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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.

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the
different types of ISO deeumentsdocument should be noted. This document was drafted in accordance
with the editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attentionis-drawnlSO draws attention to the possibility that seme-efthe elementsimplementation of this
document may beinvolve the subjectuse of (a) patent(s). ISO takes no position concerning the evidence,
validity or applicability of any claimed patent rights_in respect thereof. As of the date of publication of
this document, ISO had not received notice of (a) patent(s) which may be required to implement this
document. However, implementers are cautioned that this may not represent the latest information,
which may be obtained from the patent database available at www.iso.org/patents:, ISO shall not be held
responsible for identifying any or all such patent rights.-Betails-of anypatentrights-identified during the
a man ALY ha in ha In nd 1Lo0n nd /o on ha O 1y ofn AN da 10N

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and
expressions related to conformity assessment, as well as information about ISO's adherence to the World
Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see
www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 190, Soil quality, Subcommittee SC 7,
Impact assessment.

Alist of all parts in the ISO 18400 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

Soil samples, especially those containing volatile organic compounds (VOCs), are subject to change as a
result of physical, chemical or biological reactions that can take place between the time of sampling and
the start of the analysis. The nature and intensity of these reactions is often such that, if the necessary
precautions are not taken during sampling, transport, storage and laboratory preparation, the
determined concentrations will be different from what they were at the time of sampling.

VOCs are flammable and typically toxic, carcinogenic, narcotic, or otherwise harmful to humans and other
biota and terrestrial and aquatic ecosystems, and can cause degradation of certain artificial materials,
including plastics. Human exposure can be by inhalation, ingestion (direct and indirect) and dermal
contact.

Volatile organic compounds (VOCs) are organic compounds that are volatile under normal
environmental/atmospheric conditions, although they can be found in the ground in the solid, liquid and
dissolved phase form as well as in the gaseous phase {(ISO 11074:2015/Amd.1:2020%;}, 6.1.25 modified}

B

A knowledge of how VOCs mightcan be present in the ground (organic phase, adsorbed phase, dissolved
phase and vapour phase), their distribution between soil matrix (i.e. solid, liquid and gaseous), and how
they can behave in soil is important. This is necessary in order to reduce uncertainties and to understand
how reliable determinations of concentrations in soil are likely to provide a realistic picture of potential
risks in any particular situation but also to better design remediation strategies.

Research and field experience have shown that-13}-:

a) depending efon the management context, some sampling techniques are giving reliable results while
others can lead to underestimating results; 23

a}b)if soil samples for VOC analysis are incorrectly collected and handled during field sampling, storage
and laboratory preparation, a significant proportion of the volatiles compounds can be lost.

Therefore, it is important that the applied sampling techniques, and procedures for conservation,
packaging, transport, delivery to the laboratory and laboratory preparation are well chosen, in relation
to the degree of accuracy expected.

The decision maker and project leader in charge of investigations are responsible for choice of a soil
sampling method that will provide representative soil samples and reduce uncertainties for subsequent
interpretation. The selection of appropriate techniques and procedures depends on the objectives of the
investigations, the soil characteristics, the nature of the volatiles compounds being targeted and possible
organizational constraints in the field. Such attention and care assists in the collection of representative
samples so that the analytical results later provide a reliable basis for estimating potential risks. In
general, investigations performed on a sample in the laboratory can provide evidence for the sample only.
Whether this can be transferred to the soil or site of interest and how far it can be valid should be
considered carefully;; however this is not within the scope of this document.

The main objective of this document is to help all stakeholders (technicians, project leaders, owner,
authorities and laboratories) carry out adequate determination of VOCs when VOCs are known to be
present or suspected in the soil. It provides_requirements and guidance on the selection of relevant
methods that can be used for taking soil samples, minimizing in the process the possible loss of VOCs
before, during and after collection of soil samples. This document distinguishes two main approaches to
the collection of soil samples (in-situ sampling methods and ex-situ sub-sampling methods) and clarifies
their use, their applicability and limits. The description of each method takes into account the physical,
chemical or biological reactions that can occur in soil and how it influences VOCs determination. For
example, this document can provide field operators, project leaders and laboratories, an overview of
relevant methods for measuring VOCs concentrations in soil, that minimize the possible loss of VOCs
before, during and after sample collection.

vi © 15026212023 - All rights reserved
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This document also lists the main measurement instruments for semi-quantitative determination of VOCs
during soil sampling (e.g. photoionization detector;ete}).

This document can be used when preparing field investigations or to analyse the results of such
investigations. In particular, planning the sampling and measurement procedures can require
considerable time, resources, competent staff and quality control during their implementation.

This investigation can be part of a broader environmental investigation or can be limited to only VOCs.
Laboratories adopt procedures that will vield accurate results for the sample as presented to the

laboratory. The sampling methods described are suitable for use in connection with, amongst others, the
analytical methods described in ISO 15009,121 ISO 16558-1131 and ISO 22155!4],

International Standards within the total investigation program are shown in Figure 1.

The investigation programme

Sampling o
ISO 18400-101 1SO 18400-104
¥
Field and soil
observations
1SO 25177

. '

Take a field sample in accordance Field
@ with the sampling plan — € ——
1SO 18400-102 measurements

If necessary undertake sample
pretreatment to produce a
laboratory sample
ISO 18400-201

Laboratory
sample

QA/QC aspect ISO 18400-106

Storage
[SO 18400-105

Transport the laboratory sample
@ to the laboratory
ISO 18400-105

Health and safety aspect ISO 18400-103

A A 3

Produce a sampling report
1SO 18400-107

Sampling

report

Y
| Storage I

|Test portion preparationl—

| Extraction |

| Analysis/quantification |<7

Produce investigation
programme report

0 @ 6 ®

Investigation
programme
report

|—| Analyse data against programme objectives
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The investigation programme

Sampling

@ Define the sampling plan Choose the sampling strategy 1]
1SO 18400-101 ISO 18400-104

Field and soil
observations
ISO 25177

. l

Take a field sample in accordance Field
@ with the sampling plan ™1 | measurements [
ISO 18400-102

!

If necessary undertake sample
pretreatment to produce a
laboratory sample
1SO 18400-201

Laboratory
sample

QA/QC aspect ISO 18400-106

Storage
ISO 18400-105

!

Transport the laboratory sample
@ to the laboratory
1SO 18400-105

Health and safety aspect ISO 18400-103

Produce a sampling report
ISO 18400-107

Sampling

report

| Storage |

|Test portion preparationli

| Extraction |

| Analysis/quantification |<—

!

Produce investigation
programme report

Q0 ® @ ®

Investigation
programme
report

|—{ Analyse data against programme objectives

NOTE1 The numbers in circles define the key elements (1 to 7) of the investigation program.
NOTE 2  Eigure1This figure displays a generic process which can be amended when necessary.

NOTE 3  The step requiring undertaking a sample pretreatment to produce a laboratory sample (see ISO 18400--
201 “Physical pretreatment in the field”) is not applicable in the context of VOC sampling.

NOTE4  When a vial with methanol is used, preservation of sample is done on site, not in the laboratory.
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NOTE5  Step 5 “extraction” consists of agitating the soil sample with the methanol. It is done once the sample is
at the laboratory.

NOTE 6  The role of this BecumentPart304+document is illustrated in Figure 2Figure 2.

Figure 1 — Links between the essential elements of an investigation programme

Choose the sampling strategy (4.3)
specify context and objectives and define the samples to collect and their location:
where to sample, how many samples to take, sampling depth?
[e.a. ISO 18400-104]

f

Define the sampling plan (4.4)
indicate procedure to follow to carry out the sampling
specify type of samples to collect
[e.a. ISO 18400-101]

o

£8 v

‘E’ S Taking soil samples in the field (Clause 5) On site semi-quantitative
:ﬁ I Drilling techniques to collect soil sample (5.2) measuring of volatiles
= = Soil sampling techniques (devices and procedures) (5.3) (Clause 6)

g 9, Provide guidance on how to choose and use the relevant sampling Inform about

£ techniques clarify their use, their applicability and limits. on-site semi-quantitative
§ E [e.a. ISO 18400-102] measuring devices

==}

{

Field storage and transport (Clause 7)
Inform about field storage and transport of samples
[e.a. ISO 18400-105]

Quality assurance and quality control (Clause 9)
[e.g. ISO 18400-106]

~

Sampling report (Clause 11)
Record and document in field report
[e.a. ISO 18400-107]

Figure 2 — Soil sampling process described in this standard in the context of VOCs
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Soil quality — Sampling— —

Part 301:
Sampling and on site semi-quantitative determinations of volatile
organic compounds in field investigations

1 Scope

This document provides specific requirements and recommendations on soil sampling and semi-
quantitative measurements in field investigations for volatile organic compounds (VOCs) that are not
explicitly covered in the existing ISO 18400 series. In addition, it provides information on the preparation
steps (choosing a sampling strategy, defining a sampling plan); describes sampling techniques (drilling
techniques, sampling devices and procedures) and field measurements; and gives advice on conservation,
packaging, transport and delivery to the laboratory in the context of VOCs (see soil sampling process

described in Figure 2enFigure 2}).

Velatile-erganiccompoundsVOCs to which this document can be applied; include:

— ——volatile aromatic hydrocarbons such as benzene, toluene, ethylbenzene, naphthalene;

— ——aliphatic ethers such as methyl tert.-butyl ether(MTBE), ethyl tert.-butyl ether (ETBE) and tert.-
amyl methyl ether (TAME);-ard

— ——volatile halogenated hydrocarbons such as tetrachloroethene and, trichloroethene.

The document does not cover the volatile non-organic compounds. However, some information about
these is provided in Annex Dinfermative-AnnexD-.

This document provides requirements and guidance on the selection of drilling and sampling techniques
for determining VOCs and how to use them. It clarifies the applicability and limits of the drilling and
sampling techniques, taking into account the physical, chemical or biological reactions that can occur in
soil. Eorexamplei e T . .

This document gives guidanecerequirements and recommendations on the use of instrumental
measurement techniques for determination of VOC concentrations in air, firstly in relation to worker
safety, and subsequently for semi-quantitative measurements of volatiles during soil sampling.

The following subjects are outside the scope of this document:

— ——direct quantitative measurement of volatile compounds by field analysis laboratories;
— ——investigations and evaluation of soil gas quality (these are dealt with ISO 18400 204);

— ——safety risk assessment; and

— ——analytical procedures.
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Choose the sampling strategy (sub-clause 4.3)
specify context and objectives and define the samples to collect and their location:
where to sample, how many samples to take, sampling depth?
[e.a. ISO 18400-104]

{

Define the sampling plan (sub-clause 4.4)
indicate procedure to follow to carry out the sampling
specify type of samples to collect
[e.a. ISO 18400-101]

& v <
= S
) Taking soil samples in the field (clause 5) On site semi-quantitative S
3 Drilling techniques to collect soil sample (sub-clause 5.2) measuring of volatiles I
Q Soil sampling techniques (devices and procedures) (sub-clause 5.3) (clause 6) 3
9; Provide guidance on how to choose and use the relevant sampling Inform about 2
;’ techniques clarify their use, their applicability and limits. on-site semi-quantitative :3
S, [e.a. ISO 18400-102] measuring devices S,

{

Field storage and transport (clause 7)
Inform about field storage and transport of samples
[e.a. ISO 18400-105]

Health and Safety (sub-clause 4.6)
Quality assurance and quality control (clause 9)

~

Sampling report (clause 11)
Record and document in field report
[e.a. ISO 18400-107]

52 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.

ISO 11074, Soil quality — Vocabulary

63 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 11074 and the following apply:

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

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

— ——IEC Electropedia: available at https://www.electropedia.org/

3.1
small coring device
instrument used to obtain small cores of soil for analyses:

Note 1 to entry: The instrument can either be an apparatus that is used to take metal coring ring (see 5.3.3.25:3-3-2})
or a disposable plastic corer (see 5.3.3.35:3-3-3}).

2 © 1SO-2021- 2023 - All rights reserved
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3.2

cutting cylinder

cylindrical device with removable top and base forced into the surface of the ground/exposed soil to
obtain an undisturbed sample

Note 1 to entry: Cutting cylinders can be reused if the size and shape is standardized between sampling institutes
and laboratories. A commonly used specification is a stainless-steel cutting cylinder that has an internal diameter
of 38 mm and a length of 200 mm which yields a sample volume of 226 ml.

[SOURCE: ISO 11074:2015/Amd.1:2020, 4.4.7 modified “large”’and note-were-added-and bracket-has

been-— the brackets have been removed;; a note isto entry has been added}.]

3.3

sampling technique

all appropriate procedures and sampling devices to obtain samples in the field for soil description and
laboratory testing and analysis-

Note 1 to entry: The manner of selection of the sampling technique is to be described in the sampling plan.

[SOURCE: ISO 11074:2015, 4.4.29 modified — “and describe samples of soil or soil material, either in the
field or during transportation and in laboratory“ has been replaced by “samples in the field for soil
description and laboratory testing and analysis“}".]

74 General aspects
7-14.1  Using data from VOCs sampling

Depending on the management context under consideration, the soil sampling strategy has-teshall be
chosen to ensure that the samples are representative of the volume of soil concerned and that the
resulting data are sufficient in number and quality to meet the intended objective.

Where the aim of the investigation is to assess the health and safety risks from inhalation of vapours, risk
assessments are based primarily on concentrations measured in soil gas or in ambient air (e.g. in a
confined space), but it is common practice, and sometimes necessary, to also measure VOCs in
groundwater and soil.

For soils, the applied sampling technique depends on the objectives of the investigations, the soil
characteristics, the nature of the volatiles compounds being targeted and any organisational constraints
in the field. This choice should also be based on an understanding and consideration of the factors that
can compromise the analytical results by causing loss, or occasionally addition of VOCs.

Research studies have shown that if soil samples for VOC analysis are incorrectly collected and handled
during field sampling, storage and laboratory preparation, a significant proportion of the volatile
compounds can be lost.

American studies (Hewitt 1996 and 1999) show that loss by volatilisation occurs mostly within minutes
to hours, while loss by biodegradation can extend over some days to several weeks. They show losses of
10_% to 15 % in just 5-minutes min of exposure of the soil to air. These losses are greater than 90 % for
TCE in less than 40-minutes)- min.

The application of suitable sampling techniques and procedures for conservation is therefore required to
preserve the sample, limit the loss of compounds through volatilisation or biodegradation.

If these aspects are carefully considered in the sampling plan, the collected sample should meet the
requirement of representativeness. The analytical results consequently are likely to provide a reliable
basis for estimating potential risks.

© 1SO-2021- 2023 - All rights reserved 3
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Results from soil sampling are only valid for the sample taken. They should be transposed to the soil
environment or the studied site with caution and with the help of additional information and
observations.

The decision maker and project leader in charge of investigations are responsible of the selection of a soil
sampling method that will provide representative soil samples and reduce uncertainties for subsequent
interpretation.

It is assumed that methanol immersion and use of a small coring devieesdevice yield equivalent results.
Publications of performance studies on the use of these two methods are available. French trials have
also made it possible to compare (in order of magnitude) the sampling methods (metal coring ring, glass
jar with no field preservation and vial prefilled with methanol).—FThese—studies—are—cited—in—the

Eibliomensboroeation of b io oo n
NOTE For more information, see References [19] to [25:].

7-24.2 _ Behaviour of volatile organic compounds (VOCs)

Before defining a soil sampling strategy, it is necessary to understand the behaviour of volatile
compounds in soil. Particular attention to the following characteristics is needed:

a) a}-VOCs are most likely to be present in soil following incidents such as spillages or leaks;

b) b}-VOCs can be present in solution in water, in the vapour phase, sorbed to soil particles, present
between particles as a non-aqueous phase liquid (NAPL);

c) €}-VOCs can be preferentially associated with soil organic matter, including plant remains, or
preferentially present in soil pore spaces and finer soil fractions;

d) €J}—concentrations of VOCs are likely to vary according to the types of soil (e.g. sand, clays), soil
properties (e.g. grain size, moisture, organic matter) and in particular in the transition zone between
two soil horizons;

e) e}—concentrations of VOCs can vary by orders of magnitude over very short distances (e.g. a few
centimetres).

Soil conditions with the highest potential for vapour intrusion (dry granular soil - high vapour
permeability) are also the most difficult in which to accurately measure VOC concentrations. Conversely,
moist homogenous fine soil (e.g. clay) are the easiest soil types in which to accurately measure
concentrations, but typically represent the lowest potential for vapour intrusion due to their low vapour
permeability.

Iisrecommended-that partienlarParticular attention should be paid to the likely small-scale variations

in concentrations and how VOCs mightcan be present. It should be kept in mind, that the results received
from the investigation of a sample are valid for the sample only. Transferring them to the soil or the site
under investigation should be done with great care and with the aid of additional information and
observations.

7:34.3  Sampling strategy

The sampling strategy specifies context, objectives and the samples to collect (e.g. number and type) and
where to collect them from (location, depth, etc.).

NOTE For general guidance on sampling strategies, see ISO 18400-104.,
744.4  Sampling plan

Soil samples are subject to modifications as a result of physical, chemical or biological reactions that can
take place between the time of sampling and the start of the analysis. Especially when targeting VOCs,
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these have-teshall be minimised. Therefore, precautions should be taken during the sampling process,
transport and storage and laboratory preparation.

The possible observed modifications in the soil sample and losses can be linked mainly to the following
factors:

— —volatilization during drilling and sampling activities that result in a disturbance of soil structure,
or aeration of soil samples and alteration of ambient vapour pressure;;
— ——diffusion through the sample container during storage/shipping;:

— ——biodegradation and chemical degradation during storage/shipping;-and-;

— ——volatilization losses during laboratory operations, for example, sampling methods that involve
sample handling or sub-sampling in the laboratory.

These processes can influence sample results by either lowering concentrations or producing detectable
biodegradation or chemical degradation products not present in the initial sample.

An important part of the sampling plan is to consider the importance of these changes. The sampling plan
should specify, in consultation with the laboratory performing the analysis, procedures for sampling; and
for preservation, storage and transport of samples; and any requirements specific to the method (s) of
analysis to be employed.

When determining VOCs, single, undisturbed samples are usually collected for laboratory use: these
samples are high quality discrete samples that are collected at a specified depth under controlled
conditions that limit any physical or chemical disturbance of the sample. Specifically, none of the
constituents of the sample should have been altered during the sampling process.

Assessment of a situation usually involves a lot of information about different media. For example, it could
involve cross-referencing soil samples with measurements (in situ and/or in the laboratory), soil gas
results, visual and field observations (colour, etc.).

All information about type of samples and applied sampling techniques should be described in the
sampling plan.

NOTE For general guidance on sampling plans, see ISO 18400-101,
7-54.5  Sampling station

Sampling in accordance with this document usually requires good working conditions, as far as possible
shielded from the weather (rain, wind, hot sun, etc.) at a designated location (sampling station). It
requires dexterity, careful attention to the detailed application of the procedures and careful recording
of everything that is done.

The sampling station should provide, a sheltered environment which allows samples to be collected, field
measurements to be made, and soil descriptions to be carried out. It should also minimise the potential
for cross-contamination, for example, from exhaust fumes, smoking; and perfume;ete.

A sampling station should ordinarily be established so that:

a) a)-the material to be sampled can be accessed;

b) bj}-equipment can be laid out;

c) €}—equipment can be cleaned if necessary;

d) d}-samples can be transferred to temporary on-site storage;

e) e}-samples can be prepared for transport off site; and
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