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Evaluation of surface contamination —

Part 2 :

Tritium-surface contamination

1 Scope and field of application

This part df ISO 7503 applies to the evaluation of tritium con-
tamination|on surfaces of equipment and facilities, containers
of radioactive materials and sealed sources.

It does nof apply to the evaluation of tritium contamination of
the skin ar|d of clothing.

NOTE — Hvaluation of surface contamination from beta-emitters
(maximum beta energy greater than 0,15 MeV) and alpha-emitters is
dealt with in 1ISO 7503-1. Other radionuclides of practical importance
(for exampl¢ electron capture and isomeric transition emitters) will be
dealt with in a future International Standard.

2 Definitions

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

2.1 tritigm surface contamination/\Total activity of
tritium adsorbed upon and absorbed into the surface.

2.2 dire¢tly measurable tritium)surface contamination:
Fraction df the tritium surfdee) contamination available for
direct measurement.

2.3 rempvable tritium surface contamination: Fraction
of tritium| surface. contamination which is removable or
transferable under normal working conditions.

2 It should be noted that:

a) under external influences{of'a’chemical nature (e.g. moisture,
corrosion, etc.) or of a physical nature (e.g. ambient pressure or
temperature changes, Vibration, impact, expansfon and contrac-
tion, etc.), and also a§.a,result of diffusion, the tofal tritium activity
may be transformed‘ifito removable contaminatign;

b) tritum surface contamination may be voLatiIe or contain
volatile fractiens which may volatilize under normal working condi-
tions — this also contributes to the removable cgntamination and
should bé evaluated appropriately (see also 3.3).

2.4 activity per unit area: Ratio between the tritium sur-
face contamination present and the area of that surface. It is
expressed in becquerels centimetres to the powgr of minus two
(Bq-cm~—2).

2.5 indirect evaluation of removable trjtium surface
contamination: Evaluation of the removable [tritium activity
on a surface by means of a smear sample.

2.6 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 nfaterial used to
wipe the surface.

NOTE — In most applications, a wet smear has been|found preferable
for the determination of tritium surface contaminatign.

2.7 removal factor, F: Ratio of the activity] removed from
the surface by one smear sample to the fctivity of the
removable surface contamination prior to this sampling (see
also 1SO 7503-1).

NOTES

1 The definition of the term ““normal working conditions’ is impor-
tant for the evaluation of inhalation and incorporation risks in connec-
tion with surface contamination: it is assumed that under ‘“normal
working conditions”’, the maximum intensity of mechanical action
which could bring about the removal of surface contamination is
restricted to that of

— normal, non-accidental contacts of the human body (protected
or unprotected by clothes) with surfaces, and

— non-destructive contacts of similar intensity between surfaces
and parts of equipment being directly handled by men.

The intensity of action in smear testing should correspond to these
types of mechanical action. A single smear will not normally remove all
removable contamination.

NOTE — For important combinations of contaminant and surface
material, the removal factor F can be determined experimentally using
the method of ‘‘exhaustive removal by repetitive smears’’. The step-by-
step addition of the removed activities results in a good approximation
of the total removable activity, to which the activity removed by the
first smear can then be related to yield the removal factor.

3 Method for evaluating surface
contamination

3.1 General

The problem with the detection of tritium lies in the exceedingly
short range of its beta particles, even in air. Tritium, being an
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isotope of hydrogen, has great mobility, and, as an unwanted
contamination, it may penetrate into a surface to a depth that
makes the direct or indirect evaluation of the total tritium sur-
face contamination very difficult.

In many cases, tritium contamination is present in the form of
contaminated water, which can evaporate, making the tritium
airborne. Indeed, many tritium detection instruments sample
air for airborne tritium content. Because of the ability of tritium
to diffuse and to be absorbed into the surface and due to the
low energy of its beta emission, special care shall be taken
when evaluatingtritia arfa ontamination: e—total-st
face contamingtion cannot be accurately evaluated by direct or
indirect methofls. Direct measurements are carried out with
contamination-measuring instruments which will not respond
to all activity gbsorbed below the surface. Indirect measure-
ments performed by wet smear tests generally provide a
reasonable estifnate of the removable surface contamination at
the time of collection. However, diffusion of tritium contamina-
tion absorbed| into the surface will tend to replace the
removable surface contamination that was partially or totally
removed by a decontamination process or by smear tests. Fur-
thermore, a radiological hazard from volatile tritium may still re-
main. For a better understanding of the actual hazard in special
situations, a cdmbination of direct and indirect methods should
be used. However, in most circumstances, smear test evalua-
tion is an adeqliate method of assessing the actual radiological
hazard arising from incorporation in the course of contact with
surfaces contaminated by tritium.

3.2 Direct measurement of tritium contamination

3.2.1 Measufing instruments

Measuring instfuments that directly detect tritium surfacé.con-
tamination may respond to both the removable activityland part
of the activity|absorbed into the surface. Specially designed
windowless dgtectors, such as proportional and\scintillation
detectors, are available for direct detection of \various forms of
tritium surface|contamination. Instruments 'subjecting the sur-
face to a prespure or temperature change by their operation
may detect the|presence of volatile tritium fractions or diffusion
characteristics

Because of thel small distancesdbetween detectors and surfaces
required for the detection, 'of tritium, the contamination of
detectors ofter) causes_problems. Spacers or removable masks
are used to prévent this:

3.2.2 Requirements to he met by the instruments

3.2.3 Detection procedure

Listening for a change in the frequency of the audio clicks,
move the instrument over the surface or place it sequentially in
such a way that the operational requirements of distance and
gas composition are complied with. The audible indication is in-
stantaneous — irrespective of the response time used. Once a
contaminated area is detected, the detector should be position-
ed over this area and held stationary for a time sufficient to con-
firm the detection.

—fow=activity-are c-pripr to those
of high activity in order to minimize the risk)|of cross-
contamination.

3.2.4 Measurement procedure

When making a measurement; ‘“the operating ifstructions
relating to the measuring instruments used and th¢ following
requirements shall be complied/with :

a) the background:icount rate shall be deterrhined at a
place representative-of the area to be surveyed ( fpr example
at the surface™to be checked, which for this gurpose, is
covered by{a clean sheet of paper);

b) thebackground count rate shall be checked frequently,
because the detector is liable to become contanlinated;

c) the correct functioning of the instrument |should 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) removable spacers may be required.

3.3 Indirect evaluation of removable surface
contamination

3.3.1 General

The indirect method is particularly suitable for evaluating the
contamination of surfaces which

— do not allow direct measurement (e.g. as a regult of con-
figuration, position, etc.), or which

— are located in radiation fields which ugset direct

The instruments shall be capable of detecting 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).

NOTES

1 Because of the low biological hazard of tritium, allowable levels of
surface contamination may be fairly high, as recommended by ICRP
Publication 25 which suggests 400 Bg-cm=2[1],

2 For specialized applications where tritium surface contamination
has to be kept extremely low, methods are available that can detect
down to 0,4 Bq-cm—2.

measurement, or which

— have overlying material that reduces the intensity of
radiation available for direct measurement.

However, the indirect method does not indicate the hazard
from volatile tritium fractions present below the surface (see
3.1 and 3.2.1).

3.3.2 Detection limits

Currently available liquid scintillation counters and windowless
counters are capable of measuring 0,4 Bq and 40 Bq, respec-
tively (see the note).
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