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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

Radioactivity from several naturally-occurring and anthropogenic sources is present throughout
the environment. Thus, water bodies (e.g. surface waters, ground waters, sea waters) can contain
radionuclides of natural, human made, or both origins:

— Natural radionuclides, including 49K, 3H, 14C, and those originating from the thorium and uranium
decay series, in particular 226Ra, 228Ra, 234U, 238U, 210Pg and 210Pb can be found in water for
natural reasons (e.g. desorption from the soil and wash off by rain water) or can be released from

technological processes involving naturally occurring radioactive materials (e.g. the mining and

Ip

tunium and
ural waters.

Human-made radionuclides such as transuranium elements (americium, plutonium, nef
urium), 3H, 14C, 99Sr, and some gamma emitting radionuclides can also be found [ifi nafj

1

1
1

Radi
char
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he environment as the result of authorized routine releases. Some of thesejyradionucli

medical and industrial applications are also released into the environmentdfter use. An|

adionuclides are also found in waters as the result of past fallout gontaminations re
he explosion in the atmosphere of nuclear devices and accidents-such as those that
[hernobyl and Fukushima.

bnuclide activity concentration in water bodies canvary according to loca

ar installation during planned, existing, and emergéney exposure situationsldl. Dri

radionuclides present in liquid effluents are usually controlled before being disc
bnvironmentl(2] and water bodies. Drinking Wwaters are monitored for their radi

mall quantities of these radionuclides may be discharged from nuclear fuel cycle fj

hcteristics and climatic conditions and can be locally and temporally enhanced by r¢

thus contain radionuclides at activity concentrations\which could present a risk to hun
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mmended by the World Health Organization (WHO)[3] so that proper actions can be tak
there is no adverse health effect to the public. Following these international recom
nal regulations usually specify radionuclide authorized concentration limits for lig
arged to the environment and radiehuclide guidance levels for waterbodies and drin|
anned, existing, and emergency‘exposure situations. Compliance with these limits can|
r measurement results withttheir associated uncertainties as requested by ISO/IEQ
SO 5667-20141.

Depd uld result in

an aqg

nding of the exposure-situation, there are different limits and guidance levels that wo
tion to reduce healfhTisk.

NOT]H
that 1
aver

1 The guidanhcelevel is the activity concentration with an intake of 2 1d! of drinking wate
esults in an effective dose of 0,1 mSval for members of the public. This is an effective dose th|
I low level-ofifisk that is not expected to give rise to any detectable adverse health effectl2l.

for one year,
At represents

In the event of a nuclear emergency, the WHO Codex Guideline Levels[3] indicates
concentrations corresponding to operational intervention levels.

the activity

NOTE 2 The Codex guidelines levels (GLs) apply to radionuclides contained in foods destined for human
consumption and traded internationally, which have been contaminated following a nuclear or radiological
emergency. These GLs apply to food after reconstitution or as prepared for consumption, i.e. not to dried or
concentrated foods, and are based on an intervention exemption level of 1 mSv in a year for members of the
public (infant and adult)[2].

Thus, the test method can be adapted so that the characteristic limits, decision threshold and detection
limit, and the uncertainties ensure that the radionuclide activity concentration test results can be
verified to be below the guidance levels required by a national authority for either planned-existing
situations or an emergency situation(el(Zl,

Usually, the test methods can be adjusted to measure the activity concentration of the radionuclide(s)
in either wastewaters before storage or in liquid effluents before being discharged to the environment.
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The test results will enable the plant/installation operator to verify that, before their discharge,
wastewaters/liquid effluent radioactive activity concentrations do not exceed authorized limits.

The test methods described in this document for emergency exposure situations may also be used
during planned, existing exposure situations as well as for wastewaters and liquid effluents with
specific modifications that could change the overall uncertainty, detection limit, and threshold.

The test method(s) may be used for water samples after proper sampling, sample handling, and test
sample preparation (see the relevant part of ISO 5667 series).

This document has been developed to answer the need of test laboratories carrying out these

measureme

nts that mav bhe rpqnirnd hy national authorities dllring anuclearor rqdin]ngirn] emerg
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taking prot
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uation.

bnt is one of a set of International Standards on test methods dealing with the measure
Ly concentration of radionuclides in water samples.

uments produced for radioactivity measurements in water are detailed nrethods. In
methods have been used in laboratory practice for a number of yearsvand the analy
ics have been documented. However, these methods are generally-time consuming
trained analysts to carry them out.

t years, an increasing need was recognized for the additiofiof guidance on the use ¢
1l methods”. The nuclear accident at Fukushima in Margeln2011 accentuated the nee
measurements. During the initial stages of such incidents, decision makers had to deal
bctive measures for the population, such as sheltering, evacuation, and the distrib
ophylaxis. It has been found that time is critical@and limited for taking these prote
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Water quality — Guidance for rapid radioactivity
measurements in nuclear or radiological emergency
situation

1 Scope

This
wate
emel

1
q

document provides guidelines for testing laboratories wanting to use rapid test
r samples that may be contaminated following a nuclear or radiological emergeneylin
gency situation, consideration should be given to:

aking into account the specific context for the tests to be performed, e.g. apotentially
ontamination;

methods on
rident. In an

high level of

— sing or adjusting, when possible, radioactivity test methods implemented during routine situations
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o obtain a result rapidly or, for tests not performed routinely, applying specific rapid t
reviously validated by the laboratory, e.g. for 8°Sr determinatign;

reparing the test laboratory to measure a large number,of\potentially contaminated s

him of this document is to ensure decision makers have reliable results needed to
cly and minimize the radiation dose to the public.

urements are performed in order to minimize the'risk to the public by checking the qua
lies. For emergency situations, test results are often compared to operational intervent

Operational intervention levels (OILS) are derived from IAEA Safety Standardsll
rities(2l.

 element of rapid analysis can be the use of routine methods but with a reduced turng
roal of these rapid measurements is often to check for unusual radioactivity levels in the
entify the radionuclides preSent and their activity concentration levels and to establish
b water with interventign Jevels[12l[111112], [t should be noted that in such circumstance
meters evaluated forroutine use (e.g. reproducibility, precision, etc.) may not be appl
fied rapid methodCHowever, due to the circumstances arising after an emergency, t
od may still be fit;for-purpose although uncertainties associated with the test result
lated and may‘increase from routine analyses.

first steps,of the analytical approach are usually screening methods based on grog
5 beta test'methods (adaptation of ISO 10704 and ISO 11704) and gamma spectrometryj
0 20042, ISO 10703 and ISO 19581). Then, if required[!3], test method standards

est methods

amples.

fake actions

lity of water
ion levels.

or national

round time.
testsample,
compliance
s, validation
cable to the
he modified
5 need to be

s alpha and
(adaptation
for specific

nuclides (see Clause 2) are adapted and applied (for example, ?°Sr measurement §

2147 0N

ccording to

ISO

q 3 A A
J1U0U) 45 PIrUpUSTU IIT ALIITA 73,

This document refers to published ISO documents. When appropriate, this document also refers to
national standards or other publicly available documents.

Screening techniques that can be carried out directly in the field are not part of this document.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

IS0 9696, Water quality — Gross alpha activity — Test method using thick source

© ISO
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IS0 9697, Water quality — Gross beta activity — Test method using thick source

IS0 9698, Water quality — Tritium — Test method using liquid scintillation counting

ISO 10703, Water quality — Determination of the activity concentration of radionuclides — Method by

high resoluti

on gamma-ray spectrometry

[SO 10704, Water quality — Gross alpha and gross beta activity — Test method using thin source deposit

[SO 11704, Water quality — Gross alpha and gross beta activity — Test method using liquid scintillation

counting

ISO/IEC 170

ISO 13160,
counting or |

ISO 13161,
Spectrometr]

2o, General requirements for the competence of testing and calibration laboratories

Water quality — Strontium 90 and strontium 89 — Test methods using liquid scintill
broportional counting

Water quality — Measurement of polonium 210 activity concentration Ain water by
y

[SO 13162,
[SO 13163,
[SO 13165-1
[SO 13165-2

ISO 13165-]
spectrometr]

[SO 13166, |

ISO 13167,
spectrometr]

[SO 13168, |
using liquid §

ISO 17294-7
Part 2: Deter

ISO 19581,
using scintill

ISO 20042,
using gamm

ter quality — Determination of carbon 14 activity — Liquid scintillation counting meth

a
I:ater quality — Lead-210 — Test method using liquid scintillatiof.counting

scintillation counting

, Water quality — Applieation of inductively coupled plasma mass spectrometry (ICP-M
‘'mination of selected-elements including uranium isotopes

leasurement of-Fadioactivity — Gamma emitting radionuclides — Rapid screening m
ation detectep.gamma-ray spectrometry

Measurement of radioactivity — Gamma-ray emitting radionuclides — Generic test m¢
n-rayspectrometry

ntion

1lpha

od

nma-

thod

Water quality — Radium-226 — Part 1: Test method usingyliquid scintillation counting
, Water quality — Radium-226 — Part 2: Test methodu$ing emanometry
, Water quality — Radium-226 — Part 3: Testanethod using coprecipitation and gar
y
Vater quality — Uranium isotopes — Test method using alpha-spectrometry
Water quality — Plutonium, americium, curium and neptunium — Test method using @lpha
y
Vater quality — Simultaneous.détermination of tritium and carbon 14 activities — Test m4

) —

thod

thod

3 Terms

and definitions

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

— ISO Online browsing platform: available at http://www.iso.org/obp

IEC Electropedia: available at http://www.electropedia.org/

For the purposes of this document, the following terms and definitions apply.

© IS0 2020 - All rights reserved
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3.1

emergency situation

non-routine situation or event that necessitates prompt action, primarily to mitigate a hazard or
adverse consequences for human health and safety, quality of life, property or the environment

Note 1 to entry: This includes nuclear and radiological emergencies and conventional emergencies such as
fires, release of hazardous chemicals, storms or earthquakes. It includes situations for which prompt action is

warranted to mitigate the effects of a perceived hazard[121,

3.2

intervention

3.3
oper
OIL
set l6

Note
that
or of
concd
used
theb

[soy

3.4
refel
level
to be
impl

Note
of thg

3.5
scre
SL
valug
guar,
the o

Note
the W
non-4

r or radiological emergency

ational intervention level

vel of a measurable quantity that corresponds to a generic criterion

1 to entry: OILs are calculated levels, measured by instruments or determined by labora
forrespond to an intervention level or action level. These are typicallyn€xpressed in terms
activity of radioactive material released, time integrated air activity concentrations, grou
ntrations, or activity concentrations of radionuclides in environmental, food or water sam
immediately and directly (without further assessment) to determine the appropriate protecti
hsis of an environmental measurementl14].

RCE: IAEA safety glossary 2016 Rev. Mod]

rence level

of dose or risk, in emergency or existing controllable exposure situations, above whic
inappropriate to allow exposures to occur, and below which optimisation of protecti
bmented

1 to entry: Notel to entry: The chosen'value for a reference level depends upon the prevailing c
exposure under considerationk8l(2],

bning level

 that takes intosaccount the characteristics of the measuring equipment and the teg
hntee that thed€estresults and their uncertainties obtained are fit for purpose for comy
perational jnttervention levels (OILs) (3.3)

1 to entiy»For example, when the screening levels are not exceeded, the OILs are also note ¢
ater, is;eonsidered safe for consumption. If the screening level is exceeded so is the OIL and co
ssential food should be stopped, and essential food should be replaced or the people should b

to radiation

tory analysis
of dose rates
d or surface
les. OILs are
\ve actions on

itisjudged

In should be

rcumstances

t method to
arison with

xceeded, and
nsumption of
e relocated if

repla

Fements are not available[13]114],

3.6

intervention level
radiation dose above which a specific protective action is generally justified

3.7

iodine prophylaxis
administration of stable iodine to limit the uptake of inhaled/ingested radioactive iodine into the
thyroid gland

3.8

emergency exposure situation
situation of exposure where exposure at an elevated level is inevitable due to unexpected events or

need

© ISO
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4 Guidance on emergency measurement

4.1 Objective of a specific rapid measurement

The type of nuclear or radiological emergency and the initial measurement results provide information
on the nature and amount of radionuclide that has been released.

In the early phase, rapid measurements can be performed for screening, e.g. to determine whether the
sample is significantly contaminated or not.

In the intermediate phase, rapid measurements can be carried out to confirm the nature and activity

concentrati¢n of the radionuclide(s) in the water samples.
When the radionuclides are known, a rapid measurement should be able to determine if the ‘activity
concentratign(s) measured exceeded the OIL values or not.
In the recoyery phase of an emergency situation, when a number of protective measures have [been
taken in or¢ler to minimize the dose to the public, measurements are also performed to verify the
necessity of|these protective measures, such as evacuation, emergency sheltering,food restriction, and
providing igdine prophylaxis to members of the public.
Decision trdes are usually used to determine which test methods should*be applied. These methods
are often routine test methods in use in testing laboratories, with instguctions on how to adapt them
during an emergency situation, or existing ISO documents.
A general oyerview of the higher priorities to address, for each*phase of a nuclear emergency anfd the
rationale behind these priorities are shown in Table 1. The gelative priority of these issues depend on
the type and scale of the nuclear or radiological emergency, situation.
Table 1 — Overview of the higher priorities to address for each phase of a nuclear emergency
and the rationale behind these priorities
Phases High priorities Main concerns for water
Early phase Radionuclide identification, global pic- Protective measures for public,
(first dlays) ture livestock, agriculture, water.
of geographic extent of the
contamination.
Intervention levels exceeded?
Intermediate phase Large-number of samples, detailed Evaluate the taken countermeasures with
(days —[weeks) picture of contaminated area. measurement data.
Focus on food chain and water. May people return to their homes?
Evaluation of areas where intervention | Is food safe to eat? Is water safe to dripk?
levels are exceeded. Monitoring and sampling in large areps,
agricultural and urban.
Recovery phase More detailed sampling and analyses with | Continue monitoring and sampling mofe in
(weeks —|ntonths) lower detection limits for food and water. | depth in agricultural and urban areas: Food
chain and water reservoirs, surface waters.

4.2 Routine screening levels versus intervention levels

In normal situations, the World Health Organization (WHO) has defined routine screening levels for
drinking water, below which no further action is required. These screening levels are 0,5 Bq-1-1 for
gross alpha activity and 1 Bq-1-! for gross beta activity. If neither of these values is exceeded, the total
indicative dose of 0,1 mSv-y~1 is also not exceeded.

In case of an emergency situation, intervention levels are defined and expressed in terms of a dose limit
per unit of time (e.g. mSv-d~1, mSv-w~! or mSv-a~1). They are used by policy makers to decide on actions
in order to protect people against high radiation levels. When these intervention levels are exceeded,
appropriate actions are carried out following national emergency handbooks or protocols.

© IS0 2020 - All rights reserved
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Operational intervention levels (OILs) are usually expressed in activity concentration (Bq-1-1, Bq.m=3
or Bq.kg™1). Rapid measurements performed following an emergency situation should produce test
results which can be related to OILs.

If required, the conversion from activity to dose to compare with intervention levels should be carried
out by experienced scientific staff. For contaminated water, intervention levels are related to ingestion,
washing, showering or cooking. Here the conversion from activity concentration in drinking water to
dose is done by multiplying the activity concentration by the dose conversion coefficient (for ingestion)
and an approximation of the water consumption per unit time.

Intervention levels may vary from one country to another. In this document, data from the EU and the

USA 3 1 H A D O+l ot Lot ol 43 ) S £ l l
T slVCll [c) CAallllJICD I ZATITICA D. ULIITT S5tdltTo lllCl_y Cll_IlJl_y LIICIT UWIT 11dtivulldl 111LCT VCllLlon eVe S-

Sample measurement data are used for decision making based on the assessment of the confidence
that water quality meets given targets, complies with thresholds or lies in a particular range in a
clasgjification system.

Pringiples, basic requirements, and illustrative methods for decision (making are described in
Reference [14], including methods for preliminary examination of the sensitivity of decisipns to error
and yincertainty.

4.3 | Operational intervention levels (OILs) from EU, USA.and IAEA

OILs| for the USAI[?l and the EUM[2lare listed in AnneXB. In emergency situations, a higher
contamination level is accepted for a short period of time, days or weeks.

Thesg levels range up to 500 Bqg-1~! for iodine isotopesafnd to 1 200 Bg:-1-1 for gamma-emitting isotopes,
suchfas 134Cs and 137Cs. It is clear that rapid measurements should be able to determine these activity
concentrations readily.

The |AEA defines a slightly different set of QILs[8l. These OILs are threshold values of copcentrations
in fopd, milk or water that warrant the consideration of restrictions on consumption so aq to keep the
effective dose to any person below 10 maSv per year.

Following the early phase, the OIL values could be revised rapidly by authorities to come bjack to usual
reference values. In such a case€jthe laboratories would revert to usual laboratory test methods and
equipment.

5 Rapid measuréments

5.1 | Adaptatien of the methods used

In the earlyzphase, turnaround time is a very important factor. Other factors considered as primary
in routine ‘situations could become of secondary importance. Time-consuming radiological procedures
should-be avoided in the early phase and intermediate phase. In some cases, the testing laboratory
shall apply specific, non-routine, rapid measurement methods. These methods should be validated
in advance. As a rule, where possible, rapid methods should be based on routine test methods as the
laboratory team is already trained to use them and their analytical characteristics are well known.
An optimization of these methods may be based on a smaller size of the sample test portion, simpler
radiochemical treatment, and a shorter counting time.

The following test methods, usually performed in routine situations, shall be used and adapted:
ISO 9696, ISO 9697, ISO 9698, ISO 10703, ISO 10704, ISO 11704, ISO 13160, ISO 13161, ISO 13162,
ISO 13163, ISO 13165-1, ISO 13165-2, ISO 13165-3, ISO 13166, ISO 13167, 1SO 13168, 1SO 17294-2,
ISO 19581 and ISO 20042.

© IS0 2020 - All rights reserved 5
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Guidance for sampling and conservation of water samples can be found in the ISO 5667 seriesl12]. Apply
ISO 5667-3 for the conservation and preservation of water samples.

A procedure for developing a sampling and measuring strategy for a quick estimation of the
contaminated area is given in Reference [16]. This may be achieved by combining measurements with
hand-held gamma- (or alpha/beta-) monitors with data obtained with gamma spectrometry, or alpha/
beta-counting techniques.

The type of nuclear and radiological emergency situation and the first measurements give the initial

informationre

ontha nuclida or nuclida i that conld havag caontaminatad tha ywatar haodiac Scorg

techniques s

Carry out s
concentrati
the OlLs.

The samplin

1) Istapw

water, V
2) Which y
3) How sey
4) Aresur

Take randof
should be re

5.3 Rapid test methods

5.3.1 Pre

The screening process of water samples can be done using survey instruments. Large numbe

samples are
radiological
sample man|

Usually, porj
pre-screenil
particle con

5.3.2 Seld

Tt eI e e o eI o et ot C ot o v e ot reor ot e ot rre v v or e e o o e e oo e T ey

hould be applied using this information.

hmpling in order to identify the radionuclide or mix of radionuclides, and their act
n levels. In general, the sampling strategy should be directed to test the compliance

g strategy should be oriented to address the following questions:

ater likely to be contaminated? If so, are people likely to be contaminated through dri
ashing or cooking?

juclide(s) cause(s) the contamination?
rere and how widespread is the contaminated area or, water body?
face waters or aquifers used for drinking water likely to be contaminated?

n samples covering surface water or water sources in a wide area. The number of san
latively small in order not to overload the.tésting laboratories capacity.

screening: Identification of most contaminated samples

sent to the laboratory. Before opening any package containing samples, potential imme
hazards shall be identified in order to minimize the risks to the workers responsible fg
Qgement and analysis.

table equipment, such as a Geiger-Mueller or Nal(TI) detector, is suitable for the ta
1g samples‘atarrival to the laboratory. No assessment of alpha particle or low-energyj
famination can be made using hand-held instruments.

ction of the analytical strategy

ning
ivity

with

king

hples

rs of
diate
r the

sk of
beta

Depending on the emergency situation, the radionuclides to be measured are usually known to the
testing laboratory.

For examplel14],

— in the case of a nuclear power plant core melt, emissions in the environment may contain: 3H, 99Y,

9151«, 93Y, 96Nb, 99MO, 105Rh, 109Pd, 111Ag

: 112Pd, 115Cd, 121Sn, 1255n’ 126Sb, 127Sb, 1311’ 134(:5’ 137(:5’

132]

131mTe, 132Tg, 133], 135] 140,53, 142Py, 143Ce, 143Pr, 146B3, 147Nd, 149Pm, 151Pm, 152mEy, 153Sm, 156Sm,
157Eu, 239Np.

in the case of an accident in a nuclear fuel reprocessing facility, emissions in the environment may

contain: 3H, 9OSr, 95Nb, 9SZI‘, 99TC, 103Ru, 106Ru, 1291’ 131]’ 134CS, 137CS, 141Ce, 144Ce, 238Pu, 239Pu, 24’0Pu,
241Am, 241PU, 242Cm, 242Pu, 243Am, 244Cm.
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— Inthecase ofaNatural Occurring Radioactive Material contamination, emissionsin the environment
may contain isotopes from any of the three natural thorium and uranium decay series.

If the samples arriving to the laboratory are contaminated with unknown radionuclides, the laboratory

shall

define an analytical strategy to identify them.

In general, this strategy begins with screening methods such as gross alpha and gross beta and gamma
spectrometryl16l, To evaluate the presence of alpha emitters and beta emitters, rapid screening
methods are necessary.

Gamma spectrometry is a powerful measurement method that may provide both an estimate of the

level
Itisi
that
of 95}

Whe
of th

Annd

mportant to add to the software library all
Can be present in a nuclear emergency, especially short life radionuclides. The partieu
Nb, 131], 1321 133] 135] 132Te 134(g, 137Cs, 140B3, 140La and 144Ce is recommendedllZ]:

h several gamma-ray emitting radionuclides are detected, it is possible ta focus on th
e activity concentration of those radionuclides responsible for the majority of the expe

x C provides further guidance on the types of analyses and turnareund times that may

in the emergency phase for a range of matrices including water. On the basis of the initi

may
stroj

After

be necessary to do specific measurement of particular alpha(émitters or beta emit
itium isotopes (89Sr and 20Sr).

the emergency phase, it may be possible to extrapolate*the activity concentration o

gamina emitting radionuclides based on the presence/activity of some gamma emitters meg

samj
of pd
samyj
envil
the 3
but 1
mark

le. These correlations can then be applied following gamma spectrometry measurem
rforming specific separations. However, this kind of evaluation can only be reliable 1
ling location (deposition can be different) anditime (short half-life radionuclides decayj
onmental conditions can change). When alaboratory uses this extrapolation method
ctivity concentration of radionuclides, the results should not be included in the mair
eported separately (e.g. in an annex por'in separate tables). The values reported shou
fed as being derived from a correlation and do not represent direct laboratory measur

des present.
hdionuclides
ar inclusion

b evaluation
cted dose.

be required
al results, it
ters such as

f some non-
sured in the
ents instead
or a limited
rapidly and
to estimate
| test report
d be clearly
Pments.
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Suspected water sample for rapid

Screening methods
Gamma spectrometry
Gross alpha and gross beta
analysis with LSC

IS0 10703
IS0 10704
I1SO 11704

No

A

Gamma > 1 000°Bq.L!

Beta > 100°Bq.L"
Alpha > 10°Bq.L*

No

Routine g

hmma analysis

A

Beta/gamma ratio > 2,5%

Evaluation of all gamma emitters’
activities

Chemical separation and specific

measurements of alpha and beta
emitters

A 4

Routine alpha, beta anal

ysis

Perform °°Sr and ®Sr analysis

a Values a

and review results
Check consistence with exceeding screening values

Complete analysis

Keep samples available for later analysis

Fé-given as examples and can be modified according to the situation, national regulations, Ol

L, etc.

but should be determined in advance.

Figure 1 — Example of a simplified decision scheme

The decision scheme (see Figure 1) gives a detailed flowchart on how to process high and low activity
concentration levels samples, when to use screening methods and when to use nuclide specific methods.

Other examples of decision scheme based on intervention levels can be found in References [17]
and [18], one is given in Annex D.

The analytical approach should be defined depending on the intervention levels and the justification of

countermeasures. If intervention levels are not exceeded, there is no need for countermeasures.
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In this case, the OIL becomes a reference level for the results obtained, a screening level can then be
defined by the laboratory to test the samples following the Figure 2 below[12]:

The
exce

Fori

q

— 1

Usudlly, uncertainties of the wet and dry deposition characteristics as well as of the dis

radid

In th
total

NOTH
decis
of “on

5.3.3

As a
least]

No further test Further test Probably
warranted warranted unacceptable

A T/L ................... _H

Zero Reference Screening Reference High
COTCEITation tevet <172 tevet tevet comtamination

bded or not. Nevertheless, in this context, time is much more important than accuracy.

hstance, the measurement result for a water test sample could be€ported as:

pxceeded;

nuclides in a water body or reservoir are much larger than analytical uncertainties.

s phase, measurement uncertainties‘less than roughly 15 % to 20 % do not add signifi
uncertainty of the result.

In many countries, a measurement result close to a specific OIL is enough to make th{

der of magnitude” level.

Appropriate sample volumes and counting times related to intervention levels

general approach, a detection limit of a rapid test method for a specific radionuclide
a factor of4-below its OIL (as proposed in ISO 19581).

Sample sizesahd counting time can be calculated from these input parameters.

In an

eémergency situation, the level of activity in the samples could reach several megabe

Figure 2 — Description of screening level and reference level in contamination|

he result indicates a close approximation of the intervention level and more data af
Further analysis is required). Meanwhile the intervention level may be regarded a

he result indicates that (with 95 % level of confidence) an intervention level is exceedg

level

esults of a rapid measurement should be accurate enough to be sure thatdn intervention level is

he result indicates that (with a 95 % level of confidence) an jntervention level is not exceeded;

e necessary
s “possibly”

d.

tribution of

rantly to the

b appropriate

ons. This means that the first comparison of measurement results with OILs are often considlered in term

should be at

Cquerels per

406 RN

litre

L =1 A s s . i J .- yal b P
(1U™ DY 7). ACLIVILY CUINILTIILI AUIUILS Vdl'y d TOU T SPdilT dITU UIIC. CUUIILITE PICUISIUIT

is inversely

proportional to the square root of the number of decay events detected. Reduction of the counting time
by a factor of 100 would therefore reduce counting precision by a factor of 10. This can be useful when
adapting the size of the sample to be tested and the counting time to the required precision.

Reducing counting time affects the detection limit but this can be acceptable in an emergency situation:
increasing to twice the routine detection limit value allows the counting time to be quartered.

As an example, consider a laboratory which routinely measures a particular gamma-ray emitting
radionuclide to a limit of detection of 1 Bq.kg™! with an established test method using a counting
duration of 5 h. If it is then asked to analyse against a reference value of 500 Bq.kg1, the laboratory may
choose to use adapt its routine test method to a detection limit of 5 Bq.kg™1. This can be achieved using
the same routine test method but with a counting duration of less than 15 min.
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During, or after, the recovery phase, there may be residual environmental contamination. The
environmental background values could increase in such situation. The laboratory shall measure the
effect of any residual contamination and compare with previous data from earlier surveys.

5.3.4 Gross-alpha and gross-beta determination and gamma spectrometry

Gross-alpha and gross-beta screening are used for most water samples (e.g. surface water, rain water,
ground water, raw water and drinking water). Depending on the analytical techniques available in the
laboratory, gas flow proportional counting (ISO 10704) or liquid scintillation counting (ISO 11704) is
performed for the rapid determination of the gross-alpha and gross-beta activity. These techniques are

compared in Table 2.

In cases where the activity concentration level is higher than about 1 k Bq-l7, it is recommendefl not
to apply ISQ 9696, ISO 9697 or ISO 10704 where evaporation is part of the test method. Evaporation
of contaminjated samples can result in severe contamination of the fume hoods and\increas¢ the
radiological|risks for the laboratory staff. Moreover, it could lead to an underestimation*of the activity
concentratign.
In this case, ppply ISO 11704 (or ISO 13168) where a generic method for the determination of gross-alpha
and beta is flescribed without an evaporation step. Samples are mixed with LS€ cocktail with a simple
pH adjustment. Further, liquid scintillation can offer the possibility to visually inspect the specfrum
which can allow to identify the radionuclide(s) or show that a mixture is‘present in the sample.
When using liquid scintillation counting, the water test samples*should not be turbid or coptain
dissolved sdlids. Rapidly filter the test samples only when it is necessary.
To perform gamma spectrometry, follow ISO 10703 using, fox'example, a 5 min to 10 min counting fime.
The sample [size and geometry should in principle be equalto the routine sample geometry to avoid re-
calibrating the detector for a new geometry. For this purpose, smaller sample volumes can be diJuted
up to largerjgamma spectrometry calibration geometries.
In most cases, the utilized gamma spectrometry- software automatically calculates detection ljmits
using these hort counting times for a list of appropriate radionuclides.
A comparisdn of techniques for first rapid measurements and relation to OlLs is given in Table 2.
Table 2 — Comparison of techniques for rapid measurements and relation to OILs
1S6,10703 I1SO 10704 ISO 11704
Detection tefhnique |Gamma<Spectrometryb Gas flow counting Liquid scintillation courfting
Counting eff{(%) <(1510) % depending on type | Alpha ~(12-20) % Alpha approximately
oficrystal and gamma energy |Beta ~(40-45) % (80-100) %
Beta approximately
(50-98) %
Sample preppration |None Evaporation on a planchet  |Filtration (only if necesdary)
Sample volume (250-1000)mi; (10—100)ml depending Maximum 10 mi
depends on routine counting|on the surface area of the
geometry planchet
Counting time (5-10) min (5-10) min (5-10) min
Detection limita (3-10) Bq-l4, Alpha ~3 Bq:11 Alpha 1 Bg:1?

for 137Cs or 131] Beta ~4 Bq:l- Beta 10 Bq-11

a
counting time
b

The detection limits are calculated using typical values for the counting efficiencies, the sample volume and the

1SO 19581 describes a rapid test method of gamma-emitting radionuclides such as 1311, 134Cs and 137Cs. Using sample

sizes of 0,5 1to 1,0 1 in a Marinelli container and a counting time of 5 min to 20 min, a decision threshold of 10 Bq.kg™!
can be achieved using a commercially available scintillation spectrometer [e.g. thallium activated sodium iodide [Nal(T1)]
spectrometer 2” ¢ x 2” detector size, 7 % resolution (FWHM) at 662 keV, 30 mm lead shield thickness].
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Table 2 (continued)

ISO 10703 I1SO 10704 I1SO 11704
OIL in EU (Bq'l'1) 500 131[; 1 000 134Cs, 137Cs | Alpha 20; Beta 125 Alpha 20; Beta 125
OIL in US (Bg-I'1) 170 131]; 1 200 134Cs, 137Cs | Alpha 2; Beta 160 Alpha 2; Beta 160

Sample processing

20 min; depends on expert |Depends on evaporation time

20-30 min; depends on ex-

to ot

time judgment of analytical data pertjudgment of analytical
data
Cross contamination |Low High, in case of volatile radi- | Low, only pipetting actions.

her samples onuclides

Sam

nle furtheruse? 1Yeos incasenogelling agent [No precinitate can hardly No Cocktail can
4 [=] (=] O 7 ) ol 4

not be used

is added

be used for other analyses |any further

a

]
coun
b
sizes
can ki
spect

he detection limits are calculated using typical values for the counting efficiencies, the sanple/vo
ing time.

50 19581 describes a rapid test method of gamma-emitting radionuclides such as 131], 134Cs and 137Cs|
of 0,51to 1,0 ] in a Marinelli container and a counting time of 5 min to 20 min, a deeision threshold
e achieved using a commercially available scintillation spectrometer [e.g. thallium activated sodium io|
rometer 2” ¢ x 2” detector size, 7 % resolution (FWHM) at 662 keV, 30 mm lead shield thickness].

lume and the

Using sample
of 10 Bq.kg™
dide [Nal(T1)]

It is

clear that a detection limit of at least 10 % of the according OILNS easily obtained §

gamina-emitters.

For 4
step

Whe
as m
Crosy

5.3.5

Ipha emitters, however, this detection limit cannot be gbtained without prior pre-cg
or much longer counting times.

Fe the total radionuclide mixture is well characterized, low level alpha screening shoul
lich as possible in order to prevent time consuming concentration procedures. Furthe

Specific separations for alpha emitters or pure beta emitters measurement

Laboratories can perform routine separation procedures for alpha emitters followg

spec
scint]
field

In an
but s

As fo
accol

frometry measurements or ICP-MS measurements and for beta emitters followe
illation measurements, beta counter measurements, or ICP-MS. Several ISO documentsg
and the references are givehin Clause 2.

pecific separationsforalpha and beta emitters can also be required.

r the screening1rnethods and gamma spectrometry, the counting times can be adjustec
int the precision needed and a detection limit consistent with the OIL.

It is mot practical for laboratories to develop new chemical protocols in a short time, but it i

adjug

In sd

me) cases, the laboratory must apply previously validated specific rapid methods,

or beta and

ncentration

d be limited
I, the risk of

contamination on the laboratory is seriously‘€nhanced when evaporating a lot of samlples.

d by alpha
d by liquid
existin this

emergency situation, most of the samples are likely to be measured first by gamma spectrometry

| taking into

5 possible to

t the.velume of the sample test portion to save time on the evaporation and separation steps.

e.g. for 89Sr

determination.

To evaluate 20Sr, laboratories shall consider that in case of a nuclear emergency situation, the 89Sr/?0Sr
ratio is very large (could be up to 30 and in some cases even higher). This could affect the ?°Sr results
obtained using the routine procedures. In such a case, the laboratory can use all the measurement
techniques that are available: Cerenkov counting, liquid scintillation counting, beta counting and ICP-
MS if the activity level of the sample is high enough. Laboratories involved in emergency measurements

shall

© ISO

develop and validate such procedures in advance.

2020 - All rights reserved

11


https://standardsiso.com/api/?name=ef5650c1179d00f1049e57106d67802f

ISO 22017

:2020(E)

6 Laboratory management to perform rapid measurements

6.1 Protection of laboratory staff

The radiation protection for all laboratory staff involved in an emergency response should be well
established and exercised for all procedures, taking into account:

— the stre

ssful working conditions;

— the large number of samples that need to be tested;

— the sigr
Evaporation

General rad

It is recommnpended that the place where highly contaminated samples are treated is equipped wi

exhaust air-

6.2 Samp

Setting up 1
situations a
work (includ

A step to idg
shall define

Initial evald
on their act
different m4
upon arriva
a designateq

Prevention

plastic bags
laboratory 4
shall minim

A large nun
in advance,
exposure.

6.3 Mate

tficantactivity tevets they camrcontaim:
of samples in fume hoods should not lead to possible inhalation of contaminated air:

oprotection protocols shall be applied to all participating laboratory staff.

filtration system and a cleaning water or collecting effluent device.

le management

he laboratory for a large number of high priority samplessmay take a few days. I
"ises, laboratories shall have plans in place for rapidly switching from routine to emerg
ling storage/protection of routine samples).

ntify the radionuclides present in the samples to-$tipport decision making. The labor
which information is required to decide on how to measure the sample.

ation of the radioactivity levels can be neeessary to categorise the samples deper
ivity levels. If possible, the laboratory should process them in separated areas and
terials to avoid cross contaminationy To do so, the level of radioactivity shall be evaly
with portable equipment measurinig dose rates. This can be done outside the laborato
| place, to avoid receiving highlyl\contaminated samples in the wrong part of the laborg

bf cross contamination of the' samples and of the equipment can be done using mu

nd/or the laboratory’s measurement devices. During chemical separations, the labor
se cross contaminatien from fume hoods, ovens and centrifuges.

\ber of contanrinated samples generates radioactive waste. The laboratory shall d¢
the appropriate place to store it to avoid the spread of radioactivity and staff radi

riakand staff

th an

this
ency

itory

1ding
with
jated

Iy, in

tory.

tiple

and checking the external.contamination before introducing the sample into the cheical

ntory

bfine,
htion

Minimum s

J. 1 1 £ 1.1 b 1 - ade b 1 11 1 1 b
ULKRICVTIS 10D CUIISUITIADITS LU DT USTU 1IT TIITTZTIIL Y SITUdUUILS SITUUTU DT TVdIUdLTU

(for

example, the quantity and type of glassware needed). For gamma spectrometry measurement, plastic
bags can be used inside the containers to save them from contamination and reuse them.

A laboratory continuity plan (Emergency plan) could help to define the activities that would still need
to be continued from those that can be stopped or postponed.

As most of the samples shall be measured by gamma spectrometry, the laboratories shall train all their
technical staff to analyse simple gamma spectrum and leave the most difficult to interpret to their
gamma spectrometry experts.

Since an emergency situation cannot be predicted, training the laboratory staff shall be done regularly
to prepare the staff members to react in the best way regarding radioprotection aspects and crisis
organization.
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It is possible to train gamma spectrometry specialists by sending them typical emergency situation
spectra to report with a short turnaround.

6.4

Quality management

Test laboratories with a robust quality management system can implement emergency procedures(1?
[20][21],

An emergency organization structure, different from the regular one, can be defined with new functions
linked to the specificity of the situation.

Trac
even

If th¢ laboratory is accredited, it shall record any deviation from accredited procedures.

In a

likely to be a problem when measuring high activities.

The

and frequent contamination monitoring with hand-held instrumentss

Calibration frequencies can be adjusted following the laboratory’s emergency procedures 1
control procedure shall be maintained.

Meagurement uncertainties can increase and shall be evaluated.

6.5

Resullts are expressed as in routine procedures:

Pty 15 a Rey poimt auTing att the emergency Situation piase as a judicial imvestigatt
Es could be conducted afterward.

huclear emergency situation, availability of blank samples could become(difficult, by

aboratory shall check that there is no cross contamination by doifig-blank sample teg

Expression of results and test report

pn about the

t this is not

ts regularly

but a quality

In al nuclear emergency situation, the measurement date is essential regarding the activity

concgntrations measured because of the(presence of short life radionuclides.

The fest report shall conform to the requirements of ISO/IEC 17025 and shall contain |at least the

following information:

a) flest method used;

b) identification of thé-sample;

c) date of samplingand date of measurement;

d) inits in which the results are expressed;

e) depending on the customer request there are different ways to present the result:
as recommended by ISO 11929 seriesl[22], the test result shall be compared with fthe decision
threshold. When the activity concentration is below or equal to the decision threshold, a
contribution from the sample has not been observed and the result of the measurement should
be expressed as < decision threshold;

— if the customer requests that the activity concentration is to be compared with the detection
limit, then the result of the measurement can be expressed as < detection limit when the result
is below or equal to the detection limit;

— if the detection limit exceeds the guideline value, it shall be documented that the method is not
suitable for the measurement purpose.

NOTE Decision makers prefer tables of results and not separate test reports. Pre-defined Excel tables with

references to OILs or ILs can be used if the laboratory doesn’t have a reliable LIMS.

© ISO

2020 - All rights reserved

13


https://standardsiso.com/api/?name=ef5650c1179d00f1049e57106d67802f

IS0 22017:2020(E)

Annex A
(informative)

World Health Organization screening for radionuclides in

drinking water

DULC‘[ lllillU 5IUSS dlp;ld dllL‘l
gross beta activity

Screening values
0,5 Bq/1 for gross alpha activity
1 Bq/1 for gross beta activity

Are screening
values
exceeded?

Check yalidity of
measurerhehts obtained
and‘ecollect further
samples

Are screening
values still being
exceeded?

Subtract the contribution of
K-40 (beta) following a
separate determination of
total potassium

Are screening
values still being
exceeded?

Look at available information
on potential sources of
radionuclides and develop a
specific analytical strategy

No Are any of the guidance
levels exceeded and/or

does the sum exceed

>
)l

unity?

Consider and, when
justified, take remedial
actions to reduce dose

Nu illLCl VCllLiUll
needed, water suitable
(continue sampling
as normal)

Figure A.1 — Application of screening and guidance levels for radionuclides in drinking water

NOTE

Reproduced from Guidelines for drinking-water quality: fourth edition incorporating the first

addendum. Geneva: World Health Organization; 2017. Licence: CC BY-NC-SA 3.0 IGO.
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Operational Intervention Levels (OILs) from EU, US and IAEA

Table B.1 — OILs in EU and US for food and drinking water for iodine, caesium, strontium and

Table B.2 — IAEA default radionuclide specific OILs for food, milk and water conce

fi

NOTH
10 m

NOTH

e ——————————————————

Radioisotopes Country Liquid foodstuffs
(Ba/kg)
Iodine isotopes, EU 500
notably 131] USA 170
Radionuclides with half-life > 10 d, EU 10009
notably 134Cs, 137Cs USA 1200
Sr isotopes, EU 125
notably 90Sr USA 160
Alpha emitters, EU 20
e.g. Pu, Am USA 2

a  14C,3H and 4%K are excluded.

rom laboratory analysis for iodine, caesium, strontium and alpha emitting radioj
Radioisotopes Liquid foodstuffs
(Ba/kg)
131] 3000
134Cs, 137Cs 1000,2 000
908r 200
238Pu, 239pu’ 240pu’ 241Am 50

of drinkifigWwater supplies has been described elsewherel18],

1  These Olls-are threshold values of concentrations that warrant the consideration of rq
consymption so as¢foKeep the effective dose to any person below 10 mSv per year. Generally the a
bv is not reached as a radiological emergency lasts for a period of days or weeks[24]-

2 The'management of large contaminated areas and especially the management options fd

ntrations
sotopes

strictions on
hnual dose of

r restoration
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Annex C
(informative)

Overview of different types of rapid measurements during a
nuclear or radiological emergency

Table C.1 — Rapid measurements in case of a nuclear/radiological emergency

Rapid Measurement?
= [unit]

Time delay for
receiving data

Available ISO document /
preferable detection
technique

Dose calculation for
populationin next 48 h

National|Monitoring
Network for
detectiop of a cloud
= ambienf dose H3(10)

[upv/h]

Data acquisition:
~10 min-
1h

Use mddelpredictiond for
estimation of dose in 48 h

For contamipated surfaces:
Hand-held /|mobile / aerial
monitors copnected to GPS;
x,y- coordipates and GIS.
= ambienf gammadose
H2(10) [uSv/h]

Depending on software:

approximately
(5-10) minto1h

Use model predictiong for
estimation of dose in 48 h

All practiical gamma
geonjetries +
short cofinting time

~(1-2) h for sampling
and data analysis

ISO 10703 Gamma
spectrometry

Apply appropriate dgse
conversion factors

Air sampling
(gamma emitters)
= [Bq.m™3]

~(1-2) h for sampling
and data analysis

ISO 10703 Gamma
spectrometry

Apply dose conversipn
factors for inhalatio

=]

Soil spmpling

~1 day for sampling

I1SO 18589-2 Sampling[23]

Apply dose conversipn

= [Bq.kgf! or Bq.m2] + analysis ISO 18589-3 Gamma factors for externa
spectrometry(23] radiation + ingestiop
ISO 18589-6 Gross
alpha/gross betal23]
In sity gamma dpproximately 0,5 day [ISO 18589-7 Gamma Apply dose conversipn
spectfrometry for measurement spectrometry in situl23] factors for externa
= [Bq.m2] + analysis radiation + ingestion

Foodsthffs (milk]
vegetabled, agricultural
products)

= [Bakg™]

~1 day for sampling
+ analysis

ISO 10703 Gamma
spectrometry

(Other ISO standards for
radionuclide specific tech-

Apply dose conversipn
factors for ingestio

=}

niques usually take more
time)

Surface/drinking water
sampling
= [Bg:1"! or kBq.m™3]

~1 day for sampling
+ analysis

ISO 10703 Gamma
spectrometry

(Other ISO norms for radio-
nuclide specific techniques
usually take more time)

Apply dose conversion
factors for ingestion

a  In case of a contamination with a single radionuclide, a specific detection method may be used, depending on this
radionuclide. For instance, for the detection of 29Sr/90Y Cerenkov counting may be used. Or for the detection of 210Po, liquid
scintillation counting may be used instead of autodeposition on silver and alpha-spectrometry.
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