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Authorisation

Under section 70, paragraph 2, of the Radiation Act (592/1991), STUK - Radiation
and Nuclear Safety Authority (Finland) issues general instructions, known as
Radiation Safety Guides (ST Guides), concerning the use of radiation and opera-
tions involving radiation.

The Radiation Act stipulates that the party running a radiation practice is
responsible for the safety of the operations. The responsible party is obliged to
ensure that the level of safety specified in the ST Guides is attained and
maintained.

Translation. Original text in Finnish.

This Guide includes the requirements relating to the implementation of Council
Directive 96/29/Euratom; OJ No. L 159, 29.6.1996, p. 1.
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1 General
Ionizing radiation has harmful effects on living
organisms. These effects can be divided into two
groups: deterministic and stochastic. Determin-
istic harmful effects of radiation are radiation
sickness, burns, grey cataract and foetal abnor-
malities. Stochastic harmful effects include can-
cer and damage which takes place in germ cells
and is passed on to descendants (genetic dam-
age).

In radiation protection, the calculated quantities
- equivalent dose and effective dose - are used
in estimating these harmful effects. Chapter 2 of
the Radiation Decree (1512/1991, amendment
1143/1998) stipulates maximum values (annual
dose limits) for the equivalent dose and the
effective dose. According to section 7 of the
Radiation Decree, the Radiation and Nuclear
Safety Authority (STUK) will issue detailed
instructions on the application of the maximum
values and calculation of the radiation dose.

This Guide sets out the mathematical defini-
tions and principles involved in the calculation
of the equivalent dose and the effective dose,
and the instructions concerning the application
of the maximum values of these quantities.
Further, for monitoring the dose caused by inter-
nal radiation, the Guide defines the limits de-
rived from annual dose limits (the Annual Limit
on Intake and the Derived Air Concentration).
Finally, the Guide defines the operational quan-
tities to be used in estimating the equivalent
dose and the effective dose, and also sets out the
definitions of some other quantities and con-
cepts to be used in monitoring radiation expo-
sure. The Guide does not include the calculation
of patient doses carried out for the purposes of
quality assurance.

The maximum values apply to the exposure
caused by the use of ionizing radiation or nuc-
lear energy, or by such a practice causing expo-
sure to natural radiation and which is classified
as being a radiation practice. The maximum
values do not apply to exposure to radon in

dwellings, to cosmic radiation prevailing at
ground level or to the radiation emitted by
radioactive substances in the undisturbed
earth's crust or naturally occurring in the
human body.

The monitoring of radiation exposure and the
recording of doses are dealt with in ST Guides
7.1 and 7.4. Calculation of the dose caused by
internal radiation is dealt with in ST Guide 7.3.

2 Definitions
Equivalent Dose

The equivalent dose HTR of a tissue or organ T is
the average absorbed dose DTR in the tissue or
organ, multiplied by the radiation weighting
factor wK\

(1)

where wR is the radiation weighting factor for
the radiation quality R, and

DTR is the average absorbed dose in the
tissue T caused by the radiation
quality R.

If the radiation is composed of several radiation
qualities with different wR values, the equiva-
lent dose HT is:

(2)

The unit for the equivalent dose is the sievert.

When a tissue is mentioned below, this may
refer to either a tissue or an organ.

Effective Dose

The effective dose E is the sum of the equivalent
doses HT, multiplied by tissue weighting factors

E =
T T R

The unit for the effective dose is the sievert.

(3)
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The harmful effects of radiation in a specific
tissue or organ can he estimated by means of the
equivalent dose. The effective dose is primarily
used to estimate the risk of stochastic harmful
effects caused by radiation to an individual. The
equivalent dose and effective dose apply both to
external and to internal radiation.

When the radiation dose and the dose are men-
tioned below, this may refer either to the equiva-
lent dose or to the effective dose, according to
the context in each case.

The factors wR and wT required in the calcula-
tion of the equivalent dose and the effective dose
are given in Appendix A.

Committed Equivalent Dose

The committed equivalent dose HJ(T:) of a tissue
T is the equivalent dose caused to this tissue as
a result of an intake:

to+z

HT(z)= \HT(t)dt , (4)

where HT(t) is the equivalent dose rate in
a tissue T at time t, and

tn is the time of the intake.

The unit for the committed equivalent dose is
the sievert.

The committed equivalent dose and the commit-
ted effective dose are quantities by which the
equivalent dose and effective dose are, as
a result of an intake, estimated. A radioactive
substance which has entered the body may
expose the body to radiation long after the
intake. However, a dose incurred over a period
of time, even of long duration, is regarded as
having been received in the year when the
intake takes place.

When the committed dose is mentioned below,
this may refer either to the committed equiva-
lent dose or to the committed effective dose,
according to the context in each case.

Intake

Intake is, according to the context, either the
process of a radioactive substance entering the
body or the activity of the radioactive substance
which has entered the body.

When a radioactive substance enters the body
through inhalation, the intake means the in-
haled activity irrespective of the activity which
is exhaled. When a substance enters the body
through ingestion, the intake means the swal-
lowed activity.

Annual Limit on Intake

The integration time T starting from the time of
the intake is expressed in years. If no integra-
tion time is given, it shall be assumed that it is
50 years for adults and the number of years
remaining until the age of 70 for children.

Committed Effective Dose

The committed effective dose E(r) is the sum of
the committed equivalent doses H^n), multi-
plied by the tissue weighting factors wT:

(5)

The unit for the committed effective dose is the
sievert.

The Annual Limit on Intake (ALI) is the intake
which will cause a committed effective dose
equal to the annual dose limit. The ALI value of
a radionuclide j is calculated as follows:

(6)

where DAL is the annual dose limit, and
is the dose conversion factor of the
nuclide in question (the committed
effective dose per unit activity).

The unit for the Annual Limit on Intake is the
becquerel.

The values of the dose conversion factors A • are
given in ST Guide 7.3. An age parameter g is
also included in these factors.
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Derived Air Concentration

The Derived Air Concentration of a radionuclide
(DAC) is the average activity concentration of
the radionuclide in air in which it is possible to
work for 2000 hours per year without exceeding
the dose limit. When only internal radiation is
considered, the Derived Air Concentration DAC
is calculated from the ALI value as follows:

DAC =
ALI

V
(7)

where V" is the volume of the inhaled air during
working hours.

The unit for the Derived Air Concentration is
Bq-m-3.

When the inhaling rate of a person engaged in
light work is about 1.2 m^li1, the value obtained
for V is approximately 2400 m3.

When calculating the DAC values for noble
gases and gases which are not readily absorbed
into the body, as well as for short-lived radio-
nuclides emitting penetrating gamma rays,
account must be taken, when necessary, of the
fact that these nuclides also give rise to external
exposure (see item 4.2 and ST Guides 6.2 and
7.3).

Sievert

The sievert (Sv) is the unit for the equivalent
dose and effective dose.
1 Sv = J-kg-i.

Becquerel

The becquerel (Bq) is the unit for the activity.
1 Bq = 1 s-i.

3 Dose Limits
The Radiation Decree lays down dose limits for
three groups of individuals:
• exposed workers, to whom the dose limits of

section 3 of the Radiation Decree are applied
• students and apprentices, over 16 but under

18 years of age, taking part in the use of
radiation sources for the purposes of their
occupational training, to whom the dose lim-
its of section 4 of the Radiation Decree are
applied

• members of the public, to whom the dose
limits of section 6 of the Radiation Decree are
applied.

Exposed workers are workers who are engaged
in radiation work. The Radiation Decree defines
radiation work as work in which the radiation
exposure may exceed any of the dose limits laid
down for members of the public.

The dose limits for the different groups of indi-
viduals are presented in Table I.

In addition, a separate dose limit of 1 mSv is
laid down in section 5 of the Radiation Decree to
be applied to a pregnant woman for the protec-
tion of the foetus. For accident situations, sec-
tion 8 of the Radiation Decree lays down the
dose limits to be used in measures that are
carried out in order to restrict the radiation
hazard and to bring the radiation source under
control.

According to section 7 a of the Radiation Decree,
the dose limits do not apply to exposure which is
caused in a medical procedure (e.g. fluoroscopy)
to an individual as part of his or her own
medical diagnosis or treatment (the patient) or
to an individual who is willingly and not as part
of his or her occupation helping the patient
undergoing medical diagnosis or treatment (e.g.
escort of a child or an elderly person). Neither do
the dose limits apply to the exposure of an
individual who is exposed to radiation during
a medical procedure for purposes other than
diagnosis or treatment. The dose limits, how-
ever, apply to the exposure of workers carrying
out medical procedures (e. g. medical doctors
and nurses).

The annual dose is calculated per calendar year.
The five-year period mentioned in Table I means
five consecutive calendar years, e. g. the years
1997-2001 or 1998-2002 etc.
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Table I. Dose limits.

Dose

Effective dose
• Average value per year in

year period
• Any single year

Equivalent dose
• Lens of the eye
• Skin
• Hands and feet"'

Exposed
workers

a five 20

50

150
500
500

' Hands and forearms plus feet and ankles ("hand" means

Dose limit, mSv per year

16 to 17 year-old
students and
apprentices

-

6

50
150
150

s wrist, palm and fingers).
"' No separate dose limit is laid down, but the dose limit for the equivalent dose of the skin

skin of the hands and feet.

Members of
the public

-

1

15
50

•*)

also applies to the

The equivalent dose of the skin is calculated as
an average over an area of 1 cm2, regardless of
the size of the area exposed. The reference depth
is 0.07 mm. When the equivalent dose of the
lens of the eye is determined, the reference
depth is 3 mm.

The dose limits for exposed workers apply to
Category A workers and Category B workers
alike. Categories A and B have been defined in
section 10 of the Radiation Decree. The classifi-
cation of workers into either Category is
explained in detail in ST Guide 1.6.

If an individual is exposed both to external and
to internal radiation, the dose incurred by exter-
nal radiation and the committed dose caused by
the radioactive substances that have entered the
body are added together. In such a case it is
particularly important to ensure that the overall
exposure does not cause exceedance of the set
dose limits.

4 Application of Dose
Limits in Radiation
Work

4.1 External Radiation

The definitions of the operational quantities
used for the estimation of doses incurred by
external radiation, i.e. the deep dose and the
surface dose, are presented in Appendix B.

The dose limit for the effective dose (average
value 20 mSv per year) will not be exceeded if
the deep dose does not exceed a value of 20 mSv
per year. The dose limit for the equivalent dose
of the skin will not be exceeded if the surface
dose at any point on the skin, when averaged
over an area of 1 cm2, does not exceed the value
of 500 mSv per year. If exact dose estimates are
not available for a pointlike beta source in con-
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tact with the skin, e.g. a hot particle, it may be
assumed that the equivalent dose to the skin
does not exceed the value of 500 mSv if the
overall beta emission does not exceed 109 beta
particles during the time of exposure. For
instance, a source of 0.28 MBq during a time of
one hour will cause an emission of this size.

The annual equivalent doses of the lens of the
eye and the limbs are estimated on the basis of
the deep dose and the surface dose or, if neces-
sary, by separate measurements.

4.2 Internal Radiation

For monitoring doses incurred from internal
radiation, Annual Limits on Intake (ALI values)
and Derived Air Concentrations (DAC values)
can be calculated for various radionuclides and
their compounds using formulae (6) and (7).

An ALI value is strongly dependent on the
physical and chemical state of the radionuclide
and the mode of intake (through inhalation or
ingestion). When the state and the mode of the
intake of the nuclide are not known, the small-
est of the ALI values, i.e. the ALl^ value, is
used.

When only one radionuclide enters the body
either through inhalation or ingestion, the dose
limit for the effective dose will not be exceeded
as a result of internal radiation if, during work-
ing hours (2000 hours per year), the average
activity concentration of the nuclide does not
exceed the Derived Air Concentration, or the
intake of the nuclide does not exceed the Annual
Limit on Intake.

The Derived Air Concentration is also applied to
noble gases and, for example, to nuclides nC, 13N
and 15O, although in these cases the DAC values
are not derived from the effective dose caused by
internal radiation, but rather from the dose
caused by external radiation. Exceptions to
these are the noble gas nuclides 39Ar, 85Kr and
ssmRr, for which the DAC values are derived
from the equivalent doses of the skin or the eye.

When a radionuclide enters the body through
inhalation and ingestion or when the exposure
is incurred by more than one radionuclide, the
dose limit for the effective dose will not be
exceeded if the following condition is met:

Alk,h

'ALL -+ <1 (8)

where Akh and Aks are the intakes of radionu-
clide k through inhalation and ingestion, respec-
tively, and ALIkh and ALIks are the Annual
Limits on Intake for the nuclide through inhala-
tion and ingestion, respectively.

4.3 Pregnant Workers

After a woman has informed the employer of her
pregnancy, and if it is not possible to transfer
her from radiation work, then her work must be
arranged in such a way that for the remaining
period of her pregnancy at least the equivalent
dose to the foetus does not, in any circum-
stances, exceed the value of 1 mSv. In such
a case, the dose to the foetus shall be estimated
and the measures to be carried out for the
protection of the foetus shall be considered on
a case-by-case basis.

4.4 Natural Radiation

If workers may be or are subjected to a health
hazard in a workplace due to exposure to natu-
ral radiation, then the undertaking is obliged,
according to section 45 of the Radiation Act (592/
1991), to investigate the exposure in a manner
which is accepted by STUK. Whenever neces-
sary, efforts must be made to restrict the expo-
sure to below the action levels set out in section
27 of the Radiation Decree. If this cannot be
reasonably achieved, STUK can make a decision
that the dose limits for exposed workers shall be
applied to the workers in the workplace in
question.

If a pregnant worker is exposed to natural
radiation other than radon, then special meas-
ures must be taken, where necessary, to assure
that the maximum value laid down in section 5
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of the Radiation Decree for the protection of the
foetus is not exceeded. Radon ending up in the
lungs through inhalation will not cause a signifi-
cant exposure to the foetus.

5 Application of Dose
Limits for Members
of the Public

The dose limits for members of the public apply
only to the use of radiation and nuclear energy.
Generally, they will not be applied to exposure
incurred from natural radiation, although in
certain cases there is a need to restrict the
exposure of members of the public to natural
radiation incurred by some radiation practices.

Other ST Guides give action levels for exposure
to natural radiation caused by, inter alia, build-
ing materials, drinking water or waste disposal
areas.

6 Bibliography
1 ICRP Publication 60, 1990 Recommendations

of the International Commission on Radio-
logical Protection. The International Com-
mission on Radiological Protection, Per-
gamon Press, Oxford 1991.

2 ICRP Publication 75, General Principles for
the Radiation Protection of Workers. The
International Commission on Radiological
Protection, Pergamon, 1997.
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APPENDIX A

FACTORS TO BE USED IN CALCULATING THE EQUIVALENT DOSE AND
EFFECTIVE DOSE

A.I General

The probability of the appearance of stochastic harmful effects caused to a tissue by radiation is
affected by the average absorbed dose of the tissue and the radiation quality (radiation type and
energy). When calculating the equivalent dose of the tissue, radiation weighting factors are used to
take into account the radiation quality. The radiation weighting factor for a certain radiation quality
has been chosen such that, at low doses, it tends to be proportional to the biological effects of the
radiation.

The stochastic harmful effect caused to an individual by radiation depends not only on the
equivalent dose but also on the exposed tissue. The probability of harm caused by radiation
occurring is different in different tissues. When calculating the effective dose, this is taken into
account by means of tissue weighting factors.

A.2 Radiation Weighting Factors Needed in the Calculation of the Equivalent Dose

In calculating the equivalent dose, the radiation weighting factors wR presented in Table Al are
used.

Table AI. Radiation weighting factors wB for different radiation qualities [1].

Radiation quality

Photons, all energies

Electrons*' and muons, all energies

Neutrons, energy:
< 10 keV
10 keV to 100 keV
>100keVto2MeV
>2MeVto20MeV
> 20 MeV

Protons**', energy > 2 MeV

Alpha particles, fission fragments, heavy nuclei

*' Other than Auger electrons emitted by nuclei bound to DNA molecules
**' With the exception of recoil protons

™R

1

1

5
10
20
10
5

5

20
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APPENDIX A

For radiation qualities other than those presented in Table Al, an approximate value for wR is
obtained by calculating the mean quality factor Q at 10 mm depth in the ICRU sphere.

When calculating an equivalent dose caused by neutron radiation, the use of the values given in
Table Al may be laborious. In this case it is better to use a continuous function, as described by the
following mathematical expression:

wR=5 + 17e-(ln(2E))2/6
(Al)

where E is the neutron energy (MeV).

The two methods are compared in Figure Al.

A.3 Tissue Weighting Factors Needed in Calculating the Effective Dose

It is possible to estimate, by means of the effective dose, the stochastic harmful effects caused to an
individual by radiation, regardless of whether the dose distribution caused by the radiation in the
body is even or uneven.

In calculating the effective dose, the tissue weighting factors wT presented in Table A2 are used. The
factors are based on a reference population representing both sexes equally and a wide range of
ages. When applying the maximum values for radiation exposure, the factors are used for
calculating the effective dose of workers, of members of the public and of both sexes.
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APPENDIX A

Table AIL Tissue weighting factors wT [1].

Tissue or organ

Gonads
Red bone marrow
Colon
Lung
Stomach
Bladder
Breast
Liver
Oesophagus
Thyroid
Skin
Surface of bone
Other tissues

wT

0.20
0.12
0.12
0.12
0.12
0.05
0.05
0.05
0.05
0.05
0.01
0.01
0.05

The tissue weighting factors are chosen in such a way that the factor for a tissue indicates the
relative contribution of the tissue to the overall harm, when the entire body is evenly exposed to
radiation. For this reason the sum of the weighting factors is one.

The tissue weighting factor of the colon is multiplied by the weighted sum of the equivalent doses of
the upper and lower large intestine. In calculating the weighted sum of the equivalent doses, the
relative masses of the walls of the upper and lower large intestine are used as weighting factors.

Other tissues in Table A2 means the following ten tissues: adrenals, brain, extrathoracic airways,
small intestine, kidneys, muscle, pancreas, spleen, thymus and uterus [3]. The tissue weighting
factor jointly given to these tissues is used as follows:
• The tissue weighting factor is multiplied by the weighted mean of the equivalent doses of the

tissues. In calculating the weighted mean of doses, the masses of the tissues are used as
weighting factors.

• However, if the equivalent dose of any of these ten tissues is greater than the highest dose among
the twelve tissues given in Table A2, then a tissue weighting factor of 0.025 is given to this
particular tissue and a factor of 0.025 to the rest of other tissues.

The list of other tissues contains such tissues and organs that are known to be susceptible to cancer
induction or which, in some situations (e.g. if a radioactive substance accumulates in the tissue),
may receive a larger dose than the rest of the tissues in the body. If other tissues and organs
subsequently become identified as having a significant risk of induced cancer they will be added to
the list of other tissues or in Table A2, with a specific tissue weighting factor wT given to them in the
latter case. Other such tissues and organs which, in some situations, may receive a larger dose than
the rest of the tissues in the body, may also be added to the list of other tissues (for more details
about wr factors, see ICRP 71 [3], p. 4).

11
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APPENDIX B

OPERATIONAL QUANTITIES NEEDED IN ESTIMATING THE EQUIVALENT DOSE
AND EFFECTIVE DOSE

B.1 General

The equivalent dose and effective dose, and also the committed equivalent dose and committed
effective dose to be used when exposed to internal radiation, are calculated quantities that cannot be
measured directly. For this reason, in monitoring radiation exposure we need to use operational
quantities, the values of which are accurate enough approximations to the values of these
quantities, or with the aid of which the approximations can easily be calculated.

In monitoring doses incurred by external radiation, the operational quantity is the personal dose
equivalent. In monitoring doses incurred by internal radiation (i.e. committed dose), the operational
quantity is the activity of the radioactive substance that has entered the body i.e. the intake.

B.2 Operational Quantities for External Radiation

The Personal Dose Equivalent

The personal dose equivalent Hp(d) is the dose equivalent in soft tissue at a point at depth d in the
body.

The unit for the personal dose equivalent is the sievert.

For penetrating radiation, the personal dose equivalent is generally determined at a depth of
10 mm, and for soft radiation at a depth of 0.07 mm for the skin and 3 mm for the eye.

Special names* are given for the personal dose equivalent at depths of 10 mm and 0.07 mm:

Deep Dose

The deep dose is Hp(10).

Surface Dose

The surface dose is H/0.07).

The deep dose is a good approximation of the effective dose. This does not, however, hold true when
the radiation is moderately penetrating, the body is mainly protected and the deep dose is measured
on the protective clothing. In this case, the effective dose will be significantly smaller than the deep
dose, and it must be calculated on a case-by-case basis from the measured value of the deep dose.

The surface dose is an approximation to the equivalent dose of the skin, and Hp(3) of the equivalent
dose of the lens of the eye.

* This only applies to the Finnish language.

13
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B.3 Operational Quantity for Internal Radiation

Activity

The activity of a radionuclide A is the number of spontaneous nuclear transformations dN taking
place in the relevant number of nuclides AT in a time interval dt, divided by this time interval:

A=— (Bl)
dt

The unit for the activity is the becquerel.

The activity of a radioactive substance which has entered the body is named the intake. Calculation
of the committed effective dose incurred by internal radiation on the basis of the intake using dose
conversion factors is presented in ST Guide 7.3.

B.4 Bibliography

1 ICRU Report 47, Measurement of Dose Equivalents from External Photon and Electron
Radiations. The International Commission on Radiation Units and Measurements, Bethesda,
MD 1992.
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APPENDIX C

OTHER QUANTITIES AND CONCEPTS TO BE USED IN THE MONITORING OF
RADIATION EXPOSURE

C.I Concepts

Ionizing Radiation

Ionizing radiation is the transfer of energy in the form of particles or electromagnetic waves with
a wavelength of at most 100 nm, or a frequency of at least 3-1015 Hz, capable of directly or indirectly
producing ions.

ICRU Sphere

The ICRU sphere is a body defined by the International Commission on Radiation Units and
Measurements (ICRU), which approximately corresponds to the human body with regard to the
absorption of the energy of ionizing radiation. It is a sphere with a diameter of 30 cm, made of tissue
equivalent material, with a density of 1 g-cnr3 and a composition of 76.2% oxygen, 11.1% carbon,
10.1% hydrogen and 2.6% nitrogen.

Expanded Field

The expanded field is a radiation field in which the fiuence and its directional and energy
distributions are the same, throughout the volume of interest, as at the reference point in the actual
field.

Expanded and Aligned Field

The expanded and aligned field is a radiation field in which the fiuence and its energy distribution
are the same as in the expanded field, but the fiuence is unidirectional.

The expanded field and the expanded and aligned field are imaginary fields which are derived from
actual radiation fields for the definition of the ambient dose equivalent and directional dose
equivalent (see item C.5).

Quality Factor

The quality factor Q is a physical factor which depends on the linear energy transfer L, and which is
used to take into account the different ability of different radiation qualities to cause health damage
(especially stochastic damage).

The relationship between Q and L is given in Table Cl.

15
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Table CI. Quality factor Q as a function of the linear energy transfer L [1].

Linear energy transfer L in water Quality factor Q

(keV-um1)

<10 1
10-100 0.32 L-2.2
>100

The quality factor is used in the definition of the dose equivalent (see item C.4)

Mean Quality Factor

The mean quality factor Q is the average value of the quality factor at a point in a tissue where the
absorbed dose is caused by particles with different values of the linear energy transfer. It is
calculated using the formula:

Q=j=JQ(L)D(L)dL, (CD
o

where D(L)dL is the absorbed dose at a depth of 10 mm, when the linear energy transfer
is between L and L+dL,

Q(L) is the corresponding quality factor at the point of interest, and
2) is the average value of the absorbed dose in relation to the linear energy

transfer.

Gray

The gray (Gy) is the unit for the absorbed dose. 1 Gy = 1 J-kg1.

C.2 Quantity Depicting Radiation Fields

Fluence

The fluence O is the number of particles dN entering a sphere of cross-sectional area da, divided by
this area:

The unit for the fluence is nr2.

(C2)
da '

16
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C.3 Interaction Quantity

Unrestricted Linear Energy Transfer

The unrestricted linear energy transfer LM is the mean energy dE lost in a medium by a particle of
energy E in traversing a distance dl in the medium, divided by this distance:

L =** (C3)
~ dl

The unit for the unrestricted linear energy transfer is J-nr1. A unit keV-jinr1 is also often used.
1 J i n 1 = 6.24-109

In this Guide £„ is called the linear energy transfer, and is denoted by L.

C.4 Dosimetric Quantities

Absorbed Dose

The absorbed dose D is the mean energy de imparted by ionizing radiation to a mass element dm in

the matter, divided by this mass element:

D = — . (C4)
dm

The unit for the absorbed dose is the gray.

Average Absorbed Dose

The average absorbed dose DT of a tissue T is the total energy eT imparted by ionizing radiation to
the tissue, divided by the mass of the tissue mT:

mT

(C5)
mT

The unit for the average absorbed dose is the gray.

Dose Equivalent

The dose equivalent H is the product of the absorbed dose D and the quality factor Q:

H = QD . (C6)

The unit for the dose equivalent is the sievert.
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In order to avoid mistakes, it is important to keep in mind the difference between the absorbed dose
and the average absorbed dose on the one hand, and the dose equivalent and the equivalent dose on
the other hand. In the definition of the absorbed dose it is assumed that the energy is transferred to
a pointlike mass element, whereas in the definition of the average absorbed dose the energy is
transferred to a tissue of a finite size. Similarly, the dose equivalent is defined in a pointlike element
because it is calculated using the absorbed dose, and the equivalent dose is defined in a finite tissue
because it is calculated using the average absorbed dose.

C.5 Quantities Based on Dose Equivalent

Ambient Dose Equivalent

The ambient dose equivalent H*(d) is the dose equivalent at a point in a radiation field which would
be caused by the corresponding expanded and aligned field in the ICRU sphere at a depth d on the
radius opposing the direction of the aligned field.

Directional Dose Equivalent

The directional dose equivalent H'(d,Q) is the dose equivalent at a point in a radiation field which
would be caused by the corresponding expanded field in the ICRU sphere at a depth d on a radius in
a specified direction Q,

The unit for the ambient and directional dose equivalent is the sievert.

The ambient dose equivalent and directional dose equivalent are quantities which are derived from
the dose equivalent and used in the measurement and survey of external radiation fields, for
example in the monitoring of working conditions.

For penetrating radiation, the ambient and directional dose equivalents are generally determined at
a depth of 10 mm, and for soft radiation at a depth of 0.07 mm for the skin and 3 mm for the eye.

C.6 Quantity Derived from Activity

Activity Concentration

The activity concentration c is the activity A of a radioactive substance in a liquid or gas, divided by
the volume V of the liquid or gas:

C = f • (C7)

The unit for the activity concentration is Bq-nr3.

The activity concentration is most often used in the context of activity in air.
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TABLE OF QUANTITIES TO BE USED IN THE MONITORING OF RADIATION
EXPOSURE

Quantity and unit

Absorbed dose D
(Gy)

Dose equivalent H
(Sv)

Average absorbed
dose DT

(Gy)

Equivalent dose HT

(Sv)

Effective dose E
(Sv)

Committed equivalent
dose H^t)
(Sv)

Committed effective
dose E(T)
(Sv)

Activity A
(Bq)

Activity concentration c
(Bq-m-3)

Annual Limit on Intake ALI
(Bq)

Derived Air Concentration
DAC (for internal radiation)
(Bq-m3)

Fluence 0
(m2)

Unrestricted linear energy
transfer Lm

(J-m1)

Mean quality factor Q

(dimensionless)

Definition formula

D-dI

dm

H = QD

D - £ T

mT

HT = ZwR DTR
R

T

HT(?)=i'CHr(t)dt

E(T)=lwTHT(r)

A d N

dt

A
c — —

V

ALI-DAL

hJ

DAC=ALI

V

o=—
da

L -dE
L~~ dl

fi = = \™Q(L)D(L)dL

Quantities appearing in the formula

de mean energy imparted by ionizing
radiation to a mass element in the matter

dm mass of the element
Q quality factor
D absorbed dose

£,, total energy imparted by ionizing
radiation to a tissue T

mT mass of the tissue T

wR radiation weighting factor for the
radiation quality R

DTJt average absorbed dose of the tissue T
caused by the radiation quality R

wT weighting factor for the tissue T
HT equivalent dose of the tissue T

HT (t) equivalent dose rate in the tissue T at

timei
t0 time of the intake
T integration time
wT weighting factor for the tissue T
H/r) committed equivalent dose of the tissue T

dN number of spontaneuous nuclear
transformations

dt interval of interest

A activity of a radioactive substance in a
liquid or gas

V volume of the liquid or gas

D^ annual dose limit
h. dose conversion factor

ALI Annual Limit on Intake for the inhaled
radionuclide

V volume of inhaled air per year during
working hours (2400 m3)

dN number of particles entering a sphere
da cross-sectional area of the sphere

dE mean energy lost in a medium by a
particle

dl distance traversed by the particle in
the medium

D(L)d(L) absorbed dose at a depth of 10 mm, when
the linear energy transfer is between L
and L+dL

Q(L) corresponding quality factor at the point
ofinterest

D average value of the absorbed dose
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