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INTERNATIONAL STANDARD

1ISO 7503-1 : 1988 (E)

Evaluation of surface contamination —

Part 1:
Betaremi T
and plpha-emitters

1 Scape and field of application

This part of ISO 7503 applies to the evaluation of contamina-
tion on purfaces of equipment ‘and_facilities, containers of
radioactiFe materials and sealed sources.in terms of activity per
unit area

This part|of ISO 7503 does not apply to the evaluation of con-
taminatign of the skin and of clothing.

It applies|to beta-emitters the maximum beta energy; Epmax, of
which is |greater than 0,15 MeV and alpha-emitters.

It is restrjcted to beta- and alpha-emitters, the production rate
of which, with regard to beta-particles plus monoenergetic
electrong and alpha-particles respectively, is near to 100 par-
ticles per| 100 decays (see table 3 in the annex).

For the purposes of this part of ISO 7503 the term "'beta
energy”’ fefers to maximum beta energy.

NOTE — Evaluation of tritium surface contamination is dealt with in
1SO 7503-2. Other radionuclides of practical importance (for example
electron capture and isomeric transition emitters) will be dealt with in a
future Intgrnational Standard.

2 Refprences

1SO 8769, Reference sources for the calibration of surface con-
taminatign monitors — Beta-emitters (maximum beta energy
greater than 0,15 MeV) and alpha-emitters.

3.3 removable surface contamination|:

tamination which is removable or transferah
working conditions.

NOTES

eV)

Surface con-
le under normal

1 The definition of the term ““normal working copditions’ is impor-
tant for the evaluation of inhalation and incorporatipn risks in connec-
tion with surface contamination: it is assumed that under ‘“‘normal

working conditions’”, the maximum intensity of
which could bring about the removal of surfacg
restricted to that of

— normal, non-accidental contacts of the humg
or unprotected by clothes) with surfaces, and

— non-destructive contacts of similar intensity,
and parts of equipment being directly handled

The_intensity of action in smear testing should cq
types of mechanical action. A single smear will not 1
removable, contamination.

2 It should’be noted that under the influence of m
etc., or as a-fesult of corrosion or diffusion, fixed ¢

mechanical action
contamination is

n body (protected

between surfaces
by men.

prrespond to these
ormally remove all

bisture, chemicals,
ontamination may

become removable or vice versa without any human action. Further-

more, surface coritaminations may decrease due 1
volatilization.

o evaporation and

3.4 activity per unit area: Ratio between tre activity of the
e

radionuclides present on a surface and the ar
It is expressed in becquerels centimetres to thé
two (Bq-cm—2),

3.5 direct measurement of suiface ¢

of that surface.
power of minus

tontamination:

Measurement of surface activity by means'of

@ contamination

3 Definitions

For the purposes of this part of ISO 7503, the following defini-
tions apply.

3.1 surface contamination: Contamination of surfaces
with radioactive substances.

3.2 fixed surface contamination: Contamination adhering
to a surface in such a way that it is not transferable under nor-
mal working conditions.

Teter or Monitor.

Direct measurement determines the fixed plus removable sur-
face contamination, but may be influenced by radiation from
within the item under test or from the environment.

3.6 indirect evaluation of surface contamination:
Evaluation of the removable activity on the surface by means of
a smear sample.

3.7 smear test: Taking of a sample of removable activity by
wiping the surface with dry or wet material and the subsequent
evaluation of the activity transferred to the material used to
wipe the surface.
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3.8 removal factor, F: Ratio of the activity removed from

the surface by

one smear sample to the activity of the

removable surface contamination prior to this sampling.

The removal factor is defined by the following relationship :

A
F==-t
At
where
A

b) secondly, to evaluate activity per unit area in order to
verify that the permissible limits (derived limits) are not ex-
ceeded.

The applicability and reliability of either method, direct or in-
direct, in meeting these aims is strongly dependent on the par-
ticular circumstances, i.e. the physical and chemical form of
the contamination, the adherence of contamination on the sur-
face (fixed or removable), the accessibility of the surface for
measurement or the presence of interfering radiation fields.

p is the acfivity removed by smear sample;

At is the tothl remoyable activity on the contaminated sur-

face prior to

NOTE — For imp

lampling’

brtant combinations of contaminant and surface

material, the remowMal factor F can'be.determined experimentally using
the method of ““exhaustive removal by repetative smears”. The step-

by-step addition of

the removed activities\leads to a good approxima-

tion of the total removable activity (47), to'which the activity removed
by the first smear (4,) can then be related to yield the removal factor.

3.9 surface erission rate of a source, gy;; Number of

particles of a giv:
the front face of

n type above a given energy emerging from
the source per unit time.

3.10 efficiency of a source, &,: Ratio between the number

of particles of a g
the front face of

ven type above a given energy emerging from
source or its window per unit time (surface

emission rate) and the number of particles of the same type

created or releas:
saturation layer t

3.11 instrume

ed within the source (for a thin source) or its
hickness (for a thick source) per unit time.

ht efficiency, ¢;: Ratio between the instru-

ment net reading and the surface emission rate of a source
under given geonjpetrical conditions. For a given instrument, the
instrument efficigncy depends on the energy of the radiations
emitted by the squrce.

NOTE — It follows

from the definitions laid down in 3.9 and 3.10 that

the surface emissign rate of a source is equal to the activity of the

source multiplied b

4 Methods

y the efficiency of the source (see clause A.1).

for evaluating surface

contamination

4.1 General

Direct measurement may be especially difficult or imppssible if
inactive liquid or solid deposits are present on the surface or if
an interfering radiation field is present. The indirect method is
more generally applicable, particularly when the surfiaces are
not readily accessible for direct measurement because of dif-
ficult location or configuration, or where interfering tadiation
fields adversely affect contamination monitors. Howegver, the
indirect method cannot assess fixed contaminatign, and,
because of the great uncertainty usually related to the|removal
factor, the indirect method is more generally used [only for
detection of removable contamination.

Due to the inherent shortcomings of both the direct and the in-
direct methods for evaluating surface contamination, [in many
cases the use of both methods in tandem ensures results which
best meet the aims of the evaluation.

Because of the variation in instrument efficiency with energy,
extreme care shall be taken in the evaluation of mixgd beta-
contamination (see also clause 5). This is especially trye for in-
struments displaying surface activity.

4.2 Direct measurement of surface contamjnation

4.2.1 Requirements to be met by the measuring
instruments

Characteristics and performance of the measuring insfruments
shall comply with IEC Publication 325.

The instruments shall be capable {see. note 1) of meas{iring ac-
tivities below the level of the surface contamination |limit, to
which the results of the contamination measurements are to be
compared (limits set by international or national regulations or,
in the absence of such regulations, defined by, stantlards or
local consensus).

Surface contamination can be evaluated by direct and indirect
methods of measurement. Direct measurements are carried out
with surface contamination meters and monitors which res-
pond to the removable plus fixed surface contamination. In-
direct evaluation is generally carried out by means of smear
tests by which only removable surface contamination can be
evaluated.

The aim of measuring surface contamination is twofold :

a) firstly, to detect contamination so as to determine its
existence or spread and so as to control its movement from
areas of higher contamination to those of lower contamina-
tion or to inactive areas, and

NOTES

1 In a strict sense, the above-mentioned capability could better be
described in terms of “’lower detection limits’ or “‘minimum detectable
activities”’. However, there is no international agreement with regard to
the definition of these terms. Furthermore, the equations for the
calculation of the relevant values are too complex to be presented in
the framework of this International Standard.

2 Instruments for the direct measurement of surface contamination
normally have a sensitive window area of 20 to 200 cm? and are
capable of measuring surface contamination levels less than
0,04 Bg-cm~—2 for alpha-emitters and 0,4 Bq-cm—2 for beta-emitters
under normal background conditions. The usefulness of a detector is
not only governed by the instrument efficiency but also by the size of
the sensitive window. The larger sensitive windows are especially
useful for the measurement of extended areas of contamination.
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4.2.2 Detection procedure

While avoiding contact between components of the sensitive
window of the detector and the surface to be checked, move
the detector slowly over the surface and listen for a change in
frequency of the audio clicks. The audible indication is instan-
taneous — irrespective of the response time used. Once a con-
taminated area is detected, the detector should be positioned
over this area and held stationary for a time sufficient to con-
firm the detection.

1ISO 7503-1 : 1988 (E)

¢; is the instrument efficiency for beta or alpha radiation
(see clauses 5 and A.2);

W is the area of the sensitive window of the measuring in-
strument (radiation inlet window), in centimetres squared;

&s is the efficiency of the contamination source (see
clause A.1).

As a result of plausible and conservative assumptions (see
clause A.1), the following values for ¢, should be used in the

The distance between the detector and the surface shall be
kept as gmall’as practicable. Spacers may be used for this pur-
pose.

4.2.3 Mleasurement procedure

4.2.3.1 |When making a measurement, the operating instruc-
ting to the measuring instruments used and the
requirements shall be complied with:

instryments in frequent use, otherwise before each usé.
Devigtions of more than 25 % from the agreed value shall
give fise to a recalibration of the instrument;

d) the geometry conditions during a measurement should
be ag{ close as practicable to those used during instrument
calibration; removable spacers may be used for this pur-
pose;

e) for accurate measurements, the detector shall be held
statignary for three times the response time (95 % indica-
tion);

)
nucli

Ttrument efficiency values suitable for the radio-
es to be measured shall be available (see clause 5).

4.2.3.2 [The beta- or alpha-activity per unit area, Ag 1, of fixed
and rempvable contamination on the surface being checked,

expressed_in_hecquerels centimetres to the power of minus

absence of more precisely known values:
& = 0,5 [beta-emitters (Epp,a > 0,4 MgV)]

&s = 0,25 [beta-emitters (0,15 MeV < Epna, < 0,4 MeV)
and alpha-emitters]

For possible underestimations of alpha contaminations, see
clause A.1.

If necessary, dead time corrections shoulfl be applied to
measured count rates.

For alpha emitters in complete or partial equillbrium with other
alpha emitters in a decay chain, the evaluatipn method yields
the total activity of the alpha emitters present. In case of com-
plete equilibrium, the contributions of the single alpha emitters
can be calculated by dividing the total alphg activtity by the
number of alpha emitters participating in the [equilibrium.

Similar calculations can be made for beta-enpitters in a decay
chain equilibrium only if their probabilities ofl detection are at
the same level (see table 3, couples marked %eq.).

In thé‘case of the decay couples marked § in|table 3, only the
underlinéd radionuclides will be properly detected by beta
monitors Used for surface contamination meagurements. In the
state of equilibrium, the total activity present|is twice the beta
activity obtained using the standard evaluatidn method.

NOTE — Microprocéssor-based measuring instruments are able to
carry out automatically the/calculation of equation|(1) and to produce
an indication in terms of activity, per unit area. For this purpose the in-
strument needs to have in its raemory relevant numerical values for ng,
W, & and &, . Values of ¢; and ¢, hdveito be selected|separately depend-
ing on the radionuclides to be measured and the structure of the con-
tamination source. These factors are normally entered into the instru-
ment’s memory as one joint factor. In theé ¢ase of direct calibration of
such instruments (see clause 5, note 5), only-the value of ¢ has to be
selected.

two, in relation to the measured count rate, is given by the
following equation:

n — ng
Ag=——"— (1
S g x W xeg W

where
n is the measured total count rate in reciprocal seconds;

ng is the background count rate in reciprocal seconds;

4.3 Indirect evaluation of surface contamination

4.3.1 Requirements to be met by the measuring
instruments

Measurements of smear samples are often carried out using
well shielded, pulse-counting, stationary instruments. If hand-
held surface contamination meters or monitors are used, the
characteristics and performance of the measuring instruments
shall comply with IEC Publication 325.

1) Applicability of the equation is based on the restrictions mentioned in clause 1.
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The instruments shall be capable (see 4.2.1, note 1) of measur-
ing activities below the level of the surface contamination limit,
to which the results of the contamination measurements are to
be compared (limits set by international or national regulations
or, in the absence of such regulations, defined by standards or
local consensus).

NOTE — Currently available instruments are capable of measuring ac-
tivities less than 0,4 Bq for alpha contamination and 4 Bq for beta con-
tamination.

By complying with
and applying a re
than 0,04 Bq-cm~-
emitters can be m

val factor ' = 0,1, removable contamination less
forralpha-emitters and 0,4 Bg-cm~2 for beta-
asured:

4.3.2 Guidelines on sampling

Detection and gvaluation of surface contamination can be
carried out using| one or more dry orjwet smear samples.

When taking smear samples from large(areas, the following
points shall be [taken into consideration‘ to)determine the
distribution of cdntamination:

a) if possible, the area to be smeared shall measure
100 cm2;

b) where regulations permit the averaging of the surface
contaminatiof over larger areas, such areas may be used for
sampling and shall be included in the calculation of the
result in accofdance with 4.3.3;

c) the smeaf material should be chosen to suit the surface
to be checked (for example filter paper for smooth surfaces,
cotton textile [for rough surfaces);

d) if a wetting agent is used for moistening the smear
material, this| wetting agent should not exude from the
material;

WARNING: | Since the contamination may be ab-
sorbed into the structure of the smear material or may
be covered }y residual moisture, the use of a wetting
agent may lgad to a significant underestimation of the
contamination in the case of alpha-emitters.

e) the smear should be pressed moderately against the
surface to be checked, using fingertips or, preferably, by
means of a hglder which is designed to ensure uniform and
constant pressure;

4.3.3 Measurement procedure

Smear sample measurements should be carried out as des-
cribed in 4.2.3.1.

The beta- or alpha-activity per unit area, 44 1), of removable
contamination of the surface being smeared, expressed in
becquerels centimetres to the power of minus two, in relation
to the measured count rate, is given by the following equation :

_ n — ng 2)
T g x FxSXegg

where
n is the measured total count rate, in reciprocal $econds;
ng is the background count rate, in reciprocal sefonds;

¢; is the instrument efficiency for beta or alpha fadiation
(see clauses 5 and A.2);

F is the removal factor;
S is the area smeared, in centimetres squared;

g5 is the efficiency of the source represented by the smear
sample (see clause A.2).

The values of ¢4 given in 4.2.3.2 should be used.

If) F is not determined experimentally, a conservative|value of
F“= 0,1 shall be used.

For thé(evaluation of radionuclides in a decay equilibfium, see
423.2.
5 Determination of instrument efficiency

Instrument efficiency ‘-shall be determined by means of

reference radiations provided\by reference sources gf known
emission rate per unit area in @ccordance with ISO 8769.

The dimensions of the calibration Source should be s
to cover the window of the instrument detector.

of at least 100 cm2 active area shall be carfied out. These
measurements should cover the whole window @area,or at least
representative actions-of it and sha esultinan-ave gevalue

f) the entire area of 100 cm?2 shall be smeared;

g) if possible, circular filter papers should be used as the
smear material;

h) the contaminated area of the smear sample shall be
smaller than or equal to the sensitive area of the probe;

i) after sampling, the smear material shall be carefully
dried in such a way that loss of activity is prevented.

In determining instrument efficiency, a distinction shall be
made between alpha and beta radiations.

In the case of alpha surface contamination, the particle sizes
may reach values of 10 um and larger. With fine-particle con-
tamination (particle diameters from 0,1 to 2 um), the radio-
active substance becomes mixed with inactive surface dust
during sampling and pressed into the material of the sample
carrier. In both cases, the original line spectrum becomes

1) Applicability of the equation is based on the restrictions mentioned in clause 1.
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a continuous spectrum in which all alpha energies between
zero and the line energy appear. Hence the efficiency of the
detector drops below the value for a thin film source. For these
reasons, saturation thickness layer sources consisting, for ex-
ample, of a uranium alloy (13 % natural uranium, 0,06 mm
thick) have proved suitable as working (routine calibration)
sources for alpha detectors not sensitive to beta radiation.

In the case of beta-emitters, the instrument efficiency, g;,
depends upon the energy of the beta particles and should be
determined for a beta energy corresponding to the contamina-

1ISO 7503-1 : 1988 (E)

NOTES

1 In the case of 20Sr in equilibrium with its daughter nuclide %Y, the
surface emission rate per unit area used in the equation should be twice
the surface emission rate per unit area specified for 9Sr.

2 If the surface emission rate for a source used for calibration is
unknown (i.e. the source does not comply with ISO 8769), an
estimated value for E¢, can be determined in accordance with A.4.1.

3 Using reference sources with saturation thickness rather than a thin
layer will result in a conservative value for the instrument efficiency.

4 In some microprocessor-based instruments, ¢; is determined in the

tion to be[measured.

In plants pnd’ laboratories where different radionuclides with
different bleta energies are used, it is practical to use only the in-
strument efficiencyAfor a single beta energy. It shall, however,
be ensuredl that the beta energy of this reference source is not
significantly greater than Jthat of the lowest beta energy to be
measured

The following radionuclides are-appropriate for reference
sources:

14C (Egmax = 0,154 MeV)
147Pm [Egmax = 0,225 MeV)
36Cl (Bpmax = 0,71 MeV)
24T (Egmax = 0,77 MeV)
0Sr/NY (Egmax = 2,26 MeV)

106Ru/[106Rh (Egmex = 3,54 MeV)

geometrical conditions which shall be as close as practicable to
the conditions for subsequent direct or indirect measurements
(see 4.2.3(1).

Instrume% efficiency shall be determined under known

The instryment efficiency, €, on the reference source (see
clause A.2) is given by the following equation:

n—n n—-n
g = B - = (3
127, s¢ E.x W
where
n is

source plus background, in reciprocal seconds;
ng is the background count rate, in reciprocal seconds;

Qonsc IS the surface emission rate, in reciprocal seconds,
of the reference source below the sensitive window area W,
in centimetres squared, of the probe;

E . is the surface emission rate per unit area, in reciprocal
seconds centimetres to the power of minus two, of the
reference source.

following way: the probe is positioned over a spitable large-area
reference source of known emission rate per unit afea (E,.), and, by
continuous shifting of the calibration factor, the rate meter indication is
set to the value of E .. The instrument is then switcHed to indicate the
calibration factor which, under these conditions, eqyals ¢;.

5 A direct calibration can be done with micrpprocessor-based
measuring instruments : the probe is positioned over a suitable large-
area reference source of known emission rate per uellit area (Ey ) and,
by continuous shifting of the calibration factor, the fate meter indica-
tion is set to a value of E /e, where ¢ is the effigency of the con-
tamination source to be measured with the aid of thqg calibrated instru-
ment.

6 Recording of contamination melasurements

If a test report of surface contamination meagurements is re-
quired, the following information should be in¢luded :

a) date;

b) location and sub-location;
c) type of surface for indirect measurement;
d)//smear material (dry or wet);
e) wetting.agent;

f) removal factor for indirect measurement (measured or
assumed);

g) instrument used, serial number;

h) instrument efficiency, calibration date;

i) reference source: radionuclide; surface emission rate
(per unit area);

ihation (surface or

k) background reading;

1) activity per unit area;

m) notes on the extent of the contamination;
n) other observations;

o) operator's name.
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Annex

Explanation of basic terms and data for calibration and measurement
procedures

(This annex forms part of the standard.)

A.1 Generdl

Whereas surfacg contamination is normally referred to in terms
of activity per unit area; the_count rate measured by an instru-
ment is related djrectly to the'radiation emitted from the surface
rather than the activity contained upon or within the surface.
For a given actlivity per unit aréa, the number of particles
emerging from |the surface per—unit time depends on the
amount of self-absorption in the sodrce and the amount of
back-scatter from the source and its ‘backing material. Self-
absorption will [decrease the number of. emerging particles
and back-scatte will increase it. Due to variations in the ab-
sorptive and scalttering properties of real surfaces;/it cannot be
assumed, in gerleral, that there is a simple, known‘relationship
between emissipn rate and activity. A clear need, therefore,
arises for calibrdting surface contamination meters in terms of
instrument efficiency, i.e. on the basis of the emission rate-ofa
source, and for|specifying reference sources in terms of both
activity and emission rate.

Until now, calibbration of surface contamination meters has
usually been carried out by determining the response of the in-
strument to a khown activity (or activity per unit area) of the
reference sourcg.

NOTE — This method was proposed in IEC Publication 325 where the
response to the agtivity per unit area of the reference source was defin-
ed as "‘surface acfivity response’’.

For this procedure to yield a unique calibration factor, the
sources are required to be ideal thin sources, i.e. sources with
no self-absorptipn and no back-scatter. However, in practice,
the sources cah be far from ideal, especially when alpha-
emitters and low energy beta-emitters (maximum beta energy
lower than approximately 0,4 MeV) are concerned. The calibra-
tion based on agtivity will, therefore, yield a calibration factor
which is not unjque but depends critically on the source con-
struction; a wite range of values may be obtained using
reference sources containing the same activity of a given radio-

The calibration factor based on the emission rate of the source
is much less dependent on the source construction. Calibrating
surface contamination meters on the basis of emigsion rate
rather than activity thus allows the comparison of ingtruments
in respect of sensitivity. It also enables a meaningful traceability
chain to be established to national standards.

In this annex the various terms related to the measutement of
surface contamination and to the calibration of surface con-
tamination meters are illustrated in order to avoid ¢onfusion
and to ensure a clear understanding of the differencg between
the two approaches to calibration. The instrument gfficiency,
¢;, and the recommended values for efficiency of a spurce, ¢,
are considered in more detail.

A.2 lllustration of terms

The various terms given in table 1 are illustrated in the figure.
The count rate induced by the radiation of the source is
denoted by n, and g, to gg refer to the rates of production of
the-following types of particles:

Type,1: particles reaching the detector directly;

Type 2¢particles reaching the detector as result] of back-
scattering from the source or holder;

Type 3: particlesdeaving the source in direction of the upper
solid angle of 2rsr,/but not reaching the detector due to ab-
sorption in air;

Type 4: particles emitted into the upper solid anglg of 2xsr,
but not leaving the source due“to self-absorption

Type 5: particles leaving the source in direction of the upper
solid angle of 2msr, but missing«the detectof due to
geometric reasons;

Type 6: all particles emitted into the lower solid angle of
2rsr, including back-scattered particles with the pxception

nuclide but having a different construction.

of type 2 particles.
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Upper solid angle of
2r sr

2
77,
BT ER —

v Source '/ '

Lower solid angle of
2n sr

Figure — Cross section of a source-detector combination

The definitions of terms given in table 1 are classified by cross-reférence to the figure. The additional term “intrinsic|instrument effi-
ciency, I;]is sometimes needed and is defined as "’the quotient of count rate induced on the detector by the number pf particles inci-
dent on tHe detector per unit time"’. For an ideal source (no self-absorption, no back-scatter), the value of &5 is 0,5. For a real source,
the value pf ¢ is usually less than 0,5, but may also be greater than 0,5 depending on the relative importance of selfrabsorption and

back-scatter processes.

The maximum values of ¢; and 7; are 1.
Table 1 — Definition of terms
Term Symbol Unit Definition
Activity of a sourceV A Bq A=qgy+q+ g3 +Qy+ qs + gg
Surface pmission rate of a source Gox s-1 Gy =G+ 42 + 93+ Qs
= +qg+q3+ 4
Efficiency of a source & 2) £ = Kkl 2+ 9379 _ e
91 + gy + g3 + g4 + g5 1 9g f
n
Instrument efficiency T 2 5=
qy + 42 + 43+ gg
. B . . . n
Intrinsic instrument efficiency I 2) p =
q, + 4q;
. .. n
Response of the instrument to an activity A R; 2 R, =¢ X g =—

1) This simplified definition of activity can only be used under the restrictions mentioned in clause 1. Strictly speaking, the activity should be defined as
1
A= —I(g + ...+ qgg
€4
where ¢4 is the number of particles of the considered type produced per decay.

However, for the nuclides considered in this part of 1SO 7503 (see table 3), a value of 1 may be assigned to &4.

2) All the efficiencies are dimensionless.
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According to the definitions given in table 1, the response of
the instrument, R;, to an activity of the reference source can be
written as

Ri=8iX85

i.e. the response, R; can be split up into instrument efficiency,
&; (reflecting instrument characteristics and counting geometry)
and the efficiency of the source, & (reflecting most of the
essential properties of the source). The calibration factor, R;,
obtained when the calibration is based on the activity of the
source is, therefpre—a-combination-of-the-characteristics-of-the.

(i.e. lower than the true value) provided that back-scatter
enhancement to the surface emission rate is negligible. The
commercially available reference sources specified by activity
are usually mounted on low back-scatter materials (e.g.
aluminium). The saturation back-scatter for a thin beta source
mounted on aluminium is about 30 % and less than about
20 % on plastics and other low Z materials (for all beta energies
considered in this part of ISO 7503). The back-scatter for alpha
sources is in most cases less than 5 %.

A.4.2 Contamination sources

detector, the source and the counting geometry.

A.3 Comments on instrument efficiency

Theoretically, the instrument”efficiency, ¢;, is dependent not
only on the max|mum beta energy-orthe alpha energy, but also
on the actual engergy distribution of the’emitted particles, i.e. on
the energy sin:trum of the source.’ In\ other words, two
sources with the same surface emission” rate, but different
energy spectra may induce different count'rates on the same
detector. This iq because the intrinsic instrument efficiency, I;,
is generally enerigy-dependent and also because the number of
particles incident on the detector per unit time may vary-due to
differing amounts of absorption in air. Strictly speaking,

therefore, the i

strument efficiency, ¢;, is also slightly depen-

dent on the source construction and the value of ¢; to be used

in calculating a
energy distribut

Ctivity per unit area should correspond to the
on of the actual contamination. It shall also be

noted that the rjumber of particles incident on the detector per
unit time and their energy spectrum may be quite sensitive to
minor differendes between the counting geometry at the
calibration and that used in the actual measurements of con-
tamination. For|most practical purposes, however, the above
spectral effects gan be neglected and the value of ¢; obtained by
a suitable energyy calibration source can be used (see clause 5).

A.4 Recommended values for the efficiency
of a source

A.4.1 Refergnce sources

The efficiency ¢f a reference source, &g, is known whenever
the source is specified in terms of both activity and surface
emission rate (e = g,,/A, see table 1).

NOTE — In a speei yer-sourees;-when-only-activi

The efficiency of the actual alpha or beta contgmination
source, &g, is difficult to estimate and may vary by ap order of
magnitude due to structural differences of the real sources.
Only self-absorption in the source has to be considgred here,
since back-scattering increases the count rate and it omission
provides an additional margin of safety by yielding Ja conser-
vative (higher) value for activity per unit area.

The recommended values of ¢4 for beta-emitters are derived by
considering the following types of contamination sofirces:

— thin layers of beta-emitters covered Rky about
2,5 mg/cm?2 of inactive material;

— homogeneous beta sources of the thickness df a smear
test filter paper (=10 mg/cm?2).

The first type may occur during direct measurements, the
second one mainly during the application of the indirect
measuring method.

In both- cases source efficiency losses by absorptipn in the
source~are’ considered to be negligible (e, = 0,5) |for beta-
emitters With’Eg,,c > 0,4 MeV. Sources of beta-emjtters with
0,15 meV <" Egn,, < 0,4 MeV will have a mean squrce effi-
ciency of about 0,25 under the same conditions. Application of
this value can lead to an underestimation of befa activity
covered by more absorbing material than specified|above. It
should, however, be notéd that the contributiong of such
radioactive material to the risks.of incorporation, inhalation and
external radiation are reduced-in parallel.

In the case of alpha-emitters, the dassessment of plauisible and
conservative values for &g is more difficult because &}, for prac-
tical contamination sources can easily be very near tq zero1). A
theoretical value for a saturation layer sourceis 5|, = 0,25
and for the majority of alpha-emitters the-satur
thickness is only about 56 mg/cm?2. The use of value el , = 0,25

ty within the saturation layer thickness is quoted, it is assumed that the
activity A4 in the formula for & also denotes activity within the satura-
tion layer thickness. This is necessary for a correct calculation of ¢; in
accordance with clause 5.

If a reference source (active area: ¥ cm2) is known only by ac-
tivity (4) or activity per unit area (4*), a value of 0,5 shall be
used for &,.. With regard to the application of equation (3)
in clause 5, this leads to E;. = (0,5 4)/V or E;, = 0,6 A*.
The calculation of g; will then result in a conservative estimate

will cover two important types of possible alpha contamina-
tion: layers up to saturation thickness homogeneously con-
taminated by alpha-emitters in the case of direct measurement,
and sources produced and homogenized in the process of col-
lecting a smear sample. The value &5, = 0,25 will, however,
underestimate activity per unit area when alpha-emitters are in
a depth of more than saturation thickness or when thin layers
of alpha-emitters are covered by inactive material of more than
50 % of the saturation thickness. This confirms the importance
of smear tests.

1) RAGHQVAYA, M., GIRIDAR, J. and MARKOSE, P.M. Correction for Self Absorption in Alpha Sources, Health Physics, Pergamon

Press, 29, Nov. 1975: pp. 785-786.
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