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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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Introduction

Everyone is exposed to natural radiation. The natural sources of radiation include cosmic rays and
naturally occurring radioactive substances which exist on Earth such as flora, fauna or the human body.
Human activities involving the use of radiation and radioactive substances add to the radiation exposure
from this natural exposure. Some of those activities, such as the mining and use of ores containing
naturally-occurring radioactive materials (NORM) and the production of energy by burning coal that
contains such substances, simply enhance the exposure from natural radiation sources. Nuclear power
plants and other nuclear installations use radioactive materials and produce radioactive effluents and
waste during operation and decommissioning. The use of radioactive materials in industry, medicine,
agriquiture and researcn 1S expanding around the glope.

All these human activities give rise to radiation exposures that are only a small fraction ¢f the global
average level of natural exposure. The medical use of radiation is the largest and a growing man-made
sourge of radiation exposure in developed countries. It includes diagnostic rdadiology, radiotherapy,
nuclgéar medicine and interventional radiology.

Radiption exposure also occurs as a result of occupational activities.(Tt)is incurred by| workers in
industry, medicine and research using radiation or radioactive substafices, as well as by| passengers
and ¢rew during air travel. The average level of occupational expostires is generally beloy the global
average level of natural radiation exposure (see Reference [2]).

As uses of radiation increase, so do the potential health risk‘@nd the public's concerns. Thus, all these
expofsures are regularly assessed in order to

a) improve the understanding of global levels and teniporal trends of public and worker ekposure,
b) ¢valuate the components of exposure so as to-fjrovide a measure of their relative impagt, and

c) identify emerging issues that may warrant more attention and study. While doses|to workers
re mostly directly measured, doses“to the public are usually assessed by indirgct methods
sing the results of radioactivity measurements of waste, liquid and/or gaseous efflijents and/or
e¢nvironmental samples.

Radipactivity from several naturally-occurring and anthropogenic sources is present thrpughout the
envifonment. Thus, atmosphefe can contain radionuclides of natural, human-made, or both origins.

— Natural radionuclide$ including 4°K, 3H, 14C and those originating from the thorium and uranium
iecay series, in particular 226Ra, 228Ra, 234U, 238U and 219Pb which can be found in materials from

atural sources.op can be released from technological processes involving naturally occurring
fadioactive materials (e.g. the mining and processing of mineral sands or phosphdte fertilizer
roduction‘and use).

— Human=made radionuclides, such as transuranic elements (americium, plutonium, nepfunium, and
uriim), 3H, 14C, 90Sr and gamma-ray emitting radionuclides can also be found gasepus effluent
istharges, in environmental matrices (water, air, soil and biota), in food and in aninjal feed as a

result of authorized releases into the environment, fallout from the explosion in the atmosphere of
nuclear devices and radionuclides releases from accidents of nuclear reactors, such as those that
occurred in Chernobyl and Fukushima.

To ensure that the data obtained from radioactivity monitoring programs support their intended use, it
is essential that the stakeholders (for example nuclear site operators, regulatory and local authorities)
agree on appropriate methods and procedures for obtaining representative samples and for sampling,
handling, storing, preparing and measuring the test samples. An assessment of the overall measurement
uncertainty also needs to be carried out systematically. As reliable, comparable and ‘fit for purpose’
data are an essential requirement for any public health decision based on radioactivity measurements,
international standards of tested and validated radionuclide test methods are an important tool for
the production of such measurement results. The application of standards serves also to guarantee
comparability of the test results over time and between different testing laboratories. Laboratories
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apply them to demonstrate their technical competencies and to complete proficiency tests successfully
during interlaboratory comparisons, two prerequisites for obtaining national accreditation.

Today, over a hundred International standards, prepared by Technical Committees of the International
Organization for Standardization, including those produced by ISO/TC 85, and the International
Electrotechnical Commission (IEC), are available to testing laboratories for measuring radionuclides in
different matrices.

Tritium (3H) is a radioactive isotope of hydrogen. It is a pure beta emitting radionuclide, with a
maximum energy equal to 18,591 + 1 keV and a radiological half-life equal to 12,312 (0,025) years
(see Reference [3]). It is naturally occurring and continuously produced in the upper atmosphere by
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Measurement of the radioactivity in the environment —
Air: tritium — Test method using bubbler sampling

1 Scope

This document describes a test method to determine the activity concentration of atmospheric
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TIT Dy trapping tritiumT i air by bubbtng throughr a water Sotution: Atmospheric trit
bntration levels are expressed in becquerel per cubic metre (Bq'm-3).

ormulae are given for a sampling system with four bubblers. They can also be-applied
ms with only one trapping module consisting of two bubblers if only HTO is.in the ati
mpled.

rding to ISO 9698 or ISO 13168.

est method detection limit result is between 0,2 Bq-m-3 and 0,5Bq-m-3 when the sampl
but one week.

Normative references

following documents are referred to in the text\in such a way that some or all of t
fitutes requirements of this document. For _dated references, only the edition cited
ted references, the latest edition of the referehced document (including any amendme

788, Laboratory glassware — Graduatéd measuring cylinders
698, Water quality — Tritium —/Test method using liquid scintillation counting

3168, Water quality — Simultaneous determination of tritium and carbon 14 activities —
liquid scintillation counting

EC Guide 98-3, Uncertainty of measurement — Part 3: Guide to the expression of uf
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3 Terms, definitions and symbols

For the purposes of this document, the definitions, symbols and abbreviations given in,
ISO/IEC Guide 98-3, ISO/IEC Guide 99, ISO 80000-10 and the following apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

|
|

©ISO

SO Online browsing platform: available at https://www.iso.org/obp

EC Electropedia: available at https://www.electropedia.org/
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3.1 Terms and definitions

3.1.1
aerosol

dispersion of very fine solid particles or liquid droplets in air or gases

3.1.2
air sample

representative part of the atmosphere sampled routinely, intermittently or continuously to examine its
various characteristics

3.1.3

bubbler
glass contai

3.14

her that holds the trapping water solution (3.1.11)

bubbler sample

bubbler (3.1

3.1.5
oxidizing e
ratio of atm
with a catal
period

3.1.6
sampling m

3) which an air sample (3.1.2) bubbled through

fficiency

ytic converter furnace, to tritium gas compounds in the atthosphere during the sam

odule

module composed of two bubblers (3.1.3) connected in serieS.to trap tritium species HTO (3.1.13) d

HTO (3.1.12]

3.1.7

sampling s)
device for
sampling hej

Note 1 to ent

3.1.8

rstem
ampling atmospheric tritium by-bubbling through a water solution that consists
ad which is the air inlet, a transpor't line, collector, and flow conditioning system

Fy: Recorded samples are analysed off-line in a testing laboratory.

standard conditions

temperatury

Note 1 to ent
may be used

e of 273,13 K (0 °C).and a pressure of 101 325 Pa

ry: Used to convert air densities into a common basis. Other temperature and pressure cond
hnd should beapplied consistently.

ospheric tritium gas compounds converted into tritiated water vapour (3.1.13), oxidlized

pling

I no-

of a

tions

ivity

3.1.9

test sample

representatjveyvolume taken from the bubbler sample (3.1.4) to analyse the tritium act
concentration by a testing laboratory

3.1.10

trapping efficiency

ratio of tritiated water vapour (3.1.13) activity concentration collected, during the sampling period, to
atmospheric tritiated water vapour (3.1.13) activity concentration

3.1.11

trapping water solution
any types of colourless water with no apparent biological activities to trap atmospheric tritium by
molecular and/or isotopic exchange between the tritium atoms in water vapour of the air and the

hydrogen at

oms of the water molecules in solution

© IS0 2023 - All rights reserved
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3.1.12

tritiated gas

no-HTO

tritium gas compounds where HT and CH;T molecules are predominant chemical gas species in
atmosphere

3.1.13

tritiated water vapour

HTO

water vapour where one hydrogen atom of a water molecule is substituted by one tritium atom

3.2 | Symbols, definitions and units

Table 1 — Symbols, definitions and units

Symbol Definition and unit
4 tritium activity of the bubbler sample, B, in becquerel (Bq) where i =1,2, 3 or 4
Aot reference tritium activity of tritiated water vapour (HTO) in the-atmosphere in becquprel (Bq)
C; tritium activity concentration of the test sample, i, in becquerel per litre (Bg-11)
* decision threshold of the tritium activity concentration of the test sample, i, in becquefrel per litre
‘i (Bgq-™)
# detection limit of the tritium activity concentration‘of the test sample, i, in becquerel per
Ci litre (Bq-1-1)
| reference tritium activity concentration of tritiated water vapour (HTO) in the atmosphere in
ref becquerel per cubic metre (Bq-m~3) at standard conditions
tritium activity concentration of tritiated water vapour (HTO) in the atmosphere in b¢cquerel per
Cov : 3 \¢
cubic metre (Bq-m™3) at standard conditions
c tritium activity concentration of tkitiated gas compounds (no-HTO) in the atmospherg in becquer-
8 el per cubic metre (Bq-m~3) at standard conditions
* ic decision threshold of the tritium activity concentration of HTO and no-HTO respectiv¢ly in the
Cw P04 Cg | atmosphere in becquerel per cubic metre (Bq-m~3) at standard conditions
#logot detection limit of thefritium activity concentration of HTO and no-HTO respectively ip the atmos-
Cw $#19 €5 I phere in becquerel per cubic metre (Bq:m3) at standard conditions
c}.co
1" |lower and upper limits of the probabilistically symmetric coverage interval of HTO and no-HTO
qnd . : . . 3 o
o respectivelynn the atmosphere in becquerel per cubic metre (Bq-m~3) at standard conditions
o cq
c}.co
Ml;ldw lower and upper limits of the shortest coverage interval of HTO and no-HTO respectiviely in the
) S atmosphere in becquerel per cubic metre (Bq-m~3) at standard conditions
cf . cg
Er- trapping efficiency of each bubbler sample, i
€p oxidizing efficiency of the catalytic converter furnace
k coverage factor with k=1, 2,3, ...
ap air flow rate of sampling system in cubic metre per hour (m3-h-1) at standard conditions
t; counting duration of the test sample, , in seconds (s)
[ sampling duration in hour (h)
u(c;) standard uncertainty of the tritium activity concentration of the test sample, i, in becquerel per
i litre (Bq-1™1)
u(y) standard uncertainty associated with parameter, y, result (k = 1)
U(y) expanded uncertainty calculated by U(y)=k-u(y) withk>1

©1S0 2023 - All rights reserved 3
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urel()’):u(y)'y

Table 1 (continued)
Symbol Definition and unit
() relative standard uncertainty associated with parameter, y, result calculated by
Upel LY -1

U, (y) |relative expanded uncertainty calculated by Uy (V) =k U () withk>1

sampled air volume in cubic metre (m3) at standard conditions

4 where V = qp -ty
Vi water volume of bubbler sample, B,, at the end of sampling duration in litre (1)
Varef initial same volume of water in each bubbler, B, in litre (1)
w; correction factor for the tritium activity concentration of the test sample, i, in per litre (1~}

4 Principle

The bubbler sampling method consists of trapping airborne tritium compounds‘in water solytion.
The samplefl air is continuously pumped through a series of bubblers containing trapping water and
transformed as micro-bubbles in the water. The micro bubbles allow for the éfficient capture of airjorne

tritium wat¢r vapour in the trapping solution by molecular and isotopic exchanges.

After filterimg of solid aerosol particles by the dust filter, the sampled@irpasses through a first sampling
module of §wo bubblers. This unit collects tritiated water vapour from the air. A second maodule,
specifically ffor no-HTO compounds, can also be connected in sekjes. In this case, the sampled air|shall
pass through a catalytic converter furnace which converts ne<HTO compounds into HTO. This segcond
module collgcts residual HTO not trapped by the first module and no-HTO compounds that have jpeen
converted into HTO.

The flow of air through the sampling system is contrglled by a mass flow metre.

The Figure |l shows a diagram of an example.of a sample system. Other air flow control and injeftion

configuratid

ns can be used.

© IS0 2023 - All rights reserved
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1 dtmospheric air to monitor at temperature, T, and relative humidity RH-in %
2 qampling head
3  donnection pipe
4  3nti-dust filter
5 ydrophobic filter
6 :Lass flow meter
7  hubbler with trapping water solution
8  1nicro-bubbles generator
9  (atalytic converter furnace

Juny
o

pump

dooling module

first module for HTO trapping (bubblers B1 and B2)

decond module for no-HTO ,ahd/residual HTO trapping (bubblers B3 and B4)

[ S Y
w N

Figure 1 — Example of an atmospheric air sampling system diagram with two sampling
modules

At the end of the sampling period, trapping solutions shall be collected separately and transported as
soon|as possible to the testing laboratory.

Tritinm” activity concentration of water from each bubbler sample, in becquerel per litrg of bubbler
samj le-shall be estimated hy ]iqnid scintillation in accordance with ISQ 9698 or ISQ 13168

Activity concentrations of atmospheric tritium shall be calculated taking into account:
— air volume sampled;

— water volume of each bubbler sample at the start and end of sampling period;

— activity concentration of each bubbler sample;

— HTO trapping efficiency and if required;

— oxidizing efficiency of the catalytic converter furnace.

© IS0 2023 - All rights reserved 5
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5 Influence quantities

Numerous parameters can affect the sampling of atmospheric air. These influencing quantities may be
categorized as controllable or uncontrollable parameters. Controllable parameters can be monitored
by applying the requirements of this document. Uncontrollable parameters are closely linked with
environmental conditions such as atmospheric air temperature and humidity or ambient temperature

at the sampl
Controllable

— air flow

ing location.
quantities are:

rate;

— height g

— micro-bubbling into each bubbler;

— temperature of the bubbler sample during sampling;

— oxidizin
— hermeti

— conditig

6 Equipment

6.1 Description and requirements of the sampling system

The samplin]

— asampling head equipped with protection against direct rainfall or splashing;

— a conne
waterti
of wate]
conden;

— a dust {
sample
protect

— a mass
located
calibrat]

— a miniﬂ:um of one sampling module consisting of two bubblers connected in series each wj

micro-bubble generator to improve exchanges between atmospheric tritiated water vapout

f trapping solution into each bubbler;

g efficiency of the catalytic converter furnace during heating;
cally sealing of sampling system;

ns of sampling and filtration of atmospheric air upstream of.sampling device.

g system shall include:

ction pipe as short as possible,.between the sampling head and the sampling sy;s
bht, airtight and dustproof. The domposition of the connection line shall reduce the rete
vapour and isotopic exchanges with hydrogen. The connection pipe shall be protected
ation and frost in the winterseason;

tem,
htion
from

ilter upstream of the.first module to limit chemical luminescence and quenching dyiring

analysis via liquidsseintillation counting. The dust filter shall be periodically chang
it from clogging:up;

flow meter,{@ssociated with a pump flow rate control, protected by hydrophobic f
upstream-and downstream of the mass flow meter. The mass flow meter shall be period
ed to ensure their accuracy;

bd to

Iters
cally

ith a

and

trapping water. It is recommended to use glass bubblers to reduce the risk of cross contamination
after use, washing and drying;

— ifrequired, to collect no-HTO and residual HTO not trapped by the first module;

— acatalytic converter furnace to convert no-HTO tritium compounds to HTO by oxidizing;

— a second module of two bubblers connected in series each with a micro-bubble generator to
improve the exchange between HTO, converted by the catalytic converter furnace, and trapping
water. The oxidizing efficiency shall be known (see Table B.1). Efficiency of the conversion
catalyst depends of furnace temperature and material type used as catalyst to convert tritium
species of interest see References [12], [13], [14], [15] and [16].

— apump

located downstream of sampling module(s);

© IS0 2023 - All rights reserved
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— acooling system to reduce evaporation of water into bubblers and to ensure a temperature range

between 2 °C and 15 °C.

6.2 Location of sampling head

Sampling head shall be located in accordance with aeraulic conditions at the sampling point (cleared
area, dominant wind, etc.). To limit clogging-up of dust filter and rain splashing, the sampling head shall
be located at one metre above the sampling zone (roof or other).

6.3 Air flow rate, sampling duration and air volume sampling

The 4
The
resu
be c4

A pe
the 4

6.4

Any
wate
phen
tritiu
with
thref

If thg
add 4
phen
ensu|

Befo
trapping solution in each bubblershall be measured with a known accuracy, by graduated
accoy

6.5

Spec

NOTE 1

q

q

an unampbiguous identification of bubblers;

lir flow rate shall be known, continuous and constant to ensure the representativeness
hir volume sampled is calculated from the mass flow meter and the sampling durati
t of this volume is expressed in cubic metre (m3) in standard conditions. The mass flow
librated at standard conditions, i.e. temperature of 273,13 K (0 °C) and a pressure of 1

iodically verification of flow meter calibration according to the international system
ccuracy and uncertainty of sampling volume measurements.

Trapping water solution

fype of water acceptable to the measurement by the test laboratory (e.g. deionized w4
r or deep aquifer water) that does not generate unacceptdble chemical luminescence d
omena may be used. The tritium activity of the trapping solution shall be negligible r¢
m activities to be monitored. Tritium activity of the trapping water solution shall b
appropriate performances before use as trapping water solution to ensure that {
hold or the detection limit are in accordance with customer request.

e sampling system operates under ambient'temperatures less than 0 °C, it may be 1
ntifreeze into trapping solution. This addition can generate chemical luminescence an

re that the corresponding test sample is acceptable to the measurement by the test lab

e the start of sampling and.at the end of the sampling period, the volume or the

‘dance with ISO 4788 requirements or by mass.

Specifications for use

fications foruse shall be defined and shall take into account:

i hermetically sealed sampling system;

of sampling.

n data. The
r meter shall
D1 325 Pa.

shall ensure

ter, mineral
r quenching
plated to the
b monitored
he decision

lecessary to
d quenching

omena influencing the detection effi¢iency of the liquid scintillation measurement. The user shall

oratory.

mass of the
| cylinder in

AN CIIIA o et b ag] o +h ~Ffh b lac

s g

OIS UT Ca o v LT acaT patih UT OO0 DTICS,

a sufficient clearing height above the air-water interface to limit mechanical transfers of water from
one bubbler to the next one;

an air flow rate in accordance with a good exchange of HTO between bubbles and trapping water.

design of the bubbling system. They shall be optimized by the manufacturer.

NOTE 2

period ranging from few hours to a week.

Figure 2 gives an example of a bubbler diagram.

© IS0 2023 - All rights reserved
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\ O]

Key
micro-bybbles generator

1
2 vertical path of bubbles
3 clearing height

a

Air input.
Figure 2 — Example of bubblerdiagram

Precautions| shall be taken to avoid equipment cross-contamination. For example, the follo
precautions|may be used:

— asysteratic cleaning of the sample containér (e.g. dishwasher and drying);

— asysterhatic cleaning of the micro-bubbl€ generators (e.g. absorbent paper);

wing

— a Contr;El of “absence” of contamination of the sampling system (e.g. by sampling an atmospheric

air with a low-level tritium activity concentration during maintenance operations or afte

 the

sampling system is replaced). It'is also advisable to check for the “absence” of contamination when

the sampling system has beeh subjected to unusual tritium atmospheric activity concentratio

7 Procedure

7.1 Sampling

.

The purpose_ef the sampling is to collect atmospheric tritium of various forms for a _quantithtive

analysis by a testing laboratory.

Bubbler samples shall be representative of the monitored or studied site. Consequently, the sam
system shall be located taking into account environmental characteristics such as local landsc
barriers or dominant winds.

The sampling shall be done uninterrupted and with a constant air flow rate.

pling
apes,

Air flow rate and sampling duration shall be adjusted to achieve appropriate performances; a sampled
volume of 5 m3 corresponding to an air flow rate about 30 I'hl and a sampling duration of one week,

allows to reach an HTO detection limit of 0,2 Bq-m3.

Atmospheric sampling for monitoring or studying operations, often, take place outside directly in the
environment. Generally, in controlled conditions of use, recommended controllable parameters values

8 © IS0 2023 - All rights reserved
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are sufficient to neglect humidity and temperature parameters. However, extreme climatic conditions
may affect the sampling system and can disrupt the air sampling (e.g. a warm moist atmospheric air or
a dry cold atmospheric air causes strong variations of relative humidity). These variations may have
a significant impact on the final water volume collected at the end of sampling duration in the first
bubbler sample (see References [10] and [11]).

7.2 Sample collection and transportation

At the end of the sampling period bubbler samples are disconnected from the sampling system and
hermetically sealed as soon as possible. Optionally, a volume of bubbler samples’ trapping solution
can be removed and stored into an acceptable container. The container shall be, as soon as possible,
hernjetically sealed and unambiguously identified. Moreover, it is recommended to filbtle container
comlletely, leaving no headspace to minimize tritium exchange with atmospheric moisturg.

Sam
and
Annd

les and associated information are given to the testing laboratory (see &nnex D
fonservation shall be carried out in accordance with testing laboratory~récommen
tx C).

. Transport
Hations (see

7.3 | Receipt

Bubh
laboj
integ

ler samples shall be delivered to the testing laboratory as,soeh as possible after sampling. The
atory shall check the completeness of samples received such as the number of samples, their
rity, identification or other useful information.

The
cont

aboratory should have procedures in place to handle’these types of samples and prevent cross-

hmination during handling or test sample preparation.

7.4 | Conservation

Analjsis of samples are achieved as soon as<possible after receipt.

Given the specific nature of samples<(filtered air and sample medium without apparent biological
activ

and Y
up tg

ities), it is possible to keep them.at room temperature of the laboratory, i.e. without
vithout protection from the laboratory light, without degradation of tritium activity cq
two months in sealed bubbler samples or in a hermetically sealed container (see Anng

refrigerated
ncentration
px C).

7.5 | Tritium activity ¢concentration measurement

The
accol

testing laboratofy shall count test samples from bubbler samples by liquid scintillation in

rdance with JS0-9698 or ISO 13168.

The ¥
ISO 4
exac

rolume of bubbler samples shall be assessed by a graduated measuring cylinder in acc
788 or'by mass. In this case, it is allowed that one litre of trapping water is equal to

1y

glfldance with
e kilogram

8 Expression of results

8.1 General

Generally, tritium activity concentration values c¢,, and ¢4 are respectively less than tritium activity
concentration values ¢y, and c3 or less than or equal to the decision threshold level. Otherwise, a

failure of sampling, an ambiguous identification of bubbler samples, unsealed cap increasing
atmospheric exchanges, or switching of testing samples shall be suspected.

Only ¢, and, c3 are used to estimate atmospheric air tritium activities given in becquerel per cubic

metre at standard condition. Tritium activity concentration of bubbler samples B2 and B4 can be used
as quality control of the sampling.

© IS0 2023 - All rights reserved
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To quantify sampling uncertainty, trapping efficiency and oxidizing efficiency shall be taken into
account with their associated uncertainty. Table B.1 gives typical trapping and oxidizing efficiency
values under typical conditions of use.

g - . - e - . * - - .
Tritium activity concentrations, c;, tritium decision thresholds, c¢; , detection limits, c,-# are

i
determined according to ISO 9698 or ISO 13168.

To calculate characteristic limits of decision thresholds and detection limits, aa=£=0,05 and
ki_o =ki_g =k=1,65 are often chosen.

Other symbols used are defined in Clause 3.

8.2 Calculations for tritiated water vapour

8.2.1 Activity concentration

The tritium|activity concentration of tritiated water vapour (HTO) in the atmosphete ¢, is calcuated
using Formula (1):

V,
Cw =C1 % (1)
"©B1

The combingd relative uncertainty is calculated using Formula (2):

2 2 2 2
Urel (Cw :\/urel (C1)+urel (VBl )+ure1 (V)+ure1 (£B1 ) (2)

NOTE Amethod to assess the trapping efficiency €, is\given in Annex B.

For a sampljng duration of 168 h and an air flow rate of 30 I-h"l at standard conditions, the following
values of bupbler sample B1 trapping efficiencyand its associated standard uncertainty can be us¢d by
default: eg1(=0,856 and u, (€g;)=0,078 (see'Table B.1).

8.2.2 Dedision threshold

The decision threshold of the tritiumiactivity concentration of HTO in the atmosphere cw* is calculated
using Formyla (3):

* b V
Cw =04 ‘% (3)
"€B1

10 © IS0 2023 - All rights reserved
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8.2.3 Detection limit

The detection limit of the tritium activity concentration of HTO in the atmosphere cf\, of test sample 1
is calculated using Formula (4):

* w %
2., +i2 . Vo1

Cw = 1-k2.[ 2 2y 2 V)4’ (4)
*| Urel (W1)+urel( B1)+urel( )+urel (8B1)
This detection limit can also be calculated using Formula (5):
1— k2.2 # *
Cw# urel (Wl ) Cl . CW (5)

T 2.2 2 2 2 I
1-k '|:urel (Wl )+urel (VBl )+urel (V)+urel (eBl )} 1

where wy is the correction factor of the tritium activity concentration of the test<sample ffom bubbler

sample B1.

To calculate the detection limit of the tritium activity concentration of ‘HTO in the atmogphere from

2 (wq kand the counting dufration t; of

Formula (4), wy correction factor, its relative uncertainty up,

test §ample 1 shall be given by the testing laboratory.

To cqlculate the detection limit of the tritium activity concéntration of HTO in the atmogphere from
Formula (5), relative uncertainty urzel (wq), decision threshold cl* and detection limit ‘1# shall be
given by the testing laboratory.

8.2.4 Coverage intervals limits

8.2.4.1 Probabilistically symmetric coverage interval

The Jower cg, and upper c;, coverage\interval limits are calculated using Formulae (6) aind (7) (see
1SO 11929-1):

c\jlv=Cw'[1_kp'urel(cw)];pzw'(l_Y/z) (6)
C\[/>v:Cw'[1+kq'urel(cw)];qzl_w‘y/z (7)
where

D=¢{ Ew } ¢ being the distribution function of the standardized normal distributipn;
u(cew)

1-y/2) 1s the probability for the coverage interval of the measurand;

®=1 may be setif ¢, 24-u(c,, ).

In this case, the probabilistic coverage interval is symmetric and given by Formula (8):
C;]v 'C:/ =Cw '[1i kl—y/Z “Upe] (Cw )] (8)

y=0,05 and then kq_, , =1,96 is often chosen by default.

©1S0 2023 - All rights reserved 11
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8.2.4.2 Shortest coverage interval

The lower limit of the shortest coverage interval, ¢, and the upper limit of the shortest coverage

interval, c;, , calculated from a primary measurement result, c,,, of the measurand and the standard
uncertainty, u( c,, ), associated with c,, are given by Formulae (9) or (10) (see ISO 11929-1):

C:V'C:v =Cw '[1ikp 'urel(Cw)];p=[1+w'(1_7)]/2 9

Orif ¢, <0, then ¢, =0 and

Cor =Cyy -[likq Upe) (Cy )], (10)
where
q=1-ayy

a):¢[—“c‘” )}, ¢ being the distribution function of the standardized normal distribution.
u w

The relation 0<c, <c;, apply and the approximation of Formula (8).i$.yalid.

8.2.5 Conditions of use

Conditions o calculate tritium activity concentration of HTO in the atmosphere are given from| four
possible cases in Table 2.

An examplel to calculate the tritium activity concentrations of HTO in the atmosphere for an ihitial
water volume of 0,160 1 and an air flow rate of 30 ]-h:¥in standard sampling conditions during one yeek

is given in Ainnex E.

Table 2 — Four cases of possible results from bubbler samples B1 and B2

Case B1 B2 ¢, calculation
1 c; Tu(cq) c; tu(cy) ¢,, calculated from Formula (1)
2 c; Tu(cq) < Cz* U (¢, ) calculated from Formula (2)
3 < Cl* < Cz* ¢y calculated from Formula (3)
Measurement result shall be confirmgd
4 = Cl* ¢, +u(cy) because ¢, cannot be significantly
greater than cl*

. . . . . L AN
If the case 4Tsconfirmedamd if theTetative expamdeduncertainty Yo (t; ) Ts greater thramorequal to

60 % (expanded factor k=2), case 3 is assumed to calculate the result of the tritium activity
concentration of HTO in the atmosphere. Otherwise, further investigations are needed to determine
the potential causes of this anomaly such as ambiguous identification of bubbler samples, unsealed cap
increasing atmospheric exchanges or a test samples switch.

8.3 Calculation for tritiated gas compounds

Generally, tritium gas is not significantly measurable outside areas near specific tritium production or
use facilities. However, when tritium gas compounds are to be measured in the presence of a significant
HTO level, the part of HTO shall be subtracted of the primary result of the tritium activity concentration
from bubbler sample B3. It therefore has two ways to calculate tritium gas compounds with or without
a significant presence of HTO, i.e. when the activity concentration of HTO in atmosphere is greater or

12 © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=cb6af50126a424266c517f22b38014ce

ISO 20045:2023(E)

lower than the decision threshold from bubbler B2. Corresponding quantities are noted ¢ when

g(cz Scz*)

the tritium activity concentration of HTO in atmosphere is not significant and ¢ otherwise.

g(cz >cz*)

8.3.1 Tritiated gas without significant HTO level

8.3.1.1 Activity concentration

The tritium activity concentration of tritiated gas (no-HTO) in the atmosphere ¢ (C - *) is calculated
2562

using Eormula (11):

v,
=y —B3 (11)

Cg(CZSCZ*) 3 .V’8B3 '8F

The ¢ombined relative uncertainty is calculated using Formula (12):

o~

2 2 2 2 2
rel (cg(CZSCZ*) JZ \/urel (C3 )+urel (VB3 )+urel (V)+urel (SB ) +Ure] (SF ) (12)

For asampling duration of 168 h and an air flow rate of 30 I-h-1 at dermal conditions the follqwing values
of bubbler sample B3 trapping efficiency, and oxidizing efficiengy)of the catalytic converter|furnace and
their| associated standard uncertainty can be used by .default: (eg3=0,856; u.(€43)=0,078);

(er 0,999 up, (€g3)=0,033) (see Table B.1).

8.3.1.2 Decision threshold

The dlecision threshold of the tritium activity concentration of tritiated gas (no-HTO) in thejatmosphere
) is calculated using Formula (13):

Cg(CZScz*)
cg(CzSQ*) 3 V-ep3-€f ()

8.3.1.3 Detection limit

The (letection limit of the-tritium activity concentration of tritiated gas (no-HTO) in the [atmosphere

c* «\ 1s calculated-rsing Formula (14):
g(czScz )
w %
2.c (C . ) 2 W3 B3
) # \S 8| €262 t3 V 833 gF (14)
2 1.2 2 2
g(C2<C2 ) 1-k [urel (W3 )+urel (VB3 )+urel (V)+urel (EBS )+ure1 (EF )]
The deteetionHimitcanalse-be-ecaletlatedusing Fermula{is):
2 2 #
C# — 1_k 'urel (W3) ‘C3_’C* . (15)
g(czﬁcz*) 1-k% | u? Z (v 2 (V)+u? 2 " g(CZSCZ )
- *| Urel (WS )+urel ( B3 )+urel ( )+urel (SBB )+urel (EF) C3

where wj is the correction factor of the tritium activity concentration of the test sample 3.

To calculate the detection limit of the tritium activity concentration of no-HTO in the atmosphere from
Formula (14), wy correction factor, its relative uncertainty urzel (w3) and the counting duration t; of
test sample 3 shall be given by the testing laboratory.

©1S0 2023 - All rights reserved 13
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To calculate the detection limit of the tritium activity concentration of no-HTO in the atmosphere from
Formula (15), relative uncertainty ”fel (w3), decision threshold 03* and detection limit 03# shall be

given by the

testing laboratory.

8.3.2 Tritiated gas compounds with significant HTO level

8.3.2.1 Activity concentration

The tritium activity concentration of no-HTO in the atmosphere cg(c o *) is calculated using
2>€2

Formula (16

Cg(cz >cz* )

The combin

Upe] {Cg(

IE
_A3—(1-¢€p3)-4
V-€p-ep3

bd relative uncertainty is calculated using Formula (17):

2 2 22 22
)}: A3 Ut (A3) +[(1-€p3) - Ap " et (Ap) +(42 — 43) 'urel(£B3)+u21
) >y re

Cg(C2>C2*) 4 ‘EF "€p3

(16)

(17)

(18)

(19)

(20)

(21)

(22)

(23)

wing
erter
856 ;

where
2 2 2
Upel =Urh) (€ ) +Urer (V)
4y =¢7 Vg2
Az =c3 Vg3
2 2 2
Urel (A2 ) =Urel (¢2)+Urer (Vp2)
2 2 2
Urel (A3 ) =Ure) (¢3) +Urel (Vg3)
c \-V-€p-€gz=c3-Vgz—(1-¢€p3)-cy -V
g(es>c|) F€p3 =C3- Vg3 ~(1-¢p3)-c2 Vg
For a sampling duration’0f“168 h and an air flow rate of 30 I-h-1 at normal conditions, the follo
values of buibbler sample B3 trapping efficiency, and oxidizing efficiency of the catalytic cony|
furnace and theirassociated standard uncertainty can be used by default: (egz3=0,
U (€3)=0,078)-(er =0,999; up (€g3)=0,033) (see Table B.1).
14
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8.3.2.2 Decision threshold

The decision threshold of the tritium activity concentration of no-HTO in the atmosphere c*(

x\ 1S
g(c2>¢C2 )

calculated using Formulae (24) and (25):
C* x| = kz 'D+C* * 2 24
g(c2>cz ) \/ g(cZSCZ ) ( )

where

2 s 2 Al
Ay (1—€g3) 2 2 2 2 2
D= 2 2 2 '[urel (CZ )+urel (VBZ ) +Ure) (VB3 ) +Ure) (W3 ):| *Ure (833 ) +
V©-eg €33

25
Va3 -4y (1-gp3)-{c5" '[1—1(2 U (W3)}—2'03 g )

k%.v? ~£§ ~£§3

where

¥ ) is calculated using Formula (13);
€2

Ay is calculated using Formula (19).

To c3glculate the decision threshold of the tritium activityconcentration of no-HTO in the atmosphere,
with|significant level of HTO into the bubbler sample@®2, from Formulae (24) and (25),|the relative

unceftainty u?el (w3 ), the decision threshold 03* and the detection limit C3#, calculated ffom bubbler
sample B3 data shall be given by the testing labogatory.

8.3.2.3 Detection limit

The detection limit of the tritium dctivity concentration of no-HTO in the atmosphere c#( *) is
8| c2>C2
calcylated using Formula (26);
# ®*\_ #
Cg (CZ >C2)_Cg(CZSC2*) 3+
* 5 W2 M )2 1-€p3 1 2 2y (26)
Co(cy>cy*) C8(dy<cy*) ~ W Urel (€3)— | Urel (W3) +Urer (Vp3)
‘CF B3

DO

2 2 2 2 2 2
-k '[urel (W3 )+urel (VBB )+ure1 (V)+urel (£B3 )+urel (EF )]

wherte
- = iseatenlatedusing Formula{i33
g(CZSCZ )
# : :
c . is calculated using Formula (14);
g(CZSCZ )
A is calculated using Formula (19);

Cg(CZ >Cz*) is calculated using Formula (24).

To calculate the detection limit of the tritium activity concentration of no-HTO, with significant level of
HTO into the bubbler sample B2, from Formula (26), relative uncertainty ufel (w3) shall be given by the
testing laboratory.

© IS0 2023 - All rights reserved 15
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8.3.3 Coverage intervals limits

8.3.3.1 Probabilistically symmetric coverage interval

The lower ¢

<

(see

g and upper cg coverage interval limits are calculated using Formulae (27) and (28)

ISO 11929-1):

(27)

<
cg =Cg [1-k, -t (cg )]ip=0-(1-7/2)
D 1 Z = s L)AL
Cg :Cg[l |1\q urel(ug)],\.l—l ooy 1/2
where
w=0 _fw ) being the distribution function of the standardized normal distribution;
ufc,)
(1-v/2) is the probability for the coverage interval of the measurand;
w=1 may be setif ¢, >4-u(c,, ).

In this case,

< > |

Cg1Cq =
¥=0,05 an
8.3.3.2 Sh

The lower 1

interval, cg

uncertainty;
< >
Cg,Cq =

Orifcg<0,

Cg

-[1ikq -urel(cg )];qzl—w-y

the probabilistic coverage interval is symmetric and givefby Formula (29):
cg [ 1Ekyy/2 el (¢ )]
i then kq_,, =1,96 is often chosen by default.

ortest coverage interval

imit of the shortest coverage interval, cg, and the upper limit of the shortest cov¢

are calculated from a primary measurement result, Cg» of the measurand and the stan
u(cg), associated with ¢, given by Formulae (30) or (31) (see ISO 11929-1):

Cq -[1ikp “Upg] (cg)];p=[1+a)-(1—y)]/2

then cg =0 and

(28)

(29)

brage

dard

(30)

(31

—‘ ~¢ being the distribution function of the standardized normal distribution;

.

U(C

]

The relation 0< cg < cg apply and the approximation of Formula (29) is valid.

8.3.4 Con

ditions of use

Conditions to calculate tritium activity concentration of no-HTO in the atmosphere are given from eight

possible cas

es in the following Table 3.

An example to calculate the tritium activity concentrations of no-HTO for an initial water volume of
0,160 1 and an air flow rate of 30 I-h"1 at standard conditions of sampling during one week is given in

Annex E.

16
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Table 3 — Eight cases of possible results from bubbler samples B2, B3 and B4

Case B2 B3 B4 Cg calculation
* c «\ calculated from Formula (11)
1 <c, c3 tu(c3) ¢4 Tu(cy) g(C25€2 )
2 <c” ¢y tu(c <c) U.|C «\ | calculated from Formula (12)
) 3 ( 3 ) S0y rel g(CZ <c, )
*
* * * c «\ calculated from Formula (13
3 S C2 S C3 S C4 g(CZ SCZ )
A * * Lale ) A IR TE o 11
b =Ty =T3 T —ut ) VICASUT CIIICIIC TES UL SIIdll U€ COIIITIIea gecause (,‘4_
q c, tu(cy) < C3* cy *u(cy) |cannot be significantly greater than c3*
c «y calculated from FormulaA16)
q ¢, Tu(cy) c3tu(cy) cq Tu(cy) g(¢2>02 )
7 ¢y Tu(cy) c3 tu(c3) <c, Ul | € «\ | calculatéd from Formula|(17)
g(Cz >C€2 )
*
* *
g ¢y Tu(cy) <cs <c, Cg(c2>c2*) calculatéd$rom Formulae (24) hnd (25)

If cages 4 or 5 are confirmed and if the relative expanded uncertainty U, (c4 ) is greater t

to 600 % (expanded factor k=2), respectively cases 3 or 8 are assumed to calculate the

tritiym activity concentration of no-HTO in the atmosphere. Otherwise, further invest
needed to determine the potential causes of this anomaly such as ambiguous identificati
samples, unsealed cap increasing atmospheric exchahges or a testing samples switch.

In capes 1 to 4, assuming ¢

9

The fest report shall conform to ISO/IEC 17025 requirements. It shall contain the following i

a)
b)
‘)
d)
e)

*
* _Cw
g(C2£CZ*) ch(CzﬁCz*) then Cg(CzﬁCZ*) = e

g(CZSCZ*) Scw* and, € )

L

[est report

feference to this document,i.e. (ISO 20045:2023);

identification of all samples;

units in which the'results are expressed;

yalues of temperature and atmospheric pressure at standard conditions;
flest result:

Dc-when the activity concentration of tritiated tritium vapour, c,,, or when

han or equal

result of the

gations are
n of bubble

nformation:

the activity

concentration of tritiated gas compounds, ¢,, are compared with the respecti

thresholds (see ISO 11929 series);

gl

ely decision

— ifthe resultis less than the decision threshold, the result of the measurement is expressed

* *
as CW or as Cg,

— if the result is greater than the decision threshold, the result of the measurement is

expressed as:

cy fu(cy, ) or ¢, £U(c,, ) with the associated k value or as,

Cg iu(cg ) or cg iU(cg ) with the associated k value,

© IS0 2023 - All rights reserved
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concentration of tritiated gas compounds, ¢
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gJ

limit,

w» or when the activity
are compared with their respectively detection

— if the result is less than the detection limit, the result of the measurement is expressed as

# #
Cw Oras cg,

— if the result is greater than the detection limit, the result of the measurement is expressed

Complemen

f) the ung

as:

c tulc VYorc F+U(c ) with the associated kvalue or as
W -w w W 7

7

Cg iu(cg) or Cg iU(cg) with the associated k value.

Fary information can be provided such as:

interval and/or the limits of the shortest coverage interval;

g) probabij

lities o, B and (1-y/2);

h) decision thresholds and the detection limits;

i) if the d

btection limit exceeds the guideline value, it shall be doecumented that the method i

suitablg for the measurement purpose;

j) mention of any relevant information likely to affect and/efto explain the results;

NOTE 0

results, ¢, qr Cg, with the respectively detection limit, Cfv or C#

is recognized

g in order to decide whether the physical

or not. Such stipulations are not in accordané¢e with this document. They have the consequenc

it is decided Yoo frequently that the physical effect isTabsent when in fact it is not absent.

ertainty can also be expressed as the limits of the probabilistically symmetric covégrage

5 not

casionally, it is requested by the customer or regulator to compare the primary measurgment

bffect
b that

18
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Annex A
(informative)

Technical data for tritium

Tritium (3H) is a radioactive isotope of hydrogen. Tritium transforms by beta minus emission to the
ground state of helium 3. Its half-life is about 12,3 years and its maximum beta energy is 18,6 keV

(enet

The {

a)

b)

1

|
1

!

gies average 5,7 keV).
ritium present in the environment has two origins, natural and artificial:

Tritium is continuously produced naturally by nuclear reactions in the uppetr,atmosph
igh-energy cosmic rays and atmospheric nitrogen, oxygen and argon-atoms. Over
aturally produced tritium is incorporated into the water cycle from the upper aty
he ocean. UNSCEAR 2000 estimates than terrestrial natural stock of tritium is ap|
1,3:1018 Bq (about 3,5 kg), corresponding at an absorbed dose ,about 0,01 uGy-al, w
production of 5:1016 Bg-al to 61016 Bg-a1 (0,150 kg to 0,200 kg)-

Man-made tritium comes from historical atmospheric.4ests of nuclear weapons,
eleases of nuclear facilities including: pressurized water¥eactors, irradiated fuel reprq
ecycling plants, military defence, medical and research-applications.

Up to 1970, atmospheric tests of nuclear weapons released a quantity of tritiuy
at 2,4-1020 Bg. The oceans inventory of tritium in 1972 reached 6,3-:101° Bq. C
accumulation in the environment (mainly;in the oceans) is estimated at about 4,3-1

In nuclear reactors, tritium is formed as a product of the ternary fission of certailj;

uranium and plutonium and by\heutron reactions on light elements of the pri
mainly boron, 1(S)B(n,ZOz) 31T, and in a lower proportion of lithium. In light water 1

tritium created by the fission reactions remains largely in the fuel itself (about 87 9
in the zircaloy sheaths<ef'the fuel-element pencils where it is under zirconium
(about 13 %). The release of tritium into the water of the primary circuit is mini
negligible. It occurs only in the case of defects in zircaloy sheaths (which is infrequ
the release of fissien tritium during reactor operation is limited to 0,1 % to 1 % o
produced. Glgbally, all global nuclear reactors annually dissolve 1,2:1016 Bq (0,035 k
mainly in liquid tritiated water form, and 6,0-101> Bq (0,018 kg) in gas form.

Fissiontritiumisreleased forthe mostpartduringspentfuel reprocessingoperation
to 1989, during the reprocessing of 4 % of global nuclear fuel, nuclear fuel reproce
réjected 2,6-1014 Bq per year of gaseous tritium in the atmosphere and mainly 4,4
year of tritiated water in the marine environment. In 2012, the French nuclear fuel

bre between
hll, 99 % of
nosphere to
[proximately
th annually

radioactive
cessing and

n estimated
urrently, its
019 Bq.

isotopes of
ary circuit,

eactors, the

b), as well as

dride form
mal or even
ent), so that
F the tritium
b) of tritium,

5. From 1985
ssing plants
-1015 Bq per
eprocessing

eleases.

Medical centersarealso producersoftritium; forexample, thelaboratory ofthelabelled molecules
of the CEA center of Saclay rejects each year in the order of 2:1013 Bq (see Reference [6]).

The fundamental characteristic of tritium (3H) is its extreme propensity to exchange with its stable
isotope (1H) and reciprocally. In fact, it follows the water cycle and it is incorporated into the water and
organic matter of all living organisms. Its biological period is about 12 days.

The atmosphere contains mainly tritium in the form of tritiated water (HTO) or tritiated hydrogen gas
(HT and T,) and in a lesser proportion tritiated methane (CH;T). These last two forms, not directly
incorporated by living organisms, have almost no influence on their tritium concentrations.

At the beginning of the 20th century atmospheric tritium activity concentration was 6-10-3 Bq-m™3 of
air in HTO form and 0,2:10-3 Bq'm-3 in HT form. Following the atmospheric testing of nuclear weapons,
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this activity concentration reached a maximum in the Sixties. In 1987, it was 0,02 Bq-m3 in HTO form,
0,036 Bgq'm3 in HT form, and 0,012 Bq-m-3 in CH;T form. In the year 2010, the average activity levels in
HTO measured in air in France were between 0,01 Bq-m-3 and 0,02 Bq-m3 of air. Activity concentrations

greater than 1 Bq'm-3 can be measured in the immediate vicinity of the facility which releases tritium
by atmospheric means.
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Annex B
(informative)

Determination of trapping efficiency

Measurement principle

The
exch
mole]
integ
inal
effici
The {
— 1
1
1
1

q

Trap
samy
Itis

frapping of atmospheric air tritium by bubbling in water is done by molecularcand
hnges between the tritium atoms of water vapour in the air and the hydrogen atoms
cules in solution. These exchanges induce activity losses by transferring part¢f the trif
rated into the bubbler B1 during the sampling period to the other bubblers.B2 (see Fig
psser extent to the other bubblers. These activity losses are corrected byldetermining
ency.

rapping efficiency value can vary according to several parametersstch as:

he speed of bubbles i.e., live time of bubbles through in the liquid;

he number of gas bubbles and their exchange area with theliquid;

he sampling period, depending on the selected air flow rate, represents the volume of
he relative humidity and the temperature of théiatmospheric air sampled;

ptC.

ping efficiency can not be defined solely by a constant function of time when the
ling is long (several days) in an atmesphere where tritium activity concentration is nof
herefore necessary to determine analytically the value of the trapping efficiency of ¢

when the results of measurements permit, or if not, to estimate the mean value by a prior def

Infor

mation on methods to éstimate trapping efficiency and oxidizing efficiency of

compounds in a catalytic converter furnace with palladium-based catalyst is availab

scien

B.2

The {
wate|
thes

tific literature (see References [11], [12], [13], [14], [15] and [16]).

Trapping éfficiency of first bubbler sample

rapping€fficiency of bubbler sample B1 €5, by bubbling of atmospheric water vapou
I solutien corresponds to the ratio of the activity A; contained in the bubbler sample
pmpling duration to the activity A..; passed through the water solution.

/or isotopic
pf the water
ium activity
ure B.1) and
the trapping

hir sampled;

duration of
continuous.
ach sample,
ermination.

ritiated gas
le from the

tritium in a
ht the end of

Trapping efficiency €g; is calculated using Formula (B.1):
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(Bq);

Cref

:2023(E)

A.s isthereference tritiumactivity of tritiated water vapour (HTO) in the atmosphere in becquerel

is the reference tritium activity concentration of tritiated water vapour (HTO) in the

atmosphere in becquerel per cubic metre (Bq-m~3) at standard conditions;

|4

qp

is the air flow rate of sampling system during calibration process in cubic metre per

(m3-h-1) at standard conditions and

is the sampled air volume during calibration process in cubic metre (m3) at standard conditions;

hour

tp

To ideally d¢termine the trapping efficiency of the first bubbler, several other bubbler samples shj

s the air sampling duration in hour (h) applied for calibration.

11 be

connected if series. Under these conditions, the trapping efficiency can be calculated using.E6rmulia B.5

(Reference |

€1 =

where i=1,

In practice,
connected i}
is equal and|
trapping eff

€gy =1+
The combin

Urel (SB 1

where

Cy-

i

10]):

c1-V1

N I

sampling devices for tritiated water vapour (HTQ) have two or three bubbler sar
1 series. At the end of the sampling duration, if the height level of water in two first bub
corresponds to the height vertical path of bubbles recommended by the manufacture

ciency is calculated using Formula (B.6):
| c2- V2
c1-Vp1

bd relative uncertainty is calculdted using Formula (B.7):

¢ Vo

2 2 2 2
'\/urel (Cl )+urel (VBl )+urel (CZ )+urel (VBZ )

)_

¢1-Vg1 —¢2-Vp2

Ve,  _1-é&py

€1-VB11

NOTE
initial value ¢

This formulais correct if the height value of water at the end of the sampling duration is around

~C2 VB2 &1

f heightwater.

(B.5)

hples
blers
r, the

(B.6)

(B.7)

(B.8)

bf the

In the other

cases when water hpigh'rq of bubbler cqmplp B1 at the hpginning and at the end of sam

ling

duration are different and/or, when the activity in the bubbler sample B2 is less than the decision
threshold, the Formula B.5 shows that is impossible to determine the trapping efficiency &g .

For a sampling duration ¢, given €p; can be estimated as a function of the volume of water within

range of var

€31 [t

pl

iations of the first bubbler from the Formula B.9:

VBref

AV, —d

VBref

-b-t
]:a-e Ptc|l-e

(B.9)

where Vp,¢ is the same initial volume of water in each bubbler B1, B2, B3, and B4 at the beginning of

sampling duration.
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The coefficient parameters a, b, ¢, d, and their associated uncertainty can be determined from
experimental trapping efficiency values €; from bubbler sample B1 by a least squares method. Each ¢;

is calculated using Formula (B.10):

E:

B.3

1
‘1

j=

1+ 1

C4j
C3

i1
j
Typical values

(B.10)

Undsd
7 cm|

r typical conditions of use i.e., air flow rate of 30 1-h~1, final height trapping watel
corresponding to 0,160 1, furnace temperature of 450 °C (catalyst Pd/Al,03), the.wdlu

trapping and oxidizing efficiencies, given in the Table B.1, should be used by default:

Table B.1 — Typical values of tritium trapping and oxidizing efficiencies

solution of
bs of tritium

Typical conditions
: _ Trapping efficiencies and associ- | OXidizing efficiency and associat-
h-1
Alr flow rate 301h ated standard uncertainties ed standard uncertainty
Water volume 0,1601
Sarppling period e =0,989+0,033
336h €p1 =€p3 =0,747 £ 0,067
Trapping efficiency values given in the Table B.1 are~calculated from Formula B.9 wher¢ coefficient
parameters a, b, c¢, d, and their associated “uncertainty come from Referencd [11] with
AVg{ / Vgrer =0 % exactly. It showed that watempyolume of bubbler sample B1 at the end|of sampling

dura
air. U
and t
dura

samy
effici

For ¢

fion depends on weather conditions principally due to atmospheric water concentratio
nder these conditions, the values of bubbler B1 trapping efficiencies, calculated from |
heir associated uncertainty are between (0,820 £ 0,070) and (0,87 + 0,065) after 7 days
fion when the AVg; /Vp.s ramge-is respectively between -0,22 and + 0,18. Aften
ling duration and a AVp; Vg range between -0,32 and + 0,28, these values

encies are respectively (0,67~ 0,070) and (0,76 £ 0,065).

ther species of tritium Compounds (e.g. CH;3T) collected in same conditions, oxidizin

given in the Table B.1 can-pe used.

Figuj
bubb
of tr
knowv
takel

‘e B.1 shows afi'‘example of study of transfer rate of the HTO form from B1 bubbler s
ler sample wihere bubblers B1 and B2 contain 0,160 1 of a reference ground water wit
tium activity concentration (Abatilles deep aquifer water). Bubbler sample B1 is s
n tritivim activity. At the end of each tritium transfer cycle, 10 ml of bubbler sample
W for the measurement as test samples. The water volume of bubblers is completed at 0

start

h of sampled
Formula B.9,
of sampling

14 days of

of trapping

1g efficiency

ample to B2
h a low level
iked with a
solution are
160 1 before

ing,a' new tritium transfer cycle.
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Key
X

Y transfer

NOTE

Figure H

Figure B.2 s

sampling p4
been demor

determine t

trapping eff]
Reference [}

e
o o 9
7/

Key
X

Y  trapping

NOTE

30

Ho—i

25

20

15

10

sampled

%
0 Vﬂ . . . : : .

0 8 X

air volume in m3
rate in %

+1,0) g-m™3 at standard conditions.

sampled air in controlled conditions

hows an example of variation of first bubbler saniple trapping efficiency as a function ¢
riod. The extrapolation of the curve in Figure B.2 for a shorter sampling duration hal
)strated in this example. For a sampling-duration less than 24 h, it is recommend
he trapping efficiency of the first bubblerexperimentally. By default, the following valy
iciency of bubbler sample B1 can be-used: eg; =0,9820 and u,, (€g1)=0,0035 (k=1)

1]).

._%__ T
) T

—-
L

.1 — Tritium activity transfer rate from bubbler Bl to bubbler B2 as a function ¢f

Infitial water volume 0,160 1, air flow rate 30 I-h~1, ambient temperature (19,8 + 0,7) °C and absolute air
humidity (8,9

fthe
s not
ed to
es of
(see

<D

sampling duration in h

efficiency e

humidity (9,0 + 1,1) gom~3 at standard conditions.

Initial water volume 0,160 1, air flow rate 30 I-h-1, ambient temperature (20,1 + 0,8) °C and absolute air

Figure B.2 — Trapping efficiency of bubbler samples as a function of sampling duration in
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original caps and kept for 60 days. The untritiated control samples were used to verify th
contaminationvby the storage site atmosphere and between samples, including possible d
migrption‘\phenomena.

Testd cnmplpc and measurements were carried out at totot 3 dqyc, tot 14 dnyc’ fot
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Annex C
(informative)

Preserving of tritiated water solutions

Tritiated trapping solutions tests

ests were conducted with the aim to quantify the integrity of the tritiated water samp
Livity, when bubbler samples are stored in a ventilated room at ambient laboratery)con
iod of 35 days.

irry out this study, the four bubbler samples, closed by the original PV eap, were b
e storage room after the weekly routine sampling. Then, bubbler ‘samples are st
lated cupboard of an air-conditioned room at 19 °C. Water samples.were stored in tl
ler samples at ambient temperature and brightness room. During.the storage period 1
taken at regular intervals and analysed for tritium. The betasmeasurements of trit

ysis results showed that there was no significant evolution of tritium activity from bub
nd B3 (HTO and no-HTO, respectively), over a period 0f:35 days of storage. Under thes¢
storage of bubbler samples is not necessary.

Tritiated water solution tests

r multiparametric studies of tritiatedwater conservation stability in Abatilles W
a low level of tritium activity concextration) were carried out to assess the impact o
fitions on tritiated water samples. Water samples from Abatilles spiked with HTO have
ttles of different materials (glass, high-density polyethylene, Teflon™ and polycar
d under different conditions?

the dark at the refrigerator temperature of (3 * 2) °C and

n a work surface inth€ atmosphere of the test laboratory at the ambient temperature (
nd exposed to day*night cycles.

ritiated water“and blank samples (untritiated control sample) were hermetically

entration with relative uncertainty of 5 % have been carriedwout according to [SO 969§.

les, in terms
ditions over

rought back
ored in the
neir original
est samples
um activity

bler samples
e conditions,

ater (water
f preserving
been stored
bonate) and

£(25+5)°C

sealed with
e absence of
iffusion and

B1 days and

ty + 60 days. Over two months of preserving, no significant trends of tritium activity concentration
variation were observed (relative deviation less than 4 % and standard deviation less than 0,2 (unit)
compared with ¢, results). These results show that water samples with low level tritium activity
concentration or tritiated can be maintained under laboratory ambient conditions before measurement.

C3

Conclusion

These tests show that tritiated water solutions may be stored at room temperature, less than 30 °C,

until

60 days.
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Annex D

(informative)

Example of sampling and calculations forms

D.1 Sampling forms

Sampling system reference

tem

Internal number of the laboratory sampling sys-

Air sampling1 ion

Name or number of monitored site

State and tqwn or village

Name of sajnpling location

G hi 1 fai ling locati

Latitude

Longitude

Trapping water solution

|Nature of sampling solution

example: low-level tritium ground water

Note This solution shall be exactly the same that measurement solution

Parameters values at the beginning of sampling

Date of sampling start

a a |lalam m|d|d /h h m |m

Date and time

Sampling §ystem parameters Unit Expected value Recorded valye
Air flow ratle I-h-1

Furnace tempetature” °C

Cooling system temperature (°C) °C _

Cooling system operational ? Yes 1 No [

Bubbles present into each bubbler ? Yes O No

Nature of catalyst for catalytic oxidizing information

a [fno-HTO is required

At the beginning of sampling air, note volumes of bubbler samples in the corresponding table

Parameters values at the end of sampling

Date of sampling start

Date and time

26
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Sampling system parameters Unit Recorded value
Air flow rate reading l-h-1
Air volume sampled (pumped) 1
Furnace temperature reading °C
Cooling system temperature (°C) °C
Cooling system operational ? Yes O No [
Yes [ No O
Are bubbles present into each bubbler ? If o, number(s) of bubbler sample:

Recprded values of bubbler samples Varef Vsend Unit S(@a e number
B1 (HTO only) lor kg

B2 (HTO only) lor kg

B3 (ho-HTO and/or residual HT0)?2 l or kg

B4 (ho-HTO and/or residual HT0)?2 1 grkg

2 Ifno-HTO species are required.

NOTH Verer and Vpo,q respectively amount of trapping water(at the beginning and at the end of air
samplling
Obsegrvations [see Clause 9 j)]:

Responsible for sampling identification (coentact details): Name, Department, phone numper, e-mail...
Signature:

D.2 | Calculation forms

Sampling system used parameters Value
Unc¢rtainty of samplingsystem flow rate (k = 1), in -h-1

Totdl air volume samipled, in m3

Reldtive uncertainty of total air volume sampled (k = 1)

Trapping efficiency of bubbler samples B1

Trappingefficiency of bubbler samples B3

Relative uncertainty of trapping efficiency of bubbler samples B1 (k= 1)

| 33 N N
Relative uncertainty or trapping eIrfriciency or boubbler SsampleS bs (K= 1]

Catalytic oxidizing efficiency

Uncertainty of catalytic oxidizing efficiency (k= 1)

Relative uncertainty of volume or mass bubbling solutions at the end of
sampling duration (k= 1)
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