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5.1. GENERAL CONSIDERATIONS
Ionizing radiation.
Environmental radioactivity
Radiation is the emission, propagation and
transfer of energy in any medium in the form
of electromagnetic waves or particles.
Living beings coexist with radiation from
their origins. Without radiation from the sun
there would have been no life on earth and
without infrared radiations we would not be
able to heat ourselves. In addition to these
natural sources of radiation, humans have
been able to develop various devices that are
based on radiation or use radiation. We use
radiation when we listen to the radio, talk on
our cell phones, heat breakfast in the microwave, toast our bread or undergo a radiological investigation . The higher the frequency
of electromagnetic radiation, the higher its
energy. Electromagnetic waves or radiations
can be classified according to their energy
into ionizing radiations, which have enough
energy to produce the ionization of the atoms of the matter they pass through (e.g. Xrays) or non-ionizing radiations, which do not
have enough energy to break the bonds of the
atoms and to produce ionization (e.g. microwaves) (Nat, 2005).
Radiations of a corpuscular nature, which
are present in the form of particles with mass
(for example, alpha radiations), are included
within ionizing radiation, since in all cases
they are capable of producing ionization.

There are several types of ionizing radiations, which interact differently with the substance they cross, depending on their nature
and energy and the type of material crossed
(Figure 5.1):
 Alpha radiation (α) is the nucleus of helium 4 that is emitted in certain nuclear
decays and consists of two neutrons and
two protons. It has a high mass, but is not
very penetrating: a sheet of paper or the
human skin itself is enough to protect us
from its effects.
 Beta radiations are beams of electrons
(beta negative – β–) or positrons (beta
positive – β+) released in certain nuclear
decays. They have a smaller mass than alpha particles, although they are somewhat
more penetrating: they can penetrate a
sheet of paper and between one and two
centimeters of living tissue, but they cannot penetrate an aluminum sheet.
 The X and gamma rays are electromagnetic radiations without electric charge or
mass. These types of radiation have different origins; gamma-rays (γ) come from
the disintegration of the unstable nuclei of
some radioactive elements, and the X-rays
come from the outer layers of the atom,
where the electrons are found. This type
of radiation is quite penetrating; it passes
through the sheet of paper and aluminum
foil and, to stop them, a layer of lead with
sufficient thickness is required.
 Neutrons (n) released in nuclear reactions
are a highly penetrating type of radiation.
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Having no electrical charge, neutrons easily penetrate the structure of certain atoms and cause their division. They can be
absorbed with certain chemical elements
such as cadmium or boron. A layer of water or concrete stops the neutron beams.
If a parallel (collimated) beam of monochromatic nuclear radiation of initial intensity I0 passes through a layer of material of

thickness x, the intensity I of the beam decreases after an exponential attenuation law
(Figure 5.2):
I(x) = I0e–μx

where µ is called the attenuation coefficient
which depends on the nature of the substance
crossed by the beam and the energy of the incident radiation (Ene & Pantelica, 2011a).

Figure 5.1. Modes of interaction of nuclear radiation beams (α, β, γ, n) with matter

Figure 5.2. Exemplification of the attenuation law of a beam of radiation in the substance
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The structure of matter is made up of molecules which, in turn, are formed by atoms.
For centuries, scientists believed that the
atom is the smallest part of matter, hence
its name, atom, which means „indivisible”.
However, further research has allowed the
representation the atom as being formed by
a nucleus and electrons that rotate around it.
The concrete, quantitative representations
regarding the atomic structure of chemical
elements had as a first point of approach the
experiments of scattering of α particles (He
ions) on very thin metal sheets, carried out by
the „father of atomic theory” – Ernest Rutherford. The conclusion that has been reached
from these experiments is that the nucleus is
the central part of the atom, in which practically the entire mass of the atom is concentrated and, because the atom is electrically
neutral, it has a positive electric charge. After
Chadwick’s discovery of the neutron in 1932,
it was determined that the nucleus consists of
two types of nucleons: protons and neutrons.
Protons have a positive electric charge and
electrons negative charge, while neutrons are
called so because they are not electrically
charged. Protons and electrons attract each
other by coulombian forces.
Nuclear physics, through its object of study
on the constitution, properties and transformations of the atomic nucleus, has established its complexity and special physical
properties. Some of these properties are of
principled importance, such as those related
to the stability and structure of the nucleus
and mechanisms of the nuclear reactions, and
others are of practical interest, such as obtaining and using nuclear reactions, radioactive isotopes, or nuclear energy (Nat, 2005).
The nuclei are defined by two numbers:
the atomic number Z which represents the
number of protons contained in the nucleus,
that is, it indicates the charge of the nucleus
that is equal to Ze (where e = the electron
charge), and by the mass number A which is

the number of nucleons in the nucleus (protons and neutrons), being close to the atomic
mass of the chemical element. The number
of neutrons contained in the nucleus is NE =
A – Z. The atomic species defined by a certain
composition of the nucleus, i.e. Z protons and
(A-Z) neutrons is called nuclide, symbolized
by A
Z X . Nuclides that have the same A number are called isobars, those that have the
same Z are isotopes, those with the same NE
= A – Z are isotones and those who have the
same A and the same Z but differ in radioactive properties are called isomers (Nat, 1998;
Ene, 2002).
Atomic nuclei can be stable and non-stable. Stable nuclei remain unchanged over
time, and non-stable ones undergo spontaneous transformations. A nucleus with a certain
number of nucleons, A, is stable when there
is a well-determined ratio between the number Z of protons and the number NE=A-Z of
neutrons, and the nuclear energy levels correspond to a well-established minimum energy configuration. If these conditions are not
met, the nucleus is unstable and spontaneously undergoes various transitions to sooner
or later reach a stable nucleus. These transitions are called radioactive transitions and
their ensemble, supported by an unstable
nucleus, represents the radioactive decay.
The daughter nuclide (resulted from decay)
may not be stable and decomposes into a
third party, which can continue the process,
until finally a stable nuclide is reached. It is
said that successive nuclides in a set of decays form a radioactive series or a radioactive family (Marcu & Marcu, 1996).
The effect of radioactive decay is the transition from an atom with an initial nucleus with
higher energy to an atom with a lower energy
derivative nucleus, achieved by one or more
radioactive transitions, called decay schemes.
The difference between the two energies is
released during decays in the form of nuclear
radiations: corpuscular (beams of elementary
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particles, atomic nuclei, ions: α particles, β−
/β + particles, protons p (H+), deuterons 2H+,
tritons 3H+, heavy ions Li+, Na+, etc.) or penetrating electromagnetic radiation (X and γ radiations) (Nat & Ene, 2003a; Ene, 2006).
If at time t there is a number N of nuclei of
a particular atomic species, the law of radioactive decay is written as follows:
N = N o e- λ t

(2)

where No is the number of nuclei existing at
the initial moment (t = 0) and λ is the
radioactive constant, which characterizes the respective radionuclide.
In practice, another quantity is used,
called the half-life T1/2, which represents the
time interval during which half of the number
of given nuclei disintegrates. The half-life is
a specific quantity of each radionuclide and
varies in a very wide range, from 10-7 s to 1015
years. The connection between the two quantities caracteristic to the decay processes
(T1/2, λ) is:
ln2
(3)
λ
A radioactive source is characterized by its
activity, Λ, which represents the number of
disintegrated nuclei in the unit of time:
T1/2 =

dN
(4)
dt
If Λ0 = λ N 0 is the initial activity, one can
write for Λ a relationship similar to (2) :
Λ=

Λ = Λ0 e-λ t

(5)

The unit of measurement of radioactive
activity is the Becquerel (Bq), 1Bq=1 dez/s,
or the derived unit, the Curie (Ci), 1 Ci= 3.7
.
1010 Bq.

Natural and artificial sources of
radiations
Life on Earth evolved in the presence of
cosmic radiation or that generated by the
lithosphere. Human activities lead to a grad-
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ual and continuous increase in the amount of
radiation received by organisms. In addition
to controlled radiation sources in medicine,
industry and research, there are also certain
uncontrolled sources of radioactive pollution:
radioactive falls as the products of nuclear
explosions and weapons tests, and radioactive residues produced by economic and research activities. To the sources of artificial
irradiation is added the natural radioactivity.
Natural irradiation should be considered to be
responsible for at least one third of all genetic infirmities.
Ionizing radiations of natural origin are
present in the surrounding nature. In addition
to cosmic radiation, ionizing radiation is produced as a consequence of the presence of
radioactive materials existing in the Earth’s
crust. Three-quarters of radioactivity in the
environment comes from natural elements.
The natural radioactivity of terrestrial origin
is mainly based on the radioactivity of K-40
radionuclides and those of three natural radioactive series, called uranium (U-238), actinium (U-235) and thorium (Th-232) series
(Marcu & Marcu, 1996; Nat & Ene, 2003a;
Ene & Pantelica, 2011b; Pintilie et al., 2016;
Moghazy et al., 2021). Radioisotopes that are
part of the three natural radioactive families
(denoted by A,B,C in the Figure 5.3) are linked
to each other by successive transformations α
and β, the generator being the radionuclide
with a high half-life.
Not all places on Earth have the same level
of radioactivity. In some areas of India, for
example, radioactivity is 10 times higher than
the European average. The reason lies in the
sands of India, which have a high content of
ores rich in thorium. Mountainous areas also
have a relatively high level of radioactivity,
due to the composition of granitic rocks. In
addition to this geographical variability, certain activities such as the manufacture of
ceramics, the production of fertilisers or the
extraction of gas and oil, may increase the
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Figure 5.3. Natural radionuclides of the U238, U235 and Th232 series
(after: Change Laura Tan, 2016)

doses due to these radionuclides of natural
origin, not only for workers, but also for the
rest of the population (UNSCEAR, 2000).
Radioactivity can also exist in our homes,
mainly from radon gas (WHO, 2009). This gas
is produced as a consequence of the decay
of uranium contained in rocks. The amount
of radon gas that accumulates in a house depends on its situation, the materials that have
been used in its construction and our way of
life. Radon emanates from rocks and is concentrated indoors, so it is highly recommended that homes, public spaces and workplaces
be well ventilated (Ene & Vodarici, 2020).
On the other hand, cosmic radiation is generated in nuclear reactions that occur inside
the sun and other stars. The atmosphere filters
these rays and protects us from their dangerous
effects, because outside the atmosphere, in
space, the level of radioactivity is much higher.
When we climb a mountain, that protection diminishes and the cosmic radiation is more in-

tense. The same happens when we travel by
plane, being more exposed to radiation.
Radioactive elements also exist in many
foods (Pintilie et al., 2017, 2018 a,b) and in
drinking water (Pintilie et al., 2016). Even our
bodies are a source of radiation, since they
store small amounts of radioactive potassium,
a product necessary for the human body.
Radiation can also be produced artificially.
In 1895, the physicist Roëntgen, conducting
experiments with cathode rays, discovered
the first type of artificial radiation that the
humans used: X-rays. These are electromagnetic waves caused by the braking of beams
of accelerated electrons on certain materials
inside a vacuum tube.
The release of energy can occur as a result
of nuclear fission reactions, that is, breaking
the nucleus of the atom. Some elements are
more suitable than others to produce these
types of reactions. This is the case with uranium-235, with a tendency to absorb any neu-
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tron that collides with it. When this happens,
uranium-235 gains weight, becomes more
unstable and ends up breaking into various
fragments, releasing other neutrons. If these
neutrons are absorbed, in turn, by other uranium-235 atoms, a sequence of chain reactions occurs, generating significant amounts
of radioactivity and energy.
Once the properties and potential of radiations began to be known, their applications were also developed, as well as the
techniques for obtaining artificial radioactive
materials. X-rays and gamma rays are used in
medicine to diagnose multiple physical problems through imaging. Radiation is also used
in the treatment of cancer and other diseases. The industry also benefits from radiation
applications in X-ray techniques, industrial
measurement, food sterilization, pest control, etc. In addition, fission reactions are
caused in nuclear power plants that release a
great deal of energy in the form of radiation,
allowing the production of electricity.

Elements of dosimetry
In order to express the biological effects
produced by the nuclear radiations, a radiological system of dosimetric quantities and
units was defined (Gaspar, 1996; Nat & Ene,
2003b; Angelescu et al., 2005; Creangă, 2005;
Nat, 2005), the most important being:
• absorbed radiation dose D, refers to
any type of ionizing radiation and represents the amount of energy dε absorbed by the unit of mass dm of living
tissue:
dε
(6)
dm
The unit of measurement for the absorbed
dose D is Gray (Gy; 1Gy=1J/1kg), or the tolerated unit, rad (1 rad = 10-2 Gy).
• The equivalent dose (biological dose) H:
D=

H = wR D
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(7)

is the absorbed dose multiplied by a
weighting adimensional factor for radiation,
wR, which expresses the biological efficiency
of a type of radiation.
For most of the radiations used in industry
or medicine (X, γ, β-) wR= 1, so that: D=H.
Exceptions are made for alpha particles (wR =
20) and neutrons (wR = 2.5 – 21) (Figure 5.4).
The unit of measurement of the equivalent
dose is Sievert (Sv) and represents the dose of
incident radiation that produces under identical conditions the same biological effects as
the dose of 1 Gy from the standard X radiation.
The tolerated unit of measurement, often used
in practice, is rem (1 rem = 10-2 Sv).
In practice, the rate of the equivalent
dose is measured, DR, which is the biological
dose dH corresponding to the irradiation time
unit dt,
DR = dH/dt
and is expressed in Sv/s (or submultiples
μSv/h, nSv/h) or rem/s. Maximum permissible
dose rate value of the ambient range is 0.250
μSv/h.
The applications of ionizing radiation are
based on their interaction with matter and the
behavior of radiation in it. Radioactive materials and ionizing radiation are widely used in
medicine, industry, agriculture, teaching and
research.
• The effective dose E is defined as the
sum over the whole body of the equivalent doses of each organ or tissue, HT,
multiplied by a weighting factor per
tissue, wT:
E = ΣT (wT HT)

(8)

The unit of measurement of the effective
dose is Sievert (Sv).
In Figure 5.4. is illustrated the difference
between the equivalent and the effective
dose, as well as between the effects of different types of radiations and the sensitivities of
the various organs to their action.
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Figure 5.4. The difference between the equivalent and the effective dose,
the effects of radiation and the sensitivity of different organs to their action
Adapted after: https://www.env.go.jp/en/chemi/rhm/basic-info/

Applications of ionising radiations
In medicine, the use of ionizing radiation is
part of the application of diagnostic techniques,
radiation therapy and nuclear medicine.
Radiodiagnosis comprises the set of procedures for visualizing and exploring human
anatomy using images and maps. Some of
these applications are: the obtaining of radiographies by means of X-rays for the identification of internal lesions and diseases, the
use of radioisotopes in computed tomography
to generate three-dimensional images of the
human body, fluoroscopy and interventional
radiology, which allows visual monitoring of
certain surgical procedures.
Radiation therapy allows the destruction
of tumor cells and tissues by applying high
doses of radiation to them.
Nuclear medicine is a medical specialty
that includes the use of radioactive material
in uncapsulated form for diagnosis, treatment
and research. An example is the radioimmunological test, a laboratory analytical technique
used to measure the amount and concentra-

tion of numerous substances (hormones, drugs,
etc.) in biological samples from the patient.
In the industrial field, the applications of
ionizing radiations are many and varied. The
industry takes advantage of the ability of radiation to pass through objects and materials
and the fact that the negligible activities of
their radionuclides can be measured quickly
and accurately, providing accurate information about their spatial and temporal distribution (Ene, 2006).
Some of the most significant applications
of ionizing radiation in industry are: the sterilization of materials; measurement of the
thicknesses and densities or levels of filling
of tanks or containers; measurement of the
degree of humidity in bulk materials (sand,
cement, etc.) in the production of glass and
concrete; gammagraphy or industrial radiography, for example, checking welded joints in
pipes; security detectors and X-ray surveillance at airports and official buildings; smoke
detectors; pipes leak detectors and analysis
of carbon-14 by radioactive dating to accurately determine the age of various materials.
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There are also many applications of ionizing radiatiosn in agriculture and food, for
example, to determine the efficiency of fertilizer absorption by plants, to determine the
humidity of a plot of land, and thus to optimize the necessary water resources, to combat pests and to extend the shelf life of food
by irradiating it with rays gama.
Apart from previous technological achievements, the use of radiation has been an incredible advance in all types of research
activities, such as studies of cellular and molecular biology of cancer, molecular pathologies, genetic evolution, gene therapy, drug
development, etc.

Radioactive waste
Radioactive waste is generated as a result of processes carried out in the different
types of nuclear and radioactive installations
distributed throughout the territory. Radioactive waste may occasionally be generated as a
result of incidents involving radioactive material. The origin of the radioactive waste that
is currently generated or has already been
generated is as follows:
 Operation of nuclear power plants
 Operation of their factories of nuclear
fuel elements
 Operation of radioactive installations
for industrial, medical, agricultural and
research purposes
 Operation of radioactive waste disposal
facilities
 Reprocessing of spent fuel from nuclear
power plants
 Dismantling and closure of nuclear
power plants or installations
 Sterile resulted from uranium extraction and manufacture of uranium concentrates
 Incidents that occur occasionally.
This waste is classified into different categories, depending on the type of management
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currently planned or implemented in different countries.
The regulation on the protection of health
against ionising radiation defines the activities and tasks that involve the generation,
storage area or handling of waste containing
natural radionuclides, better known as NORM
waste.
The radiological characterization of
waste consists in checking whether or not
its radioactive content is lower than the
legislated levels of declassification. If the
radioactive content is less than or equal
to the levels of declassification, the waste
may be managed by the usual conventional
means in accordance with the applicable legal regulations.
The declassification levels for norm waste
management are those recommended by the
European Union in its publication Application
of the concepts of exemption and disposal
of natural radiation sources and have been
established taking into account the following
considerations:
 The annual effective dose is 300 μSv/
year.
 All routes of radiation exposure (inhalation, ingestion, external exposure)
are taken into account.
 Comprehensive scenarios and specific
parameters are considered.
 All routes of exposure are analyzed in
each of the scenarios under consideration, selecting the most restrictive radionuclide for each case and determining the specific activity that would give
rise to 300 μSv/year.
Ministerial orders issued at national level
require that norm waste management be carried out with methods and procedures for the
characterization, classification and management of this waste.
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5.2. INTERACTION OF RADIATION
WITH LIVING TISSUE AND
RADIOLOGICAL RISK
Interaction of ionizing radiation
with living matter
Radioactive contamination is the transfer
of radioactive material from the environment
to different structures, objects or organisms,

being external (by deposition on the recipient’s surface) or internal (by penetration inside the receiver).
The main exposure ways of the human body
to ionizing radiations are: by inhalation, ingestion, diffusion and penetration of radioactive
material (internal contamination), or by direct
contact, cutaneously, with radioactive materials deposited on the skin, hair, nails (external
contamination) (Bacalum, 2021) (Figure 5.5).

Figure 5.5. Exposure pathways of the human body to ionizing radiation
Adapted after Bacalum, 2021.

Figure 5.6. presents the internal and external exposure of the population to radionuclides and fission products resulting from
nuclear accidents.
Radiation, when it penetrates into matter,
and especially in the case of charged particles
– alpha, protons, fission fragments and electrons – tends to break the atomic bonds that
hold the molecules together in cells through
the ionization process. These changes can be
more or less serious, depending on the radiation dose received.
The essential elements in the study of the
interaction of radiation with the biological
material are related to the amount of energy

and the type of energy transferred, as well
as the type of energy into which it is transformed, so the effects of irradiation depend
on the nature and energy of the radiation and
on the characteristics of the body that can
be highlighted in this way (UNSCEAR, 2000;
Creangă, 2005; Nat, 2005).
The main effects are:
– excitations (electronic, nuclear, molecular);
– ionizations;
– chemical effects (photochemical reactions, acceleration of some biochemical reactions or triggering of others,
breakages or bond formations, etc.);
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Figure 5.6. Internal and external exposure to radiation resulting from nuclear accidents
Adapted from: https://www.env.go.jp/en/chemi/rhm/basic-info/

–

thermal effects (heating, protein denaturation, evaporation of water, carbonization).
The transferred energy to organism can
disrupt, reversibly or irreversibly, physiological processes.
Penetrating radiation can act on the living
substance in three ways:
- by direct action,
- by indirect action,
- through remote action.
The direct action occurs as a result of excitations and ionizations in the living cell and
determines the breaking of chemical bonds,
which leads to the partial or total destruction
of the tissue functions in the body, and implicitly to functional disturbances that damage important macromolecules: proteins and
aminoacids.
The indirect action leads to the appearance of other chemical elements as a result of
radiochemical processes. Thus, the water in
the tissues is ionized, and the decomposition
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products (ions, free radicals, etc.) become
reducing or oxidizing agents for the molecules
in the living substance.
Remote action causes the spread of radioactive substances also in unradiated areas,
radioactively contaminating these areas.
There are two types of biological effects of
ionizing radiation (Nat, 2005):
- somatic effects,
- genetic effects.
Somatic effects occur in the irradiated individual in the form of skin lesions, changes in
blood composition, bone degradation, degradation of the nervous system, neoplasms, etc.
Genetic effects occur in the generations
following the irradiated individual through
changes in the genetic code such as: malformations, chromosomal aberrations, mental
deficiency, etc.
The effect produced by penetrating radiations depends on their energy and intensity,
on the exposure time, but also on the individual’s sensitivity or radiosensitivity.
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Radiosensitivity is the property of cells,
tissues or organs to respond through morphological and functional changes, qualitatively
and quantitatively differentiated according to
the size of irradiation. The most radiosensitive are the cells in the multiplication phase
(Nat, 2005).
Biological effectiveness is determined by
the level of the value of the energy absorbed
by irradiation processes, necessary to produce a certain biological effect. Thus, par-

a)

ticles that produce high linear ionization or
have a high linear energy transfer (LET) (the
amount of radiation energy that is deposited
per unit of length of its path), such as alpha
particles or protons, lead to stronger biological effects than particles that produce lower
linear ionization, such as electrons.
Depending on the response (effects) at the
dose of radiation received, biological effects
are divided into two groups (Figure 5.7) (Bacalum, 2021):

b)

Figure 5.7. Dose-effect relationship in the case of: a) deterministic effects; b) stochastic effects

– Deterministic effects
– Stochastic effects
Deterministic effects are characterized
by a determined (direct) causal relationship
between dose and effect and the response
reactions of the irradiated organism appear
from a certain minimum value of radiation
dose (threshold value) and that is why they
are also called threshold effects. They are
evaluated in terms of severity: for any radiation dose value higher than the threshold,
the severity of the effect becomes more pronounced as the dose increases (Figure 5.7a).
The severity of the effects is dependent on
the amount of energy of the radiation that
is absorbed by the tissue, i.e. by LET; thus,
at radiation with low LET (X, gamma, beta
particles of high energy, the tissue absorbs a
small fraction of the incident energy, while
at radiation with high LET (alpha particles,
neutrons), the tissue absorbs a larger fraction
of the incident energy. The minimum level

of the radiation dose at which the effect becomes manifest varies from one individual to
another and in relation to the irradiation conditions, but it manifests itself only in the irradiated individual and does not spread to the
offspring (it targets only the somatic cells,
not the mature sexual cells, involved in the
reproductive function) (Bacalum, 2021).
Stochastic effects are reactions of the
body’s response at any level of irradiation,
the effects can occur from doses placed below
the threshold doses (no-threshold effects or
zero-threshold effects). They concern the
consequences of irradiation at the population level, whether it is a population of cells
or a population of organisms obeying a doseeffect relationship of probabilistic type. Thesupport evaluated within risk terms, the risk
of their occurrence in a population being proportional to the dose received, the chances
of occurring increasing as the dose increases, without influencing their severity (Figure

ECOTOXICOLOGICAL METHODOLOGICAL GUIDE FOR ENVIRONMENTAL MONITORING
PROBLEMATICS, LABORATORY TECHNIQUES AND HEALTH RISK INVESTIGATION

107

5.7b). Stochastic effects are associated with
long-term (chronic) and low-level irradiation
exposures. At the body level, they include
the consequences on tissues and organs when
the cells are not destroyed but only transformed, when changes (mutations) occur in
their genetic apparatus and the mutant cells
will propagate an altered genetic information
in the cells resulting from their division. If irradiation occurs at the level of somatic cells,
then bodily effects occur (which manifest
themselves only in the irradiated individual);
after a longer and variable period most likely
can lead to cancerization (neoplasia) / the
appearance of radio-induced cancer. If irradiation occurs at the level of the sexual cells,
then hereditary effects take place (which are
transmitted to the descendants of the irradiated individual); after a longer and variable
period – can most likely lead to cancerization
(neoplasia) / the appearance of radioinduced
cancer (Bacalum, 2021).

If matter is a biological tissue with a high
water content, the ionization of water molecules can give rise to so-called free radicals
that exhibit a high chemical reactivity, sufficient to modify the important molecules that
are part of the tissues of living beings. These
changes may include chemical changes in
DNA, the basic organic molecule that is part
of the cells that make up our body (Figure
5.8). I n Figure 5. 9. are presented the main
types of cellular modifications caused by ionizing radiation.

Figure 5.8. Modifications in DNA caused by the
direct and indirect action of ionizing radiation

Figure 5.9. Cellular modifications
caused by ionizing radiation
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Health risk
The increase and diversification of the use
of radioactive isotopes and nuclear energy also
leads to an increase in the risk of radiocontamination of the environment and living organisms. Radionuclides that reach the air, water
and soil affect the biosphere through trophic
chains and are also transferred to the human
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body (UNSCEAR, 2000). The investigation of
the level of environmental radioactivity and
the assessment of the health risk of radionuclides emitting different types of radiations are
of great importance in the management of the
environment and the assessment of radiological hazards to human health and ecosystems.
The United Nations Scientific Committee
on the Effects of Atomic Radiation (UNSCEAR,
2000) estimated at a global level that natural
sources have a contribution to the annual effective dose of 2.4 mSv year-1; of this, 1.2 mSv
is due to radon, 0.5 mSv to terrestrial gamma
radiation, 0.4 mSv to cosmic radiation and 0.3
mSv to food and water ingestion. The contribution of the artificial radiation background
of 0.6 mSv year-1 is added to this dose.
The International Commission for Radiological Protection (ICRP) and World Health Organization (WHO) have started measures for decreasing the population exposure and prescribed
limits of the concentrations of radionuclides in
food and drinking water and risk coefficients for
population (ICRP, 2007), by age group (Pintilie
et al., 2016, 2017, 2018 a,b), as well as allowed
concentrations of radon in housing and public
spaces (300 Bq m-3) (WHO, 2009).
Using the conversion factors published by
the International Atomic Energy Agency (IAEA,
2014) and the annual rate of consumption of
a food item, the annual effective dose, Def,
can be estimated using the following formula
(Pintilie et al., 2016, 2018b):
Def = ∑ (AX × R × CF) Sv year-1
where: AX is the concentration of radionuclide
X (X = 210Po, 210Pb, 238U, 232Th, 40K,
226Ra, etc.) (Bq kg-1), R is the annual
consumption of food (kg year-1) or water
(L year-1), and CF is the effective dose
conversion factor for adults or children
(Sv Bq-1). For example, for calculations,
the following dose conversion factors
can be used for adults (in Sv Bq-1) (IAEA,
2014): 1.2 × 10-6 for 210Po, 6.9 × 10-7 for

210Pb, 4.5 × 10-8 for 238U, 2.3 × 10-7 for
232Th, 6.9 × 10-9 for 40K and 2.8 × 10-7
for 226Ra.
The Lifelong Cancer Risk (LR) assessment
is carried out using the formula:
LR = Def × L × RF
where:
LR represents the risk of cancer for life, Def
is the effective annual dose (Sv year-1), L is the
life span (years) and RF is the risk factor for fatal cancers for the entire population (Sv-1). The
annual effective dose of ingestion of uranium
and thorium radionuclides reported by UNSCEAR
(2000) is 110 μSv year-1 (for adults). The value
of the nominal risk coefficient RF adjusted for
cancer and hereditary effects, published by the
ICRP (ICRP, 2007), is 5.7 × 10-2 Sv-1.
In the case of radionuclides existent in soils
or building materials, based on the concentration activity values of natural radionuclides or
radionuclides originating from natural series,
AX, the hazard risk should be calculated using
the total outdoor absorbed dose rates at 1 m
above the ground surface due to γ-rays emission in air by the terrestrial radionuclide X (X =
226
Ra, 232Th, and 40K), using the following equations (UNSCEAR, 2000; Ene & Pantelica, 2011b;
Ene et al., 2020; Moghazy et al., 2021):
 Radium equivalent activity ():
Raeq = ARa + 1,43ATh + 0,077AK ≤370
 Air absorbed gamma dose rate (Dair),
nGy/h:
D = 0.462ARa + 0,621ATh + 0,0417AK< 57
 External (γ radioactivity) level index (Iγ):
ARa
A
AK
+ Th +
≤1
300
200
3000
 External hazard index (Hex)
Iγ =

ARa
A
AK
+ Th +
≤1
370
259
4810
 Internal hazard index (Hin)
ARa
A
AK
Hin =
+ Th +
≤1
185
259
4810
Hex =
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