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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO
member bodies). The work of preparing International Standards is normally carried out through ISO technical
committees. Each member body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, governmental and non-governmental, in

liaison with 1SO, also take part in the work. ISO collaborates closely with the International Electrotechnical
Commission (IEC) an all matters of electrotechnical standardization

International |[Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part\3:
The main tagk of technical committees is to prepare International Standards. Draft International Standards adopted
by the techpical committees are circulated to the member bodies for voting. Publication-as an International
Standard reduires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this International Standard may be the|subject of
patent rights] ISO shall not be held responsible for identifying any or all such patent rights.

ISO 15382 was prepared by Technical Committee ISO/TC 85, Nuclear enérgy, Subcommittee SC 2,| Radiation
protection.

Annexes A t¢ C of this International Standard are for information only:
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Introduction

A high percentage of weakly penetrating radiation, mainly beta radiation, has to be expected in nuclear power
plants, especially during maintenance work. Special rules need to be respected and particular protection
procedures are required for external exposure to this radiation. Dosimetry methods usually applied in radiation
protection monitoring of strongly penetrating radiation cannot be directly applied to weakly penetrating radiation.

tive sources.
may involve
large-areal contamination with locally different nuclide composition, which can vary with time. In additiop, the activity
per unit afea may assume high values. Exposure to weakly penetrating radiation from radioactive ngble gases in
room air has also to be considered. Particular attention has to be paid to work performed eh heavily ¢gontaminated
parts at clpse proximity. This requires special rules and procedures for the nuclear power-plants, sqme of which
may be applicable to the handling of radioactive sources in other disciplines.

In order t@ achieve and maintain high radiation protection standards, it is necessary to utilize a spefial standard
dedicated|to the particular concern pertaining to protection against, and monitoring of, external ¢xposures to
weakly pehetrating radiation.

© ISO 2002 - All rights reserved Vv
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3 Terms and definitions

For the pu

3.1

Quantities and units

national Standard specifies a procedure for radiation protection monitoring in ruclear ins
xposure to weakly penetrating radiation, especially to beta radiation and describes the
rotection monitoring for external exposure to weakly penetrating radiationin_huclear inst
omprises B~ radiation, p* radiation and conversion electron radiation as\well as photon

elow 15 keV. This International Standard describes the procedure inradiation protection
as well as the measurement and analysis to be applied. It applies to regular nuclear
ncluding maintenance, waste handling and decommissioning.

hmendations of this International Standard may also be transferred to other nuclear fie

ng, if the area-specific issues are considered. This International Standard may also b
rotection at accelerator facilities and in nuclear medicing, biology and research facilities.

native reference

ng normative document contains provisions-which, through reference in this text, constitute

tallations for
procedure in
llations. This
diation with
blanning and
power plant

|ds including
e applied to

provisions of

ational Standard. For dated references; subsequent amendments to, or revisions of, any of these

s do not apply. However, parties to agreements based on this International Standard are e

the possibility of applying the most:-recent editions of the normative document indicate
pferences, the latest edition of the-normative document referred to applies. Members of
pgisters of currently valid International Standards.

1996, Reference beta radiations for calibrating dosemeters and dose-rate meters and fo
nse as a function of beta-radiation energy

rposes of this-International Standard, the following terms and definitions apply.

hcouraged to
i below. For
SO and IEC

determining

3141

equivalen
Hy

t dose in a tissue or organ

product of the absorbed dose Dt g, averaged over the tissue or organ T, in the case of skin averaged over the
whole surface, and the relevant radiation weighting factor wg, for the radiation R

Ht =wr-DTR

©1S0 2002 -
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NOTE 1 When the radiation fields are composed of radiations with different values of wg, the equivalent dose in a tissue or
organ is the sum of the products of the radiation weighting factor wg and the absorbed dose, D g, thus

HT:ZWR'DT,R (1)

R

NOTE 2 The equivalent dose quantities defined in "Equivalent dose in a tissue or organ" cannot be directly measured.
Instead, the dose equivalent is measured with dosimeters positioned on appropriate parts of the body. These dosimeters are

calibrated on appropriate phantoms.

NOTE 3

The unit of equivalent dose in a tissue or organ is joule per kilogram (J-kg™!) with the special name sievert (Sv).

NOTE 4 Fd
3.1.141

partial-body
equivalent d
organ or bod

NOTE 1 In
and photon rg
consideration.
particles Q is ¢

r B and photon radiation, the numerical values of dose equivalent and equivalent dose are practicatly

dose
pse to tissue, organs or parts of the body identified by the name of the part-of the particu
V, €.g. bone marrow dose, skin dose, hand dose, testes dose or dose to the lens of the eyes

regulations still based on ICRP 26!, the dose equivalent to a part of the body.or organ, Hr, is defin
diation, as the product of the absorbed dose, D, in the organ and the guality factor Q for the rad
Q is defined as a function of the linear collision stopping power in water;-for low energy photons, &
qual to 1 in this International Standard.

e same.

lar tissue,

d, for beta
ation under
nd for beta

NOTE 2  THe unit of partial-body dose is joule per kilogram (J-kg~"), with the special name sievert (Sv).
31.1.2
localized skjn dose
Hskin
equivalent dgse averaged over an area of 1 cm? of skin at-a nominal depth of 0,07 mm and at the respecfive point
of interest
NOTE 1 THe maximum localized skin dose is predominant in monitoring the skin limit for external radiation.
NOTE 2  THe unit of localized skin close is joule per kilogram (J-kg~"), with the special name sievert (Sv).
3.1.2
effective doge
E
sum of the equivalent doses4ft, in relevant organs and tissues multiplied by the appropriate tissue| weighting
factors, wy

E= Zv T 'HT

T

NOTE 1  ThefcHowing-expression-applies-based-onthe-definition-of-H-

EZZZWT'WR'DT,R
T R

NOTE 2

)

The equivalent dose quantities defined in “Effective dose® cannot be directly measured. Instead the dose equivalent

is measured with dosimeters positioned on appropriate parts of the body. These dosimeters are calibrated on appropriate

phantoms.

NOTE 3

The unit of effective dose is joule per kilogram (J-kg™1), with the special name sievert (Sv).

© 1SO 2002 - All rights reserved
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weighting factor

wT

factor which represents the relative contribution of that organ or tissue to the total detriment due to the stochastic
effects resulting from uniform irradiation of the whole body

3.1.4

effective dose equivalent

Hg

weighted average of the dose equivalent in a tissue or organ, T, each weighted by a tissue or organ weighting

factor, wy,

as formerly recommended by ICRP 26 [1]

3.1.5
personal
Hy(d)
dose equi
NOTE 1

radiation a
is written as

NOTE 2
radiation, r

Hose equivalent

alent in soft tissue measured at an appropriate depth, d, below a specified point-of the body

For strongly penetrating radiation, the depth, 10 mm, is frequently recommended{(see 3.3.1). For wea
Hepth of 0,07 mm for the skin and 3 mm for the lens of the eye are employed (se€3.3.1). For these p
, Hp(10), Hp(3) and Hp(0,07), respectively

This definition ensures that the personal dose equivalent, H,(10), fop-a Whole-body exposure to stron
bpresents an estimate of the effective dose and the equivalent dgsevfor deep-lying organs, wherea

dose equivalent, H,(0,07), permits the skin dose to be monitored for a partial~body exposure of the skin or of the ¢

NOTE 3

NOTE 4

The unit of personal dose equivalent is joule per kilogram (J%kg~"), with the special name sievert (Sv).

As noted in ICRU 562, in most cases the only valuetof the depth that is of concern for beta radiati

ly penetrating
rposes, Hp(d),

gly penetrating
5 the personal
xtremities.

pn is 0,07 mm

while in a féw instances a depth of 3 mm is of interest for prote¢tion of the lens of the eye. The ambient dose eqdiivalent /#*(10)

is considered

ndividuals in
Y%

radiation field.
d, the fluence
bld at the point
hnded field but

used for th¢ monitoring of strongly penetrating radiation is_not appropriate for any beta radiation, even that which
as strongly [penetrating (£, > 2,5 MeV) (see 3.1.6.1).

3.1.6

area monjtoring

for purposes of routine radiation protectian, it is desirable to characterize the potential irradiation of
terms of a|single dose-equivalent quantity that would exist in a phantom approximating the human bod
NOTE 1 The phantom selected-is.called the ICRU sphere.

NOTE 2 |For area monitoring/it is useful to stipulate certain radiation fields that are derived from the actual
The terms [expanded” and)’aligned” are used to characterize these derived radiation fields. In the expanded fie
and its angplar and energy.distribution have the same values throughout the volume of interest as in the actual fi
of referencg. In the aligned and expanded field, the fluence and its energy distribution are the same as in the exp
the fluencelis unidirectional.

3.1.6.1

ambient doseequivatent

H*(d)

dose equivalent that would be produced, at a point in a radiation field, by the corresponding aligned and expanded
radiation field in the ICRU sphere at a depth, d, on the radius opposing the direction of the aligned field

NOTE 1

NOTE 2

NOTE 3

©1S0 2002 -

The recommended depth for strongly penetrating radiation is d = 10 mm.

The ambient dose equivalent H*(10) is not suitable for measurements in pure beta radiation fields.

The unit of ambient dose equivalent is joule per kilogram (J-kg~"), with the special name sievert (Sv).
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3.1.6.2

directional dose equivalent

H'(d,0)

dose equivalent that would be produced, at a point in a radiation field by the corresponding expanded radiation field
in the ICRU sphere at depth, d, on a radius in a specified direction, 2

NOTE 1

NOTE 2

The recommended depth for weakly penetrating radiation is ¢ = 0,07 mm.

generally dependent on the orientation of the specified sphere radius.

NOTE3 T
dose equival

nt gives an estimate of the effective dose and the equivalent dose in deep-lying organs and,

In an expanded radiation field with given directional radiation distribution, the value of the quantity, H'(d), is

he ambient
for weakly

penetrating radiation, the directional dose equivalent gives an estimate of a person's skin dose during measurement at the

location whereg

NOTE4 T
penetrating r{
simultaneousl
corresponds ¢

the dose is measured.

e dose equivalent for area monitoring for strongly penetrating radiation is given by; #*(10), and
hdiation by, H'(0,07). If strongly penetrating radiation and weakly penetrating\ radiation are
, the dose equivalent is characterized by the pair of values, AH*(10) and H!(0,07). This quanti
pproximately to the directional dependence of readings in measurements with'an area dosimeter d

simultaneous easurement of strongly and weakly penetrating radiation.

NOTES  TH

3.1.7

e unit of directional dose equivalent is joule per kilogram (J-kg™"), with the special name sievert (Sv).

dose-equivdlent rate

quotient of d

NOTE 1 Fd
penetrating ra
pair of values,

NOTE2  Th

bse equivalent in a time interval divided by the time interval

r area monitoring, the dose-equivalent rate for strongly penetrating radiation is given by A*(10), ang
Hiation by A’(0,07). If strongly penetrating radiation(@nd weakly penetrating radiation have to be con
H*(10) and A'(0,07), should be reported

e dose-equivalent rate is joule per kilogram'(d-kg~"), with the special name sievert (Sv).

3.2 Persdnal dosimeters

3.21

approved dgsimeter

personal do
compliance |

NOTE In

3.2.2
approved w
approved do

bimeter used to detefmine the personal dose equivalent and issued by a measuremen
vith national regulations

some countries)the approved dosimeters are named official or accredited dosimeters.

hole-body dosimeter
siméter for measuring the personal dose equivalent due to whole-body exposure

for weakly
considered
y definition
esigned for

for weakly
sidered, the

t office in

NOTE
dose.

3.23

approved partial-body dosimeter
approved dosimeter for measuring the personal dose equivalent to the part of the body concerned (see informative

annex A)

NOTE
the body.

The reading of the whole-body dosimeter worn on the front of the trunk is often used as an estimate of the effective

The reading of the partial-body dosimeter is often used as an estimate of the dose equivalent for the affected part of

© 1SO 2002 - All rights reserved
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3.3 Other terms

3.3.1

weakly penetrating radiation

radiation when the personal dose equivalent received by any small area of the sensitive layer of the skin is more
than 10 times larger than the effective dose for a given orientation of the body in a uniform and unidirectional
radiation field

3.3.2

strongly penetrating radiation
radiation when the equivalent dose received by any small area of the skin is less than 10 times larger than the
effective sefora givcll uniformmandunidirectiomat-fietdand-orientatiomrof-the Iuuu'y

3.3.3
soft tissu
for dosimetry purposes, homogeneous material composed of (in weight percentages): 10:1/% hydrgogen, 11,1 %

carbon, 2,6 % nitrogen and 76,2 % oxygen ICRU tissue, with a specific gravity of 1 g-cm3
NOTE For ICRU tissue see ICRU 33831,

3.34
investigation level
value of the personal dose equivalent which, when exceeded, requirés)investigations into the effg¢ctiveness of
radiation grotection measures

NOTE 1 The investigation level is dependent on the respective operation or application type.

NOTE 2 |The investigation level in this International Standard is @ dose equivalent specified for various parts of{the body for a
fixed time period. For personal dose-equivalent readings below-0r equal the investigation level, the dosimeter rdading is taken
as representing the effective dose, or equivalent dose to spegified organs or parts of the body. For a personal dpse equivalent
reading exgdeeding the investigation level, it needs to be verified whether a calculation of the corresponding equ|valent dose is
required.

NOTE 3 Investigation levels are established by national authorities.

3.3.5
transmisgion factor
T
ratio of thg dose-equivalent rate determined behind a shielding and the dose-equivalent rate without th|s shielding

NOTE 1 For X-rays and gamma radiation, the attenuation factor, which is equal to the reciprocal of the transmission factor, is
often used.

NOTE 2 [In mixed‘beta and photon radiation fields, the transmission factor can also be specified for components of the
radiation figld.

NOTE 3 |Reference should be made to the geometry for which the transmission factor is calculated or measuregd.

4 Radiation protection planning

Weakly penetrating radiation is to be expected in the vicinity of unsealed radioactive materials, for example, on
contaminated inner surfaces of plant components, on system components or tools and in contaminated areas. High
values of the directional dose-equivalent rate can be produced, in particular, by beta radiation. Therefore, weakly
penetrating radiation should be considered already at the stage of radiation protection planning.

The components on which contamination can occur are, as a rule, known from operational experience. If a high

gamma ambient-dose-equivalent rate is measured on closed components (e.g. pumps, steam generator), a high
percentage of weakly penetrating radiation has to be expected when the component is opened.

© ISO 2002 - All rights reserved 5
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The radiation fields from contaminated surfaces or air may be subject to considerable variation in time and location.

NOTE
references [4]

to [10] in the bibliography.

5 Characterization of radiation fields

5.1

Introduction

Information on weakly penetrating radiation, in particular beta radiation, in nuclear power plants is given in

The effective dose from weakly penetrating radiation, in particular from beta radiation, depends on the directional
dose-equivalent rate, the duration of the exposure, on the direction considered and the attenuation by the
protective cl¢thing. Tnformation about the energy of beta radiation Is obtained from the radionuclide .cg
beta spectrometry or the attenuation of the radiation.

5.2 Nuclide composition of contamination

The compos
measuremer

In determinir]
equivalent dy

NOTE1 TH

NOTE 2 Wi
contamination

NOTE3 W
high maximun
concentration

NOTE 4 G
are not detect

tion of a radionuclide mixture can be determined, for example, by radiochemical analysis
ts with gamma spectrometers on surfaces or by the evaluation of wipe or scratch tests.

g the radionuclide composition, all radionuclides which contribute significantly to the direct
e to the emission of weakly penetrating radiation shall be recorded;

e radionuclide composition may be subject to variations in time and-ocation.

Ipe tests alone do not always provide the complete radionuelide spectrum, especially in the ca

hereas weakly penetrating radiation is partially attenuated by absorbers (e.g. air), beta radiation cor
h energy (e.g. '24Sb with Egmay, = 2,3 MeV) can eontribute significantly to the dose equivalent ¢
n the radionuclide mixture is small (see Figure 1).

mma spectrometers do not provide information on the complete radionuclide spectrum since pure b
d.

mposition,

, by direct

onal dose

se of fixed

hponents of
ven if their

bta emitters
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The gamnpa components of the radionuclides are not considered in the calculations. All calculations|by Cross [10]
were prior|to the issue of ICRU 39 [11]

Figure 1 +— Calculated beta dose-equivalent rates as a function of the mass per area of an absorber in front
of extended sources for various radionuclides frequently present in nuclear power plants (Jross[10])

5.3 Attenuation of radiation

Attenuation measurements may'be used to characterize the radiation field by estimation of the maximpm energy of
beta radiation (see Figure 2,.3.3/5 and 6.5).

6 Area dose-equivalent rate measurements
6.1 General

Weakly pgnetrating radiation primarily affects the skin. The International Commission on Radiologidal Protection
(ICRP) considers it appropriate to limit SKin exXposure on the basis of a SKin dose evaluated at a depth of 0,07 mm.
The area dose-equivalent rate measurement relates to this tissue depth by measuring the directional dose-
equivalent rate, H'(0,07,£). In general, weakly penetrating radiation is accompanied by strongly penetrating
radiation, which contributes to the dose both in the skin and in deeper tissue layers. This has to be taken into
account in area dose-equivalent rate measurements by measuring the ambient dose-equivalent rate, #*(10).

If weakly penetrating radiation is expected, radiation protection measures always have to be based on
measurements of the ambient dose-equivalent rate /#*(10) and the directional dose-equivalent rate H'(0,07,¢2)
(see also 3.1.7). The results (possibly behind protective clothing as used by the radiation worker, see also 6.3) are
used to determine whether the dose on the extremities according to 7.2 or the skin dose according to 7.3 should be
measured.

© ISO 2002 - All rights reserved 7
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6.2 Measuring requirements

Before starting to work on contaminated or activated objects, it is required to measure the dose-equivalent rates,
H'(0,07) in addition to H* (10).

Measurements of the directional dose-equivalent rate H'(0,07) are not required if it is known from radionuclide
analysis, or from earlier measurements, that the exposure level for weakly penetrating radiation is very low or that
the protective clothing is sufficient to shield this type of radiation.

For certain equipment or systems and in certain periods of time, H’(0,07) may be estimated by the known ratio of

L4.0)\

H'(0,07)/ H

\IU}.

However, th¢ measurements shall be repeated if new and possibly contaminated surfaces are_access

course of wo

6.3 Meas

For determi
detectors sh

Dose-rate m
volume ioniz
should be us
correct for ur
chambers dy

If protective
clothing.

Dose-equiva
volume. The
ionization ch
can be undd
chamber (ch
distance, the

The direction
with surface
Geiger-Mille

An ionization
H* (10) of st

As for the qu

!

k.

iring instruments

ing the directional dose-equivalent rate H'(0,07), dose-equivalent-rate meters with
uld be used (see ICRU 56:1997, chapter 8, [2]).

eters with thin-walled ionization chambers are particularly suitable. Dose-rate meters wit
htion chamber may be used in close vicinity to a radiation seurce. Large-volume ionization
ed where small dose rates are to be measured or a rapid*reading is required. A possib
derestimation of H'(0,07) should be taken into account.inymeasurements with large-volumg
e to non-uniform irradiation of the detector volume.

clothing is worn, H'(0,07), should not be measured free in air but behind the respectiy

ent rate meters with an ionization chamber measure the dose rate averaged over the
result of measurements at short distances from the contaminated surface depends on the
bmber, and on the size of the contaminated area, due to the field gradient. The dose-equi
restimated by a factor of 5 to ‘10 (in extreme cases even more) when a large-volume

ible in the

hin-walled

h a small-
chambers
e need to
ionization

e layer of

chamber
Kize of the
alent rate
ionization

Bmber volume of approx. 500:¢m3) is used near a contaminated surface. The factor depends on the

area of contamination and the beta radiation energy (see [12], in the bibliography).

al dose-equivalent rate/H' (0,07) may also be determined using instruments with other detg
barrier detectors-or.scintillation counters (see [12] and [13] in the bibliography). Instrun
I detector tubesare not suitable for determining the directional dose-equivalent rate H' (0,07

chamber-covered with a tissue-equivalent chamber wall or cap of 1 g-cm=2 is suitable for
rongly penetrating radiation.

ctors, e.g.
hents with

).

measuring

Aceable to

antity to be measured, the calibration of measuring instruments and dosimeters should be tr

national stan

6.4 Place

fards:

of measurement

The place of measurement shall be representative for the exposure conditions of the person surveyed. If it cannot
be avoided that contaminated objects are touched with the hands, measurements shall be performed both near the
surface (approximately 1 cm distance) and at the usual working distance of the trunk (approximately 30 cm). If tools
are used, measurements should be performed at the distance appropriate for the use of such tools.
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6.5 Determining the transmission factor

Measurements of the transmission factor may be carried out to characterize the shielding effect of protective
clothing (see 5.3). For this purpose, the detector is covered with caps of different mass per unit area. For routine
tasks, the mass per unit area of the cap should correspond to that of the protective clothing or to the tissue depth of

an interesting organ (e.g. 300 mg-cm=2 for the lens of the eyes).

The transmission factor 7" may also be used to estimate the dose rate fraction of weakly penetrating radiation. The
transmission factor may be estimated from Figure 2 if the maximum energy for beta radiation is known.

l\“
S
2|10 |
o
C
9o
3
£ Epmae MeV
2|08
©
= 3,5
3,0
0,6
25
0,4
2,0
0,2 4
0,2\0,3\0,4\0,5 0,6 0,8 15
0,0 . . . 12
0 100 200 300
Mass per area, mg-¢m?
Figure 2 — Approximate values of the transmission factor 7 for known maximum beta energy as a function
of the mass per area; calculated according to equation (3) and Figure 3, both in reference [15]
The curvds in Figure\2-depict reference values which overestimate the attenuation by protective dothing if the
contamingtion confains beta emitters of high maximum energy, although their activity fraction is Yisually small
(approximately 2.%). A transmission factor determined from Figure 2 only applies to the attenuation|of the dose-
rate fractipn“of ‘weakly penetrating radiation according to 5.2, and not to the dose-rate fraction of strongly
penetrating radiation.

NOTE The transmission factor can also be deduced from beta spectral measurements.

6.6 Evaluation of measurement results

On the basis of the measured dose-equivalent rates H'(0,07) and H* (10), it is necessary to evaluate whether the
work to be carried out:

— involves working close to contaminated surfaces,

— involves sufficient attenuation of the weakly penetrating radiation by protective clothing,
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requires

requires

wearing a personal dosimeter measuring weakly penetrating radiation, and/or

additional protective measures.

Such evaluation has to include possible exposures of

the hands, forearms, feet, lower legs and ankles including the associated skin,
the other skin regions,

the testes, and

the lens

of the eyes.

Two cases have to be distinguished in evaluating the attenuation of weakly penetrating radiation by

clothing:

the cont
(upper li

all or g
(Eﬁ,max

In the first c
protective cldg

NOTE P
area of 50 mg
mass per areg

In the secon
the basis of
transmission

Amination consists almost exclusively of radionuclides emitting beta radiation’ of low maxim
Mit 320 keV, for examples see annex B);

320 keV).

hse, it is not necessary to determine the dose equivalenis caused by weakly penetrating
thing is worn which sufficiently attenuates this radiation.

cm~2 If the trunk is at a distance of more than 30 cmfrom the radiation source, protective clothing (ove
of 10 mg-cm~2 is sufficient.

| case, the partial-body dose to be expected for a person performing a task needs to be es
dose-rate measurements, exposure.fime and attenuation by protective clothing. The corn
factor should be determined according to 6.5.

7 Personal dosimetry

7.1 Gene

al

A suitable p

rsonal dosimetef-has to be worn on the extremities if a partial-body dose greater than a

fixed value per month (e.g~M30 of the annual limit per month) is expected for the hands, forearms, feet,
or ankles intluding thevassociated skin, considering all exposures. If a skin dose is expected to e

nationally fi

d value{per month on other parts of the body, a suitable personal dosimeter has to b

measuring thlis skin dose. Partial-body dosimetry for testes and eye lenses is only necessary in exception

NOTE 1

THelnational requirements for the measurement of partial-body dose equivalents are normally given as

protective

im energy

art of the contamination consists of radionuclides emitting, beta radiation of elevat¢d energy

adiation if

ptection of the hands is achieved on the hands by wearing both fabric and rubber gloves with a mass per unit

ralls) with a

imated on
esponding

nationally
lower legs
xceed the
. worn for
al cases.

a)

fixed dose values when the partial-body dose equivalent (or the organ dose equivalent) has to be measured irrespective of

the effective dose or the personal dose equivalent measured at the normal position of the approved whole-body dosimeter,

given ratio is or might be exceeded then the partial-body dose has to be measured, or

and a rati

10

o for when the partial-body dose equivalents has to be measured in case the fixed value is exceeded.

ratios between the partial-body dose equivalent (or the organ dose equivalent), or and effective dose, such as when a

a combination of a) and b), for example, a fixed value below which partial-body dose equivalents need not be measured
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NOTE 2  The partial-body dose to be expected during a month is often difficult to estimate at the beginning of the month.
Therefore, partial-body dosimeters are often used regularly at determined workplaces. The need to wear a corresponding
dosimeter may arise during the monitoring period.

7.2 Personal dosimetry for hands, forearms, feet, lower legs and ankles including the
associated skin

7.2.1 General

Since irradiation of extremities can be very inhomogeneous, it is not appropriate to determine the average dose to
the respective extremity, instead the maximum value should be determined.

7.2.2 MJasuring requirements

The requifed annual dose limits, monitoring periods and procedures for assessment of the.partial-hody dose of
hands, forearms, feet, lower legs and ankles, including the associated skin, are given by national regulptions.

The requifements for personal monitoring are given by national regulations considering annual dpse limits or
fractions of it.

A dosimeter shall be worn on the extremity exposed for monthly intervals, if a monthly partial-body dose of more
than the nationally fixed value for monitoring is to be expected (see 7.1).

No partialibody dosimeter shall be worn, if the ratio of partial-body dése”at the extremity versus effgctive dose is
smaller than the ratio of the prescribed annual nationally fixed value for monitoring (from which [on-extremity
is required) versus the annual dose limit of the effective'dose, if the annual limit of the effgctive dose is

The partigl-body dose to the extremities shall be determined using appropriately thin energytindependent
dosimeters$, e.g. thermoluminescence dosimeters{ A dosimeter need not distinguish between weakly|land strongly
penetrating radiation to the extremities, since the annual limit of the partial-body dose applies to the sum of the

rated by both types of radiation.
ce of measurement

The partidl-body dosimeter should.be worn on a finger of the working hand for the region of th¢ hands and
forearms, |and on the ankle for’the region of the feet and lower legs. In exceptional cases, e.g. if working is greatly
impaired, the dosimeter may.-also be worn on an adjacent location (e.g. wrist instead of finger), but then the dose
equivalenf has to be estimatéd for that part of the extremity where maximum exposure has occurred.

The dosimeter shalhbe worn under protective clothing, especially inside gloves, if such clothing |s worn. The
dosimeter|can alsa.be worn outside the protective clothing, but under an equivalent thickness of material. This
protects the dosimeter from perspiration, permits easier removal, and gives an accurate measuremept of the skin
dose.

7.3 Personal dosimetry for the skin
7.3.1 General

Since irradiation of the skin can be very inhomogeneous, it is not appropriate to determine the average dose to the
skin, instead the maximum localized skin dose should be determined.

7.3.2 Measuring requirements

The required annual dose limits, monitoring periods and procedures for assessment of the partial-body dose for the
skin of parts of the body other than those specified in 7.2 are given in national regulations.
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No such dosimeter need be worn, if the ratio of directional dose-equivalent rate, H'(0,07), (possibly under
protective clothing) to ambient dose-equivalent rate, H* (10), is smaller than the ratio of the corresponding dose
equivalent limits, since in that case the skin dose limit cannot be exceeded without exceeding the effective dose
limit.

7.3.3 Dosimeters

The personal dose equivalent to the skin shall be determined using thin tissue-equivalent dosimeters, e.g.
thermoluminescence dosimeters.

A dosimeter worn on the trunk need not necessarily indicate low-energy beta radiation (source energy
Epgmax < 320[KeV), since this type of radiation is considerably attenuated by the air between the radiatjon source
and dosimeter (Figure 2). If the maximum B-energy of the source is lower than 320 keV and the distahce of the
source and the trunk is larger than 30 cm, the dose to the skin need not be measured at the trunks-since low energy
B-radiation is| considerably attenuated by the air between the radiation source and the dosimeter;

uminescent
h dosimeter
ted against

NOTE Geiger-Muiller detectors are not suitable for detecting weakly penetrating radiation. Spéeial radiophoto
(RPL) dosimeters (phosphate glass dosimeters) and special silicon detector dosimeters can be dpplicable. The filn
can detect high-energy beta radiation, but from the optical density, high-energy beta radiation{cannot be discrimina
low-energy gamma radiation, while both radiation types will need different calibration factors.

7.3.4 Plac¢ of measurement

blized skin

In selecting
dose, the att
the radiation

If weakly pen
determined 4

In the case g

exposed thanm the skin on the trunk; in that case, the localized skin dose needs to be determined at the u

location or af

NOTE Fd
wearing it, for

7.4 Persagnal dosimetry for the testes

7.41

The annual
regulations. [
maximum [-

the bibliography):

Meaquring requirements

e representative measurement position for the partial-body.dosimeter to determine the loc
pnuation by protective clothing has to be specifically takeninto account in addition to the dis
source.

etrating radiation is only slightly attenuated by pratective clothing, the localized skin dose m|
t the location of the whole-body dosimeter worn;on the clothing.

f effective attenuation by protective clothingy unprotected skin regions, e.g. on the head, ma
an equally exposed location.

r practical reasons, it may be appropriate to wear the dosimeter on the trunk outside protective clothin
nstance, on the head.

imit and the\dequired monitoring for the partial-body dose of the testes can be found
Due to the~small contribution of beta radiation to the testes dose, a determination is only requ
adiation-energy is above 1 MeV and the skin dose near the testes reaches the annual limit

ance from

ay also be

y be more
hprotected

b instead of

n national
ired, if the
see [15] in

NOTE1 B~

Lo " . Mev . | _e ot

ctrons and

B*-radiation behave approximately like p~ radiation. In most cases, the contribution of this radiation to the testes dose is small.
For beta radiation from 124Sb, for example, the testes dose equals about 1 % of the skin dose, including the attenuation by air
and protective clothing, and it is low compared with the contribution to the testes dose generated by simultaneously existing
strongly penetrating radiation.

Low-energy photon radiation is generally accompanied by photon radiation of higher energy. Therefore, a
determination of the testes dose for photons with energies below 15 keV is only required in exceptional cases.

NOTE 2 For photons with energies below 15 keV, the ratio between testes dose and directional dose equivalent, H7(0,07), is
smaller than 0,05 (see [15] in the bibliography).
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7.4.2 Dosimeters

The testes dose shall be determined using thin tissue-equivalent dosimeters covered by a tissue-equivalent layer of
a thickness corresponding to the effective depth of the testes. The partial-body dose of the testes should be
determined using appropriately thin tissue-equivalent dosimeters, e.g. thermoluminescent dosimeters.

For extended organs, e.g. testes, the dose shall be averaged over the whole organ. This average value is equal to
the dose at a particular tissue depth, the effective depth.

The effective depth depends on the energy of beta radiation. It ranges from 2 mm to 9 mm for beta radiation with
energies greater than 1 MeV (see [16] in the bibliography).

743 Plelce of measurement
The partial-body dosimeter should be worn in close proximity to the testes.

In selecting the representative measurement position for the partial-body dosimeter to. determine the equivalent
dose to the testes, the attenuation by protective clothing shall be specifically taken into~account in a@ldition to the
distance ffom the radiation source. The dosimeter shall be covered by material Wwith thickness equivalent to the
protective [clothing.

7.5 Personal dosimetry for the lens of the eye
7.5.1 Mgasuring requirements

The annudl limit and the required monitoring for the partial-body dose of the lens of the eyes can bg found from
national rggulations.

A determipation of the partial-body dose for the lens of’the eyes is only required in exceptional cdses for beta
radiation With E,,,;, > 3,5 MeV. A tissue depth of 3 mm is\éstimated for the lens of the eyes.

For beta |radiation with maximum energies Epmax < 3,5 MeV (ICRU 43['7]) and for photons with energies
Epn <10 kgV, the ratio of dose equivalent on the skin surface to that at 3 mm depth is greater than 3,3, i.e. greater
than the rgtio of the annual limits recommended by ICRP for skin and the lens of the eyes. In these casges, the dose
on the skin determines the limit. A partial=body dose determination for the lens of the eyes is thereforg not required
for the radjation specified above if the,skin dose near the eyes does not exceed the dose limit.

A dose dg¢termination for eyellenses is also not required if respirators with sight glasses which alpsorb weakly
penetrating radiation almost.eompletely are worn.

7.5.2 Ddsimeters

The partial-body dose to the lens of the eyes shall be determined using tissue-equivalent dosimeters fovered by a
tissue-equivalént layer of 300 mg-cm~2.

7.5.3 Place of measurement
The partial-body dosimeter should be worn on the forehead in close proximity to the eyes.
In selecting the representative measurement position for the partial-body dosimeter to determine the equivalent

dose to the lens of the eye, the attenuation by protective material, for example, face mask and glasses has to be
specifically taken into account in addition to the distance from the radiation source.
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8 Special cases
8.1 Radioactive noble gases

The directional dose-equivalent rate, H'(0,07), caused by radioactive noble gases in room air is to be calculated, if
necessary, from the radionuclide composition and "concentration" (expressed in terms of activity per volume unit,
or derived air concentration, DAC) or should be determined by a measurement of the directional dose-equivalent
rate (thin thermoluminescent dosimeters; thin walled ionization chamber). If relevant, the skin dose should be
calculated from the results taking the exposure period into consideration.

The directional dose-equivalent rate due to beta radiation in contaminated air with locally constant activity
concentratiof as a function of the maximum energy of the radionuclide according to [18] and-[[I9] in the
bibliography |s shown in Figure 3.

NOTE 1 If the room dimensions are smaller than double the range in air for beta radiation, the directional dosg-equivalent
rate is smaller|than the value estimated according to Figure 3.

NOTE 2 Previous experience in nuclear power plants has shown that the dose rate due to radioactive noble gages in room
air is so low that, in general, it need not be taken into consideration.
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Figure 3 — Directional dose-equivalent rate 4’ (0,07) due to beta radiation divided by the activity per unit
volume, 4y, for homogeneously contamined air as a function of £;max (see [18] and [19] in the bibliography)
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8.2 Skin contamination

8.2.1 General

In cases of skin contamination with radioactive substances, immediate and rapid decontamination measures are of
higher priority than an exact evaluation of skin activity and dose. Exact evaluations of skin activity and dose are
recommended only in such cases where skin contaminations cannot be removed by decontamination procedures,
and the skin dose is expected to exceed the given limit (see 8.2.2).

For skin contaminations, the skin dose is generated mainly by weakly penetrating radiation, especially beta
radiation. The dose component resulting from beta radiation is, in general, substantially higher than the one

induced by
particle rang

8.2.2 Nece

The annual |
as a precaut

NOTE In
ICRP 601201 is
the area expo

EXAMPLE A
is generated b

8.2.3 Asse

For skin dog

contaminated skin, and the duration of skin contamination-should be determined, apart from the com

radionuclides
monitoring tH
correlated sk

ps above the thickness of the epidermis, can also contribute to the skin dose.
issity for skin dose assessment

mit for the localized skin dose is given in national regulations. A skin dose evaluation is reca
on in cases where a high localized skin dose is expected, e.g. 1/10 of the annual limit per m

500 mSv for category A workers averaged over any 1 cm2, and correspondingly 50 mSv-month=1, re
bed.

Skin dose of Hp(0,07) =50 mSv due to contamination of the skin/with high-energy beta emitters, e
y an activity per unit area, 4, of 4,.= 31 kBq-cm=2in 1 h or by 43= 1,3 kBg-cm=2in 24 h.

issment of skin dose
e assessment in cases of skin contamination;~the amount of activity on the skin, the a
involved. Since contaminations are usually distributed unhomogeneously on the skin, an

e dose limits of the skin the highest value of the local skin dose is considered, the activj
in area, F, should be determined at the place of maximum contamination. For contaminated

} MeV and

mmended
bnth.

the case of contamination of hands, forearms, feet, lower legs and ankles,the annual limit reconpmended in

gardless of

g. 32p, 90y,

rea of the
bosition of
i since for
ty, 4, and
skin areas

< 1 cm?2, the pctivity per area, 4= A-F~1, is avéraged over an area of 1 cm2,

In the case of contaminations of the skin‘surface, the skin dose, Hy,, is calculated using the formula:

Hein =|4p.0-1c 27" (1- 24 (3)

where

sl the activity)per unit area at the beginning of contamination;

4r0

I calized skin dose rate factor;

A decay constant, A =1In2/T,, (T4, is the physical half-life of the radionuclide or radionuclide

composition);

t duration of skin contamination.

If the activity per unit area, A, is given in Bg-cm2, both the physical half-life, Ty, and the duration of
contamination, ¢, in hours, and the equivalent dose-rate factor, /¢, is given in Bg~'-uSv-h—1.cm2, then the skin dose,
Hgyin is determined in pSv.
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Usually 74, >> ¢ and hence there is no need to consider the decrease of contamination by radioactive decay, the
above formula is reduced to:

Hskin

:AF,O'IC't

The equivalent dose rate factor, /¢, is equal to:

Ic =Y Ic,
i

(4)

()

where I ;
In the cas

and for alpha radiation in [24], for many radionuclides. Equivalent dose-rate factors, I, for some’'mo

occurring

NOTE
depend on
area of 1 cf

In the caseg
literature, e

In the cas¢ of unidentified radionuclides, the skin dose can be estimated using the measured surface ¢
e Ar o and the skin-dose-rate factor for high-energy betaemitters, Ic = 1,6 uSv-h-1.Bq-1-cm3.

to calculat

8.2.4 Hadat particles
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consideredl in detail in ICRP 59[25]. ICRP 59 advises that the dose threshold for unacceptable acute

as ulcerati
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0,07 mm)
environmsg
monitors g

In the eve
made to r
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isthecontributionmof Tadiation type 7 (atpha, beta or photorm radiation)to the equivatentdos
e of beta emitters, the contributions /g ; are given in [21] and [22] in the bibliography, forph

adionuclides are compiled in informative annex C.

the extension of the contaminated area, F. As a consequence, the activity per area, A¢ = A-F1, is avg
2
h-.

where activity has penetrated the skin, special calculations shall be perfermed. Guidance should bq
g.ICRU 562,

es are small radioactive sources which can deliver highly non-uniform, localized dose distri
with the skin. These arise in connection with power reactor operations in the form of met
neutron activation or fission products; The biological effects of hot particles on the ski

pn, is 1 Sv averaged over an area'of/1 cm? at a depth of 100 ym to 150 um.

al recommendations subsequéntly given by ICRP 60[20] for a skin dose limit (500 mSv d
are thus somewhat conservative for a hot particle exposure. A hot particle exposure in
nt is unlikely to be recorded by a personal dosimeter but should be detected by the routin
r contamination moniitors.

nt of the recording of localized radioactive contamination of the skin or clothing, every eff
btrieve the activity for subsequent investigation. It is important to record details of the expo
clothing/shielding, likely duration of exposure, etc.

to 1<cm? of skin at a depth of 0,07 mm may be evaluated by direct measurement using tec

as thermd

ldminescence dosimetry, extrapolation ionization chamber, exo-electron dosimetry (seq

p-rate factor.
pbtons in [23]
e frequently

For skin contaminations delivering low-penetration radiation the skin dose, Hg;,nas’an approximation does not

raged over an

sought in the

mission rate

putions when
bllic particles
N have been
effects, such

ver 1 cm? at
the working
e use of exit

prt should be
sure such as

hniques such
[26] in the

bibliograp

y) or raaiocnromic aye 1ims (IURKF OO[Z]). Calcuiations or SKin dose may also bDe Mmade UsS

ng tabulated

beta dose distributions (ICRP 56[2]) or PC-based codes (e.g. VARSKIN, Monte Carlo codes) but this requires
information on the particle characteristics, composition and activity (usually obtained by gamma ray spectrometry
and supplemented by some assumptions regarding the presence of pure beta emitters).

The hot particle dose limit applies to a single exposure from one particle. The ICRP have not provided guidance on
the effects or dose limits for exposure from a number of particles either sequentially or simultaneously.

The evaluation of hot particle doses provides an indication of the acceptability of contamination levels. The
information may need to be formally recorded, depending on local rules or national regulations.
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9 Assessment of partial-body doses

9.1 Equating partial-body dose and personal dose equivalent

The personal dose equivalent measured with a partial-body dosimeter should be compared with the investigation
levels in national regulations (see informative annex A). If the personal dose equivalent measured on a part of the
body is below or equal to the associated investigation level, then the personal dose equivalent may be equated to
the partial-body dose. If the personal dose equivalent exceeds the investigation level, then it should be considered
whether partial-body dose limits are exceeded (see 9.2).

9.2 Calcu

lating the partial-body dose

The partial-b
dose equival

— theinve

— the pers
particulg

— it is dodlibtful whether the measured value of the partial-body dose excCeeding the investigatia

represer
The measurg

— errors in
the body

— it can b¢ estimated on account of the exposure conditions (e.g. dosimeter worn at the location of

dose an
persona
dosimet

Calculation p

10 Documentation of partial-body doses

The partial-b
according to

The partial-b
— equating

— calculati

ody dose should be calculated if there is reason to assume, for example, on the basis ‘0
bnt measurements, that dose limits may be exceeded. This is the case if

stigation level is exceeded;

bnal dose equivalent summarized over a calendar year exceeds the annual dose limit applic
r part of the body concerned; or

itative for the actual exposure and measurement conditions of the person monitored.

ment value is considered to be representative if

indication (e.g. due to instrument failure) or exposurezconditions (e.g. due to a dosimeter n

) are either irrelevant or taken into account, and

d high-energy beta radiation) that the associated partial-body dose is not higher than the
dose equivalent. Any measurement. deviations due to the energy and directional depe
br response should be taken into account.

rocedures for the partial-body dose are subject to national regulations, e.g. [15] in the bibliog

ody doses determined by personal dose monitoring on parts of the body have to be dd
national regulations,and monitored with respect to the dose limits.

bdy doses areldetermined by:

the partial-body dose with the personal dose equivalent (according to 9.1);

f personal

Bble to the

n level is

bt worn on

maximum
measured
ndence of

raphy.

cumented

ng-the personal dose equivalent (according to 9.2);

— calculation from the air activity concentration (according to 8.1) or skin contamination (according to 8.2); or

— extrapolation to the location of maximum exposure (according to 7.2.4).

For monitoring dose limits the partial-body doses determined for different monitoring periods shall be summed-up.

In many cases, the period in which the partial-body dose is determined is different from the one in which the whole-
body dosimeter was worn. This shall to be taken into account when summing-up the doses.
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If the partial-body dose was not explicitly determined for a complete monitoring period, then the personal dose
equivalent H/(10) obtained with the approved whole-body dosimeter is also regarded as the partial-body dose Hr,
for the periodpduring which the partial-body dosimeter was not worn:

Hy(10) = Hy (6)

NOTE If the period for which the partial-body dose was determined, in general the period during which the partial-body
dosimeter was worn, is shorter than the period of monitoring with the approved whole-body dosimeter, then the partial-body
dose, Hr, for this longer period is the sum of the partial-body dose, H;, determined for the shorter period, and the personal dose
equivalent, Hy(10), determined with the approved whole-body dosimeter for the longer period, Ht = H; + Hp(10), tolerating an
overestimation.

In exceptipnal cases, this rough estimate can indicate that the dose limit for the partial-body dosg'is fxceeded. In
these casgs, the partial-body dose should be estimated more precisely.

If a persqn wears several partial-body dosimeters at different times on the same part.of the body during a
monitoring period together with the approved whole-body dosimeter, in general one month, it will bg sufficient to
document|the individual dose values in operational records. The individual values should-be summed-yip to monthly
values and documented.

After completion of a work in a facility different from his home facility, the holder of a radiatior] passport, if
applicable| due to national regulations, shall have his/her personal dose recorded in this documept. If a dose
equivalenf according to clause 9 is to be determined, it will first of all besufficient to document the megsured value
or the megsured value extrapolated according to 7.2.4.
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