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Foreword

2018(E)

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.

TH

dgscribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteriateed
different types of ISO documents should be noted. This document was drafted in accordance
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Atfftention is drawn to the possibility that some of the elements of this document may be the
pdtent rights. ISO shall not be held responsible for identifying any or all su¢hpatent rights.
anly patent rights identified during the development of the document willthe’in the Introducti
or] the ISO list of patent declarations received (see www.iso.org/patents).

C

A;Ily trade name used in this document is information given for the ‘convenience of users and

nstitute an endorsement.

Fdr an explanation of the voluntary nature of standards,»the meaning of ISO specific t{
expressions related to conformity assessment, as well as information about ISO's adhg
the World Trade Organization (WTO) principles ihthe Technical Barriers to Trade (
wivw.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 190, Soil quality, Subcommit
Sdmpling.

This first edition of ISO 18400-203, together with ISO 18400-104 and ISO 18400-202, ca

r

eplaces ISO 10381-5:2005, which hascbeen technically and structurally revised.

The new ISO 18400 series is based on a modular structure and cannot be compared to IS(

C

lause by clause.

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

C

A(:Ily feedback or questions on this document should be directed to the user’s national standarg

mplete listing of:these bodies can be found at www.iso.org/members.html.

le procedures used to develop this document and those intended for its further mainteILance are

bd for the
with the

subject of
Details of
bn and /or

does not

brms and
brence to
BT) see

tee SC 2,

hcels and

10381-5

s body. A
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Introduction

This document is one of a series of standards dealing with various aspects of site investigation and

sampling.

Itis intended to be used in conjunction with the other parts of the ISO 18400 series. The role/

position of the individual standards within the total investigation programme is shown in Figure 1.

While se

rious cases of soil contamination mostly occur on urban and industrial sites, serious

contamination of agricultural land can also occur (for example, due to pesticides usage, long-term
irrigation and appllcatlon of organlc wastes) In addltlon itis 1mportant to recogmze that agrlcultural

near-naty
aerial de
described

An under
of the pd
example,
groundw
on groun|
provided

3051t10n when close to 1ndustr1al sites. In such cases, a combmatlon of the methodolog es
| in ISO 18400-205 and in this document would be appropriate.

standing of the surface water, groundwater and soil gas regimes is essential to the-assessmgnt
tential risks to human health and safety and to other potential receptors’including, for
groundwater resources. However, the provision of detailed guidance on the.investigation|of
hter, surface water and soil gas falls outside the scope of this document. For<more informatipn
dwater and surface water sampling, see ISO 5667. Guidance on the sampling of soil gas|is
in ISO 18400-204.

ot

Vi
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The investigation programme

Define the sampling plan
ISO 18400-101

Choose the sampling strategy
1SO 18400-104

Field and soil
observations
ISO 25177

with the sampling plan
1SO 18400-102

Field
measurements

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

Laboratory
sample
Storage

ISO 18400-105

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

Health and safety aspect ISO 1840 0-10
QA/QC aspect 1SQ 18400-106

Produce a sampling report
) 1SO 18400-107
Sampling
record

@ | ogﬁr&action |
AN
N
@ Qplalysis/quantiﬁcation|<—
?\ Produce investigation
?\ programme report
| / Investigation N\
programme
report

|—{ Analyse data against programme objectives |

(0\

NOTE1 The numbers in circles in this figure define the key elements (1 to 7) of the investigation programme.

NOTE 2  This figure displays a generic process which can be amended when necessary.

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

© ISO 2018 - All rights reserved vii
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INTERNATIONAL STANDARD

ISO 18400-203:2018(E)

Soil quality — Sampling —

Part 203:
Investigation of potentially contaminated sites

This document gives guidance on the:

Although the information on soil quality for the risk’assessment and/or the development of]
action plans is gathered by applying this document, it does not give guidance on the deci
actions that follow from a site investigationZfor example, risk assessment and decisions

re

2
Th

constitutes requirements ofthis document. For dated references, only the edition cited a

uf
IS
IS

3
Fa

Scope

investigation of sites, where either it is known that soil contamination is present; or the pr
soil contamination is suspected;

investigation of sites where no soil contamination is expected, but the so6ibquality is to be dé
(e.g. to make sure that there is no contamination present);

investigation in anticipation of a need to manage re-use or disposal of excavated soil whicH
contaminated;

collection of information that is necessary for risk assessment and/or the development of]
action plans (e.g. whether remediation is required ané suggestions as to how this mig}
achieved).

quirements for remediation (if any).

Normative references
le following documents are referred to in the text in such a way that some or all of thei
dated references, the latest edition of the referenced document (including any amendments

D 11074, Soil quality~="Vocabulary
D 18400-104, Soil-quality — Sampling — Part 104: Strategies

Terms.and definitions

r the.purposes of this document, the terms and definitions given in ISO 11074 and ISO 18400-

esence of

termined

might be

remedial
t be best

remedial
tions and
hbout the

r content
lies. For

) applies.

104 apply.

NOTE

When the definitions in these two standards differ, those in ISO 18400-104 take precedence.

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

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

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

© ISO 2018 - All rights reserved
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4 Objectives

4.1 General

This document provides a framework for the various phases and stages in the investigation of
potentially contaminated sites. The resulting determination of the contamination status can then
lead to risk assessment and, where necessary, facilitate the selection and application of appropriate
remedial actions. Guidance on data and information requirements for particular purposes is provided
in a number of International Standards including ISO 11504, ISO 15175, ISO 15176, ISO 15799 and

0

ISO 1580
Investiga

—  wher
therg
— incid

— espe
excay
unde

The guid
circumst

NOTE 1
described

Lions for contamination could be required:

ental to plans for the redevelopment of sites (e.g. of an industrial site for ho@sing); or

fially in urban areas, because it is known that possibly contaminatedsoils will have to
rated and removed from the site (e.g. because basements are to be formed, utilities installed
rground infrastructure built).

hnces where potential contamination is an issue.

for investigation are also applicable where there are maturally high concentrations of potentia

harmful s@ibstances.

NOTE 2

general. Specific remediation methods could need additional information.

NOTE 3

there coul
Failure to
spread of
falls outsi

NOTE 4

gas and, t
and soil gg
potential 1
on the inv
informati

This document deals only with the invesgigation of the ground. On old urban and industrial sit
d be derelict buildings and/or industrial-plants awaiting demolition, dismantling or refurbishme

e the scope of this document.

In many situations, there-is-a close relation between the contamination of the soil, groundwater, s

provided in ISO 18400:204.

4.2 De

finitions of objectives

With respect to remediation, this document only‘provides guidance on the information required|i

the purpose is to identify and deal with contamination (e.g. site where it is known‘er-believed
might be unacceptable risks to humans or other receptors - sometimes called “prnoblem” sitef);

hnce provided in this document should be adapted as appropriate for these and any other

Contamination is defined in ISO 11074 as a result of human influences; however, the methdds

[y

b'S,
nt.

investigate these buildings before.-démolition could put the safety of workers at risk or lead to the
rontamination on and around the site. The investigation of derelict buildings or remnant foundatigns

b a lesser extent, surface water. Consequently, an understanding of the surface water, groundwater
s regimes is essential to-the assessment of the potential risks to human health and safety and to otHer
eceptors including,for example, groundwater resources. However, the provision of detailed guidarce
bstigation of groundiwater, surface water and soil gas falls outside the scope of this document. For mqre
n on groundwater and surface water sampling, see ISO 5667. Guidance on the sampling of soil gaq is

The reasd

nsforan invncfigafinn and hence the n]‘\jnr‘fivnc canvary uliﬂn]y but are gnnnra”y to:

— identify and assess the risks to those using the site, and in the event of redevelopment, to subsequent
users and occupiers of the site;

— identify and assess the risks presented to the environment including adjacent land, surface and
groundwater, ecosystems and public health;

— identify and assess the risks which could be presented to workers who are involved in investigation,

reme

diation, redevelopment or maintenance of the site;

— enable proper management of excavated materials especially on urban sites;

— ident

ify and assess the potential for adverse effects on building materials;

© ISO 2018 - All rights reserved
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so that decisions can be made about the importance of the risks and whether it is necessary to take any
form of action to deal with them.

From the principal objectives of the investigation, a number of subsidiary objectives can be derived.
These might include the following:

a)
b)

determine if any immediate action is required to protect exposed receptors;

identify compounds that are, or might be, present that might represent a risk to one or more actual

or potential receptors;

c)
d)
€)
)
g)
h)

j)

k)

TH
of

EX
th

lese generalized objectives will be formulated into specific requirements depending upon th
the investigation.

AMPLE A site investigation prior(te the purchase of a site for redevelopment could have one
e following objectives:

identify receptors (e.g. human, ecosystems, groundwater) that are or might in the future.}
identify pathways by which particular receptors might be exposed to the contaminants;
provide the data and other information to use in a risk assessment;

provide information to aid the design of protective or remedial measures;

provide information to aid the management of excavated soil and othertmaterials;

enable characterization of contaminated soil and other materials to ensure safe and
handling and disposal;

provide reference data against which the achievement of remediation performance can bg

enable judgements to be made about the likely impactofcontinued use of the site on the eny
including soil quality;

provide information to assess the risk of (legaly 'environmental liabilities and the effect on
of the property.

establish the history of the site and the potential for the presence of contamination;
establish the nature, extent and distribution of contamination within the site boundaries;

identify the potential’for migration of contamination beyond the site boundaries including sy
groundwater (this\Could indicate there are potential legal environmental liabilities);

identify any inmediate dangers to public health, safety, and the environment;

be at risk;

suitable

 judged;

ironment

the value

b purpose

br more of

Irface and

identifyz_tontamination-related constraints in relation to a proposed development (e.g. hfiman and

envirenmental risks) and any remedial works necessary and provide data from which to de
estimates;

velop cost

5

}Jl UVidC illfUl lllatiUll tU fcll,l}ltdtc ‘L-llC fUl 1llu1dtiUll Uf d full iutc1 }Jl C‘L-CltiVC I ClJUl t vV lt}l LU
recommendations and budget costing for remedial actions, if required;

nclusions,

provide information to facilitate the advice to the client about how to address the issues raised by any off-site

migration of contamination.

General strategy of site investigation

5.1 General

Determination of the extent of a contaminated area and, particularly, the assessment of human and
environmental risks caused by contamination can be complex. Because of this complexity, the process

© ISO 2018 - All rights reserved
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of identifying, quantifying and evaluating the risks associated with contaminated land should be an
iterative process with several phases of investigation (each with specific objectives to be achieved),
in order to obtain sufficient relevant data to characterize the potential risks, pathways and receptors
of concern. The objectives should be reconsidered at each stage, and the requirements for further
investigation reviewed as the investigatory and assessment processes are developed.

NOTE1 General guidance on the development of site investigation strategies and sampling strategies is
provided in ISO 18400-104. Guidance on the preparation of a sampling plan is provided in ISO 18400-101.

The principal phases are

— preliminary investigation (see 5.2 and Clause 6),

— explqratory investigation (see 5.3, Clause 7 and Clause 8), and

— detailled (main) site investigation (see 5.4, Clause 7 and Clause 9).

The relatjonship between these phases is illustrated in Figure 2.

Supplemgntary investigations could be required subsequent to the detailed siternihvestigation in order
to provide information relevant to the selection of remedial methods, or design of remediation |or
construction works.

On completion of the on-site work during any phase or stage of investigation, a sampling report shoyld
be prepared in accordance with ISO 18400-107.

Following completion of any phase or stage of investigations, a report giving its results should pe
prepared|(see 8.4 and 9.6).

4 © ISO 2018 - All rights reserved
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| Decide if an investigation is required ‘

!

| Decide investigation objectives — 4.2 ‘

!

| Carry out preliminary investigation — Clause 6 ‘

| Prepare preliminary conceptual site model — 6.2 ‘

intrusive investigation
required?

Is\an
explordtory investigation
required?

Exploratory investigation — Clause 8 and ISO 18400-104, 4.33
Decide objectives (investigation and sampling)

Design investigation

Design sampling strategy

Carry out investigation No
Prepare sampling report
Refine conceptual site model

No

Isa
main/detailed-investigation
required?

Detailed investigation - Clause 9 and ISO 18400-104, 4.3.4
Decide objectives (investigation and sampling)

Design investigation

Design sampling strategy

Carry out ihvestigation

Preparesampling report

No

!

| Prepare factual report i

1

Y
| Refine conceptual site model |

!

| Prepare interpretive report |

Figure 2 — Process of site investigation

Before embarking on any phase or stage of investigation, it is important to set data quality objectives
in terms of the type, quantity and quality (e.g. analytical quality) of the data and other information that
is to be collected. These data quality objectives will depend in part on the nature of the decisions to be
made on the basis of the investigation, and the confidence required in those decisions. The strategy for

© IS0 2018 - All rights reserved 5
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the investigation (whether preliminary, exploratory or detailed) will be determined by the objectives.
For example, the different requirements of site investigations for the purpose of selling, determining
whether contamination is present as suspected, or redevelopment will influence the spacing of sample
locations and the number of samples analysed, and hence the cost of the investigation.

Failure to set data quality objectives at the outset can lead to considerable waste of money, if, for
example, the data collected are not suitable or sufficient for a reliable risk assessment, or leave too
many uncertainties about the “conceptual site model” developed for the site (see 6.2 for the description
of the conceptual site model).

When de .,idius omrthe—str ategy, considerationrshoutdbe giverrto the aypliua‘ui}ity anduseof on=site
analysis and/or in situ measurement techniques.

NOTE 2 | Guidance on the selection and application of on-site methods is provided in ISO 124 04.

5.2 Scgpe of preliminary investigation

The preliminary investigation comprises a desk study and site reconnaissance \(walk-over survey,
site inspégction). It is carried out using historical records and other sources to 'obtain information pn
the past ind present usage of the site together with information about local soil properties, geology,
geomorphology, pedology, surface hydrology, hydrogeology and environmiéntal setting. It should pe
carried opit in accordance with ISO 18400-202 and the guidance in Clause’6.

From this preliminary investigation, the possibility of contamination can be deduced, and hypotheges
can be formulated on the nature, location and distribution of the éontamination, such as those listed|in
Annex A.

These hypotheses form part of the overall conceptual site-model of the site that should be developed,
encompassing not only the contamination aspects but ‘also the geology, geomorphology, pedology,
hydroge(Iogy, surface hydrology, geotechnical propetties and the environmental setting. The currgnt
and planned site uses are also important aspects of.the conceptual site model.

NOTE Guidance on the development of conceptual site models is provided in ISO 18400-202.

The preliminary investigation should pro¥ide sufficient information:

— for initial conclusions about potential risks to actual or potential human and other receptors;
— to defermine whether there is a need for further action (e.g. intrusive investigation).

The amouyint and type of infermation required will depend on the objectives of the investigation. The
amount of work required‘will vary with the age of the site, the complexity of its historic usage, and the
complexity of the underlying geology, etc.

197
Q

[t should pe remenibéred that the contamination on a site could be more complex than initially indicat
(for exanjple, byeurrent usage) and adequate information on the history of the site should always pe
obtained|in the(preliminary investigation.

5.3 Scope of exploratory investigation

The exploratory investigation involves a limited on-site investigation, including collecting samples of
soil or fill, surface water, groundwater, and soil gas, where appropriate, and the subsequent analysis or
testing of the collected samples. The data and information produced are then assessed to determine if
the hypotheses from the preliminary investigation are correct, and, where appropriate, to test other
aspects of the conceptual site model. An exploratory investigation can identify areas of contamination
(essentially a qualitative process) but would not be sufficient to identify its extent or the variation of
contamination within it (i.e. quantify the contamination), which is the function of the detailed site
investigation.

In some cases, where the information required according to the objectives has been achieved
sufficiently, no further investigation might be needed. However, it could become apparent as a result

6 © ISO 2018 - All rights reserved
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of the exploratory site investigation, for example, that the contamination pattern is more complex,
or concentrations of contamination are higher than anticipated, and already present, or in the future
might present, a hazard(s) and hence a risk to one or more potential receptor. In this situation, the
information obtained might be insufficient to make decisions with a satisfactory degree of confidence,
and it will be necessary to either

of a detailed investigation, or

— carry out a detailed site investigation to produce sufficient information to enable a

5.

carry out a further stage of exploratory investigation before proceeding to the design and execution

full risk

assesstrenttobecarriedout theneed-for protective or renrediat mreasurestobedetern
in due course and possibly following further stages of investigation, to select, design’z
protective or remedial measures.

4 Scope of detailed site investigation

The detailed site investigation provides the basis for the quantitative detethination of th
anjd spatial distribution of contaminants, their mobile and mobilizable fractions and possi

thlem spreading in the environment. This includes possible future development of the conta

sifuation.

It

could require, depending on the objectives, the collection and-analysis of soil or fill, surf3

groundwater, and soil gas samples in order to obtain the 4nformation necessary to ena

as
al
w
in

sessment of the risks presented by the contamination to-humans and other potential rece
50 to enable appropriate containment or remediation actions to be identified, together when
th an initial estimate of costs. The intrusive investigation can be supported by model calculg
vestigation techniques that do not require samples,to be taken such as those described in

Detailed design of protective or remedial works cetild require further supplementary investig

NQTE It could be appropriate to investigate-ambient air, vegetation, potable water supplies and a

ot

her media depending on the findings of the preliminary investigation.

The amountand nature of the information required from the detailed site investigation (or any

st

hge of it) will vary depending onthe nature of the site, and the objectives of the investigg

implications for the decisions on what actions should be implemented on a site will vary frd
site. Additionally, the amount and quality of the information required will also vary accord

re
fo
fu
in

quirements of the decisiommaking processes (e.g. the risk assessment, decisions regarding
F and type of remedial @ctions). All parties involved in the decision making process shoul
[ly informed as inforimation is produced to ensure that the information is sufficient for thq
fended.

Affter completion. of the interpretation of the information generated, including any risk asse
shiould be possible to determine whether protective or remedial measures are required ang
generalizations about the type of measures that might be appropriate.

6

6.

ined, and
ind apply

b amount
bilities of
mination

ce water,
ble a full
tors, and
required
tions and
Annex B.
ation.

variety of

articular
tion. The
m site to
ng to the
the need
d be kept
purpose

ssment, it
to make

Preliminary investigation

1 General

A preliminary investigation in accordance with ISO 18400-202 should be carried out before any
intrusive or other field investigation.

The results of the preliminary investigation should be used to prepare an initial conceptual site model,
including the development of contamination-related hypotheses, as described in 6.2.2 and Annex A.

©

ISO 2018 - All rights reserved
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6.2 Development of the conceptual site model

6.2.1 Overall conceptual site model

The conceptual site model is a representation and/or description of the site incorporating all that is
known and anticipated about the site (e.g. contamination, geology, pedology, environmental setting).
It should identify pathways by which current and future receptors could be affected by contamination
currently or in the future. An important aspect of the conceptual site model is the formulation of
contamination-related hypotheses. Note that its preparation requires some interpretation of the
available information and explicit recognition of the uncertainties in that information

The development of a conceptual site model can aid greatly understanding of the site and the risky it
might present to human and other receptors as well as the design of future phases of investigation] It
also aids decisions on how remediation (if required) might be achieved and other works cartied out.

The conceptual site model is also an aid to communication between the different parties‘involved ahd
with the public.

6.2.2 Formulation of contamination-related hypotheses

Based onfthe results of the preliminary investigation, hypotheses should be formulated in relation to the
probable nature, variation and spatial distribution of contaminating subStances that are anticipated pn
the site (Jee Annex A). In arriving at appropriate hypotheses, it will be/frequently necessary to identify
different gones of a site to which different hypotheses are applicablexThis will normally be essential for
a large site but is also frequently appropriate for small sites.

Before de¢ciding on the sampling strategy, it is essential toydetermine for each zone (and for the sjte
as a whole) from the information available, whether it is\reasonable to expect the zone or site to pe
contaminated or not, i.e. whether the zone (or site) should be considered as “probably uncontaminated”
or as “prgbably contaminated”.

Hypotheges relating to individual substances should be developed, it can then be incorporated intq a
conceptupl site model, taking into account allthe information available, and translating the informatipn
into the most likely overall scenario withespect to the contamination status of a zone. The conceptyal
site modgls for individual zones can be-combined into a conceptual site model for the site as a wholle.
This siteqwide conceptual site modelis iused to design the sampling strategy to be employed in the ngxt
phase or ptage of investigation.

6.3 Reporting the prelifhinary investigation and the conceptual site model

The preliminary investigation should be reported in such a way that the initial formulation of the
conceptupl site modeland individual hypotheses will stand out as a clearly recognizable, identifiablle,
section of the repertas described in ISO 18400-202:2018, Clause 9.

7 Design of intrusive investigations

7.1 Overview

This clause, which should be applied in conjunction with ISO 18400-104, provides guidance applicable
to the design of all types of intrusive investigations of potentially contaminated sites (e.g. exploratory
and detailed investigations). Subsequent sections provide guidance relating to specific types of
investigation. Guidance is provided on overall design, sampling soils, preparation of laboratory
composite samples, and analytical and testing strategies.
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7.2 General aspects of field work

It is important to understand that field work on contaminated sites can present a significant risk to the
health of the investigators. ISO 18400-103 should be consulted for further information on the possible
risks and precautions to control those risks.

ISO 18400-102, ISO 18400-104 and ISO 18400-105 should be consulted for information on specific
aspects of sampling including sampling patterns, methods of collecting samples including boreholes,
probe holes and trial pits, sample preservation, and the potential risks to investigators and the
environment which could result from a site investigation. It should be noted that other, non-intrusive,
ingestigation tecnniques can cConmribute SigT ANTIY To the understanding of the spattataistribution of
ntamination (see Annex B).

Instead of taking samples for laboratory analysis, it might be advantageous to use on-site andfor in situ
methods for testing and analysis (see ISO 12404 and I1SO 13196).

Once the investigation has been designed and planned (7.3.2.1) a sampling planshould be prgpared in
adcordance with ISO 18400-101.

It]is advisable to ensure from the start of the field work that sufficient samples will be collected. It
wlll sometimes not be necessary to analyse all the samples that havebeen taken, but that if could be
(very) expensive to have to return to the location to obtain additional samples. This will pafticularly
bg the case if samples are taken at a considerable depth in the soil profile. However, analysis f¢r volatile
anld semi-volatile components should be carried out as quicklyas possible after sampling, and| for these
components it might not be possible to preserve the samplés for later analysis.

If pt any time during the investigation it becomes evident that the implemented strategy has not been
oftimal (e.g. on the basis of site observations), thestrategy should be altered immediately} In some
cases, it might be necessary to take additional samples on the basis of the adjusted strategy ¢r to take
into account the unforeseen conditions. Howevet;where this situation is not clearly evident, the original
strategy should be followed.

Whhenever changes are required to the predetermined sampling plan, the project leader should be
informed or consulted as required by SO 18400-101.

Descriptions of ground strata should be drawn up in the field immediately after work at a|sampling
logation has been completed if.this has not been done during formation of the exploratory hole. Taking
pHotographs with boards,showing the sampling location designation, colour charts and scalg markers
isjoften a useful aid to ground strata descriptions.

7.3 Overall design aspects

7.8.1 General

The design’of on-site (intrusive) investigations involving the collection of samples and on-sife testing
(if an¥))¥should be based on the results of the preliminary investigation and the objectivies of the
exploratory site investigation (Clause 8) or detailed site investigation (Clause 9) as appropriate.

The design will include the specification of the sample locations, the depth, sizes and types of samples
to be collected, and the methodology by which the samples are to be collected. It is important that
the positions of the sampling locations are determined before the site investigation commences, but
with allowance for the sampling team to exercise professional judgement on-site, to vary locations and
sample additional locations in the light of the on-site observations and local constraints such as the
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presence of underground services, subject to the requirement in ISO 18400-101 to consult and inform
the project leader as appropriate.

NOTE

While it is usual as recommended in ISO 18400-104 to determine sampling locations in advance, it is
not always practical or desirable to do so. It could, for example, especially during exploratory investigations, only
be practical to carry out convenience (ad hoc) sampling at locations determined on-site by the person carrying
out the sampling (see ISO 18400-104:2018, 6.2.4). However, by the time a detailed investigation is to be carried
out, sufficient information will be available from the exploratory investigation to permit most sampling locations
to be designated in advance.

The hypotheses postulated could indicate some area(s) of potential contamination where preliminary

informatjon will be of assistance in designing the more detailed site investigation, e.g. preliminalr

information on the potential extent of spillage of chlorinated solvents could be of assistance.

The desi
provide i
produce {
the possi

As discus
different

bn of the exploratory site investigation can take such aspects into consideration,”and
hformation to enable the detailed (and more expensive) site investigation to be.designed

bility of unforeseen situations being encountered.

sampling strategies applied for each zone within the overall investigation process.

7.3.2 Design of site works

7.3.2.1

The desig
practical

— locat

Planning

ner of the site works should take into account both the“design of the sampling programme a
Aspects relating to its implementation. These inchide:

on and number of sample locations and the sampling pattern;

— methiod of collecting samples (boreholes, trial pits, etc. sampling equipment);

— samf
— spec]
— requ
— requ

— analy
with

— procq
equif

— envify

les to be collected (soil, particle size-fraction, water, gas);
al sampling requirements (volatile compounds, preservation requirements);
rements for sample container's;

rements for on-site analysis and testing;

regard to sample-collection, preservation, and transport;

ment required;

onmental protection measures required including to prevent migration of contaminati

durir

gand after completion of the investigation;

bdures and\precautions to ensure health and safety during the investigation and protectiyve

y

he necessary data required by the objectives, in the most efficient manner,@nd to minimigze

sed above, different hypotheses could be applied to different areas of a'site (zones), and henjce

ses and other testing to be carried out and any particular requirements from the laboratofry

— requirements for disposal of arisings from the investigation and the possible need to bring clean

mate

rial to site, for example, for backfilling trial pits;

— requirements for quality assurance including comprehensive documentation of sampling details;

— permission and ease of access to the site (and adjacent land where necessary);

— location and nature of any obstructions to sample collection on the site and how these will be
overcome;

— location and status of services including both above and below ground services;

— consi

10

deration of the possible presence of unexploded ordnance (UXO);
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— location of suitable areas for offices, decontamination unit, welfare and sample storage;
— management of contractors and subcontractors (e.g. surveyors, drillers);

— communications and accident and emergency plans and communications with the emergency
services;

— disposal of (possibly) contaminated groundwater, excavation arisings and material used or
contaminated in the course of the investigation.

7 y g I ) )
: 3.—2.—2—l-ntegl atcamvestigations

There are sometimes benefits to be gained from investigations which combine the“neefls of the
contamination and geotechnical aspects. This can be of assistance where there is a need-to take health
arld safety and environmental protection into account in the design of geotechnicalinvestigations.

A fombined investigation has the advantage of:

— simplified project management;

— common use of equipment and procedures;

— use of exploratory holes for more than one purpose with resultant economies;
— being able to address health and safety implications for both investigations;
— allowing for combined consideration of resultant data.

However, the use of an integrated investigation should not result in compromising the achieyement of
thTe objectives of either investigation. For example; sample locations for contamination shoyld not be
mpved from the selected grid pattern to accommodate the geotechnical requirements. Gedtechnical
sampling methods are not necessarily suitable for obtaining samples for chemical analysis| and vice
versa. In addition, requirements for recording soil profiles are often different.

7.4 Sampling patterns and spaeing for sampling soils

7.4.1 General

The sampling strategy requires, among other things, consideration of the locations from which samples
are to be taken, the depths at which samples will be collected and the types and sizes of samples to be
collected. The guidanee on the selection of sampling patterns and on other components of the[sampling
strategies given/An-ISO 18400-104 should be followed (see especially 8.2). Statistical considerations
shiould be takefiinto account when selecting and designing sampling patterns, particularly the distance
bdtween sampling points.

Sqmpleidocations can be selected on the basis of a sampling pattern which is a defined layout oflsampling
logations (i.e. systematic) or on the basis of judgemental sampling. In most investigations, a compbination
oflthe’two approaches should be used.

The reasons why the sampling strategy has been adopted should be set out in the sampling plan (this
should be prepared in accordance with ISO 18400-101) and should be taken into account by those
involved in the on-site investigation.

Decisions about the number of samples to take and sampling densities to meet different objectives,
should be based on the guidance in ISO 18400-104 (see in particular ISO 18400-104:2018, 6.5,
ISO 18400-104:2018, Clause 7 and ISO 18400-104:2018, 8.6). The examples described in Notes 1 and 2
below are illustrative of the sampling densities that might be appropriate and some of the considerations
that should be taken into account.

The probability of detecting contamination should be independent of the surface area of the site that
is under investigation. In other words, if the surface area of a site increases, more samples will be
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required to locate possible contamination with the same probability, or chance, depending upon the
hypothesis of the distribution of contamination (see Annex A). The smallest volume of contaminated
material, which should be detected to meet the objectives of an investigation, should be defined before
the development of the sampling plan. Specifically, where an exploratory investigation is carried out
on a “probably uncontaminated” site, it is important to define on what scale any contamination will be
detected, since, if no contamination is detected, the hypothesis could be considered, possibly wrongly,
to be correct and no further action taken.

The number of sample locations to be taken for each potentially contaminated zone should be
proportional to the size of the zone, taking into account factors such as the origin of the contamination
(along a pipeline, around an underground tank, spread all OVer, etc.), on the expected size of any, fot
spots, anf the degree of certainty required. When required by the objectives of the investigation| a
minimunm number of samples should be taken that will provide an indication of the spatial variabiljty
within the zone.

The reliapility of the estimate of the distribution of contamination will of course be-increased when
more sanpples are taken.

When chJTosing the sampling pattern, it should be borne in mind that contamination rarely exists with
sharply defined boundaries and increasing concentrations can be used as indicators of contaminatiqgn,
even though the areas of highest concentration have not been sampled.

NOTE 1 |The distances between the nodes of regular sampling grids, typically varies between 30 m for pn
exploratofy investigation and 10 m or 15 m for a detailed site investigation. Greater density of sampling gyid
could be rgquired where very heterogeneous contamination is hypothesized, for example, on a former gasworks
site wherq in localized areas a 10 m grid could be considered to be necessary. A high-density sampling grid coyld
also be ngcessary where the level of confidence required for the‘outcome of a risk assessment requires such
density in|soil quality data (for example, for a housing development).

NOTE 2 | Lower density sampling (i.e. a wider sampling grid) could be acceptable where the area to be sampled
is large, and based on preliminary investigation, the poténtial contamination is expected to be diffuse and o
hot-spots are expected (e.g. large areas affected by pointsource air pollution).

7.4.2 Judgemental sampling

Sampling| locations may be chosen on thébasis of judgemental sampling, where a specific source|of
contamination is known or suspected; and confirmation of the presence or extent is required (see
ISO 1840/0-104:2018, 6.2.2). Alternatively, an area of contamination might have been detected in the
exploratdry site investigation, and-further delineation is required as one of the objectives of the detailpd
site invesltigation.

— e

Where a plume is being-targeted, sampling locations should be selected according to the hypothes
relating tp the locatiorhand nature of the contamination.

S

During exploratofy )site investigations, judgemental sampling may be used when specific locations|of
visually dontaminated material or suspected contamination are encountered and require sampling|to
confirm quspicions prior to more detailed sampling in the subsequent detailed site investigation.

NOTE Sampling locations can be selected on an ad hoc basis (€.g. In the general vicinity of a source), but are
better located following consideration of the properties of the contaminant concerned, the mode of release, and
the need to be able to interpret the results in a meaningful way. The sampling locations could be related to a
regular pattern which is being used for other areas of the site, or as an alternative to sampling at ad hoc locations,
the sampling locations can be placed along radii from the suspected source or point of high concentration.

7.4.3 Systematic sampling

Site investigations (both exploratory and main) should usually be carried out, using systematic
sampling (in conjunction with judgemental sampling when appropriate), preferably using a regular
sampling pattern so that the sampling locations are distributed throughout the site (or zone) in a
uniform manner.
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7.4.4 Detection of hotspots

The guidance on the detection of hot spots provided in ISO 18400-104 (in particular ISO 18400-104:2018,
7.4) should be followed.

7.4.5 Depth of sampling and the strata to be sampled

The guidance on sampling depths provided in ISO 18400-104:2018, 8.4 should be followed.

The sampling strategies described in ISO 18400-104 apply only to a single contaminant in a single plane.

Tl

oriigins and, even if they originate from the same source, because they behave differently in th
Cdnsequently, appropriate strategies should be developed for sampling at depth.

It

— varying physical and chemical soil properties over depth, particularly wheré substantial th

— contamination sources (e.g. solid, leachable and gas- or vapour-generating materials, leal

— thattherelevant depth in exposure terms can be at anydevel in the soil profile (e.g. in redey

— movementofgasesandliquidsalongvertical (attdd'perhaps deep lateral) pathways will be de

— the current or future usage of the site.

The guidance in ISO 18400-104:2018, 6.6 regarding sample sizes should be followed.

The guidance on different types of samples, including composite samples, and their appl

IS

7

The tetal'number of spot samples taken, the number of separate samples taken at individual

lo
Wi

.6 Sample sizes

.7 Sample types

.p.2) should befollowed as appropriate.

4.8 Number of samples

g aistributions of different CONtamimarnts oM a Site coutd vary wititdeptit because they tav

s important to take into account, for example:

of made ground (e.g. reworked natural materials or materials deposited|iir-the past to rais
levels, form embankments, dispose of wastes, etc.) are present omWhere large differ
present in natural deposits;

that might be located at any depth in the soil profile;

projects, the final formation level might be lower than.existing site level; close contact bety
and site services can be at some depth below groundlevel);

by physical soil properties at the relevant depths;

D 18400-104 (in particular [SO 18400-104:2018, 6.4,1SO 18400-104:2018, 8.3 and ISO 18400-

different
e ground.

icknesses
e ground
bnces are

king pipe)

elopment
veen soils

termined

cation in
104:2018,

sampling
cordance

cations and the number of comp051te samples taken from a zone or 51te should be 1n ag

ISO 18400- 104 2018 8.6).

7

7.

.5 Analytical and testing strategies

5.1 General

quse 7 and

The samples taken from soil, groundwater, surface water, sediments, and soil gas should be examined for

— the substances that are expected, based on the results of the preceding investigation phases or

stages (the hypotheses), and

— aselection of substances of general significance.

©
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7.5.2 Analysis of soil samples

7.5.2.1

Approaches to deciding on components to be analysed

There are two distinctive approaches in deciding on the components to be analysed:

— acomponent specific approach;

— abroad spectrum approach.

Both app
dependi

A compo
the inves

On the other hand, a broad spectrum approach, although likely to be more expensive, might be the bg

choice if

general information about the soil quality is required.

7.5.2.2

ISO 18400-202:2018, Annex A should be consulted for information abotit potential contaminants th

might be

about substances used in particular industries and which might theréfore be present as contaminanf

Local kn

should bg taken into account.

Determination of the proportion of organic material. thumus) and the proportion of fine-grain si
fraction dould be necessary in connection with the objectives of the investigation, including (where th
exist) theg application of reference, threshold or assessment values which are accepted to be applical
at the site (these could, for example, include localbackground values).

NOTE

(volatile organic compounds) and PAHs (polyCyclic aromatic hydrocarbons) are the contaminants most oft]
encounterjed on urban and industrial sites;Determination of these common contaminants can often be sufficig

when test

is known about the form it might take.

7.5.2.3

Combining of samples (if permissible), after pre-treatment, according to ISO 11464 and ISO 14507
other rel¢vant standards, should be carried out in the laboratory.

Samples which clearly differ, for example, on the basis of organoleptic evidence, should in general n
be mixed| with ‘other samples, but should be analysed separately. Composite samples should norma
not be cileated from samples that derive from different horizons or from different depths in a s

e of the investigation and what is already known about the site.

g on the objectiv
lent specific approach is a logical choice if the contaminating substances are well kiiown, a

figation is only aimed at defining the volume of contaminated soil.

nformation is required about the treatment potential of the contaminated-soil, or indeed

Selecting parameters for testing and analysis
of concern because of possible adverse effects on human health or the environment, etc. a

wledge about likely contaminants or naturally occurring potentially hazardous substand

Contaminants such as heavy metajs (Cd, Cr, Cu, Hg, Ni, Pb, Zn), arsenic, petroleum hydrocarbons, VO

ng the hypothesis of a “proliably uncontaminated” site, and when contamination is suspected but lit

Using separate or laboratory composite samples

st
if

at
nd

en
nt
tle

ot

ly
hil

profile. However, in both cases the sampling strategy based on the conceptual site model of the site will
determine what the most appropriate strategy for analysis is.

If composite samples are used, the original samples should be stored separately. This will ensure that,
if necessary, they can be used for a repeat analysis at a later stage [this is not possible of course for
parameters that change over time (e.g. volatiles) or due to sample handling (e.g. pretreatment)].

7.5.2.4

Storage a

14

Storage and transport of samples

nd transport of samples should be in accordance with ISO 18400-105.
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6 Quality assurance and quality control

Quality assurance and quality control procedures should be employed covering of all aspects of the
investigation in accordance with ISO 18400-106 as appropriate.

8

8.

8.

Exploratory investigation

1 General

1.1 Basis of the exploratory investigation

The exploratory investigation follows on from the preliminary investigation and |is’ ca
prjincipally to test the correctness of the hypotheses which have been formulated in relatipn to the
contamination of the site, or, in more general terms, to check the correctness 6f the conce

m
th|

bdel that was developed for the site. Careful design of the exploratory investigation should
ke ability to demonstrate the correctness of the hypotheses within a minimum of resources 3

NOTE While it is usually advantageous to precede a detailed investigation by an exploratory inv

th

s is not always necessary.

The exploratory investigation will usually give limited information only. However, dependi
ohjective(s) for the specific case, the information obtained €ould be sufficient for decisior
pqrticularly when the following has been achieved:

— high quality of the results of the preliminary investigation;

— appropriate planning and performance of the invéstigation;

— nottoo high demands concerning the reliability of the results.

In

(s

other situations, the exploratory investigation should be followed by a detailed site inv¢
pe Clause 9).

.2 Steps to be incorporated

The exploratory investigatipn'should incorporate the following steps:

— design of an investigation strategy according to ISO 18400-104;

— carrying out thé.site investigation and associated analysis of samples;

— determining the validity of the hypotheses;

— determining the requirements for possible further investigation.

8.

1.3\ Aspects to be considered when drawing up a strategy

rried out

ptual site
result in
nd time.

pstigation,

ng on the
making,

pstigation

Aspects which should be taken into consideration when drawing up a strategy (see also ISO 18400-104)
for the exploratory investigation are:

a) the hypotheses;

b) uncertainties in relation to the contamination and the distribution hypothesized, which require
clarification in order to facilitate the most effective design of the detailed site investigation;

c) any indicated risks to human health or other potential receptors.

NOTE These aspects will have been characterized in the preliminary investigation (see Clause 6).

©
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These aspects determine:

— the media to be sampled (soil, surface and groundwater, soil gas);

— thed

epth of sampling and sampling techniques to be used;

— the sampling patterns;

— the number of samples to be taken;

— thep

ossible use of composite samples;

— the anber of samples to be analysed;

— thep

During aj
the detai
the samp
assessme

In the ex
evidence

might no

ptential contaminants to be determined.

ed site investigation. It is however important for economy to, as far as possible, ensure th
e locations selected, and the resultant information collected, can be utilized in the subseque
nt deriving from the detailed site investigation.

loratory investigation particularly, it might be prudent to collect samples representative of
of contamination during the investigation but to subsequently anly-analyse selected sampl

be necessary at this stage. But in utilizing visual assessmentior field measurements, it shoy

For exarrrlfle, analysis of all samples which are obviously contaminated (&.g. on the basis of appearang

be reme
On-site s(

The expld
supervisg

bered that not all contamination can be identified in thi$)manner.
reening methods should also be used when appropriate (see ISO 12404 and ISO 13196).

ratory investigation, including the sampling and‘@analytical strategies, should be designed a
d by an experienced contaminated site investigator.

8.2 Sampling strategy

821 (

There is
the form
contamin

For econq
chosen sd
potential
be taken

The inve
investiga

eneral

h distinction which can be made based on the results of the preliminary investigation a
ulated hypotheses between strategies for “probably uncontaminated” and “probal]
ated” sites.

mic reasons, spaciiig-and depth of sampling, during the exploratory investigation, should
that the resultsan be used for risk assessment during later phases of investigation. Releva
pathways for,migration of contamination and exposure of human and other receptors shoy
nto account When designing the strategy.

Stigatiens'of potential soil contamination should be carried out in conjunction with t
Fionvof'the other matrices in which the contamination might be present, specifically:

| exploratory investigation relatively few sample locations will be investigated, ¢ompared with

at
nt

hll
s,

e)
Id

hd
ly

be
nt
Id

he

— grou

hdbwater{see 1ISQ 566711

L )

— surface water (see ISO 5667-4);

— soil gas (see ISO 18400-204).

8.2.2 Sampling locations

Two basic approaches can be used in the exploratory investigation; judgemental sampling (7.4.2) and
systematic sampling (7.4.3) (see also ISO 18400-104).

In exploratory investigations, the most common sampling strategy is judgemental sampling, when
necessary supported by systematic sampling with a relatively wide spacing.

16
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The spacing of the sampling depends on the objectives of the investigation and most of all on the
hypotheses formulated. Note that a dependency of sample spacing on the overall size of the site is -
in most cases - not justifiable (see 7.4). The sample spacing should be defined based on the desired
probability of finding a contaminated area with a predefined size. Decisions about both the desired
probability of finding (or missing) such a contaminated area as well as the size of it, are a matter for
judgement.

Judgemental sampling is used when there is evidence for point source (heterogeneous) contamination.
Systematic sampling is used for either homogeneously contaminated sites or probably uncontaminated
sites. In order to obtain an overall characterization of the site when there is evidence of point source
contamination, both approaches should be combined.

If there is strong evidence for serious contamination, sampling patterns employed for.the exploratory
inyestigation should also be designed to facilitate the design of the following detailed-sit€ invelstigation.
Itcan be useful to plan the exploratory investigation in a manner that will assiStyin optinjizing the
ddtailed site investigation.

8.2.3 Depth of sampling

The depth of sampling should take into account the hypotheses and_the scope of the invgstigation
(see 7.4.5).

N4tional or other relevant regulations might define certain dépths of sampling in relation tp specific
ohjectives for the investigation or for application of guidancé values.

8.2.4 Selection of soil samples for analysis

It|is usually preferable to collect more samplessthan will be analysed. A number of repregsentative
samples and “suspect” samples should always be analysed. Thus, if samples of the same strata from a
nymber of different locations appear similar;Qnly a representative number might need to be Jubmitted
for analysis.

Sufficient samples should be analysed-totest the hypotheses. It should be noted that the objedtive of an
exploratory investigation is usually'to identify the presence of contamination and not to deliineate its
diptribution or full extent.

8.2.5 Selecting parameters for testing and analysis

In| general, the selection of the contaminants should be directly related to the objective(s) of the
inyestigation and the-defined hypotheses. Local knowledge about likely contaminants (seel NOTE in
7.5.2.2) or naturally’occurring potentially hazardous substances should be taken into account].

=

Where a “probably contaminated” site is being investigated, the investigation might be limited to the
substances\that are expected (according to the hypothesis based on the results of the preliminary
i broader
o obtain
materials

within the site or which might need to be sent for dlsposal

When a site-specific reference value for a group parameter has been set and this is exceeded (for
example, the reference value for extractable organic halogens or the phenol index or mineral
hydrocarbons), further useful information can be obtained by determining the concentrations of the
individual contaminants. However, not always increased group parameter values also mean increased
concentrations of contaminants. Additionally, the analysis of specific contaminants might be part of the
detailed site investigation instead of an additional stage in the exploratory investigation.

NOTE1 Here “reference value” refers to a site-specific value that has been decided as the trigger for more

detailed analysis. It might be one provided in authoritative guidance, or it might be one decided to be appropriate
by those carrying out the investigation.
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NOTE 2  Determination of the proportion of organic material (humus) and the proportion of fine-grain size
fraction could be necessary in connection with the objectives of the investigation, including (where they exist)
the application of reference, threshold or assessment values which are accepted to be applicable at the site (these
could, for example, include local background values).

8.3 Evaluation of the exploratory investigation

8.3.1 Testing the hypotheses formulated during the preliminary investigation

The exploratory investigation provides information to test the hypotheses that were formulated on
completion of the preliminary investigation. The testing procedure is carried out in the same way tHat
was used|to postulate the following hypotheses:

— Stagg 1: Is contamination shown to be present on the site?

— Stagg 2: Do the detected contaminants correspond to the expected contamination?

— Stagdg 3: Does the identified location of contamination correspond to the expegted location?
— Stagg 4: Does the spatial distribution correspond with the expected spatiahdistribution?

During this testing procedure, comparison should be made with published threshold values and/or
with locall background values to determine whether a site should be considered contaminated or ngt.
Comparigons might also be made with other values (e.g. derived from the literature), but the use|of
these shojuld always be justified in the report of the investigation:

NOTE Note that ISO 11074 defines contamination as the preserice)of a potentially harmful substance withqut
any reference to whether its presence might cause harm to one ormore receptors. Also that it is important to |be
clear whether any background value with which comparison ismade is a “natural background concentration”|or
includes apthropogenic contributions as might occur from aerial deposition in urban areas.

Appropripte statistical and geostatistical methods-should be used if it is desired to demonstrate tHat
measured concentrations are statistically significantly above the value with which comparison is beipg
made (se¢ ISO 18400-104:2018, 7.3).

he
importanlce of the contamination:A risk assessment may be carried out if the quality and quantity of the
data are adequate to accuratelyassess the contamination situation. Depending upon the objectives and
the data gvailable it is, however, probable that insufficient data (or other information) will be provided

out a “scrie

8.3.3
If, based es
with separ Fpotheses;each etse - on

relating to these different zones should be considered to determine the possibility of inter-relationships.

8.3.4 Obtaining information on soil quality

Information on soil quality can be obtained from the descriptions of the ground made during the
sampling process and the evaluation of the hypotheses should take this recorded information into
account.
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8.3.5 Checking if investigation strategy is adequate

A check should be carried out in all cases, to establish whether the investigation strategy has indeed
been adequate in view of the nature of the results that have become available, regardless of whether
the hypotheses have been proved valid.

8.3.6 Re-examining the hypotheses

Hypotheses should be re-examined using all available information including not only measured
concentrations but also, for example, whether the source and the distribution of contaminants

iso|as expected. Non-correspondences in any of these factors can provide grounds for xejection of
contamination-related hypotheses. As far as concentrations alone are concerned the following rules

shiould be followed:

N(

Be
re

8.3.7 Examplesdndicating if the hypothesis should be revised or rejected

The following examples indicate when it could be appropriate to revise or reject the hypothesjs.

the hypothesis of a “probably uncontaminated” site should be rejected if some)of the syibstances
analysed exceed the corresponding threshold values or markedly exceed lecal backgrouhd values
[in this case, a new hypothesis of a “(probably) contaminated” site has to beformulated];

if none of the set of potential contaminants analysed for were detected.in any of the samples tested,
in concentrations significantly above the threshold value/bacKgtound concentration|or other
values considered relevant, the site should be ranked as uncontaminated (it should be kepit in mind,
however, that this is a relative judgement, the reliability of which. depends on the design and intensity
of sampling in the exploratory investigation - a complete¢proof of absence of contaminatjion is not
possible);

if composite samples have been used in the investigation, possible dilution effects ghould be
considered when testing the hypothesis;

if a contaminant is found to be in excess of its cerresponding threshold/background value| it should
be concluded that soil contamination exists:and the related hypothesis should be accepted.

TE What are “concentrations significantly above the threshold value/background concentratiqn or other
V?Jlues considered relevant” is a matter for judgement in any particular case. ISO 18400-104:2018, 7.8 provides
gulidance on how to judge whether averageconcentrations are above or below a particular value.

cause of the limited objectives of the exploratory investigation, its usefulness to test the h
carding the spatial distribution of the contamination within a “probably contaminated” site|

ypothesis
is at best
with the

limpited (see 8.2.4). Nevertheless, the hypothesis has to be adapted when possible, and refined
infreased amount of information available following the exploratory investigation.

If the\lecation of contamination was thought to be known and samples were analysed|from the
identified likely site of contamination but do not show concentrations of contaminants in|excess of
the threshold/background value, it should be concluded that the anticipated point sourges either

b)

were not located r‘nrr‘nr‘ﬂy ordonotexist

If a “probably contaminated” site, with heterogeneous distribution where the location of pockets
of contamination is unknown, was hypothesized, and in order to locate the contamination in the
exploratory investigation, a systematic sampling pattern was applied over the entire site, it is
possible that a greater proportion of samples were not taken from the pockets and therefore will
show no significant contamination.

If a large number of samples are found to show contamination, this could indicate that either
the hotspots of contamination are much more extensive than anticipated, or it could be that the
contamination is more homogeneously distributed than was anticipated.
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8.3.8 Possible actions if a hypothesis is not valid

If the results of the hypothesis testing indicate that a hypothesis is not valid, a number of possible

actions can be taken:

— consideration should be given to whether the exploratory investigation wasaccurate and of sufficient
extent. If required information has not been obtained or with insufficient degree of confidence,
further exploratory investigation could be necessary;

— if a new/modified hypothesis can be verified by the results of the exploratory investigation
possible detailed site investigation can be planned on this basis;

— if a new/modified hypothesis cannot be verified sufficiently, further investigation’ should
carried out;

— adisgussion should be included in the report on the discrepancy between theoriginal hypothedes

and the results of the investigation.

Whether for not, an additional investigation as part of the exploratory investigation will be worthwhille,
will depgnd on the objectives of the investigation. If, for example, the hypothesis of a “probaljly
uncontanpinated site” is rejected, a decision has to be made about whether to review the preliminajry

investigation, or to carry out a further exploratory investigation.

8.4 Reporting the exploratory investigation
A samplifg report in accordance with ISO 18400-107 should be prepared on completion of sampling.

The report of the exploratory investigation (i.e. investigation report) should provide the documentati

and information to enable decisions to be made about what further investigation or other action|i

required|In general, it should include:

— the opjective(s) for the exploratory investigation;

— the background to the investigation including reference to the preliminary investigation, t

conc¢ptual site model of the site and the hypotheses which were developed as a part of tHat

conc¢ptual site model, including information on the degree of confidence;

— planjing and justification,of the investigation strategy;
— methodology of thelinvestigation;
— description of thé'work performed including sampling techniques;

— recoids ofiall on-site observations incorporating any variation from the proposed methodology a
any gnomalies in the site investigation;

hd

— justification of sample selection for analysis and documentation of all relevant details relating
sample preservation, storage, transportation, pre-treatment as well as performance and evaluati
of analyses;

— description of analytical results including information on variation and error boundaries;

to
on

— evaluation of the results of the investigation, selection of appropriate scales and reference values
used for risk assessment and outcome when the results of the investigation are compared with

chosen assessment values;

— comparison of the investigation results and the hypotheses and conclusions regarding the validity

of the hypotheses;
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an updated conceptual site model (this is very important for the design of subsequent phases or

stages of investigation);

conclusions relating to the contamination status of the site and recommendations
assessment if any;

recommendations for further investigation.

Depending on the objective(s) of the investigation, other aspects might have to be added.

for risk

The wording used in the report should supply decision makers and those who ordered the investigation

w

diptinguishable from interpretations and hypotheses.

8.5 Determination of the need for a detailed site investigation

th an appropriate overview and a reliable basis for making decisions. Facts should)h

e clearly

A detailed site investigation will become necessary if the objectives of the investigation reqyiire more

dd
i
hu

9.

N(
th
en|

T}
in
dd

tailed information on the amount and spatial distribution of contaminants, on their m

pbile and

mobile fractions, and their possible migration; as well as the possibility’of contaminant yptake by

mans, animals and plants. This is commonly the case when:

the hypothesis of a “probably contaminated” site has been found valid and suspicion of d
human health and the environment is supported;

when generally a higher level of knowledge about the centamination situation of a site is r¢g
enable decisions to be made with sufficient degree of\.confidence;

to enable detailed risk assessment and identification of options for management of
potential or actual risks.
TE The exploratory investigation might; identify (actual) risks requiring urgent ag

plementation of remedial or protective measuses), that arise with the site in its present condition o
ks that would only require management ifithe site were to be redeveloped. In both cases, detailed iny
ikely to be required to enable options tolehosen and then implemented.

Detailed site investigation

1 General

TE Clause 9 asstumes that an exploratory investigation has been carried out. If this is not the
b strategy for the-detailed investigation might need to be adjusted from that indicated below i
compass the objectives that would otherwise have already been addressed.

le detailed\Site investigation should be preceded by a preliminary investigation and an ex
vestigatioh. As a result, there should be a considerable amount of information available
tailed site investigation is designed including:

anger for

quired to

dentified

tion (e.g.
- potential
estigation

case, then
h order to

ploratory
when the

-

an indication of the extent of the contaminated area(s) (in three dimensions);

an indication of the distribution of the contamination (homogeneous or heterogeneous);
a knowledge of the soil composition and geology and pedology of the site;

a knowledge of the local hydrology and hydrogeology.

All the data and information that has been assembled so far should be evaluated regarding completeness
and reliability before the detailed site investigation is started.
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9.2 Objectives and scope

9.2.1 Objectives

The scope of the detailed site investigation will be highly site-specific so it is not possible to specify
the exact requirements of a detailed site investigation. Great care should be exercised in designing the
investigation to clearly determine what the exact objectives are and what the consequent requirements

are in ter

ms of distribution of sample locations and samples to be collected and analysed.

The detailed site investigation will usually have a number of major objectives:

a) toes
b) topr

c) prov

1) gvaluation of financial and technical options for subsequent development, and

2) delection and planning of remedial actions.

In additi
designed

— €ensu

— deterimine the requirements for both long and short term nignitoring.

9.2.2 Major aspects to be considered in setting the scope and determining the objectives

There ar¢ five major aspects which require consideration in setting the scope of the investigation a

determin|

— contgmination;

— pres¢nt and future usage;

— hydr

— geolqgical setting and geotechnical properties;

— presént and future pathways and receptors.

9.3 Investigationdesign

Investiga

detailed gite jinyestigation for soil contamination. However, it is important to note that the results frg
these investigations do not allow direct estimation of the presence or degree of soil contaminati

fablish the nature and extent of the contaminated area and the degree of contamination;
bvide adequate data to enable assessment of risks for humans and other receptors;

sion of information to enable

n to the major objectives (a) to (c) listed above the detailed site investigation should
to:

e the health and safety of the public and identify safe working practices for on-site personn

ing the objectives:

blogical setting (surface andigroundwater regime);

fions of\soil gas (see ISO 18400-204) and groundwater (see ISO 5667-11) can support t

be

m
pn

but can }p]p the dﬂcign and execution of the soil invpcfigqfinn’ eg hy idpnfifying areas rpnlniri

investigation.

Satisfying the objectives of the detailed site investigation requires:

— determining the nature and extent of the contamination on the site (this includes migration of
contamination on the site and into its surroundings as well as the movement of contaminants over
a period of time - note that migration will take place through groundwater and soil gas, for which
the sampling is specified in [SO 5667-11 and ISO 18400-204 respectively);

— identifying risks posed by the contamination to humans, animals, plants and the environment, etc.;
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— determining the presence of non-natural deposits and underground structures on the site [for
example, physically unstable material, combustible material (coal deposits), deep foundations,
storage tanks];

— identifying, characterizing and assessing potential receptors and pathways;
— providing sufficient information to be able to assess the need for remedial action;
— determination of the need for short- and longer-term monitoring and maintenance;

— identifying and planning for immediate health and environmental protection.

Allthough the detailed site investigation might be an extensive investigation, still only'a'very small
fraction of the actual soil volume will be sampled and analysed. The properties of the contamination on
thie site are estimated from the investigated samples. The resulting uncertainties have,to be ctl?nsidered
and should be minimized by the investigation design as far as necessary (seeASO 18400-104:2018,
5.8 and Annex C). This on the other hand means: if the contamination status~can be estimated with
suffficient accuracy, there is no need for sampling or any further investigation.If a hypothesis|has been
found valid with a previously demanded degree of confidence, it should notbe questioned agaLn.

The detailed investigation, including the sampling and analytical strategies, should be designed and

supervised by an experienced contaminated site investigator.
9.4 Sampling strategy

9.4.1 General

Ag a result of the detailed site investigation, the coti¢eptual site model should be improved |up to the
pqint where it is sufficiently accurate for the objectives of the investigation and the decisionf that are
to|be taken. The amount of sampling needed.inthe detailed site investigation will therefore depend on
thie objectives, as well as on the type of contamination present. If, for example, the contaminants have
mjgrated away from the point of intrusiefiinto the soil and the migratory pathways and prodesses are
repsonably known, the conceptual sitéxmodel can be improved rather quickly. On the other hgnd, when
thle contamination is characterized“by irregularly contaminated soil material, more sampling will be
ngcessary to obtain the same level‘ef accuracy of the conceptual site model.

9.4.2 Sampling locations

The sampling pattern{(horizontally and vertically) of the preceding exploratory investiggtion (see
Clause 8), as well as'stages of the detailed site investigation, should be taken into account (seel 7.4).

Increasing the-density of a sampling pattern stepwise (in the area or on profiles) taking intp account
thie results ofithe preceding stages can often be more effective than beginning with a denser gattern.

Sqmplingshould be intensified in those parts of the site where there are the most importantneeds for
information or major uncertainties.

9.4.3 Depth of sampling

The depth of sampling during the preceding exploratory investigation (see Clause 8) should be taken into
account together with those employed in any earlier stages of the detailed site investigation (see 7.4.5).

9.4.4 Selecting parameters for testing and analysis

The exploratory investigation should have identified the contaminants of particular interest, so
generally no additional contaminants have to be investigated during the subsequent detailed site
investigation unless only group parameters have been determined and it is deemed necessary that
information on individual compounds is now required.
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To quantify the extent and mobility of the contamination, it could be necessary to determine, for
example:

— specific contaminants (e.g. when only group parameters such as “total PAHs” have been analysed
previously or when petroleum hydrocarbons have been determined but not secondary hydrocarbon
components such as ETBE (ethyl tertiary butyl ether), MTBE (methyl tertiary butyl ether) and
organic lead);

— products of decay and chemical reactions;

—  the chemical Fnrm(c) ofthe contaminants

9%
Q.

To determine the distribution of the contamination, it could be sufficient to trace only select
contaminants or possibly group parameters.

If significant correlation has been found between contaminants, the concentration of one-ofthem might
be calculated from the concentration of the other with sufficient degree of confidence.

If the single value measured has a lesser importance during the detailed site investigation than duripg
the explgratory investigation, in special cases, a less precise and hence cheaper or faster method |of
determinption can be used. The results of this method should be checked from time to time using madre
sophisticated analysis.

9.5 Evaluation of the detailed site investigation

The evalyation of the results of the detailed site investigation dges'not differ much from that describgd
in 8.4 for|the exploratory investigation (see also ISO 18400-104). The increasingly detailed conceptyal
site mod¢l of the contamination, based on progressively éxpanding knowledge, is the basis for the
judgemerjts about the overall contamination situation.

Complete knowledge of the contamination can, in préaétice, never be achieved, even with a very denjse
sampling| pattern. Assessment of the extent of-soil contamination involves interpolation betwegn
sampling| locations. The degree of confidence of this estimation will depend on the density of the
sampling|pattern but most of all on the type and heterogeneity of the distribution of the contaminatipn
and the degree to which this was considefed during interpolation.

For risk jassessment of soil contamination, the spatial and temporal distribution of contaminarjts
should be known sufficiently well) This often implies a compromise between wishful reliability
and (findncially) feasible investigation programmes. The resulting uncertainties should always pe
documented and quantifiedas-far as possible. Improvements of the contamination hypotheses using,
for example, numerical medel calculations can minimize the uncertainties if sufficient data have begn
gathered

NOTE Statistical and geostatistical tools facilitate an exploratory analysis of the data, notably the detection
of trends and anomalies, or the existence of subpopulations with different behaviours. This is especially useful
when marly contaminants are considered and when data of different types and origins are taken into accouht.
In areas (lisplaying homogeneous spatial variations, geostatistics can provide global or local estimates|of
the contaxﬂnant concentrations. A measurement of the precision of the estimates is given, which enables the
derivation of confidence intervals and a sound interpretation of the results. Geostatistics can also predict
probabilities of exceedance of a concentration threshold, aid estimation of volumes of soils to be decontaminated,
aid design of further surveys, etc.

Geostatistics has some requirements about the data. The most important one is that the sampling
shall not be solely focused on areas supposed to be of high contamination. Preferential sampling in
such areas is useful but shall be supplemented by a systematic sampling survey. In areas where it is
applied, geostatistics requires sufficient number of data which depends on spatial variability and on the
objectives of the study; 50 data are usually considered as a minimum and 100 data as desirable, even
if a spatial exploratory analysis can be of interest with less data. Geostatistics also requires sufficient
expertise in the personnel undertaking the geostatistical interpretation.
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Further information about statistical and geostatistical methods is provided in ISO 18400-104, notably
ISO 18400-104:2018, 6.1 and Annexes A, H and 1.

9.6 Reporting
A sampling report in accordance with ISO 18400-107 should be prepared on completion of sampling.

The report of the detailed site investigation (investigation report) mostly will form the basis for the
final risk assessment. Based on the information provided in the report, it will be decided whether
remedial action is necessary or not.

The report generally should include:
— the objective of the detailed site investigation;

— the state of knowledge about the site previous to the beginning of the detailed site investigation,
and presentation of the contamination hypotheses formulated using the résults of the preliminary
investigation and verified by the exploratory investigation, including, $tatements concefning the
reliability of the hypotheses;

— the planning and justification of the strategy and design of the“investigation (if necgssary in
consecutive stages);

— adescription of the methodologies used for the investigatign;
— adescription of the works performed and sampling techniques used;

— thedocumentation of the results ofall field observations (including any differences and irregularities
during the practical application of the proposedmethodology);

— the justification of the sample selectiondfor analysis and documentation of all relevant details
relating to sample preservation, storage,fransportation, pre-treatment as well as performance and
evaluation of analyses;

— adescription of the analytical résults including information on variation and error boundaries and
limitations of the analytical methods used;

— anevaluation of the resulfs‘of the investigation, selection of appropriate scales and referernce values
used for risk assessment-and the outcome of comparing values;

— a description of-the progressive refinement of the hypotheses during the investiggtion and
statements copcerning the validity and degree of confidence of the final hypotheses;

— a “plain laniglrage” summary of the contamination status of the site and risk assessment;
— areviéwof uncertainties and limitations of the investigation;

— récommendations for future measures including when appropriate prioritization on the basis of, for
example, urgency and/or the magnitude of the risks.

The wording used in the report should supply decision makers and those who ordered the investigation
with an appropriate overview and a reliable basis for making decisions. Facts should be clearly
distinguishable from interpretations and hypotheses.

The production of separate factual and interpretative reports (two separate volumes) might be
advantageous but cannot be recommended in general. Evaluation and interpretation of the results
should be done involving the investigator who planned and performed the investigation to avoid
information losses.

NOTE1 The identified risks might only become manifest when a site is redeveloped for another purpose so

although the risks would then be high there is no need for urgent action. On the other hand, something might be
identified relating to the site in its present condition requiring urgent, even immediate action.
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