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Current radiation protection is a very sophisticated and elaborate domain 
where, once the information about the exposure of persons is known in 
terms of the quantity of the effective dose, we can predict resulting 
radiological consequences related to the stochastic risk to the health of the 
exposed persons without a need for other details. In fact, the effective dose 
contains all pertinent information including the average organ dose 
distribution and relevant radiation and tissue weighting factors which take 
into account the specific effects of different types of radiation and selected 
tissue radiosensitivity. Since the effective dose cannot be measured directly, 
one has to rely on the monitoring of other appropriate measurable quantities 
and then do some conversions. The current structure of radiation protection 
quantities includes too many quantities, the definitions of some of which are 
not easy to understand and interpret. Moreover, there are numerous 
quantities based on the dose equivalent, such as the equivalent dose, effective 
dose, committed equivalent dose, committed effective dose, collective 
equivalent dose, collective effective dose, personal dose equivalent, ambient 
dose equivalent and directional dose equivalent, where the only unit of Sv is 
used. There are a number of cases in open literature reflecting the difficulties 
and mistakes in the use of radiation protection quantities. Even more 
complicated situations are encountered in the field, where the staff 
responsible for personal and workplace monitoring is confused because of so 
many different quantities and where the staff may not be qualified and 
experienced enough to be able to make the relevant conversions and 
interpretations. The paper summarizes our experience in teaching students 
and lecturing in various training courses addressing radiation protection 
where the primary task was to ensure that all radiation protection personnel 
understood the quantities and units used in radiation protection in the 
correct way consistent with their latest definitions and ICRP 
recommendations. The substance of the paper may be useful to those who are 
not specialists in the field but it is important for them to understand principal 
objectives and current requirements of radiation protection. 
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INTRODUCTION 
 
Applications of radiation and nuclear technologies in 
industry, medicine, science and other areas have been 
steadily going up in terms of number, variety and 
refinement. Although there have been some incidents and 

also serious accidents, namely at the Chernobyl (US NRC, 
2014) and Fukushima (IAEA 2014) nuclear plants, the use of 
these technologies is generally considered to be extremely 
useful  for   mankind  since  the  associated  potential risk  is  
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more than outweighed by tremendous benefits. Without     
ionizing     radiation   (further    only     radiation),   
radionuclides and particle accelerators one can hardly 
imagine not only modern health care, be it diagnostic and 
interventional radiology, nuclear medicine or radiotherapy, 
but also analytical methods in science, environmental 
studies and industry. In addition, nuclear fission reactors 
produce quite a substantial portion of electricity in a number 
of countries where there seems to be no other option but to 
rely on nuclear power plants for many decades to come 
because it is not expected that the problems surrounding 
nuclear fusion will be solved soon and there is no prospect 
in the near future of the appearance a new principle of 
producing energy which would be more efficient, cleaner 
and based on raw or other materials readily available.  

As with any other technology, however, radiation and 
nuclear technology cannot be absolutely risk-free, but under 
normal situations, potential harmful effects in this case are 
very low, in fact lower than what is encountered in other 
fields. Of course, in all branches of human activities accidents 
have happened, are happening and will surely happen also 
in the future. The tasks of scientists, researchers, engineers, 
medical and other specialists consist in reducing the 
chances of accident to the very minimum and taking 
appropriate measures to eliminate or minimize their 
consequences with respect to people and the environment.  

Under planned conditions which include more than 
99.999% of common situations, the impact of radiation 
exposure can be kept at a level which can be acceptable 
taking into account the enormous benefit which radiation or 
nuclear based applications can produce. In other words, the 
associated risk is acceptable by society. The specialists 
involved, media and relevant authorities, however, should be 
able to convince the public about the indisputable 
advantages of radiation/nuclear technologies on the one 
hand and about their safety and security on the other hand. 
This would also require appropriate communication with 
the public, where well knowledgeable and trained persons 
should be involved. To this end the aim of radiation 
protection has to be defined and outlined in a clear and 
understandable manner. 

It is important to realize two main objectives of 
radiological protection: a) to minimize stochastic biological 
effects to the very minimum applying the concept ALARA 
(As Low As Reasonably Achievable) taking into account 
sociological, economic and other relevant aspects, and b) to 
prevent or reduce the number of incidents and accidents 
involving the use of radiation sources and the operation of 
nuclear installations (ICRP, 2014; WHO 2004).   

In accordance with the recommendations of such 
reputable worldwide renowned expert bodies such as the 
ICRP (International Commission on Radiological Protection) 
(ICRP, 2014) the main aim of radiation protection should be 
to address two fundamental issues: under normal situations 
– how to keep radiation exposure as low as reasonably 
achievable    (taking   into    account    other  relevant   factors  

 
 
 
 
including the cost since there are always limited resources 
available and radiation protection, as any protection, does 
cost something), and in case of emergency – how to do 
everything possible to prevent an accident happening and, if 
it happens, to be ready to act in order to minimize its 
impact. To introduce and implement these measures, it is 
necessary to establish a relevant protection system and 
appropriate infrastructure to maintain a high level of 
protection which is consistent with strict international 
standards and requirements, and meet the expectations of 
society (ICRP 1977; ICRP 2007).  

The implementation and maintenance of such a protection 
system requires educated and trained personnel. In addition 
to professionals directly responsible for the safety and 
security of radiation sources and nuclear installation, we also 
have to train some other personnel who apply these 
technologies in their professional fields so that they know 
how to protect themselves and other people who normally 
are not supposed to know much about radiation.  

One also has to realize that it is necessary that members 
of the general public (including potential patients) should 
have some basic understanding of radiation and nuclear 
technologies so that they can perceive the magnitude of the 
associated risk in perspective with other risks we encounter 
with in our everyday life or the risks associated with other 
professions.  
 
Who has to be educated, trained or taught? 
 
There are several categories of people who need some 
training or awareness as to the fundamental aspects of 
radiation protection; the level of this training may be at 
some specific levels depending on the group of people 
considered (Figure. 1): 

1. The highest level of radiation protection expertise is 
needed by such professionals as nuclear physicists and 
chemists, nuclear reactor personnel, radiation protection 
officers responsible for radiation protection at relevant 
workplaces or institutions, medical physicists, radiation 
diagnostic and therapeutic staff, personnel of technical 
supporting services (personal dosimetry, calibration 
laboratories), radiopharmacists, personnel trained to handle 
radiation and emergency situations and, of course, 
inspectors and other staff members of the regulatory bodies. 
Sometimes, however, a highly technically competent person 
who is a specialist in the use of radiation or radionuclides 
may not necessarily also be an expert in radiation 
protection (this is why they have to receive some radiation 
protection training relevant to the field they are engaged in).  

2. Basic knowledge of radiation protection is 
necessary for any persons who may come into contact with 
radiation sources during their specific professional 
activities. This may include firemen, customs officers, some 
policemen,      personnel     involved     in    the   transport   of 
radioactive and nuclear materials etc. 

3.   An   important   role   is  played by teachers in basic and 
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Figure 1:  Some of those who need to be informed about radiation to a certain extent commensurable 
with their professions or positions 

 
 
 
secondary schools who can, in relevant subjects, explain 
basic  properties  of  radiation,  its  sources, applications and 
the danger related to high exposure.  

4. People actively involved in mass media 
(newspapers, radio, TV etc.) should be able to adequately 
describe the risk and inform the public in simple language 
what danger radiation presents and how to protect against it 
or how to reduce its impact, especially under emergency 
conditions or in the case of sabotage or radiological attack.  

5. Public relations officers at industrial installations or 
administration including those at the central, regional, 
municipal and local administrative levels and other 
personnel should be able to communicate with the public in 
case of any radiation accident (including evacuation, the 
distribution of iodine tablets or the use of protective 
equipment etc.). In all these cases, it is important to 
distinguish between the remediation measures under 
incidences or minor mishaps from situations which can 
severely affect people and thus require immediate 
emergency response. 
 
A prerequisite to understanding radiation protection 
 
It is obvious that one can achieve various degrees of 
expertise and understanding of radiation protection 
depending on the particular requirement in a specific field 
or profession. In any case, however, it is necessary to have 
some basic knowledge of some aspects related to atomic 
physics, radiation properties, sources of radiation and the 
behavior of radiation when it interacts with matter or 
tissues, including some basic information about the harmful 
effects of radiation. 

Basic knowledge of atomic and nuclear structure 
 
A basic knowledge of atomic and nuclear physics would be 
necessary to understand the nature of radiation, 
radioactivity, sources of radiation, radiation behavior, 
radiation monitoring and potential harmful effects. For this, 
one has to be familiar with a simple model of the atom and 
its nucleus. Around the atoms orbital electrons circulate and 
their electric charge is compensated by a positively charged 
nucleus composed of protons and neutrons. The simplified 
picture of the atomic structure and decay processes 
associated with the emission of alpha and beta particles or 
gamma photons is illustrated in Figure 2.  

It is important to realize that some atoms possess stable 
nuclei and they do not go through radioactive decay where 
the nucleus emits one or more particles or gamma photons. 
Due to decay a radioactive nucleus may be converted into a 
stable or unstable daughter nucleus. The process of 
radioactive transformation is characterized by the half-life 
which is the time interval during which half of radioactive 
nuclei decay. The amount of a radioactive source can be 
expressed by means of its mass or activity, which is defined 
as  the  number of  radioactive decays per second. Of course, 
the structures of atoms and the internal processes they 
undergo as well as their radioactive transformations are 
more complex than those illustrated in the simplified Figure 
2. In more advanced courses we have to discuss such 
aspects as positron emission and annihilation, internal 
conversion, orbital electron capture, Auger electrons, 
characteristic X-rays, electron binding energies, specific 
activity, serial radioactive decay, radioactive equilibrium as 
well as some basic quantum mechanics.   
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Figure 2:  Illustration of atomic structure with a nucleus formed by protons and neutrons, and basic 
decay processes resulting in the emission of α, β and γ radiation. 

 
 
 
There are natural radionuclides and radionuclides artificially 
produced in nuclear reactors by neutron bombardment or 
obtained by the interaction of particles generated by 
accelerators. It is necessary to point out that radiation is 
present everywhere because of cosmic radiation and 
radiation emitted by natural radionuclides which are 
present in certain (usually very tiny) concentrations 
everywhere around us and we receive, whether we like it or 
not, a certain radiation exposure due to these natural 
sources of radiation.  
 
Origin and properties of ionizing radiation 
 
It is important to have a clear idea where radiation 
originates and what are the most essential sources of 
radiation (Sabol, 1995; Grupen, 2010; Martin, 2011), i.e. 

* Cosmic radiation is produced by the Sun and comes 
from outer space. This radiation strikes the atmospheric 
layer surrounding our planet where its strength is 
considerably reduced before exposing us on the surface of 
the earth. It is only appropriate to realize that at higher 
altitudes the level of exposure is many times higher than that 
at sea level.  

* Radionuclides of natural origin are present in soil, 
rocks, water, air, plants, living creatures and thus in our 
foodstuffs, meaning there are some radionuclides present all 
the time in our body. Radionuclides can affect us from 
outside since the radiation they produce may strike our body 
and expose some organs and tissues on our body. External 
radiation can affect us in the same way from radiation 
generators (such as X-ray tubes, charged particle 
accelerators). We may also be exposed to radiation emitted 
by radionuclides which have entered our body via the 
inhalation of radioactively contaminated air, the ingestion of 
food containing some radionuclides or radionuclides which 

have penetrated the body through wounds or the skin. 
Normally, radionuclides are parts of a more complex 
chemical substance the properties of which affect the 
behavior of particular radioactive material. Radionuclides 
continue in their process of decay and nothing from the 
outside can stop or affect this process.  

* Nuclear reactors are very strong sources of 
neutrons and gamma radiations. In its basic form, a nuclear 
reactor is an assembly that consists of fuel (usually enriched 
uranium) a moderator (for thermalizing neutrons), 
preferably of a low atomic mass number, control rods made 
of materials with a high thermal-neutron absorption cross 
section (e.g., cadmium or boron steel), and a coolant to 
remove the heat generated. The reactor can be shut down 
even though it still contains a lot of radionuclides inside its 
core. These radionuclides produce heat and thus even a 
reactor which is stopped must be cooled; otherwise its 
temperature will go on increasing, possibly causing its 
destruction (a recent example was the accident at the 
Fukushima power plant).  

* Radiation generators such as X-ray tubes used in 
diagnostic or industrial radiography as well as various types 
of charged particle generators produce radiation when they 
are on but this production can be stopped by switching 
them off. From the point of view of radiation protection this 
can be considered as a certain advantage. 

The aim of introductory courses should be to help 
participants distinguish between radioactive sources and 
radiation generators, and to give them an idea of alpha 
particles, beta radiation, gamma and X-rays and neutrons. It 
is expected that in such courses students learn about the 
unit of activity (Bq – becquerel) which represents a very tiny 
amount of radioactive material. In fact, natural radionuclide 
concentrations in soil, rock or water are normally in the 
range of one to several hundred Bq  per kg. This  is  why for  



 
 
 
 

 
 

Figure 3:  Principal difference in the interaction of uncharged 
particles (exponential decrease of their fluence) and charged particles 
characterized by a definite range 

 
 
 
the   activity   of   powerful  radioactive  sources  I t has to be 
expressed in multiple units, i.e. MBq, GBq etc.  

The activity A, specific activity am and half-life are defined 
as 

 
where dN is the number of disintegrations occurring in a 

radionuclide within a time dt, λ is the   decay constant, Av is 
the Avogadro number, M is the atomic mass number and 
T1/2 is the half-life. It is obvious that radionuclides with a 
long half-life have a low specific activity. The relationship 
between the present unit of the activity Bq and the old unit 
Ci (curie) is  

1 Ci = 3.7 . 1010 Bq. 
Around any radiation source a corresponding radiation 

field is created which at the point of interest can be 
characterized by the number of particles or photons moving 
at this very place and is usually related to the unit area these 
particles are striking. The higher the intensity of the 
radiation field the higher the exposure we receive from this 
radiation. The particle fluence Φ and the particle fluence rate 
φ are introduced by the relationship  

 
where dN is the number of particles incident on a sphere of 
cross-sectional area da and dΦ is the increment of the 
fluence in the time interval dt. 
 
Radiation interaction: Attenuation and range 
 
As mentioned above, around any source of radiation a 
relevant radiation field is formed. If any material appears in 
this field, various interactions between radiation and the 
material take place. These interactions depend on the type of 
radiation,   its   properties (mass,  charge,  energy)   and    the  
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parameters characterizing the material involved 
(composition, density, physical form).  

There is a dramatic difference in interaction processes of 
indirectly (ionizing) radiation, ie. uncharged particles, and 
directly (ionizing) radiation, ie., charged particles.   

Any single uncharged particle may interact with atoms 
and nuclei of the matter by several different processes each 
of which is characterized by a certain probability. Generally, 
at a certain path the particle may not interact or it can be 
absorbed or scattered. In this case one cannot predict the 
behavior of any concrete particle which in principle may be 
absorbed at a very short distance in its path or it may travel 
some distance without any interactions. This is why in the 
case of uncharged particles we cannot refer to a definite 
range but we can only specify the attenuation of a sufficient 
number of such particles.  

The main interaction processes photons undergo with 
matter include photoeffect and pair production (a photon 
disappears) and Compton scatter (a portion of photon 
energy is transferred to an electron but a photon with lower 
energy will move in a different direction). The result of the 
interaction is the transfer of the entire or a substantial 
portion of the energy of the incident photon to an electron 
and the scatter of the original photons. In other words, one 
cannot completely stop photons; one can only reduce their 
number and this depends on the type and thickness of the 
shielding materials where a quantity the half-value layer is a 
useful characteristic parameter of the properties of the 
material in terms of its ability to attenuate a photon beam. 
The half-value layer corresponds to such thickness of the 
material which will reduce the number of original photons 
to the half of their number.  

A similar situation is also found with other commonly 
encountered indirectly ionizing radiation. Neutrons, which 
essentially interact only with the atomic nucleus, may 
undergo a variety of processes, the probability (cross-
section) of each process occurring depending on the 
neutron energy and the properties of the material. In one of 
these interactions a radioactive nucleus is produced by the 
absorption of a neutron by a nucleus of the material. Many 
man-made radionuclides are produced by neutron activation 
of a suitable sample of relevant material.  

On the other hand, charged particles (directly ionizing 
radiation)    are    losing     their    energy    in  the interaction 

processes  with  matter    more   or     less continuously   in 
relatively small portions. Consequently, after travelling a 
certain distance the particle loses all its energy and stops. 
This distance is called the range, which depends on the type 
of particle (mass, charge), its energy and the material 
involved. The difference in the interaction of uncharged and 
charged particles is illustrated in Figure 3.  
 
Quantification of radiation effects on humans 
 
It is well known that when radiation undergoes an 
interaction  processes, it   can  deposit   some   energy in  the  
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material either directly (by charged particles) or indirectly 
(by secondary charged particles produced by uncharged 
particles). This energy usually results in ionization and 
excitation of atoms and molecules. If living organs or tissues 
are exposed to radiation, some specific biological effects 
may appear which, at low exposure levels, may induce 
cancer (with a certain probability proportional to the 
amount of exposure), or some biological damage as long as 
the exposure is above certain threshold level. The first type 
of biological effects are referred to as stochastic effects (they 
may appear in an exposed individual or not), while the 
second type of effects are called deterministic effects (they 
will surely be developed in an individual who has received 
high exposure).  

In principle, radiation effects in materials can be 
expressed using well-defined physical quantities such as the 
exposure, kerma and absorbed dose (dose), which are 
essentially point quantities 

 
where X is the exposure (defined only for photons in air), 

dQ is the absolute value of the total charge of the ions of one 
sign produced in air when all the electrons and positrons 
liberated  or created by photons in air of mass dm are 
completely stopped in air, K is the kerma, dEtr is the sum of 
the initial kinetic energy of all particles liberated by 
uncharged particles in a mass dm of material, D is the dose, 
dε is the mean energy imparted to matter of mass dm.  

It  should  be  emphasized  that  in the definition of the 
dose the energy imparted is not necessarily only the energy 
absorbed since the energy ε is the sum of all energy deposits 
in the volume considered. The energy imparted and energy 
deposit can be expressed in the form 

 
where εi is the energy deposit in a single interaction i, εi  is 

the energy of the incident ionizing particle (excluding rest 
energy), εout is the sum of the energies of all ionizing 
particles leaving the interaction (excluding rest energy), Qr is 
the change in  the rest energies of  the  nucleus  and  of  all 
particles involved in the interaction (Qr > 0, decrease of rest 
energy, and Qr < 0, increase of rest energy) (Sabol, 1995).  

The basic unit of the exposure is C.kg-1 (the relation to the 
old unit roentgen, now forbidden, is 1 R = 2.54 . 10-4 C.kg-1), 
the unit for the kerma and dose is the same, namely gray 
(Gy). The older unit which is no longer supposed to be used 
was rad, whereas 1 Gy = 100 rad.    

All above-mentioned quantities can be related to the unit 
of time, dX/dt, dK/dt and dD/dt, which are then called the 
exposure rate, kerma rate and dose rate with the units of 
A.kg-1 and Gy.s-1, respectively.  

For the assessment of health effects rather than point 
quantities a more significant measure is an averaged 
quantity such as the average dose  in  an  organ  or  tissue DT.  

 
 
 
 
Two   important    quantities    used    for    the  estimation of 
stochastic effects (at low doses) are based on the dose taking 
into account the type of radiation R and the organ or tissue 
T. These quantities – equivalent dose and effective dose – 
cannot serve as a measure of deterministic biological effects.  

The definitions of equivalent dose HT and effective dose E 
are as follows 

 
where wR is the radiation weighting factor, wT is the tissue 

weighting factor and DT,R  is the average dose in the organ or 
tissue T produced by the radiation of type R.  

The basic unit of these quantities, as long as the dose is in 
Gy, is sievert (Sv). It is related to the old unit of rem which 
had been used previously in radiation protection as 1 Sv = 
100 rem.  

We do not have an alternative system of similar quantities 
for the assessment of deterministic effects although for 
organs or tissues sometimes the so-called RBE-weighted 
dose for which the unit Gy-Eq (gray-equivalent) was 
proposed. So far, the deterministic effects are usually 
expressed in Gy accompanied by some details with respect 
to the geometry of the exposure and the type of radiation.  

Since both the effective dose and the equivalent dose 
cannot readily be measures, some other quantities for their 
assessment have been introduced; based on these quantities 
we can approximate E as well as HT. For external exposure 
we have special operational quantities, namely the personal 
dose equivalent Hp(d), the ambient dose equivalent H*(d) and 
the directional dose equivalent H’(d). The parameter d 
corresponds to the depth under the surface of a tissue 
equivalent material (when the personal dose equivalent is a 
layer of this material on the surface of the body and when of 
ambient dose equivalent to an ICRU phantom is considered) 
to which the dose equivalent H is related (ICRU, 2011). If d = 
10 mm, the numerical value of H at this depth corresponds 
to the numerical value of Hp(d) and H*(d) in Sv which 
corresponds to the effective dose from external radiation. 
The value of d = 0.07 mm or 0.3 mm is chosen for the 
assessment of the radiation level in skin or the    lens   of     
the   eye,   respectively.  The   definitions   of operational 
quantities for the assessment of external radiation are not 
straightforward nor easy to interpret since they introduce 
the concept of an expanded and aligned radiation field.  As 
long as the dosimeters and monitors are calibrated in such a 
way that their readings are registered in terms of 
operational quantities, the use of these quantities is simple: 
a reading in Sv is taken as a contribution to the effective dose 
or equivalent dose (Sabol, 2010). 

The contribution due to internal radioactive 
contamination, following the intake of radionuclides via 
inhalation, ingestion or through the skin or wounds, appears 
to be more complicated. Here we have to assess the intake in 
Bq and then use conversion factors to come to the effective 
dose. In this case one has to monitor the activity 
concentration in the air and the content  of  radionuclides in  
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Table 1.  Annual per capita effective doses from natural and man-made sources of radiation worldwide  
 

Source Annual effective dose (mSv) Typical range (mSv) 
Natural background 
    External 
o Cosmic rays 
o Terrestrial gamma rays 
   Internal 
o Inhalation (principally radon) 
o Ingestion 
    ------------------------------------------- 
   Total1 

Medical (primarily diagnostic X rays) 
Man-made environmental 
   Atmospheric nuclear-weapons tests2 

   Chernobyl accident3 

   Nuclear power production4 

 
 
0.39 
0.48 
 
1.26 
0.3 
----- 
2.4 
0.6 
 
0.005 
0.002 
0.000 2 

 
 
0.3-1.0 
0.3-1.0 
 
0.2-10 
0.2-0.8 
 
1-13 
0.03-2.0 
 
up to 0.15 
highest 0.04 
up to 0.02 

    

Notes: 1About 3-4 mSv in the Czech Republic 
 2Peak was in 1963 
 3Not more than 0.6 mSv of life exposure in the Czech Republic (even for children born in 1986) 
 4Highest for critical groups at 1 km from some nuclear reactor sites 

 
 

Table 2.  Recommended dose limits in planned exposure situations 
 

Type of limit Annual occupational exposure Annual public exposure 
Effective dose 
Equivalent dose to lens of the eye  
Equivalent dose to the skin 
Equivalent dose to hands and feet 

20 mSv1 
150 mSv 
500 mSv 
500 mSv 

1 mSv2 
15 mSv 
50 mSv 

- 
   

Notes: 1Averaged over 5 years, with no more than 50 mSv in any one year 
2Exceptionally, a higher value of effective dose could be allowed in a year provided that the average   over 5 years does not 
exceed 1 mSv in a year 

 
 
 
foodstuffs     and    water    (mainly       for      the      exposure  
assessment  of  the population).  
 
Protection against radiation: how much is too much? 
 
The harmful effects caused by radiation exposure should be 
understood in perspective with other risks. It is important 
to distinguish between the prevailing normal situations 
(only sto-chastic effects are expected) and the cases of 
accidents or other emergences when the exposu-re may 
reach levels commensurate with the appearance of 
deterministic effects. One should also bear in mind exposure 
due to natural sources of radiation which vary to some 
degree dependent on the location, geological conditions and 
other factors as shown in Table 1 (based on (UNSCEAR, 
2000; UNSCEAR, 2008) which presents various 
contributions to the worldwide annual effective dose. 

The adequate protection of radiation workers 
(professionally exposed) and members of the public is 
ensured by keeping radiation exposures not only below 
recommended dose limits but at the same time reducing the 
exposure to a very minimum in accordance with one of 
basic principles of radiation protection – ALARA. The latest 

dose limits proposed by the ICRP (ICRP, 2007) and 
recommended by the IAEA (IAEA, 2011), European Union 
(EU, 2013) and other international organizations are in 
Table 2 (IRPA, 2013).  

In accordance with the data showed in Table 1, there is a 
visible increase in the exposure coming from the medical 
use of radiation. This will likely continue and soon the 
average dose due to medical exposure may be higher than 
that due to natural radiation. This is why special attention 
should be paid to controlling medical exposure using strict 
measures to observe introduced reference levels and 
optimizing the number of diagnostic examinations. 

Since dose limits do not apply to the patients, diagnostic 
reference levels are used instead for controlling their 
exposures. These reference levels are intended to act as a 
benchmark figure against which doses from common 
diagnostic procedures can be compared. The ICRP now also 
uses  another  term - the  reference level – in  the  context of 
emergency and existing exposure situations for the 
restriction on dose or risk, above which it is judged to be 
inappropriate to plan to allow exposures to occur, and 
below which optimisation of protection should be 
implemented.  
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All   professionals   in   radiation  protection, including the 
users of radiation sources should be familiar with the 
average values of the exposure to natural sources and at 
least approximately be aware of the exposure due to man-
made sources and their applications.  
 
Education and training: specific approach needed  
 
In accordance with the international standards, directives 
and recommendations developed and promoted by such 
organizations and associations as ICRP, IRPA, IAEA, WHO, 
EU and others, it is a prerequisite to achieve and maintain 
adequate protection of persons and the environment which 
may be affected due to the use of radiation and nuclear 
based technologies for peaceful purposes the personnel 
active in the field should be able to follow national and 
international safety and security requirements. These 
objectives can only be satisfied by the availability of 
sufficiently qualified experts and other specialists who have 
to receive appropriate education at schools and universities 
as well as in some special training courses. Education and 
training is a key factor in establishing effective national 
radiation protection programmes where it would be 
desirable to include basic aspects of radiation properties 
and exposure in elementary school curricula and in some 
seminars for the public in order to improve the 
communication between specialists and the general public. 

The highest qualification in the field is associated with 
the requirements for the expertise of a Radiation Protection 
Expert (RPE) the definition of which in accordance with the 
International Labour Organization (ILO) classification was 
specified by the IRPA is as follows (Wheatley, 2014): 

a) The RPE should obtain education and/or 
experience equivalent to a graduate or masters degree from 
an accredited college or university in radiation protection, 
radiation safety, physics, biology, chemistry, engineering or 
a closely related physical or biological science; 

b) The RPE should acquire competence in radiation 
protection by virtue of special studies, training and 
practical experience so that he/she has sufficient 
understanding, ability and competency: 

(c) To anticipate and recognize the interactions of 
radiation   with    matter   and  to  understand the  effects  of 
radiation on people and the environment, 

(d) To evaluate the radiological factors in terms of 
their ability to impair human health and well-being and 
damage to the environment, 

(e) To develop and implement methods to prevent, 
eliminate, control, or reduce radiation exposure to workers, 
patients, the public and the environment; 

(f) The RPE should be recognized, certified or 
accredited by the competent authority so that these 
professionals will be eligible to undertake certain radiation 
protection responsibilities where recently the areas related 
to the security of radiation sources and nuclear installation 
has also been emphasized.   

 
 
 
 
Any curriculum required for special education or training in 
radiation protection should include some aspects of the 
following main topics (the details and deepness may be 
adjusted in accordance with the background of the trainees 
and required level of expertise to be attained): 

1. Basic philosophy and needs of protection of 
persons and the environment against harmful or dangerous 
substances or pollutants including the requirements for 
their regulation, control, monitoring etc.; 

2. Properties of ionizing radiation (X-rays, gamma 
radiation, alpha particle, beta particles, electrons, protons, 
neutrons), the difference between ionizing and nonionizing 
radiation); 

3. Sources of ionizing radiation: 
4. Radionuclides (radioactivity, radioactive decay, 

activity, half-life, natural and man-made radionuclides, 
sealed and unsealed radioactive sources, external and 
internal exposure), 

5. Nuclear reactor (nuclear fuel, fission, research 
reactors, nuclear power plants), 

6. Radiation generators (X-ray tube, accelerators), 
7. Cosmic radiation (properties, origin, changes with 

the altitude);  
8. Radiation fields (particle fluence, energy fluence, 

field around a point source); 
9. Interaction of ionizing radiation with matter: 
10. Interaction of indirectly ionizing radiation 

(uncharged particles) 
11. Characteristic the interactions of X-rays and 

gamma radiation (attenuation, energy transfer, photoeffect, 
Compton effect, pair production, half-value layer, 
shielding), 

12. Characteristic of neutron interactions, cross 
section, moderation, nuclear reaction, neutron activation, 
shielding), 

13. Interaction of charged particles (stopping power, 
linear energy transfer, bremsstrahlung, range of particles, 
shielding) 

14. Dosimetry quantities and units (exposure, 
absorbed dose, the relationship between various 
quantities); 

15. Radiation protection quantities and units (dose 
equivalent, equivalent dose, effective dose, committed 
equivalent dose, committed effective dose, collective dose, 
operational quantities – personal dose equivalent, ambient 
dose equivalent, directional dose equivalent, contribution 
from external radiation and internal exposure, activity 
concentration, intake via inhalation and ingestion, 
conversion factors); 

16. Biological effects of ionizing radiation (stochastic 
effects, risk factors, deterministic effects, dose thresholds, 
somatic and genetic effects); 

17. Protection of persons against harmful effects of 
ionizing radiation (radiation background and its 
components, dose limits for workers and the public, 
justification   and   optimization  of   exposure,  occupational  



 
 
 
 
exposure control, guidance and reference levels, protection 
of patients, protection of the public, protection measures 
against external and internal exposure, safety and security 
of radioactive sources, protection against radiological 
terrorism); 

18. National radiation protection infrastructure and 
international recommendations or requirements 
(independent regulatory authority; a system of notification, 
authorization, inspection and enforcement; laws and 
regulations, the role of international expert bodies and 
organizations such as ICRP, ICRU, IAEA, WHO, ISO etc.); 

19. Measurements and monitoring of ionizing 
radiation (detectors, spectrometry, dosimeters, associated 
electronics, personal dosimetry, workplace monitoring, 
environmental monitoring, calibration of dosimeters and 
monitors, interpretation of measuring results in terms of 
recognized quantities); 

20. Safe transport of radioactive and nuclear material 
(requirements and regulations, packaging, containment and 
confinement, transport index, emergency planning and 
preparedness);  

21. Preparedness and response for a nuclear and 
radiological emergency (functional requirements, 
requirements for infrastructure, typical threat categories, 
area and zone sizes, dangerous sources, urgent protective 
actions on and off the site); 

22. Radioactive waste management (handling, 
treatment, conditioning and storage of radioactive wastes; 
radioactive waste disposal, decontamination and 
decommissioning of nuclear installations, radiological and 
environmental aspects of waste management, waste 
management planning and infrastructure); 

23. Applications of ionizing radiation, radionuclides 
and nuclear energy including specific aspects of radiation 
protection: 

24. Medicine (diagnostic and interventional radiology, 
nuclear medicine, radiotherapy), 

25. Industry (industrial irradiators, industrial 
radiography, nuclear gages, oil-well logging etc.), 

26. Analytical methods (neutron activation analysis, X-
ray  fluorescence  analysis,  radioactive indicators, pollution  

Identification   and   monitoring,   other   methods  based  
on the interaction of radiation); 

27. Science and research (radiotracers, material 
structure studies, the use of accelerators, spectrometry 
etc.); 

28. Nuclear energy (nuclear power plants, production 
of electricity and thermal energy, research nuclear reactors, 
production of radionuclides, safety and security 
requirements, radioactive waste). 

The above syllabus can be used as a basis for specific 
training courses organized at the international, national 
and local level. In order to ensure efficiency of any 
educational or training process, it is necessary to develop 
appropriate teaching materials and documents. An example 
of a systematic approach to training  in radiation protection 
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may  serve   courses developed and organized by the IAEA 
(Wheatley, 2014; IAEA, 2014): 

* Post-Graduate Educational Courses in Radiation 
Protection and Safety of  Radiation Sources, 

* Specialized training courses addressing specific 
fields of the use of radiation or nuclear based technologies, 

* On-the-job training including fellowships, 
* Scientific visits for managerial staff and senior 

specialists, 
* Workshops and seminars aimed at specific topics,  
* Distance learning, and 
* E-Learning. 

 

 
Conclusion 
 
Education and training in radiation protection is an 
inseparable part of any activities involving the production, 
transport, use and disposal of radioactive sources or 
operation of the nuclear reactors or the use of X-ray tubes 
and charged particle accelerators in industry, medicine and 
science. Informing and communicating with the public is a 
political, sociological and economic issue; if the public is not 
sufficiently informed about the safety aspects as well as the 
tremendous benefits of radiation and nuclear applications, 
they may be easily incited against the use of these 
important technologies by the media and other particular 
organizations or persons exaggerating their negative 
impacts and risks. Training and sufficient education and 
qualification should be one of the first requirements of the 
Regulatory Authority when an applicant is asking for a 
licence or permission for work with radiation sources or for 
the installation and operation of nuclear devices or 
equipment. 
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