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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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committee responsible for this document is {SO/TC 85, Nuclear energy, nuclear techng
ological protection, Subcommittee SC 2, Radiplogical protection.
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second edition cancels and replaces)the first edition (ISO 18589-2:2007), which

18589 consists of the following parts, under the general title Measurement of radioact
ronment — Soil:

Part 1: General guidelines'and definitions

Part 2: Guidance forthe selection of the sampling strateqy, sampling and pre-treatment of s
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Part 7: In situ measurement of gamma-emitting radionuclides

02015 - All rights reserved


http://www.iso.org/directives
http://www.iso.org/patents
http://www.iso.org/iso/home/standards_development/resources-for-technical-work/foreword.htm
https://standardsiso.com/api/?name=4247d15c2e42a443ef18b529fc63cca8

ISO 18589-2:2015(E)

Introduction

This International Standard is published in several parts to be used jointly or separately according to
needs. [SO 18589-1 to ISO 18589-6 concerning the measurements of radioactivity in the soil, have been
prepared simultaneously. These parts are complementary and are addressed to those responsible for
determining the radioactivity present in soils. The first two parts are general in nature. ISO 18589-3
to ISO 18589-5 deal with radionuclide-specific measurements and ISO 18589-6 deals with non-specific
measurements of gross alpha or gross beta activities. ISO 18589-7 deals with the measurement of
gamma emitters radionuclides using in situ spectrometry.

Additional|parts can be added to ISO 18589 in the future if the standardization of the measurement of
other radignuclides becomes necessary.
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Scope

5 part of ISO 18589 specifies the general requirements, based on ISO 11074 and¥SO/IEQ
teps in the planning (desk study and area reconnaissance) of the sampling’and the pre
ples for testing. It includes the selection of the sampling strategy, the outline of the san
presentation of general sampling methods and equipment, as well as the methodology
tment of samples adapted to the measurements of the activity of radionuclides in soil.

5 part of [ISO 18589 is addressed to the people responsible for determining the radioactivi
pil for the purpose of radiation protection. It is applicable ta’soil from gardens, farmlang
istrial sites, as well as soil not affected by human activities.

b part of ISO 18589 is applicable to all laboratories regardless of the number of personnel or
testing performed. When a laboratory does not undertake one or more of the activities cov¢
F of ISO 18589, such as planning, sampling, or testing;the corresponding requirements do 1

Normative references
following documents, in whole or in part, are normatively referenced in this docume
rences, the latest edition of the referenced document (including any amendments) applig
31-9, Quantities and units ==Rart 9: Atomic and nuclear physics
11074, Soil quality — Voecabulary

IEC 17025, GeneralTequirements for the competence of testing and calibration laboratorie

18589-1, Megsurement of radioactivity in the environment — Soil — Part 1: General guidelines an

Terms; definitions, and symbols

17025, for
paration of
pling plan,
of the pre-

ity present
|, urban, or

he range of
red by this
ot apply.

nt and are

spensable for its application. For.dated references, only the edition cited applies. F¢r undated

S.

3

1 definitions

the,purposes of this document, the terms, definitions, and symbols given in ISO 31-9, I§

44074

0 18589-1,

ISO

©IS

1074 amd-thefotowinmgappty:

thickness of the layer sampled

wet mass of the sorted sample

wet mass of a subsample of the sorted sample
dry mass of the test sample

activity per unit of mass of the test sample

activity per unit area
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S surface area sampled

4 Princ

iple

The purpose of the measurement of soil radioactivity is to monitor the environmental impact of
radioactive substances[l] and/or to assess the radiological impact on the population.[2].[3],[4],[5]

The main objectives of the measurement of radionuclides in soil (see ISO 18589-1) are the following:

— charac

terization of radioactivity in the environment;

— routin
generd

— investigations of accidents and incidents;

— planni

e surveillance of the impact of radioactivity released from nuclear installations or of
1 evolution of the radioactivity in a region;

hg and surveillance of remedial action;

— decor:[nissioning of installations or the disposal of materials.
1
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a) Planni
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Details
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The sa
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Details
of grid
[SO 18

y, measurements of soil radioactivity are performed in a variety of situations, but a gen|
an be described, with the following steps as outlined in this patbof ISO 18589:

hg process — Selection of the sampling strategy

lection of the sampling strategy depends on the main“objectives and on the results off
investigation of the area. The sampling strategy shall lead to the knowledge of the nat
y concentrations, spatial distribution, as well :as*temporal evolution of the radionucli
into account changes caused by migration, atmospheric conditions, and land/soil use.

ial investigation of the area shall be carried out to determine the sampling strategy.

381-1[6] gives general guidance on‘the selection of the sampling strategy; ISO 10381
pecific guidance for the investjgation of natural, near-natural, and cultivated areas;
B81-5[8] deals with the investigation of soil contamination at urban and industrial sites.

are givenin Clause 5 and a-scheme for the selection of the sampling strategyis given in Anng
hg process — Sampling plan

pling plan shallbe-developed according to the sampling strategy selected. It shall specify]

, such_as.the selection of sampling areas and the sampling units that result from the
applied to these areas, are given in Clause 6. Definitions of the types of sample are give|
589+1. The relationship between sample types is given in Annex B.

the

eric

the
ure,
es,

4(7]
and

X A.

the

bn of samplingareds and units, the sampling pattern, the sampling points, the types of samples,
the sampling proceduies and equipment, as well as the safety requirements for the personnel.

ype
h in

c) Sampling process — Collection of samples

The co

llection of any soil samples in the field shall conform to the established sampling plan.

— For sampling of the top layer, a single sample or n increments of a defined thickness are taken
from each of the selected sampling units.

— For vertical sampling of several soil layers, samples are taken at increasing depth vertically
below the surface sampling point. A single sample or n increments are collected from the various
soil layers with different thicknesses according to the sampling depth. Special care should be
exercised in order not to mix samples from different soil layers.

Details are given in Clauses 6 and 7.
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Sampling process — Preparation of the sorted sample

The preparation of sorted samples is carried out by the reduction of single or composite

samples. A

sorted sample should be representative of the average value of one or more given soil characteristics.

Theidentification, labelling, packaging, and transportprocedures of sorted samples to the
shall guarantee the preservation of their characteristics.

Details are given in 7.3, 7.4, and 7.5.

Laboratory process — Handling of the laboratory sample

laboratory

f)

5.1

Dur
acc
[1],

—

5.2

Wh
the
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and further pre-treatment before their analysis.
Details are given in Clause 8.

Laboratory process — Preparation of the test sample

for storage

Before any testing, the laboratory samples are pre-treated by drying,” crushing, sieving, and

homogenizing to produce test samples in the form of a fine, homogeneous powder. Pre
shall guarantee that the physical and chemical characteristics ©fthe test sample ar
over time, thus rendering the results easier to interpret. Representative subsamples w
determined by the specifications of the different radioactivity imeasurements shall be isq
the test sample as test portions.

Details are given in Clause 8.

If some material is stored for future investigations.or for the purpose of settling a potent
subsamples shall be taken from the laboratory.sample or the test sample in an acce
documented manner.

Sampling strategy

General
ing the planning process,‘the sampling strategy for the site under investigation is d

rding to the objectives,described in Clause 4 item a), resulting in the definition of a san]
21, [41,[9],[11],[12]

Initial investigation

-treatment
e constant
ith masses
lated from

ial dispute,

ptable and

etermined
pling plan.

htever the ebjective of the work being carried out, certain preliminaries shall be undertaken during

initial investigation phase to help define the sampling strategy, such as the following:

analysis of historical and administrative data, company archives, previous studies, and

interviews

with former employees, which help identify potential sources of radioactive contaminat

on;

collection of information on geological, hydrological, and pedological characteristics and on the
main climatic parameters, in order to characterize the spatial and temporal development of the

characteristics of the radioactivity of an area;

survey of the site under investigation to identify its topography, the nature of the vegetation cover,

and any peculiarities that can affect the techniques and the sampling plan;

for farmland, collection of information from the farmers on the nature and depth of works (sub-

soiling or drainage, ploughing and harrowing ditches, etc.) and on chemical fertilizers an

d additives

that can lead to excessive natural radioactivity (nature and quantity of products applied).
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When data on radioactive soil contamination are not available or in case of suspicion of contamination,
in situ analytical investigation using portable detectors or some preliminary sampling and subsequent

laboratory

analysis can be necessary in order to select the sampling areas and strategy.

5.3 Types of sampling strategies

Sampling strategies are either orientated or probabilistic depending upon the objectives and the initial
knowledge of radioactivity distribution over the area under investigation.

Orientated strategies are based on a priori constraints that lead to a selection of sampling units in a

ifi eaundersnecial scrutinv because afnarticularinterest orlevel of contamination
Speclflc ar 1l P 1 1101 ‘J’ 1l B 1C1ll 1 1L 1 1

Probabilist

The selectipn of sampling units and points is described in 6.2.

5.4 Sele

The appros
end pointg

and economic constraints. The sampling strategy selected should ensure ‘that the radioactivity off

samples is
[11.[2],[4].[6],

Although t
should foll

— analys|
previ

sitere

site re

(a)[
evaluation of preferential migration pathways,and/or accumulation areas;

ic strategies are based on a selection of sampling units without any a priori constraints.

ction of the sampling strategy

ch or sampling strategy shall be selected depending on the objective pursued and the reley
for example the protection of humans and the environment, taking into account sd

representative of the distribution of radionuclides in the soilof'the area under investigat
9]

he strategy can only be defined on a case-by-case basis;the selection of the sampling strat
bw these stages:

is of the records, which enables an historic sttidy of the sampling site, in particular o
s use (identification of the source);

fonnaissance with respect to the boutidaries of the sampling areas and sampling undertal

and costly
parameter

Annex A giy
of the inve

The choice
units from

characterize the distribution, of the radioactivity of the areas to be studied.

the planning process(d¢termines a large number of choices and can generate impor
pctivities. It also includes the definition of the objectives of the data quality according to
5 to be analysed.

Fes a flow diagfam that helps in the selection of a sampling strategy according to the object
btigation.

of the strategy determines the sampling density, the temporal and spatial distribution of
which’samples are collected and the timing of the sampling, taking into account the follow

potent

rant
cial
the
ion.

egy

[ its

kKen;

Connaissance: a rapid analyticaltinvestigation using portable radioactivity detectors canp be

used t];
This step i

ant
the

ves

the
ing:

ial-distribution of radionuclide: hnmngpnpmlc Qr hpfnrngpnnmlc (“hnf" cpnfc);

charac

In

teristics of the environment;

minimum mass of soil necessary to carry out all the laboratory tests; and

maximum number of tests that can be performed by the laboratory for the study.

many cases, a prediction of the possible presence of soil contamination and its distribution

(homogeneous or heterogeneous) can be drawn up. It is then necessary to verify these hypotheses
by an orientated sampling strategy. One variant of this strategy, which is systematic with selected
representative sampling points, is adapted for the routine monitoring of sites whose radioactive origins
and distribution patterns are known. This allows a more accurate definition of the number and location
of the sampling points than a purely probabilistic sampling strategy. This subjective selection of the
sampling points can be combined with a statistical approach to meet the quality requirements for the

4
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interpretation. When the spatial radioactivity distribution is unknown, it is necessary to adopt an
orientated spatially random strategy.

Probabilistic strategies with random sampling (random distribution of sampling points) are suitable
only if the distribution of the radioactivity on the site is considered homogeneous. For a site with
occasional heterogeneities (point sources), the implementation of a systematic sampling strategy that
is dependent upon the degree of knowledge of the distribution of these heterogeneities in the different
sampling areas is recommended.

When the objective of the investigation is the characterization of a recent deposit on the soil surface,
such as in the case of fallout following a routine, authorized gaseous release, or an accident, the collection
of the top layer is recommended.

When the objective is the study of a polluted site, where it is necessary to know the vertical njigration of
radjonuclides with depth (in order to predict the potential contamination of the groundwater), samples
from layers at various depths shall be collected. Layers can be defined either witlrthi€ same thickness or
as representative of the different soil horizons.

The sampling strategy leads to a set of technical options that are detailed in‘Clause 6.

6 [(Sampling plan

6.1 General

The sampling plan is a precise procedure that, depending on the application of the principles of the
strdtegy adopted, defines all actions to be realized¢in the field. The plan also defines the human
respurces needed for the sampling operation. The plan is directly linked to the purposes of the study,
the

the

The
top
uni
req
dist

6.2

6.2

Afte
init
for

of a

characteristics of the environment of the sité;‘the capacity of the laboratory testing faq
objectives for the data quality requisite for'the interpretation of the results of the measu

sampling plan shall be set up on a caseé~by-case basis. The plan shall contain all informat]
erform the sampling, i.e. sampling.aréeas, sampling units, location of sampling points in th
s, types of samples, single or composite, number of increments for composite samples,
1ired mass of a sample considering the planned tests, requirement for archiving the mater
ribution, etc.

Selection of sampling areas, units, and points

1 General

br deciding'onthe sampling strategy, sampling areas and units are defined based on the re
al investigation. In some cases, the boundaries of sampling areas and the location of sam
Foutinesurveillance/monitoring can be fixed by legal requirements, for example as in th
new.nuclear installation. They are defined as a result of the reference radiological study

for

ilities, and
rements.

ion needed
e sampling
beriodicity,
jal, vertical

sults of the
pling units
b operation
performed

thie/project. For accident investigations, the size of the sampling area and location of th|

e sampling

units can also be determined by the environmental conditions (wind strength and direction, topography,
etc.) at the time of accident, as well as the variation of the source characteristics (radionuclides, activity,
release duration, etc.).

Foraprobabilisticstrategy, the sampling units can be selected either by systematic or random approaches
whereas it cannot be done by a random approach for an orientated strategy.

For both strategies, the sampling points can be selected either by a systematic or a random approach.

On the same site, depending on the heterogeneity of the radioactivity distribution, a combination of
these strategies can be applied to the different sampling areas.

© ISO 2015 - All rights reserved
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6.2.2 Sampling for use with a probabilistic strategy

For a probabilistic strategy, the sampling areas, following their identification, are covered with a grid
that defines the sampling units. The size of the grid mesh should take into account the surface area of the
site and is also governed by the analytical capacity of the laboratory and the financial constraints that
restrict the number of samples that can be analysed. The surface area of the grid units can range from a
few square metres to several square kilometres depending on the site under investigation.

If a radioactivity map is available as a result of a preliminary in situ radiological inspection (see
ISO 18589-7[24]), the grid mesh imposed on the sampling area can correspond to the grid adopted for the
radioactive cartography. The radioactivity map can be denser where contaminated areas are suspected,
or less denpe in the presumed absence of contamination.

For systemitic sampling, a sampling point is selected in each knot or centre of the sampling unit, The fiinal
number of $ampling units that are eventually sampled depends on the heterogeneity of the environmeptal
characterigtics and on the access restrictions imposed by the topographical complexity afithe area.

For random sampling, the sampling units are referenced and a number chosen at raiidom.

When the purpose of the study is to investigate the impact on the environment of the contribution |of a
specific solirce of radioactivity, it shall be compared to the background activity level. The latter can be
determinedl in an area assumed to be uncontaminated by the source under investigation (for example|not
influenced py any effluent discharges from the plant under study) and is€ensidered as the reference afrea.

6.2.3 Sampling for use with an orientated strategy

For an origntated sampling strategy, the sampling area is defined by the constraints imposed by|the
objectives pf the investigation on the basis of the environmeéntal data and the cartography results.

The sampling plan is based on a subjective selection efisampling units as a result of prior knowledge of
the area ar}d/or initial in situ radioactivity investigations.

When the gbjective is to collect the samples withithe highest activity level and there are no radioactiyity
data availapble, a preliminary radiological investigation with a portable detector allows the creation|of a
map of the[site that highlights the contaminated area(s) and helps to define the sampling plan with|the
precise locption of the sampling unit (see.ISO 18589-7[24]).

NOTE ne of the aspects of this(initial investigation is also to assess the risks of exposure of workeis in
charge of the sampling operation afd, therefore, to define radiation protection measures, in particular, thode to
be implemepted on-site relatingfeythe protection of personnel against radiation.

Inroutine gurveillance of@ntclear installation, the sampling unit can be chosen as the point of maxinpum
concentratjion of the predicted fallout of gaseous discharges from the plant.

When the fadioactivity of the soil and other components of the environment (air, water, bio-indicatiors,
elements df thethuman food chain) is investigated simultaneously, then the selection of the samp|ing
unit should take into account the presence of the other indicators.

6.2.4 Selection criteria of sampling areas and sampling units

Using the data of past environmental studies and visual reconnaissance of the site, sampling areas with
homogeneous topological configuration and vegetation cover are identified. This requires the separation
of elevated zones from sloping zones, herbaceous areas from bushy ones, forested areas from cultivated
and ploughed areas, etc.

If possible, sampling units with a soil layer that has not been disturbed by human activity, and with a well-
kept herbaceous cover, should be selected. The surface of the sampling unit shall be atleast several square
metres. Any disturbance shall be noted, indicating the scale, nature, and origin on the sample sheet.

Theradioactive surveillance ofdisturbed soilsmaybe carried outinadditiontoradioactivity investigation
of plants in the field. For agricultural land, the upper layer with a thickness equal to the ploughed depth
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may be considered as homogeneous, if contamination occurred before the zone had been ploughed. In
the case of industrial or built-up land, material used for ground fill may be investigated, taking into
account its intrinsic heterogeneity and the way it was deposited.

For routine surveillance, the sampling units that are regularly sampled over time have to be kept clear
of trees and bushes.

When a description of the soil profile is called for by the sampling strategy, then the layer thickness shall
be determined by pedological characteristics[13],[14],[15],[16] or by the expected rate of vertical migration
of the radionuclides. Details of the sampling method for the collection of samples with depth are given in
7.2.3 and an example of a sampling plan is given in Annex C.

Forffarmland, border effects, in particular, can be avoided by remaining atleast 20 m inside.th¢ perimeter
of the plot, unless otherwise specified in the objectives of the study.

6.3| Identification of sampling areas, units, and points

Sanipling areas and units shall be identified by the following parameters:

— |administrative district, name of the town, site, or commonly accepted name of location;
— |name or reference of the sampling area and units;

— |geographic coordinates established using a topographic map'or a global positioning system.

The use of an official topographic map issued by a national body is recommended, with a $ufficiently
detailed scale of detail, for the delineation of area(s) limits'and, if required, the limits and id¢ntification
of the sampling units.

The sampling points are described by their geographical coordinates using a topographif map or a
global positioning system.

6.4 Selection of field equipment

Equipment should be chosen in accordance with ISO 10381-2[23]. Particular attention shall befpaid to the
quallity of the sampling equipmeht and, in particular, that the equipment used should not altqr, i.e. allow
the|pollution or loss of, the radipnuclides to be determined.

Depending on the sampling plan that defines the sampling depth and the nature of the soil required, the
equiipment used can bé-chosen from the following list:

a) |material for setting the boundaries: posts, tapes, etc.;

b) |for surfaeefor near-surface samples: shovel, coring tool such as metallic frame, gouge auper, gimlet,
straightprobe, spade (equipment shall be cleaned between sampling);

c) |fetr samples up to a depth of 2 m: auger or construction machinery, such as

— mechanical digger with bucket to dig a trench from which samples are taken (attention shall be
paid to weak walls in crumbly or disturbed soils);

— mechanical or hydraulic thrust sampling tube;

d) forsamples at depths greater than 2 m: a core driller equipped with drilling tubes made of material
that does not react with the soil;

e) equipment common to all samples:
— stainless steel spatula or knife;

— container(s) with a capacity of at least 10 I;

© IS0 2015 - All rights reserved 7


https://standardsiso.com/api/?name=4247d15c2e42a443ef18b529fc63cca8

ISO 18589-2:2015(E)

clean, dry canvas sheets that do not react with soil, measuring approximately 2 m?;

resistant, waterproof, dustproof, and do not react with the soil;

sample identification equipment: labels, markers, etc.;

wide-necked bags, or bottles, or plastics boxes with a capacity of atleast 2 1, which are moisture-

During the investigation of volatile radionuclides, it is necessary to take particular precautions to
avoid loss of volatiles during the collection and storage of samples.

f)

specifi

c equipment used to determine surface activity:

— ballances with a maximum range and sufficient accuracy;

mg

7 Samp

7.1 Gen

The sampl
collection
(probabilig
sampling
application
The generi
initial

routin
genery

planni
de-con
specifi
in

de

7.2 Coll

investigations of accidents and incidents;

pasuring tape or gauge of sufficient length to measure the dimensions of the increments.

ling process

bral

ng process is defined in the sampling plan and depends on the‘objectives of the study.
pf samples and preparation of sorted samples are independent of the sampling strat
tic or orientated) selected. The objectives of the study are described in 7.2.1 fora g
nit for sampling at the upper layers down to 20 cm and at deeper layers for the diffe
S.

C instructions presented in 7.2.2 to 7.2.3 are applicable to the following cases:
characterization of radioactivity in the envireitment;

e surveillance of the impact of nuclear installations or of the evolution of the surrounc
| territory;

hg and surveillance of remedial action;

imissioning of installations’and disposal of soil from the site;

c advice is given on

Festigation of the vertical distribution of radionuclides, including samples taken from a tre

terminatioref the activity deposited in the soil.

ection-of samples

The

egy
ven
rent

ling

ch;

7.21 Se

7.2.1.1

ection of sampling depth versus objectives of the study

Initial characterization of radioactivity in the environment

For undisturbed soil, the depth of the layer or layers for sampling can be determined using either of the

following t

wo approaches.

— Uniform approach, with sampling performed at depths independent of the natural variations of the
soil characteristics.[13].[14] For example, a surface layer can be sampled as a single unit down to
20 cm or, if a reference surface layer is needed to identify a potential future fallout, a surface layer
can be sampled as two units, one from the surface down to a depth of 5 cm[17] and the second one to
a depth down to 20 cm.[18]
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— Non-uniform approach adapted to natural characteristics, in which the sampling layers[2] are
determined by the depth of the root layer or the pedological characteristic of the profile. In the
latter case, when different soil horizons are present, a corresponding number of separate samples
should be taken for each horizon.

For soils disturbed by human activities, such as farming, two approaches are distinguished:

a) uniform approach, with sampling performed at a depth specifically adapted to the local agricultural
practice. For example, it can be performed down to a depth of 20 cm or more, depending on the
ploughed depth;

b)

7.2
sur

Und
for

soil
isd

identify the potential fallout.

If the physical and chemical properties of the soil are hemogeneous in the sampling unit 3

is
sanj

Soil
soil
the
the

7.2

Wh
as 9
pro
the

As §
faci

In
con

rounding general territory

lities can-bg selected in advance to allow for adequate sampling immediately after an evg

non-uniform approachn adapted to the actual characteristics of the soil. For profilg
the surface layer is determined by the depth of the disturbed horizon and the lowe
their pedological characteristics. In the latter case, when different soil horizonsare
corresponding number of separate samples should be taken for each horizon.

1.2 Routine surveillance of the impact of nuclear installations or of the’ evolution

isturbed soils for sampling are selected following a uniform appreach’as defined in 7.2.1]
samples to be comparable from one sampling operation to anether, it is important to

in a part of the area that has not been sampled for at least one year. When a reference su
fined during the initial characterization of the site, the same surface depth layer shall

potential evolution with time of its radioactive@haracteristics, sampling may be lim
pling point.

increments can be taken using a suitable t00l to collect a minimum mass, equivalent to
for each sampling point. For the surveillance of the general territory performed by differ
sampling procedure shall guarantee that soil from the same depth is collected in order {
results (see 9.2).

1.3 Investigations of accidents and incidents

bn an area is likely to beccontaminated following an accident, surface sampling should be
oon as it is technically, feasible on the whole of the suspect area, taking into account th
Lection principles. The’objective is to determine the extent of the horizontal contaminat
event of heterogéneous diffuse pollution (source points identified), the resulting activity

h measure of\preparedness for an accident or incident, particularly suitable sampling up

fasestwhere the assessment concerns the determination of soil radioactivity follow
Lamination, it is recommended to sample the surface level to a maximum depth of §j

sampling,
- layers by
present, a

of the

1. In order
sample the
rface layer
be used to

nd if there
ted to one

1 kg of dry
Ent groups,
0 compare

rarried out
e radiation
ion and, in
gradient.

its around
nt.

ing recent
cm. Since

the

measurement results shall be pvnrnccpr‘] interms of surface ar‘hvlfv itis lmnnrfqnf to

accurately

determine the area of the sampled surface the mass of the sorted sample and that of the laboratory
sample. The depth of sampling increments shall be the same and documented (additional details are
given in Clause 9).

In cases of past contamination, the sampling procedure shall consider the movement of radionuclides
in the soil. Sampling of various levels to a maximum depth, dependent upon the vertical migration rates
influenced by the soil characteristics as well as the chemical and physical properties of the radionuclides,
shall be performed (additional details are given in 7.2.3).

When debris of installation, for example under the form of building materials, are identified on the site,
their radiological characterization can be done to assess if they can be considered as a potential source
of radionuclides and radiation exposure.
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As fallout can contaminate heterogeneous sites restricting the number of ideal areas available for
sampling, for example, in built-up or forested areas, the operation may be carried out in an open area
away from housing and/or trees.

7.2.1.4 Planning and surveillance of remedial action

Thisoperationinvolves horizontal and vertical profile samplingacrossthe entire areaunder investigation
to determine the characteristics of disturbed soil at all levels. This can lead to an extension of the
sampling depth to the point where the radionuclides in question are no longer detected. For farmland,
the total depth of the sample shall be atleast equal to the ploughed depth or to the depth of the root layer

(whichevey

Two cases
uranium-n
recently sy

In the casg
planning of

In the cas{

H i 1)
ISgTCatcTys

are possible: either the contamination of the site is well known, as in the case of an\anc
ining area, or the contamination, due to a past activity that was not registered, is
spected.

of well-defined contamination, protection measures usually have already-been taken.
remedial action can be done following the generic process described in the first paragraph ab

e of recently suspected radioactive contamination of the soil, which was discovered

jent
nly

The
pve.

1S a

result of suich reasons as a rumour, the request of an individual, the discavery by chance of past yses

of radionu
investigati

A gamma dose rate measurement can be carried out as a first step.Inthe event that the gamma dose

is normal,
These rapi

When debr

on the sitd,

potential s

If the doub)|
done. The

paragraph
level of the
layers are
number of

Clides on a site, the status of the site shall be established and necessary steps for a r{
bn shall be taken, regardless of the origin of the suspicion.

h measurement can be carried out using a counter éguipped with the appropriate deteq
1 investigations along with historical research canthelp to confirm or dispel doubt.

is of installation, for example under the form of building materials or rubbles, are identi
their radiological characterization can heZdone to assess if they can be considered
purce of radionuclides and radiation exposure.

is not dispelled, protective measurescan be taken and a more detailed investigation ca
lanning of this investigation canbe'done following the generic process described in the f
above. For the sampling unit to b&’examined, a series of at least five levels is sampled at ev
disturbed soil. The surfacelayer is sampled to a maximum depth of 5 cm. The underly
ampled by successive sections with a thickness equal to the height examined divided by
sampling levels. However/the thickness of each layer shall not exceed 10 cm for farmland

ipid

rate
tor.

fied
S a

L be
irst
ery
ring
the
and

50 cm for landfill sites. Moreover,/sampling at each level shall not cause the soil horizons (farmland) or
materials (landfill sites) to bemixed.

Samples fof disturbed soilare taken following the recommendations given in 7.2.3.

7.2.1.5 Decommissioning of installations and re-use of sites

The soil remedial operation and decommissioning of installations that have used radioactive mateifials
can lead tao-the nrndn{‘hnn of waste and materials to be manaond nr‘r‘nrdlno tonational rules_Sao of

these materials such as rubble of building materials can be re- used or dlsposed as waste. Compliance
with national requirements of their radioactivity levels has to be demonstrated for these materials.

The sampling strategy shall take into account the future use of the site. The sampling strategy for the
characterization of waste for disposal and materials for re-use depends on whether the material is

tempo

10

still spread over the area,

arranged in piles,

rarily stored in bags, drums, or other containers, or

loaded loose or in containers on trucks.
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When contaminated soil or rubble of building materials is spread over an area, characteriz

ation of its

radioactivity involves horizontal and vertical sampling across the entire area as described in 7.2.1.4.

Techniques, such as in situ measurements or the monitoring of truck loads for enhanced radioactivity,

may also be undertaken but are covered by ISO 18589-7(24].
7.2.2 Sampling surface soil

7.2.2.1 General

e—veoe

g points (transer path

)

plin

t and the roots, is placed in an appropriate container. The opefation is repeated for eac
int of the sampling unit and the soil plugs are mixed into one&omposite sample.[17],[18]

coring tool containing the soil plug can be transported to the laboratory, where the exti
bination of increments, and their possible reductian with the elimination of coarse elg
e place under conditions more favourable than those on-site.

2.3 Frame sampling

For[some types of dry, loose soil, a square frame, 20 cm side with a height of 5 cm,[18] or a il
in citameter and 5 cm deep,[17] can be used. The frame is pressed into the soil surface. The s
fra

ol
e is removed with a small scoop.té_the depth of 5 cm and placed in an appropriate cor:I]t

e removed
aution has

d between

depending
partof the
h sampling

action, the
ments can

1g of 10 cm
inside the
ainer. The

opefration is repeated at each samplingpoint of the sampling unit and the soil increments arelmixed into
one|composite sample.

7.2)13 Sampling soil profile

7.2{3.1 General

Thip operation invelves sampling to determine the extent of contamination at depth and the gradient
of the activityiconcentrations. Sampling is carried out to a depth depending on the pedological
chafacteristics and the objectives of the study. Depending on the depth where activity is encquntered or
which is sampled, it might be necessary to drill boreholes.

For|soils that are cohesive and easy to penetrate to a few tens of centimetres, samples can be faken using

a coring tool with an internal sheath, which is filled to the depth of penetration. For other soils, samples
can be taken either from a trench to a depth of approximately 2 m, or from cores extracted by tubes in
the course of core drilling down to a depth of several metres (see 7.2.3.2 and 7.2.3.3).

NOTE The trench technique is preferable to other techniques because it allows a better observation of soil
horizons with a minimum of disturbance.

For soils with natural or artificial macroscopic heterogeneities (contraction gaps in clay soils, drainage
ditches, etc.) that can be preferred migration channels, it is recommended, except where necessary, that
samples be taken outside of these structures. Any anomaly encountered shall be noted on the sample sheet.

For very permeable soils (e.g. sand) leading to deeper migration of radionuclides than other soils,
sampling shall be continued to a soil horizon where the radionuclides in question are no longer detected.
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When layers are sampled by successive sections with a thickness equal to the total profile depth
examined divided by the number of sampling levels, care shall be taken to prevent overlapping of sample
layers from different soil horizons.

Adescription ofthe soil indicating the soil horizons, their physical characteristics (colour, texture, structure,

coarse-element content, etc.) shall be joined to the sample file to aid in the interpretation of the results.

7.2.3.2 Samples taken from a trench

A trench is dug, with suitable equipment, having a sufficient cross-section (e.g. 0,5 m to 1 m wide with a

length of 2

dimension$ of the trench are determined according to the tool used (e.g. mechanical digger with bue}

the depth

The vertic
or contami

Increment
each horiz
increment;
test-sampl

Particular
The incren
composite
clods are k&
depending

7.2.3.3 S

First, a sur
is taken us

Second, thg
The core(s]

direction of the cores (top-bottom) and:the depths of the samples are marked.

When usin
layer and ¢
while avoic
layers sam

When usin
to the bouy

the incremgnt of the different horizons sampled.

0 be reached (on average 2 m), and the nature of the soil.

1 wall of the trench is scraped using a knife to find the soil horizons that are né6t,compad
ated by the digging instrument.

with a minimum mass of 1 kg are taken from this wall manually using@sSpatula and fi
pn with stated dimensions, while avoiding mixing separate soil hprizons. The numbe

per horizon is defined according to the dimensions of the sampling-unit and the requ
P Mass.

The
et),

ted

fom
r of
red

care shall be taken to prevent soil falling into the probe trefich before and during sampling.

hents from the same horizon are placed in a clean container or plastic bag. The resul
sample is mixed thoroughly using a shovel or other suitable tool. During the operation,
roken up and the coarse elements larger than 2 cmare removed (or collected separa
on the objective of the study).

amples at depth by core drilling

face sample with a minimum mass of 1 kg of dry matter and from a maximum depth of 5
ng a suitable piece of equipment as described in 7.2.2.3.

b samples at depth are taken to the required depth by core drilling using suitable equipm
is (are) removed and then extracted from the coring tool onto a clean, inert, dry surface.

b a uniform approach with predefined depth layers, the cores are cut starting from the sur
re sliced into a minimum of five sections (including the surface layer sampled separat
ling mixing the different soil layers. These sections constitute the increments of the diffe
pled.

b a horizon ‘approach, the cores are cut starting with the surface layer and are sliced accorc
(dary of‘the different soil horizons identified along the core length. These sections consti

[ing
the
ely,

cm

ent.
The

face

bly),
rent

ling
fute

The numb

br-of cores to be extracted, and consequently the number of increments per layer or

per

horizon, is defined relative to the diameter of the coring tool, the dimensions of the sampling unit, and
the required test-sample mass.

The constitution of the composite sample and laboratory sample is described in 7.3.

When using a coring tool with an internal sheath, the sheaths can be removed from the coring tool
for transportation to the laboratory, where the opening of the sheath, identification, and cutting of
the sample horizons or layers, the combining of the increments from the same horizon or layer, and
their possible reduction with the elimination of coarse elements can take place under conditions more
favourable than those on-site.
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Preparation of the sorted sample

The increments from the same sampling unit are placed in a clean container or plastic bag. The resulting
composite sample is spread out over a clean, level, inert surface and mixed thoroughly using a shovel or
other suitable tool. During the operation, the clods are broken up and the coarse elements larger than
2 cm are removed (or collected separately, depending on the objective of the study) in order to obtain a
sorted sample.

For certain studies, the respective proportion of coarse elements compared to the mass of the sampled
soil should be estimated and their radioactive characteristics measured. The petrographic nature or the

ant
req

Thegquartering technique (see ISO 11464[19]) can be used to split the sorted sample to obtain a
of approximately 1 kg of dry matter.

All
wit

For
req

tregtment when investigating radionuclides in the form of volatile eompounds.

7.4| Identification and packaging of samples

7.4

Eac

to ajvoid loss of the contents or exposure to external agents (infiltration of water, dust, etc.).

The identification label shall be attached tocthe outside of the packaging.

7.4

The label of the container shall identify each sample and contain the following information:

7.4
The

©IS

hropogenic origin for rubble and apparent porosity of the sample should be noted. Lates

t tests that

lire special techniques are not included in the scope.

sorted samples sent to the laboratory shall be identified and a sample sheet'drawn up in
N the instructions in 7.4.

a soil profile, the samples taken from different soil horizons shall.fiot be mixed, unless
1ired, and increments shall not be combined or undergo any hoemogenization or clo

1 General

h sample shall be packed in a container that does'niot react with the soil, is clean and caref

2 Sample identification

code identifying the sample, the sampling area, and the sampling unit;
date of sampling;

additional infermation, such as the depth and thickness of the soil horizon sampled, majy

3 Sample sheet

subsample

Conformity

otherwise
d-crushing

ully sealed

r be added.

soil horizon sampled, etc.) as indicated on the packing label;
sampling technique and the associated equipment;

date and time the sample was taken;

name of the operator;

any observations necessary to interpret the results.

samplesheetenclosed with the sample orseries of samplesshallinclude atleastthe followingi]formation:

identification and characteristics of the sample (for example: location, depth, and thickiness of the

The topography of the sampling area, if uneven, is specified, particularly if the samples are taken

from the following areas:

1) inlow-lying areas (trenches, plough furrows, depressions, etc.);
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2)
3) in
4) in
5)

on elevated areas (embankments, ridges, plateaus, etc.);

areas where the underlying rock is exposed;

marl pits, springs;

on the edge of the area.

When the study expresses the results of the analysis in terms of the surface activity (see Clause 9), the

sheet shall

the surface area sampled S;

also include:

the m4
— the mg
This sheet
an eva

a descy

a desc
remov

the we

For samplg
horizons, i
percentage

Examples ¢f sampling sheets for a single/compasite sample and for a soil profile are given in Anne

and Annex

7.5 Tranpsport and storage of samples

The packa
laboratory

Transport
transport
necessary,

The follow

to avo

the thiLkness of each layer sampled;

ss of the sorted sample, mgg;

ss of any sorted subsample, m’g.

is completed, where necessary, with:
uation of area homogeneity;

"iption of the use of the land;

[iption of samples. The information whether impurities such’as large stones, roots, etc. w
bd from the sample before packaging should be included in the sampling sheet;

ather conditions if samples are taken following andncident or accident.

s from several depths, the sample sheet shall be completed with a description of the
hdicating the different layers and their phy@ical characteristics (colour, texture, struct
of coarse elements, etc.).

E, respectively.

bed samples and their sample sheets should be transported as quickly as possible to
for analysis.

and storage conditions shall be such as to avoid all contamination of the material.
and preseryation temperatures of the samples should be specified[18],[20],[21] w}
in the testteport.

ng areparticularly recommended:

fere

soil
ure,

bx D

the

The
ere

jere

dany warming of the sample during transportation to the laboratory and to use, w}

possib

€, Insulated containers,;

to store the sample upon arrival at the laboratory at a temperature less than or equal to 4 °C and in

the dark when necessary and if the time between sampling and treatment of the sample exceeds a
few days; for longer periods, the sample may either be preserved in a freezer at =18 °C, or dried at a
maximum temperature of 40 °C and preserved in an airtight package;

radionuclides with short half-lives;

to limit the time between sampling and radioactive analyses, especially when researching

to take particular precautions in the case of the investigation of volatile, organically bound, or highly

soluble radionuclides (iodine, tritium, chlorine, etc.) to avoid loss during the storage of the samples;
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— to carry out the measurement as soon as possible after the sample is taken; if later tests include
the determination of the bulk density of samples taken in their natural state, or even when the

determination of their water content is performed, additional precautions are necessa
compacting or loss of water.

ry to avoid

eguifes drying,

bmetry can
procedure

le:

1, pounder,

d out.

d manually

8 Pre-treatment of samples

8.1 Principle

B

cruphing, sieving, and homogenizing steps to be carried out.

Befpre any pre-treatment, a preliminary analysis of the laboratory sample by gamma‘spectr

allow detection of volatile radionuclides and, if so, the selection of the adequate pre-treatment

conjpatible with the quantification of their activity.

8.2| Laboratory equipment

The following equipment is necessary to carry out the pre-treatment\ofthe laboratory samp,

— |aventilated drying room or drying cabinet with a temperature-of (40 £ 5) °C;

— |a heated, ventilated oven with a temperature of (105 + ¥0) °C;

— |equipment for the reduction of clods, possibly combined with a sieve, pestle and morta
grinder, crusher, or grip breaker;

— |asieve with a 2 mm mesh size;

— |asieve with a 200 pm or 250 um mesh size;

— |ametal or plastic tray with raised edges;

— |a mixer or ball mill;

— |freeze-drying equipment(When appropriate).

8.3| Procedure

With consideration ferthe composition of the test sample, the following steps shall be carrig

— |Weigh thelaboratory sample.

— |Spreadiathin layer of 1 cm to 2 cm of the entire initial test sample onto flat containers an
brealkeup the sample using a suitable instrument.

— |Remave all remaining plant parts (tufts of grass roats etc)

Leave the sample to dry at ambient temperature or in a ventilated cabinet heated to a temperature

less than 40 °C for 24 h to 48 h, according to the moisture in the sample.

Break up the remaining clods of earth with suitable equipment.

Separate the fine earth from the coarse elements using a 2 mm sieve and note their masses.

Dry the powder at (105 * 10) °C to a constant weight. When measuring volatile radionuclides, it is

better to freeze-dry the sample or dry it to a maximum fixed temperature of (40 + 5) °C.
Crush with a mortar, a mixer, or a ball mill.

Sieve using a 200 pm or 250 um sieve, then homogenize the powder obtained.
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Repeat the crushing and sieving steps until the entire sample has been processed.

— Weigh the total powder and the unsieved material, then discard. Record the mass obtained. The
powder part constitutes the test sample.

The above steps should be carried out in accordance with the procedures in ISO 11465[22] with respect
to the drying temperatures and grain sizes. Any modification of the above procedure shall be justified
and shall be included in the test report.

The operator is warned of the risks of possible contamination from the laboratory environment or
by mixing the samples of different layers or origins. Where possible, the samples should be treated in

increasing

When itis
in the oven

The mass d

When the 1
of petrogr
material is

9 Determination of the activity deposited onto the soil

9.1 Gen

Ifthe objec
for exampl
from past ¢
to30 cm, r

9.2 Dete

A specific |

regular square grid from which five inerements are taken to make up a composite sample. For each d

a composit
the grids. |
side and a

Che order ol activity.

jecessary to quickly obtain the results of radioactive analysis, the sample can be dried'dire
then crushed and sieved without being dried at ambient temperature.

fremoved parts such as plants, coarse elements, and water can be weighted:

adioactivity characterization of the unsieved material above 200 um ornabove 250 um, m
iphic nature or of anthropogenic origin such as building materials rubble, is required,
crushed in order to obtain a homogeneous powder for testing.

bral

Live of the sampling is to estimate the total amountefthe radionuclides deposited onto the
e from fallout following radioactive gaseous effluént discharges from a nuclear installatio
tmospheric nuclear tests, then samples shall’be taken from depths of 5 cm and at least 20
bspectively. The thickness, e;, and the surface area, S;, of the sampled layer are noted.

rmination using surface activity data

pbrocedure can be deduced from the following generic example. It refers to the sampling

e sample is made up from.the five increments taken from the centre and at the four node
ach increment is taken'from a known surface area, for example using a frame of 20 cm
maximum depth of/5'em. See Figure 1.

ctly

ade
this

50il,
hor
cm

of a
rid,
s of
bn a

Figure 1 — Schematic sketch of a regular square grid and of its five increments with known

surface area

The sum, S, of the areas corresponding to the soil surface increments, S;, for the five surface increments,
I, is defined by Formula (1):

S=ZS,.
i

€]

The five increments from the same gridding are placed in a clean container or plastic bag. The resulting
composite sample is spread out over a clean, level, inert surface and mixed thoroughly using a shovel or
other suitable tool. During the operation, the clods are broken up and the coarse elements larger than
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2 cm are removed (or collected separately, depending on the objective of the study). The resulting mass,
mygs, of the sorted sample is noted.

If the test-sample mass, mg, represents the whole mass of the sorted sample of the sampled layer, the
surface activity, 4, is calculated from the activity per unit of mass, a, using Formula (2):
Mys

Ag =ax

(2)

The quartering technique (see ISO 11464[19]) can be used to split the laboratory sample to obtain a mass
of 1 kg of dry matter. Then the test sample represents a mass fraction, m'sc/mq., of the sorted sample and

thelsurface activity is calculated using Formula (3):
m m
Ag =ax—Ex — 3)
m SS
9.3| Determination by integration of soil profile activity data
Thip operation involves sampling across the entire area affected by the)deposition to detprmine the
exteént of the contamination on the surface and at depth. The surfacedayer is sampled to d maximum

depjth of 5 cm and the underlying layers are sampled in 10 cm sectipiis, or at each change in s

unt

1 the radionuclides studied are no longer detected.

bil horizon,

The surface activity, As, is computed from the activities per uhit of mass, aj, over a soil profilg of j layers
using Formula (4):
My
Ag =Zaj x —o2] 4)
j
The quartering technique (see ISO 11464[19]) tan be used to split the laboratory sample to obfain a mass
of 1)kg of dry matter. Then the test sampletepresents a mass fraction, m’ss/mgs, of the sorted $ample and
thelsurface activity is calculated using Formula (5):
mtsj mssj
Ac =) a;, x—2x—— 5
s Z s m ss. i (5)
] ']
10|Recorded information
All pteps and procedures carried out to establish the radioactivity of soil samples shall be completely

trag
the

She
and
rec

plan chosen;the sampling operations performed, and the chain of custody of the sample p

ets detailing the sampling and laboratory steps shall be recorded. Each of such records sh
signed by a responsible person to attest the correctness of the results. Any relevant i
rded during the different steps described in this part of ISO 18589 likely to have affected

eable as specified in ISO/IEC 17025. This implies a complete documentation of the sampling strategy,

Feparation.

11 be dated
hformation
the results

should be mentioned in the final test report.

Records of all relevant information on the measuring equipment needed for the confirmation process
of a result shall be kept. These records shall demonstrate that each item of the measuring equipment
(balance, oven temperature, etc.) satisfies the metrological requirements specified within the
confirmation process for the equipment. Calibration certificates or verification reports and other
relevant information shall be available.
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Annex A
(informative)

Diagram of the selection of the sampling strategy according to the
objectives and the radiological characterization of the site and

sampling areas

See Figure

A1

Pbjectives

environment

- Initial charactgrization of radioactivity in the

+ Nuclear inst

llation

Initial knowledge of the radioactivity
distribution in the field

Sampling types
{space and time)

Homogeneous

Probabilistic random or systematic sampling

18

Mono-dimensional Orientated systematic linear sampling (fransegts)
+ General terftory
* Past contanfiation Homogeneous f—»{  Bixdimensional Probabilistic systematic sampling
- Clearance of Joils of a site
Tana [y P
- Investigation5|:f incidents and/or accidents Png
- Planning of remedial action
- Routine survefllance of the impact of nuclear
installations
Orientated systematic sampling with time and space
- Routine survefllance of the evalution of the
territory in gerjeral
- Surveillance of remedial action and
decommissioning
Figure A.1
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Diagram of the evolution of the sample characteristics from the
sampling site to the laboratory

ISO 18589-2:2015(E)

Annex B
(informative)

See|Figure B.1.
Single sample or
n increments
|
I
I
h 4
2|
o Mixing'the n increments to obtain a
'g,, composite sample
o
= |
& |
[+
«n \ 4 A 4
Subsamples for Elimination of the coarse elements larger than 2 cm
different laboratories gives a sorted 'sample
Packaging, identification, transport
Subsamoles for End of the process of
P On arrival in the laboratory, the sorted sample sample collectign and
storage and other [€—— : : - ]
: o (composite or single) becomes a laboratory sample beginning of the Igboratory
investigations
process
\ 4
Pre-treatment (drying, grinding, sieving) of the .
Testportion for | laboratory sample provides a test sample and test o Test por.tlons f.or
- . . ) ) P other radionuglide
archive portions soil in the form of fine, dry, homogenized
measurements
powder
-
\ 4 h 4
Test portion for gross Test portion for gamma Test portion for Pu, Am, Test portion Sr-90
alpha and beta . .
spectrometry Cm, etc. radiochemistry measurement
measurement
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