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(Sl) "This Summary indicates the Commnssxon s aims and the way in whlch the
recommendations may be applied. The necessary concepts are defined and explained in the
mam text following this Summaxy -

The A|m of the Recommcndatlons

(S2) The fundamental aim of the Commnssxon was set, o >follows in the 1990
Recommendations. hCig
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1 S rinciple, together with the use of constraints
e ‘e?ral overall reduction in both occupational and

'a el fhmnssnon now strengthens its recommendatlons by
ﬁohtrollable sources in all situations.’
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g:%f h rinciples of Protection

(S4) |l stem of¥pr _g;t%ctlon now. recommended by the Commission is to be seen as a
natural €Y of, An¢ %a further clarification of, the 1990 Recommendations. The 2005
Recommeitdgd : “%1 quantified restrictions on individual dose from specified sources
in all situationgsy hin eir scope. These restrictions should be applied to the exposure of
actual or represEhfat ‘e individuals. They provide a level of protectlon for individuals that
should be consideréd as obligatory, and not maintaining these levels of protection should be
regarded as a failure. The quantified restrictions are complemented by the requnrement to
optimise the level of protection achieved.

(S5) The most fundamental level of protectlon is the source-related restriction on mdnvndual
dose called a dose constraint. It is used to provxde a level of protection for the most exposed
individuals “within - a class of exposure,: in all situations within the scope of the
recommendations, from a single source. Except for the exposure of patlents these constraints
should be regarded as the basic levels of protection to be attained in all situations that are
-addressed by the Commission; normal situations, accidents and emergencies, and the case of
controllable existing exposure. These constraints represent the level of dose where action to
avert exposures and reduce doses is virtually certain to be justified.
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The development of effective dose

(S13) The weighting factors in calculating effective dose are intended to take account of
many types of radiation, many types of stochastic effects, and many tissues in the body. They

are therefore only loosely based on a wide range of experimental data. It is unrealistic to

expect them to apply accurately to any particular case. In recent recommendations, the
Commission has deliberately selected broadly based values of these weighting factors.

(S14) The weighting factor for radiation quality is applied dnrectl to the absorbed dose in a
tissue or organ. This weighted tissue dose has been called both dc g uivalent and equivalent
l

dose at various times. There has been substantial confusion b I ese terms, particularly
in translation from English into other languages The Co ,; ,} a ow avo:ds both of those

terms and uses mdmtwn wezghted dose in a tlssue or g
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d by‘the’%‘source The radiation weighting factors are then

any specified part of the human body. The radiation

Slaree entially those suggested in Publication 92 and are now

‘use meradlologlcal protection. For neutrons a continuous curve is

re S1. In order to reduce computational dlff' culties in evaluating
¥§]i n Figure Sl is given in Equation S1.

3575 + 18.2 exp[-(In E»)/6] for E,<1MeV

(5.0 + 17.0 exp[-(In (2Ex))/6] for E,>1MeV.

where E, is in MeV. The radiation weighting factor for neutrons is applied to the mean
absorbed doses in the relevant tissues and organs. The dose is that from both the neutron
induced charged pamcles and the secondary photons induced in the body.

(S17) The Commission has reviewed the epidemiological data that can be used to assess
nominal risk factors for cancer and hereditary diseases. From these it has developed a new
estimate of detriment resulting from radiation exposure which has been used to specify its
recommended wr values. The new values that apply for the tissue weighting factors are listed
below in Table S4. The weighting factor for Remainder tissues is to be applied to dose
averaged over the 14 specified organs and tissues that constitute the Remainder.
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Table S3. Radiation weighting factors, wg

Type and energy range WR
Photons : . 1
Electrons and muons T _ ' 1
Protons S 2
‘Alpha particles, fission fragments, heavy nuclei Aff - 20
Incident neutrons . Seedip and Equation S1

- Figure S1. Radmtlon weighting factor, WR, for mmde \Lne tl% ‘ ﬁu_ neutron energy
enﬂl Publ; 0, (C) function -

R

. SEe S ' Wr 2 wr
Bone marrow, (gas*i Colon, Lung, Stomach 042 0.60
Bladder, Oesophagus, Gonads, Liver, Thyroid -~ | .0.05 - 0.25
Bone surface, Brain, Kidneys, Sahvary glands Skin - 0.01 0.05
Remainder Tissues* - ‘ 010 0.10

* *Remainder Tissues (14 in total) ,
Adipose tissue, Adrenals, Connective tissue, Extrathoracic 2 amvays , Gall bladder, ert wall Lymphatic
nodes, Muscle, Pancreas, Prostate, SI Wall Spleen, Thymus, and Uterus/cervix.
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the body and also the estimation ‘of dose distributions in tissues and organs are very complex
and are strongly based on the models used. The estimated doses are, therefore, associated
* with large uncertainties. For this reason most epidemiological studies cannot be used as the
sole basis for an assessment of the RBE for o emitters. From calculations using the Q(L)
function, the mean quality factor of a 6 MeV alpha particle slowing down in tissue is
estimated to be about 20.

(77) The Commission continues to recommend a value for wg of 20 for « particles. It also
continues to recommend a value of 20 for wr in the case of heavy nuclei and fission
fragments. Doses from fission fragments are important in intemgl dosimetry and regarding

radiation welghtmg factors the sntuatlon is similar to that for asartlcles Due to their short

conservative estimate.

(78) In extemal exposure, heavy ions and othe e .-v..- : %' plons, are mamly

RBE. The RBE decreases with increasing L
heavy charged particles incident on a huma '%’;. ‘-;;_,. ndZstap
quality of the particle changes strongly along, '
weighting factor of 20 for all typeg energies 3& € ':, A
sufficient for the general appllcath : i '

Summary of radiation weighting facL. PN,

(79) The new radlatxo;}g elghtmg

p ;3;}
o

2y

Radiation weighting factor, wg

1
1
2
20
A continuous curve is
recommended, See Figure 1 and
equations (8)

J;;'.". Ha

3.4.2. The s%l&*c%% ’vsue \w;eighting factors

(80) The Commgmon has previously made a policy decision that there should be only one
single set of wr values that are averaged over both genders and all ages. The Commission
continues to maintain that policy in these Recommendations.

(81) The tissue weighting factors, as defined in Publication 60, are based on complex
reasoning, much of which is often overlooked. For example, they were not based solely on the
cancer fatality risk. It was intended to reflect the relative detriment from the exposure of
single organs or tissues. The Commission now begins with cancer incidence data and takes
account of the lethality rate, the years of life lost and of a weighted contribution from the non-
fatal cancers and from hereditary disorders. The values of wr are normalised to give a total of
one. The grouping of tissues is complex and substantial rounding takes place. The
Commission’s new approach to the calculation of detriment is outlined in Annex A and has
been used to derive a new set of tissue weights. The new values that apply for the tissue
weighting factors are listed below in Table 3.
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Table 3. Tissue weighting factors

Tissue ) Wt 2 wr
Bone marrow, Breast, Colon, Lung, Stomach 0.12 0.60
Bladder, Oesophagus, Gonads, Liver, Thyroid 0.05 0.25
Bone surface, Brain, Kidneys, Salivary glands, Skin 0.01 0.05
Remainder Tissues* (Nominal wr applied to the average dose -€ 0.10 0.10
tissues) : -p ?

*Remainder Tissues (14 in,', th A ; _

- Adipose tissue, Adrenals, Connective tissue, Extrathoracic aj \ sGllb ' e \_a]l, Lymphatic

nodes, Muscle, Pancreas, Prostate, SI Wall, Spleen, Th

_ 3.5. Practical applicatg ; dlolo u;al protections 1“, 3
: LA 2 . :
(82) Radiological protection is concemed\"unl jtr,'_‘ijl‘giekposures to 1oW radiation doses
that give rise to stochastic effects and prevent itf‘gi ostires that could give rise to high

radlatlon doses resulting in tissuesldimage tb(:iete §§1¢;¢ffects) These two types of effect -

g _‘g a“‘;;

(83) Both ICRP andﬁr@ Ledefine ¢ ikiniete wqa ;;:e\?ffor use in radiological protection.
ICRU has introduc, q titre: colleé'i Vel “ ¥red 6 as Operational Quantities, for area
and individual i from sources external to the body. For area
monitoring, thés zquivalent and directional dose equivalent.
They are based o ¥ the radiation field and the dose at a specific

point in (Qp;lC Usp T&r
LBosirs e
(84) sestdiederun %ﬂaﬂon “quantities take account of the common situation in

ichehe™inds ﬁlqse t is performed with dosemeters worn on the body. The
pé§andlsdose etﬁ ﬂ L \IS, c?re defined by the dose at a specific depth in the body
belot# int wh dose eter is worn. The protection quantlty adopted by ICRP for

the con StochagtiGeitects is the effective dose. This quantity is by its definition related
to doses '5»?‘m Q;)Ddy and generally is not measurable. A variety of conversion
coefficients 11 K el ective dose to measurable physical quantities, e.g. radiation fluences

_or air kerma ch ii@ 1Sing the external radiation fields in the workplace.

(85) In Publication 74 (1996b), the two Commissions jointly concluded that, for external
sources, the two approaches are well correlated and in most practical situations the values of .
the operational dose quantities provide an assessment of effective dose that is sufficiently
accurate for radiological protection applications. This will also be the situation after the
recommended changes of wgr for neutrons and protons. ICRP also provides dose coefficients
for the activity intake of radionuclides by inhalation and mgestlon, and the airborne activity
concentration of noble gas radionuclides.

(86) The calculation of absorbed dose within the tissues and organs of the body at risk of
stochastic effects, which underlies the determination of effective dose, is derived by ICRP
specified age- and gender-specific models of the body, and models describing the fate of
radionuclides within the body — including dependence on the physico-chemical form of the
radionuclides. The absorbed doses are modified by radiation weighting factors and age- and
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