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RADIATION DOSIМETRY 

Ir. Chris J. Huyskens, Eindhoven University of Technology, РО Вох 513, NL 5600 МВ Eindhoven 

1. INTERACTION OF RADIATION AND ENERGY DEPOSITION 

Radiation dosimetry is based оп the understanding of the mechanisms Ьу which the various 

radiations interact with matter. These interactions involve а transfer of energy from the radiation 

to the matter with which it interacts. The probability of occurrence of any particular category of 

interaction, and hence the energy absorption as well as the penetration power of several radiations, 

depend оп the type and energy of the radiation as well as оп the nature of the absorbing medium. 

Interaction between charged particle radiation and the orЬital electrons of the absorЬing 

medium leads to electronic excitation and ionization. Such interactions are inelastic collisions. The 

orbltal electron is held in the atom Ьу electrical forces, and energy is lost Ьу the alpha or beta 

particle in overcoming these forces. The amount of energy lost depends оп the electrical charge of 

the radiation particle and on its kinetic energy. 

In many ionizing collisions, only one ion pair is produced. In other cases, the ejected electron 

may have sufficient kinetic energy to produce а small cluster of several additional ionizations. 

When the ejected electron receives а consideraЫe amount of energy, it may travel а long distance 

and leave а trail of ionizations. Such electron (with kinetic energy above 1 keV) is called а delta 

ray . 

The linear rate of energy loss of charged radiation particles due to ionization and excitation is 

an important parameter in radiation dosimetry. This so-called specific ionization is the number of 

ion pairs formed per unit distance travelled Ьу the radiation particle. The term specific ionization 

refers to the energy lost Ьу the radiation. When attention is focused оп the absorЬing medium, as 

in radioЬiology and in radiation protection, we are interested in the density of energy absorption 

Ьу the absorЬing medium as the ionizing particle traverses. The linear energy transfer (LET) is а 

measure for the spatial density of energy absorption. It is the mean energy lost Ьу the radiation 

particle, due to collisions with electrons per unit distance traversed in material. In radiation 

dosimetry the LET is used as the physical quantity to specify quality of radiation in terms of 

relative Ьiological effectiveness1
• 

1Lineal energy is а similar quantity to describe the spatial density of energy imparted to the matter in а small volume 
of interest. 
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Alpha radiation 

The major energy loss mechanisms for alpha particles, and the only one considered significant 

in radiation protection is electronic excitation and ionization. In passing through air or through soft 

tissue, an alpha particle looses, оп the average, 35 eV per ion pair that it creates. Because of its 

high electrical charge and relatively low velocity due to its great mass, the specific ionization of an 

alpha particle is extremely high2
• Consequently alpha radiation is considered so-called high LET 

radiation with high relative Ьiologic effectiveness, which is expressed in а high value for the 

radiation weighting factor3• 

The extremely high specific ionization Ьу alpha particles causes that they are the least penetrat

ing of the radiations. In air, even the most energetic alphas from radioactive substances, travel 

only several centimetres, while in human tissue the range of alpha radiation is only in the order of 

micrometers. 

Beta radiation 

The specific ionization Ьу beta radiation is roughly 2 or 3 orders of magnitude smaller than for 

alphas. Subsequently their path length through matter is longer in that same proportion. Beta 

particles however, since they have the same mass as orЬital electrons in matter, are easily 

deflected during collision. For this reason beta radiation follows tortuous paths as they pass 

through absorbing media. The range of penetration of betas in matter is therefore substantially less 

than their full path length. The energy absorption from beta rays depends mainly on the number of 

absorblng electrons in the path of beta rays or, оп the areal density of electrons in the absorber 

matter. То а very much lesser degree, it depends оп the atomic number of the absorЬing medium. 

The areal density of electrons is approximately proportional to the product of the density of the 

absorber material and the linear thickness of the absorber (this is called density thickness). А 

practical advantage of using the density thickness is, that it allows the interpretation of penetration 

depths in different materials in а radiologically meaningful way. As а rough rule of thumb, а 

useful relationship is that the absorber half-thickness (that thickness of matter that absorbs one half 

of the beta particles and their energy) is about one eights the maximum range of beta rays. From 

this it follows that roughly 50% of incident beta rays energy is absorbed in about one eights of the 

full penetration depth in tissue . 

2In the order of tens of thousands of ion pairs per centirneter in air . 

3For radiation weighting factor: see Annex 
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When а beta particles passes close to а nucleus in matter, the strong attractive coulomb force 

causes the beta particle to deviate sharply from its original path. The change in direction is due to 

radial acceleration, and the beta particle, in accordance with classical theory of physics, looses 

energy Ьу electromagnetic radiation, which is called Bremsstrahlung. The likelihood of Brems

strahlung production increases with atomic number of the absorber and with beta particle energy. 

In radiation protection practice, the production of Bremsstrablung is only relevant for dosimetry of 

high energy electrons in tissue equivalent material. But for example for shielding purposes, it is 

important to know that high atomic number materials (e.g. metals) are inadequate because of 

secondary production of Bremsstrahlung. 

Photon rad.iation 

For radiation protection purposes, four major mechanisms for the interaction of photon 

radiation are considered significant. Two of these mechanisms, photo-electric absorption and 

Compton scattering, predominate in the case where the quantum energy of the photons does not 

greatly exceed 1. 02 Ме V. Both these mechanisms involve interactions only with the orЬital 

electrons in tJ1e absorblng medium. In the case of photon energies above this energy equivalent of 

the rest mass of two electrons, pair production occurs. This is а direct conversion of electro

magnetic energy into mass. Very high energy photons may also Ье absorbed into the nuclei of the 

absorber atoms, and then initiate nuclear reactions which result in emission of secondary 

radiations. 

The photo-electric effect in which the photon disappears, is an interaction between а photon 

and а tightly bound electron whose Ьinding energy is equal or less then the energy of the photon. 

The primary ionizing particle resulting from this interaction is the photo-electron, which dissipates 

its energy in the absorЬing medium mainly Ьу excitation and ionization. 

Compton scattering is an elastic collision with free electrons. Since all the photon's energy 

cannot Ье transferred, the photon must Ье scattered, and the scattered photon must have less 

energy then the incident photon. The scattered electron is of great importance in radiation 

dosimetry, because it is the vehicle Ьу means of which the radiation energy is transferred to the 

absorЬing medium. The Compton electron dissipates its kinetic energy in the same manner as а 

beta particle; it is the primary ionizing particle produced Ьу gamma radiation. Of interest for 

radiation dosimetry is the fraction of the energy in the incident photon beam that is transferred to 

the Compton electron. This energy represents the fraction of absorbed dose due to the Compton 

scattering. The Compton energy absorption coefficient is the difference between the Compton total 

interaction and scattering coefficients. 
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Pair production refers to transformation of photon energy into а positron and an electron. 

Nearly all the photon energy in excess of that needed to supply the mass of the pair appears as 

kinetic energy of the pair . After production, the positron and electron are projected in а forward 

direction and loose their kinetic energy Ьу excitation, ionization, and Bremsstrahlung, as any other 

high energy electron. When the positron has expended all of its kinetic energy, it recomЬines with 

an electron which produces two quanta of annihilation radiations, each 0.51 MeV. The nett result 

of the pair production interaction is the conversion of а single photon into two photons of 

0.51 MeV each, and the dissipation of the excess energy. 

In photo-nuclear interactions, the absorber nucleus captures а high energy photon, and in most 

instances, emits а neutron. lt is а threshold reaction in which the quantum photon energy must 

exceed а certain minimum value that depends оп the absorblng nucleus. Quantum energies greater 

than the threshold appear as kinetic energy of the emitted neutrons or, if great enough, тау cause 

the emission of secondary charged particles . Photo disintegration, with а few exceptions, is not an 

absorption mechanism for gamma rays from radio-isotopes. But it is an important reaction where it 

regards dosimetry of very high energy photons from electron accelerators. 

The energy absorption coefficient describes the fraction of the incident photon energy that is 

deposited in the absorber and considers only the energy transferred to the absorber Ьу the photon 

electrons, Ьу the Compton electrons and Ьу the electron-positron pairs. This energy absorption 

coefficient is used in dose calculations. The fractions of energy carried away Ьу the scattered 

photon in а Compton interaction and the energy represented Ьу annihilation radiation after pair 

production do not contribute to radiation dose and are not included in the absorption coefficients. 

They do appear however, in the total attenuation coefficients (or cross sections), which give the 

probabllities of removal of а photon from the incident beam. The total attenuation coefficient, 

therefore , is the sum of the coefficients for each of the mechanisms discussed before. It is this 

attenuation coefficient, which is used for the purpose of shielding calculations. 

Neutron radiation 

All neutrons, at the time of their origin from their source have high energies and are called 

fast neutrons. Generally, fast neutrons loose energy Ьу colliding elastically with atoms in their 

environment, and after being slowed down to so-called thermal or near thermal energies, they are 

captured Ьу nuclei in the absorblng medium. In view of radiological protection, elastic scattering 

and neutron capture, are the main important interaction mechanisms. Elastic scattering is the most 

likely interaction between fast neutrons and low atomic number absorbers . It is а "Ьilliard ball" 

type of collision in which kinetic energy is transferred to nuclei. Head-on collisions with nuclei of 
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small mass number are more effective. In the course of successive collisions, fast neutrons rapidly 

degrade in energy. As neutrons reach thermal or near thermal energies, their likelihood of capture 

Ьу an absorber nucleus increases. The absorption cross section or coefficient f or slow neutron 

absorption has been f ound to Ье inversely proportional to the square root of the kinetic energy. 

Specific neutron capture reactions with hydrogen and nitrogen are of practical importance in 

radiation dosimetry, since these are the major constituents of human tissue. 

11. CONCEPTS AND QUANTITIES 

Measurements and quantitative dose assessments in radiation protection require various degrees 

of specification of (1) the radiation field at points of interest, (2) the transfer of energy from the 

radiation to irradiated material, and (3) the relationships between absorbed energy and the 

Ьiological, physical or chemical effects the radiations produce. 

The quantities used are divided in various categories. Radiometric quantities deal with radiation 

itself and radiation fields. Dosimetric quantities are correlated with actual or potential interaction 

of radiation and matter. Dosimetric quantities сап Ье expressed as the product of а radiation field 

quantity and interaction coefficients which describe the transfer of radiation energy to matter. А 

special category of dose quantities deals with radiological protection (see chapter III). 

SI-units 

The international bodies ICRP and ICRU recommend the use of s1-units. The s1-system of units 

f orms а coherent system in which all derived units сап Ье obtained from а selected set of basic 

units, without introduction of any numerical factors. Some derived s1-units in the context of 

radiation dosimetry and radiological protection have been given special names. Examples are: 

becquerel (equal to reciprocal second for activity), gray (equal to joule per kilogram for absorbed 

dose and kerma) and sievert (equal to joule per kilogram for dose equivalent quantities). 

Radiometric quantities 

Radiation fields composed of all types of radiations are characterised Ьу radiometric quantities 

which apply in free space as well as in matter. The radiation field quantities basically deal with 

particle number or energy and this is denoted in their names, e.g. particle flux or energy flux etc. 

The word particle сап Ье replaced Ьу the more specific term for the considered radiation, e.g. 

neutron flux, electron flux, neutron energy flux, electron energy flux etc. One of the most useful 

radiometric quantities is the flux density or fluence rate. lt is number of particles emitted, 

transferred or received per unit cross section and per unit time interval. When consideration is 
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given to the energy carried Ьу the radiation particles rather than to the number of particles 

themselves, the energy fluence rate (or energy flux density) is most fundamental. It сап Ье 

described as the radiant energy emitted, transferred or received per unit cross sectional area and 

per unit time interval. These and several other radiometric field quantities, with their mathematical 

formulation been defined Ьу the ICRU4 • 

Dosimetric quantities are intended to provide the physical measure at а point or in а region of 

interest which is correlated with actual or potential interaction of ionizing radiation and matter. Ву 

the application of interaction coefficients, dosimetric quantities can Ье derived from radiometric 

quantities describing the radiation field. 

Exposure and exposure rate 

Early measurements of X-ray and gamma fields in history were all based on observing the 

ionizations they produce in gases. In the 1920's this first led to the description of а unit, called the 

roentgen, to Ье used with X-radiation, saying that "the international unit Ье the quantity of 

X-radiation which produces 1 electrostatic unit of charge in 1 cm3 of air". lt should Ье noted that 

at time of the definition of the unit roentgen there was по special name yet for the related quantity . 

Over the years this became the exposure, which Ьу approximation can Ье described as the total 

charge of ions of one sign, produced per unit mass in air when all the electrons (positive and 

negative) liberated Ьу photons are completely stopped in air. 

Since adoption of the s1-system, the unit of exposure is defined as that quantity of X-ray or 

gamma radiation that produces 1 coulomb of charge in 1 kilogram of air5
• The definition of the 

quantity exposure only refers to X-ray and gamma-rays and to their ionizing capacity in air. The 

ionization process is not the only process Ьу which energy of the radiation may Ье transferred to а 

material. А second important phenomenon is excitation. The photons interact with the defined 

mass of air. In so doing they will produce charged particles . The charged particle energy released 

per unit mass of air and which is subsequently re-absorbed Ьу the air is the product of the energy 

fluence and the mass energy absorption coefficient _The number of ion pairs per unit mass сап Ье 

calculated, taken account of the required energy to produce an ion pair in air6
• 

4lnternational Commission on Radiation Units and Measurements; ICRU report 33 (1980) 

5The relationship between the S1-exposure unit and the traditional unit roentgen 
may Ье ca\culated as: 1 C/kg of air equals 3881 R. 

6Х = Ч' х µ.nlP х e/W,i, 
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It must Ье noted that f or photon energies greater than 3 Ме V it is impossiЫe to build an 

instrument that meets the criteria for electronic equilibrium. Consequently one must know that 

exposure nor exposure rate сап Ье used to quantify high energy photon fields. 
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It also must Ье noted that exposure only applies to X-ray and garnma radiations and not to charged 

particles ionizing radiations. 

Exposure is an integrated measure for the ionizations in air, caused Ьу the external radiation 

fields. The local intensity or strength of an X-ray or gamrna field сап Ье described Ьу exposure 

rate; expressed in units of exposure per hour, per minute or per second. 

In practice it is impossiЫe to сапу out any experiment in which the precise requirements for 

the definition of exposure are met. It is impossiЫe to irradiate а defined mass of air and yet avoid 

irradiation а surrounding mass of air. lt will Ье required for the complete stopping of the charged 

particles released in the defined mass. Recourse has to Ье made to the concept of charged particle 

equilibrium. This exists if the energies, the number and the direction of the charged particles 

liberated Ьу the ionizing radiation, are constant throughout the volume of interest. This is 

equivalent to saying that, in particular the sums of the energies of the liberated charged particles 

entering and leaving the volume are equal. 

Kenna and kerma rate 

The quantity kerma was introduced to emphasize the two stage process that takes place when 

indirectly ionizing radiation such as photons, but also neutrons, impart energy to matter. In the 

first stage the uncharged particles transfer energy to the kinetic energy of charged particles. In the 

second stage those liberated charged particles impart their energy to matter. The quantity kerma is 

useful in considering the first of these two interaction processes. The definition of the quantity 

absorbed dose, refers to the second stage: the absorption of energy in matter. 

Kerma (symbol К) is related to the energy fluence Ьу the mass energy transfer coefficient7. lt 

refers to the sum of the initial kinetic energies of the charged particles liberated Ьу the uncharged 

ionizing radiation particles; it includes the energy these charged particles later radiate in Brems

strahlung. For this part kerma differs from the concept of exposure. Air kerma is the energy 
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equivalent of the air ionization in the definition of exposure with а correction - usually very small 

- f or Bremsstrahlung production8• 

The Bremsstrahlung fraction is only significant at high X-ray energy, and only amounts to less 

than 0.5 % for electrons released in air Ьу 1 MeV gamma radiation. lt falls rapidly with decreasing 

photon energy as, firstly, the fraction of the photon energy transferred to electron energy falls and, 

secondly, the radiation yield of that electron energy is roughly inversely proportional to the initial 

electron energy. 

In conclusion it comes down to the following: For X-ray and gamma radiation below 3 MeV 

the quantities kerma and kerma rate are the analogons for the quantity exposure and exposure rate 

to express the radiation field and the radiation field intensity respectively. Kerma and kerma rate 

however, are also appropriate to describe the field and field strength for high energy photon 

radiation and for neutron radiation, where these latter types of radiations cannot Ье described in 

terms of exposure. 

For the purpose of dosimetry and more specifically for measurements in radiation fields it may 

often Ье convenient to refer to value of kerma or kerma rate in free space, so called air kerma. 

The kerma rate is the time derivative quotient of kerma per unit time interval, so that the unit for 

kerma rate is gray per second or in practice multiples such as gray per minute, milligray per hour. 

111. DOSIMETRIC CONCEPTS FOR RADIOLOGICAL PROTECTION 

When radiation passes through matter, energy is imparted to the matter Ьу the process of 

ionization, either directly or indirectly. In radiological protection special quantities and units are 

used to describe or to measure the "amount" of radiation energy deposited in human tissue or in 

tissue equivalent material. 

Absorbed dose 

The fundamental physical quantity in radiation dosimetry is the absorbed dose; this is the 

energy absorbed per unit mass and its unit is the joule per kilogram, which is given the special 

name gray (Gy). The fundamental definition of the absorbed dose (symbol: D) is specified as а 

8The relationship between kerma К and exposure Х (and consequently also the ratio between kerma rate and exposure 

rate) can Ье shown to Ье: к.;,, = к. = w/e 
Х Х 1 - g 

where g is the fraction of electron energy lost in Bremsstrahlung production. 
w/e is the average energy required to produce а unit of electric charge. 
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point function, and allows the further specification of the spatial variations of absorbed dose as 

well as the distribution of the absorbed dose in linear energy transfer LET9, at the point of interest. 

The absorbed dose and its unit gray is universally applicaЫe to all types of ionizing radiation 

dosimetry, which implies irradiation due to external fields of gamma-rays, neutrons, or charged 

particles as well as irradiation due to internally deposited radionuclides. 

The relationship between kerma and absorbed dose сап Ье summarized as follows. The energy 

transfer of kerma takes place at а point, but the subsequent imparting of energy to matter which 

gives а rise to the absorbed dose is spread over distances determined Ьу the range of the charged 

particles liberated at the point of interaction. 

For external radiation of any given fluence rate (or flux density) the depth distribution of the 

dose rate within an organ or tissue depends on the type and energy of the radiation and on the 

elementary constitution of the absorblng medium. For example bone, because of higher atomic 

numbered elements (Са and Р), absorbs more energy from а photon radiation beam per unit mass 

than soft tissue of lower numbered elements (С, О , Н and N). 

In radiological protection the absorbed dose is used to mean the average dose over tissue or 

organ. The use of the average absorbed dose as an indicator of the probaЬility of subsequent 

stochastic effects depends on the linearity of the dose-response relationship, which is а reasonaЫe 

approximation for protection purposes over а limited range of dose. The dose-response relationship 

is not linear for deterministic effects. So the average absorbed dose over а tissue or organ is only 

relevant to deterministic effects when the dose is fairly uniformly distributed over the tissue or 

organ. In other cases the local absorbed dose in smaller parts of the tissue is relevant to determin

istic eff ects. 

Radiation quality 

Since the probaЬility of stochastic effects is found to Ье dependent on the quality of the 

radiation, а weighting factor has been traditionally introduced to modify the absorbed dose to 

define the dose equivalent. This dimensionless factor, called the quality factor Q, was introduced 

to weigh the absorbed dose for the Ьiological effectiveness of the radiation, producing the absorbed 

dose. It is formulated to take account of the relative effectiveness of the different types of ionizing 

radiations at the low exposure levels encountered in radiation protection practice. 

The ICRP now believes that the detail and precision inherent in using а formal Q versus LЕТ 

relationship to modify absorbed dose to reflect the higher probaЬility of health detriment resulting 

9For LET see page 1 
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from exposure to radiation components with high LET is not justified because of the uncertainties 

in the radioЬiological information. In place of the previous quality factor Q, the ICRP recommends 

radiation weighting factors (wR) based on а review of the Ьiological information, а variety of 

exposure circumstances and inspection of the results of traditional calculations, based on the 

previous quality factors. The recommended10 radiation weighting factors, which apply to the tissue 

or organ absorbed dose are now based on the type and the quality of the external radiation field or 

on the type and quality of the radiation emitted Ьу an internally deposited radionuclide. In other 

words, radiation weighting factors refer to the radiation at incidence, where differently, previously 

used quality factors were defined with regard to radiation quality at the point of actual energy 

absorption. 

Equivalent dose 

Different types of radiation differ in their relative blological effectiveness per unit of absorbed 

dose in human tissue. То account for this difference, а special dose quantity is used called the 

equivalent dose which is the product of the average absorbed dose in а tissue or organ and the 

radiation weighting factor 11 for each type of radiation in question. The special name for the unit12 

of equivalent dose is sievert (Sv). 

The quantity equivalent dose and the radiation weighting factor were introduced Ьу ICRP to 

replace the dose equivalent and the quality factor. The old concepts were related to specific points 

in tissue, where the new concepts relate to the averaged values over а specific tissue or organ. For 

operational radiation protection purposes these conceptual differences are of minor importance. For 

general good understanding it suffices to adopt that the radiation weighting factor expresses the 

effective quality of the radiation in а macroscopic, average sense. Microscopic variations of dose 

within а tissue of uniform sensitivity may Ье of importance in radioblology but are unimportant in 

radiological protection. 

10For recommended values of radiation weighting factors: see Annex. 

11The equivalent dose (Нт) in tissue Т is given Ьу the expression Нт = L Wн • Dт,R 
R 

where Dт.R is the absorbed dose averaged over the tissue or organ Т, due to radiation type R. 

12In terms of radiation exposure the sievert is а very \arge unit. For radiologica\ protection it is convenient to use 
smaller units. This is done Ьу using the prefixes milli (one thousandth), and micro (one millionth). Thus 1000 millisievert 
= 1 sievert and likewise 1000 microsievert = 1 millisievert. For а proper understanding of the magnitude of dose \evels it 
is memorized that 1 millisievert of effective dose roughly equals the resu\ting mean annua\ individual dose from natural 
exposure due to cosmic radiation (at sea \evel) and natural radioactive substances in the human body. 
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Eff ective dose 

The dose distribution over body organs differs whether received Ьу the whole body via 

uniform irradiation or Ьу partial body or individual organ irradiation. While an assumption of 

uniformity may Ье а sufficient approximation in some external irradiation cases, in others 

differences arise with depth in the body and with orientation of the body in the generally non

uniform radiation fields. When irradiation is from radionuclides deposited in various tissues and 

organs, non-uniform or partial body exposures usually occur. 

Further it is important that the relationship between the probabllity of stochastic effects and 

equivalent dose in an organ depends on the organ or tissue irradiated; different tissues vary in their 

sensitivity to radiation. It is therefore needed for protection purposes to define а further quantity, 

to indicate the comblnation of different doses to several different tissues in а way which is likely 

to correlate with the overall total of stochastic effects. The primary quantity in radiological 

protection to describe the overall effectiveness of the dose distribution within the body is called 

effective dose which was introduced Ьу ICRP in its 1990 Recommendations. 

The effective dose is the sum of the weighted equivalent doses for all irradiated tissues and organs 

of the body13
. The unit14 for effective dose is sievert (Sv) . 

The tissue weighting factor15 takes into account the relative health detriment to each organ or 

tissue, in proportion to the total health detriment due to stochastic effects resulting from uniform 

irradiation of the whole body. The concept is similar to the effective dose equivalent previously 

introduced Ьу ICRP16 but the selection of relevant organs and their weighting factors were changed. 

New values for the tissue weighting factors were recommended Ьу ICRP on the basis of extensive 

evaluation of organ specific scientific knowledge about (i) the probabllity of fatal cancer and 

severe genetic effects, (ii) the total detriment weighted for length of life lost and (iii) the non-fatal 

cancer component of detriment. Values of tissue weighting factors are rounded and simplified 

values developed for а reference population of equal numbers of both sexes and а wide range of 

ages. Values recommended Ьу the ICRP are worldwide adopted for the purpose of radiological 

13The eff ective dose is the sum of the weighted equivalent doses in all the tissues and organs of the body . It is given Ьу 

the expression Е = L wт • Нт 
т 

where Нт is the equivalent dose in tissue or organ Т and Wт is the weighting factor for tissue Т . 

14See footnote 12 оп page 10 

15For tissue weighting factors : see Annex . 

16ICRP PuЫication 26 
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protection. lt must Ье evident that they should not Ье used to obtain specific estimates of potential 

health effects for а given individual. 

Committed eff ective dose 

Characteristic for external irradiation is that radiation doses are absorbed immediately at the 

moment of exposure. Quite differently, radiation doses received from radionuclides deposited in 

organs and tissue will Ье distributed temporally. Radioactive substances in the body continue to Ье 

а source of irradiation for the full time of their presence in the body until clearance Ьу metabolic 

processes or until after full radioactive decay. То take account of this continuing irradiation of 

organs and tissues that occurs after the intake of radionuclides, the concept of committed dose is 

used. The committed e.ffective dose is the prediction of the effective dose to Ье delivered in the 

future, following intake of а radionuclide into the body. Unless specified otherwise, it is implied 

that the integration time period is 50 years for adults and up to to the age of 70 years for children. 

For radionuclides with approximate effective half-lives ranging up to about three months, the 

committed effective dose is approximately equal to the effective dose incurred within а year after 

intake. For radionuclides with an effective half-life exceeding three months, the committed 

effective dose is greater than the actual dose received in the year of intake, because it reflects the 

dose that will Ье delivered in the future. 

The ICRP has introduced the concept of committed dose in order to implement the current basis 

f or radiation protection, which is to limit the life-time health risk committed in а year, rather than 

limiting the dose delivered in а particular year. The committed effective dose is а conservative 

measure of health risk in comparison with the health risk associated with an equal dose from 

external exposure, not only because of the delay in delivery of the dose, but also because of the 

fact that severe stochastic effects are expressed only long time after actual delivery of the dose. 

For radionuclides with а long effective half-life in comparison with the remaining years of life of 

the individual exposed, neither the full committed dose nor а full expression of the health 

consequences will Ье manifested. 

In environmental dose assessments, the quantity that reflects the health risks committed in any 

one year is the sum of the external effective dose received in that year and the committed effective 

dose from intakes in that same year. The term annual effective dose includes both quantities. 
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Collective dose 

The dosimetric quantities discussed above, all relate to the exposure of an individual. Рог dose 

assessments in the context of environmental radiation protection, there is а further need of 

quantities related to exposed groups or populations . The primary quantity for collective dose 

assessments is the so-called collective effective dose . The collective dose should never Ье stated 

without а clear indication of the time period over which it is accumulated. This period is often 

taken as one year. This quantity takes account of the number of people exposed and their 

individual doses. lt can Ье expressed as the sum of individual doses or as the product of the 

number of individuals exposed and their average effective dose. The collective effective dose can 

Ье thought as representing the total consequences of exposure of а population or group , but use in 

this way should Ье limited to situations in which the consequences are truly proportional to the 

effective dose as well as the number of people exposed. 

The collective dose is primarily а source related concept which allows systematic assessment 

of dose consequences for critical groups or large populations, for example as an input to 

justification assessments , indicating the total detriment from а certain practice or as an input to the 

process of optimizing protection arrangements. The unit of the collective dose is the man-sievert, 

which reflects17 that it concerns а combination of а number of persons and their respective 

effective doses. 

The quantity that reflects the health detriment committed in any one year Ьу а specific 

radiation source or radiological practice is the sum of the external doses received in that year and 

the committed doses from intakes in that same year. The term annual collective effective dose ( or 

shortly annual collective dose) includes both. 

Collective doses can Ье assessed for а critical group as well as for large populations. It follows 

from the definition that the collective dose divided Ьу the number of individuals provides the value 

of the mean individual dose or the per caput dose. UNSCEAR18 has assessed per caput doses to the 

world population since its first reports in 1958. It could equally well have presented collective 

dose, if the sole purpose was to give comparative estimates of consequences, provided that doses 

are compared for one and the same population. The use of per caput doses additional to collective 

dose does not provide more information except оп the constэ.nt factor, the population size. 

The total collective effective dose resulting from the presence of radioactive substances in the 

environment may Ье accumulated over long periods of time, covering successive years or even 

17For better understanding it helps to compare the unit man-sievert for example with the unit man-year in the context of 
describlng employment. 

18See references 
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successive generations of individuals. The total collective effective dose to Ье expected from а 

given situation or practice is the integral over all time of the annual collective effective doses 

resulting from, i.e . committed Ьу, а single release or а unit period of а practice in case of а 

continuing operation. It is sometimes convenient or even necessary to distinguish between the 

collective effective dose already delivered and the collective effective dose committed over all 

time. The collective effective dose commitment is а calculational tool for this purpose. It is defined 

as the time integral of annual collective doses in the future from а particular practice or unit 

practice. If the integration is not over infinite time, the quantity is described as being truncated at 

а defined time. 

For the case of а continuing practice leading to long-lived radioactive contamination of the 

environment, it сап Ье shown that the annual collective dose in а future steady state situation is 

equal to the committed collective dose expected from one year of practice. (For example for 

atmospheric injection from nuclear test explosions; discharge of radioactive effluents etc.) 

This implies equality between the collective dose commitmeпt of one year of practice and the 

highest future annual collective dose under steady state conditions, if the practice were continued 

indefinitely at constant rate. 

IV. HIERARCHY OF DOSIМETRIC QUANTIТIES 

The most basic quantities to describe radiation fields are the physical measurement quantities , 

such as particle fluence (rate) , kerma (rate) and exposure (rate). National laboratories keep 

primary or secondary standards for these quantities and full definitions are given Ьу ICRU. They 

can Ье directly related to basic dosimetric quantities absorbed dose and absorbed dose rate . They 

can also Ье related to the radiological protection quantities defined Ьу the ICRP, via calculations in 

anthropomorphic phantoms, using Monte Carlo techniques . Therefore, although the ICRP dose 

limitation quantities are not measuraЬle , any fluence or air kerma in а radiation field can Ье 

related to effective dose or equivalent organ dose, using calculated conversion coefficients. This 

was previously done for the dose limitation quantities defined in ICRP puЫication 26. Results of 

calculations for the new equivalent dose and effective dose in ICRP puЫication 60 are becoming 

availaЫe now. Conversion coefficients for effective dose from air kerma ( expressed in sievert per 

gray) show significant variations with photon energy in some irradiation geometries (see examples 

in Annex). 

Because the quantities equivalent dose and effective dose are not directly measuraЫe, 

operational dose equivalent quantities have been developed for area monitoring and for personal 

monitoring. These operational dose equivalent quantities are calculated from the primary field 
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quantities using the Q-L relationship defined Ьу the ICRP in tissue equivalent spheres or slab 

phantoms. Although these quantities are also obtained through calculation, they can Ье verified Ьу 

measurements, and the quantities measured Ьу monitoring devices сап Ье related to them Ьу type 

test and calibration data, obtained in appropriate phantoms. The operational dose equivalent 

quantities сап then Ье used to estimate the ICRP equivalent dose and effective dose. 

fundamental dosimetric quantities 
absorbed dose - -calculation using interaction mean absorbed dose in tissue estimation Ьу measurement and 

coefficients for energy absorption calculation using Wя 

primary physical quantities calculation using Wя and 
fluence Ф anthropomorphic phantoms ICRP dose limitation quantities 

energy fluence 'Р effective dose, Е 
air kerma, Ка organ equivalent dose, Нт 

exposure in air, Х 

calculation for simple phantoms operational quantities estimation Ьу measurement and 
(sphere or slab) amЬient dose equivalent, H*(d) calculations using Wя and 

validation Ьу measurement ------ directional dose equivalent, H'(d,Q) anthropomorphic phantoms -personal dose equivalent, Hp(d) 

Operational quantities 

The quantities equivalent dose and effective dose were defined Ьу the ICRP in order to 

determine the scale of health detriment, associated with exposure to radiation. These quantities сап 

impossiЬly Ье measured in practice, and so for the purpose of monitoring external radiations, it is 

common practice to use operational dose equivalent quantities defined Ьу the ICRU19 • Two 

quantities for area monitoring were specified: the amЬient dose equivalent and the directional dose 

equivalent. Both quantities сап Ье used for strongly and for weakly penetrating radiations. These 

operational quantities incorporate the definition of absorbed dose at а point in the ICRU sphere. The 

Q-L relationship is then used to weigh the absorbed dose in а point in tissue, which results in an 

equivalent dose at а point in tissue. Averaging over an organ or tissue then results in the mean 

absorbed dose equivalent. This approach is somewhat different from using radiation weighting 

values recommended Ьу ICRP. However, for purposes of radiological protection these conceptual 

differences сап Ье regarded as academic without practical consequences. 

The operational quantities recommended Ьу ICRU for area monitoring, are defined in а tissue 

equivalent phantom which has become known as the ICRU sphere. This phantom is а 30 cm 

19 International Commission on Radiation Units and Measurements ; ICRU report 33 (1980) 
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diameter tissue equivalent sphere with а density of 1 g/cm3 and а mass composition of 76.2 % 

oxygen, 11.1 % carbon, 10.1 % hydrogen and 2.6% nitrogen. 
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The amblent dose equivalent H*(d) at а point in а radiation field is the dose equivalent that 

would Ье produced Ьу the corresponding expanded and aligned field in the ICRU sphere, at а depth 

d, on the radius opposing the direction of the aligned field. It defines the dose equivalent that 

would exist in а point in the sphere in the expanded and aligned field and specifies the values that 

instruments and dosemeters are required to indicate. The field description is hypothetically defined 

as а uniform unidirectional field, with а radiation fluence and energy distribution equal to that of 

the actual field at the point of reference. The field is "expanded" so that it accommodates the 

phantom and "aligned" so that the amЬient dose equivalent is independent of the angular 

distribution of the real radiation field. The concepts of expansion and alignment are necessary to 

allow measurements of external radiation, although the ICRU operational quantities are defined at а 

point. The ICRU definition requires that any statement of amЬient dose equivalent should include а 

specification of the reference depth d. In practice а depth of 10 mm is frequently employed. The 

amЬient dose equivalent for that depth is then denoted Ьу H*(lO). For strongly penetrating 

radiations the quantity is а conservative approximation for the effective dose. 

Amblent dose equivalent is independent of the directional distribution of the radiation field, 

and the quantity is conservative for frontal (АР) irradiation geometry. The quantity will therefore 

overestimate effective dose in practically all radiation fields, sometimes consideraЫy, and 

especially for neutron radiations. 

The directional dose equivalent H'(d) at а point in а radiation field, is the dose equivalent that 

would Ье produced Ьу the corresponding expanded field in the ICRU sphere at а depth d, in а 

radius in а specified direction. This quantity is а suitaЫe measure for the equivalent dose in 

superficial tissue. Although the ICRU definition applies either to weakly or strongly penetrating 

radiation, the practical use is for weakly penetrating radiation, because its definition deals 

adequately with the angular dependence of dose distribution in tissue in function of the directional 

distribution of the radiation field. 

For use in personal dosimetry, ICRU has given definitions of the individual dose equivalent 

penetrating and individual dose equivalent superficial. In recent puЫications ICRU20 has made 

changes to these definitions and the new quantity is called personal dose equivalent. These 

refinements in definitions fall outside the scope of this paper. 

20 International Commission on Radiation Units and Measurements; ICRU Report 51 (1993) 
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ANNEX 

Radiation weighting factors 1 (adapted from ICRP PuЫication 60) 

Туре and energy range2 Radiation weighting factor, wR 

Photons, all energies 1 

Electrons and muons , all energies3 1 

Neutrons, energy < 10 keV 5 

10 keV to 100 keV 10 

> 100 keV to 2 MeV 20 

> 2 MeV to 20 MeV 10 

> 20 MeV 5 

Protons, other than recoil protons, energy > 2 MeV4 5 

Alpha particles, fission fragments, heavy nuclei 20 

1 All values relate to the radiation incident оп the body or, for internal sources, emitted from the source. 

2 The choice of values for other radiations is discussed in Annex А of ICRP PuЬ\ication 60. 

3 Excluding Auger e\ectrons emitted from nuclei bound to DNA (see paragraph 26 of ICRP PuЬ\ication 60) . 

4 The wR value for high energy protons recommended Ьу NCRP is lower (= 2) than that recommended Ьу ICRP. 

Tissue weighting factor (wт) for different tissues and organs (Adapted from ICRP-60) 

0.01 0.05 0.12 0.20 

Bone surface Bladder Bone marrow Gonads 

Breast Colon 

Liver Lung 

Oesophagus Stomach 

Thyroid 

Remainder organs 




