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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 ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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The committee responsible for this document is Technicaliommittee ISO/TC 85, Nuclear energy, nu
technologie$, and radiological protection, SubcommitteeSC 2, Radiological protection.

This second edition cancels and replaces the*first edition (ISO 7503-2:1988), which has
technically|revised.

ISO 7503 donsists of the following parts,~under the general title Measurement of radioactivit
Measurement and evaluation of surface contamination:

— Part 1: reneral principles

— Part 2: lest method using wipe-test samples

— Part 3: Apparatus calibration

1 the ISO/IEC Directives, Part 1. In particular the different approval criteria needed fo

les of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

drawn to the possibility that some of the elements of this document may be the subje
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ights identified during the development of the document will be in the Introduction an|
st of patent declarations received (see www.iso.org/patents).

ame used in this document is information given for the convehience of users and doe
n endorsement.

lanation on the meaning of ISO specific terms and:expressions related to confor
as well as information about ISO’s adherence to<the WTO principles in the Tech
Trade (TBT) see the following URL: Foreword - Supplementary information
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ISO 7503 gives guidance on the measurement of surface contamination. This International Standard is
applicable to many situations where radioactive contamination can occur. Contamination arises from
the release of radioactivity into the local environment. In most circumstances, the release is inadvertent
but, on occasion, may be deliberate. Although the purpose and scope of the investigation may differ, the
approaches taken to measure the levels and extent of the contamination are essentially similar.

Radioactive contamination can arise from a number of activities or events such as the following:

With
diffdrent radionuclides constituting a surface contamination, and the evaluation of such cof
cani
it may be necessary to use other instruments whichsare fit for such a purpose.

However, there may be cases (e.g. a contaminated fuel material transport container)
radi
eval
may
inter
with

Surfpce contamination guideline values are radionuclide-specific and thus requir
radi
in orjder to avoid non-detection (i.e. type Il decision errors) leading to incorrectly assuming
with
mixfure of radionuelides with known ratios requires respectively proportionated calibratid

ISO
advi

Surf]
reco

CTCIITC oo O TTt O oo T tTro I IIIrcoTy;

medical treatments;
ndustrial applications;
fransport accidents;
bquipment malfunctions;
malevolent incidents;
huclear accidents.

out process knowledge or documentation, it is not always possible to identify or dist

ot be made on a quantitative basis. Instead of using,instruments with nuclide specific g

bnuclide or the radionuclide mixture canh be clearly characterized. A surface cof
1ation exceeding a pure qualitative assessment of fixed and removable surface cof
then be needed. Moreover, following requirements laid down in national regulat
national conventions, a measured surface contamination activity per unit area has to b|
surface contamination guideline values or surface contamination limits.

bnuclide-specific calibrations of measurement equipment. Calibration quality assuran

given surface contamination guideline values or limits. Evaluation of surfaces contan

503 is concerned with the measurement and estimation of radioactivity levels. It does
ce on deGommissioning, planning and surveillance techniques.

hce<contamination is specified in terms of activity per unit area and the limits are b

inguish the
itamination
alibrations,

where the
itamination
itamination
ons and in
e compared

e complex
Ce is crucial
compliance
inated by a
n factors.

not provide

hsed on the

mendations by the International Commission on Radiological Protection (ICRP 103).

This part of ISO 7503 deals with the evaluation of surface contamination by indirect measurement
using a wipe test.
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evaluation of surface contamination —

Part 2:
Test method using wipe-test samples
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ISO

Scope

7503 (all parts) and ISO 8769 are addressed to the people responsible |for med
bactivity present on solid surfaces.

part of ISO 7503 applies to the evaluation of contamination on surfaces interms of actiy
by an indirect method of measurement.

piners of radioactive materials, sealed sources and buildings’er Tand.

part of ISO 7503 can be used for laboratory and equipment/installation control and for 1
onitoring activities to comply with release criteria.

part of ISO 7503 also refers to institutions/authorities controlling nuclear materiall

ention limits.
part of ISO 7503 does not apply to contamination of the skin, clothing or loose material, su
Direct evaluation of surface contamination from alpha-emitters, beta-emitters and photd

M

hlt with in ISO 7503-3.

Normative references

following documehts, in whole or in part, are normatively referenced in this docum
pensable for jts~application. For dated references, only the edition cited applies. H

ences, the latest edition of the referenced document (including any amendments) appli
8769, Réference sources — Calibration of surface contamination monitors — Alpha
on emitters

9698, Water quality — Determination of tritium activity concentration — Liquid

isuring the

rity per unit

part of ISO 7503 is applicable to well-defined surfaces, such as‘those of equipment and facilities,

emediation

transports
ternational

ch as gravel.

n emitters is

with in ISO 7503-1. The calibratiom of\instruments for the evaluation of radioactive surface coptaminations

ent and are
or undated
ES.

, beta- and

scintillation

cour

> L L
LIryg rrrietriod

[SO 11929, Determination of the characteristic limits (decision threshold, detection limit and limits of the
confidence interval) for measurements of ionizing radiation — Fundamentals and application

ISO 18589-2, Measurement of radioactivity in the environment — Soil — Part 2: Guidance for the selection

of th

e sampling strategy, sampling and pre-treatment of samples

ISO/IEC 17025, General requirements for the competence of testing and calibration laboratories

IEC 60325, Radiation protection instrumentation — Alpha, beta and alpha/beta (beta energy >60 keV)
contamination meters and monitors

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=a6342adaa0ab8cc9151a85b329ab370e

ISO 7503-2:2016(E)

3 Terms and definitions, symbols and abbreviations

3.1 Terms and definitions

For the purposes of this document, the following terms and definitions and those given in ISO 7503-1

apply.

3.1.1
removable

surface contamination

radioactive material that can be removed from surfaces by non-destructive means, including casual

contact, wiping, or washing

Note 1 to enf]
or diffusion,
surface cont

Note 2 to e
over time,
potential to

3.1.2

wipe test
test to dete
material, fo

Note 1 to enffry: The type of wipe test, wet or dry, needs to be assessedby a competent person. In some instd

(e.g. tritium
use a dry wi

3.1.3
wiping effi
ratio of the
the radion

Noteltoe

where
aR

ar

Note 2 to en
surface; and

a]Id that some decisions, such as those related to clearance, should be based on‘total activity wit

r:rry: The wiping efficiency is defined'by the following relationship:

ry: It should be noted that under the influence of moisture, chemicals, etc., or as a result of.corrt
fixed contamination may become removable or vice versa without any human action. Eurthert
hminations may decrease due to evaporation and volatilization.

ry: It should be emphasized that the ratio between fixed and removable contamihation can

ecome removable over time, not just the amount that is removable at the time of a survey.

Fmine if removable contamination is present through wiping the surface with a dry of
lowed by evaluation of the wipe material for removable€ontamination

contamination) a wet wipe may be preferred. In otheps, it may be more practical or advisal
be.

ciency
pctivity of the radionuclides removed from the surface by one wipe sample to the activi
lides of the removable surface contamination prior to this sampling

R

T

is the activity of the radionuclides removed by wipe test;
is the total'removable activity of the radionuclides present on the wiped area.

try:{In practice, it is almost impossible to measure the total amount of removable activity o
irlLmost cases, a value for “wiping efficiency” cannot be assessed but can only be estimated.

sion
hore,

vary
h the

wet

nces
le to

[ty of

h the

Note 3 to entry: For important combinations of contaminant and surface material, the wiping efficiency can be
determined experimentally using the method of “exhaustive removal by repetitive wipe tests”. The step-by-step
addition of the removed activities results in an approximation of the total removable activity (ar), to which the
activity removed by the first wipe test (ar) can then be related to yield the wiping efficiency.

Note 4 to entry: The method of “exhaustive removal by repetitive wipe tests” is only applicable if it can be
guaranteed that exactly the same area is wiped on each occasion and exactly the same pressure is maintained
uniformly over the area wiped. Moreover, results of this method are only valid for a specific nature and structure
of a surface and are not transferable to other surface structures.

3.1.4
tritium surface contamination
total activity of tritium adsorbed upon and absorbed into the surface

© ISO 2016 - All rights reserved
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removable tritium surface contamination
fraction of surface contamination which is removable or transferable under normal working conditions

Note 1 to entry: It should be noted that

a)

b)

3.1.6

under external influences of a chemical nature (e.g. moisture, corrosion) or of a physical nature

(e.g. ambient

pressure or temperature changes, vibration, impact, expansion and contraction), and also as a result of

diffusion, the total tritium activity may be transformed into removable contamination or no
The state is reversible multiple times,

tritium surface contamination may be volatile or contain volatile fractions which may vol

n-removable.

atilize under

hormal working conditions - this also contributes to the removable contamination and should
hppropriately (see also Clause 7), and

hs a result of diffusion of tritium into the surface structure, removal of the tritium surface cont
bxhaustive wipes may be without effect as the removed tritium contamination may-be réplaced
[see also Clause 7).

indifect evaluation of removable tritium surface contamination

eval

Note

1ation of the removable tritium activity by means of a wipe test

meagurements of tritium contaminated wipes may have large uncertainties or are not possible.

be evaluated

hmination by
in short time

1 to entry: Any wipe used for tritium can only be analysed reliablgusing liquid scintillation counting. Direct

3.2 | Symbols and abbreviated terms

For the purposes of this part of ISO 7503, the followinig'symbols and those given in ISO 7503-1 apply:
Ew wiping efficiency

ar activity of the radionuclides remo6ved by wipe test in Bq

ar total removable activity ofthe Tadionuclides present on the wiped area in Bq

ar activity per unit area ofithe removable contamination of the wiped surface in Bq-¢m-2
aw activity of the wipe sample in Bq

Sw wiped surfacé-area in cm?

C(A)jnd  activity €alibration factor for wipe sample in (Bq-cm-2)/s-1

4 Bources-of surface contamination

A sufface can be contaminated with naturally occurring or man-made radionuclides.

The main natural radionuclides are 40K and radionuclides originating from 238U and 232Th decay
series. Natural radioactivity may vary considerably from one type of natural material to another (e.g.
building materials).

Laboratories that intentionally handle naturally occurring radioactive material, such as radium or

thor

ium, should anticipate surface contamination from these radionuclides.

The sources of surface contamination by man-made radionuclides can arise from a number of activities
such as the following:

routine laboratory use of radio chemicals;

medical treatments;

© ISO 2016 - All rights reserved
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industrial applications;
transport accidents;
equipment malfunctions;
malevolent incidents;

nuclear accidents.

Objectives of the surface contamination evaluation

The ultimat
exposures,
measuring
remobilizat

Radiation p
activity.

The remov

e goal is to protect the worker and the general population from direct and indirect radid
such as inhalation, ingestion, skin contact, and skin absorption pathways. Thisis)don
surface contamination to assess the impact of release and to prevent resuspension
jion of radioactive materials.

rotection depends on knowledge of the surface activity and of the rémevable fractid

hble fraction may vary over time (see Clause 7) and should¢be conservatively app

depending

Prior to a

n the intent of the surface contamination characterization.

measurements, qualified and experienced radiation¢professionals should develop

required prjogram of work to ensure that the best possible information is gathered to characteriz

type and s

ead of contamination.

6 Strategy

A strategy
individuals
surface con

randon|

any cof

comple

A remediat
in ISO 18589
laboratory,
monitoring

A strategy

for the determination of surface contamination is normally established by qual
that have appropriate experience andvexpertise in the measurement and assessme
famination. The strategy should be based on

and/or systematic screening[1][21Z],

check dof critical positions (e.g. storage areas of radioactive sources, door handles, or the surfac

tainer or building in which radioactive materials are stored), and

Le monitoring of the-sturface.

9-2 may be the basis for the specification of surface contamination measuring points
on an extended container or on a site. Such strategies, however, do not replace a comj
of surfaces, on which radioactive contaminations are assumed.

for surface contamlnatlon control at an operatmg fac111ty may also be the analysis

ition
e by
and

n of

lied,

the
b the

ified

ht of

es of

on monitoring process (e.g. Reference [7]) or a systematic monitoring strategy as outlined

ina
hlete

and

nnnnnnnnnnnn adi rfac

identificati

£ ol okl
Hoferttieat oPer Ftorat SEHHEHREES Puu,uuau_y n,a\.uus to-strface-cortamation:

7 Methods for evaluating surface contamination

The applicability and the reliability of direct measurement or indirect evaluation of surface
contamination are strongly dependent on the particular circumstances [e.g. the physical and chemical
form of the contamination, the adherence of contamination on the surface (fixed or removable), the
accessibility of the surface for measurement or the presence of interfering radiation fields].

Direct measurement as dealt with in ISO 7503-1 is used when the surface is readily accessible,
reasonably clean and when no interfering radiation, such as a high background, is present. Direct
measurement is used to establish the presence of both fixed and removable contamination.

© ISO 2016 - All rights reserved
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Indirect evaluation of surface contamination is more generally applicable when the surfaces are not
readily accessible because of difficult location or configuration, where interfering radiation fields
adversely affect contamination monitors or when methods of direct measurement with standard
instrumentation are not available (e.g. tritium). Also, the indirect method cannot assess fixed
contamination, and, due to the uncertainty associated to the wiping efficiency, application of this
method results in conservative estimations.

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

Tritirm at mobility
and jmay penetrate into a sur hat makes the
indiyect evaluation of the tritium surface contamination very difficult. This holds also.for gther mobile
radipnuclides.

Inm|
mak
hydr
in th

Any cases, tritium contamination is present in the form of contaminated water; which cap evaporate,
ing the tritium airborne. Because of the ability of tritium (as HT, T or HIO)to diffuse anfl substitute
ogen against tritium in hydrogen containing compounds, tritium contaminations are fgund on and
e surface. Therefore, special care shall be taken when evaluating-tritium surface contamination.

The

perf
cont
triti
tota
fromn

8

The
(for
or c
[Pol

If ay
and
wett

9

9.1

Mea
labo

total surface contamination cannot be accurately evaluated in‘any cases. Indirect me
brmed by dry or wet wipe tests generally provide only a “best guess” of the remov4
amination at the time of collection. Because of diffusion{eyg. as HTO) into the surfad
im contamination tends to replace the removable surface contamination that was
ly removed by a decontamination process or by wetwipe tests. Therefore, a radiolog
volatile tritium may still remain.

Wipe test material

wipe material should be chosen to suitythe purpose of the wipe test and surface to
example, filter paper for smooth surfacés, cotton textile for rough surfaces). Circular f]
jrcular cotton textile should preferably be used as the wipe material. Expanded
Istyrene (PS) foam][4] and cotton-tipped swabs can also be used as wipe material when 3

vetting agent is used, it shall be compatible with the nature of the contamination to
in case of liquid scintillatien counting, the scintillation cocktail should be adapted to
ing agent.

[nstrumentation

General

sureéments of wipe samples are often carried out using well shielded, pulse-countin

nsurements
ble surface
e, absorbed
partially or
ical hazard

be checked
ilter papers
bolystyrene
ppropriate.

be sampled,
the applied

g, installed

Fatory instruments.

Portable surface contamination meters or monitors can also be used, but not in preference to well
shielded installed laboratory instruments.

Characteristics and performance of the portable measuring instruments shall comply with IEC 60325
and be adapted to the measurement objectives.

Both instrument types shall be capable of measuring activities below the levels of the nuclide
specific surface contamination guideline values or limits set by national legislations or international
conventions, to which the results of the contamination measurements are to be compared.

If a portable instrument is calibrated for the direct method of surface contamination evaluation, it is of
value to calibrate it also for the indirect method (see ISO 7503-3). In the absence of interfering radiation
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fields, portable instruments may be used to evaluate surface contamination when preferred laboratory
instruments are not available.

If wipe tests with high activities are expected, a pre-measurement using an adequate portable
measuring instrument is recommended to avoid contamination of installed instruments.

9.2 Liquid scintillation counters

Liquid scintillation counting is primarily used to count low energy betas particles and to a lesser extent
alpha particles. Counting efficiencies range from 30 % up to 100 %. The liquid scintillation method is
most often used to measure 3H, 63Ni, and 14C.

A detailed description of the liquid scintillation counting technique is given in Reference [8].

Emission cgn be detected by liquid scintillation counting with varying degrees of efficieney depending
on the folloyving:

— the typge and energy of emission (X-rays and photons may escape from thesscintillator without
interacfing);

— whethdr the sample is dissolved in the scintillator; in the form of particles; or retained i} the
wipe mjaterial;

— the effdct of chemicals on the scintillator;

— absorption of the emitted light by colour or opacity of\the sample before it reaches| the
photonfultiplier(s);

— the origntation of the wipe in the sample vial.
NOTE Because of the variable geometry of wipes intiroduced into the sample vial, care is necessary to

achieve accufate measurement unless the wipe is made £o dissolve in the scintillation cocktail, such as expapded
polystyrene [Polystyrene (PS) foam].

10 Calibnation

10.1 Calibration of installed instruments

Installed measuring instruments”(e.g. liquid scintillation counters calibrated according to ISO 9598)
should be provided with @n*accredited traceable calibration certificate relating the instrugent
response tq the activity en the wipe material.

10.2 Calibration-ofportable instruments

Portable in$trdment calibration shall be done by means of reference radiations provided by refergnce
sources of known emission in accordance with ISO 8769. The portable instrument calibration shiould
correspond to the calibration methods given in ISO 7503-3, Annex D.

11 Guidelines on wipe test sampling

11.1 General

Detection and evaluation of surface contamination can be carried out using one or more dry or wet
wipe samples.

When taking wipe samples from large areas, the following points shall be taken into consideration.

a) Outline the required area to wipe using string or tape, for example, 100 cm2 for surface
contamination guideline values[2] or 300 cm?2 for surface contamination limits[3].

6 © IS0 2016 - All rights reserved
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b) If a wetting agent is used for moistening the wipe material, this wetting agent should not exude
from the material.

WARNING — Since the contamination may be absorbed into the structure of the wipe material or may be
covered by residual moisture, the use of a wetting agent may lead to a significant underestimation of the
contamination in the case of alpha-emitters.

c) The radioactive material should be dissolved or suspended in the wetting agent. The wetting agent
water should be used for tritium, dust and water-soluble compounds.

d) The wipe should be pressed moderately against the surface to be checked, using fingertips or,
referably hy means of a holder

e) [[he entire area required by regulations shall be wiped.

f) After sampling, if using other methods than liquid scintillation counting, the wipe'matefrial shall be
carefully dried in such a way that loss of activity is prevented. In case of comtaminationf of tritium,
odine isotopes or other volatile isotopes, drying of the wipe material shallkbe omitted.

g) Use extreme caution when handling potentially contaminated wipe materials in ordey to prevent
Cross-contamination.

11.2 Guidelines on sampling removable tritium contamination
The guidelines for tritium given in this subclause are also valid for iodine or other volatile raflionuclides.

Detdction and evaluation of removable tritium contamination should be carried out usirlg wet wipe
samples.

Whdre tritium contamination is present in a particulate form which is insoluble in liquid $cintillators
(e.g.Jmetal hydrides), dry wipe materials may be*used for tritium detection purposes.

The following points shall be taken into consideration when taking wipe samples.
a) |[fpossible, the area to be wiped Should measure 100 cm?2.

b) Where regulations permit larger areas to be wiped, such areas shall be used for sampling and their
hctual size shall be included in the calculation of the result in accordance with Clausg 13; wiping
bf very large areas with-a single wipe should be avoided since the removal factor decfeases with
ncreasing area.

c) [[he wipe shall-b®pressed moderately against the surface to be wiped, preferably by|means of a
holder whick’is'designed to ensure uniform and constant pressure.

d) [The entifearea of 100 cm? or larger shall be wiped.

e) [nused wipe materials should be stored in a tritium free atmosphere.

f ad) £1: 1.1 1 : .3 1. . : ol £l 11 & Hrated f .
rireaseorarsposapre groves s Trecommmeiractatt g wipetestimg or nigiry cotrtamiiated surfaces,;

changing of gloves may be necessary to avoid cross-contamination of samples.

12 Measurement procedure

The operating instructions for the instruments used for measuring the wipe samples shall be followed.
The background radiation level in the area where the wipes are counted should be low and constant.
The following requirements shall be followed.

a) Before making a wipe measurement, the background count rate shall be determined at the place
of measurement.

b) The background count rate shall be checked from time to time to account for changes in
background levels.

© IS0 2016 - All rights reserved 7
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c) The instrument shall have a current calibration status and shall be verified using a suitable check
source. Frequency: daily for instruments in frequent use, otherwise before each use. Deviations of
more than 25 % from the agreed value shall give rise to a recalibration of the instrument.

d) Instrument calibration factors suitable for the radionuclides to be measured should be available.

e) The geometry conditions during a measurement should be identical to those used during
instrument calibration. For portable instruments, they should be as close as practicable to those
used during instrument calibration; removable spacers may be used for this purpose.

f) For methods other than liquid scintillation counting, the sensitive area of the detector shall be
larger than-the-wipesample:

g) If a wipe sample with alpha or beta emitters should be measured, alpha-beta: gulse
discrimpination is required.

For the medsurement of wipe samples by liquid scintillation counting, the following requirements ghall

be complied with.

a) For watery wipe samples, appropriate scintillation cocktails are required.

b) Tritium wipe samples should be placed into the counting vial already«containing an appropriate
amount of scintillation cocktail.

c) Wettritium wipe samples shall be placed directly in the scintillation cocktail for about 20 min ]I;rior
to countting in order to approach equilibrium distribution of the tritium activity and dark adapftion.

d) Care sHould be taken that the introduction of the wipe s@mple into the scintillation cocktail does
not caufse excessive losses of light due to the mass of the:material or to quenching effects, and Hoes
not intfjoduce spurious scintillations due to brightening agents.

13 Evaluation of measurement data

13.1 Calculation of the activity per unit/area for measurement results of installed

instruments

Using installed instruments, the aCtivity per unit area of the removable contamination of the wjiiped

surface can|be derived from the @ctivity measurement result of the wipe material.

For installed instruments, the*activity per unit area a, of the removable contamination of the wjiped

surface, exyjressed in Bg.cinr?Z, in relation to the activity ay, of the wipe sample, is given by Formuld (1):

1
a,=—1+ (M
r
S €w

where
aw is the measured activity of the wipe sample in Bq;
Sw is the wiped surface area in cm?;

Ew is the wiping efficiency.

Determining the wiping efficiency experimentally involves time and effort. Usually, a conservative
value of 0,1 is used which assumes the wipe material only picks up 10 % of the available removable

contaminat

ionl[3].
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