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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. Esch 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, govern- 
mental 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. 

Draft International Standards adopted by the technical committees are circulated to 
the member bodies for approval before their acceptance as International Standards by 
the ISO Council. They are approved in accordance with ISO procedures requiring at 
least 75 % approval by the member bodies voting. 

International Standard ISO 7503-2 was prepared by Technical Committee ISO/TC 85, 
Nuclear energy. 

Users should note that all International Standards undergo revision from time to time 
and that any reference made herein to any other International Standard implies its 
latest edition, unless otherwise stated. 

@ International Organkation for Standardkation, 1988 l 

Printed in Switzerland 
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INTERNATIONAL STANDARD ISO 7503-2 : 1988 (E) 

Evaluation of surface contamination - 

Part 2 : 
Tritium surface contamination 

1 Scope and field of application 

This part of ISO 7503 applies to the evaluation of tritium con- 
tamination on sutfaces of equipment and facilities, Containers 
of radioactive materials and sealed sources. 

lt does not apply to the evaluation of tritium contamination of 
the skin and of clothing. 

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

2 Definitions 

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

2.1 tritium surface contamination : Total activity of 
tritium adsorbed upon and absorbed into the surface. 

2.2 directly measurable tritium surface contamination: 
Fraction of the tritium surface contamination available for 
direct measurement. 

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

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. 

2 lt 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, expansion and contrac- 
tion, etc.), and also as a result of diffusion, the total tritium activity 
may be transformed into removable contamination; 

b) tritium surface contamination may be volatile or contain 
volatile fractions which may volatilize under normal working condi- 
tions - this also contributes to the removable contamination and 
should be evaluated appropriately (sec also 3.3). 

2.4 activity per unit area: Ratio between the tritium sur- 
face contamination present and the area of that surface. lt is 
expressed in becquerels centimetres to the power of minus two 
(Bqcm-2). 

25 indirect evaluation of removable tritium surface 
chtamination : Evaluation of the removable tritium activity 
on a sutface by means of a smear Sample. 

2.6 smear test : Taking of a Sample of removable activity by 
wiping the sutface with dry or wet material and the subsequent 
evaluation of the activity transferred to the material used to 
wipe the surface. 

NOTE - In most applications, a wet smear has been found preferable 
for the determination of tritium surface contamination. 

2.7 removal factor, F: Ratio of the activity removed from 
the sutface by one smear Sample to the activity of the 
removable surface contamination Prior to this sampling (sec 
also ISO 7503-1). 

NOTE - For important combinations of contaminant and surface 
material, the removal factor F tan 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 tan 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 tan 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 evaluating tritium surface contamination. The total sur- 
face contamination cannot be accurately evaluated by direct or 
indirect methods. Direct measurements are carried out with 
contamination-measuring instruments which will not respond 
to all activity absorbed below the surface. Indirect measure- 
ments performed by wet smear tests generally provide a 
reasonable estimate 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 combination of direct and indirect methods should 
be used. However, in most circumstances, smear test evalua- 
tion is an adequate 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 Measuring instruments 

Measuring instruments that directly detect tritium surface con- 
tamination may respond to both the removable activity and part 
of the activity absorbed into the surface. Specially designed 
windowless detectors, 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 pressure or temperature Change by their Operation 
may detect the presence of volatile tritium fractions or diffusion 
characteristics. 

Because of the small distances between detectors and sur-faces 
required for the detection of tritium, the contamination of 
detectors often Causes Problems. Spacers or removable masks 
are used to prevent this. 

3.2.2 Requirements to be met by the instruments 

The instruments shall be capable of detecting activities below 
the level of the sutface 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 
sut-face contamination may be fairly high, as recommended by ICRP 
Publication 25 which suggests 400 Bqcm-2[1]. 

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

2 

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. 

If practical, low-activity areas should be checked Prior 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 instructions 
relating to the measuring instruments used and the following 
requirements shall be complied with: 

a) the background count rate shall be determined at a 
place representative of the area to be surveyed ( for example 
at the surface to be checked, which for this purpose, is 
covered by a clean sheet of Paper); 

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

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 result of con- 
figuration, Position, etc. 1, or which 

- are located in radiation fields which upset direct 
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 (sec the note). 
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By complying with these lower limits when smearing an area of 
100 cm2 and applying a removal factor F = OJ, removable 
tritium surface contamination tan be measured down to 
0,04 Bq/cm2 and 4 Bq/cm2, respectively. 

NOTE - In a stritt sense the above mentioned capability could better 
be described in terms of “Iower detection limits” or “minimum detec- 
table 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 part of ISO 7503. 

3.3.3 Guidelines on sampling 

Detection and evaluation of removable tritium contamination 
should be carried out using wet smear samples. 

NOTES 

1 Expanded polystyrene has proved to be an effective smear material 
even without a wetting agent. An additional advantage is that it com- 
pletely dissolves in some liquid scintillators, thus ensuring high count- 
ing efficiency[21. 

2 Where tritium contamination is present in a particulate form which 
is insoluble in liquid scintillators (e.g. metal hydrides), dry smears may 
be used for tritium detection purposes. 

When taking smear samples from large areas, the following 
Points shall be taken into consideration to determine the 
distribution of contamination : 

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

b) where regulations permit larger areas to be smeared, 
such areas shall be used for sampling and their actual size 
shall be included in the calculation of the result in accor- 
dance with 3.3.4; smearing of very large areas with a Single 
smear should be avoided since the removal factor decreases 
with increasing area; 

c) the smear material should be Chosen to suit the surface 
to be checked and the counting requirements (for example 
filter Paper for smooth surfaces, cotton textile for rough sur- 
faces); 

d) a suitable wetting agent, preferably glycerol [SI, shall be 
used with the smear material; the wetting agent should not 
exude from the material; 

e) the smear shall be pressed moderately against the sur- 
face to be smeared, preferably by means of a holder which 
is designed to ensure uniform and constant pressure; 

f) the entire area of 100 cm2 shall be smeared; 

g) for methods other than liquid scintillation counting, the 
sensitive area of the detector shall be larger than the smear 
Sample; 

h) smears to be measured by liquid scintillation counting 
should directly be placed into the counting vial already con- 
taining an appropriate amount of scintillator liquid; 

i) wet smears shall be placed in the scintillator liquid for 
about 20 min Prior to counting in Order to approach 
equilibrium distribution of the tritium activity; 

j) unused smear 
free atmosphere; 

materials should be in a tritium- 

k) the use of disposable gloves is recommended during 
smear testing of highly contaminated sur-faces; changing of 
gloves may be necessary to avoid Cross-contamination of 
samples. 

3.3.4 Measurement of smear samples 

Whereas the use of proportional detectors (windowless or in- 
ternal gas-flow types) is more appropriate to dry smears, the 
most consistent and generally applicable method for measuring 
tritium smear samples is by liquid scintillation counting. 

Care should be taken 
into the scintillator 

that the introduction of the smear Sample 

- does not Cause excessive losses of light due 
of the material or to quenching effects, and 

to the mass 

- does not introduce 
brig htening agents. 

spurious scintillations due to 

The activity per unit area, AR, of the removable tritium con- 
tamination of the surface being wiped, expressed in becquerels 
centimetres to the power of minus two, in relation to the activ- 
ity of the smear Sample, is given by the following equation : 

A 
AR = - 

FxS 

A is the activity of the smear Sample assessed by a stan- 
dard liquid scintill ation counting technique, in becquerels; 

F is the removal factor; 

S is the area smeared, in centimetres squared. 

The removal factor, F, should, preferably, be determined ex- 
perimentally for the operational conditions, but if it is not, a 
value of F = 0,l shall be used 131. 

4 Recording of contamination measurements 

lf a test report of surface contamination measurements 
quired, the following information should be included : 

is re- 

a) date; 

b) location and sub-location; 

c) type of surface for indirect method; 

d) smear material (dry or wet); 

e) wetting agent; 

f) removal 
assumed); 

factor for indirect evaluation (measured or 
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g) instrument used; Bibliography 

h) calibration date; 

i) instrument reading of the contamination (surface or 
smear); 

j) instrument reading of the background; 

k) calculated removable activity per unit area; 

1) notes on the extent of the contamination; 

m) other observations (presence of volatile radioactivity, 
etc. 1; 

n) operator’s name. 

111 ICRP Publ’ rca ran 25, The Handling, Storage, Use and t’ 
Disposal of Unsealed Radionuclides in Hospitals and Medical 
Research Establishments, Annals of ICRP, 1, No. 2, 0 177, 
1977. 

[21 SLOBODIEN, M. J. and GRANLUND, R. W. Extruded- 
Expanded Polystyrene - A Smear Material for Use in Liquid 
Scintillation Counting, Health Physics (Pergamon Press), 27, 
July 1974: pp. 128-129. 

[31 EAKINS J. D. and HUTCHINSON, W. P. Tbc Radiological 
Hazard from Triturn Absorbed on Metal Surfaces, Part 2: The 
es tima tion o f the Level o f Triturn Con tamina tion on Metal Sur- 
faces by Smearing, AERE-R-5988, 1969. 
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