.42×10-4 1.59×10-7

0.062

1.91×10

0.194

1.11×10

-4

0.232

3.05×10-4 6.93×10-3 2.65×10-4 9.35×10-2

0.251

5.58×10-4 9.1×10-3 8.23×10-4
-4

2.06×10
4.43×10

-3

0.012

-5

0.136

-3

Other
solid
cancer

3.69×10-2

5.93×10

-5

6.58×10-2

-3

0.249

9.38×10

0.364

4.57×10-3 2.29×10-2 1.76×10-2
-2

1.17×10

-2

6.86×10

-6

0.243

0.49

1.62×10

0.654

0.631

0.046

6.21×10-2

0.138

0.489

0.114

-2

0.307

0.642

0.783

9.13×10

5.41×10

-2

0.151

0.314

1.228

3.95×10

-2

4.3×10

0.118

(b)

(c)

(d)

(f)

(g)

(h)

(i)

0.356

(j)

Fig. (4.23) (a) - (j) shows excess absolute risk (EAR) per 104 PYSv incidence data on site-specific solid cancer for female.
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According to the result in the previous tables, it is clear that,
excess absolute risk (EAR) per 104 PY (person year)-Sv incidence
data on site-specific solid cancer for both sex increase with
increasing in exposure age and it differ from one organ to another
and it is high in female than male.
Table (4.33) shows the results of fitting EAR models to the
mortality data. All column are analogous to those for the ERR
models. In general, the numbers of excess deaths per 104 PY-Sv
would be expected to be less than the numbers of excess cases. The
analyses of site-specific cancer address the use of common
parameters to quantify the modifying effects of age at exposure and
attained age. A computer code (Rehab – 12) was designed, tested
and developed to solve the risk for excess absolute risk (EAR)
mortality data on site-specific solid cancer for different sex at
different ages, (see appendix L). This code computes excess
absolute risk (EAR) mortality data on site-specific solid cancer and
given in tables (4.34) and (4.35) and are shown in figures (4.24)
and (4.25).
Table (4.33) Results of Fitting Parametric EAR Models to SiteSpecific Cancer Mortality Data Using the Model,
EAR(D, s, e, a) = βs D exp [γ e* + η log (a / 60)]a
All Parameters Estimated
Cancer Site

Stomach
Colon
Liver
Lung
Breast
Ovary
Bladder
Other solid
cancers

No. of
cases

βM

βF

γ

η

2867
478
1236
1264
272
136
150

2.6
0.82
0.61
2.1
----0.76

4.3
0.66
0.30
1.8
0.90
0.78
0.21

0.008
-0.66
-1.2
-0.36
-0.90
-0.19
0.76

2.7
3.6
7.9
6.1
2.8
2.0
6.7

2211

2.2

2.0

-0.61

2.9

a D is dose (Sv); e* = (e – 30) /10 for e < 30, where e is age at exposure (years); e* = 0 for e 30; and a is attained (years). βM
and βF are the number of excess cases per 104 PY-Sv for males and females exposed at age 30 at attained age 60, γ is
expressed per decade increase in age at exposure over the range 0–30 years and η is the exponent of attained age.
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Table (4.34) Excess absolute risk (EAR) per 104 PY (person year)Sv mortality data on site-specific solid cancer for male exposed to
0.1 Sv at different ages after 5 years since exposure time.
(EAR) mortality for
Exposure
Age
Stomach
(years)

0
5
10
15
20
30
40
50
60
70

Colon

Liver

Lung

Bladder

Other
solid
cancer

3.1×10-4 7.74×10-5
2.02×10-3 6.75×10-4

6.66×10-9
8.73×10-7

1.62×10-7 4.57×10-10 1.02×10-3
9.25×10-6 6.95×10-8 5.59×10-3

6.1×10-3

2.09×10-3

1.18×10-5

9.17×10-5

1.54×10-6

1.34×10-2

1.32×10-2 4.23×10-3

6.28×10-5

4.43×10-4

1.55×10-5

2.27×10-2

2.43×10-2 6.79×10-3

2.01×10-4

1.44×10-3

1.01×10-4

3.19×10-2

6.07×10-2 1.18×10-2

8.63×10-4

7.84×10-3

2.05×10-3

4.61×10-2

0.119

2.9×10-2

6.29×10-3

3.63×10-2

1.11×10-2

9.55×10-2

0.206

5.99×10-2

3.07×10-2

0.124

4.24×10-2

0.171

0.323

0.109

0.115

0.342

0.129

0.277

0.475

0.183

0.356

0.819

0.339

0.42

(a)

(d)

(b)

(e)

(c)

(f)

Fig. (4.24) (a) - (f) shows excess absolute risk (EAR) per 104 PYSv mortality data on site-specific solid cancer for male.
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Table (4.35) Excess absolute risk (EAR) per 104 PY (person year)Sv mortality data on site-specific solid cancer for female exposed
to 0.1 Sv at different ages after 5 years since exposure time.
(EAR) mortality for
Bladder

Other
solid
cancer

5.12×10-4 6.23×10-5 3.27×10-9 1.38×10-7 1.27×10-3 9.58×10-4 1.26×10-10
3.34×10-3 5.43×10-4 4.29×10-7 7.93×10-6 5.66×10-3 3.48×10-3 1.92×10-8

9.25×10-4
5.09×10-3

1.0×10-2 1.68×10-3 5.79×10-6 7.86×10-5 1.12×10-2 7.13×10-3

4.25×10-7

1.22×10-2

-6

2.06×10-2

2.78×10-5

2.91×10-2

5.67×10-4

4.19×10-2

-3

8.68×10-2

Exposure
Stomach Colon
Age
(years)
0
5
10
15
20
30
40
50
60
70

0.022

-3

3.4×10

Liver

3.09×10

Lung

-5

3.79×10

Breast

-4

Ovary

-2

1.6×10

0.012

4.27×10

4.01×10-2 5.46×10-3 9.88×10-5 1.24×10-3 1.91×10-2 1.64×10-2
0.1

9.48×10-3 4.24×10-4 6.72×10-3
-2

0.198

2.34×10

0.339

4.83×10-2 1.51×10-2

0.534
0.785

-2

8.8×10
0.147

3.09×10

-3

5.65×10
0.175

-2

3.11×10

-2

2.65×10-2

0.02
4.02×10

-2

0.044

3.06×10

0.106

7.0×10-2 6.55×10-2

1.17×10-2

0.155

0.293

-2

3.59×10-2

0.252

-2

0.382

0.702

0.113

9.15×10

0.168

0.122

9.37×10

(a)

(b)

(c)

(d)

(e)

(f)

(g)

(h)

Fig. (4.25) (a) - (h) shows excess absolute risk (EAR) per 104 PYSv mortality data on site-specific solid cancer for female.
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From the tables, it is clear that, excess absolute risk (EAR)
per 10 PY (person year)-Sv mortality data on site-specific solid
cancer for both sex increase with increasing exposure age and it
differs from one organ to another and it is higher in female than
male.
With EAR models, the estimated result based on the
incidence data were higher than the mortality data, reflecting the
fact that not all cancers are fatal. The increase of EAR with attained
age was stronger for the mortality data than for the incidence data.
The variation among cancer sites is due to sampling variation.
4

4.4 Comparison with Studies of Nuclear Workers Exposed at
Low Doses and Low Dose Rates
Cancer mortality was observed to increase significantly with
increasing level of exposure. Table (4.36) compares worker-based
estimates of the ERR/Gy with estimates that form the basis of BEIR
VII models. It shows estimates of the ERR estimate based on the
three-country combined analysis was close to zero, but was
compatible with a range of possibilities, from a reduction of risk at
low doses to risks twice those on which current radiation protection
recommendations are based. For leukemia, risk estimates varied
considerably from study to study.
Estimates of the ERR/Gy for males because workers studies
have involved predominantly male exposure. It would be expected
that the average age of exposure for workers would be 30 or more,
but values for persons exposed at age 20 are also shown. The
average time since exposure for workers is likely to exceed 15
years. The estimates from the three-country study, the NRRW and
BEIR VII seem reasonably compatible with this study for solid
cancer mortality and leukemia among males.
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Table (4.36) Comparison of Estimated ERR/Gy from
Selected Worker Studies with the ERR/Gy Used in the
Committee’s Preferred Models for Estimating Solid Cancer and
Leukemia Mortality.
Age at Exposure
All Ages
ERR per Gy
(95% CI)

30+
ERR
per Gy

20
ERR
per Gy

0.17
0.15

0.31
0.27

0.13
0.12

0.23
0.2

2.4
1.4
1.1
0.9

6.4
2.4
1.6
1.1

1.7
1
0.8
0.7

5
1.9
1.2
0.9

All solid cancers (or all cancers but
leukemia)
•
•
•
•

•

Estimate from 3-country studya
Estimate from NRRWb
Springfields, United Kingdomc
BEIR VII estimated reduced by a
DDREF of 1.5
 Attained age 50
 Attained age 60

-0.07 (-0.29, 0.30)
0.09 (-0.28, 0.52)
0.64 (-0.95, 2.7)

This study according to BEIR VII e
 Attained age 50
 Attained age 60

Leukemia excluding Chronic
Lymphocytic Leukemia (CLL)
•
•
•
•

•

Estimate from 3-country studya
Estimate from NRRWb
AECL, Canadaf
BEIR VII estimated based on
linear-quadratic function
 Time since exposure 5 years
 Time since exposure 15 years
 Time since exposure 25 years
 Time since exposure 35 years

2.2 (0.1, 5.7)
2.6 (-0.03, 7.2)
19.0 (0.14, 113)

This study according to BEIR VIIg






Time since exposure 5 years
Time since exposure 15 years
Time since exposure 25 years
Time since exposure 35 years

NOTE: Estimated parameters with 95% CIs.
a Cardis et al., (1995).
b Muirhead et al., (1999).
c McGeoghegan et al., (2000)
d BIAR VII, (2006). e Based on ERR model for cancer mortality in males shown in Table (4.1).
f Gribbin et al., (1993)
g Based on ERR model for leukemia mortality in males shown in Table (4.16).
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4.5 Application
This section represents the risk analysis of cancer for
occupationally worker in different industrial activities under study.
All tables are for a worker exposed to radiation at age 30+ years to
the dose calculated from different TE-NORM samples (see chapter
3) and the risk is computed by the computer codes which developed
and tested in this study (see appendix).
4.5.1 Risk Analysis of All Solid Cancer for Occupationally
Worker in Different Industrial Activities under Study
Table (4.37) gives the excess relative and excess absolute
risk incidence and mortality, respectively for all solid cancer
excluding thyroid and non-melanoma skin cancers for male. The risk is
computed by computer codes (Rehab - 1 & 2), (see appendix A and
B).
It appears clearly from table (4.37) that, the expected excess
relative and excess absolute risk incidence and mortality of all solid
cancer excluding thyroid and non-melanoma skin cancers for
occupationally worker incase of petroleum TE-NORM samples are
higher for scale than sludge. There is also a risk from the
contaminated sand but it is low, if it is compared with those coming
from both scale and sludge. In case of phosphate fertilizers there is
a slight risk to the worker according to their low dose. The risk
from consumer product which made in China is low for the worker
but it is high, if compared with the risk from fertilizers and ceramic.
For ceramic, the risk is low to the worker. The risk from zircon is
relatively high according to its high dose. In all circumstances the
ERR shows a decrease with attained age, whereas the EAR shows
increase with attained age. Mean while cancer risk was observed to
increase significantly with increasing level of exposure.
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Table (4.37) ERR and EAR incidence and mortality of all solid
cancer excluding thyroid and non-melanoma skin cancers in male
worker of age 30 year in different industrial activities under study.
Incidence
TE-

Estimated

NORM

Dose

From

(mSv/y)

ERR/Sv

Mortality

EAR/104 PY-Sv

ERR/Sv

Attained Attained Attained Attained Attained Attaine
age 50

Min. 83.7 3.6×10-2

EAR/104 PY-Sv
Attained

Attained

age 60

age 50

age 60

age 50

d age 60

age 50

age 60

0.03

1.1

1.8

2.2×10-2

0.02

0.47

0.92

Petroleum
Max. 242.5
scale

0.1

0.08

3.2

5.3

6.3×10-2

0.06

1.41

2.67

Avg. 163.1

0.07

0.05

2.2

3.6

4.2×10-2

0.04

0.95

1.79

5.1×10-3 0.004

0.16

0.26

3.1×10-3 0.003

0.07

0.13

Petroleum
Max. 65.5 2.8×10-2 0.022
sludge

0.86

1.4

1.7×10-2 0.015

0.38

0.72

0.38

0.64

7.5×10-3 0.007

0.17

0.32

Min. 12

Avg. 28.95 1.2×10-2

0.01

Min. 0.34 1.4×10-4 1.1×10-4 4.5×10-3 7.4×10-3 8.8×10-5 7.8×10-5 1.9×10-3 3.7×10-3
Petroleum
Max. 6.35 2.7×10-3 0.002
sand

0.84

Avg. 1.58 6.7×10-4 5.2×10-4 2.1×10-2

0.14

1.7×10-3 0.001

0.03

4.1×10-4 3.6×10-4 9.2×10-3

Min. 0.039 1.6×10-5 1.2×10-5 5.1×10-4 8.5×10-4
Phosphate
-4
-4
-2
fertilizers Max. 1.854 7.9×10 6.1×10 2.4×10

0.04

0.37

0.07
0.02

1×10-5 8.9×10-6 2.3×10-4 4.2×10-4
4.8×10-4 4.3×10-4 1.1×10-2

0.02

Avg. 0.431 1.8×10-4 1.4×10-4 5.7×10-3 9.4×10-3 1.1×10-4 9.9×10-5 2.5×10-3 4.7×10-3
Min. 0.75 3.2×10-4 2.4×10-4 9.9×10-3 1.6×10-2 1.9×10-4 1.7×10-4 4.4×10-3 8.2×10-3
Consumer
product Max. 2.36

Ceramic

Zircon

1×10-3 7.8×10-4 3.1×10-2 5.2×10-2 6.1×10-4 5.4×10-4 1.4×10-2 2.6×10-2

Avg. 1.89 8.1×10-4 6.2×10-4 2.5×10-2 4.1×10-2 4.9×10-4 4.3×10-4 1.1×10-2

2×10-2

Min. 0.509 2.2×10-4 1.7×10-4 6.7×10-3 0.011

1.3×10-4 1.2×10-4 2.9×10-3

0.006

Max. 0.863 3.7×10-4 2.8×10-4 1.1×10-2 0.019

2.2×10-4 1.9×10-4

0.009

Avg. 0.612 2.6×10-4 2×10-4

1.6×10-4 1.4×10-4 3.6×10-3

0.007

3.8×10-3 3.3×10-3 8.4×10-2

0.16

14.48

6.2×10-3 4.8×10-3

8.1×10-3 0.013
0.19
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4.5.2 Risk Analysis of Lung Cancer for Occupationally Worker
in Different Industrial Activities under Study
Lung cancer is the most common cancer worldwide and the
major cause of death from cancer, particularly among men [IARC,
2003]. The major risk factors for lung cancer are tobacco
consumption, occupational exposure to a number of carcinogens
(ionizing radiation, radon and its α-emitting radon progeny), and air
pollution [Pope et al., 2002; IARC, 2003].
Risk analysis of lung cancer for occupationally worker in
different industrial activities under study is present here. Table
(4.38) gives the excess relative and excess absolute risk incidence
and mortality of lung cancer for male. The risk is computed by
computer codes (Rehab - 3 & 4), (see appendix C and D). This
analysis can be applied to the different organs by the same way.
It appears clearly from table (4.38) that, the expected excess
relative and excess absolute risk incidence and mortality of lung
cancer for occupationally worker in case of petroleum TE-NORM
samples are high for scale, intermediate for sludge and low for
sand. In case of phosphate fertilizers there is a low risk to the
worker that exposed to them. The risk from consumer product
which made in China is low for the worker also but it is high, if
compared with the risk from fertilizers and ceramic. For ceramic,
the risk is low to the worker. The lung cancer risk from zircon to
the worker is high according to the high dose coming from the
powdered samples.
Also here in all cases the ERR shows a decrease with
attained age, whereas the EAR shows increase with attained age.
Cancer risk was observed to increase significantly with increasing
level of exposure.
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Table (4.38) the excess relative and excess absolute risk incidence
and mortality of lung cancer for male worker of age 30 year in
different industrial activities under study.
TENORM
from
Petroleum
scale

Petroleum
sludge

Petroleum
sand

Phosphate
fertilizers

Consumer
product

Ceramic

Zircon

Calculated
dose

(mSv)

EAR/104 PY-Sv

ERR/Sv
Attained
age 50

Attained
age 60

Attained
age 50

Attained
age 60

Min.

83.7

3.5×10-2

0.027

7.5×10-2

0.193

Max.

242.5

0.1

0.078

0.216

0.558

Avg.

163.1

6.7×10-2

0.052

0.145

0.375

Min.

12

4.9×10-3

0.004

1.1×10-2

0.028

Max.

65.5

2.7×10-2

0.021

5.8×10-2

0.151

Avg.

28.95

1.2×10-2

0.009

2.6×10-2

0.067

Min.

0.34

1.4×10-4

1.1×10-4

3×10-4

7.8×10-4

Max.

6.35

2.6×10-3

2×10-3

5.7×10-3

0.015

Avg.

1.58

6.5×10

-4

Min.

0.039

1.6×10-5

Max.

1.854

Avg.

-3

3.6×10-3

1.2×10-5

3.4×10-5

8.9×10-5

7.7×10-4

5.9×10-4

1.7×10-3

4.2×10-3

0.431

1.8×10-4

1.4×10-4

3.8×10-4

9.9×10-4

Min.

0.75

3.1×10-4

2.4×10-4

6.7×10-4

1.7×10-3

Max.

2.36

9.7×10-4

7.6×10-4

2.1×10-3

5.4×10-3

Avg.

1.89

7.8×10-4

6×10-4

1.7×10-4

4.3×10-3

Min.

0.509

2.1×10-4

1.6×10-4

4.5×10-4

1.2×10-3

Max.

0.863

3.6×10-4

2.8×10-4

7.7×10-4

1.9×10-3

Avg.

0.612

2.5×10-4

1.9×10-4

5.5×10-4

1.4×10-3

5.9×10-3

4.6×10-3

1.3×10-2

0.033

14.48
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4.5.3 Risk Analysis of leukemia for Occupationally Worker in
Different Industrial Activities Fields under Study
Table (4.39) gives the excess relative and excess absolute
risk of leukemia for male worker. The risk is computed by
computer codes (Rehab 7), (see appendix G).
Table (4.39) the excess relative and excess absolute risk of
leukemia incidence and mortality for male worker of age 30 year in
different industrial activities under study.
TENORM
from

Calculated
dose

ERR/Sv

EAR/104 PY-Sv

Time since
exposure
5 years

Time since
exposure
25 years

Time since exposure
5 years & more

0.214
0.699
0.444

9.9×10-2
0.323
0.205

0.146
0.477
0.302

2.9×10-2
0.165
7.1×10-2

1.3×10-2
7.6×10-2
3.3×10-2

1.9×10-2
0.112
0.048

0.34
6.35
1.58
Min. 0.039
Phosphate
fertilizers Max. 1.854
Avg. 0.431

8.1×10-4
1.5×10-2
3.8×10-3

3.7×10-4
7×10-3
1.7×10-3

5.5×10-4
1×10-2
2.6×10-3

9.3×10-5
4.4×10-3
1×10-3

4.3×10-5
2×10-3
4.7×10-4

6.3×10-5
3×10-3
6.9×10-4

0.75
2.36
1.89
Min. 0.509
Max. 0.863
Avg. 0.612

1.8×10-3
5.6×10-3
4.5×10-3

8.3×10-4
2.6×10-3
2.1×10-3

1.2×10-3
3.8×10-3
3.1×10-3

1.2×10-3
2.1×10-3
1.5×10-3

5.6×10-4
9.5×10-4
6.7×10-4

8.2×10-4
1.4×10-3
9.9×10-4

14.48

3.5×10-2

1.6×10-2

2.4×10-2

(mSv)

83.7
242.5
163.1
Min.
12
Petroleum
Max. 65.5
sludge
Avg. 28.95
Petroleum
scale

Petroleum
sand

Consumer
product

Ceramic
Zircon

Min.
Max.
Avg.

Min.
Max.
Avg.

Min.
Max.
Avg.
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It appears clearly from table (4.39) that, the expected excess
relative and excess absolute risk of leukemia for occupationally
worker of age 30 year in case of petroleum TE-NORM samples is
higher for scale than that of sludge and sand. In case of phosphate
fertilizers, consumer product which made in China and ceramic, the
risk is low to the worker. The leukemia risk from zircon is
relatively high according to the high dose coming from the
powdered samples to the worker.
In all studied cases leukemia incidence and mortality risk is
higher than the risk of lung cancer and the risk of all solid cancer
excluding thyroid and non-melanoma skin cancer. Also It is
obvious that the ERR for leukemia decrease with increasing in time
since exposure. The excess absolute risk (EAR) per 104 PY-Sv for
leukemia becomes constant at age 30+ of exposure for different
time since exposure. Cancer risk was observed to increase
significantly with increasing level of exposure.
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Conclusion
This study concluded that, the higher the radioactivity level
in the TE-NORM samples, the higher is the radiological impacts,
especially when considering the potential of operators to be
exposed via internal contamination by ingesting or inhaling the dust
during waste processing or manufacturing. Attachment of radon
daughters to aerosol particles that are inhaled and deposited in the
human respiratory tract add internal radiation dose to the workers.
The main factors control the internal dose due to radon inhalation
are measured in this study such as effective radium content and
radon exhalation rates.
• In petroleum samples
 The 222Rn along with its progeny, which exhaled from
the scales, may be present or build up in the crude oil
and gas streams. In contrast, a uniform distribution of
226
Ra is expected in the scale grains throughout the
bulk volume of the scale where it is contained within
lattice of the barite or sulphite, but because the scale
grains are finer relative to sludge grains, hence higher
grain surface to volume ratio which may explain the
higher exhalation rate and effective radium content of
the scale samples.
 In petroleum industry sludge samples with an
appreciable amount of oily hydrocarbon content
tended to exhale less 222Rn which could be due to the
fact that the higher the organic liquid content in the
sludge sample, the greater the proportion of recoiled
radon that is absorbed and retained.
 The variability of Rn Exhalation observed in the soil
data was therefore more likely due to differences in
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the manner in which the NORM-contaminated
material was deposited in the soil. Some samples
may have contained large particles of barite scale,
while other soils may have become contaminated
from produced waters discharged directly to the
ground surface.
 The relative contribution to the radon exhalation rate
due to scale 39% followed by the contribution due to
sludge and sand as 7% and 0%, respectively. The
relative contribution to effective radium content due
to scale 89% followed by the contribution due to
sludge and sand as 10% and 1%, respectively.
• In other TE-NORM samples
 The raw material used in production of some
fertilizers is phosphate ore containing various
amounts of natural radioactive elements. During
phosphate ore processing and manufactured of
fertilizers radon occurs. Exhalation rates and effective
radium content is significant.
 The materials used in the manufacture of dinner ware
(consumer product) contains radiation emitted by the
uranium decay products. In dinner ware specially
comes from China there is a potential for internal
exposure from radon so there is a high significant
amount of radon exhale in the studied samples.
 The ceramic industry generally uses zircon flour.
Zircon sands contain a significant concentration of
natural radioactivity because thorium and uranium
may substitute zirconium in the zircon crystal lattice.
The most important routes of radiation exposure from
zircon sand are processing for workers, external
gammas and inhalation of dust. In the fusion of
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zircon, the more volatile radionuclides, for example
210
Pb and 210Po, may accumulate in dust and fumes
within the plant. The main radiological issue is
occupational exposure to these radionuclides in
airborne dusts in the processing plant. From this
study the radon exhalation rates is significant for both
zircon and ceramic.
 The relative contribution to the radon exhalation rate
due to zircon 51% followed by the contribution due
to phosphate fertilizer, consumer product and
ceramic as 21%, 16% and 12%, respectively. The
relative contribution to effective radium content due
to zircon 53% followed by the contribution due to
phosphate fertilizer, consumer product and ceramic
as 22%, 15% and 10%, respectively. This implies
that for the TE-NORM samples in this study other
than petroleum samples, zircon is the major
contributor to give high radon exhalation rate and
effective radium content. This implies protection for
workers by proper protective measures.
Concentrations of radon in the outdoor environment are
affected not only by the magnitude of the exhalation rates in the
general area but also by atmospheric mixing phenomena. Solar
heating during the daytime tends to induce some turbulence, so that
radon is more readily transported upwards and away from the
ground. At night and in the early morning hours, atmospheric
(temperature) inversion conditions are often found, which tend to
trap the radon closer to the ground. There are also seasonal
variations related to the effects of precipitation or to changes in
prevailing winds.
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Radionuclide analysis of the TE-NORM waste from
disposal petroleum pipes is necessary prior to treatment, disposal
or a decision to declassify it from TE-NORM waste. Scale and
sludge can represent a considerable waste problem. The
concentrations of radium in scale and sludge are high although they
within the values reported in other countries. Thus, the management
of scale contaminated pipes should be carried out in accordance to
the related safety procedures in TE-NORM handling set by the
national regulatory authority.
Activity concentration of scales was higher than that for
sludge samples. For both scale and sludge, 226Ra activity
concentration was much higher than the 40K values. Activity
concentrations for the majority of scales and sludge samples were
higher than the international levels. Therefore, special care must be
taken when dealing with these residues. Besides, workers should be
warned to stay the minimum possible time close to the places where
radionuclides accumulation exists, in order to minimize radiation
exposure. The disposal petroleum pipes contaminate the disposal
areas which may lead to a long term problem for the hazardous
waste management system.
Fertilizers are generally depleted in 226Ra content and
display a uranium concentration pattern which is the result of either
the dilution or the concentration effects of the fertilizer production
process on the initial phosphate concentration in the ore. Being a
natural product at the onset, fertilizers are not considered
radioactive materials.
The workers involved in fertilizer production in phosphate
fertilizer plant are subject to radiation exposure (through internal
and external pathways), in excess of the exposure due to natural
radiation and it involves some risk.
We must carefully consider the complexities of the problems
that occur for these workers, since they are also exposed to a
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noxious mixture of chemicals, which may be implicated in the
increase of cancer risk. the individual dose levels therefore should
be carefully measured, controlled and registered. We consider that
in phosphate fertilizer plant there are work activities that must be
subject to control. Optimization techniques to reduce individual
doses in the phosphate production should be established.
Tableware (consumer product), in this study there is some
potential for external exposure from tableware incorporating
uranium and very high activity concentration level of potassium,
arising from the beta and gamma radiation emitted by the uranium
decay products. There is minimal potential for internal exposure as
the uranium is incorporated into the glass. Uranium compounds
may also be added to the glaze used on the surface of tiles, to
produce a variety of colors. As with tableware, there is some
potential for external exposure. There is also a possibility of
internal exposure due to uranium slowly leaching from the glaze.
In Egypt, no special regulations exist concerning
radioactivity in glazed earthenware. It is probable that the import of
such items from China will not be granted licenses in the future as
the use of them is not considered to be justified. This study shows
that, the activity concentrations for the majority of dinnerware
samples were higher than the international levels., it appears that
more specific regulations for dinnerware imports are necessary.
These items should be prohibited in Egypt as they lack a
proper justification, and their total activity is above the exemption
level.
For ceramic samples, the ordinary ceramics often contain
elevated levels of naturally occurring radionuclides, e.g., K-40 and
the various members of the uranium and thorium decay series. This
is may be due to uranium and zircon in the glaze; sometimes they
are due to the radionuclides in the clay that was used to produce the
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ceramic. For the zircon which were found to contain high Ra-226,
U-238, and Th-232 concentrations and it is much higher than the
worldwide average concentration of soil. This may be due to that
zircon is added to materials, as ceramics tiles to make glaze.
Uranium is easier to be penetrated and trapped in the lattice of
zircon crystal. Concerning the final ceramic tile products, although
because this zircon is radioactive substance. Also zircon is used
directly in the manufacture of refractory materials and glazes, the
products will contain similar amounts of radioactivity.
The estimated annual effective dose from exposure to
gamma radiation from the TE-NORM samples under study is well
below the recommended dose limits for occupationally worker
which is 20 mSv, except for scale and sludge petroleum samples
it is much higher than this limit.
The relative contribution to the hazard parameters due to
petroleum scale, sludge and sand TE-NORM samples is 84%, 15%
and 1%, respectively.
According to the present results, it may be concluded
that, for different samples collected from different TE-NORM
industrial activity, the level of natural radioactivity and hazard
parameters are higher than the international recommended limits.
It appears clearly from the estimated results in chapter 4 that,
the expected excess relative and excess absolute risk of all solid
cancer excluding thyroid and non-melanoma skin cancers and of
leukemia for occupationally worker in case of petroleum TENORM samples is high for scale more than the leukemia risk for
sludge and sand. Meanwhile such risk is relatively low in case of
workers of phosphate fertilizers as well as for china ware of
consumer products and ceramic fabrication. However, the leukemia
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risk from zircon is relatively high due to the inhalation of lose
powder and radon animation.
In all cases of leukemia incidence and mortality, the risk is
higher than the risk of lung cancer and the risk of all solid cancer
excluding thyroid and nonmelanoma skin cancer. Also It is
obvious that the ERR for leukemia decrease with increase in time
since exposure. The excess absolute risk (EAR) per 104 for
leukemia becomes constant at age 30+ of exposure for different
time since exposure. Cancer risk was observed to be increased
significantly with increasing level of exposure.
The primary objective of studies of cancer risk among
workers in different industry is the assessment of the adequacy of
existing protection standards. Also made a recommendation that
risks should be reduced to account for lower-dose-rate exposures:
1. The workers with TE-NORM are under inevitable threat of
cancer. Hence precaution, safety rules and Protective
measures (see chapter 3) should be applied for workers in
these fields of work.
2. The workers at oil fields are the most threatened. Therefore,
they should be classified as occupationally radiation
workers.
3. Such workers should follow approved radiation protection
regulations and receive regular medical surveillance.
4. The sites of TE-NORM activities require qualified radiation
protection experts to safeguard workers and environment
from exposure and contaminations during all stages of oil
production, separation and maintenance.
5. Restricted regulations should be applied for the workers that
performing cleaning of the contaminated equipment.
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ﺟﺎﻣﻌﺔ ﻋﲔ ﴰﺲ
ﻛﻠﻴﺔ ﺍﻟﺒﻨﺎﺕ ﻟﻶﺩﺍﺏ ﻭﺍﻟﻌﻠﻮﻡ ﻭﺍﻟﺘﺮﺑﻴﺔ
ﻗﺴﻢ ﺍﻟﻔﻴﺰﻳﺎﺀ

ﺘﺤﻠﻴل ﺍﻝﻤﺨﺎﻁﺭ ﻭ ﺍﻹﺠﺭﺍﺀﺍﺕ ﺍﻝﻭﻗﺎﺌﻴﺔ ﻝﻠﻌﺎﻤﻠﻴﻥ ﻓﻲ
ﺍﻝﺼﻨﺎﻋﺎﺕ ﺍﻝﻤﺴﺘﺤﺩﺜﺔ ﻝﻠﻤﻭﺍﺩ ﺍﻝﻤﺸﻌﺔ ﺍﻝﻁﺒﻴﻌﻴﺔ
ﻣﻘﺪﻣﺔ ﻣﻦ ﺍﻟﻄﺎﻟﺒﺔ

ﺭﺣﺎﺏ ﻋﺒﺪ ﺍﶈﺴﻦ ﳏﻤﺪ ﺻﻔﻮﺕ ﺣﺠﺎﺯﻱ
ﻟﻠﺤﺼﻮﻝ ﻋﻠﻰ ﺩﺭﺟﺔ ﺩﻛﺘﻮﺭﺍﻩ ﺍﻟﻔﻠﺴﻔﻪ ﻓﻲ ﺍﻟﻌﻠﻮﻡ )ﻓﻴﺰﻳﺎﺀ ﺣﻴﻮﻳﻪ(
ﺇﺷــﺮﺍﻑ
ﺍ.ﺩ /ﺤﺴـﻨﻴﻪ ﻤﺤﻤﺩ ﺃﺒـﻭ ﺯﻴﺩ

ﺃ.ﺩ /ﺒﺴﻴﻭﻨﻲ ﺃﺤﻤﺩ ﺠﺎﺩ ﺍﻝﺭﺏ

ﺃﺴﺘﺎﺫ ﺍﻝﻔﻴﺯﻴﺎﺀ ﺍﻝﻨﻭﻭﻴﺔ

ﺃﺴﺘﺎﺫ ﺍﻝﻔﻴﺯﻴﺎﺀ ﺍﻹﺸﻌﺎﻋﻴﺔ

ﻜﻠﻴﺔ ﺍﻝﺒﻨﺎﺕ ﺠﺎﻤﻌﺔ ﻋﻴﻥ ﺸﻤﺱ

ﻤﺭﻜﺯ ﺍﻝﺒﺤﻭﺙ ﺍﻝﻨﻭﻭﻴﺔ
ﻫﻴﺌﺔ ﺍﻝﻁﺎﻗﺔ ﺍﻝﺫﺭﻴﺔ

ﺩ /.ﺜﻨﺎﺀ ﻤﺤﻤﺩ ﻋﺒﺩ ﺍﻝﻤﻘﺼـﻭﺩ

ﺩ /.ﺨﺎﻝﺩ ﻋﺒﺩ ﺍﻝﺒﺭ ﺃﺤﻤﺩ ﺴﺎﻝﻤﺎﻥ

ﺃﺴﺘﺎﺫ ﻤﺴﺎﻋﺩ ﺍﻝﻔﻴﺯﻴﺎﺀ ﺍﻝﻨﻭﻭﻴﺔ

ﻤﺩﺭﺱ ﺍﻝﻔﻴﺯﻴﺎﺀ ﺍﻹﺸﻌﺎﻋﻴﺔ

ﻜﻠﻴﺔ ﺍﻝﺒﻨﺎﺕ  -ﺠﺎﻤﻌﺔ ﻋﻴﻥ ﺸﻤﺱ

ﻤﺭﻜﺯ ﺍﻝﺒﺤﻭﺙ ﺍﻝﻨﻭﻭﻴﺔ
ﻫﻴﺌﺔ ﺍﻝﻁﺎﻗﺔ ﺍﻝﺫﺭﻴﺔ
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ﺟﺎﻣﻌﺔ ﻋﲔ ﴰﺲ
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ا` 5و -ا !#م و ]ا aو آ?ءة ا *Tم.
ا "#ا: &%
Wض ا * MKا #Q  @!#ـب ـل ا -ـث ا ـادون '!Rـام آ\ـq
ا=3ـ ا *ــوي ) .(CR-39وcـ هـ/ا ا -jـث ا ا  ا !@?ت ا و  و'&
ا *ت ا *W*a  %ت ا]ى  1Yا  .RLا ?%* ،?Rت اL6Rآ  ادوات
ا  .Kا #رد  .ا  ،ا آن و ا #ا .Jو XQ cان #ت ل ا -ث
ا ادون ' *?@!@  #ت ا و  اآ   @ Jا * W %ا *Wت ا !@?.
و N cا}  ]Lل ه ./ا را!R' Rام  ف    Wا *zوة #Qب ا آ
ا`\@ Wادـم @#@R ،٢٢٦-ا را-م @#@R ،٢٣٨-ا Yرم ٢٣٢-وآ J /ا Rم-
 ٤٠ا ا  ا !@?ت ا و  و'& ا *ت ا *W*a  %ت ا]ى > ا را Rو
آ -أ  "@Wا jت ا   ا /آرة  ال UNSCEARوا  #وي ٤٥ ،٣٥ ،٣٢
و  /15' ٤٢٠آ  15 N%ا ادـم @#@R ،٢٢٦-ا را-م @#@R ،٢٣٨-ا Yرم ٢٣٢-و
ا Rم "@W ٤٠-ا ا W .ا آ ا Rم   *Wا آن  6ا  1cا jت
ا  .و N cأ}ـً #Qـب  {Rا W%ـ ا ـ-،ـط 5ـ| ا ادـم ،ـ1
ا ! ـ ا ا]@ـ وا !ـر  U%ا *ت > ا را Rو و ا 6-ا  "@Wا jت
ا   .ا ' *W%@  #ـ ا *#ـ ا ? ـ  -  6ق ا #ح ' ' *@@  #
'\jع وه ?R @@ ٢٠ت  Wا ا W%ـ ا *#ـ ا ? ـ ا *  %ا !@?ـت
ا >\?ـ و ا واRـ wا *ـ ا *  %ا ول  6ا  "@Wا >ود ا .@@ Q#
 ]Lل ه ./ا را N Rو &' Uxا`اءات ا  Kcا   w%ان  1@z U
![ ا`[# ' 'aن @@  ا j%ت ا * Wا !@?.
ا "#اا' :
و  N Nو   و ا] ر '& 'ا Mا >#ب ا " eا  ./6 ]  #
ا را#> Rب ا دjت ا !#>' aب ا ![ @@  ا *Wت ا   =>#وc
 .c Rcو &' 1W Nا  zت '*ءا  "@Wا W%ت ا ?  ا    6'#Q Nا *ت
ا !@? > ا را  Rا ![ ا   cض  6ا @ن  ا j%ت ا *W
ا !@? و #Q Nب ا دة ا *  #وآ J /ا دة ا  @[# ' 'a~ zن @@ 'ا R
ه ./ا ا.M
وأ=  ا * MKأن ا @ " j%ت  TE-NORMو] aإ-ج وW*a
ا ول 6دون '!  ا`[# ' 'aن و =@ Nم *? N6آ@ '`\ع و w%ان
 Nا`\اف @W "@Wت ا  ] cاء و< cه@ن.

• Published:
:  '*وR   اY>' - N

 ?@!  *ت%  اq  و ا٢٢٦- ا ادم، ث ا ادون- ل اz) (١
( >= @اد ا  ا# ت اW* ا
Estimation of Radon Exhalation Rates, 226Ra and γ - Spectrometry of
Different TE-NORM Samples
Rehab A. Hegazy, Thanaa M. Abd El-Maksoud*, Kh. A. Salman, Hosnia M. Abu-Zeid*
and B. A. Henaish
Radiation Protection Department, Nuclear Research Center, Atomic Energy Authority, Post No.13759, Egypt.
*Physics Department, Faculty of Women for Art, Science and Education, Ain Shams University, Cairo, Egypt.

(

>= ' اد ا  ا# ت اW*  ا ![ @@  ا1@>) (٢

Risk Analysis for Occupationally Workers with TE-NORM
Rehab A. Hegazy, Thanaa M. Abd El-Maksoud*, Kh. A. Salman, Hosnia M. Abu-Zeid*
and B. A. Henaish
Radiation Protection Department, Nuclear Research Center, Atomic Energy Authority, Post No.13759, Egypt.
*Physics Department, Faculty of Women for Art, Science and Education, Ain Shams University, Cairo, Egypt.

6z  @ ا ' @@م ا *و و%  ا
.6z   ا  @@م ا *و و%@ ' ا

